INSTRUCTIONS® o) Liub

CAUTION

Before putting protective relays 1nto
service, remove all blocking which may have been
Inserted for the purpose of securlng the parts
during shipment, make sure that all moving parts
operate freely, lnspect 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 1s a high speed
pllot wire relay designed for the complete phase
and ground protectlion of two and three terminal
transmission lines. Simultaneous tripping of
the relay at each termlnal 1s obtailned 1n about
1/60 of a second for all faults. A complete in-
stallation for a two terminal llne consists of
two relays, two insulating transformers, and an
Interconnecting pllot wire circult. For a three
terminal line three relays, three Insudating
transformers, and a wye-connected pllot wire
circult with ©branches of equal impedances/are
required.

CONSTRUCTION

The relay consists of a comblnation
positive and zero phase sequence fider,, 4 sat-
urating auxiliary transformer, two rectox units,
a polar type .relay unit, and _ ajneon lamp all
mounted 1n a single case. The _“extermal equip-
ment normally supplied with the ™relay consilsts
of an insulating transformer,“@ milllammeter and
test switch. The construction“ef these compon-
ents 1s as follows:

Sequence Fllter:

The current® from the current trans-
former secondaries are pa8sed thru a fllter con-
sisting of a three, winding iron core reactor and
two resistors./’ Thejsecondary of the three wind-
ing reactor and the reslistors are tapped to ob-
taln settings fof various fault conditions. The
output of thig £11ter 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 1s selected as the discriminat-
ing.functlon Because 1t can be adjusted to have
defini®e values lylng in a comparatively small
range for all types of phase and ground faults.
Thus, “ay,Single operating element can be used for
all types” of faults. The two 1lower tap dlals
provide) the adjustment of the relative amounts
ofypositive and zero sequence currents that are
combined to produce the required discriminating
voltage. The right-hand lower tap dilal (front
view) figure 1 adjusts the sensitivity to ground
fault currents. The left-hand lower tap dilal
adjusts the positive phase sequence sensitivity
when the ratio of the current transformers at
the terminals of the llne are not equal.
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Saturating Auxiliary Transformer

The voltageffrom the fllter 1s fed 1n-
to the tapped primary |(upper tap plate) of a
small saturating transformer. This transformer
1s used to 14mit, the voltage 1mpressed on the
pilot wire, &nd to provide a small range of
voltage for a large variation of maximum to min-
imum faultgeurrents. Thuys, high operating ener-
gy 1s obtalned  for very light faults and limited
operating ‘energy for heavy faults. The relay
operating, characteristic changes from percentage
differentlal at low current values to approxi-
mately directional characteristics at high cur-
renty values.

The upper tap plate changes the output
of the’saturating transformer, and 1s marked in
amperes requlired to operate the relay when the
pIlot wire 1s open or when equal amounts of cur-
rent are fed to an internal fault thru the lilne
terminals. For further discussion, see section
entitled, "Settings".

Rectox Units

The secondary of the saturating trans-
former feeds the two rectox units, the 1insulat-
ing transformer, and the pllot 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-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 conslsts of a rectangular
shaped magnetic frame, an electromagnet, &a per-
manent magnet, and an armature wlth 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 dlvides
into two paths, one path across the alr gap at
the front of the element 1n which the armature
1s 1located, the other across two gaps at the
base of the frame. Two adjustable shunts are
located across the rear alr gaps. These change
the reluctance of the magnetic path so as to
force some of the flux thru the moving armature
which 1s fastened to the leaf spring and attach-
ed to the frame mldway between the two rear alr
gaps. Flux in the armature polarizes it and
creates a magnet blas causing 1t to move towards
one or the other of the poles, depending upon
the adjustment of the magnetic shunts. Two con-
centric colls are placed around the armature and
within the magnetlc frame. The colls are con-
nected 1n opposition with one wused as a re-
strailning winding and the other as an operating
winding. The restralning winding sets up a mag-
netic fleld, which, 1in conjunction with the
field from the permanent magnet holds the con-
tact 1n the normal open position. The operating
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and ordinate scales may be interpolated as fol-
lows to show the operating characteristics for
other conditions using T = 4.

For ground faults
R1 taps multiply scales by:

using other Ry and

1.7

R, + Ky Phase A to Ground Faults

1.7
RO + 3 577 Ry Phase B or C Ground Faults.

For three-phase faults multiply scales
by:

For line - to - line
scales by:

faults multiply

3 1.7 _ _l.47
1 TR

The relay 1s normally shipped with the
minimum restralnt tap, T, connected as shown 1in
upper left corner, figure 1. The maximum re-
straint tap, F, 1s avallable for use on maximum
length pilot wires and when the current trans-
former ratios are not well-matched.
SETTINGS

The following nomenclature will be
used throughout this section:

I3¢ = One-half the total minimum internal three

phase fault current 1n the relay fed from
both terminals of a two-terminal 1iné.
For three-terminal lines I3g 1s one-thdrd
the total from the three terminals.

One-half the total minimum internal 1Tlne-
to-1line fault current 1n the relay, fed
from both vermlnals of a two-términal
line. For three terminal 1lines,\ Iy, 1S
one-third the total from the three Term-
inals-

Ig = One-half the total minimumyinternal
ground fault current in theprelay (taking
into account ground fault qresistance) fed
from both terminals a@fg atwo-terminal
line. For three-termlnaljlines Ig 1s one
third the total from the three terminals.
(Ig equals three times the zero sequence
current) . (Average Bault resistance is
approximately 20 ohms.)

I =

The positive g4 phasel sequence fillter re-
sistance in,ohms. (THe positive sequence
filter tapd are ‘eéxpressed in R; ohms).

Ro = The zeroéphage seguence filter resistance
in ohms. (The Zero sequence filter taps
are expressedljift R, ohms).

The positive sequence current tap value.
When R = ,10, T equals the balanced
three pﬁase or positive sequence minimum
picksup current in amperes. The minimum
pdek-up values of T for other R} taps are
shownudn Table I. (Minimum pick-up on
two=terminal lines fed from one end only
1s ™2 times tap T values; and for three
terminal lines fed from one end only 1is
3)times tap T values. The multiplier may
be 1ncreased somewhat for pllot wires of
more than 1000 ohms resistance.

Ratio of minimum pnase fault current to
minimum pilck-up current of the relay.

°f

"

Ratlio of minimum ground fault current to
minimum ground current pick-up of the re-
lay. Sg should be greater thar 3g,fas
I1ncreased sensitivity of ground settings
1s generally required. The minimum_piek-
up of the relay on ground currentsgvaries
with the taps, T, Ri, and Ro, and s
approximately equal to 2 R] T. The ‘Wwalues

Ro
of T are selected from table 1.

The HCB relay protecting a tPansmis-
slon line system should be set &e produce suf-
ficlent discriminating pllot mwiremvoltage to
correctly operate or blockjtheyrelay at each of
the termlnals under all condltdonggfof 1nternal
and external faults. This, requires individual
relay settings for operation on minimum internal
(A) 1line-to-line and three/phase faults, (B)
line-to-ground faults. This 4s accomplished by
setting each of three different taps:

1. The Positive Phase Sequence Current Taps (T)
4 5 6 3 10 12 15

2. The PositiwéW Phase Sequence Filter Taps
(R1 ohms)
075 .100 .150
3. ThehZero Bhase Sequence Filter Taps (R, ohms)
.025K 4 .033* .05% .39 .51 .68 .90 1.2 1.6

* These ‘taps are to be used with Ry = .075, .10,
and“).15, respectively, to obtalin response pro-
portional to positive phase sequence currents
onl¥s. The values are respectively 1/3 of Ry.

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 consldered be-
low. As discussed previously, all settings are
hased on the total fault current fed into mini-
mum 1nternal faults. The designation letters
(A, B) and numbers (1, 2, 3) below refer to sim-
1lar designation above.

CASE I - TWO TERMINAL LINE

(Wwith 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 1llne-to-line faults at
1.73 times the three-phase setting which means
that the three-phase trip settings must be 57%
of the desired 1llne-to-llne current setting.
Therefore, this setting should be made with re-
gard to correct operation on line-to-line faults
and the relay will trip for three-phase fault
magnitudes 57% of the phase setting.

The settlngs on the upper tap plate
should be made according to eilther of the fol-
lowlng equatilons.

For minimum three-phase fault current

values:

I .86* .
Tap Setting (T) = A= 38 x ot (1)

Select the next lowest tap

* Line-to-line fault current 1s 86% of the three
phase fault current when the positive phase se-
quence impedance equals the negatlve phase se-
quence 1mpedance.
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For minimum line-to-line fault current
value (Ipg,):

Tap Setting (T) = _ZLL_ZB;EZ_ (2)
S

Select the next lower tap.

The value of 8y 1s arbltrary and may be selected
so that the relay minimum pick-up value 1s below
maximum load wlth no danger of 1ncorrect opera-
tion except when the pllot wlires are opened.
Then, as previously polnted out, the relays may
trip under load conditions. To avold incorrect
operation on opened pllot wlres choose S¢ S0
that the value of T willl be above maximum load
and as far below minimum fault current as possi-
ble.

The current tap (T) found from formu-
las (1) or (2) will be as marked on the upper
tap plate except when Rj 1s set on the .075 or
.15 tap. In thls case, consult Table I.

2. Lower Left Tap (Ry) Use R} = .1 for all
cases except where values of T less than
are requlred. Consult Table I for
callbration values of T on other values

of Ry.

B. Ground (Zero Sequence) Setting

3. Lower Right Tap Plate (Rgp)

The relay should be set more sensitive
to ground currents than to phase currents. For
lines with transformers of good quality (ratios
matched and malntailned during maximum thru
faults) and with pillot wire circults of 1000
ohms or 1less, 1t 1s recommended that the most
sensitive ground tap (Rp = 1.6) be used in all
cases without regard to the formulas that fol&
low.

The 1limit to setting the ground tap
sensltlvely depends on the current transformers
used; slnce more sensitive ground setting means
adding resistance (Ro type values are reslgtance
in ohms in the 2zero sequence branch of /the
filter which 1ncreases the energy requirement
on the current transformers duringf ground
faults.

In general, The ratlo of¢,theyground
reslstance tap (Rg) to the posit@velphase se-
quence resistance- tap (R]) candbe selécted to
glve the deslred ground currentihsetting by the
followlng equation:

Rp = 2Ry T Sg ()
Ig
(select the nextf highest tap)

where T 1s the thrpee-phaseg@urrent tap setting
selected above. S 1s “an arbltrary constant,
which should be largez than’Sg.

On 1li1ght¥y, grounded systems, particu-
larly those grounded “thru a reactor, 1t may be
necessary occaslonally to reconnect the sequence
filter for a negative K.*¥ This 1s done as fol-
lows with referemce to figure 1. Disconnect
leads marked a, c¢, and d at the terminals A, C
and D, respectlvely. Then reconnect lead a, to
coll terminal)D, 1lead c to terminal A, and lead
d, to terminal’C. This condition rarely occurs
and requdres speclal consideration beyond the
scope of thls leaflet.

* Fom) further discussion of thls problem refer-
encenls 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

transformer ratios at all relay terminals).

HCB relays are to be set on a2 two
terminal line section where the minimum fault
currents (total from both ends) are 3000 amperes
for a three-phase fault and 600 amperes &£6r &
line-to-ground fault (considering possiblelfault
resistance). Maximum load current 1s 420) am-~
peres. The current transformer ratio at boeth
ends 1s 600/5. The setting for phase faults 1s
as follows uslng equation (1).

I3¢ =[ 002 = 12,5 amperes

T =12.5 x .86 x57 = .1
1.5

Select Tap = 4. Sg was selected 150%
by inspection. Tap 4 1s '@bove) maximum load to
prevent tripping 1f the @illot,#lre accldentally
opens.

The settingg foRpgdground faults using
equation (3) 1s as follows: Ry = .1 Tap.

. 600%,
Ig 2000 B < 2.5 amperes

V2lx 41 x 4 x 3.00 _
Rong 3.5 = .96
SelectRqg Tap = 1.2. 8, = 300% was

intentfon#l1y, selected higher than 584 = 150%.
Note pin “this ™ case the sensitivity to ground
faults ,1s “2ess than that recommended above by
usingfRo &= 1.6.

CASE II - TWO TERMINAL LINE

(With unequal current- transformer ra-
t10s)4 The relay settings at each terminal will
be different.

A. Three Phase (Positive Sequence Setting)

1. Upper Tap Plate (T).

The settlng should be made in the same
manner as descrlibed above under Case I, except
that the taps should be plcked from the follow-
ing table, since values of Ry other than .1 must
be used.

A3 polnted out previously, the upper
left-hand tap plate 1s callibrated and marked for
three-phase current setting when R; = .1 on the
lower left-hand tap plate. This table glves
callbration values of the upper tap plate when
Ry 1s set on .075 and .15 taps.

Value of Rj 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 1in 8 10.7 5.34 8
equations 10 13.3 6.66 10
(1) & (2) 12 16.0 8.0 12
15 20.0 10.0 15

Table 1.

The table 1s wused to determine the proper tap
setting for calculated values of T from equation
(1) and (2) when values of R] = .075,and .15 are
used, that is, 1f T = 16.0 and Ry = .075, the
tap screw should be 1nserted in tap 12.

2. Lower Left Tap Plate (R1)

The relay 1s suppllied with taps (lower
left-hand tap plate) which makes it possible to
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set the relay with the wunequal current trans-
former ratios in the order of 2 to 1, 3 to 4 and
2 to 3. The example willl ©best 1llustrate the
section of R} for the unequal ratios.

B. Ground (Zero Sequence) Setting

3. Lower Right Tap Plate (Ro)

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

When using the .15 Rj tap, it 1s im-
possible to gilve equally sensitive settings for
ground currents at all terminals, so that ground
taps should be chosen to glve as near equal sen-
sitivity as possible. This will not cause 1in-
correct operations, but 1limits the amount of
permissible unbalance caused by saturation or
unequal transformer characteristic.

Example for Case II (With unequal current
transformer ratlos at the relay terminals).

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

As calculated above -
For the 600/5 Terminal

13¢ = 12.5 amperes

Ig = 2.5 amperes
For the 300/5 Terminal

13¢ = 25.0 amperes

Ig = 5.0 amperes

Ry 18 to be chosen glving €qual “‘sensi-
tivity for phase faults. (The ratio of‘Wthe @ur-

rents for the two terminals above 1gsmene “to two
so the R} taps should be chosen 1n thehinverse
c

ratio which 1s two to one; or
Ry = .15 for the 600/5 Terminal
Rl = .075 for the 300/5pTérminal

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

For the 600/5 Terminal

r = 12.5 x .86 x W67 )y .1
1.50

For the 300/5 @ermin&l

254x .86 %n.57
T = 7 1E0 = 8.16

and from Tablle 1f the taps chosen will be tap 6
for both termitals. In both cases Sg = 150%
which gives values of T above maximum load.

NOTE: Equal current taps (T) must always be
used,.

The ground fault setting will be, wus-
ifgnequation (3):

Fén,the 600/5 Terminal
2 x .15 x 4 x 3.00

Ry = 7.5 = 1.44
For the 300/5 Terminal
R = 2 x .075 x 8 x 3.00 _ .72

5.0
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Choose ground taps 1.6 for the[600/5
Terminal and .9 for the 300/5 Terminal.

This does not glve equal sefAsitivity
as pointed out above, since there 1s not a}| 1.8
ground tap avallable. It will be observedithat
the range of the relay 1s consldefably, reduced
by having unequal current transformer ratios.

CASE III - THREE TERMINAL LINE

The settings for thls _case are made
the same as for Case I or II excépt I or I
and Ig values are 1/3 thes total minifium fault
current fed from the threé terminals.

On three-terminalggflines, the relay
pick-up for feed from one, termlnal only 1s 3
times the tap (T) Aallles 'as discussed above.
The additional length{ of¥ pilot wire increases
the shunt pillot guwire paths and consequently
slightly more than@®3  times tap value may be
needed to operate the wrelays. This makes 1t de-
sirable to use lakger values of Sg in equations
(1) or (2)4 NOn the other hand three-terminal
lines are mere suseceptible to faulty operation
on apparent ground currents set up by transform-
er ratigibreakdown on heavy external faults.
Thus, 1t mdy be desirable to limit the sensitiv-
1ty{nof ¥ ground current settings. Consequently,
on three-terminal lines 1t 1s necessary to use
good quality transformers that will not saturate
ongpmaximum external faults.

INSTALLATION

The relays should be mounted on
switchboard panels or thelr equlvalent 1in a lo-
eation free from dirt, molsture, excesslive vi-
bration and heat. Mount the relay vertically by
means of the two mounting studs. Eilther of
these studs may be utilized for grounding the
metal base. The electrical connections may be
made direct to the termlnals by means of screws
for steel panel mounting or to terminal studs
furnished with the relay for ebony-asbestos or
slate panel mounting. The termlnal studs may be
easlly removed or 1inserted 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 1s shipped with the opera-
tion 1ndicator and the contactor switch connect-
ed 1n parallel. This circult has a resistance
of approximately 0.25 ohms and 1s sultable for
all trip currents above 2.25 amperes d-c. If
the trip current 1s less than 2.25 amperes,
there 1s no need for the contactor switch and 1t
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 fillister-
head screw located 1n the Micarta base of the
switch. The operation 1indicator will operate
for trip currents above 0.2 amperes d-c. The
resistance of 1ts coll is approximately 2.8
ohms. The resistance of both colls in parallel
1s approximately 0.25 ohm.

ADJUSTMENTS AND MAINTENANCE

Caution

1. Make sure that the neon lamp 1s in
place, whenever relay operation 1s belng check-
ed. This 1s required to 1limit distortion in pi-
lot wilre 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#1002110 file 1s re-



TYPE HCB RELAY

commended for thls purpose. The use of abrasive
material for cleaning contacts 1s not recommend-
ed, because of the danger of embedding small
particles 1n the face of the soft silver and
thus impairing the contact.

The proper adjustments to lnsure cor-
rect operation of thils relay have been made at
the factory and should not be disturbed after
recelpt by the customer. If the adjustments
have been changed or the relay taken apart for
repalrs, the following instructions should be
followed 1n reassembling and setting 1it.

Sequence Filter

There are no adjustments to be made 1n
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 side 1t 1s push-
ed with thils adjustment.

Contact Adjustment: Ad just both left-hand
(front view) contacts until they barely make a
light circuit, when the armature 1s against the
left stop. A flickering light 1s permlssible.

Give both the left-hand contact screws an addi-
tional 1/3 turn.

Calibration: Screw in the 1left-hand mag-
netic shunt so that only the top air gap 1s
shunted. Thils increases the armature blas to-
wards the right. The right-hand top air gap
should not be shunted by the magnetic shunt.
Energize the operating coill with .0078 ampere
d-c. thru the right test 1link with the polarity
as shown in figure 1. Then adjust the righté
hand shunt by screwing it toward the left untdil
the relay contacts close. The contacts sheuld
close with a snappy actlon. Check to see that
the contacts reset when the coll 1s deenergized.

Close the right-hand operating cofii
test 1link and open the left-hand restraining
coll test 1link. Energlize the restraining coid
with .10 ampere d-c. thru the restralning «oll
with polarity as shown 1n figure4l. \\The con-
tacts should tend to move toward the{rights

Overall Test

Close the test
neon lamp in the circuit.
Rl = .1-.1, and T = 4. Conngét a 1500 ohm re-
sistor between terminals 15 and 16¢to simulate
the magnetizing 1impedance of\the ' 1insulating
transformer. Pass 6.95 ampéPes, 60 cycles, thru
terminals 19 to 22 (figure 1), §The relay should
operate. It should ‘@lsojtrip when .45 to .55
amperes, 60 cycles, @are passéd thru terminals 21
to 22.

links{ an@, place the
Use‘taps Rp = 1.6,

If 1t 18 des8liredy to calibrate the re-
lay to actual pllotywlire seonditions, the insul-
ating transformer should be connected across
terminals 15 and 16 (figure 1) with one-half of
the pllot wilre capacitance connected across the
high voltage terminals of the transformer. With
these connections, “'the polarized element should
be adjusted“as outlined above. After calibrat-
ing in this manner, an equivalent pilot wire re-
sistance can%be) determined by connecting a slide
wire resistor across terminals 15 and 16 instead
of the\insulating transformer and by varying the
magnitude untll the same trip value 1s obtailned.
Thent\Inwmthe future this resistance can be used
1nstead of the 1500 ohms suggested above.

The phase current trip setting on the
relay may be made by passing 60 cycle current
thru terminals 19 to 22 (Figure 1). The trip
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current should be 1.73 times the desired three
phase magnitude. For the ground current set-
tings, the relay should trip on the deslred wmag=
nitude of ground current when 60 cycle currént
is passed thru terminals 19 and 21 (Figure 1)

Pilot Wire Polarity Check

The polarity of the pillot wlres,are
most easlly checked while the 1line 1s carrying
load (1 ampere or more). This 1s done by short-
circulting the current transformers to create an
apparent zero sequence current thru the “relays
and observing the relay operationg The proced-
ure 1s as follows: Set Rp tap off lébpand tap T
on 4. At one end short-circ@it thé phase A cur-
rent transformer and then dlseonne¢t the 1lead
to terminal 20. At the othexr end short circuilt
elther phase B or C currenthtransformers and
then disconnect the corresponding lead to the
relay (either terminal 19, or(224 respectively),
If the pillot wire 1s properly connected to the
relays, the relays should trip. Reconnect the
lead to elther terminal™29 or 22 and remove the
short across B orf Cyphase. Now short phase A
current transformex and“kemove the lead to term-
1nal 20. The relays, should not operate with
correct polarity.

Contagtor Switch

Adjust “the stationary core of the
swiltch, for Ta “@learance between the stationary
core ‘and™athe) moving core of 1/64" when the
switch Ishpicked up. This canbbe done by turn-
ing the relay up-side-down and screwing up the
coregscrew of the switch untll the contacts just
separate. Then back up the core screw approxi-
matelypone turn and 1lock in place. This pre-
vénts the moving core from striking and sticking
to sthepstationary core because of residual mag-
netism. Adjust the contact clearance for 3/32"
by“méans of the two small nuts on either side of
the Micarta disc. The switch should pick up at
2 amperes d-c. Test for sticking after 30 amp-
eres d-c. 1s passed thru the coll.

Operation Indicators

Adjust the 1ndicators to operate at
0.2 ampere d-c. gradually lncreased. Test for
sticking after 5 amperes d-c. has been applied.

ENERGY REQUIREMENTS

The volt-ampere burden of the type HCB
relay 1s practically independent of the pillot
wire resistance and of the current tap used.

The burdens are approximately equal to
I2R1 where Rl 1s the positive sequence tap used
and I 1s the balanced three-phase current used.
To illustrate the followlng burdens were measur-

ed at a balanced three-phase current of 5 am-
peres:

For tap 4 Ry = .075 and Rg = .39

Phase A 1.25 volt-amperes 0°
Phase B .30 volt-amperes 285°
Phase C .90 volt-amperes 45°
For tap 4 Ry = .15 and Ry = 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 1lags 1ts respectiwe voltage.

The two second overload ratings of the
relay are 150 amperes phase and 125 amperes
ground currents. o
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INSTRUCT | ONS

CAUTION

Before putting protective relays 1nto
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, lnspect the contacts to see that
they are clean and close properly, and operate

the relay to check the settings and electrilcal
connections.
APPLICATION

The type HCB relay is a high speed

pllot wire relay designed for the complete phase
and ground protectlon 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 1line consists of
two relays, two lnsulating transformers, and an
interconnectling pilot wilre circuit. For a threg
terminal line three relays, three 1nsulating
transformers, and a wye-connected pllotl wire
circuit with ©branches of equal lmpedances are
required.

CONSTRUCTION

The 1e .ay conslsts of a fombimnation
positive and zero phase sequence fllters @a sat-
urating auxiliary transformer, twogrectoxdunits,
a polar type relay unit, and & neon lamp all
mounted in a single case. Th& eXternal equip-
ment normally supplied with the) relay consists
of an insulating transformer, (& milliammeter and
test switch. The construction of these compon-
ents 1s as follows:

Sequence Filter:

The currents froem Jfthe current trans-
former secfndarles are passed thru a filter con-
sisting of a three winding iron core reactor and
two resistors. “The sécondary of the three wind-
1ng reactor an@ the resistors are tapped to ob-
taln settings{for, vardous fault conditions. The
output of this fdlter " provides a voltage across
the primary Qeff thel saturating transformer pro-
po.cional to the positive sequence current plus
a constant timesl the zero sequence current.
This combination is selected as the discriminat-
ing function because it can be adjusted to have
definite valués lying in a comparatively small
range for all types of phase and ground faults.
Thus, aj)single operating element can be used for
all“types, of faults. The two 1lower tap dlals
provide the adjustment of the relative amounts
of positive and zero sequence currents that are
combined to produce the required discriminating
weltage. The right-hand lower tap dial (front
view) figure 1 adjusts the sensitlvity to ground
fault currents. The left-hand lower tap dial
adjusts the positive phase sequence sensitivity
when the ratlo of the current transformers at
the terminals of the 1linc are nct cqual.

i
H
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Saturating AuxilfaryhTransformer

The voltage firom the filter 1s fed in-
to the tapped primary (upper tap plate) of a
small saturating4transformer. This transformer
1s used to 1imit“the voltage impressed on the
pllot wire, 4and@to provide a small range of
voltage for a' largepvariation of maximum to min-
Imum fault cur®ents. Thuys, high operating ener-
gy 1s obtained for very light faults and limited
operatling energy for heavy faults. The relay
operating characteristic changes from percentage
differentlalw@t low current values to approxil-
mately‘dlrectional characteristics at high cur-
renty,values.

The upper tap plate changes the output
ofjythe “saturating transformer, and 1s marked in
amperés requlired to operate the relay when the
pllot wire 1s open or when equal amounts of cur-
rent are fed to an internal fault thru the 1line
terminals. For further discussion, see sectilon
entitled, "Settings".

Rectox Units

The secondary of the saturating trans-
former feeds the two rectox units, the insulat-
1ng transformer, and the pllot wire, as shown
schematlcally in figure 9. The rectox units are
used to convert the a-c. output of the saturat-
ing transformer for use on the éd-c. polar-type
relay element. The use of a sznsitive polar
type relay, requlring 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 divildes
Into two paths, one path across the alr gap at

the front of the element 1n which the armature
i1s 1located, the other across two gaps at the
base of the frame. Two adjustable shunts are

located across the rear alr gaps. These change
the reluctance of the magnetic path so as to
force some of the flux thru the moving armature
which 1s fastened to the leaf spring and attach-
ed to the frame midway between the two rear air
gaps. Flux 1In the armature polarizes it and
creates a magnet blas causlng it to move towards
one or the other of the poles, depending upon
the adjustment of the magnetic shunts. Two con-
centric colls are placed around the armature and
wlthin the magnetic frame. The coils are con-
nected 1n opposition with one wused as a re-
stralning winding and the other as an operating
winding. The restraining winding sets up a mag-
netic field, which, 1in cor f with the
fleld from the permanent mar 5 the con-
tact 1in the normal open position. The cperating
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wilnding produces a magnetic field which acts to
move the armature in the contact closing direc-
tion. The restraining winding i1s 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 statlonary
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 1nsulating transformer 1s connect-
shown 1n figure 9 and serves to 1solate
from the pllot wire.
of station grounds

ed as
the terminal equipment
This avolds 1nterconnection
that may have 1large differences of potentlals
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 pillot wire
circuilt. When auxiliary supervisory relays are
not used, these mid-taps are to be connected to-
gether and may be grounded to drain the voltages
1nduced along the length of the pilot wires when
these voltages approach the voltage 1limit of the
cable. This 1s discussed further under Pillot
Wire below.

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

Pilot Wire

One palr of pllot wires connecting the
secondaries of the 1nsulating transformers is
required to provide a continuous circuilt between
the relays. For the pllot wires a lead-covered
twisted palr of No. 19 wire or larger 1s recom-
mended; however, open wlres may be used. &he
following polints should be considered in select=
ing pilot wire circuilts.

1. The total "circult resistancéibe-
tween terminals of the Type HCB relays excluslve
of the 1nsulating transformers and expressed 1n
terms of the pllot wire voltage must nét" exeeed
2000 ohms.

2. The shunt capacity between pilot
wlres should not exceed 0.75 microfarads,per pi-
lot wire terminal. In cases where “this value 1s
exceeded, auxlliary reactors may, be ‘required to
reduce the shunt currents which tend 4to desensi-
tize the relay.

3. The difference @n the longitudinai
induced voltage which appears®™ between wires
should not exceed 15 volts fotal (7.5 volts per
relay). ‘

4. The @Mnduced  voltage to ground

which occurs on 4the gp110%) wires during maximum
fault conditions{should net exceed the rating of
the pllot wires orjinsulating transformers. The
transformers are Iasulated for 5000 volts. In
general, the pllot wires will be 1insulated for a
much lower voltage.

Induced Woltages and differences be-
tween statien ground potentials which appear a-
long thegpilot wire may be reduced to safe lim-
1ts by the Followling means:

a.> Excessive voltages can be reduced
by sgrounding the mid-taps of the i1nsulating
transformers and allowlng current to circulate
over the pilot wires to ground. However, the
requirement of 15 volts difference must be main-
tained.

b. i1nduction two

For more serious

2

winding neutralizing transformers can be used to
1imit the voltages. In cases where the sheath
current may be sufficlent to cause damage the
sheath must be 1nsulated from ground and three
winding neutralizing transformers should(\ be
used. Transformers are avallable for 1000 and
2000 volt neutralization.

OPERATION

The HCB pilot wire relay operates as a
percentage differential device when the, fault
currents are small, and has essentlally direc-
tional characteristics, comparisig the direction
of current flow at the terminalles of the protect-
ed section when the fault cukrents are large.

The voltage appeafing “across the sec-
ondary of the saturating transfermer 1s balanc-
ed agalnst a similar voltage at the opposite end
of the protected line‘ysection, thru the re-
straint winding of each“relay, the insulating
transformers and thepplilot wires, as shown in
figure 9. On extermal faults, a flow of fault
power thru the protectied line section, produces
voltages across the secondaries of the maturat-
ing transformers whieh are essentlally equal and
1n series. Thesejwoltages act to circulate cur-
rent thru,the( nestraining coll of each relay
which 1s ‘cognected/ in serles with pilot wire.
Under this\condition the operating coils con-
nected across the pllot wlres do not recelve
suffieient, current to overcome the restraint and
so tripping does not occur.

For internal faults with equal feed-in
from the“ferminals, the voltages across the sat-
urating transformers are 1n opposition. This
resultsyin all of the current flowing thru the
restraining and operating colls 1n series and
none thru the pillot wires. The relays at the
end® of the sectlon operate under this condition
to give simultaneous tripping of the breakers at
the terminals of the protected section.

The 1mpedance of the filter and the
operating coill can be adjusted so that the sum
of the minimum trip currents from all terminals,
when fed 1n from only one terminal, 1s suffic-
lent to trip the relays simultaneously. This 1s
affected somewhat by very low or very high pilot
wilre 1mpedance, since 1n this case energy to
trip any terminal not supplylng current to the
fault, must be carried over the pillot wire.
Consequently, settings are based on total fault
currents fed 1n from all terminals disregarding
the current distribution from the terminals.

If the pilot wire ©becomes open cir-
culted, all of the current 1n the restraining
coll will also flow thru the operating coil.
While thils 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 1t short cir-
cults the operating winding of the relay.

The current and voltage impressed on
the pllot wire do not exceed 100 milliamperes
and 60 volts. The wave form and magnitude of
the pllot wire current 1s such that telephone
Interference 1s within the limits allowed by the
Bell Telephone Company. This permits the use of
leased telephone lines as a pllot wire channel.

SUPERVISION

A faulted pllot wire mentioned above
may be detected by the milllammeter and test
switch (supplied with the relay) or by a contin-
uously-operated supervisory circult supplied as
extra equipment.
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Checking the condition of the pillot
wire under normal 1load conditions by the test
switch and milliammeter may be done as follows:

1. Press the push button part way to
open the short-circuilt around the meter and the
meter reading will 1ndicate the magnitude of pil-
lot wire current being circulated.

2. Press the push button all the way
to short the near ‘end of the pilot wire and the
meter will 1indicate the magnitude of current
that 1s sent over the pllot wires from the far
relay.

A comparison of these readings will
I1ndicate the condition of the pilot wire. With
normal pilot wires the second readings will be
somewhat less than the first reading. When the
pllot wires are shorted, the second reading will
be reduced to =zero. In the event the second
reading 1s consliderably less than expected, a
high resistance fault between wires 1s 1ndicat-
ed. If a pllot wire 1s open, both readings will
be zero. It should be noted that the relays are
made 1noperative when the test switch 1s fully
depressed.

CHARACTERISTICS

The overall operating characteristics
of the relay are 1llustrated 1n figure 3. The
general shape of these curves are similar for
other types of faults, relay settings, and pilot
wire lengths. Figures 4 and 5 are enlarged
first quadrants of figure 3 taken under the con-
dition noted on the curve. The ampere absclssa
and ordinate scales may be lnterpolated as fol-
lows to show the operatinﬁ characteristics for
other conditions using T = 4.

For ground faults using other Rp and
Ry taps multiply scales by:

1.7
ﬁ;-:—ﬁi Phase A to Ground Faults

1.7
=2 P B (o] Iy
R, F 7 577Ry hase or Ground Faults
For three-phase faults maltiply scales
by:
1.7 .85

5 Ry = Ry

For 1line - to - line faults multiply
scales by:

1.N 3 _ 1.47
2R1 R i

The relay 1s normally shipped with the
minimum restraint tap, TV , connected as shown
i1n upper left cornery figures 1 & 2. The maxi-
mum restraint tap, | F, 4Is avallable for use on
maximum length pllot“wires and when the current
transformer ratios are not well-matched.

SETTINGS

The HCB relay has three different taps
which ape "Provided to obtain flexibillity for a
wlde range “of application. The taps to provide
correctpoperation for any given application are
easlily)selected and have a wide latitude That
1s, . correct operation can be obtalined for
different, comblnations of tap values. The fol-
lowing, dlscussion establishes 1limits for the
various) tap settings under different operating
conditions. It should be kept in mind that set-
tdngs to obtain operation on minimum internal
fault conditions are based on the total current
that flows 1into the sectlion from all terminals.

-y

Positlve Sequence Fillter Tap

. The 1lower 1left tap (R]) has threegas
vallable taps .075, .10, and .15 (tapsfare
actually marked .07, .10, and .15 because , of
space limitations). These taps permit compens
sation for current transformers of differént
ratios at the various terminals. Where the cur-
rent transformers have the same ratilos,®the
values of R] should be the same on all relays. A
value of R] = .10 1s usually recommended except
where a more sensitive setting of "T" (described
below) 1s desired than is obtailnable with Ry =
.10. Where the current transformers are differ-
ent at the different terminals, sélect the value
of Rl which 1s most nearly “proportional to the
current transformer ratlios. For eXample, assume
ratio of 300/5 at one terfilfial and 600/5 at an-
other terminal. Set R1 =/.0%5 at the 300/5
terminal and R} = .15 at thé 600/5 terminal. The
same procedure applies to,thrée terminal lines.

Positive Sequence CQurrent Tap

The upper tap (T) has values of 4, 5,
6, 8, 10, 12, and“25. This tap should be se-
lected to assure operation on minimum internal
line to line faults, and where possible, to pre-
vent tripping on load current 1f the pillot wire
becomes accldentaldy open circuilted. The high-
est settinghofy "T" that will cause operation on
internal line to 1line faults 1s given by the
equatlons

™= 5.7 ILL R1 (1)

where Ir1 1s the total minimum Inter-
nal line-to-line secondary fault cur-
rent fed from all terminals, divided
by the number of terminals.

Thegfactor "5.7" 1s used as the operation of the
positive sequence fllter and is such that the
relay requires 1.73 times 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 desired line-
to-line current setting. Also, the numerical
values of T are the positive sequence currents
required to operate the relay when R] 1s set on
.10. Therefore, to compensate for the value of
R used in the formula, T must be divided by 0.1
tﬁereby obtaining the factor "5.7".

Where 1line-to-line fault currents are
not known, an alternate equation can be used.

The alternate equation 1s:

T = (5.7) (.86) (Iz4) R (1a)
where Iz4 1s the tdotal minimum inter-
nal three phase secondary fault cur-
rent fed from all terminals divided by
the number of terminals. The factor
".86" 1s used as 1line-to-line fault
current 1s 86% of the three phase
fault current when the negative se-
quence impedance of the system equals
the positive sequence lmpedance of the
system.

Equation (1) and (la) give the upper
1limit of "T" which must not be exceeded to ob-
taln operation on 1line-to-line faults. The
actual setting should always be below the values
obtalned from equation (1) or (la). The minimum
1imits for this setting are discussed below.

The setting of "T" which will cause
operation on load current 1f the pilot wires be-
come accldentally open clrculted 1is given by the
equation:

T = 10 R1 Ijoad (2)
where "ILoad 1s the maximum secondary

e
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full load balanced
through the terminal.

current flowing

It 1s generally desirable to select a
value of "T" which will not cause operation 1if
the pllot wilres are accidentally open circuilted.
A safety factor of at 1least 25% 1s generally
recommended to prevent such operations. That 1s,
"7", should be set 25% above the value obtained
from equation (2) if the relay 1is not to operate
on load current with the pllot wires open cir-
culted.

This consideration may be neglected 1f
1t 1s realized that relay operation will be ob-
tained 1f pillot wires are opened during heavy
load currents, or 1f supervisory relays are in-
stalled and connected to block the HCB on the
occurrence of pllot wire fallures. If super-
visory relays are 1installed to block HCB oper-
ation under heavy load conditions with the pillot
wires opened, 1t 1s necessary to 1ntroduce a
time delay of approximately one cycle by inter-
posing an auxliliary relay in the trip circuilt at
each terminal to allow the supervisory relays
time to coordinate with the high speed of the
HCB relay.

It 1s recommended that "T" be set
reasonably below the value obtalned from equa-
tion (1) without causing incorrect operation on
load current 1n the event of a pillot wire
fallure. Such a selection assures abundant
energy for the simultaneously tripping of all
relays on light internal faults.

"T" must be set the same at all terminals
(even where different transformer ratios
are used.)

NOTE:

Zero Sequence Tap

The lower tap (Ry,) has taps .025, .033)
.05, .39, .51, .68, .90, 1.2 and 1.6. The
first two taps are actually marked .02 and .03%
because of space limitations.) The three lowest
taps are not used in applications where sénsi=
tivity to ground faults 1s required. They Are
used on speclal applications where response to
positive sequence current only is requilzred.
Where such response 1s required, ‘R, 1s set to
equal to 1/3 R1.

Maximum sensitivity to ground faults
is obtained with R, = 1.6. This“setting 1s
generally recommended where currentijtransformers
with the same ratio are instalded at¥all termi-
nals. Where current transformersi|of different
ratios are 1nstalled at the various terminals,
values of R, should be sedeéted which are most
nearly proportional to the| tnansformer ratlos.

The minimum tapjhto“oebtain operation on
minimum ground faudlts is expressed by the
equation:

0.27
Ro = T1g (3)
where Ig 1s the total minimum seconda-
ry ground fault current fed into the
section from all terminals (taking in-
tosaccount possible ground fault re-
sistance), divided by the number of
terminals.
And where "T" 1s the actual tap selec-
ted (not the value calculated from
equation (1) or (la).

It 1s recommended that "Rp" be set as
high @bove the value obtained from equation (3)
as ‘possible keeplng the value of Ry approximate-
iy proportional to the current transformer
ratios. It 1s further recommended that "R," be
Set) with a greater safety factor than "T". That
is, the value obtained from equation (1) or (la)

-6 -

selected for "T"
The actual value

divided by the actual tap
equals the safety factor Sg.
of R, selected divided by the value obtained
from equation (3) equals the safety factor Sg.
Sg should be larger than S§ to obtain greater
sensitivity to minimum ground faults tha&n to
minimum phase faults.

NOTE: Ry at various terminals should be seléc-
ted which are most nearly proportional to

the current transformer ratios.

Restraint Tap:

The restraint coll has' a) tap which
permits the entire coll or pargyof 1tfto be used.
The relay 1s shipped from the factory with the
connection to the tap tof obtaln minimum re-
straint. This connectlon /1s| recommended for
most applications but the additional restraint
1s avallable where needeq),for speclal applica-
tions.

Example of Relay Settings

two terminal line with cur-
ratéd 400/5 at station 1 and
300/5 at statiofh 24 WAlso assume that full 1load
current 1s £300Vamperes, and on minimum internal
phase-to-phase) faults 2000 amperes feed into the
fault from statifen 1 and 1000 amperes from
stationd2s Further assume that on minimum in-
ternal groundm, faults, 400 amperes feed into the
fault ifromistatlon 1 and none from station 2.

Assume a
rent transformerg

Positive Sequence Filter Tap

Set R)] proportional to the transformer

rdation R] at station 1 = 0.10, Ry at station 2

=,04075%

Positlve Sequence Current Tap

From equation 1
T = 5.7 x 3000 x 5 x .1

¥00 x 2 = 10.7
or
_ 5.7 x 3000 x 5 x .075

T 300 X 2 = 10.7

This represents the highest permissa-
ble setting. The setting which wi1ll cause
tripping on 1load current 1f the pilot wire be-
comes accldentally open circulted 1s given by

equation (2).

p = 10 x &éox 200 x 5 _ 3.75 or
_ 10 x 0.75 x 300 x 5 _
T = 300 = 3.75

Select T at both stations = 6

Zero Sequence Tap

The minimum tap which will -cause
tripping to minimum internal ground faults 1s
glven by equation 3.

_ 0.2 x 6 x 400

Ro="200x5 = .48 at station 1

Ro= 942§§5§;5§299—= .36 at station 2

Select R, at station 1 = 1.6

And Rp at station 2 =1.2

The factor of safety on phase faults (Sg) =
6/3.75 = 160%.

The factor of safety on ground faults (sg) =
1.6/.48 = 3344.

P %
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TYPE HCB RELAY

INSTALLATION

The relays should be mounted on
swlitchboard panels or thelr equivalent in a lo-
cation free from dirt, moilsture, excessive vi-
bration and heat. Mount the relay vertically by
means of the two mounting studs. Either of
these studs may be utlilized 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
easlly removed or 1inserted 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, 11, 12. The relay 1is shipped with
the operation 1ndicator and the contactor switch
connected 1n parallel. This circult has a re-
sistance of approximately 0.25 ohms and 1s sult-
able for all trip currents above 2:25 amperes
d-c. If the trip current is less than 2.25 am-
peres there 1s no need for the contactor switch
and 1t should be disconnected. To disconnect the
coll, remove the short lead to the coil on the
front stationary contact of the switch and this
lead should be fastened (dead ended) under the
small fillister-head screw located in the Micarta
base of the switch. The operation 1ndicator
wlll operate for trip currents above 0.2 amperes
d-c. The resistance of 1ts coll 1s approximately
2.8 onms. The resistance of both coils in para-
llel 1is approximately 0.25 ohm.

ADJUSTMENTS AND MAINTENANCE

Caution

1. Make sure that the neon lamp 18 1in
place, whenever relay operation 1s belng check-
ed. This 1s required to 1limit distortion, in pi-
lot wire voltage wave.

2. When changing taps under load the
spare tap screw should be 1lnserted before, remov-
ing the other tap screw.

All contacts should /e periodically
cleaned with a fine file. S#1002110 file 1s re-
commended for this purpose. The usefof abrasive
material for cleaning contacts Ispnot recommend-
ed, Dbecause of the danger)of embedding small
particles 1n the face of they soft silver and
thus 1mpairing the contact.

The proper adjustments to 1nsure cor-
rect operation of _thishrelay have been made at
the factory and should not be disturbed after
recelpt by the customer. If the adjustments
have been changed ‘or, 4the relay taken apart for
repalrs, thé folleowlng instructions should be
followed 1nf reassembling and setting 1t.

Sequencel Filter

There ‘are no adjustments to be made in
the fillter.

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 side 1t 1s push-
ed with this adjustment.

Contact Adjustment: Adjust both left-hand
(front, view) contacts until they barely make a
light circuilt, when the armature 1s agalnst the
left stop. A flickering light 1s permissible.
Give both the left-hand contact screws an addi-
tional 1/3 turn.

Calibration: Screw in the 1left-hand mag-
netic shunt so that only the top alr “gap 1is
shunted. "This 1ncreases the armatureg’ blas“to-
wards the right. The right-hand top alr gap
should not be shunted by the magnetic shunt.
Energize the operating coil with .0078 ampere
d-c. thru the right test link with the polarity
as shown 1n figure 1. Then adjusty, the right-
hand shunt by screwing 1t toward the left until
the relay contacts close. The contacts should
close with a snappy action. Check to see that
the contacts reset when the coll@is deenergilzed.

Close the right-hand operating coil
test 1link and opefy thegleft-hand restraining
coll test 1link. Energlze sthe restraining coill
with .10 ampere d-ce, Thru the restraining coil

with polarity as shown in “figure 1. The con-
tacts should tend to move toward the right.

Overall Test
Clese “thée test

neon lamp in the, circuilt.
Ry = .1-.19and T = 4.

links and place the

Use taps R, = 1.6,
Connect a 1508 ohm re-
sistor between, terminals 15 and 16 to simulate
the magnetlzing 1mpedance of the insulating
transformér. ¥Pass 6.95 amperes, 60 cycles, thru
terminals 19 to 22 (figure 1). The relay should
operates, It should also trip when .45 to .55
amperes, 60 cycles, are passed thru trrminals 21
tome2.

If 1t 1s desired to calibrate the re-
lay,to actual pllot wire conditions, the 1insul-
ating transformer should be connected across
terminals 15 and 16 (figure 1) with one-half of
the pllot wire capacitance connected across the
high voltage termlnals of the transformer. With
these connection , the polarized element should
be adjusted as outlined above. After calibrat-

. 1ng in thils manner, an equlvalent pllot wire re-

sistance can be determined by connecting a slide
wire resistor across terminals 15 and 16 instead
of the 1insulating transformer and by varying the
magnitude until the same trip value 1s obtalned.
Then 1n the future this resistance can be used
Instead of the 1500 ohms suggested above.

The phase current trip setting on the
relay may be made by passing 60 cycle 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 terminals 19 and 21 (Figure 1).

Pilot Wire Polarity Check

wires are
carrying
by short-

The polarity of the pllot
most easlly checked while the line 1s
load (1 ampere or more). This 1s done
circuilting the current transformers to create an
apparent zero sequence current thru the relays
and observing the relay operation. The proced-
ure 1s as follows: Set Rg tap on 1.6 and tap T
on 4. At one end short-circuilt the phase A cur-
rent transformer and then disconnect the 1lead
to terminal 20. At the other end short cilrcult
elther phase B or C current transformers and
then disconnect the corresponding lead to the
relay (either terminal 19 or 22, respectively).
If the pllot wire 1s properly connected to the
relays, the relays 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 Switch -
Adjust the statlonary core of the



TYPE HCB RELAY

switch for a clearance between the stationary
core and the moving core of 1/64" when the
switch 1s picked up. This can be done by turn-
ing the relay up-side-down and screwlng up the
core screw of the switch until the contacts just
separate. Then back up the core screw approxi-
mately one turn and 1lock 1in place. This pre-
vents the moving core from striking and sticking
to the stationary core because of residual mag-
netism. Adjust the contact clearance for 3/32"
by means of the two small nuts on elther slde of
the Micarta disc. The switch should pick up at
2 amperes d-c. Test for sticking after 30 amp-
eres d-c. 1s passed thru the coil.

Operation Indicators

: Adjust the 1ndicators to operate at
0.2 ampere d-c. gradually 1lncreased. Test for
sticking after 5 amperes d-c. has been applied.

ENERGY REQUIREMENTS

The volt-ampere burden of the type HCB
practically 1ndependent of the pilot

z;rar—;;

' . T SLOTSForR M U-BOLTS

T.J ‘%.!.3.1 ‘.14- /'ron MOUNTING ON PIPE
(N

relay 1is

% ™ 'SLOTS FOR MOUNTING

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

For tap 4 Ry = .075 and Ro = .39

Phase A 1.25 volt-amperes 0°
Phase B .30 volt-amperes 285°
Phase C .90 volt-amperes 45°

For tap 4 R; = .15 and Ry = 1.6

Phase A 2.3 volt-amperes 120°
Phase B 4.6 volt-Gmperés 285°
Phase C 5.3 volt-amperes 45°

The angles above| are the degrees by

which the current lags “&ts respective voltage.

The two secon@,overload ratings of the
relay are 150 amperes phase and 125 amperes
ground currents.
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TYPE HCB PILOT WIRE RELAY

INSTRUCTIONS

CAUTION

Before pubtting protective relays into
service, remove all blocking which may have been
Inserted for the purpose of securlng the parts
during shipment, make sure that all moving parts

operate freely, 1nspect the contacts to see,thap‘*;

they are clean and close properly, and gférgte

the relay to check the settings and electrical
connections. I

0y A—?’ &
APPLICATION %‘ -

¥

The type HCB relaJ a high speeé
e relay d951gned'Toﬂ’ he complete phage
and grognd protectlo oﬂﬁtwo and three termi
,?,S gltaneous tripping ; ﬂ
) fermrngl 1s obtained in @bout
“for all faults. A comﬁl e Inf
stallation ¢ a two teriminal line corigis tS) of
two relays, o 1nsulating transform@%s, and an
interconnecting pllot wire circuit..,’ JFordafthree
terminal line, threg relays, three “@nsulating
transformers, andfia wyg cqnnected plilot wilre
circult with brag%he 16} vequal Impédamncesy are
required. & ﬁgﬁﬁ :

f #
- g

ng“relay consistsgofipa 4colibination
posltive zero phase sequenee flltef, a sat-
urating auxlliary transformer, two rect®Hx units,
a polar type relay unltho ang, a; ¥on 4@amp all
mounted 1n a slngle case: Thé? external equip-
ment normally supplled gmith relay conslsts
of an 1insulating transformeg, '@ mlliammeter and
test push button. The, construction of these
components 1s as fodidiow S*

the relay
1/60 of a seco

CONSTRUCTION

Sequence Ellter

The curremts from the current trans-
former secOndaxgies are passed thru a filter con-
sisting ofQa ghreefwinding iron core reactor and
two reslstors: The secondary of the three wind-
1ng reactor andythe resistors are tapped to ob-
taln settings for various fault conditions. The
output of this filter provides a voltage across
the primaryg of the saturating transformer pro-
portdonal to the positive sequence current plus
a con8tant times the =zero sequence current.
Thilsy, combination is selected s trne dilscriminat-
ingyfunetion because 1t can be adjusted to have
defiinite values lying 1n 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 dlals
provide the adjustment of the relative amounts
of positive and zero sequence currents that are
combined to produce the required discriminating

voltage. The right-hand lower tap dial (front
view) adjusts the sensitivity to ground fault
currents. The left-hand lower tap dial adjusts

the positive phase sequence sensitlvity when the
ratio of the current transformers at the termi-

#

nals of tha line are| niot equal.

¥

i‘ : Sabu?gtlng Auxlliary Transformer

o

,‘g g The voltage from the fllter 1s fed
“’into thef tapped primary (upper tap plate) of a

small saturating transformer. This transformer
1sused ®o/limit the voltage +impressed on the
pllot wire,” and to provide a small range of
voltag:zfor a large varlation of maximum to min-
imum f:%;iicurrents. Thus, high operating ener-
gyals © ned 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 out-
put of the saturating transformer, and 1is marked
in amperes required to operate the relay when
thquilot wire 1s open or when equal amounts of
cufrent are fed to an internal fault thru the
1fne termilnals. For further discussilon, see
géction entitled, "Settings".

Rectox Units

The secondary of the saturating trans-
former feeds thetwo rectox unlts, the insul-
ating transformer, and the pilot wire, as shown
schematically in Figure 8. The rectox units are
used to convert the a-c output of the saturating
transformer to d-c 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 rectangu-
lar shaped magnetic frame, an electromagnet, a
permanent magnet, and an armature with a double

set of contacts. The poles of the permanent
magnet clamp directly to each side of the mag-
netic frame. Flux from the permanent magnet

divides 1nto two paths, one path across the alr
gap at the front of the element 1n which the
armature 1s located, the other across two gaps
at the base of the frame. Two adjustable shunts
are located across the rear alr gaps. The se
change the reluctance of the magnetlic path so as
to force some of the flux thru the moving arma-
ture which 1s fastened to the leaf spring and
attached tc the frame midway between the two
rear alr gaps. Flux 1n the armature polarizes
1t and creates a magnet blas causing it to move
towards one or the other of the poles, dependling
upon the adjustment of the magnetic shunts. Two
concentric colls are placed around the armature
and within the ma:netic frame. The coils are
connected in cpoosition with one used as a re-
stralning winding and the other as an operating
winding. The restraining winding sets up a mag-
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Before

CAUTION
into

putting protective relays

service, remove all blockling which may
have been inserted for the purpose of securilng
the parts during shipment, make sure that all
movling parts operate freely, lnspect the con-
that

and operate the relay to check the

tacts to see they are clean and close
properly,

settlngs and electrical connectilons.

APPLICATION

The type HCB
wire relay deslgned for the complete phase and

relay 1s a high speed pilot

ground protection of +two and three terminal

transmission 1lines. Slimultaneous tripplng of
each terminal 1s obtalned 1in
fauditig,. A

installation for a two terminall 1ine

the relay at
1/60 of
complete

about a second for all
consists of two relays, two insulatingpftrans-
formers, and an 1nterconnecting plilot Qwire

circult. For a three terminal dine, three

relays, three 1nsulating transformers,” and a
wye-connected pllot wire clrcylt wlth branches

of equal 1mpedances are requlred.

CONSTRUCTION

The relay consists of‘la comblnatlon positive
and zero phase segiience fllter, a saturating
auxlllary transformer,
type
mounted 1n &, single case.

two rectox units, a
polar rel@y d»unit, and a neon lamp all
The external equip-
ment normdlly Supplied with the relay consists
of an insul@tingvtransformer, a milliammeter
switeh.

components ‘dsfas follows:

and test The construction of these

Sequence Fllter

current transformer
thru

of a three winding iron core reactor

The currents from the

secondaries are passed a fillter con-

sisting

and two resistors. The secondary of the three

NEW_ INFORMATION

(FORMER I.L. 41.658B REVISED)

winding reactor
to obtain
ditions.

voltage

an@ the “‘resistors are tapped

settings /for“various fault
The output efifthis filter provides a
acrosg)the primary of the

con-

saturating

transformer gproportional to the positive
a constant times the
This

discriminating

sequence eurrent) plus

zero seguencepcurrent. combination 1s
functilon
definite

a comparatively small range

selected /asythe
because 1t _Jcan be adjusted to have
values

forgall
Taus, a slngle operating element can be
for, all
dials

amounts of positive and zero sequence currents

lylng 1n

types of phase and ground faults.

used
types of faults. The two lower tap
provide the adjustment of the relatilve

that are combined to produce the

The right-hand lower

required
discriminating voltage.
tap dial (front view) adjusts the sensitivity

to ground fault currents. The left-hand lower

tap dlal adjusts the posltive phase sequence
sensitivity when the ratio of the current
transformers at the terminals of the line are

not equal.

Saturating Auxiliary Transformer

The voltage from the filter 1s fed into the
tapped primary (upper tap plate) of a small
saturating transformer. This transformer 1s
1imit

pllot wire,

used to the voltage 1impressed on the
and to provlide a small range of
voltage for a large varlation of maximum to
minimum fault currents. Thus, high operating
energy 1s
limited

The relay

obtalned for very light faults and
faults.

changes

operating energy for heavy

operating characteristic
differential at

approximately directlonal

from percentage low current

values to charac-

teristics at high current values.

The upper tap plate changes the out-put of

EFFECTIVE DATE 2-48
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Fig. 4—Typical Test Output Vs. Input Relay Current In A
Two Terminal Line With Zero Pilot Wire Resistance.

2. The shunt capacity between pilot wires

should not exceed 0.75 microfarads per pilot
wire terminal for +two terminal lines (0.60
mfd. per terminal for three terminal lines)%

In cases where this value is exceeded, auxilis

ary reactors may be required to reduce the

shunt currents which tend to desensitizel the

relay-.

3. The difference in the longitmadinal in-
duced voltage which appears |[between wires
should not exceed 15 volts tebal WP.5
per relay).

volts

4, The induced ¥06ltage, to ground which oc-

curs on the pilot wdres during maximum fault
conditions should™not ex€eed the rating of the
pilot wires or insulating transformers. The
transformers are insulated for 5000 voits. In
general, the pilotgwires will be insulated for

a much loweg voltage.

Induced voltages and differences between
statlon®™ ground potentials which appear along
the pilot wire may be reduced to safe limits

byathe following means:

4

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 JExcessive
grounding the mid-taps of the insulating

voltages can be reduced by

transformers and allowing current to

circulate over the pilot wires to

ground. However, the requirement of 15
volts difference must be maintained.

b. For more serious induction two winding

neutralizing transformers can be used to

1imit the voltages. In cases where the-

sufficient to

sheath must be in-

sheath
cause damage the

current may be

winding
should be
Transformers are available for
1000 and 2000 volt neutralization.

sulated from ground and three

neutralizing transformers

used.

c. Another method consists of connecting a
sultable two
tector tube, such as the type KX642, to
the pilot wires at suitable points. The
is such that when the tube

flashes because of high extraneous volt-

winding reactor and a pro-

arrangement

both
ground, through the

connected to
and the

ages, wires are

reactor

tube. The
but the impedance between wires is kept

impedance to ground is low,

high to avoid interfering with the oper-
ation of the HCB relays.
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OPERATION

The HCB pilot wire relay operates as a per-
centage differential device when the fault
currents are small, and has essentially direc-
tional characteristics, comparing the direc-
tion of current flow at the terminals of the
protected section when the fault currents are
large.

The voltage appearing across the secondary
of the saturating transformer 1s balanced
against a similar voltage at the opposite end
of the protected 1line section, thru the re-
straint winding of each relay, the insulating
transformers and the pilot wires, as shown in
Figure 8. On external faults, a flow of fault
power thru the protected line section, pro-
duces voltages across the secondaries of the
saturating transformers which are essentially
equal and 1n series. These voltages act to
circulate current thru the restraining coil of
each relay which 1s connected in series with
pilot wire. Under this condition the opér=
ating colils connected across the pilot wires
do not receive sufficient current tg@ overcome
the restraint and so tripping does met occur.

For internal faults with equal feed=in from
the terminals, the voltages across<the satu-
rating transformers are in opposition. This
results in all of the current flowing thru the
restraining and operating oils, in series and
none thru the pilot wires. The relays at the
ends of the section operate, under this condi-
tion to give simultaneous tripping of the
breakers at the terminals of the protected
section.

The 1mpedance“¥ of 4the filter and the oper-
ating co011 canjbe adjusted so that the sum of
the miadmumitrip currents from all terminals,
when fedWdn from only one terminal, 1s suffic-
ient to tripithe relays simultaneously. This
1s affected somewhat by very low or very high
pilot wdre 1impedance, since in this case en-
ergy to trip any terminal not supplylng cur-
rent, to the fault, must be carried over the
pilot wire. Consequently, settings are based
on total fault current fed in from all termi-
nals disregarding the current distribution

from the terminals.

If the pillot wire becomes open cidrculted,
all of the current 1n the restrgining®coil
willl also flow thru the operatingfecoil. 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 re-
lay setting. A short cdwcuit on the pillot
wires will preventgtripping, since it short
circults the operating win@ing of the relay.
However, 1f the sidomt, cfpcult on the pilot
wire 1s so placed/ that it i1s 1000 or more
pllot wire ohms from®one of the two relays,
then that reldyywill “hot be blocked.

The current andy voltage 1mpressed on the
pilot wire, dodnot exceed 100 milliamperes and
60 volts4s Bhe wave form and magnitude of the
piloty wire Jcurrent 1s such that telephone in-
terferenee 1s within the limits allowed by the
Belly,Telephone Company. This permits the use
of"yleased telephone 1lines as a pilot wire
channel.

SUPERVISION

A faulted wire pilot mentioned above may be
detected by the milliammeter and test switch
(supplied with the relay) or by continuously-
operated supervisory relays supplied as extra
equipment.

The condition of the pilot wire und+: normal
load conditions may be determined by reading
the pillot wire current by means of the test
switch and milliammeter.

A comparison of the readings obtained with
the typical values of Figures 4 & 5 will in-
dicate the condition of the pilot wire. It
should be noted that, when the far relay cur-
rent 1s Dbeing read, the near relay is short
circuited, and the far relay 1s shunted by the
resistance of the pilot wires plus the im-
pedance of the near relay insulating trans-

formers.

CHARACTERISTICS

Typlcal overall operating characteristics of
the relay are 1llustrated in Figures 6 and 7.
The general shape of these curves 1is similar
for other types of faults, relay settings, and
pllot wire lengths. The ampere abscissa and

)
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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. 8—External Connections of the Type HCB'Relaylin the Standard Case For Phase and Ground Protection of A Two Ter-

minal Line.

ordinate scales may be 1nterpolatedf as follows
to show the operating characterdistics for

other conditions using T & 4.

For ground faults usingiothervR, and R; taps
multiply scales by:

1.7

Ry + R PhaseépAfto Ground Faults

1

1.7

= o o Phase B or C Ground Faults
Ro + ] 5T Ry

For three<phase faults multiply scales by:

For line-to-line faults multiply scales by:

1.7V 3 1.47
2R, = TR,

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 application
are easlly selected and have a wide latitude.
That 1s, correct operation can be obtained for
different combinations of tap
following discussion establishes 1limits for
the various tap settings under different oper-
ating conditions. It should be kept in mind
that settings to obtain operation on minimum

values. The

internal fault conditions are based on the
total current that flows into the section from

all terminals.

Positive Sequence Filter Tap

The lower left tap (R;) has three avallable
taps .07%, .10, and .15 (the .075 tap is
actually marked .07 becsuse of space limita-

/
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for
at
current

tions).
current
the
transformers
of R1
value

These
transformers

taps permit compensation
of different ratios
Where the
have the same ratios, the values
A
ex-

various terminals.
should be the same
of R} = .10 is usually recommended
Of "TH
obtain-

on all relays.

a more sensitive setting
1s desired than is

cept where
(described below)

able with Rp .10. Where the current trans-
formers are different at the different termi-
nals, select the value of Ry which 1s propor-
tional to the current transformer ratios. For
example, assume a ratio of 300/5 at one termi-
nal and 600/5 at another terminal. Set Ry
.075 at the 300/5 terminal and R; = .15 at the
600/5 terminal. The ratios obtainable
1/1, 2/1, 3/2, and 4/3.

applies to three terminal lines.

are

The same procedure

Positive Sequence Current Tap

The upper tap (T) has walues of 4, 5, 6, 8,
10, 12 and 15. This tap should be selected to
assure operation on minimum internal 1line-to-

line faults, and wvhere possible, to prevent

on internal line-to-line faults i1s given by

R4

where I, is the total minimum int line-
to-line secondary fault curre from all
terminals, divided by the numbe t inals.

The factor "5.7" is used as e

the equation:

T =5.7 ILL Rl

eration of

the positive sequence fil such that the
relay requires 1.73 es miach current for
operation on a 1ine fault as on a

three phase faul s means that the three-

phase trip sett d be 57% of the de-
sired line-to-line c nt setting. Also, the
numerical values of T are the positive sequ-
ence currents regpired to operate the relay
when R1 isW set on .10. Therefore, to com-
pensate e value of Rl used in the form-
ula, st be divided-by 0.1 thereby ob-

taininghthe factor "5.7".

line-to-1line currents are not known,

tripping on load current if the pilot wire be- on
comes accldentally open circuited. The high e
est setting of "T" tnat will cause operat he equation:

an alternate equatilon can be used.
The alternate equation is:

T = (5.7) (.86) (Izg) R,

where I3A is the total minimum in
phase
terminals divided by the numbe
The factor ".86" i1s used as

secondary fault curren

current 1s 86% of the th
rent when the negative seq ce impedance of
the system equals the p tive sequence 1im-
pedance of the syste

Equation (1) ar ive the upper 1limit
of "T" wyhi be exceeded to obtain
operation on ne-to-line f'aults. The
actual should always be below the
values ,0 from equation (1) or (1a).
The mi mits for this setting are dis-
cusse elo

e ting of "T" which will cause opera-

load current if the pilot wires be-

accldentally open circuited is given by

T (2)

10 Ry I1oad

secondary full
the

the maximum

current flowing through

n n
where ILoad is
load Dbalanced
terminal.

It
of "p"
pilot wires are accidentally open circuited.
A safety factor of at least 25% is generally
recommended to prevent such operations. That
is, "T", should be set 25% above the value ob-
equation (2) if the relay is not
pilot

1s generally desirable to select a value
which will not cause operation if the

tained from
to-
wires open circuited.

operate on load current with the

This consideration may be neglected if 1t is
realized that relay operation will be obtained
load

in-
the

super-

if pilot wires are opened during heavy
currents, if supervisory relays are
stalled and connected to block the HCB on
occurrence of pilot wire failures. If

visory relays are installed to block HCB oper-

or
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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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atlon under heavy 1load conditions with the
pllot wires opened, 1t 1s necessary to intro-
duce a time delay of approximately one cycle
by 1nterposing an auxiiilary relay in the trip
circult at each termlnal to allow the super-
visory relays time to coordlnate with the high
speed of the HCB relay.

Note: "T" must be set the same at all terml-
nals (even where different transformer

ratios are used.)

Zero Sequence Tap

The lower tap (RO) has taps .025, .033, .05,
.39, .51, .68, .90, 1.2 and 1.6. (The first
two taps are actually marked .02 and .03 be-
cause of space limitations). The three lowest
taps are not used 1n applications where high
sensitivity to ground faults is required.
They are used on speclal appllicatlons where

response to posltlve sequence current only 1s

required. Where such response 1s required, Ro
1s set to equal to 1/3 Rj.

Maximum sensitilvity to -ground faults 1s ob#
talned with Ry = 1.6. This setting 1is genen-
ally recommended where current transformers
wlith the same ratlo are 1lnstalléd at all
terminals. Where current transformers of 4if-
ferent ratlios are installed at the various
terminals, values of Ry should be  selected
which are most nearly proportional “to the
transformer ratios. When the ratip, of the RO
taps can not be made to exactly mateh the
ratio of the R; taps, pick thg'ratio“to match
as closely as possible, andluse maximum re-
straint tap.

The minimum tap t¢& obtaln“eperation on mini-
mum ground faulgfs 1gPexpressed by the equa-
tions

S (3)

where Ig 1s) the total mininmum secondary
ground faultWeurrent fed into the section from
all terminals (taking into account possible
ground fault resistance), divided by the num-
ber “of terminals, and where "T" 1s the actual

tap “selected (not the value calculated from

0

equation (1) or (la).

It 1s recommended that "Ry" be set as high
above the value obtalned from equation (3) as
possiblé keeping the value of R, approximately
proportional to the current transformer

ratilos.
Restraint Tap

The restraint coill has a tap/which permits
the entlre c0ll or part of 1thto be used. The
relay 1s normally shipped with the restraint
tap 1lilnk connected In the maximum restraint
position. This 1link™1s 1n the upper left hand
corner of the panel carrylng the polar ele-
ment . The ldnk ds/connected to the left for
minimum restraint,“and to the right for maxi-
mum restralint.| Maximum restraint should be
used with pilot@wires of 1500 to 2000 ohms.

Example of Relay Settings

Assume, a two termlnal line with current
trangformers rated 400/5 at station 1 and
300/5 at statlion 2. Also assume that full
load current 1s 300 amperes, and on minlimum
Internal phsse-to-phase faults 2000° amperes

feed into tHe fault from station 1 and 1000
amperes from station 2. Further assume that
on minimum 1nternal ground faults, 400 am-
peres feed 1nto the fault from statlion 1 and
none from statilon 2.

Positive Sequence Fllter Tap

Set R, proportional to the transformer
ratio. R, at station 1 = 0.10, R, at station
2 = 0.075.

Posltlve Sequence Current Tap

From Equation 1

T = 5.7 x 3000 x 5 x .1
= 400 x 2 = 10.7

or

T

_ 5.7 x 3000 x 5 x .075
- 2

300 x = 10.7

This represents the highest permissible
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which will cause

setting. The

tripping on load current 1f the pllot wire be-
accldentally open circulted 1s given by

setting

comes
equation (2).

_10x .1 x 300 x 5 _

T T00 3.75
or

_ 10 x .075 x 300 x 5
T = 300 = 3.75

Select T at both stations = 6.

Zero Sequence Tap

The minimum tap which will cause tripping to
minimum 1internal ground faults 1s given by

equation 3.

0.2 x 6 x 400

R, = 700 % § =.48 at station 1
0.2 x 6 x 300
R, = ___266_;_32—- = .36 at station 2

Select R, at station 1 = 1.6
And RO at station 2 =1.2

RELAYS IN TYPE FT CASE

The type FT cases are dust-proofl enclosures
combining relay elements and knife-blade test
switches 1n the same case. [This
compact flexlblejassembly easy to
maintaln, inspect, test and “adjust. There are
of pthe, type FT case: the

is an all

combination

provides a

three main units
case, cover and chass?sy The case

welded steel housing contalnling the hinge half

of the knife-blade
terminals for external connectilons.

test switches and the
The cover
1s a dratwn, steél frame with a clear window
which fifs ovem,the front of the case with the
swiltchés cliosed. The chassis is a frame that
supportsyf the £/ relay elements and the contact
jaw half ofifthe test swiltches. Thils slides 1n
and out of the case. The electrical con-
nectiong)between the base and chassis are com-

pleted through the closed knife-blades.

»

Removing Chassis

To remove the chassis, first remove the

cover by unscrewlng ' the captive nuts at the

corners. Thils exposes the relay elements/and
all the test switches for inspeetlon and
testing. The next step 1s to open the test
switches. Always open the elongated red
handle switches first before any of the black
handle swiltches or the cam action latches.
This opens the trip cigfcult to prevent ac-
clidental ¢trip out Then / open all the re-
mélning swiltches. They, order of opening the

remalining switches/1s /et Important. In open-
1ng the test switcheg they should be moved all
With all the

grasp the two cam

the way back against the stops.

switches fully ‘Gopened,

actlion latch arms and pull outward. This re-
leases the) chassis from the case. Using the
latch arms)as“handles, pull the chassis out of

test
benehy, 1nyd normal upright positlion as well as

the, case. The chassls can be set on a
on 1ts top, back or sides for easy inspection,
malntenance and test.

After chassis a duplicate
chassis may be
blade protion

and the
chassis. The operated
switch 1located behind the short
test swltch prevents open circulting that cir-
cult when the test

switches are closed.

removing the

inserted in the case or the
of the switches can be closed
wilthout the

shorting

cover put 1n place
chassis
circuiting

short circulting type

When the 1s to be put back in the
case, the above procedure 1s to be followed 1n
the reversed order. The elongated red handle
switch should not be closed until after the
chassis has been latched in place and all of
the black handle switches closed.

chassis

Electrical Cilrcuilts

Each terminal in the connects thru a
test switch to the
chassis as shown on the internal

The relay terminal 1s identifiled by

numbers marked on both the inside and outsilde .
of the base. The test switch positions are
1dentified by 1letters marked on the top and
bottom These
letters can be seen when the chassis 1s re-

base
relay elements in the
schematic
dlagrams.

surface of the moulded blocks.

moved from the case.

11
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The potential and control circults thru the
relay are disconnected from the external cir-
cult by opening the assoclated test swiltches.
Opening the short cilrculting test switch
short-circults that circult and disconnects
one slde of the relay coll ©but leaves the
other side of '~ the coll connected to the ex-
ternal circult thru the current test jack
jaws. This circult can be 1solated by insert-
ing the current test plug (without external
connectlons) by inserting the ten clrcult test
plug, or by inserting a piece of insulating
material approximately 1/32" thick into the
current test jack jaws. Both switches of the
current test switch palr must be open
when using the current test plug or lnsulating
material in thils manner to short-circuilt the

current transformer secondary.

A cover operated switch can be supplied with
1ts contacts wired 1n serles with the trip
circuit. Thls switch opens the trip clrcuilt
when the cover 1s removed. Thils switch can be
added to the exlsting type FT cases at any
time.

Testing
The relays can be tested 1n service, in tgheé
case but with the external circults 1solated

or out of the case as follows:

Testing 1n Service

The ammeter test plug can be InESerted 1n the
current test jaws after openlng the knife-~
blade swltch to check the current), thru the
relay. This plug consilsts_of “twed conducting
strips separated by an 1nsudating strip. The
ammeter 1s connected topthese 8trips by termi-
nal screws and the leads“are carried out thru
holes 1n the back of £he lmsulated handle.

Voltages between the potentlal circuilts can
be measured convenlently by clamping #2 clip
leads on the projécting clip lead lug on the
contact jaw.

Testing Innlase

With “all blades 1n the full open position,
the “®ten circult test plug can be 1lnserted 1n

12

the contact jaws. This connects the relay
elements to a set of blnding posts and com=
pletely 1solates the relay clircuits from the
external connectlons by means of an 1nsulating
barrler on the plug. The external test cilr-
cults are connected to these blnding post®.
The plug 1s inserted 1n the bottom"test jaws
with the binding posts up and &n theltop test
swltch jaws with the binding postsjdown.

The external test circults/may be made to
the relay elements by #2 tess, c¥ip leads 1in-
stead of the test plug.When ‘connecting an
external test clrcdit to the current
elements usling clip, leads, care should be
taken to see that the, cu¥rent test jack jaws
are open so that{the relay 1s completely 1so-
lated from thejexternal circults. Sﬁggested
means for, dsolatidnghthis circult are outlined

above, under "Blec¢trical Circuits."

Testing(Out“ofyCase

With/the chassls, removed from the base,
relay/ elements may be tested by using the ten
clrcult” test plug or by #2 test clip leads as
described above. The factory calibration 1s
made with the chassls 1In the case and removing
the chassls from the case wi1lll change the
calibration values by a. small percentage. It
1s recommended that the relay be checked 1n
posltion as a final check on callbration.

INSTALLATION

The relays should be mounted on switchboard
panels or thelr equivalent 1n a location free
from dirt, molsture, excessive vibration and
heat. Mount the relay vertically by means of
the two mountlng studs for the standard cases
and the type FT projectibn case or by means of
‘the four mounting holes on the flange for the
seml-flush type FT case. Elther of the studs
or the mountlng screws may be utilized for
grounding the relay. The electrical con-
nections may be made direct to the terminals
by means of screws for steel panel mounting or
to terminal studs furnished with the relay for
ebony-asbestos or slate panel mounting. The
terminal studs may be easlly removed or 1in-
serted by locking two nuts on the studs and
then turning the proper nut with a wrench.

J
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The relay 1s shipped with the operation in-
dicator and the contactor switch connected i1n
parallel. This circult has a resistance of
approximately 0.25 ohm and 1s sultable for all
trlp currents above 2.25 amperes d-c. If the
trip current 1s less than 2.25 amperes, there
1s no need for the contactor swiltch and 1t
should be disconnected. Po disconnect the
coll, remove the short 1lead to the coil on
the front statlonary contact of the contactor
switch. Thils lead should be fastened (dead
ended) under the small filister-head screw
located 4n the Mlcarta base of the contactor
switch.
for trip currents above 0.2 amperes d-c. The

The operatlion indicator will operate

resistance of 1ts coll 1s approximately 2.8

ohms,
ADJUSTMENTS AND MAINTENANCE

The proper adjustments to 1nsure correct
operation of thils relay have been made at the
factory and should not ©be disturbed after
receipt by the customer. If the adjustments
have been changed, the relay taken apart [for
repalrs, or 1f 1t 1s desired to checkithe ad-
justments at regular malhtenance pegriods, the
Instructions pelow should be followed-

All contacts should be periodiea)kly) “cleaned
with a fine flle. S#1002110"Ffilepds recom-
mended for thls purposeqg The use of abrasive
materlal for cleaning conta@ets“¥s not recom-
mended, because of the§ danger of embedding
small particles 1n the faceWef the soft silver
and thus 1lmpalring &€ contéct.

CAUTION 1. Makedsdre that the neon lamp 1s
1n place, whenever elay operation 1s beilng
checked.4 This ds required to 1limit distortion
i1n pllet wiwre voltage wave.

2. When changing taps under load the spare
tap scréw should be 1nserted before removing
the other tap screw.

Sequence Filter

There are no adjustments to be made in the
filter.

Polar-Type Element

Contact Adjustment: Adjust both 1left-hand
(front view) contacts until they ba¥ély make

a light cilrcult, when the armature 1s against
the left stop. A flickering light 1s permis-
sible. Give both the leff*hand contact screws
an additional 1/3 turn,yahd lock in position
with the lock nuts provided®

Calibration: Comngct/the restraint tap link
In the positlonYin“which 1t will be used.
Connect the lowyvoltage terminals of the 1nsu-
lating transflermer across the pilot wire
terminals€of the relay. (If this i1s not
avallabl@y, uSe a 1500 ohm resistor.) Connect
the relay taps on T = 4, Rl = .1, Ry = 1.6.

Screw, In the left-hand magnetic shunt all
the way and 1lock 1t in position by means of
the 1locking screw provided. Adjust the
rights-hand magnetlc shunt in or out, as re-
quired, until the relay just closes contacts
at 6.9 to 7.0 amperes phase B to phase C cur-
rent. When this adjustment has been made, and
checked with both magnetic shunts locked 1in
posltion, change the input current connections
to phase A to neutral. The relay should trip
for phase A to neutral current between .45 and
.55 amperes.

Restralning Coll: The effectiveness of the
restralning coll of the relay element, and the

performance of the Rectox units, may be
1f desired:

varlable resistor across the high voltage

checked as follows, Connect a
terminals of the insulating transformer, and
connect d-c milliammeters .1in series with the
operating and restralning colls of the ele-
ment, by opening these circults at the test
links provided for this purpose. These
milliammeters should have low resistance, and
should ©be capable of reading 1n the order of
20 to 25 ma. in the operating coll and 100 to
150 ma. 1n the restraining circuit. Using
T=4, R=.1, Ry=1.6, pass 10 amperes 60 cycles
from phase A to neutral 1n the relay, and in-
crease the varlable resistance across the in-

sulating transformer high voltage termilnals

until the relay just trips. Read the d-c cur-
rent (milliamperes) 1n the operating and re-
straining colls at this point. The values ob-

13
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talned should conform substantially to the
following equatilons.

For Minimum Restraint

I, = .12 IR+8

For Maximum Restraint

I, = .16 IR+8
where Io and IR are operating and restralning
coll currents, respectively, in milliamperes.
The results are subject to slight varilations
between 1ndilvidual relays.

The polarity of the connections to the pilot
wires, and the correct "Phasing out" of A, B,
C phases at the two statlons may be checked by
the six tests outlined on Page 15.

Pillot Wire Current

The pllot wire current which should flow
under normal load condltions 1s glven in
Figures 4 and 5. If the relay taps in usé
differ from those 1ndlcated in these filguresy
sultable conversion factors must be used _as
glven 1n the text. The pilot wire current
will vary inversely with T and directlyp,with
Ry.

Contactor Switch

Ad just the statlonary core ofmthéeQswitch for
a clearance between the stationary$) core and
the moving core of 1/64" wyhen thefswitch 1s
plcked wup. This can be|[done (by turning the
relay up-slde-down or by diseonnecting the
switch and turningd 1t _, up=side-down. Then
screw up the core , screw untll the moving core
starts rotating. Now, b&ck off the core screw
untll the moving core stops rotating. This
Indlcates the poblnts where the play 1in the
assembly 1g takenup, and where the moving
core just 'Separates from the statlonary core

14

screw. Back off the core screw approximately
one turn and lock in place. Thils prevents tHe
moving core from striking and sticking to the
stationary core because of resldual magnetism.
Adjust the contact clearance for 3/32" by
means of the two small nuts on elther side €“f
the Micarta disc. The switch should _pick up
at 2 amperes d-c. Test for stiekingfafter 30
amperes d-c have been passed through the coil.

Operation Indicator

Adjust the indicator topoperate at 0.2 am-
pere d-c gradually dpplied by loosening the
two screws on the under side of the assembly,
and moving the bracket forward or backward.
If the two helical/ springs which reset the
armature are “replaced by new springs, they
should begweakened “¥slightly by stretching to
obtalin  thej, 1 @mpere callbration. The coil
resistange, 1s ‘@pproximately 2.8 ohms.

ENERGY REQUIREMENTS

The /volt -ampere burden of the type HCB re-
lay (isd practically independent of the pilot
wire resistance and of the current tap used.
The followling burdens were measured at a bal-
anced three - phase current of 5 amperes:

For tap 4 R} = .075 and R, = .39

Phase A 1.25 volt-amperes 0°
Phase B .30 volt-amperes 285°
Phase C .90 volt-amperes 4s5°

For tap 4 R

.15 and Ry = 1.6

1
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 1ts respective voltage.

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

currents.

£
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C.T.'s
Transmission Line

—AAA— AV

"N" Relay /,———Insulating Trensformers "F'gRel.y
>

AN

>
$ >

HCB Pilot Wires 1 HCB
<
<

: |

tééé "pilot Wire Current” read with Milliammeters iiéi

A

'\

ANA

‘k“-‘~—~““~—- Test Switches————"'_———_—__—JD

Note: The 1line should be carrylng through load ¢ rrent amounting to at least 1.5 amperes as

T measured 1n the secondary of the Current Transformerss This test 1s based on the ratio
of the C.T.'s belng the same at each end of the llue, in which case set the taps of both
relays to Ry = .1; Ry = 1.6; T = 4 for this test.

RELAY "N" RELAY "F"
i
2 3| Test Relay |Relay | "Pilot Wire Current'" ) Test Relay |[Relay |["Pilot Wire Current"
E*Z Switch | Current | Trip Circulating | Relay)F ,||Switch | Current | Trip Circulating | Relay N
1 tjii A,B,C,N | No (1) (L) “ti A,B,C,N | No (1) (1)
2 iix A,C,B,N [ No (2) (2) itx A,C,B,N | No (2) (2)
m LiLl
3 A,N Yes (39 (3) RERS 0 Yes (3) (3) (%)
1YYy ti;;
4 | AR 0 Yes 63) (3) (%) A,N Yes (3) (3)
the (L
5 AN No (3) (3) A,N No (3) (3)
th t
6 AN | Yes () 19 | BN | Yes (6)
REMARKS

Tests 1 and 2 are tog@heck normal posltive sequence rotation of phases. The test swltch con-
nections of test #2 gnay be'made readlly with relays in the Flexltest case by using c¢lip leads
and 1lnsulatling barriers in the ammeter test jacks. However, care should be used to avold ac-
cldentally open-circuliting the current transformer circults.

Tests 3 and simulate internal Phase A to Ground fault with single end feed.

Test 5 simulategs an external Phase A to Ground fault. (5)

Test 0 simulateés an{internal Phase A to Ground fault, with equal feed from the two ends, since
:B + IG = - IA’ with balanced load.

To Belay
N\
LEGEND, OF |N]A[B]C (WS Phase A current from
TEST SWITCH Normal Connection. C.T. 's to Relay.
SYMBOLS® + All Currents to EXAMPLE Phase B and ¢ C.T.'s
NABGC Relay. shorted to neutral.
To C.T. 's.

(1) Thé "pllot wire current" will vary depending upon the magnitude of the-through load cur-
rent and the characteristics of the pllot wire. See Figures 6 and 7.

(2) Since the relay 1s temporarily connected for negative sequence, it should have pract-
1cally zero output 1in thils test.

23) These readings may be "off scale" depending upon the magnitude of the load current.

4) The relay at this stetion should reset when the "far" current 1s being read because the

local relay will be recelving no current from elther the pllot wire or the current
transformers.
(5) Test 4 and 5 can be repeated using phase B to neutral current, and again with phase c

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

(6) Some pillot wire current will be read, depending upon the magnitude of the distributed
capaclty of the pllot wire in combination with the magnetlzing impedance of the in~
sulating transformer.
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Fig. 11—Outline and Drilling Plan of the Insulating Transformer. For Reference Only.
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Fig. 13—Outline and Drilling Plan of the Semi-flush Type

Test Milliammeter. For Reference Only.
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Supplied. For Reference Only.
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INSTALLATION

L.L. 41-658 D
MAINTENANCE

Ny

OPERATION o

INSTRUCTIQ

TYPE HCB PILOT|WIRE RELAY [ /" <®

TN
g Ry N
N i q i o
) o b 4 ’

CAUTION Before

into

the

g L.
/ LA Ay
;oA .
/ o i (’
s
putting protective relays winding rea‘tor and the, resistors are tapped
service, remove all blocking which may / to obtailn settings [(for various fault con-
have been 1nserted for the purpose of securing ditions. The outputfof this filter provides a
parts during shipment, make sure that all voltage across the primary of the saturating
moving parts operate freely, inspect the con- transformer proportional to the positive

tacts to see that they are clean and close
properly, and operate the relay to check the

settings and electrical connections.

APPLICATION

The type HCB relay 1s a high
wire relay designed for the complete phase and
of two and three terminal

speed pilot

ground protection

transmission 1lines. Simultaneous tripping of
the relay at each terminal 1s obtalned in
about 1/60 of a second for all faultd. A

complete 1nstallation for a two terminal 1line
consists of two relays, two insulatingy, trans-

formers, and an interconnecting pilot “wire
circuit. For a three terminal 1lipe, three
relays, three insulating transformers, and a

wye-connected pillot wire circuit{with{branches
of equal 1mpedances are required.

CONSTRUCTION

The relay consists off a comblnation positive

and zero phase sequence,filter, a saturating
auxiliary transfonmen;, 4two rectox units, a
relay “anit/, and a neon lamp all

The external equip-

polar type
mounted in afsinglefcase.
ment normally supplied with the relay consists
of an 1insulating Aransformer, a milliammeter
and test switch.” The of these
components 1s as follows:

construction

Sequenege Fllter

The, currents from the current transformer
secondaries are passed thru a fillter con-
sisting of a three winding iron core reactor

and two resistors. The secondary of the three

SUPERSEDES L. 41-658 C

a constant times the
sequence current. This

the discriminating function
can, be adjusted to have definite
a comparatively small range

sequence current “plus

zero combination 1is
selected as
because it

values 1yimg 1n

for Wall “types of phase and ground faults.

Thus, )& single operating element can be used
for\hall"” types of faults. The two lower tap
dials provide the adjustment of the relative

amounts of positive and zero sequence currents
that comblned to produce the required
dlscriminating voltage. The right-hand lower
tap dial (front view) adjusts the sensitivity
to ground fault currents. The left-hand lower
tap dial adjusts the positive phase sequence
sensitivity when the ratio of the current
at the terminals of the line are

are

transformers
not equal.

Saturating Auxiliary Transformer

The
tapped primary (upper tap plate) of a
saturating transformer. This transformer 1«
used to 1imit the voltage impressed on the
pilot wire, and to provide a small range of
for a large variation of maximum to

Thus, high operating
very light faults and

voltage from the filter 1s fed 1into the
small

voltage
minimum fault currents.
energy 1s obtalned for

limited operating energy for heavy faults.
The relay operating characteristic changes
from percentage differential at 1low current
values to approximately directional charac-
teristics at high current values.

The upper tap plate changes the out-put of

the saturating transformer, and is marked in
amperes required to operate the relay when the

EFFECTIVE JANUARY 1949
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OPERATION ——
INDICATOR & N\
L HCB
TS _"___3_"—‘()
5 HCB !
CONTACTOR cs j——'@
SWITCH
POLARIZED ELEMENT
FOR TRIP CURRENTS | OPERATING COIL
LESS THAN 2.25 P
AMPERES D.C. DIS - !

CONNECT AND DEAD
END THIS LEAD,

| TEST LINKS

FULL WAVE
RECTIFIERS

. @ ,
POLARIZED ELEMEV/
RESTRAINING COIL SR

NEON LAMP

PHASE A . (9) SATURATING
TRANSFORMER
Puase ¢ [ & PHASE B
3 WINDING | NEUTRAL
MUTUAL REACTOR \'\/{

REAR VIEW

Fig. 1—Internal Schematic of the Type HCB Relay in the
Standard Case.

TOP TEST SWITCH

[ C\; N ) ) ——TO BASE TERMS
i &_‘ ;\F—TO eELAY

INDICATOR N TEST SwireH

COVER OPERATED /. A
SWITCH WHEN USED + (2. s

covmacror | T
SWITCH
Foe TRIP |

CUBRENTS LESS| ‘
THAN 2.25 AMPS ‘
DC., DISCONNECT, |
& DEAD END 1

T
THIS LEAD. j/w — i) ~’——+—0PEEAT/N6
Hl v
POLARIZED 7| \
ELEMENT \ LR waVE PECTIFIERS
BES TRAINING __——J_r———l"‘/f ON LAMP
TUBE RESISTORS o WTEST LINKS
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i < N 8

PHASE A
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SHORT CIBCUIT SWITCH
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B0 escay
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Fig. 2=Internal Schematic of the Type HCB Relay in the
Type FT Case.

25 N F
z X 1
Z
n 20 V4
[1Y] V4
g NO TRIP AREA
< |5 4 AN
Y
z
TRIP AREA n 10 v
T \
W / N
s S o
< / F
+ |
— AMPERES IN FAR RELAYI(F) )
7/ 5 10 15 20 25 30 3s 40
F +AMPERES IN FAR RELAY |F)
+ i i
1 7z TRIP AREA
N $
/ <q
WITH MATCHED TRANSFORERS / o
NORMAL LOAD AND THRU FAULT L2 - -
CURRENTS FALILALONG THIS LIN (14 - -—
T T AV <
NO TRIP AREA Y | |
z N} F
va = TRANSMISSION LINE LJ
/ I —_— —
ul + +
X IF PLOTTED CURRENTSFALL IN g
THESE AREAS ONLY ONERELAY TRIPS X 3 + + CURRENTS = THRU FAULT
NN N NN ! 4+ — CURRENTS = INTERNAL FAULT
F N

Fig. ‘8—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, Ro = 1.6.
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pllot wire 1s open or when equal amounts of
currents are fed to an internal fault thru the
line terminals. For further discussion, see
section entitled, "Settings".

Rectox Units

The secondary of the saturating transformer
feeds the two rectox units, the
transformer, and the pillot wilre, as
schematically in Figure 8. The rectox units
the a-c output of the

to d-c for use un the

insulating
shown
are used to convert

saturating transformer
The use of a

d-c polar-type relay element.

sensitive polar-type relay, requiring a small
amount of energy, keeps the volt-ampere burden

on the current transformers very low.

Polary-Type Relay

This
shaped magnetic

element consists of a rectangular
frame, an electromagnet, a
armature with a
double set of poles of the
permanent magnet clamp directly to each side

of the magnetic frame. Flux from the permanent

and an
contacts. The

permanent magnet,

magnet divides 1into two paths, one path across
the alr gap at the front of the element in
which the 1s located, the other ‘a-
cross two gaps at the base of the frame. Two
adjustable
alr gaps.

magnetic path so as to force some of the, flux
thru the moving armature which 1s_flastened to
the leaf spring and attached to the frame mid-
Flux 1n
the armature polarizes 1t arnd creates a mag-
netic blas causing 1t tjo move towards one or
the other of the poles, dépending upon the ad-
Justment of the
are placed, around the
The coils are

armature

shunts are located across‘the rear
These change the reluctance_ ofd, the

way between the two rear alr,gaps.

magnetic shunts. Two con~

centric coils armature
and within the magnetic’frame.
connected 1in opposition with one used as a re-
straining windingand the other as an oper-
The restraining winding
up a magnetde field, which, in
with the fleld from the permanent magnet holds
the contact in the normal open position. The
field

con-

ating winddng. sets

conjunction

operating winding produces a magnetic
whichVacts
tactgy,closing direction. The
winding 1s tapped and the leads are brought
out to taps at the upper left of the
The) taps are marked T and F signifying Tapped
and Pull winding, respectively.

to move the armature in the
restraining

relay.

The moving contacts are fastened on thel free
end of the leaf spring. Two stationary',con-
tact screws are mounted to the left (front
view) of the moving contact assemblyiand / are

ad justed for normally open contacts,

Insulating Transformer

The 1nsulating transformer s, connected as
8 and'serves to 1solate the
terminal equipment fromthe pilot wire. This
avolds interconnection’ off station grounds that

shown 1n Figure

differences of potentials
The mid-taps of the parallel-
are brought out

may have large
between them.

wound secondary_ windings
separately to| provide a means of connecting
supervisory relays symmetrically within the
pllot wire/ clreuit. When auxiliary super-
visory  relays are not used, these mid-taps are
to be comnected together and may be grounded
to{drain the voltages induced along the length
of . the pllot wires wnhen these voltages ap-
proaeh the voltage 1imit of the cable. This

ds discussed further under Pllot Wire below.

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

Pilot Wire

One pailr of pllot wires connecting the
secondaries of the 1nsulating transformers 1s
required to provide a continuous circuit be-
tween the relays. For the pllot wires a lead-
covered twisted palr of No. 19 wire or larger
1s recommended, however, open wires may be
used. The following points should be

sidered in selecting pillot wire circuilts.

con-

total circuit resistance (including
when used) between

1. The
neutralizing transformers
terminals of the Type HCB relays exclusive of
the 1nsulating transformers and expressed in
terms of the pillot wire voltage must not ex-
ceed 2000 ohms lines (500
ohms per wye branch for three terminal lines).

for two terminal

2. The shunt
should not exceed 0.75 microfarads per pillot
(0.00
per terminal for three terminal lines).

capacity between pllot wires

wire terminal for two terminal lines
mfd.
In cases where this value 1s exceeded, auxili-
may be required to reduce the

which tend to desensitize the

3

ary reactors

shunt currents
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Fig. 4—Typical Test Output Vs. Input Relay Current in A
Two Terminal Line With Zero Pilot Wire Resistance.

relay, except that, when the relays are cali-
brated in place, connected to the pllot wires,
the values may be 1increased to 1.0 mfd. for
two terminal lines. See "Adjustments".

3, The difference in the longitudinal in-
duced voltage which appears between ‘wires
should not exceed 15 volts total (7.5 volts
per relay).

4. The induced voltage to ground whieh oc-
curs on the pilot wires during maxXimum/ fault
conditions should not exceed therating of the
pilot wires or 1insulating transformers. The
transformers are insulated for95000"volts. In
general, the pllot wires will be 1nsulated for
a much lower voltage.

Induced voltage®, and differences between
station groundpotentiials which appear along
the pilot wirefmayfbe reduced to safe 1imits
by the followlngymeans:

a. Excessive voltages can be reduced by
grounding the mid-taps of the 1nsulating
transformers and allowlng current to
cireulate over the pillot wires to
ground. However, the requirement of 15

volts difference must be maintailned.

bay, For more serious 1induction two winding
neutralizing transformers can be used to

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.

2imit® the voltages. In cases where the
sheath current may be suffilclent to
cause damage the sheath must be in-
sulated from ground and three winding
should be
used. Transformers are avallable for

1000 and 2000 volt neutralization.

neutralizing transformers

c. Another method consists of connecting a
suitable two winding reactor and a pro-
tector tube, such as the type ZX642, to
the pllot wires at sultable points. The
arrangement 1s such that when the tube
flashes because of high extraneous volt-
ages, both wires are connected to
ground, through the reactor and the
tube. The 1mpedance to ground 1s low,
but the i1mpedance between wires 1s kept
high to avold interfering with the oper-
ation of the HCB relays.

OPERATION

The HCB pilot wire relay operates as a per-
centage differential device when the fault
currents are small, and has essentially direc-
tional characteristics, comparing the direc-
tion of current flow at the termlnals of the
protected section when the fault currents are
large.



TYPE HCB RELAY

I.L. 41-6584D

appearing across the secondary
balanced

The voltage
of the saturating transformer is
agalnst a simlilar voltage at the opposite end
of the protected line section, thru the re-
straint winding of each relay, the 1lnsulating
transformers and the pllot wires, as shown 1n
On external faults, a flow of fault
pro-

Figure 8.
power thru the protected line section,
duces voltages across the secondarles of the
saturating transformers which are essentially
equal and 1n serles. These voltages act to
circulate current thru the restraining coil cf
each relay which 1s connected 1n series with
pllot wire. Under thils conditlon the oper-
ating colls connected across the pilot wires
do not recelve sufficlent current to overcome

the restraint and so tripping does not occur.

For 1nternal faults with equal feed-in from
the terminals, the voltages across the satu-
rating transformers are in opposition. This
results in all of the current flowing thru the
restraining and operating coils 1n series and
none thru the pllot wires. The relays at the
ends of the sectlon operate under thls condi-

tion to glve simultaneous tripping 0Of “the
breakers at the termlnals of the protected
section.

The impedance of the filter and the, Oper-

coll can be adjusted so that’ the)sum of
terminals,

ating
the minimum trip currents from @ll
when fed in from only one teérmimal, /s suffic-
lent to trip the relays simultaneously. This
1s affected somewhat bypveryylow or very high
pilot wire 1mpedance, €ince In this case en-
ergy to trip any terminal .not supplying
rent to the fault, must be carried over the
pilot wire. Consequently, based
on total faulthcurrent fed in from all termi-
the current distribution

cur-

settings are

nals disregarding
from the t€rminals.

circuited,
all of the current 1n the restraining coil
will also flow thru the operating coll. While
this\condition exists the relay operates as an
ovércurrent device and will trip on all faults
greater than the re-
pilot
short

If the pllot wire becomes open

and ‘also on heavy loads
lay setting. A short circuilt on the
wilres will prevent tripping, since it

circuits the operating winding of the relay.

if the short circult on the pilet
placed that 1t 1s 1000Q,0r) more
pllot wire ohms from one of the twn rélays,
then that relay will not be blocked.

However,
wire 1s so

The current and voltage 1mpressed on the
pllot wire do not exceed 100 milllamperes and
60 volts. The wave form [@ndgmagnitude of the
pillot wire current 1s "‘such that telephone in-
terference 1s within the 1Imlts allowed by the
This permits the use

lines as a pillot

Bell Telephone Company.
of 1leased telephane wire

channel.

SUPERVISION

A faultedm wlre pllot mentloned above may be
detected by/they milllammeter and test switch
(supplied with the relay) or by continuously-
operated “supervisory relays supplied as extra

equipment.

The 4condition of the pilot wire under normal

load conditlons may be determlned by reading
the’ pllot wire current by means of the teat
Switch and milliammeter.

A comparison of the readings obtailned with

values of Figures 4 & 5 will in-
condition of the pllot wire. It
cur-

the typlcal
dilcate the

should be noted that, when the far relay
rent 1s Dbelng read, the near relay is

circuilted, and the far relay 1s shunted by the
resistance of the pllot wires plus the 1im-
of the near relay 1nsulating trans-

short

pedance
formers.

CHARACTERISTICS

Typical overall operating characteristics of
the relay are 1llustrated in Figures 6 and 7.
The general shape of these curves 1s similar
for other types of faults, relay settings, and
pllot wire lengths. The ampere abscissa and

scales may be 1nterpolated to show

ordinate
for other con-

of the

the operating characterlstics
ditions and tap

following equation:

settings by the use

I, =-2-,f,-715-{2131R1 + I, (R + 3R0)} (1)

where I, 1s the value to read on the curve

(Figures 6 and 7).
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Terminal Line.
For example, assume vrelay tap@¥settdngs of
T =6, Ry= .1, Ry = .68, and also assume that
for which
relay componentg are as follows:

a phase b to ground fault _Oécursy

the "near"

I, = 10+ jo (2)

2
Igo = -98 (Ig3) (3)
In equation W(3)5¢. tHe factor .9 was arbi-
trarily used as a“reminder that the distribu-
tion factorsfd forypositive and zero sequente
components “are not necessarily equal for any

given system. “Also, the operator.a? signifies
that I o 1s 240° leading I,, for a phase b to
ground faudlt, neglecting dissimilarities i1n
First substituting the
partieular condition of equation (3)
toon) (1) gives

the Sequence networks.
in equa-

Top, =&%5_ Ial{QRl + .9a2 (Ry + 3R, )} (%)

Substituting values for the several taps 1in

(4) gives
I an ='?g'2'5‘ I, | 2x .1+ .9 (-.5-5.866)
(.1 + 3 x .68) (5)

I, = -392 Ial{—.763—j1.67} (6)
I, =1, ‘718 I245.l+ (7)
Substituting the numberical value for Ij;

given by equation (2) results in a numerical
i
value for Iy, of

I an= .718 x 10 = 7.18 amperes.

This
the typical values chosen for the taps Rl’ Ko’
and T at the
fault values

(3).

1s the value to read on the curve for

particular phase b to ground

indicated by equations (2)
It should be noted that the total phase

1

ana
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b current to the "near" relay 1s Iy = Iy +

Iyo + Iy, = 29 amperes, assuming Lo = Ipq.

For a phase to phase fault, there 1s no zero
sequence current, and the phase current, ILL’
1s equal 1n magnitude to'V?'Ial. Hence, for
phase to phase faults, equation (1) reduces
to:

Ian =22 2hLR (8)
V3

SETTINGS

The HCB relay has three different taps which
are provided to obtaln flexibllity for a wide
range of application. The taps to provide
correct operation for any given application
are easlly selected and have a wide latitude.
That 1s, correct operation can be obtalned for
different combinations of tap
following discussion establishes limits for
the various tap settings under different oper-
ating conditions. It should be kept in mind

that settings to obtain operation on minimum

values. The

internal fault conditions are based on the
total current that flows into the section frdm
all terminals.

Positive Sequence Fillter Tap

The 1lower left tap (R1) has three a¥&ilable
taps .075, .10, and .15 (the 4.075 tap 1is
actually marked .07 because of space, 1¥mita-
tions). These taps permit compénsation for
current transformers of different ratios at
the varlious terminals. Whe¥e thé
transformers have the same (ratios, the values
of Rl should be the samempon®gll relays. A
value of R; = .10 1s usually recommended ex-
cept where a moze sensitd¥e setting of "T"
(described below)! 1spdestred than is obtain-
able with Ry ="4l0¢ Where the current trans-
formers are different 4t the different termi-

current

nals, select the value of Ry which is propor-
tional to the current transformer ratios. For
example, agsume a ratio of 300/5 at one termi-
nal and,600/5 at another terminal. Set R, =
.075 at the 300/5 terminal and R} = .15 at the
600/5W teFminal. The ratios obtalnable are
1/1¥9w2/1, 3/2, and 4/3. The same
applles to three terminal lines.

3

procedure

Positive Sequence Current Tap

The upper tap (T) has values of 4, 5, 6,4 8,
10, 12 and 15. This tap should be selecte@,to
assure operation on minimum internal 1line-to-
line faults, and where possible, to prevent
tripping on load current 1f the pllot wire be-
comes accldentally open circultéd. The high-
est setting of "T" that willjcauSe operation
on 1nternal line-to-1line faults),is given by
the equation :

T = 5.7 ILL Rl (9)

where ILL 1s the tot@lWminimum internal 1line-
to-1line secondary“fault current fed from all
terminals, dividédiby the number of terminals.

The facton "5,7"Wds used as the operation of
the posative sequence fillter 1s such that the
relay, requires®l .73 times as much current for
operation ony a 1line-to-line fault as on a
three phaseffault. This means that the three-
phase ‘trilp setting should be 57% of the de-
sired “dine-to-1line current setting. Also, the
nunmerical values of T are the positive sequ-
ence currents requlred to operate the relay
when Ry 1s set on .10. Therefore, to com-
Pensate for the value of Ry used in the form-
ula, T, must be divided By 0.1 thereby ob-
taining the factor "5.7".

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

The alternate equation 1s:

T = (5.7) (.86) (Izg) Ry (10)

where 13513 the total minimum internal three
phase secondary fault current fed from all
terminals divided by the number of termilnals.
The factor ".86" 1s used as line-to-line fault
current 1s 86% of the three phase fault cur-
rent when the negative sequence 1mpedance of
the system equals the positive sequence 1m-
pedance of the system.

Equation (9) and (10) give the upper 1limit
of "T" which must not be exceeded to obtain
operation on the 1line-to-line faults. The

e,
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actual setting should always be)below the
values obtained from ed@@pion (9) or (10).
The minimum 1limitsgfor{this|setting are dis-

cussed below.

The
tion

come

setting OfRMHT" which will cause opera-
load

accldentally open circulted 1s given

on current 1f the pllot wires be-

by
the equation:
T, =310 R, I 11

1 7 Load (11)

1" "
where ILoad 1s

l'oad, “balanced

10

the

current

maximum
flowing through the

secondary full

terminal.

It
of "T" which will not cause operation if
pllot wires are accidentally open clrcuited.
A safety factor of at least 25% is

recommended to prevent such operations.

1s generally desirable to select a value
the

generally
That
is, "T", should be set 25% above the value ob-
talned from equation (11) if the relay 1s not
to operate load curreat wlth the pllot
wlres open circulted.

on

This conslderation may be neglected 1f 1t 1s
realized that relay operatlion will be obtained

i1f pllot wires are opened during heavy 1load
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currents, or 1f supervisory relays are in-
stalled and connected to block the HCB on the
occurrence of pllot wire fallures. If super-
visory relays are installed to block HCB oper-
atlon under heavy 1load conditions with the
pllot wilres opened, 1t 1s necessary to intro-
duce a time delay of approximately one cycle
by 1nterposing an auxillary relay in the trip
circult at each terminal to allow the super-
visory relays time to coordinate with the high
speed of the HCB relay.

Note: "T" must be set the same at all termi-
nals (even where different transformer

ratios are used.)

Zero Sequence Tap

The lower tap (R,) has taps .025, .033, .05,
.39, .51, .68, .90, 1.2 and 1.6. (The first
two taps are actually marked .02 and .03 be-
cause of space limitations). The three lowest
taps are not used 1n applications where high
sensitivity to ground faults 18 requilred.
They are used on speclal applications whére
response to positlve sequence currentonly" iis
required. Where such response 1s reguiregd, Ro
1s set to equal to 1/3 Ry,

Maximum sensitivity to ground fgults 1s ob-
tained wilth Rp = 1.6. This setting 15 gener-
ally recommended where currgnt transformers
wilth the same ratio aré 1installed at all
terminals. Where current gransformers of dif-
ferent ratlos are ingstalled at” the various
terminals, values of¢Rp should ©be selected
which are most nea#ly proprotional to the
transformer ratlos.) When the ratio of the Rg
taps can not peé"made to exactly match the
ratio of the,Rj] taps, plck the ratio to match
as closelyh asfpossible, and use maximum re-
straint fap.

The minimum/fap to obtaln operation on mini-
mum ground faults 1s expressed by the equa-
tion:

Ry = I (12)

where Ig 1s the total minimum
ground fault current fed into the section from

secondary

all terminals (taking 1nto account possible

ground fault resistance), divided by g£he hum=
ber of terminals, and where "T" 1s the actunal
tap selected (not the value calc@ilated from
equation (9) or (10).

It 1s recommended that "R," be set as high
above the value obtalned from equatiom (12) as
possible keeping the value of R, approximately
proportional to the current transformer

ratios.
Restralint Tap

The restraint coll has a tap which permits
the entire coll“or part of 1t to be used. The
relay 1s normally shipped with the restraint
tap 1link connected in the maximum restraint
position. This" 1ink 1s 1n the upper left hand
corner “of fthe panel carrylng the polar ele-
ment' The 1ink 1s connected to the left for
minimum Testralnt, and to the right for maxi-
mum, restraint. Maximum restraint should be
used with pllot wires of 1500 to 2000 ohms.

Example of Relay Settings

Assume a two terminal 1line with current
transformers rated 400/5 at station 1 and
300/5 at station 2. Also assume that full
load current 1s 300 amperes, and on minimum
Intermal phase-to-phase faults 2000 amperes
feed 1nto the fault from station 1 and 1000
amperes from station 2. Purther assume that
on minimum 1internal ground faults, 400 am-
peres feed 1nto the fault from station 1 and
none from station 2.

Posltive Sequence Fillter Tap

Set Ry proportlonal to the transformer
ratio. Ry at station 1 =0.10, R at station
2 = 0.075.

Positive Sequence Current Tap

From equation (9)

5.7 x 3000 x 5 x .1
400 x 2

T

= 10.7

or

T = 5-7 X 3000 X 5 X -075 = 10.7
300 x 2

11



TYPE HCB RELAY

This represents the highest permissable
setting. The which will
tripping on load current 1if the pllot wire be-

setting cause

comes accldentally open circuited 1s gilven by
equation (11).

_10x .1 x 300 x 5 .
T = = 3,
%00 3.75

or

7 - 10 x 0.75 x 300 5
300

= 3.75

Select T at both stations = 6.

Zero Sequence Tap

The minimum tap which will cause tripping to
minimum internal
equation (12).

ground faults 1s given by

0.2 x 6 x 400

R, = = .48 at station 1
200 x 5
0.2 6 00
Ry = 2 X2 X300 _ 56 gt station 2
200 x 5

Select R, at statlon 1 = 1.6
And Ro at station 2 = 1.2

RELAYS IN TYPE FT CASE

The type FT cases are dust-proof enclosures
comblning relay elements and knife-blade test
in the same case. This
provides a compact flexible assembly easy to
maintaln, 1inspect, test and adjust.
of the type FT case: the

case, cover and chassis.

switches combination
There are
three main units
ThefeaseWyls an all
welded steel housing containing the hinge half
ot the knife-blade tegtmswlitéhes and the
terminals for external connections. The cover
1s a drawn steelgframe with a clear window
which fits over fhe frontWef the case with the
The chassis
supports the relayjpelements
jaw half of the test switches.
the .case. The
nections between the base and chassls are com-

pleted through the closed knife-blades.

swiltches closged. 1s a frame that
and the contact

This slides in
electrical

and out of con-~

Removing,Chassis

To), réemove the chasslis, first remove the

cover ) by unscrewing the captive nuts at the

12

corners. Thils exposes
all the test
testing. The
switches.

the relay elements and
switches for inspection and
test
elongated red
black
latches.

next step 1s to open the
Always open the
handle switches first before any of the
handle
This opens the trip circult to prevent ac-
cldental trip out. Then
swiltches. The
remalning switches 1s not 1mpertant. In open-
Ing the test switches they shouldybe moved all

With all the

switches or the cam action

open aldmthe re-

malining ordexw, of opening the

the way back against theqstops.

switches fully opened,, grasp the two cam
action latch arms and_pull, outward. This re-
leases the chassis from, the case. TUsing the
latch arms as handlesy, pull the chassis out of

test
bench 1n a{normal upright position as well as

the case. The fchassls can be set on a
on 1ts top, backyor sides for easy lnspection,
maintenan¢e,and, test.

After “pemoving the chassis a duplicate
chassls may be ,Jnserted in the case or the
blade, portion of the switches can be closed
and 4/ the cover put 1n place without the
chassds. The chasslis operated
switch located behind the short
test swiltch prevents open circulting that cir-
cult when the short test
switches are closed.

shorting
circulting

circuiting type

When the 1s to be put back 1in the
case, the above procedure 1s to be followed in

chassis

the reversed order. The elongated red handle
switch should not be closed untll after the
chassis has been latched 1n place and all of
the black handle switches closed.

Electrical Circults

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

dlagrams. The relay terminal 1s identified by
numbers marked on both the inside and outside
of the base. The test switch positions are
identified by 1letters marked on the top and
bottom These

letters can be seen when the chassis or re-
moved from the case.

surface of the moulded blocks.

The potentlal and control circults thru the
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relay are dilsconnected from the external cir-
cult by opening the assoclated test switches.
Opening the short circuiting test switch
short-circults that and disconnects

one slde of the relay coll but leaves the

circuilt

other side of the coll connected to the ex-
ternal cilrcult thru the current test jack
jaws. This cilrcult can be 1solated by insert-

ing the current test plug (without external
connections) by inserting the ten circult test
plug, or by inserting a plece of 1nsulating
material approximately 1/32" thick into the
Both switches of the

switch palr must be

current test jack jaws.
current test open
when using the current test plug or insulating
materlial in this manner to short-circuit the

current transformer secondary.

A cover operated switch can be supplied with
1ts contacts wilred 1n series with the trip
This switch opens the trip circult
This switch can be
exlsting type FT cases at any

circult.
when the cover 1s removed.
added to the
time.

Testing
The relays can be tested 1in service, 1In) the
case but with the external clrcuits, i1solated

or out of the case as follows:

Testing In Service

The ammeter test plug can be“dnserted in the

current test jaws aftief opening the knife-
blade swiltch to check, the, eurrent thru the
relay. This plug consists of two conducting
strips separated by an,insulating strip. The

ammeter 1s connec¢ted to these strips by termi-
nal screws_ang, the leads are carried out thru
holes 1n the backjof the 1nsulated handle.
Voltages“between the potentlal circuilts can
be measured convenlently by clamping #2 clip
leads on the projecting clip lead lug on the

contact jdaw.

Testing In Case

With all ©blades 1in the full open position,
the ten circult test plug can be 1inserted 1in

This
to a set of binding posts and

the contact jaws. connects the relay

elements com-
pletely 1solates the relay circults from the
external connections by means of antdnsulating
The external test cilr-
connected to these binding posts.
The plug 1s inserted in the bottom test jaws
with the binding posts up and,in the top test

switch jaws with the bindIng posts down.

barrier on the plug.
cults are

test
the relay elements by #2 test clip leads 1in-

The external circults may be made to

stead of the test “plug. When connecting an
external test clreuit to the current
elements usingy clip 1leads, care should be

taken to see“ghat the current test jack jaws
are opend sopthat the relay 1s completely iso-
late@, from jthe external circults. Suggested
means) for Isolating thils circuilt are outlined

ébove, wunder "Electrical Circuits."

Testing Out of Case

With the chassis, removed from the

relay

base,
elements may be tested by using the ten
test plug or by #2 test clip leads as
described above. The
made with the chassis in the case and removing
the chassis will change the
calibration values by a small percentage. It
the relay be checked in
position as a final check on calibration.

circuit
factory calilbration 1s

from the case

1s recormended that

INSTALLATION

The relays should be mounted on switchboard
panels or thelr equivalent in a location free
from dirt,
heat.

the two mounting studs for the standard cases

molsture, excesslve vibration and
Mount the relay vertically by means of

and the type FT projection case or by means of
the four mounting holes on the flange for the
seml-flush type FT case. Elther of the studs
screws may be utilized for

or the mounting

grounding the relay. The electrical con-

nectlions 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 easlly removed or 1in-
serted by 1lockling two nuts on the studs and

then turning the proper nut with a wrench.

13
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The relay 1s shipped with the operation in-
dicator and the contactor switch connected 1in
This
approximately 0.25 ohm and 1s sultable for all

parallel. circuilt has a resistance of
trip currents above 2.25 amperes d-c. If the
trip current 1s less than 2.25 amperes, there
switch and it
To disconnect the
lead to the coill on
the front statlionary contact of the contactor
switch. This lead should be fastened (dead
ended) under the small filister-head screw
located 1n the Micarta base of the contactor
switch.
for trip currents above 0.2 amperes d-c. The

1s no need for the contactor
should be

coll, remove the short

disconnected.

The operation 1indicator will operate
resistance of 1ts coll 1s approximately 2.8
ohms.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to 1nsure correct

operation of this relay have been made at the
should not ©be disturbed after

recelpt by the customer. If the

factory and
adjustments
have been changed, the relay taken apart for
or 1f 1t 1s desired to check the ad-

at regular maintenance periods, the

repalrs,
justments
instructions below should be followed.

All contacts should be periodically
with a fine fille. S#1002110 file 1is
mended for this purpose.
materilal

clegned
recom-
The use of abrasdve
for cleaning contacts 1s ‘ngt
of the
small particles 1n the face of jthe ‘seft silver

recom-

mended, because danger of = embedding

and thus impairing the contact.

CAUTION 1. Make sure that the neon lamp 1s
in place, whenever relay/ operation 1s being
checked. This 1s requiredyto Aimit distortior

in pilot wire voltage wave.

2. When

tap screw

changing tap8 under load the spers
should be ‘dnserted before removing
the other tap screw.
Sequence Filter

There arél no ad justments to

be made in the
the Rl
resisteor, are adjustable, however, but this is
a faectory calibration which should not
ordlnarily be disturbed. To check the posi-
tive, ‘sequence current fillter, pass

14

zero sedquence reslistor. The taps on

a current

I = 6.94 amperes through a palr of phase
terminals, for example, 1n at phase B, out of
phase C (see Flgure 2) and measure
circuit filter

voltmeter.

the open
voltage with a high resistance
This may be done by removing the

positive sequence current tap screw, T, and

connecting the voltmeter across the
circuit thus formed. The
or minus 5% for eaeh of the three
éombinations, AB, BBC, or CA.
For example, at I = 6.94 ampere§, and Ry= .1,

the voltage should be 0.8 wolts.

open
voltage should be
8R; plus
phase-to-phase

Polar-Type Element

Contact Adjustment::Adjust both 1left-hand

contactis until they barely make

(front view)
a light circult,” when the armature 1s against
the left stop. A flickering light 1s permis-
sible. Gilwe both the left-hand contact screws
an additional 1/3 turn, and lock in position
with the 2ock muts provided.

Caddbration: Connect the restraint tap link
in/ the wposition 1in which it will be used.

Connecti the low voltage terminals of the 1nsu-
pilot
Connect the re-

lating tramsformer across the wire
of the

lIay taps on T = 4, Ry = .1, Ry, = 1.6.

terminals relay.

Screw 1n the left-hand magnetic shunt all
lock it in position by means of
Ad just the
shunt 1in or out, as re-

the way and
the 1locking
right-hand magnetic

screw provided.

quired, unitl the relay just cluses contacts
at 6.9 to 7.0 amperes phase B to phase C cur-
rent. When thils adjustment has been made, and
checked with both magnetic shunts 1locked 1n
position, change the input current connections
to phase A to neutral. The relay should trip
for phase A to neutral current between .45 and

«55 amperes.

The above Jds glven as a laboratory calil-
on an 1individual relay with its in-
This does not take 1into
consideration the characteristics of the pillot
circuit ©between the relays, so that the

following calibration in place 1s recommended,

bration
sulating transformer.

wire
particularly when the distributed capacity of

the pllot wires approaches the upper limit for
the application.
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Fig. 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, R; = (1,
= 1.6, and the restraint tap whichfwill be
adjust the relay to, trdp at
2 x .47 = .94 amperes, A “to Neutral,
This First,
.47 amperes 1s the value of phasefA topNeutral
which 1s in [ the
to 4 amperes sequence only,

Ry
used, "near"
phase
1s based on two considerations.
amperes relay
filter
with the taps as specifiledg abovesd Secondly,
with both relays connected tojthe pllot wires

the total 1nternal fault“eurrent to trip the

equlvalent
positive

two relays 1s substant?ally two times the
current required for one relay only,
thus accounting for ‘the factor of 2. A sult-

able tolerance to allow in the adjustment for
.94 amperes may bel considered, for example, as
between the 1limitss of .9 and 1.0 ampere. Once
calibrated,
in 1line with the above, it becomes necessary

the "nea?" #elay 1s adjusted, or

to repeat thelprocedure for the "far" relay.

Jt does 'not necessarily follow that when the
calibrated
calibrated, will
current value in the "near"

"near" relay
thati)the "far"
telp at the same

1s being as above,

relay, when
the "near"

relay that trips relay, because,

belng energlized over the pllot wires, 1ts con-

dition of energlzatlon 1s different. The “cur-

rent 1in the "near" relay to trip the "far"

observers at

curve, Figure /12, 1s
ohm pillot wire and 1s

relay, and vice versa, requires
both 1locations. The
typlcal of a 2000

typical of the variation to be expected with

different values of distributed capacity.
Restrailning Coll: The effectiveness of the

restraining coll of the rel@y glement, and the

performance of the
checked as follows§

Rect6x unlts, may be
3f ‘d@esired: Connect a
resistor

non-inductiyve across the

terminals of the

variable
high
transformer, ard
series withg the
colls

voltage insulating
connect d-c milliammeters in
operating and restraining
of “he element, by opening these cir-
atfythe )test links provided for this
purpose., These milliammeters should have low
reslgtanceygand should be capable of reading
in the) order of 20 to 25 ma. in the operating
coll™wmand 100 to 150 ma. 1in the restraining
circ@it. Using T = 4, R = .1, Ry = 1.6, pass
10%amperes A to Neutral
in the variable

resistance

cults

60 cycles from phase
relay, and 1ncrease the
across the insulating transformer
terminals until the

high voltage relay just

trips. This should be in the order of 1400 to
2000 ohms® when maximum restraint 1s used.
Read the d-c current (milliamperes) in the

operating and restraining coils at this point.
should
tlally to the followlng equations.

The values obtalned conform substan-

For Minlimum Restraint

Io = .12 IR+ 8

For Maximum Restraint

IO = ,16 IR + 8
where I, and IR are operating and restralning
coll
The results are subject to slight

currents, respectively, in milliamperes.
varilations
between individual relays.

The polarity of the connections to the pillot
and the correct "Phasing out" of A, B,
C phases at the two statlons may be checked by
the six tests outlined on Page 17.

wires,

15
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Pilot Wire Current

The pillot wire current which should flow
under normal load conditions 1s given in
Figures 4 and 5. If the relay taps 1n wuse
differ from those indicated in these figures,
suitable conversion factors must be used as
given 1n the text. The pillot wire current
will vary 1inversely with T and directly with
Ry.

Contactor Switch

Ad just the stationary core of the switch for
a clearance between the stationary core and
the moving core of 1/64" when the switch 1s
picked up. This can be done by turning the
relay up-side-down or by disconnecting the
switch and turning 1t wup-side-down. Then
screw up the core screw until the moving core
starts rotating. Now, back off the core screw
until the moving core stops rotating. This
indicates the points where the play in the
assembly 1s taken up, and where the moving
core just separates from the stationary core
screw. Back off the core screw approximately
one turn and lock 1in place. Thils prevents the
moving core from striking and sticking to the
statlionary core because of residual magnetismy
Adjust the contact clearance for 3/32" sby
means of the two small nuts on elther side /of
the Micarta disc. The switch should pPckiup
at 2 amperes d-c. Test for sticking after| 30
amperes d-c have been passed throughijthe%eoil.

Operation Indicator

Adjust the indicator to operate, at 0.2 am-

16

pere d-c gradually applied by loosening the
two screws on the under side of the assembly,
and moving the bracket forward or backward.
If the two helical springs which reset ‘the
armature are, replaced by new springs, they
should be weakened slightly by stretching to
obtain the 1 ampere calibration. The coil
resistance 1s approximately 2.8 olms.

ENERGY REQUIREMENTS

The volt-ampere burden of‘ithe type HCB re-
lay 1s practically independent of the pillot
wire resistance and of “the current tap wused.
The following burdens, were measured at a bal-
anced three - ph@ase ‘eurrent of 5 amperes:

For tap 4 R; & V075 and Ry = .39

Phase A 1.25 volt-amperes 0°
Phase B .30 volt-amperes 285°
PhasedC .90 volt-amperes 45°

For fap™ R; .15 and Ry = 1.6

Phase A 2.3 volt-amperes 120°
Phase B 4.6 volt-amperes 285°
Phese C 5.3 volt-amperes 45°

The angles above are the degrees by which
the current lags 1ts respective voltage.

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

J
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C.T.'s C.T.'z
AA Iransmission LiIne A A
vyYyve 7V Y

"N" Relay Insulaeting Transformers "F" Rel.y
e 1 32

>
HCB Pilot Wires HCB

g% éé "Pilot Wire Current" read with Milliammeters é géé
I"““\‘ﬁﬁ“h-““~—~‘ Test Switches——”"'—_’————”’: 'r f“

A,

AAA
vV

Note: The 1line should be carrying through load current amountingfto at least 1.5 amperes as
measured 1n the secondary of the Current Transformers.,@This tést 1s based on the ratilo
of the C.T.'s belng the same at each end of the line, in‘Which case set the taps of both
relays to Ry = .1; Ry = 1.6; T = 4 for this test.

RELAY "N" RELAY "F" T

pé

o o Test Relay |Relay | "Pilot Wire Current" Ml Test Relay |Relay |'"Pilot Wire Current"

EH&lSwitch | Current | Trip Circulating | Relay F4||Swisch \Current | Trip Circulating TRelay N
i ™

1 $¢ | a,B,C,N | No (1) (1) A,B,C,T | To (1) (1)

2 tix A,C,B,N | No (2) (2) tx A,C,B,I | No (2) (2)
ti;; Lidd

3 A,N Yes (3) ()] JRRS 0 Yes (3) (3) (%)
bdbd Li;j

ol A 0 Yes (3) (3) (W) AN Yes (2) (3)
i L

5 AN No (3) (3) A,N No (3) (3)
:ﬁ:ﬁ &Li

6 A, N Yes ®) Q% B,C,N Yes (6)

REMARKS

Lestg 1 and 2 are to CheckWmorm8l positive sequence rotation of phases. The test switch con-
nections of test #2 may be made readily with relays in the Flexitest case by using clip leads
and insulating barrie®s indthe ammeter test jacks. However, care should be used to avold ac-
cldentally open-glrctlting the current transformer clrcults.

Tests 3 and 4 simulate dnternal Phase A to Ground fault with single end f=24,

Test 2 simulates dnlextermal Phase 4 to Sround fault. (5)

Test simulategg@n inte¥nal Phase A to Ground fault, with equal feed from the two ends, since
IB + IC = ~ IA, withegbalanced load.

T¢ Beleay

N\
LEGEND OF N A{B|C L L Phase A current from
TEST SWITCH é Normal Connection. C.T. 's to Relay.
SYMBOLS: All Currents to EXAMPLE Phase B and ¢ C.T.'s
NABC Relay. sherted to neutral.

To C.T. 's.

The Apilot wire current" will vary depending upon the magnitude of the-through load cur-

wvent and the characteristics of the pllot wire., See Filgures 4 =nd 9.

Since the relay 1s temporarily connected for negative sequence, 1t should have pract-

1cally zero output in thils test,

These readings may be "off scale" depending upon the magnitude of the load current.

The relay at this statlon should reset when the '"far" current 1s being read because the

local relay will be recelving no current from elther the pllot wire or the current

transformers,

(5) Test 4 and 5 can be repeated using phase B to neutral current, and again wilth phase C
to neutral current, but thls 1s not strlctly necessary on the basls that, having proved
the phase sequence wlth tests 1 and 2, and having proved the correspondence of phase A at
the two ends of the line with test 5, then phases B and C must be correct.

(6) Some pllot wire current will be read, depending upon the magniltude of the distributed

capacity of the pllot wire in combinatlon wlth the magnetizing impedance of the in-

sulating transformer.

[N
-

=0
fuaiaet
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' INSTRUCTION
B B || —riaTe

S

X{ X2
H4 H3 H2 Hi

CLAMP (TYPE TERMINAL

®
| 33 e 24 FOR 4 “WIRE MAXIMUM
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Fig.14~—Outline and Drilling Plan of the Projection Type
Test Milliammeter. For Reference Only.
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Fig. 15—Outline and Drilling Plan of the Semi-flush Type
Test Milliammeter. For Reference Only.
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1
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Fig. 16—Outline of the Test Milliammeter Auxiliary Transformer. For Reference Only.
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PILOT WIRE TEST
SWITCH POSITION TABULATION
POSIT\ON
CoNTACT IRE M.|REM, [INORM[NORM.|CIRC]CIRC, | LOGAL [LOCAL
R.O. P.o. P.0, P.0.
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INSTALLATION

I.L. 41-658(H

OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

TYPE HCB PILOT WIRE RELAY

CAUTION Before
into
have been 1nserted for the purpose of securing
the parts during shipment, make sure that all
moving parts operate freely, inspect the con-
to see that they are clean and close
properly, and operate the relay to check the
settings and electrical connections.

putting protective relays

service, remove all blocking which may

tacts

APPLICATION

The type HCB relay 1s a high
wire relay designed for the complete phase and

speed pillot
ground protection of two and three terminal
transmission 1lilnes.
the

about

complete

Simultaneous tripping of}
relay at each terminal 1s obtained in

1/60 of a second for all faults. A
installation for a two terminal 1ine
conslists of two relays, two insulaging, trans-

formers, and an interconnecting \)pidlot” wire
circult. For a three terminal 1liney three
relays, three 1insulating transformers, and a

wye-connected pilot wire ciecuit with branches
of equal 1mpedances are required.

CONSTRUCTION

The relay conslgfshef ‘a2 combination positive

and zero phase 'sequence fllter, a saturating
auxiliary pransformeér,
type pélay Punit, and a neon lamp
mounted Inpafsingle case.

ment normallyhsupplied with the relay consists

two rectox units, a
all
The external equilp-

polar

of an 1insulating transformer, a milliammeter
and test switch. The of these

components 18 as follows:

construction

Sequence Fllter

The currents from the current transformer
secondaries are passed thru a filter con-
sisting of a three winding iron core reactor

and two resistors. The secondary of the three

SUPERSEDES IL. 41-658G

winding reactor and ghe resistors are tapped
to obtain
ditlons.
voltage

transformer ““proportional

settingsy, for various fault con -
The output ©of this fllter provides a
saturating

positive
the
combination 1s
function
definite

a comparatively small range

acro@8sithe primary of the

to the
a constant times
This
discriminating

sequence geurrent plus
sequence ‘current.
the

can be adjusted to have

zero
selected, as
because) 1t

valueslying 1in
for "all types

Thusy’ a single operating element can
for all
dials provide the adjustment of the
amounts of positive and zerc sequence currents
that

of phase and ground faults.
be used
The two lower

types of faults. tap

relative

produce the required
discriminating voltage. The right-hand lower
tap dial (front view) adjusts the sensitivity
to ground fault currents. The left-hand lower
tap dial the positive phase sequence
sensitivity when the ratlio of the
at the terminals of the line are

are combined to

ad justs
current
transformers
not equal.

Saturating Auxillary Transformer

The
tapped primary (upper tap plate) of a
saturating transformer. This
1imit the voltage lmpressed on the
and to provide a small range of
a large varlation of maximum to
Thus, high operating

voltage from the fillter 1s fed into the
small
transformer 1s
used to
pilot wire,
voltage for
minirum fault currents.
energy 1s obtained for very light faults and

limited operating energy for heavy faults.
The relay operating characteristic changes
from percentage differentlial at 1low current
values to approximately directional charac-
teristics at high current values.

The upper tap plate changes the out-put of

the
amperes requlired to operate the relay when the

saturating transformer, and 1s marked in

EFFECTIVE NOVEMBER 1951



TYPE HCB RELAY

PELAY - TYPE HCB  PILOT WIRE
DOUBLE TRIP IN TYRPE FT CASE
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Fig. I—Internal Schematic of the Type HCB Relay in the Figgm2—Internal Schematic of the Type HCB Relay in the
Standard Case. Type FT Case.
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pllot wilre 1s open or when equal amounts of
currents are fed to an 1nternal fault thru the
line terminals. For further discussion, see
section entitled, "Settings".

Rectox Units

The secondary of the saturating transformer
feeds the

transformer,

two rectox units, the
and the
schematically in

Insulating
pilot wire, as shown
Figure 9. The rectox units

are used to convert the a-c output of the

saturating transformer to d-c¢ 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
permanent magnet, and an armature with a
double set of contacts. The poles of the

side
of the magnetlc frame. Flux from the permanent

permanent magnet clamp dlrectly to each

magnet dlvlides into two paths, one path acr@ss
the alr

which the
cross

gap at the front of the element in
1s located, theglother a=
two gaps at the base of the framel;’ Two
ad justable

armature

shunts are located across the,rear
alr gaps. These change the reluctamnce“of the
magnetic path so as to force some Of the flux
thru the moving armature whichypis{fagstened to
the leaf spring and attached (to the frame mid-
Flux 1in
andjcreates a mag-

causing @t tomove towards one or

way between the two reardalrigaps.
the armature polarizes 1t
netlc ©bilas
the other of the poles, ‘depending upon the ad-
justment of the

magnetdc shunts. Two con-

centric colls are placed around the armature

and within the magnetdc frame. The colls are
connected i1njoppoe8ition with one used as a re-
and the other
The restralining winding
field, which, in

with the field from the permanent magnet holds

stralningl” winding as an oper-

ating ainding. sets
up a magnetig con junctilon
the contact in the normal open positilon. The
field

con-

operating,windling produces a magnetic
whilch acts to
tact
winding 1s

move the armature in the

closing dircction. The restraining

tapped and the leads are brought

out to taps at the upper left of the relay.

The left hand position of the test 1link is the

minimum restraint connection, and the right

hand position 1s the maximum restraint|connec-
tion.

The moving contacts are fastened{on the free
end of the leaf spring. Two statliona®y con-
mounted to the left (front
of the moving contact assembly and are

tact screws are
view)
adjusted for normally opengeontacts.

Insulating Transformes

The 1nsulating transfOoemer 1s connected as
shown 1n Figure 9 andjserves to 1isolate the
This

avolds interconnection of station grounds that

terminal equipmeng, from fhe pilot wire.

may have largegdifferences of potentials
between them. The mid-taps of the parallel-
wound secondary windings are brought out

separately  gto “provide a means of connecting

supérvisory /relays symmetrically within the

pilot, wire““circuit. When auxiliary super-
visoryprelays are not used, these mid-taps are
topbe eonnected together and may be grounded
to drain the voltages 1nduced along the length
of “@the pllot wires when these voltages ap-
proach the voltage 1imit of the cable. This

1s discussed further under Pllot Wire below.

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

Pilot Wire

One valr of pllot wlres connecting the
secondaries of the 1nsulating transformers 1s
requlired to provide a contlnuous clrcuilt be-
For the pllot wires a lead-

covered twlsted pair of No. 19 wilre or

tween the relays.
larger
1s recommended, however, open wires may be
used. The followlng points should be

sidered 1n selecting pllot wire circuits.

con-

1. The total clrcult
neutralizing

resistance (including

reactors when used) setween

terminals of the Type HCB relays excluslive of
the insulating transformers and expressed 1in
terms of the pllot wire voltage must rnot ex-
ceed 2000 ohms for two terminal lines (5COC

ohms per wye branch for three terminal lines).

2. The shunt
should not

wire terminal for

capaclty Dbetween pllot wires
exceed 0.75 microfarad per pllot

(0.60
lines).
In cases where this value 1s exceeded, compen-

two terminal lines

mfd. per 1leg. for three terminal

sating reactors will be required to reduce the

3
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Fig. 4—Typical Test Output Vs. Input Relay Current in A
Two Terminal Line With Zero Pilot Wire Resistance.

shunt currents which tend to desensitize the

relay.

3., The difference in the longltudinal in-
duced
should not
per rclay).

voltage between wires
exceed 15 volts total (7.5

which appears
volts

4. The 1nduced voltage

curs on

to ground wihch(ocs
the pllot wires durlng maximum flault
conditions should not exceed the ratinghef the
pilot wires or 1nsulating transformers, The
insulated fory®000pvolts. In
the pllot wires willgbe“dnsulated for

a much lower voltage.

transformers are

general,

Induced voltages and dififerences Tetween
station ground potentials which appear along
the pllot wlre mdy be reduced to safe limits

by the followlng meéns:

a. Excessive voltages can be reduced by
grounding the mid-taps of the insulating
trafdsformers and allowlng current to
pillot

the requirement of 15

cdrculate over the wires to

ground. However,

volts difference must be maintailned.

bu“WFor mere serious induction two winding

can be used to
13

neutralizing reactors

Fig. 5—Typical Test‘Qutput Vs. Input Relay Current In A
TworTerminal Line With 2000 Ohm Pilot Wire Re-
sistance With or Without the 10 MFD. Condenser.

11m1€

sheath current may be

the voltages. 1In cases where the
sufficlent to
eause damage the sheath must be in-
sulated from ground and three winding

should be

for 1000 and

neutralizing reactors used.
avallable

2000 volt neutralization.

Reactors are

c. Another method consists of connecting a

sultable two winding dralnage reactor

and a protector tube, such as the type
KX642, to the pilot wires at suitable
points. The arrangement 1s such that
when the tube flashes because of high
extraneous voltages, both wires are

connected to ground, through the reactor
and the tube.
i1s low, but the impedance between

The impedance to ground
wires
is kept high to avoid 1interfering with

the ope;ation of the HCB relays.

OPERATION

The HCB pillot wire relay operates as a per-
differential when the fault
currents are small, and has essentilally direc-

centage device

tlonal characteristics, comparing the dlrec-
tion of
protected

current flow at the termlnals of the
sectlon when the fault currents are
large.
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The voltage appearing across the secondary
of the balanced
agalnst a simllar voltage at the opposite end
of the protected line thru the re-

stralnt winding of each relay, the insulating

saturating transformer 1s

section,

transiormers and the pllot wires, as shown 1in
Figure 9. On external faults, a flow of fault
power thru the protected line section, pro-
duces voltages across the secondaries of the
saturating transformers which are essentially
equal and 1n serles. These voltages act to
clrculate current thru the restraining coill of
relay which 1s connected in series with
Under this

ating colls connected across the

each
pllot wire. condition the oper-
pllot wires
do not receive sufficlent current to overcome

the restraint and so tripping does not occur.

For 1nternal faults wlth equal feed-in from
the terminals, the voltages across the satu-
rating transformers are in opposition. This
results 1n all of the current flowlng thru the
restraining and operating colls in series and
The relays at the

condl-
of, ‘the

protected

none thru the pillot wires.
ends of the section operate under this
tion to
breakers

give simultaneous tripping
at the terminals of the

section.

of the filter and the
coll can be adjusted so that the sum of

The impedance oper-
ating
the minimum trip currents from_all
when fed in from only one tepminad, 1s suffic-
This

1s affected somewhat by very 2ow or very high

terminals,
lent to trip the relays simul®aneously.
pllot wire impedancéey since in this case en-
ergy to trip any terminal not supplying cur-

rent to the fault) must be carried over the

pllot wire. Consequently, settings are based
on total fault gurrent fed in from all termi-
nals disreg@arding the current distribution
from the sfermInals.

If theyf pllet wire becomes open cilrcuited,
all of thej)fcurrent 1n the restraining coil
willl also flow thru the operating coll. While

thils condltion exists the relay operates as an
overcurrent device and will trip on all faults
andjalso on heavy loads greater than the re-
short circuit on the pilot
since 1t short

operating winding of the relay.

lay sctting. A
wires will
circults the

prevent tripping,

1f the short circuilt on the pilot
placed that 1t 1s 1000 Oor moOre
pllot wire ohms of theftwo zelays,
then that relay will not be blockede

However,
wire 1s so
from one

The current on the
pllot wire do not exceed 100 millfamperes and
60 volts.
pllot wire current 1§, sueh that telephone in-
terference 1s within theWllmits allowed by the
Thils permits the use

and voltage 1mpressed

The wave formfand . magnitude of the

Bell Telephone Company.

of 1leased telephone/ lines as a pllot wire

channel.

SUPERVISION

A faulted [ wlre pllot mentloned above may be
detected by €he milliammeter and test switch
(supplied mith”the relay) or by continuously-
operated’ fsupervisory relays supplled as extra

equipment .

The ‘¢ondition of the pllot wire under normal

load conditions may be determined by reading
the "pilot wire current by means of the teat
switch and milliammeter.

A comparison of the readings obtalned with

the typical values of Figures 4 & 5 will in-
dicate the condltion of the pilot wire. It
should be noted that, when the far relay
belng read, the near relay 1is

cur-
rent 1s short
clrcuited, and the far relay 1s shunted by the
of the
of the near relay 1insulating trans-

resistance pllot wilres plus the im-
pedance

formers.

2611
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Fig. 6—Typical Curve of Relay Output vs, Positive Sequence
Amperes Input. :
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Figure 6 shows typlcal valuegf for, rélay out-
put current vs. positive@sequence/input cur-
this testg “the
1s short, cfreulted
side so that thepmilTiammeter 1s con-
directly

terminals.

rent. For Insulating

transformer on the 1low
voltage
nected 861038

the relay output

CHARACTERISTICS

Typlcalfoverall operating characteristics of
the relaylare 11Mistrated in Figures 7 and 8.
The general shape of these curves 1is similar
for other types of faults, relay settings, and

pllot wire, lengths. The ampere absclssa and

ordinate scales may be interpolated to show
for other con-

of the

characteristics
by the use

the Operating
ditions and tap settings
fo¥lowing equation:

r < o
= 2.350 ] . =
Ian T {\aIaIRl + Iao (Rl + ’Ro)} (1)

where I,, 1s the value to read on the curve
(Figures 7 and 8).

For example, assume relay tap settings of
T =6, Ry= .1, R, = .68, and also assume that
for which

relay components are as follows:

a phase b to ground fault occurs,

the "near"

I = 10 + jo (2)

: 2

Tgo = .98 (Ig7) (3)
In equation (3), the factor .9 was arbil-

that the distribu-
for posltive and zero

trarily used as a reminder
tion
components

factors sequence

are not necessarily equal for any
glven system. Also, the operator a
that I,  1is 240° leading Ial a phase b to
ground fault, neglecting dissimilarities 1n
First substituting the
particular condition of equation (3)

tion (1) gilves

signifies
for

the sequence networks.
in equa-

{ 2
Ton = 2:25 Ty {omy 4 190 % (my 4 38, )} ()

/
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Substituting values for the several taps 1in
(4) glves

I, = 2.35 Io; ] 2x .1+ .9 (-.5-7.866)
6 (.1+ 3 x .68) (5)
I, = 392 Ial{—.763-il.67} (6)

I, =T, -718 [245.4° (7)

Substituting the
glven

numberical value for I,

by equation (2) results in a numerical

value for I,, of

1 an= .718 x 10 = 7.18 amperes.

This
the typical values chosen for the taps Rl’ R
and T at the
fault values

(3).

b current to

1s the value to read on the curve for

O’
particular phase b to ground
indicated by equations (2) and

It should be noted that the total phase
the "near" relay is Iy = Iy +

Ipo + Iyo = 29 amperes, assuming Lo = Ib1°

For a phase to phase fault, there 1s no zero

sequence current, and the phase current, ILL’
1s equal 1n magnitude to'V?hlal. Hencegmfor
phase to phase faults, equation (1) reduecesd
to:
I an=9_°T3_5 .2 1oL Ry (8)
V3

SETTINGS

The HCB relay has threge different taps which
are provided to obtaln fléxipllity for a wide
applicationy The taps to
application
seleeteéd and have a wide latitude.

range of provide

correct operation for any glven
are easlly
That 1s, correct oper@tion can be obtalned for
different

following dilscussion

combinations of tap values. The
establishes 1limits for
the varliotas tap settings under different oper-
ating It should be kept in mind
that to obtaln operation on minimum

Intewnal

econditions.
settings
fault
totail, eurrent that flows 1nto the sectlion from

conditions are based on the

all ‘terminals.

8

Positlve Sequence Fllter Tap

The 1lower left tap (R1) has three available
.075, .10, and .15 (the .075 tap 1s
actually marked .07 because of space 1limita-
tions). These taps permlt compensatilon for
current transformers of differemt ratios at
Wheke ‘the
have the same ratlos, “Che values

taps

the various termilnals. current
transformers
of R1
value of R = .10 1s usually/recommended ex-
cept where a more sensitiive®8etting of "T"
(described helow) 1s d@siredthan 1s obtain-
able with Ry = .10.4"Where“the current trans-

formers are difrerent at the different terml-

should be the same 4n all Trelays. A

nals, select thefvalu€yof Ry which 1s propor-
tional to the curpentudtransformer ratios. For
example, assume a'ratio of 300/5 at one termi-
nal and 600/5, atpanother terminal. Set R; =
07T Lt Ehe 300/5 terminal and R} = .15 at the
600,
1/1, ,8/1, %/2, and 4/3.
of the R

terminal . The ratios obtalnable are

In the event that the

1 1/1 1t will be
compensate for the unbalance by
callbratlion 25%
normal value or by neutralizing the
of the
to three terminal

ratio taps 1s not
nécegsary to
increasing the minimum trip
above 1ts

distributed
The same procedure applles

capacltance pllot wire.

lines.

Positive Sequence Current Tap

The upper tap (T} has values of 4, 5, 6, 8,
10, 12 and 15. This tap should be selected to
assure operatlion on minimum internal 1line-to-
line prevent
tripping on load current 1f the pllot wire be-
The high-
operation

faults, and where possible, to

comes accldentally open clrculted.
est setting of "T" that will cause
on 1nternal line-to-line faults 1s given by
the equation :

T = 5.7 IIL

where Iyy 1s the total minimum internal
to-1line
terminals, divided by the number of terminals.

R, (9)

line-

secondary fault current fed from all

The factor "5.7" 1s used as the operation of
the positlive sequence fllter 1s such that the
relay requires 1.73 times as much current for
line-to-1line fault as on a
three phase fault. Thils means that the three-
trip setting should be 57% of the de-
sired line-to-line current setting. Also, the

operation on a

phase
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| 2 CONNEGTIONS FOR TWO TERMINAL LINE 2
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— 13 715 TEST SWITCH
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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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Fig. 11— 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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RELAY TYPE HCB PILOT WIRE IN TYPE FT CASE
EXTERNAL CONNECTIONS FOR TWO TERMINAL
LINE WITH A STAR DELTA POWER BANK (STAR
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1=l ’._Tr-:gpgwmcn
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P.0 RO. RO RO,
7-8[ x | x x | x — MULTIRANGE
9-10 x | x x | x MILLIAMMETER
-l x [ x x [Ix X +
13-14] X X X
[15-18 X X X X
X DENOTES CONTAGTS CLOSED ~ PO:= PULL OUT

Fig. 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 Transfoermer, Bank.

numerical values of T are the pesitive
currents requlred to operate the
Ry 1is .103¢ Therefore, to
pensate for the gralue™@f R; used in the form-
T, mustbe divided By 0.1

taining the facto®."s5.7".

sequ-

ence relay

when set on com-

ula, thereby ob-

Where line-to-line currents are not known,
an alternate equation can be used.
The alte®nate equation 1is:
T = (5.7) (.86) (Izg) Ry (10)

where I3¢is the total

10

minimum internal three

phase secondary fault current fed from

terminals divided by the number of

all
terminals.
The factor ".86" 1s used as line-to-line fault

current 1s 86% of the three phase fault cur-
rent when the negative sequence impedance of
the system equals the positive sequence 1im-
pedance of the system.

Equation (9) and (10) give the upper 1limit
of "I'" which mist not be exceeded to obtain
operation on the 1line-to-1line faults. The
.ctual setting should always be below the
values obtained from equation (9) or (10).

The minimum 1limits for this setting are dis-

cussed below.
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The setting of "T" which will cause opera-
tion on 1load current 1f the pllot wires be-
come accldentally open clrculted 1s given by
the equation:

T=10R I Load (11)

where "ILoad" 1s the maximum secondary full
load balanced current flowlng through the
terminal.

Tt 1s generally desirable to select a value
of "P" which will not cause operation if the
pllot wires are accldentally open clrcuilted.
A safety factor of at least 25% 1s generally
recommended to prevent such operations. That
is, "T", should be set 25% above the value ob-
tained from equation (11) if the relay 1s not
to operate on 1load curreat wilth the pillot
wires open cilrculted.

This conslderation may be neglected if 1t 18
realized that relay operation will be obtalned
1f pllot wires are opened during heavy [load
currents, or 1f supervisory relaysgare in-
stalled and connected to block thedHCB on the
occurrence of pllot wire fallureg. “If super-
visory relays are installed to block, HCByoper-
atlon under heavy 1load conditions, width the
pllot wilres opened, 1t 1s necessary to intro-
duce a time delay of approximately one cycle
by 1nterposing an auxildéary , relay in the trip
circult at each terminald “Bo allow the super-
visory relays time to éoordinate with the high
speed of the HCB relay.

Note: "T" must bé set¢the same at all termi-
nals (even ‘“where different transformer
ratios fareiused.)

Zero SeQuence Tap

The lower tdp (Ry) has taps .025, .033, .05,
.39, .51, @68, .90, 1.2 and 1.6. (The first
two taps are actually marked .02 and .03 be-
cause of space limitations). The three lowest
taps are not used 1n applications where high
sensitivity to ground faults 1s required.
They are used on speclal applicatlons where
response to posltlive sequence current only 1s
required. Where such response 1s required, R
1s set to equal to 1/3 Ry. °

Maximum sensitivity to ground fault@, 1s | ob-
tained with Rg = 1.6. This settifig 1s gener-
ally recommended where current Strangformers
with the same vratlo are installed  at all
terminals. Where current transformers of dif-
ferent ratios are 1installed at <he various
terminals, values of Rg"¥should be selected
which are most neagly'\proprotlional to the
transformer ratios. Whenéthe ratio of the Rp
taps can not be made torexactly match the
ratlio of the R] tapsjg plick the ratlo to match
as closely as posslble, and use maximum re-
3tralnt tap.

The minimum tap to obtaln operation on mini-
mum ground “faults 1s expressed by the equa-

tion:
0.27
Ry = I (12)
where Ig 1s the total minimum secondary

ground fault current fed into the section from
all terminals (taking 1nto account possible

ground fault resistance), divided by the num-
ber of terminals, and where "T" 1s the actual
tap selected (not the vaius calculated from
equation (9) or (10).

It 1s recommended that "RO” be set as high
above the value obtalned from equation (12) as
possible keeplng the value of Ry, approximately
proportional to the current transformer
ratlos.

Restraint Tap

The restralnt coll has a tap which permits
the entire coll or part of 1t to be used. The
relay 1s normally shipped wlth the restralnt
tap 1link connected in the maximum restraint
position. This 1link 1s 1in the upper left hand
corner of the panel carrylng the polar ele-
ment. The 1link 1s connected to the left for
minimum restraint, and to the right for maxi-
mum restraint. Maximum restraint should be
used with pllot wires of 1500 to 2000 ohms.

Example of Relay Settings

Assume a two terminal 1line with current
transformers rated 400/5 at station 1 and
300/5 at station 2. Also assume that full
load current 1s 300 amperes, and o1 minimum

11
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Internal phase-to-phase faults 200U amperes
feed 1Into the fault from station 1 and 1000
amperes from station 2. Further assume that
on minimum internal ground faults, 400 am-
peres feed 1nto the fault from station 1 and
none from statlion 2.

Positive S=quence Fllter Tap

Set R1 proportional to the transformer
ratio. R, at station 1 = 0.10, R1 at station
2 = 0.075.

Positive Seguence Current Tap

From equation (9)

_ DT x 3000 x 5 x .1

T
400 x 2

= 10.7

or

@ = 5.7 X 3000 x 5 x .075 _ 10,7
300 x 2

Thls represents the highest permissable
setting. The setting which will cause
tripping on load currert 1if the pillot wilre be-
come:s accldentally open clrculted 1s gilven by
equation (11).

10 x .1 x 300 x 5
T = =3,
%00 3.75

or

r _ 10 x 0.75 x 300 5
300

= 3.75

Select T at both stations = 6.

Zero Sequence Tap

The minimum tapfwhich will cause tripping to
minimum internal ground/ faults 1s given by
equation (12).

0.2 x 6 x 400

Ry = =% .48 at station 1
200 5
0.2 #mb % 300
R, = ——————————2———= .36 at station 2
2000x 5
Selegt Ry at station 1 = 1.6
And RO afistation 2 = 1.2

2

RELAYS IN TYPE FT CASE

The type FT cases are dust-proof enclosures
comblning relay elements and knife-blade test
switches 1n the same case. This combinatior
provides a compact flexlible assembly casy te
malntaln, lnspect, test and adjust. #There are
three maln units of the typedFT case: the
case, cover and chassls. The case Qgils“an all
welded steel housing containing the, hinge half
of the knife-blade test switches! and the
terminals for external connections. The cover
1s a drawn steel frame with a“ clear window
which fits over the frofntfof the case with the
switches closed. The“chassls 1s a frame that
supports the relagielements and the contact
jaw half of the tegt /switches. Thils slides in
and out of thep,cased The electrical con-
nectlions betweenjthepbase and chassls are com-
pleted through“the)closed knife-blades.

Removing €hassis

To remove the chassls, first remove the
cover by, unscrewlng the captive nuts at the
corners. ; Thils exposes the relay elements and
all' the test switches for 1nspectlon and
testing. The next step 1s to open the test
swihtches. Always open the elongated red
handle switches first before any of the black
handle switches or the cam actlion latches.
This opens the trip circuilt to prevent ac-
cldental trip out. Then open all the re-
malning swiltches. The order of openlng the
remaining switches 1s not Important. In open-
Ing the test swiltches they should be moved all
the way back agalnst the stops. With all the
switches fully opened, grasp the two cam
action latch arms and pull outward. This re-
leases the chassls from the case. Uslng the
latch arms as handles, pull the chassis out of
the case. The chassls can be set on a test
bench 1n a normal upright positlon as well as
on 1ts top, back or sides for easy 1nspection,
malntenance and test.

After removing the chassls a duplicate
chassls may be 1nserted in the case or the
blade portion of the switches can be closed
and the cover put 1n place without the
chassis. The chassls operated shorting
switch located behind the short circulting

N
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test swiltch prevents open circulting that cir-
cult when the short test
swiltches are closed.

circuilting type

When the 1s to be put back 1in the
case, the above procedure 1s to be followed 1n
the reversed order. The elongated red handle
switch should not be closed untill after the
chassls has been latched 1n place and all of
the black handle switches closed.

chasslis

Electrical Circuilts

the base connects thru a

relay elements in the

Each terminal in
test swiltch to the
chassls as shown on the internal schematlc
The relay terminal 1s 1dentifled by
numbers marked on both the 1nslde and outside
of the base. The test switch positions are
l1dentified by 1letters marked on the top and
bottom surface of the moulded blocks. These

letters can be seen when the chassls or re-
moved from the case.

dlagrams.

The potentlal and control circults“thfu the

relay are disconnected from the externalvclr-
cult by opening the assoclated tést pswitches.
test switch
that clrculf and“disconnects

relay “coll), but leaves the
of the coll®connected to the ex-

Cpening the short clrculting
short-circults

one side of the
side
circult thru the)current test jack
jaws. This clrcult camybe Tsolated by insert-
ing the current tedt plug’ (without
connections) by inserting the ten cilrcuit test
plug, or by ingérbing a plece of insulating
material approximately 1/32" thick into the
Both switches of the

switch palr must be

other
ternal

external

current testjack®jaws.
tegit
when using thedcurrent test plug or insulating
material Ip, thls manner to short-circuilt the

current open

current transformer secondary.

A cover operated swilitch can be supplied with
1ts, contacts wilred 1n serles with the
This switch opens the trip cilrcult
This switch can be
exlsting type FT cases at any

trip
cIrecuit.
when the cover 1s removed.
added to the
time.

Testing

The relays can be tested in service, An the
case but with the external cilrcults 1solated

or out of the case as follows:

Testing In Service

The ammeter test plugiecan®e 1nserted 1n the

current test jawsfafter openlng the knife-
blade switch to cheekthe current thru the
relay. Thils plugypcon8lsts of two conducting
strips separated by é@n 1lnsulating strip. The

ammeter 1s commectéd to these strips by termi-
nal screw8§.and the leads are carrled out thru
holes 1ingthe “Back of the I1nsulated handle.

the potentlal cilrcults can
clip

Voltages between
be measured convenlently by clamping #2
ledds, »on the projecting clip lead lug on the

contact jaw.

Testing In Case

With all
the ten circult test plug can be 1nserted 1in

blades 1n the full open position,

This
to a set of blnding posts and

the contact jaws. connects the relay

elements com-~
pletely 1solates the relay clrcults from the
external connectlons by means of an insulating
cir-

barrier on the plug. The external test

cults are connected to these binding posts.
The plug 1s 1nserted 1n the bottom test jaws
with the blnding posts up and 1n the top test

swiltch jaws with the bilnding posts down.

The external test
the relay elements by #2 test clip leads 1in-

circults may be made to

stead of the test plug. When connecting an
external test circuit to the current
elements using clip 1leads, care should be

taken to see that the current test jack jaws

are open so that the relay 1s completely 1so-
lated from the external clrcuits. Suggested
means for 1solating thils circult are outlined

above, under "Electrical Circults."

Testing Out of Case

With the chassis, removed from the base,

13
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relay elements may be tested by using the ten
circult test plug or by #2 test clip leads as
described above. The factory calibration 1s
made with the chassis 1n the case and removing
the chassis from the case will change the
calibration values by a small percentage. It
1s recommended that the relay be checked in
position as a final check on callbration.

INSTALLATION

The relays should be mounted on switchboard
panels or thelr equivalent in a locatlion free
from dirt, moilsture, excesslve vibration and
heat. Mount the relay vertically by means of
the two mounting studs for the standard cases
and the type FT projectlion case or by means of
the four mounting holes on the flange for the
semi-flush type FT case. Either of the studs
or the mounting screws may be utilized for
grounding the relay. The electrical con-
nections may be made direct to the terminals
by means of screws for steel panel mounting or
to terminal studs furnished with the relay for
ebony-asbestos or slate panel mounting. The
terminal studs may be easily removed or in-
serted by 1locking two nuts on the studs and
then turning the proper nut with a wrench.

The relay 1s shipped with the operation (In#
dicator and the contactor switch connected, In
parallel. This circult has a resistance of
approximately 0.25 ohm and 1s suiltable, for,all
trlip currents above 2.25 amperes d-¢. Ify the
trip current 1s less than 2.25%amperes, there
1s no need for the contactor__switch and it
should be dilsconnected. To/discennect tre
coll, remove the short 1lead to,the coill on
the front statlonary contaet ©f4athe contactor
switch. This lead showld “Jbe flastened (dead
ended) wunder the small fdlister-head screw
located 1n the Micaprta base of the contactor
switch. The operation indicator will operate
for trip currents above 0.2 amperes d-c. The
resistance of 1ts coll 1s approximately 2.8
ohms .~

ADJUSTMENTS AND MAINTENANCE

The “Proper adjustments to 1nsure correct
operation) of this relay have been made at the
factory, and should not be dilsturbed after

14

recelpt by the customer. If the adjustments
have Dbeen changed, the relay taken apart for
repalrs, or 1f 1t 1s desired to check the ad=
justments at regular malntenance periods, the
Instructions below should be followed.

All contacts should be perlodically _eleaned
with a fine file. S#1002110 ¥ileds recom-
mended for thils purpose. The use “of abrasive
material for cleaning contacts 1sjnot recom-
mended, because of the danger off embedding
small particles 1n the face ofjthe soft silver
and thus impalring the contact.

CAUTION 1. Make sure, that the neon lamp 1s
in place, wheneverg relayd» operation 1s belng
checked. Thig, 1sirequlred to 1limit distortion
in pllot wire ‘woltagewwave.

2. Whenchanging taps under load the spare
tap screw, should be 1nserted before removing
the other tapy@crew.

SequenceEilter
ThHerepare” no adjustments to be made 1n the

zero (seguence resistor. The taps on the R
resistér are adjustable, however, but this i1s
a factory calibration which should not
ordinarily be disturbed. To check the posi-
tive sequence current fllter, pass a current

I = 6.94 amperes through a palr of phase
terminals, for example, in at phase B, out of
phase C (see Figure 2) and measure the open
circult fillter voltage with a high resistance
voltmeter. Thils may be done by removing the
positive sequence current tap screw, T, and
connecting the voltmeter across the open
clrcult thus formed. The voltage should be
8Ry plus or minus 5% for each of the three
phase-to-phase combinations, AB, BC, or CA.
For example, at I = 6.94 amperes and Rj= .1,
the voltage should be 0.8 volts. '

Polar-Type Element

Contact Adjustment: Adjust the 1left-hand
(front view) contacts until they just make a

light circuilt, when the armature rivet touches
the left-hand pole face. Give both the left-
hand contact zcrews two additional turns, and
lock in position with the lock nuts provided.
This moves the armature rilvet away from the
left-hand pole face and provides contact
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Fig. 13—Typical Curves Showing the Effect of Pilot Wireg
Resistance and Capacitance on Minimum Trip Cur-
rent With Minimum Restraint.

follow. Now adjust the right-hand backstop

serews until they just touch the mowdng), con-
tacts when the moving contacts are dn the con-
Backyoff each

backstop screw two turns and lock Impposition.

tact closing position as above.

CalibrgEEggj
in the

Connect the restralnf tap link

position 1n which g1t will be used.

Connect the low voltage@terminalls of the in-
sulating transformer agreoss the pilot' wire
terminals of the rela¥y. Connect the relay
taps on T = 4, Ry = J1 R & 1.6.
O
Screw in the leff-hand magnetic shunt all

the way. Adjust™the Pright-hand magnetic shunt

in or out,gas {\réquired, until the relay just

closes gontd@ets¥@® 6.9 to 7.0 amperes phase B
When this adjustment has

Input current connec-

to phage C gurrent.
been made4 change the

tions to pPhase A to neutral. The relay should

trip for phase A to neutral current between
.45 and .55 amperes.
The above 1s given as a laboratory calilbra-

tfon on an individual relay with 1its insula-
This does not take 1nto

considsration the characteristics of the pillot

FIng transtormer.

wire circult between the relays.

Fig. 14—Typical Curves Showing the Effzct of Pilot Wire
Resistance and Capacitance on Minimum Trip Cur-
rent With Maximum Restraint.

Figures 13 and 14 show typlcal variations of
minimum trip current for various lengths of
pllot wire cilrcuilts up to the limiting
of 1500 ohms for relays operating on minimum
restraint (Fig. 13) and 2000 ohms for

operatingon maximum restraint (Fig. 14).

values

relays

For these curves, both relays are set on
taps T = 4, R] = 0.1, RO =1.6.
originally callbrated to trip on a current of
.47 amperes, phase A to neutral, with the high
side of the
culted.

in the reilay

Each relay 1s

Insulating transformer open-cir-

This value of current 1s equivalent
filter to 4 amperes positive se-

gquence only, with the taps as specifled above.

Restralning Coli: The effectiveness of the

restralning coll <f *he relay element, and the

performance of ths FHKectox unlts, may be
desired.

resistor across tthe

checked as

follows, 1f Connect a

varlable non-1nductive

high voltage terminals of the

Insulating

transformer, and connezt d-cmilliammeiersin

serles wilth the operating and restralning
colls of the element, by opening these cir-
cults at the test 1links provided for this
purpose. These mllliammeters should have low

reslistance, and shoula be capable of reading

15
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in the order of 20 to 25 ma. in the operating
coll and 100 to 150 ma. 1n the restraining
circuit. Using T = 4, R1 = .1, Ry = 1.6, pass
10 amperes 60 cycles from phase A to Neutral
in the relay, and 1ncrease the varilable
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 restralnt 1s used.
Read the d-c current (milliamperes) 1in the
operating and restraining colls at this point.
The values obtalned should conform substan-
t1ally to the following equations.

For Minimum Restraint

Io = .12 IR+ 8

For Maximum Restraint

I0= .16 IR+8

where Io and IR are operating and restralning
coll currents, respectively, in milliamperes.
The results are subject to slight varilatilons
between 1ndividual relays.

The polarity of the connectlons to the pilet
wires, and the correct "Phasing out" of A,_B,
' vhases at the two statlions may be checked by
the silx tests outlined on Page 17.

Pilot Wire Current

The ~1lot wire current which“should flow
un:e~ normal load conditionsglis given in
Pl »+» ¢ and 5. If the grelay taps 1n use
éif»r from those 1ndlcated\din these filgures,
sultable conversion factofsmust be used. The
pi o wir current will{vary)inversely with T
and t.eclly with RBq.

Contactor Switch

Ad just the statlonary core of the switch for
a clearance between the statlonary core and
the moving core ©f 1/64" when the switch is
picked up. This can be done by turning the
relay up-8ide-down or by disconnecting the
switech@and)\turning 1t up-side-down. Then
screwwup the core screw until the moving core
startsWrotating. Now, back off the core screw

16

untll the moving core stops rotating. This
Indicates the polnts where the play in the
assembly 1s taken up, and where the moving
core just separates from the stationary core
screw. Back off the core screw approximately
one turn and lock 1in place. Thils prevents the
moving core from striking and sticking to the
stationary core because of residualf magnetism.
Adjust the contact clearancély, for'3/32" by
means of the two small nuts on elther side of
the Milcarta disc. The switch should pick up
at 2 amperes d-c. Test for sticking after 30
amperes d-c have been passedithrough the coil.

Operation Indicator

Adjust the indicater “Ho operate at 0.2 am-

pere d-c gradually applied by loosening the
two screws on)the under side of the assembly,
and movihng,the\\bracket fcrward or backward.
If the two ‘ghelfeal springs which reset the
armature are ‘replaced by new springs, they
should,'be weakened slightly by stretching to
obtadm the 0.2 ampere calibratibn. The coil

refSistanee is approximately 2.8 ohms.

ENERGY REQUIREMENTS

The volt-ampere burden of the type HCB re-
lay 1s practically independent of the pillot
wire resistance and of the current tap used.
The followlng burdens were measured at a bal-
anced three - phase current of 5 amperes:

For tap 4 Ry

.075 and Rg = .39

Phase A 1.25 volt-amperes 0°
Phase B .30 volt-amperes 285°
Phase C .90 volt-amperes 45°

For tap 4 Ry

.15 and Ry = 1.6

Phase A 2.5 volLt-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 1ts respective voltage.

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

e,
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C.T.'s C T
Transmission Line
AN
'A'A‘ VY
"N" Relay /,,——Insulating Transformers "F" Rel:.y
‘ $ 1 \\ ‘
HCB Pilot Wires HCB
S
3 |
éiéé "Pilot Wire Current" read with Milliammeters
] ‘g“‘-—-\_~__‘__~‘_~ Test Switches———’”'—__‘—“——_,:"“T""

Note: The 1line should be carrying through load current amoudting toPat least 1.5 amperes as
measured 1n the secondary of the Current Transformers. Thbs test is based on the ratio
of the C.T.'s being the same at each end of the line, #im whieh case set the taps of both
relays to Ry = .13 Ry = 1.6; T = 4 for this test.

RELAY "N" RELAY "F"

is)

'S o Test Relay |Relay | "Pilot Wire Current" Test Relay |Relay |"Pilot Wire Current"

EH&|Switch | Current | Trip Circulating | Relay F | Switch“fCurrent |Trip Circulating | Relay N

1 ;iii A,B,C,N | No (1) (1) iiii A,B,C,Ii | No (1) (1)

2 ti§é 4,C,B,N | No (2) (2) 3t}§ A,C,B,¥ | No (2) (2)
m;: LLks

3 A,N Yes (3) (0) RS 0 Yes (3) (3) (&)
IPP bbd

4| fARR 0 Yes ®) (3) (%) A, K Yes (3) (0)

&b m

5 Q/W A, No (3) (3) A,N No (3) (3)
it it

6 A,H Yes (6) JfT B,C,N Yes (6)

REMARKS

Lests 1 and 2 are to cheely normal positive sequence rotation of phases. The test switch con-
nections of test #2 maf§f be“made readily with relays in the Flexitest case by using c¢lip leads
and insulating barrie¥s, in the ammeter test jacks. However, care should be used to avoid ac-
cldentally open-cigeuiting the current transformer circuits.

Tests 3 and simulate internal Phase A to Ground fault with single end feed.

Test g simulates amy extexrnal Phase A to Ground fault. (5)

Test 6 simulategian iaternal Phase A to Ground fault, with equal feed from the two ends, since
IB + IC = - IA, with balanced ioad.
To“Belay
N\
1LEGEND,, OF lNﬁAiB#C Ll Phase A current from
TEST SWITCH ormal Connectilon, GCeTs 's to Relay.
SYMBOLS: + All Currents to EXAMPLE Phase B and C C.T.'s
NABC Relay. shorted to neutral.
To C.T. 's.

)} The Jpilot wire current" will vary depending upon the magnitude of the:through load cur-
rend and the characteristics of. the pilot wire. See Figures 4 &nd 9.
(2) Since the relay is temporarily connected for negative sequence, it should have pract-
ically zero output in this test.

)

)

3) aThese readings may e "off scale" depending upon the magnitude of the load current.

4 The relay at this stetion should reset when the "far" current 1s being read beczuse the
local relay will be receiving no current from either the pilot wire or the current
transformers.

(5) Test 4 and 5 can be repeated using phase B tc neutral current, and again with phase c

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

(6) Some pilot wire current will be read, depending upon the magnitude of the distributed
capacity of' the pilot wire in combination with the magnetizing impedance of the ir-
sulating transformer.

17
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|_—"PLATE

POLARITY
1 MARKS

L INSTRUCTION

X2 Xl
H4 H3 H2 HI

CLAMP TYPE TERMINAL
3 ! 1 !  FOR & WIRE MAXIMUM
—4————33 ——’T—-,z_s —>' /
/'

3
/

=S

|
F

Mo

T DIA. MTG. HOLES
164 TOTAL

)
pl— P

T

= A —J\m«mmu

$€€ Tamif

1A

3 ()
25 P h 7
FOR METAL PANLY

srv0 nw vno] A

Va_ - 2B )3 5,
2 3 »A

N

Fighlf-~Outline and Drilling Plan of the Projection Type
Test Milliammeter. For Reference Only.
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Fig. 17—Outline and Drilling Plan of the Semi-flush Type

Test Milliammeter. For Reference Only.

R



1.L. 41-658H

TYPE HCB RELAY

250 DIA.HOLE

<zHaLEs)
¢ H—g—-»u-l-i— H-—;'————r
t
" i o)
Y == @ ] ole) -

190 -32. THD.

Fig. 18—Outline of the Test Milliammeter Auxiliary Transformer. For Reference Only.

DRILLING
PLAN

oy e )

! 27
L \1L; 25
9% ‘ ' 8
188 _REQUIRED TO PuLL OUT SIDES | § TO 17 PANEL THICKNESS
i

134, PRNEL — S*a91627
B THRIPANEL > s¥1491628

SWITCH POSITION TABULATION

POSITION
N YA | e MJREM. [NORMINORM.|CIRCCIRC. | LOGAL [LOCAL

Po. P.o. P.0. f0

7-8 | x| X X | %

2-10 % | % X | X

W-iz | x| X | X | x| x| X

314 | x X X X

516 X X X X

X-DENOTES CONTACTS CLOSED

SPRING RETURN
MODERN PISTOL HANDLE

Fig. 19 —Outline and Drilling Plan of the Type W Test Switch. For Reference Only.
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USE SCREWS
FOR THIN PANELS

USE STUDS
FORMTHICK PANELS

3 9 i
DIA.DRILL DIA.DRILL OPENINGS FOR U/ —
z:|=mz THICK 3z (2-HOLES) THIN PANEL 120-32 TERM SCREW 8 STUPS 5
PANELS MOUNTING. $~zo MOUNTING SCREW 23

& STUDS 7_%

Fig. 20- Outline and Drilling Plan For the Projection Type Standard Case.)See the Internal Schematics For The Terminals
Supplied. For Reference Only.

"\?soa'\%% 32 ?rus\?m
PANEL LOCATION FOR THICK PANEL MTG.
PROJECTION TYPE MTG. ———— __

- Q?DEnA.NOLE DRILL 3,
ﬂ \’ﬂ RINTERNAL s CUT QUT FOR
) s SCHEMATIC FOR | [ ot 8 SEMI- FLUSH
e W i i

PROJECTION MTG || . T 2 MOUNTING

ON THICK PANELS. |+-— ST <Y

9%

T 6 . ‘ B

. T [ —+—+CUT OUT FOR

3'- g PROJECTION
e MTG.ONTHIN

’ 4+ A PANELS.

) | j
| | o3| ) |
ok I
Hﬂﬂ “ \ | | |
‘ | 4%'_ QZ" *zﬁﬁt%—ru'
W Wil | |/
C { j' ﬁl] 190-32 MTG. 8¢, | AR
< af __+ s ~—wiﬁ — [ N
6 STUDS FOR PROJ. k1 MTG.(4 HOLES)
TYPE MTG.30IA. !
HOLE (2 REQ)
PANEL LOCATION FOR /
SEH) FLUSH TYPE MTG 24 WITH SCREW E-18MTG. STUD(2 REQ)
2} WITH STUD,

Fig.21=:Qutline 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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INSTALLATION

LL. 41-6584

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE HCB PILOT WIRE RELAY

CAUTION Before
Into
have been 1nserted for the purpose of securing

putting protective relays

service, remove all blocking which may

the
moving parts operate freely,
to
properly,

parts during shipment, make sure that all
inspect the con-
tacts see that they are clean and close
and operate the relay to check the

settings and electrical connectlons.

APPLICATION

The type HCB
wilre relay designed for the complete phase and

relay 1s a high speed pilot

ground protection of two and three terminal
transmission 1lines.
the

about

Simultaneous tripping‘of
relay at each terminal 1s obtadned in

1/60 of faults. A
Installation for a two terminal‘iline

a second for all
complete
conslsts of two relays, two insulat®ng “trans-

formers, and an interconnecting pllot wilre
clrcult. For a three termingl 1lines three
relays, three 1nsulatingg4transformers, and a

wye-connected pllot wire cireult“wlth branches
of equal i1mpedances are régulired.

CONSTRUCTION

The relay conslgtig, of%a combinatlon positive

and zero phaselsegquence fllter, a saturating
auxiliary gtransformer,
type

mounted “In g single case.

two rectox units, a
all
The external equip-

polar relay) unit, and a neon lamp
ment normally, supplied with the relay consists
of an 1nsulating transformer,
and test switch. The

components 1s as follows:

a milliammeter

constructlion of these

Sequence Fllter

The currents from the current transformer
gsecondarles are passed thru a fllter con-
sisting of a three winding 1iron core reactor

and two resistors. The secondary of the three

SUPERSEDES IL. 41-658 H

winding reactor and/the resistors are tapped
to obtain
ditions.

voltage

settings “for various fault con-
The output|of this filter provides a
across, the"primary of the

to the
a constant times
This

discriminating

saturating

positive
the
1s
function
definite
a comparatlvely small range

transformery proportional

sequence giieurrent plus

zerqQ sequeéenceér current. comblnation
the

can be adjusted to have

selected ‘as
because 1t
valuésgy, \lylng 1in
all types
a single operating element can
all
provide the adjustment of the

for

Thuss
for

dlals
amounts of positive and zero sequence currents
that
discriminating voltage.

of phase and ground faults.
be used
tap

relative

types of faults. The two lower

comblned to produce the required
The right-hand lower
tap dial (front view) adjusts the sensitivity

The left-hand lower

are

to ground fault currents.
tap dlal the positive phase sequence
sensitivity when the ratio of the
at the terminals of the llne are

ad justs
current
transformers
not equal.

Saturating Auxiliary Transformer

The voltage from the filter 1s fed into the
tapped primary (upper tap plate) of a
This
the voltage 1mpressed on

small
transformer 1s
the

of
a large variation of maximum to
Thus, high operating

saturating transformer.
1imit
pllot wire,

used to
and to provide a small range
voltage for
mininmum fault currents.

energy 1s obtalned for very light faults and

limited operating energy for heavy faults.
The relay operatling characteristic changes
from percentage differential at low current
values to approximately directlonal charac-
teristics at high current values.

The upper tap plate changes the out-put of

the

amperes requlred to operate the relay when the

saturating transformer, and 1s marked 1in

EFFECTIVE JULY 1952



TYPE HCB RELAY

OPERATION
INDICATOR

CONTACTOR @
SWITCH

FOR TRIP CURRENTS

LESS THAN 2.28

AMPERES 0.C. DIS ~

CONNECT AND DEAD

END THIS LEAD.

| @ Ly,
POLARIZED ELEMEV/
RESTRAINING COIL

‘ NEON LAMP

POLARIZED ELEMENT
OPERATING COIL

ii

TEST LINKS

FULL WAVE
RECTIFIERS

1"

¢

PHASE A (9™ saTuraTING
TRANSFORMER
PHASE C PHASE B
3 WINDING NEUTRAL
MUTUAL REACTOR
REAR VIEW
~

L

RELAY - TYPE HCB PILOT WIRE
DOUBLE TRIP IN TYPE FT CASE

INTERNAL SCHEMATIC
TOP TEST SWITCH

. ) i ) 7O BASE TERMS
f»—m eELAY

INDICATOR
COVER OPERATED
SWITCH WHEN USED 7
CONTACTOR
SWITCH

Fae Teir
CURRENTS LESS
THAN 225 AMRY|
DC., DISCONNECT
& DEAD END
THIS LEAD.

POLARIZED
ELEMENT

- TEST SWITCH

|

—+OP£ RATING
e

NeRULL WAVE RECTIFIERS

RESTRANING 1
TUBE RESISTORS
BARE WIRE RESISTOR

GROUND ——+—EN
PHASE A—r—@H
PHASE 8

I

PHASE € —@ﬂm

3 WINDING N
MUTUAL BEACTOR
BOTTOM TESE SW/TCH

o
FRONT VIEW \

CHASS/S CPFRATED
SHORTING SW/TCH,

PEAR VIEW

A-TO BASE TERPMS

Fig. l—Internal Schematic of the Type HCB Relay in the
Standard Case.

Fig.42—Internal Schematic of the Type HCB Relay in the
Type FT Case.

25 N F
3 X Vg
£
526 V4
l&l V4
NO TRIP AREA
[+ 4 p \
s
4
z
TRIP AREA ®» 10 P
w L \
[+ 4
N
g /
2 / .
+
_ AMPERES IN FAR REIAY(P) 0
5 10 i5 20 25 30 35 40
F — +AMPERES IN FAR RELAY (F}
.3 & + l
‘ % TRIP AREA
N $
yd <
WITH MATCHED{ TRANSFORERS / Q’
NORMAL LOAD AND{THRU FAULT—\ - -
CURRENTSFAL L ALONGLTHIS LIN ~ « R -—
1
NC TRIP AREA uw
pa z TRANSMISSION LINE Ll
7/ W — —_—
o + +
X IFPLOTTED CURRENTSFALL IN ¥
THESEDAREAS ONLY ONE RELAY TRIPS 2 + + CURRENTS = THRUFAULT
N\ N N N \J x ! + — CURRENTS = INTERNAL FAULT
F N

Fig@3—Typical Operating Characteristics on Phase A to Ground Faults With Curren!s Thru the Two Terminals 30° Out of
Phase. Maximum Restraint With Insulating Transformers and 2000 Ohm Pilot Wires. Taps T = 4. R: =.1. Rv = 1.6.
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pllot
currents are fed to an internal fault thru the
line For further discussion, see
section entitled, "Settings".

Rectox Units

wire 1s open or when equal amounts of

terminals.

The secondary of the saturating transformer

feeds the two rectox units, the 1nsulating

transformer, and the w»lilot wlre, as shown
schematically 1n Figure 9. The rectox units
are used to convert the a-c output of the

saturating transformer to d-c for use un 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
shaped magnetic

element consists of a rectangular
frame, an electromagnet, a
with a
poles of the
side

of the magnetlic frame. Flux from the permanent

permanent magnet, and an armature
double set of

permanent magnet clamp directly to each

contacts. The

magnet divides 1nto two paths, one path across
the alr gap at the front of the element in
which the 1s located, the other a-
two gaps at the base of the frame./ Two

armature
cross
ad justable shunts are located acro§s the rear
alr gaps. These change the reluctanceqef “the
magnetlc path so as to force somefof the  flux
which 18” fastened to
the leaf spring and attached t@ the,frame mid-
Flux 1in
andjcreates a mag-

causling 1t tétmove towards one or

thru the moving armature
way Dbetween the two rearValr\gapse

the armature polarizes 1t

netlc ©bilas
the other of the poles,{depending upon the ad-
justment of the

maggetic 'shunts. Two con-

centric colls are placed Jaround the armature

and wilthin the magfétic frame. The colls are
connected 1nopposition with one used as a re-
and the other
The restralning winding
up a magnetlic #fleld, which, 1n
with the fleld #from the permanent magnet holds
the contact 1in the normal open position. The
field

con-

stralining winding as an oper-

ating winding. sets

conjunction

operating winding produces a magnetilc
which acts™ to
tact
winding 1s

move the armature 1n the

closing direction. The restralning

tapped and the leads are brought

out ) to taps at the upper left of the relay.

The left hand position of the test link 1s the

minimum restraint connection, and the right

hand position 1s the maximum restralnt gEonneeg-
tion.

The moving contacts are fastened on the) free
end of the leaf spring. Two statlonarys con-
mounted to the left (front
of the moving contact assembly and are

tact screws are
view)
adjusted for normally open contacts.

Insulating Transformer

The 1nsulating transformé¥ 1s connected as
andjserves to 1lsolate the
This
avolds interconnectlon of statlion grounds that

shown 1n Filgure O

terminal equipment from the pilot wire.

may have large@diffierences of potentials
between themgd The“mid-taps of the parallel-
wound secondary windings are brought out

separatelympto “\provide a means of connecting

supervisory/ relays symmetrically within the

pllot wire (edrcuit. When auxiliary super-
visoryGrelays are not used, these mid-taps are
toy beeonnected together and may be grounded
to drain the voltages induced along the length
of ‘Gthe pllot wilres when these voltages ap-
proach the voltage 1imit of the cable. This

1s¥d1iscussed further under Pllot Wire below.
The transformers have a 4/1 ratio and are

Insulated for 5000 volts.

Pilot Wire

One vpalr of pllot wires

secondarles of the insulating transformers 1s

connectlng the

requlred to provide a continuous circuilt be-
tween the relays. For the pllot wilres a lead-
covered twlisted palr of No. 19 wire or larger
1s recommended, however, open wires may be
The followlng polnts should be

sldered 1n selecting pillot wire circuilts.

used. con-

1. The total circuit
neutralizing

resistance (including

reactors when used) between

terminals of the Type HCB relays exclusive of
the insulating transformers and expressed 1in
terms of the pllot wire voltage must not ex-
ceed 2000 ohms for two terminal lines (SOO

ohms per wye branch for three terminal lines).

2. The shunt
should not

wire terminal for

capaclty Dbetween pilot wires
exceed 0.75 microfarad per pilot

(0.60
lines).

In cases where this value 1s exceeded, compen-

two terminal lines

mfd. per 1leg. for three terminal

sating reactors will be required to reduce the

3
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PILOT WIRE RESISTANCE=0 OHMS
TAPS: T= 4, Ri=.l,Roxl.6 . .
MINIMUM RESTRAINT TAP EEES
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POSITIVE SEQUENCE AMPERES (60 CvCLEY) IN BOTH RELAYS

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

shunt currents which tend to desensitize the

relay.

3. The difference 1n the longitudinal ins

duced voltage which appears between wilges

should not excecd 15 volts total (7.5
per relay).

velts

4. The induced voltage
curs on

to ground whiehfoc=
the pllot wires during maximum fault
conditions should not exceed thedrating off the
pilot wires or insulating transfermers. The
insulated for 5000 volts. In
the pllot wires will<ibe, insualated for

4 much lower voltage.

transformers arc
general,

Induced voltages and@@ifferences between
station ground potentials which appcar along
the pllot wire map becQmedueed to safe 1limits

by the followling meamns:

a. Excesslve voltages can be reduced by

grounding the mid-taps of the insulating
transformers and allowlng current to
pllot

the voltege

clreulate over the wires to

ground,. However, between

pillet “Wilres must not exceed 15 volts.

p,. ‘For more sericus inductiocon twe winding

neutralizing reactors c¢an be used te

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.

dTmdt “fhe voltages. 1In cases where the
sheath current may be sufficient to
calise damage the sheath must be in-

sWilated from ground and three winding
neutralizing reactors should be used.
Reactors are avallable for 1000 and

2000 volt neutralization.

c. Another method conslsts of connecting a

sultable two winding dralnage reactor
and a protector tube, such as the type
KX642, to the pllot wires at sultable
polnts. The arrangement 1s such that
when the tube flashes because of high
extraneous voltages, both wires are

connected to ground, through the reactor
and the tube.
1s low, but the 1mpedance between
1s kept high to avold 1nterfering
the operation of the HCB relays.

The 1mpedance to ground
wlres

with

OPERATION

The HCB pllot wire relay operates as a per-
differential when the fault
currents are small, and has essentlally direc-

centage device

tional characteristics, comparing the direc-

tion of current flow at the terminals of the
protected section when the fault currents are
large.
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The voltage appearing across the secondary
of the
agalnst a simllar voltage at the opposite end
of the protected line thru the re-

straint winding of each relay, the insulating

saturating transformer 1s balanced

section,
transtormers and the pllot wires, as shown in

On external faults, a flow of fault
power thru the protected line section,

Figure 9.
pro-
duces voltages across the secondaries of the
saturating transformers which are essentially
equal and 1n series. These voltages act to
clirculate current thru the restralning coll of
relay which 1s connected 1n serles with
Under this

ating colls connected across the

each
pllot wire. condition the oper-
pllot wires
do not recelve sufficlent current to overcome
the restraint and so tripping does not occur.
For 1nternal faults wilth equal feed-in from
the terminals, the voltages across the satu-
This

results 1in all of the current flowing thru the

rating transformers are in opposition.

restralning and operating colls 1n serlies and
none thru the pllot wires. The relays at the
condi#
of) the

protected

ends of the sectlon operate under this
tion to
breakers

glve simultaneous tripping
at the terminals of the
section.

The 1mpedance of the fillter gandjthe
ating coll can be adjusted so that th€ sum of
the minimum trip currents from all
when fed in from only one terminal, 1s suffic-
lent to trip the relays similtaneously. This
1s affected somewhat by 4ery low or very high

oper-

terminals,

pllot wire 1mpedance,,sinee 1n this case en-
ergy to trip any terminalyfiot supplying

rent to

cur-

the faulty, must be carried over the

pllot wire. Congequentl®y, settings are based
on total fault current fed in from all termil-
nals disregardinggethe current distribution
from thefterminals.

If the pllot wire becomes open circuilted,
all of the “‘current 1n the restraining coil
wlll also flow thru the operating coll. While

thls condition exists the relay operates as an
overcurrent device and will trip on &ll faults
andtalso on heavy loads greater than the re-
pllot

short

short circult on the
since 1t
operating winding of the relay.

bay sctting. A
wires will
clircults the

prevent tripping,

1f the short circult on the pilot
placed that 1t 1s 1000y orymore
pllot wire ohms from one of the(two Pelays,
then that relay willl not be blocked.

However,
wire 1s so

The current and voltage 1mpressged on the
pllot wire do not exceed 100 milliamperes and
60 volts.
pllot wire current 1sWsuch,that telephone 1n-
terference 1s withinghe Timits allowed by the

This permits the use

The wave form and“magnitude of the

Bell Telephone Companyk °

of 1leased telephoehel\,ldnes as a pillot wire

channel.

SUPERVISION

A faultedy wirefpllot mentioned above may be
detected by the, milliammeter and test switch
(supplidd /with the relay) or by continuously-
operated [(supervisory relays supplied as extra

equipment.

Theypcondition of the pllot wire under normal

loady, conditions may be determined by reading
the opllot wire current by means of the teat
swltch and milliammeter.

A comparison of the readings obtalned with

the typlcal values of Flgures 4 & 5 will in-
dicate the condition of the pilot wire. It
should be noted that, when the far relay cur-
short
clirculted, and the far relay 1s shunted by the
of the

of the near relay 1lnsulating trans-

rent 1s belng read, the near relay 1is

resistance pillot wires plus the im-
pedance
formers.

Iy

S

RELAY OUTRUT IN MILLIAMPERES

: BiE ,,n.,ﬂf ol
i S e
[} | 2 3 4 5
POSITIVE SEQUENCE AMPERES INPUT

Fig. 6—Typical Curve of Relay Output vs. Positive Sequence
Amperes Input.
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Fig. 3—External Connections of the Type HCB Relay in the Standard Case For Phase and Ground Protection of A Two

Terminal Line.

Figure 6 shows typlcal values for relay out-
put current vs. positive seQuence Input cur-
this test, “the insulating
1s short circullted on the
slde so thaththe milliammeter 1s con-
directly

terminals.

rent. For

transformer low
voltage
the relay output

nected across

CHARACTERISTICS

Typlcaldoveralll operating characteristics of
the reldy aré illustrated in Figures 7 and 8.
The general shape of these curves 1is similar
for other typés of faults, relay settings, and
and

pllot wire lengths. The ampere absclssa

ordlnate gscales may be Interpolated to show
for other con-

of the

the operating characteristics
ditlons and tap

f'0llowing equation:

settings by the use

o o
= 2.39
Ian - T {QIaIRl-" Iao (Rl + BRO)} (1)

where I, 1s the value to read on the curve
(Figures 7 and 8).

For example, assume relay tap settings of
T =6, Ry= .1, Ry = .68, and also assume that
for which

relay components are as follows:

a phase b to ground fault occurs,

the "near"

L1 = 10 + jo (2)
g 2

Ioo = 92 (Ial) (3)

In equation (3), the factor .9 was arbi-
trarily used as a reminder that the distribu-
tilon factors for positive and zero sequence
components are not necessarily equal for any
glven system. Also, the operator a? signifies

o
that I, 1s 240° leading Ial for a phase b to

ground fault, neglecting dissimillarities in
First substituting the
particular condition of equation (3)
tion (1) glves

2
Tan =&%ilal{2ﬂl + .9a" (R; + 3Rq )} (4)

1

the sequence networks.
in equa-
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Substituting values for the several taps 1n
(4) glves

2x .14 .9 (-.5-3.866)

I an =“gg'zilal
(-1 + 3 x .68) (5)

H
[

= .392 Ial{-.763—11.67} (6)

I, =1, 718 |245,4° (7)

Substituting the
glven by equatlon (2) results in

numberical value for Ial
a numerical

value for I, of
1 an= .718 x 10 = 7.18 amperes.

This
the typlcal values chosen for the taps Rl’ R
and T at the particular phase b to ground
fault values 1ndicated by equations (2) and
(3). It should be noted that the total phase

b current to

183 the value to read on the curve for

o’

the "near" relay 1is Iy = Iy +

Ib2 + Ibo = 29 amperes, assuming Ib2 = Iblo

For a phase to phase fault, there 1s no zefo

sequence current, and the phase current, ILL’
is equal 1n magnitude to 73 I,;. Hence, for
phase to phase faults, equatlon (1) reduces
to:

F

v

W

- 2.35 I
I = Zo22 2
an T {

Rl-} (8)

SETTINGS

The HCB relay has threedifferént taps which
are provided to obtaln flexIbility for a wide
The taps to
application

range of appllicatlony provide

correct operation fer any given

are easlly seléeted andghave a wlde latltude.
That 1s, correct operatlon can be obtalned for
different

following dilscussion

comblnations of tap values. The
establlishes 1limits for
the varloiig tap settings under different oper-
It should be kept 1n mind
to obtaln operation on minimum

atlng conditions.
that

Internal

settings
fault
totwal eurrent that flows 1nto the section from

conditions are based on the

all terminals.

8

Poslitlve Sequence Fillter Tap

The 1lower left tap (Rl) has three avallable
.075, .10, and .15 (the .075 tap I8
actually marked .07 because of space 1limita-
tions). These taps permit compensation for
current transformers of dilfferent_ratios at
Where the
have the same ratles, thé values

taps

the various terminals. current
transformers
of R1
value of Ry = .10 1s usually pecommended ex-
of "T"
obtaln-

Where, the current trans-

should be the same ongallWmelays. A
cept where a more sensigivel setting
(described below) 1s desiredhthan is

able with Ry = .10.
formers are diffrerent at“the different terml-
nals, select the value of Ry which 1s propor-
tional to the cugrent)transformer ratios. For
example, assume a patio of 300/5 at one terml-
nal and 600/§, ‘at, another terminal. Set Ry =
.075 at &he 300/5 terminal and R} = .15 at the
600/5 jpterminal.

1/1, 2/1,%/2, and 4/3.
ratlo™ef the R, taps 1s not
necgeéssaryito

The ratlos obtalnable are

In the event that the
1 1/1 it will be
compensate for the unbalance by
calibration 25%
abovepdts normal value or by neutrallzing the
distributed of the
The same procedure applles

Inergasing the minirum trip

capacltance pllot wire.
to three termilnal
1ines.

Positive Sequence Current Tap

The upper tap (T) has values of 4, 5, 6, 8,
10, 12 and 15. Thils tap should be selected to
assure operation on minirmum lnternal 1line-to-
line prevent
tripping on load current 1f the pllot wire be-
The high-
operatlion

faults, and where possible, to

comes accldentally open circulted.
est setting of "T" that will cause
on Internal line-to-line faults 1s given by
the equatlon :

T =5.7 I R (9)

where Iyy 1s the total minimum internal
to-1line
terminals, dlvided by the number of termilnals.

line-
secondary fault current fed from all

The factor "5.7" 1s used as the operation of
the positive sequence fllter 1s such that the
relay requires 1.73 times as much current for
line-to-1line fault as on a
three phase fault. Thils means that the three-
trip setting should be 57% of the de-
sired line-to-1line current setting. Also, the

operation on a

phase
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numerlcal values of T are the pogltive sequ-
ence currents requlred@yoperate the relay
when Rj 1s set on, .10s dTherefore, to com-
pensate for the valuefef “RyFused in the form-
ula, T, must bé divdded™®»y 0.1 thereby ob-
talning the factor5.7%

Where line-to-line currents are not known,
an alternate equatlon can be used.

The alternate equation 1is:

T = (5.7) (.86) (Iz4) Ry (10)

where IBﬁis the total minimum internal three

10

phase secondary fault current fed from all
terminals divided by the number of terminals.
The factor ".86" is used as line-to-1line fault
86% of the three phase fault cur-
the negative sequence 1mpedance of

current 1s
rent when

the system equals the posltive sequence 1m-
pedance of the system.

Equation (9) and (10) give the upper limit
of "T" which must not be exceeded to obtaln
operation on the 1line-to-line faults. The
.ctual setting should always be below the
values obtalned from equation (9) or (10).

The minimum 1imits for this setting are dis-
cussed below.
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The setting
load
accldentally open clrcuilted 1s given by

of "T" which will cause opera-
tion on current 1f the pllot wires be-
come

the equation:

T = 10 Rl.I Load (11)

where "ILoad" 1s the maximum secondary full
load balanced current flowing through the

terminal.

It 1s generally desirable to select a value
of "T" which wi1ll not cause operation 1f the
pllot wires are accldentally open circuited.
A safety factor of at least 25% 1s generally
recommended to prevent such operations. That
is, "T", should be set 25% above the value ob-
talned from equation (%1) 1f the relay 1s not
load curreat with the pillot
wilres open circuilted.

to operate on

This consideration may be neglecteddif it 1s
reallized that relay operation will be, obtained
1f pillot wires are opened duringiheavy, load

currents,

Note: "T" must be set the sdme athall termi-
nals (even where different transformer

ratlos are used.)

Zero Sequence Tap

The lowergtap|\(Rg ) has taps .025, .033, .05,
.39, .51,4.680.90971.2 and 1.6. (The first
actbually marked .02 and .03 be-
The three lowest
taps are nmetfused 1n applicatlons where high
sensitivity to
They are

two taps are
cause Oofj space dimitations).
ground faults 1s required.
used on speclal applications where
rnesponse to posltive sequence current only is
required. Where such response 1s requilred, RO

is"set to equal to 1/3 Ry

Maximum sensitivity to ground faults 1s ob-

tained with Ry = 1.6.
ally recommended where
with the
terminals. Where current transformersgof 4if-
ratios are 1nstalled at the
of Rp should ,_ be selected
nearly proprotional to the
Whén the, ratio of the Rp
taps can not be made, to exactly match the
ratio of the R] taps,gppick,the ratlo to
posgiblej,and use maximum re-

This setting 18 gener-
current transformers
same ratio are 1nstalled a% all
ferent various
terminals, values
which are most
transformer ratios.
match
as closely as

straint tap.

The minimum tappto’ obtaln operation on mini-

mum ground/ faults 1s expressed by the¢ equa-
tion:
0.27
Ry = Ig (12)
Wwhere Ig is the total minimum secondary

ground fault current fed into the section from

all “terminals (taking 1nto account possible

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

It 1is recommended that "R,' be set as high
above the value obtalned from equation (12) as
possible keeplng the value of Ro approxlimately
transformer

proportional to the current

ratios.
Restralnt Tap

The restralint coll has a tap which permits
the entlre coll or part of 1t to be used. The
shipped with the restraint
tap 1link connected in the maximum restraint
position. This 1link 1s 1n the upper left hand
of the panel carrylng the polar ele-
The 1link 1s connected to the left for

restraint, and to the right for maxi-
mum restraint. should be
used with pllot wires of 1500 to 2000 ohms.

relay 1s normally

corner
ment .

minimum
Maximum restraint

Example of Relay Settings

terminal 1line with current
transformers rated 400/5 at station 1 and
300/5 at station 2. Also assume that full
load 300 amperes, and on minimum

11

Assume a two

current 1s
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Internal phase-to-phase faults 2000 amperes

feed Into the fault from station 1 and 1000
amperes from station 2. Further assume that
on minimum internal ground faults, 400 am-
peres feed 1nto the fault from station 1 and
none from statlon 2.

Positlve Sequence Fllter Tgp

Set Rl proportional to the transformer
ratio. R; at station 1 = 0.10, R1 at station
2 = 0.075.

Positive Sequence Current Tap

From equation (9)

_ 5.7 x 3000 x 5 x .1
400 x 2

T

= 10.7

or

T = 5.7 x 3000 x 5 x .075 _ 10.7
300 x 2

Thils represents the highest permissable
setting. The setting which  will cause
tripping on load currert 1f the pllot wire beA
comes accldentally open clrculted 1s gilvengby
equation (11).

_ 10 x .1 x 300 x 5

T = 3.
400 3.75
or
10 x 0. 00
T _ x 0.75 x 300 5 - 3.75

300
Select T at both stations = 6.

Zero Sequence Tap

The minirum tapdwhich will cause tripping to
minimum internalfyground/’faults 1s glven by
equation (12).

0.2 x 6 x 400

Ry, = ——————— = .48 at station 1
200 x 5
0.2 6. x 300
Ry = 0.2 x QX 300 _ .36 at station 2
200305

Select) R "ap station 1 = 1.6
And RO at station 2 1.2

12

RELAYS IN TYPE FT CASE

The type FT cases are dust-proof enclosunes
combining relay elements and knife-blade tes®
swltches 1n the same case. This combinatior
provides a compact flexlble assembly easy toc
malntaln, Inspect, test and adjust. There are
three maln units of the type FT/casens the
case, cover and chassls. The case “1s an all
welded steel housing contalning, thephinge half
of the knife-blade test swltches, and the
terminals for external conpegctlions. The cover
1s a drawn steel frame withja clear window
which fits over the front“ef the case with the
swltches closed. Thefchagsis 1s a frame that
supports the relay elements and the contact
jaw half of the tgst iswitches. Thils slides in
and out ofdthe’casel The electrical con-
nectlons betweenjthe“base and chassls are com-
pleted threugh the “¢losed knife-blades.

Removing €hagsls

To remove “the chasslis, first remove the
cover, byl unscrewing the captive nuts at the
corneprs. »pThls exposes the relay elements and
all (the test switches for inspection and
testing. The next step 1s to open the test
switches. Always open the elongated red
handle switches first before any of the black
handle switches or the cam action 1latches.
This opens the trip circult to prevent ac-
cldental trip out. Then open all the re-
maining swiltches. The order of opening the
remalning switches 1s not lmportant. In open-
ing the test switches they should be moved all
the way back agalnst the stops. With all the
switches fully opened, grasp the two cam
actlon latch arms and pull outward. Thls re-
leases the chassls from the case. Uslng the
latch arms as handles, pull the chassils out of
the case. The chassis can be set on a test
bench 1n a normal upright positlion as well as
on 1ts top, back or sides for easy inspection,
malntenance and test.

After removing the chassls a duplicate
chassls may be 1nserted in the case or the
blade portion of the switches can be closed
and the cover put 1n place without the
chassis. The chassls operated shorting
switch located behind the short circulting

e

A
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test swltch prevents open circuiting that cir-
cult when the short test
switches are closed.

circulting type

When the 1s to be put back 1in the
case, the above procedure 1s to be followed in
the reversed order. The elongated red handle
switch should not be closed untll after the
chassls has been latched 1n place and all of
the black handle swiltches closed.

chassis

Electrical Circults

the base
relay elements in the

Each termlnal in connects thru a
test switch to the
chassls as shown on the internal schematlc
The relay terminal 1s 1dentifled by
numbers marked on both the inslide and outside
of the base. The test switch positlons are
ldentifled by 1letters marked on the top and
bottom These

letters can be seen when the chassis or re-
moved from the case.

dlagrams.

surface of the moulded blocks.

The potentlal and control clrcultdsithrd the

relay are dilsconnected from the externaljcir-
cult by opening the assoclated tegtly switches.

test switch
and 'disconnects

short
that
relay

Opening the circuiting
short-circuits

one slde of the

circult
coll but)|jleaves the

other slde of the coll conneeteéd to the ex-
ternal circult thru the current test jack
jaws. Thils circult can be dsolated by 1lnsert-

ing the current testmplugyl{without external
connections) by insérting) the ten circuit test
plug, or by 1lnsexrtingpal plece of 1insulating
materlal approXimately 1/32% thick into the
Both switches of the
open

current test{jack jaws.
current Jtest sSwltch palr nmust be
when uging fhe current test plug or 1nsulating
materlal In thds manner to short-circuilt the

current transformer secondary.

A coveryoperated switch can be supplied with
1ts, contacts wilred 1n serles with the trip
This switch opens the trip circuilt
This swltch can be
exlsting type FT cases at any

circult.
when the cover 1s removed.
added to the
time.

Testing

The relays can be tested 1n service, in the
case but with the external circults d8olated

or out of the case as follows:

Testing In Service

The ammeter test plugypcan ,be inserted 1in the

current test jaws afiter‘opening the knife-
blade switch to check the current thru the
relay. This plug, conslsts of two conducting
strips separated bylan insulating strip. The

ammeter 1s connected({ to these strips by termi-
nal screws (and ‘Bhe leads are carrled out thru
holes 1n the“back of the 1nsulated handle.

the potential circults can
be measured convenlently by clamping #2 clip
the projecting clip lead lug on the

Voltages between

leads \on
contact“jaw.

Testing In Case

With all
the ten circult test plug can be 1nserted 1n

blades 1n the full open posiltion,

This
to a set of binding posts and

the contact jaws. connects the relay

elements com~
pletely 1solates the relay clrcults from the
external connectlons by means of an insulating
barrier on the plug. The external test clr-
connected to these blndling posts.
The plug 1s 1nserted in the bottom test jaws
with the binding posts up and 1h the top test

swltch jaws with the bindlng posts down.

cults are

The external test
the relay elements by #2 test clip leads in-

circults may be made to

stead of the test plug. When connecting an
external test circult to the current
elements using clip 1leads, care should be

taken to see that the current test jack jaws

are open so that the relay 1s completely 1so-
lated from the external clrcults. Suggested
means for 1solating this circult are outlined

above, under "Electrical Circults.”

Testing Cut of Case

With the chassis, removed from the base,

13



TYPE HCB RELAY

relay elements may be tested by using the ten
circult test plug or by #2 test clip leads as
described above. The factory callbration 1s
made with the chassis in the case and removing
the chasslis from the case wi1ll change the
callibration values by a small percentage. It
1s recommended that the relay be checked 1in
position as a flnal check on calibration.

INSTALLATION

The relays should be mounted on swiltchboard
panels or thelr equlvalent 1n a locatlon free
from dirt, molsture, excesslve vibration and
heat. Mount the relay vertically by means of
the two mounting studs for the standard cases
and the type FT projectlon case or by means of
the four mounting holes on the flange for the
semi-flush type FT case. Elther of the studs
or the mounting screws may be utilized for
grounding the relay. The electrical con-
nections may be made dlrect to the terminals
by means of screws for steel panel mounting or
to termlnal studs furnished with the relay for
ebony-asbestos or slate panel mounting. The
terminal studs may be easlly removed or in-
serted by 1locking two nuts on the studs and
then turning the proper nut with a wrench.

The relay 1s shipped with the operatlian dm-
dicator and the contactor switch connected in
parallel. This circult has a resistamce (of
approximately 0.25 ohm and 1s suiltable| for all
trip currents above 2.25 amperes d-c@, Ifgsthe
trip current 1s less than 2.25 amperesythere
1s no need for the contactorpfswitch and it
should be disconnected. To dlscennect the
coll, remove the short 1lead/ to the coil on
the front statlonary contact of, the contactor
switch. This lead should be f£astened (dead
ended) under the small fillister-head screw
located 1n the Micarta“base of the contactor
switch. The opération indicator willl operate
for trip currents abovef0.2 amperes d-c. The
resistance of 1ts coIl 1s approximately 2.8
ohms -~

ADJUSTMENTS AND MAINTENANCE

The Mproper adjustments to 1nsure correct
operatlon of thils relay have been made at the
factorys )and should not be dilsturbed after

14

recelpt by the customer. If the adjustments
have Dbeen changed, the relay taken apart for
repalrs, or 1f 1t 1s deslred to check the ad-
justments at regular malntenance periods, the
Instructlions below should be followed.

All contacts should be periodically cleaned
with a fine fille. S#1002110 fil€ 1sm, recom-
mended for thils purpose. The“ase“of abrasive
material for cleaning contacts, 1s@mot recom-
mended, because of the danger of embedding
small particles in the facg of(the soft silver
and thus lmpalring the contaect.

CAUTION 1. Make sufe that the neon lamp 1s
1n place, whenever Telay operation 1s being
checked. This 1sfrequired to 1limit distortion
in pilot wire, voltage wave.

2. When, changlng taps under load the spare
tap screwj,should be lnserted before removing

the other, tapiscrew.
Sequen¢e FIltér
Therejare no adjustments to be made 1n the

zepoO )lsequence resistor. The taps on the R;
reglstor are adjustable, however, but this 1s
a Pactory calibration which should not
ordinarily be disturbed. To check the posi-
tive sequence current filter, pass a current

I = 6.94 amperes through a palr of phase
terminals, for example, in at phase B, out of
phase C (see Figure 2) and measure the open
circult filter voltage with a high resistance
voltmeter. This may be done by removing the
positive sequence current tap screw, T, and
connecting the voltmeter across the open
circult thus formed. The voltage should be
8R1 plus or minus 5% for each of the three
phase-to-phase combinations, AB, BC, or CA.
For example, at I = 6.94 amperes and Ry= .1,
the voltage should be 0.8 volts.

Polar-Type Element

Contact AdJjustment: Adjust the 1left-hand
(front view) contacts until they Jjust make a

1ight circult, when the armature rivet touches
the left-hand pole face. Gilve both the left-
hard contact screws four to filve additional
turns, and lock in positicn with the lock nuts
provlided. Thls moves the zrmature rivet away
from the 1left-hand pole face and provides

J
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Fig. 13—Typical Curves Showing the Effect of Pilot Wires
Resistance and Capacitance on Minimum Trip Cur-
rent With Minimum Resiraint.

contact follow. Now adjust the right-hand
backstop screws until they Just gouch the
moving contacts when the moving contacts are

in the ‘contact above.
Back

lock in position.

closing positionjas

off each Dbackstop screw two tumms and

Calibration:
in the
Connect the low voltage

Connect the restralnt tap link
whieh "3t will be used.
terminals of the 1n-
the pllot' wire
Connect the

position 1n
sulating transformer 4deross

terminals of the relay. relay

taps on T = 4, Ry =47, R¥= 1.6.
o

Adjust the nplght-hand magnetic shunt 1in or
out, as requiredy until the relay Jjust closes
contactgd at 69 to 7.0 amperes phase B to
phase € cufrent. When thlis adjustment has
been madé, change the 1nput current connec-

tlons to phase A to neutral. The relay should

trip for phase A to neutral current between

.45 and 55 ampers.

The above 1s glven as a laboratory calilbra-
tién)on an individual relay with 1ts 1nsula-
ting transformer. This does into

consideratlion the characterlistics of the pllot

not take

wire clrcult between the relays.

Fig.14—Typical Curves Showing the Effect of Pilot Wire
Resistance and Capacitance on Minimum Trip Cur-
rent With Maximum Restraint.

Figures 13 and 1% show typical variations of
minimum trip current for
pllot wire cilrcults up to the limiting
of 1500 ohms for relays operating on mininum
restraint (Fig. 13) and 2000 ohms for
operating on maximum restraint (Fig. 14).

various lengths of

values

relays

For these curves, both relays are set on
taps T = 4, R} = 0.1, R, = 1.6.
orlginally calilbrated to trip on a current of
.47 amperes, phase A to neutral, with the high
side of the 1nsulatling transformer open-clr-
culted. Thils value of
in the relay filter to 4 amperes positive se-

Each relay 1s

current 1s equlvalent

quence only, with the taps as specifled .above.

Restralning Colil: The effectlveness of the
restraining coll of the relay element, and the
of the
follows,

performance Rectox unlts, may be
1f desired.
reslstor across tthe
of the

connect d-c milllammetersin

checked as Connect a

varlable non-1nductive

high voltage terminals insulating
;ransformer, and
with the
of the element, by opening these cir-
at the test 1links provided for this
These milliammeters should have low

reslistance, and

serles operating and restralning
colls
cults
purpose.

should be capable of reading

15
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in the
coll and
circuit.

order of 20 to 25 ma. in the operating

100 to 150 ma. 1n the restraining
Using T = 4, Rl = .1, Ro = 1.6, pass
A to Neutral
and 1ncrease the

10 amperes 60 cycles from phase
in the

resistance

relay, variable
across the 1insulating transformer
high voltage terminals untll the relay just
trips. This should be in the order of 1400 to
2000 ohms when maximum restraint 1s used.
Read the d-c (milliamperes) 1in the
operating and restraining coils at this point.
should

tially to the followlng equations.

current

The values obtalned conform substan-

For Minimum Restraint

Io = .12 I+ 8

For Maximum Restraint

I0= -16 IR+8

where I0 and IR are operating and restraining
coll currents, respectively, in milliamperes.
The results are subject to slight
between individual relays.

variations

The polarity of the connections to the pilet
and the correct "Phasing out" of A,_B,
C phases at the two stations may be checked by
the six tests outlined on Page 17.

wires,

Pilot Wire Current

The pllot wire
load

current which“should” flow

conditions
Figures 4 and 5. If the gfelay taps 1in use
differ from those 1ndicated'in these figures,
sultable conversion factorsmust be used. The

under normal is given in

pllot wire current willi{vdry inversely with T
and directly with Rj.

Contactor Switch

Ad just the statlonary core of the switch for
a clearance between the stationary
core Of 1/64"
This
relay up-side-down or by disconnecting the
switch“and)turning 1t wup-side-down. Then
screw up the core screw until the moving core

core and
when the switch 1s
can be done by turning the

the moving
picked up.

starts®rotating.

16

Now, back off the core screw

until the moving core stops rotating. This
indicates the points where the play 1n the
assembly 1s 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. Thils prevents the
moving core from striking and sticking to the
stationary core because of residualf magnetism.
Adjust the for'3/32" by
means of the two small nuts on _elther side of
the Micarta disc. The switch should pick up
at 2 amperes d-c. Test for sticking after 30
amperes d-c have been passedthrough the coil.

contact clearance

Operation Indicator

Adjust the indigator “to operate at 0.2 am-

pere d-c gradually applied by loosening the
two screws on)the under side of the assembly,
or backward.

springs which

and moving,the\bracket forward
If the two Qhelleal
armature are ‘Teplaced by new springs,
shouldybe weakened

reset the
they
slightly by stretching to
obtadm the, 0.2 ampere calibrati6n. The coll

resistanee 1s approximately 2.8 ohms.

ENERGY REQUIREMENTS

burden of the type HCB re-~
pillot
resistance and of the current tap used.

The volt-ampere
lay 1s practically independent of the
wire
The
anced three - phase current of 5 amperes:

followlng burdens were measured at a bal-

For tap 4 Ry .075 and Ry = .39

Phase A 1.25 volt-amperes 0°
Phase B .30 volt-amperes 285°
Phase C .90 volt-amperes 45°

For tap 4 R;

]

.15 and Ry = 1.6

Phase A 2,5 volt-amperes 120°
Phase B 4.6 volt-amperes 285°
Phase C 5.3 volt-amperes LN

The angles above are the degrees by which

the current lags 1ts respective voltage.

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

currents.
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C.T.'s C.IN 'z
Iransmission Line
AA
‘fAVA‘ 7 VY
"N" Relay /,—/fInsulating Transformers \\\\ "F" Rel.y
HCB Pilot Wires % HCB
éi "Pilot Wire Current" read with Milliammeters
] ‘~§-§‘~‘h“‘““-~ Test Switches———‘"—————‘—’—/’):""Tijf'

Note: The 1line should be carrying through load current amountingWto at least 1.5 amperes as
measured 1n the secondary of the Current Transformers. 4This test is based on the ratio
of the C.T.'s being the same at each end of the line, in Which case set the taps of both
relays to Ry = .1; Ry = 1.65 T = 4 for this test.

RELAY "N" RELAY "F"
>
2o Test Relay |Relay | "Pilot Wire Current" [ Test Rélay |Relay |"Pilot Wire Current"
B &|Switch | Current | Trip Circulating | Relay F {Switeh [(Current | Trip Circulating | Relay N
1 tiii A,B,C,N | No (1) (1) itii A,B,C,7 | No (1) (1)
2 iix A,C,B,N | No (2) (2) itx A,C,B,I | To (2) (2)
ii;; 143}
3 A, N Yes (3) (o) RRRS 0 Yes (3) (3) (%)
bbb té&é
4] fARY 0 Yes (39 (3) (¥) 4, N Yes (2) (0)
m L
5 AN No (3) (3) A,N o (3) (3)
w; ;;L+
6 A, Yes (6) $? B,C, K Yes (5)
REMARES
Lests 1 and 2 are to check Mermad positive sequence rotation of phases. The test switch con-

nections of test #2 may, ‘bemadéireadily with relays in the Flexitest case by using c¢lip leads
and insulating barriers in“Bhe ammeter test jacks. However, care should be used to avoid sc-
cidentally open~circuifing the current transformer circuits,

Tests 3 and simildte Taternal Phase A to Ground fault with single end f=sd.

Test 2 simulates ad“e@xterndl Phase 4 to Ground fault. (5)

Test simulates amy inGernal Phase A to Ground fault, with equal feed from the two ends, since

IB + Ic = ~ IA’ With kalanced load,
To, Belay
N\
1EGEND OF lNLAiBiC [t Phsse A current from
TEST SWITCH llormal Connection, ﬁ i C.T. 's te Reslay.
SYMBOLSE { + All Currents to EXAMPLE Phase B and ¢ C.T.'s
IARBC Relay. sherted to neutrsal,
To C.T. 's.

(1)fte "gilot wire current” will vary depending upon the magni‘ude ol the tarough lozd cur-
rentdand the characteristics of the pilot wire. S3ee Figures 4 DY,

(2) sinee the relay is temporarily cornected for negative sequence, Lt Yeheuld  have pract-
ically zero output in this test.

23) These readings may be "off scale" deperding upon the magnitude of the 1cad current.

4) 4The relay at this stetion should reset when the "far” current is being read because the
local relay will be receiving nc current from elther the pilot wire or the current
transformers,

(5) Test 4 and 5 can be repezted using phase B tc neutral current, ani agein with pnase 9]

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

(6) Some pilot wire current will be read, depending upon the magnitude of the distributed
capacity of the pilct wire in combination with the magnetizing imredance of the in-
sulating transformer.
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INSTRUGTION
PLATE
X2 Xl
POLARITY
1 MARKS
q‘ d} _$_ H4 H3 H2 Hi
7
6§ —

CLAMP T.YPE TERMINAL

3 ! { ’FOR™4 WIRE MAXIMUM
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Fig. 15-—Outline and, Drilling Plan of the Insulating Transformer. For Reference Only. !
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Fig. 16:—Outline and Drilling Plan of the Projection Type

Fig. 17—Outline and Drilling Plan of the Semi-flush Type
Test Milliammeter. For Reference Only.

Test Milliammeter. For Reference Only.
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250 DIA.HOLE
(ZHoLeSY

-t

g
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|
S
!
Lo

-190-32 THD.

Fig. 18 -Outline of the Test Milliammeter Auxiliary Transformer. For Reference Only.
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I

15 1. PANEL - s*hagi627

A
E TKIPANEL - s*1491628 NAMEPLAT|E ENGRAVING,

SWITCH POSITION TABULATION
POSITION
CONTAC e M]REM. INORMINORMJCIRC]CIRC. | LOCAL [LOCAL
P.O. P.o. P.O. P.0.
7-8 | % [ X X 3
9-10 X | X % x
Ww-12 | X x K X X X
15-14 | X x X b$
15-16 x X X X
XDENOTES CONTACTS CLOSED SPRING RETURN

MODERN PISTOL RANDLE

Fig. 19—Outline and Drilling Plan of the Type W Test Switch. For Reference Only.
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R ]

o

USE SCREWS
J— FOR THIN PANELS

ofe
o .
USE STUD'S
FOR THICK PANELS
2 oiapriLl 5 DIADRILL  OPENINGS FOR
FOR THICK 32 Zhioles) THIN PANEL 190-32 TERM SCREW & STUPS 5
PANFLS MOUNTING 420 MOUNTING SCREW 28
& STUDS 22

Fig. 20- Outline and Drilling Plan For the Projection Type Standard Case. Seelthe Internal Schematics For The Terminals
Supplied. For Reference Only.
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Fig.212:Qutline 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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INSTALLATION

I.L. 41-658K
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE HCB PILOT WIRE RELAY

CAUTION Before putting protective
into service, remove all blocking which may

relays

have been 1inserted for the purpose of securing
the parts during shipment, make sure that all
moving parts operate freely, lnspect the con-
tacts to see that they are clean and close
properly, and operate the relay to check the
settings and electrical connectilons.

APPLICATION

The type HCB relay 1s a high speed pllot
wire relay designed for the complete phase and
ground protection of two and three terminal
transmission 1lines. Simultaneous tripping off
the relay at each terminal 1s obtaimned in
about 1/60 of a second for all faultst A
complete 1nstallation for a two términal line
consists of two relays, two 1lnsulatingy trans-
formers, and an interconnectingl pillot" wire
circuit. For a three terminal 1ine, three
relays, three insulating transformers, and a
wye-connected pillot wire ¢ircult wdth branches
of equal 1mpedances are requlred.

CONSTRUCTION

The relay consistst(of a combination positive
and zero phasefseguence filter, a saturating
auxlliary tkansformer, two rectox units, a
polar typé relay unit, and a neon lamp all
mounted An a/single case. The external equip-
ment norma&lly supplied with the relay consists
of an 1nsulating transformer, a milliammeter
and test switch. The construction of these
componentg, 1s as follows:

Sequence Filter

The currents from the current transformer
secondarles are passed thru a fllter con-
sisting of a three wilnding 1ron core reactor
and two resistors. The secondary of the three

SUPERSEDES L. 41-658J

¥ Denotes change from superseded issue.

winding reactor and jthe, resistors are tapped
to obtain settimgs (\for various fault con-
ditions. The outputhof this filter provides a
voltage across the primary of the saturating
transformer( proportional to the positive
sequence current plus a constant times the
zero sequence current. Thils comblnation 1s
seléeted fas) the discriminating function
becauselit™can be adjusted to have definite
values) lylng 1n 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
dlals provide the adjustment of the relative
amounts of positive and zero sequence currents
that are combined to produce the required
discriminating voltage. The right-hand lower
tap dial (front view) adjusts the sensitivity
to ground fault currents. The left-hand lower
tap dlal adjusts the positive phase sequence
sensitivity when the ratio of the
transformers at the terminals of the line are

current

not equal.

Saturating Auxiliary Transformer

The voltage from the fillter 1s fed into the
tapped primary (upper tap plate) of a  small
saturating transformer. This transformer 1«
used to 1imit the voltage impressed on the
pllot wire, and to provide a small range of
voltage for a large variatlion of maximum to
minimum fault currents. Thus, high operating
energy 1s obtalned for very light faults and
faults.
changes

limited operating energy for heavy
The relay operating characteristic
from percentage differential at 1low current
values to approximately directional charac-
teristics at high current values.

The upper tap plate changes the out-put of

the saturating transformer, and 1s marked in
amperes requlred to operate the relay when the

EFFECTIVE FEBRUARY 1954
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OPERATION
INDICATOR \\((
Ao - Hea 10
HCB
L7 1 S ]' O

CONTACTOR <
switen ]

POLARIZED ELEMENT
FOR TRIP CURRENTS OPERATING COII.
LESS THAN 2.25
AMPERES DC. DiS-~
CONNECT AND DEAD

END THIS LEAD. HCB'
o

TEST LINKS

FULL WAVE
RECTIFIERS

POLARIZED ELEMENT

RESTRAINING COIL I~ NEON LAMP

FHASE A SATURATING
TRANSFORMER
PHASE C PHASE B
3 WINDING NEUTRAL

MUTUAL REACTOR .| ‘
|
|
/

REAR VIEW

Fig. l—Internal Schematic of the Type HCB Relay in the Standard Case.

INTERNAL SCHEMATIE
TOP TEST SWITCH

[ O O -1 70 Base TErms

‘ & fTO RELAY

OPEPATION.
>( TEST SWITCH
A

INDICATOR
COVER OPERATED

SWITCH WHEN USED | HEB
cowracroe & ,_:T—_*@
SwircH s AL
Foe TeIF L5 !
CURRENTS LESS
THAN 2.25 AMRS,
DC,, DISCONNECT
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B
GROUND 1
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Fig. 2—Internal Schematic of the Type HCB Relay in the Type FT Case.
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L. 41.658K

’

pllot wire
currents are fed to an 1lnternal fault thru the
line terminals. For further discussion, see
section entitled, "Settings".

Rectox Units

1s open or when equal amounts of

The secondary of the saturating transformer

feeds the two rectox unlts, the 1nsulating
transformer, and the w»ilot wilre, as shown
schematically 1n Flgure 9. The rectox units

are used to convert the a-c output of the

saturating transformer to d-c for use oun 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
shaped magnetic

element consists of a rectangular
frame, an electromagnet, a
armature with a
poles of the
side

of the magnetic frame. Flux from the permanent

permanent magnet, and an
double set of
permanent magnet clamp directly to each

contacts. The

magnet divides 1into two paths, one path acrogs
the air

which the
cross

gap at the front of the element in
1s tocated, the _other a-
two gaps at the base of the firame,) Two

armature
ad justable shunts are located acrossithe rear
alr gaps. These change the reluctanee ofl) the
magnetlc path so as to force soméof the flux
which ds /fagstened to
the leaf spring and attached #06Vthepframe mid-
Flux in

the armature polarlzes 1t_“and “€éPeates a mag-
netlic blas causing it go move, towards one or

the other of the polesy depending upon the ad-

thru the moving armature

way between the two rear alr gaps.

justment of the magnetie, shunts. Two con-

centric colls are place@ around the armature
and wlthin the magnetdcframe. The colls are
connected 1n opposdtdon with one used as a re-
stralning windlng and the other as an oper-

ating winding.9 The restralning winding sets
field, which, 1in

with the“fleldd{ from the permanent magnet holds

up a gmagnetic conjunction

the contact™In the normal open position. The
field

con-

operating windlng produces a magnetic
which acds to
tact
winding 1is

move the armature in the

closing dircction. The restraining

tapped and the leads are brought

out to taps at the upper left of the relay.

The left hand position of the test link 1s the

minimum restraint connection, and the right

hand position 1s the maximum restraint/ connec-
tion.

The moving contacts are fastened/on the free
end of the leaf spring. Two statlomary con-
mounted to the left (front
of the moving contact assembly and are

tact screws are
view)
ad justed for normally open contacts.

Insulating Transformer

The 1neilating transformer 1s connected as
shown 1n Figure 94 and serves to 1solate the
This
avolds interconnectionwof statlion grounds that

large, differences of potentlals
thems Thé mid-taps of the parallel-

secondary ywindings

terminal equipment from the pilot wire.

may have
between
wound are brought out
separately, toyp provide a means of connecting
supervigSory relays symmetrically within the
pilotywire £ircuit. When auxililary super-
visory relays are not used, these mid-taps are
toWbe connected together and may be grounded
todraln the voltages 1nduced along the length
of, the pllot wires when these voltages ap-
proach the voltage 1imit of the cable. This

ds discussed further under Pllot Wire below.

The transformers have a 4/1 ratlo and are
Insulated for 5000 volts.

Pilot Wire

One palr of pllot wires connecting the
secondaries of the 1nsulating transformers 1is
required to provide a continuous circuit be-
tween the relays. For the pllot wires a lead-
covered twilsted palr of No. 19 wire or larger

1s recommended, however, open wilres may be
The following points should be

sldered 1n selecting pilot wire clrcuilts.

used. con-

1. The total circuit
neutralizing

resistance (1ncluding

reactors when used) between

terminals of the Type HCB relays exclusive of
the 1nsulating transformers and expressed in
terms of the pllot wire voltage must not ex-
ceed 2000 ohms for two

ohms per wye branch for three terminal lines).

terminal lines (500

2. The shunt capaclty between pilot wires
should not exceed 0.75
wire terminal for

microfarad per pllot
(0.60
lines).

In cases where this value 1s exceeded, compen-

two terminal lines

mfd. per 1leg. for three terminal

sating reactors will be required to reduce the
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Fig. 3-—Typical Test Output Vs. Input Relay Current in A
Two Terminal Line With Zero Pilot Wire Resistance.

shunt currents which tend to desenslitize the
relay.

3. The difference 1in the longitudinal 1n-
duced voltage which appears between wines
should not exceed 15 volts total (7.5 wvelts
per relay).

4., The induced voltage to ground whileh /oc-
curs on the pllot wires during maxipium fault
conditions should not exceed the @ating of) the
pllot wires or 1nsulating transformers. The
transformers are 1insulated for 5000 volts. In
general, the pllot wires will be, insulated for
a much lower voltage.

Induced voltages andmdifferences between
station ground potentlalsfwhich appear along
the pllot wire may belmedueed to safe 1limits
by the followingdmeans:

a. Excessive volBag€s can be reduced by
grounding the mid-taps of the insulating
transformers and allowing current to cir-
culate over” the pilot wires to ground.
The voitage between pilot wires must net
exceednld volts.

b. “For more serlous 1inductlion two winding

neutralizing reactors can be used te

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

1Imit The voltages. 1In cases where the
sheath current may be sufficient to
calise damage the sheath must be in-
sWlated from ground and three winding
fleutralizing reactors should be used.
Reactors are avallable for 1000 and
2000 volt neutralization.

c. Another method consists of connecting a
sultable two winding dralnage reactor
and a protector tube, such as the type
KX642, to the pillot wires at suiltable
points. The arrangement 1s such that
when the tube flashes because of high
extraneous voltages, both wires are
connected to ground, through the reactor
and the tube. The 1mpedance to ground
1s low, but the 1mpedance between wilres
1s kept high to avold 1interfering with
the operation of the HCB relays.

OPERATION

The HCB pllot wire relay operates as a per-
centage differentlal device when the fault
carrents are small, and has essentlally direc-
tional characteristics, comparing the direc-
tlon of current flow at the terminals of the
protected sectlion when the fault currents are
large.

iy
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The voltage appearling across the secondary
of the saturating transformer 1s balanced
agalnst a simllar voltage at the opposite end

of the protected lilne thru the re-
straint winding of each relay, the 1nsulating

section,
transtormers and the pllot wires, as shown 1in
Figure 9. On external faults, a flow of fault
thru the protected 1line section,

power pro-

duces voltages across the secondarles of the
saturating transformers which are essentlally
equal and 1n serles. These voltages act to
circulate current thru the restraining coll of
relay which 1s connected 1n serles with
Under this

ating colls connected across the

each
pllot wire. condition the oper-
pllot wires
do not recelve sufficlent current to overcome

the restraint and so tripplng does not occur.

For 1nternal faults with equal feed-in from
the voltages across the satu-
rating transformers are in opposition. This
results in all of the current flowlng thru the

the terminals,

restralning and operating colls in series and
The relays at gthe

condd -
off the
pnotected

none thru the pllot wires.
ends of the sectlon operate under thig
tlon to
breakers at

glve simultaneous tripplng
the termlnals of the

section.

The impedance of the fllter fandjthe
coll can be adjusted so that jthe sum of
terminals,

oper-
ating
the minimum trip currents from adl
when fed in from only one,termlinal, 1s suffic-
This
1s affected somewhat, by ‘wery low or very high

lent to trip the relays @imaltaneously.

pllot wire 1mpedan€ey, since 1in thils case en-~

ergy to trip any ferminal not supplylng cur-

rent to the fault, must be carried over the

pllot wire. Cofisequently, settlngs are based
on total fault{céirrent fed in from all termi-
nals disregawrding  the current distribution
from the te®minals.

If the“Qpdlot wire becomes open clrculted,
all of the current 1n the restraining coil
will also flow thru the operating coil. While

this condition exists the rclay operates as an
overcurrent device and will trip on all faults
and“also on heavy loads grcater than the re-
pilot

short

short circuit on the
since it
operating winding of the relay.

1ay sectting. A
wires will
circuits the

prevent tripping,

1f the short circuilt on the pilot
wire 1s so placed that 1t 1s 2000 or more
pllot wire ohms from one of the,two/relays,
then that relay will not be blocked.

However,

The current and voltage 1mpregsed on the
pilot wire do not exceedgl00 milllamperes
60 volts.
pllot wire current 1s“such®that telephone 1in-
terference 1s within the Iimlits allowed by the

This permits the
lines as a pllot

and
The waveypformgand magnitude of the

Bell Telephone Company. use

of 1leased telephene

SUPERVISION

A faulte@d pilot wire mentloned above may be
detected™by the switch
(supplled with the relay) or by continuously-

wire

channel.

milllammeter and test

operated ysupervisory relays suppllied as extra

equipment).

The®eondition of the pllot wire under normal

loady conditions may be determined by reading
thé  pillot wire current by means of the teat
switch and milliammeter.

A comparlson of the readings obtalned with

the typlcal values of Figures 4 & 5 will in-
dicate the condition of the pllot wire. It
should be noted that, when the far relay cur-
rent 1s short
circuited, and the far relay 1s shunted by the
of the

of the near relay insulating trans-

belng read, the near relay is
reslstance pllot wires plus the im-
pedance
formers.

RELAY OUTRUT IN MILLIAMPERES

IF e
LT L TOTET

4
POSITIVE SEQUENCE AMPERES INPUT

- Curve 282585 -

Fig. 5—Typical Curve of Relay Output vs. Positive Sequence
Amperes Input.
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Fig. 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 typlcal valuesgfor relay out-
put
rent.

current vs.
For

positive sequence input cur-

this testg, “the
1s short clirculted
side so that@Qthe milliammeter 1s con-
directly

insulating

transformer on the low
voltage
nected across

the relay output

terminals.

CHARACTERISTICS

Typicald overall}, operating characteristics of
the reldy are illustrated in Figures 7 and 8.
The general shape of these curves is similar
for other types of faults, relay settings, and
pillot wire lengths. The ampere absclssa and

ordinate §yscales may be 1nterpolated to show
for other con-

of the

the operating characteristics
ddtlons and tap

f'9llowing equation:

settings by the use

N o (-] .;
Ion _Jigﬂi{izIalRl + I, (R1 + ;Ro)} (1)

where I,, 1s the value to read on the curve

(Figures 7 and 8).

For example, assume relay tap settings of

T = 6, Ry= .1, R, = .68, and also assume that

a phase b to ground fault occurs, for which
the "near" relay components are as follows:

I, = 10+ jo (2)

Igo = .9a2(131) (3)

In equation (3), the factor .9 was arbi-

trarily used as a reminder that the distribu-

tion factors for positive and zero sequence

components are not necessarily equal for any

glven system. Also, the operator a?
that I, 1s 240° leading I

al
ground fault, neglecting dilssimillarities in
First substituting the
particular condition of equation (3)
tion (1) gives

2
Ty, = 2;%2_131-{2R1 + .9a (Ry + 3R, )} (%)

signifies

for a phase b to

the sequence networks.

in equa-
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Substituting values for the several taps 1in
(%) glves

I an=22301I,[2x.1+ .9 (-.5-5.866)
6 (.1+ 3 x .68) (5)
I, =-392 Ial{-.763-jl.67} (6)

I, =1, .718 [245.4° (7)

Substituting the numberical value for Ial
given by equation (2) results in a numerical
value for Ig, of

I an= .718 x 10 = 7.18 amperes.

This 1s the value to read on the curve for
the typical values chosen for the taps Rl’ Ro,
and T at the particular phase b to ground
fault values 1indicated by equations (2) and
(3). It should be noted that the total phase

b current to the "near" relay is Iy = Iy +

Ib2 + Iy = 29 amperes, assuming Ib2 = Ibl’

For a phase to phase fault, there 1s no zero
sequence current, and the phase current, ILLJ
1s equal 1n magnitude to'VE'Ial. Hence, for
phase to phase faults, equation (1) reduces
to:

Ign =225 J2 1L R (8)
T -V"‘—j_

SETTINGS

The HCB relay has three_ddfferent taps which
are provided to obtain flexdbllity for a wide
range of applicatdons The' taps to provide
correct operation for any given application
are easlly selécted( and have a wide latitude.
That 1s, correct operatdon can be obtalned for
different comblnations of tap values. The
following discussion establishes limits for
the varloig tap settings under different oper-
ating conditions. It should be kept in mind
that settlngsy to obtaln operation on minimum
Internal®yfault conditlons are based on the
total current that flows into the section from
all terminals.

Positlve Sequence Fillter Tap

The 1lowér left tap (R1) has three available
taps .075, .10, and .15 (the .075 tap 1s
actually marked .07 because of space 1limita-
tions). These taps permit compensation for
current transformers of differentgratios at
the varlous terminals. Where the current
transformers have the same ratlos, theé values
of R should be the same on all relays. A
value of R; = .10 1s usually recommended ex-
cept where a more sensitive ‘setting of "T"
(described below) 1s desired than is obtain-
able with Ry = .10. WhereWthe current trans-
formers are difrerent at the different termi-
nals, select the waluejhof Ry which 1s propor-
tional to the current transformer ratios. For
example, assume, a ratio of 300/5 at one termi-
nal and 600/5\athanother terminal. Set Ry =
.075 at the 300/5 terminal and R} = .15 at the
600/5 Ierminal. The ratlos obtainable are

1/1, 2/2, 3/25 and 4/3. In the event that the
ratlio “of the R1 taps 1s not 1/1 it will be
necessary to compensate for the unbalance by
ineréasing the minirum trip calibration 25%
above™ts normal value or by neutralizing the
distributed capacitance of the pillot wire.
The same procedure appllies to three terminal
1lines.

Positive Sequence Current Tap

The upper tap (T) has values of 4, 5, 6, 8,
10, 12 and 15. This tap should be selected to
assure operation on minimum internal 1line-to-
line faults, and where possible, to prevent
tripping on load current 1if the pilot wire be-
comes accldentally open circuited. The high-
est setting of "T" that will cause operation
on 1nternal line-to-line faults 1s given by
the equation :

T =5.7 ILL R1 (9)

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

The factor "5.7" 1s used as the operation of
the positlve sequence fillter 1s such that the
relay requires 1.73 times as much current for
operation on a 1lilne-to-line fault as on a
three phase fault. Thils means that the three-
phase trip setting should be 57% of the de-
sired line-to-line current setting. Also, the
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Fig. 9- External Connections of the TypeqHCBRelay in the Type FT Case For Phase
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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. 11— External Connections of the Type HCB Relay in the Type FT Case For Phase and Ground Protection of a Two

Terminal Line With a Transformer Bank.

numerical values of T are the positive sequ-

ence currents requlred to operate the relay
when R} 1s set on .10. [ Théenrefore, to com-
pensate for the valuedef Ry used in the form-
ula, T, mst be dgdvided By 0.1 thereby ob-

taining the factof "547".

Where line-to-line currents are not known,
an alternate equation can be used.
The alternate equation 1s:
To=(5.7) (.86) (Isg) Ry (10)

where 13515 the total minimum internal three

10

phase secondary fault current fed from all
terminals divided by the number of terminals.
The factor ".86" 1s used as line-to-1line fault
current 1s 86% of the three phase fault cur-
rent when the negative sequence lmpedance of
the system equals the positive sequence 1m-

pedance of the system.

Equatlon (9) and (10) glve the upper 1limit
of "P" which must not be exceeded to obtain
operation on the 1line-to-llne faults. The
.ctual setting should always be below the
obtained from equation (9) or (10).
The minimum 1imits for thls setting are dis-

cussed below.

values

N
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The setting
load
accldentally open circulted 1s given by

of "T" which will cause opera-
tion on current 1f the pllot wires be-
come

the equation:

- 11
T=10RI_ (11)

where "ILoad" is the maximum secondary full
load balanced current flowlng through the
terminal.

It 1s generally deslrable to select a value
of "T" which wi1ll not cause operation 1f the
pllot wires are acclidentally open circulted.
A safety factor of at least 25% is
recommended to prsevent such operations.

generally
That
i1s, "T", should be set 25% above the value ob-
tained from equation (11) if the relay 1s not
load curreat with the pillot
wires open circuilted.

to operate on

This consideration may be neglected 1f it Is
reallzed that relay operation will beyobtained
1f pllot wilres are opened durlng heavyy load

currents,

Note: "T" must be set the same at) all termi-
nals (even where d9fferent transformer

ratlos are used.)

Zero Sequence Tap

The lowefjtap (R, ) has taps .025, .033, .05,
.39, .5147.68,%90, 1.2 and 1.6. (The first
actually marked .02 and .03 be-
cause offdpacedlimitations). The three lowest
taps are not used 1n applications where high
sensitivity to
They arge

two taps are

ground faults 1s required.
used on speclal applicatlons where
response to positive sequence current only 1s
required. Where such response 1s required, Ro

is set to equal to 1/3 Ry

Maximum sensitivity to ground faults 1s ob-

tained with Rp = 1.6.

ally recommended where
with the ratio are installed at all
terminals. Where current transformers of d4if-

This setting 18 gener-
current transformers
same

ratios are Installed at the varlous
of Ro shouldébe selected
most nearly proprotional to the
Whengthe) ratio of the Ro
taps can not be madefjto &xXactly match the
ratlo of the Rl tapgy pilickithe ratio to
as closely as

ferent
terminals, values
which are
transformer ratilos.
match
possible, and use maximum re-
straint tap.

The minimumgtap 6 obtaln operation on mini-

mum ground' faulis 1s expressed by th€ equa-
tion:
0.2T7
Ry = Ig (12)
where I, 1s the total minimum secondary

ground fault current fed into the section from

all , terminals (taking 1nto account possible

ground fault resistance), divided by the num-
Per of terminals, and where "T" 1s the actual
tap selected (not thg valus calculated from

equation (9) or (10).

It 1s recommended that "R.)' be set as high
above the value obtailned from equation (12) as
possible keeplng the value of RO approximately
proportional to the

current transformer

ratios.
Restraint Tap

The restralnt coll has a tap which permits
the entire coll or part of 1t to be used. The

relay 1s normally shipped with the restraint

tap 1link connected 1n the maximum restraint
position. This 1link 1s in the upper left hand
corner of the panel carrylng the polar ele-

The 1link 1s connected to the left for
minimum restralnt, and to the right for maxi-
Maximum restraint should be
used with pilot wires of 1500 to 2000 ohms.

ment .

mum restraint.

Example of Relay Settings

line with current
rated %00/5 at station 1 and
stetion 2. Also assume that full
current 1s 300 amperes, and on minimum

Assume a two terminal
transformers
300/5 at

load

11



TYPE HCB RELAY

Internal phase-to-phase faults 2000 amperes
feed Into the fault from station 1 and 1000
amperes from station 2. Further assume that
on minimum 1internal ground faults, 400 am-
peres feed 1nto the fault from station 1 and
none from station 2.

Posltive Sequence Fllter Tap

Set Rl proportional to the transformer
ratlo. Ry at station 1 = 0.10, Rl at station
2 = 0.075.

Positlve Seguence Current Tap

From equation (9)

_D.Tx 3000 x 5 x .1

T
4oo x 2

= 10.7

or

T = 5.7 x 3000 x 5 x .075 _ 10.7
300 x 2

Thils represents the highest permissable
setting. The setting which willl cause
tripping on load currert if the pillot wire be=
comes accldentally open clrculted 1s given“by
equation (11).

10 x .1 X 300 x 5

T = - 3.
400 3.75
or
T 10 x 0.075 x 300 x 5
= =3.75

300
Select T at both stations = 6.

Zero Sequence Tap

The minimum tap whie¢h wi?l cause tripping to
minimum Internal“fgfoundd faults 1s glven by
equation (12).

_ 0.2 x 6 x 400

R, = = .48 at station 1
200 x 5 :
0.2.x6 00
Ry = X 2X 90 _ 56 44 station 2
2000x%)5

Selecty R, at statlon 1 = 1.6
And R0 at station 2 1.2

12

RELAYS IN TYPE FT CASE

The type FT cases are dust~proof enclosures
combining relay elements and knife-blade test
switches 1n the same case. This combination
provides a compact flexlble assembly easydto
malntaln, 1nspect, test and adjust.gThere are
three maln units of the type FT| case: the
case, cover and chasslis. The case, 1sg@an all
welded steel housing contalning@the “hinge half
of the knife-blade test switghes¥ and the
terminals for external connections8. The cover
1s a drawn steel frameqwith \{la clear window
which fits over the front ofiythe case with the
switches closed. Thelchassls 1s a frame that
supports the relay elements and the contact
jaw half of the test/ swltches. Thils slides 1n
and out of€{ the case:. The electrical con-
nectlons between ‘the base and chassls are com-
pleted through the closed knife-blades.

RemovingiChassgds

To remove the chassls, first remove the
covgP by Qunscrewlng the captive nuts at the
corners. - Thls exposes the relay elements and
all the test switches for 1nspection and
testing. The next step 1s to open the test
switches. Always open the elongated red
handle switches first before any of the black
handle switches or the cam action latches.
This opens the trip clrcult to prevent ac-
cldental trip out. Then open all the re-
maining swiltches. The order of opening the
remalning switches 1s not important. In open-
Ing the test switches they should be moved all
the way back agalnst the stops. With all the
switches fully opened, grasp the two cam
actlion latch arms and pull outward. Thils re-
leases the chassls from the case. Uslng the
latch arms as handles, pull the chassis out of
the case. The chassls can be set on a test
bench 1n a normal upright position as well as
on 1ts tap, back or sides for easy 1nspectilon,
malntenance and test.

After removing the chassls a duplicate
chassls may be 1nserted in the case or the
blade portion of the switches can be closed
and the cover put 1n place without the
chassis. The chassls operated shorting

switch located behind the short cilrculting
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test swiltch prevents open circuiltirg that cir-
cult when the short cilrculting type test
swltches are closed.

When the 1s to be put back 1n the
case, the above procedure 1s to be followed in
the reversed order. The elongated red handle
switch should not be closed until after the
chassis has been latched in place and all of
the black handle switches closed.

chassis

Electrical Circuilts

Each terminal in the base connects thru a

test switch to the relay elements iIn the
chassis as shown on the internal schematic
diagrams. The relay terminal 1s identifled by

numbers marked on both the inside and outside
of the base. The test
identified by 1letters marked on the top and
bottom surface of the moulded blocks. These

letters can be sesen when the chassis or re-
moved from the case.

switch positions are

The potentlial and control circultsjthru the

relay are disconnected from the externalycir-
cult by opening the assoclated tést) swiltches.
test switch
circulf” "andiadisconnects
coll Dbut leaves the

short
that
relay

Opening the circulting
short-circults

one side of the

other side of the coll, eonnected to the ex-
ternal cilrcult thru the current test jack
jaws. This circult can be“dsolated by 1nsert-

ing the current tes® plug (without external
connections) by insefting the ten circult test
plug, or by insertIngfa plece of 1nsulating
material approximatiely 1/32% thick into the
Both switches of the

open

current testijackyjaws.
test
when 4sing thegeurrent test plug or insulating
material“dn this manner to short-circuit the
current transformer secondary.

current switch palr must be

A cover operated switch can be supplied with
Its contacts wired 1n seriles with the
clrcuilt. This switch opens the trip circuit
when the cover 1s removed. This switch can be
added to the existing type FT cases at any
time.

trip

Testing

The relays can be tested 1in service, /in the
case but with the external circuilts 1solated
or out of the case as follows:

Testing In Service

The ammeter test plugpcan®be inserted in the

current test jawsfafter“opening the knife-
blade swiltch to check) the current thru the
relay. This plug,con8lsts of two conducting
strips separdted byPan insulating strip. The

ammeter 1s gomnecteéd to these strips by termi-
nal screws and the leads are carried out thru
holes lngthe“back of the 1nsulated handle.

Voltages between the potential circults can
be ‘measured convenlently by clamping #2 clip
leads ), on the projecting clip lead lug on the
contact jaw.

Testing In Case

With all blades 1n the full open position,
the ten circult test plug can be 1nserted 1in

the contact jaw3. Thils connects
elements to a set of binding posts and
pletely 1solates the relay circuilts from the

external connections by means of an insulating

the relay
com-

barrier on the plug. The external test cilr-
cults are connected to these binding posts.
The plug 1s 1inserted in the bottom test jaws
with the binding posts up and ih the top test

switch jaws with the binding posts down.

The external test
the relay elements by #2 test clip leads 1n-

circuits may be made to

stead of the test plug. When connecting an
external test circult to the current
elements using clip 1leads, care should be

taken to see that the current test jack
so that the relay 1s completely 1so-
Suggested

outlined

jaws
are open
lated from the external circults.
means for 1solating thils circult are
above, under "Electrical Circuits.”

Testing Out of Case

With the chassls, removed from the base,

13
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relay elements may be tested by using the ten
circuilt test plug or by #2 test clip leads as
described above. The factory calibration 1is
made with the chassis in the case and removing
the chassis from the case will change the
callbration values by a small percentage. It
1s recommended that the relay be checked in
position as a final check on calibration.

INSTALLATION

The relays should be mounted on switchboard
panels or thelr equivalent 1n a locatlon free
from dirt, molsture, excessive vibration and
heat. Mount the relay vertically by means of
the two mounting studs for the standard cases
and the type FT projection case or by means of
the four mounting holes on the flange for the
semi-flush type FT case. Eilther of the studs
or the mounting screws may be utilized for
grounding the relay. The electrical con-
nections may be made direct to the terminals
by means of screws for steel panel mounting or
to terminal studs furnished with the relay for
ebony-asbestos or slate panel mounting. The
terminal studs may be easily removed or in-
serted by locking two nuts on the studs and
then turning the proper nut with a wrench.

The relay 1s shipped with the operation in-
dicator and the contactor switch connected V'in
parallel. This circult has a resistance of
approximately 0.25 ohm and 1s sultable for all
trip currents above 2.25 amperes d-cs &f the
trip current 1s less than 2.25 amperes, there
1s no need for the contactor Jswitchyand 1t
should be disconnected. To ddSconnect the
coll, remove the short 1lead (to the coill on
the front statlionary contactmof “thHe contactor
switch. This lead should | bé fastened (dead
ended) under the small%filistér-head screw
located 1n the Mdcarta base of the contactor
switch. The opération in@icator will operate
for trip currents above 0.2 amperes d-c. The
resistance of 1its coll 1s approximately 2.8
ohms.

ADJUSTMENTS AND MAINTENANCE

The ¢proper adjustments to 1nsure correct
operation of this relay have been made at the
factory “and should not be disturbed after

14

recelpt by the customer. If the adjustments
have ©been changed, the relay taken apart fox
repalrs, or if 1t 1s desired to check the ad=
justments at regular maintenance periods, the
Instructions below should be followed.

All contacts should be periodicallyw cleaned
with a filne file. S#1002110 £ilel 18’ recom-
mended for this purpose. The usefof @&abrasive
materlal for cleaning contactg 1s, not? recom-
mended, because of the danger/ofl “embedding
small particles in the face "of the' soft silver
and thus impairing the cofitact.

CAUTION 1. Make supe that)the neon lamp 1s
in place, whenever grelay, operation 1s belng
checked. This 1s [required to 1imit distortion
in pilot wire“voltage wave.

2. When —ehanging taps under load the spare
tap screwp Should be inserted before removing
the other tap scCrew.

Sequence \Filter
There are, no adjustments to be made in the

zero /sequence resistor. The taps on the Ry
resistor’ are adjustable, however, but thils 1s
a factory calibration which should not
ordinarily be disturbed. To check the posi-
tIve sequence current fillter, pass a current

T = 6.94 amperes through a palr of phase
terminals, for example, in at phase B, out of
phase C (see Figure 2) and measure the open
circult fillter voltage with a high resistance
voltmeter. Thils 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
8R; plus or minus 5% for each of the three
phase-to-phase combinations, AB, BC, or CA.
For example, at I = 6.94 amperes and Ry= .1,
the voltage should be 0.8 volts.

Polar-Type Element

Contact AdJustment: Adjust the 1left-hand
(front view) contacts until they Just make a

light circult, when the armature rivet touches
the left-hand pole face. Give both the left-
hand contact screws four to flve additional
turns, and lock in positicn with the lock nuts
provlided. This moves the armature rivet away
from the 1left-hand pole face and provides

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

follow. Now
until
contacts when the

contact adjust the right-hand
just ouch) the

moving contacts are

backstop screws they
moving
in the
Back

lock in position.

contact closing poslitionfas “a@bove.

off each Dbackstop screw tuwe,turns and

Calibration: Connect the pestralnt tap link
in the whieh 9Tt will be used.
Connect the low voltage of the 1in-
the pllot wire
Connect the

position 1in
terminals
sulating transformen, across

terminals of the relay. relay

taps on T = 4, Ry =471, R ¥= 1.6.
0

Adjust the
out as redqudredy unfil

right-hand magnetic shunt in cr

the relay Jjust closesg

contactsdat 69 to 7.0 amperes phase B to
phase @0 cugrent. When thils adjustment has
been made, change the iIinput current connec-

tions to phage A to neutral. The relay shculd

trip for phase A to neutral current batween

.45 and 455 ampers.

The above 1s given as a laboratory callbra-
tIén)on an 1ndividual relay with 1ts insula-
This does not take 1Into

consideratlion the characteristics of the pllot

ting transformer.

wire circult between the relays.

Fig. 18--Typical Curves Showing the Effzct of Pilot Wire
Resistance and Capacitance on Minimum Trip Cur-
rent With Maximum Restraint.

Figures 13 and 14 show typlcal varlations of
minimum trip current for various lengths of
circults up to the limiting

ohms

pllot wire values
of 1500
restraint (Fig. 13) and 2000 ohms for

operating on maximum restraint (Fig. 14).

for relays operating on minimum

relays

both rélays are set on
taps T = 4, Ry = 0.1, R, = 1.6.
originally callbrated to trip on a current of
.47 amperes, phase A to neutral, with the high
side of the 1insulating transformer open-cir-
culted. This value of
in the relay fillter to 4 amperes positive se-

For these curves,

Each relay 1is

current 1s equlvalent

quence only, with the taps as specifled above.

Restraining Coll: The effectiveness of the
restralning coll of the relay element, and the
of the
follows,

performance Rectox unlts, may be
1f desired.
reslstor across the

of the insulating

connect d-c milllammetersin

checked as Connect a

variable non-inductive
high voltage terminals
;ransformer, and
with the
of the element, by opening these cir-
at the test 1links provided for this
These millllammeters should have low

reslstance, and

serles operating and restralning
colls
cults
purpose.

shoula be capable of reading

15
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in the order of 20 to 25 ma. in the operating
colil and 100 to 150 ma.
circuilt.

in the restraining
Using T = 4, R1 = .1, R, = 1.6, pass
A to Neutral
and 1ncrease the

10 amperes 60 cycles from phase
in the

resistance

relay, variable
across the 1insulating transformer
high voltage terminals untill the relay just
trips. This should be in the order of 1400 to
2000 ohms when maximum restraint
Read the d-c (milliamperes) in the
operating and restraining colls at this point.
The values obtained should conform substan-

tially to the followlng equations.

1s used.
current

For Minimum Restraint

Io = .12 IR+ 8

For Maximum Restraint

IO='16 IR+8

where I, and Ip are operating and
coll
The results are subject to slight
between 1ndividual relays.

restraining
currents, .espectively, in milliamperes.
varlations

The polarity of the connections to the pilob
and the correct "Phasing out" of AgB,
C phases at the two statlons may be checked /by
the six tests outlined on Page 17.

wires,

Pilot Wire Current

current which should flow
conditions

The pllot wire
under normal load
Figures 4 and 5. If the [relay taps in use
differ from those 1ndicated “dn these figures,
sultable conversion fact@rs/must be used. The

1s given in

pllot wire current wWwill\vary inversely with T
and directly withdRj.

Contactor Switch

Ad just the statlonary core of the switch for
core and
when the switch 1s
can be done by turning the

a clearance between the statlonary
the moving, core of 1/64"
picked up. This
relay up-side-down or by disconnecting the
switeh and )turning 1t up-side-down. Then

screw until the moving core
Now, back off the core screw

sc@ew up the core
starts rotating.

16

until the moving This
indicates the the play in the
assembly 1s taken up, and where the

core stops rotating.
polnts where
moving
core

just separates from the statlonary core

screw. Back off the core screw approximately
one turn and lock 1n place. This prevents ghe
moving core from striking and stickimg to the
stationary core because of residual magnetism.
Adjust the for 3/32" by
means of the two small nuts onfelther side of
the Micarta disc. The switéh ghould pilck up
at 2 amperes d-c. Test fo¥ystieking after 30

amperes d-c have been passed through the coil.

contact clearance

Operation Indicator

Adjust the indicator, to operate at 0.2 am-

pere d-c gradually applied by loosening the
two screws on\thepunder side of the assembly,
and moving“the ‘bracket forward or backward.
If the Gwo “hellical springs which reset the
armaturée are ,replaced by new springs, they
slightly by stretching to

The coll

should®be weakened
obt@Inpthe?0.2 ampere callbration.
resigtance 1s approximately 2.8 ohms.

ENERGY REQUIREMENTS

The volt-ampere burden of the type HCB re-
lay 1s practically independent of the pilot
wire resistance and of the current tap wused.
The followlng burdens were measured at a bal-

anced three - phase current of 5 amperes:

For tap 4 R} = .075 and Rq = .39

Phase A 1.25 volt-amperes 0°
Phase B .30 volt-amperes 285°
Phase C .90 volt-amperes 45°

For tap 4 R; = .15 and Ry = 1.6

Phase A 2.5 volLt-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 1ts respective voltage.

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

currents.,
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C.T.'s C.TIA
A Transmission Line AA
v ¥ \ r A

"N" Relay //Insulating Transformers j "F" Rel:.y

HCB Pilot Wires HCB

ggéé "pilot Wire Current” read with Milliammeters i
\__—T———:\‘—-_~_‘\~‘*-~—_ Test Switches——~“””——’—’_ﬂ’» T

Note: The 1line should be carrying through load current amounting topat least 1.5 amperes as
measured in the secondary of the Current Transformers. This test 1s based on the ratio
of the C.T.'s being the same at each end of the line,gin which case set the taps of both
relays to Ry = .1; Ry = 1.6; T = 4 for this test.

RELAY "N" RELAY "F"

% S| Test Relay |Relay | "Pilot Wire Current" Test Relay |Relay |"Pilot Wire Current"

EH&|Switch | Current | Trip Circulating | Relay F [ISwitehg,Current | Trip Circulating [ Relay N
* {

1 ti?i A,B,C,N | No (1) (1) ii A,B,C,N | No (1) (1)
b 1B

2 | 99 A,C,B,N | No (2) (@) A,C,B,1I | No (2) (2)
m 1999

3 A, N Yes (3) (@) R 0 Yes (3) (3) (%)
L4448 tm

4| fARS 0 Yes (3) (3) (&) A,N Yes (2) (o)
igé‘e ti&&

5 A, N No (3) (3) AN No (3) (3)
s t

6 A,N Yes ) Jr B,C,N Yes (6)

REMARKS

Jests 1 and 2 are to cheek noema&l positive sequence rotation of phases. The test switch con-
nections of test #2 may beymade readily with relays in the Flexitest case by using <clip leads
and insulating barriegs in the ammeter test Jjacks. However, care should be used to avoid ac-
cldentally open-chreuiting the current transformer circults.

Tests 3 and I simulate inkernal Phase A to Ground fault with single end f=24d.

Test 5 simulates an eXternal Phase A to Ground fault, (5)
Test © simulatesféan internal Phase A to Ground fault, with equal feed from the two ends, since
IB + IC = - IA’ with ®alanced load.
TepRe ay
—\
LEGEND OF LN&A i%c L L Phase A current from
TEST SWIICH Normal Connection. t $ C.T. 's to Relay.
SYMBOLSY + All Currents to EXAMPLE Phase B and C C.T.'s
N NABGC Relay. shorted to neutral.
To C.T. 's.

(1) “The Mpilot wire current" will vary depending upon the magnitude of *he %tirough load <ur-
rent and the characteristics of the pilot wire. See Figures 4 z=nd 5i

2) Since the relay is temporarily connected for negative sequence, it shculd have pract-
ically zero output in this test.

§3) These readings may be "off scale'" depending upon the magnitude of the load current.

4}4)The relay at this stetion should reset when the "far" current is being read because  the

i

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

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

(6) Some pilect wire current will be read, depending upon the magnitude of the distributed
capacity of the pilot wire in combination with the magnetizing impedance of the in-
sulating transformer,

17
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INSTRUCTION
PLATE
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Fig. 17—Outline of the Test Milliammeter ARuxiliary Transformer. For Reference Only.
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Fig. 18—Outline and Drilling Plan of the Type W Test Switch. For Reference Only.
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Fig. 19—Outline and Drilling Plan For the Projection Type Standard Case. See thé'lnternal Schematics For The Terminals
Supplied. For Reference Only.
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Fig. 20=Outline 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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