INSTALLATION

Westinghouse I.L. 41-97144G
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

PILOT WIRE INSULATION AND PROTECTION
FOR HCB AND HCB-1 RELAYING

APPLICATION

The insulation and protection equipment shown
in Fig. 1. is used with the HCB or HCB-1 pilot wire
relay. A complete installation for one terminal of a
line consists of an insulating transformer, neutral-
izing reactor, capacitors, mutual drainage reactors
and neutralizing reactor KX642 tube.

AC Bypass Capacitor (C)

The AC bypass capacitor (C) is required only:
when DC monitoring and/or remote trip relays ane
used. Otherwise connect H2 to H3 on the insulating
transformer (refer to Fig. 1.). Use a 10 ufdfcapacitor
for 50/60 H% applications.

Exciting Capacitors (Cg)

The exciting capacitors (Cg) and ground connec-
tion are omitted when the neutralizing{reactor is not
used. Use a 1.0 ufd capacitordor$0.60 H& applica-
tions.

For an application using ‘de, monitoring remote-
trip relays without thew inSulating transformer for
HCB/HCB.1 relayingj, capacitor C should be con-
nected across thegwirésgto minimize the metallic
voltage (wire-wire yoltage) generated by the un-
unbalanced impedancesf capacitors Cg.

Mutual Drainage Reactor

The mutual /drainage reactor is applied to drain
off longitudinally induced voltages which may occur
by lightning surges (not a direct stroke) or the par-
allel assaeiation of the pilot wire with faulted power
clircuits.

The mutual drainage reactors must be applied at
more than one terminal or location to provide a path
for the drainage currents to flow.

With the mutual drainage reactor only (hence no
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*Denotes changes from superseded issue.

rise-in-statiomy ground hazard), the remote and sta-
tion groundgaredessentially equal, and the KX642
tube ground sheuld be connected to the station
ground.

By foreing equal current flow from the two wires
inte, ground, the reactor minimizes metallic voltage
(wire-te-wire voltage). The reactor cannot, however,
eliminate all metallic voltage even though the long-
itudinally induced voltages (common mode) are equal
and the currents are equal on the two wires unless
the wire resistances are identical.

Since it is not practical to make the wire re-
sistances equal, there is a limit to the amount of in-
duced voltage which can be handled without intro-
ducing the possibility of relay misoperation due to

x the generation of spurious metallic voltage. Care
must be taken to assure that the resistance un-
balance does not generate a metallic voltage greater
than 7 volts when the induced voltage is drained.
If this value cannot be obtained then use a cable
with sufficient insulation to withstand the induced
voltage stress or improve the shielding to reduce
this voltage.

Neutralizing Reactors

The neutralizing reactors are applied where the
difference between station ground and remote ground
can exceed 600 volts rms during power system faults.
This rise in station ground potential appears across
the neutralizing transformer inserted in the pilot
wire. Thus all equipment and circuitry to the left of
the neutralizing reactor terminals H2 and H4 (Fig. 1.)
are essentially at station ground. All equipment, cir-
cuits, pilot wire, sheath, etc. to the right of H1 and
H3 (Fig. 1.) are at remote ground and must be insu-
lated from station ground and operating personnel in
the station area. The shunt capacity to ground of the
pilot wire pair should be on the order of 1 ufd or
more. If not, capacitance (Cs) should be added as
shown to provide equivalent of approx. 1 ufd. total
on each wire to ground.
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TECHNICAL DATA

Insulating Transformer

General 4/1 | 6/1 | a/1 | 6/1
Specifications | Units 60 HZ 50 HZ
Exciting
Impedance 850- | 850- | 850- | 790
X1-Xo at Ohms 11250 |1250 [1250 !1030
30 V.

. 4
Approx.
Weight Lbs. 25 25 25

KX-642 Gas Tube

R .
‘: Fre- Refer-| Outline
Style r: quency Schematic| . . Refer-
g ence
50-60 . .
1575394 4/1 HZ 20D1472 | Fig.2 | F'ig.3(a)
0-60 . .
1629502 6/1 SHg 16D9583 | Fig.2 | F'ig.3(a)
Insulation | 4/1]8/1 ] 4/1 [6/1
60 Sec. Rating  |UNitS [0 HZ 50 HZ
HtoL 12 12 12 12
H to GND KV 12 12 12 12
L to GND 4 4 4 4
General 4/1 6/1 4/1 6/1
Specifications | Units 60 HZ 50 HZ
Rated
Voltage Volts | 60 | 90 | 60 | 90
H1-H2 and
H3-H4
Rated
Voltage Volts 30 30 30 30
X1-X2
L 2
Continuous
Rating MA. 12 8 2 8
H Windings
Resistance
of each Ohms 0. 20.4 | 46.5
H Winding
Continuous
Rating MA. 48 48 48 48
X Winding P
Resistance
of hms 1.7 1.7 1.7 1.7
X WIN

A.C. rms voltage break 300-500 Volts
Tube Voltage drop, D.C. 20- 30 Volts
90 Amps
40 Amps
With .
KX1642 | Refer- Outline
y, Freq. Schematic| opce Refer-
Tube & ence
Socket
. Fig.4
819A629G03| 60 Yes | 6D1260 Fig.2 (b)
815A629G01| 60 | No |6D1260 | Fig.2 (I‘;‘)g"’
815A629G03| 50 | Yes |6D1260 | Fig.2 (1‘1)1)“

Auxiliaries

949122 1 mfd exciting capacitor - 2 required Res.

50-60 H7 Neutralizing Reactor
The neutralizing reactor and mutual drainage
reactor may be used together as shown or either may
be applied separately depending on the hazards en-
countered.

The neutralizing reactor may be applied at one
terminal only if there is no rise in voltage at the
other terminals.

Neutralizing Reactor Tube KX642

The neutralizing reactor tube KX642 is recom-
mended to minimize wire to wire voltage during a
disturbance with one wire accidentally grounded.

g

<2 %



TYPE HCB AND HCB-1 RELAYING

Shield Grounding

In order to be electromagnetically effective the

1.l 4197046

Mutual Drainage Reactors

shield must be grounded at least twice to provide a Inc. )
path for the flow of demagnetizing current—the Socket| Inc. . | Refer- Outlineg
. . . Style Freq.| oy |KX642|Schematic| o;ce [Refer-
question, though, is where? Should the shield be Tube | Tube
grounded or insulated from the station mat? ube
60 ig.
881A868G03 [ /. |YeSWYesw253A180 |Fig.2 Fle.5
(a)
881A868G02 |°0/anY ig.2|Fie-5
Neutralizing Reactor, Cont. 81A868G02| /gy YesyfNo 24TATTS Fig.2 (a)
General Units | 60HZ | 50HZ
Specifications
Voltage Rating
Between Volts 500 500 < | ‘o 50
. . enera .
Windings Specifications Units HZ HZ
Voltage Rating Test Voltage
Across Winding Volts 4000 4000 Between Windings
in Parallel and Between Volts 4000 4000
Exolti Windings and
xciting i :
Impedance-both Ohms | 134,000~ | 564505 Ground-for 1 Minute
Windings in 267,000 113,500 .
Parallel at 4KV Excitation
Impedance at
Leakage 120 Volts 24,000- | 17,000-
Reactance Ohms 65 54 from H1 to H4 Ohms [48,000 | 33,000
Each Winding H2 to H3
connected together
Resistance .
of Each Winding | ©Ohms 88 88 D.C. Resistance— | o 8 8
Each Winding ’
Total Impedance Leakage Reactance
One Reactor
Adds to the Qhms 219 207 Each Winding Ohms 1.5 1.2
Pilot Wire Loop
Test Voltage One. Second
Windings to Violts 10,000 10,000 Rating— Amps 90 90
Ground Each Winding
Continubus Two Second
i 1 1
g‘gﬁ%?&%“g Ma 0 0 Rating — Amps | 22 22
& Each Winding
One Second .
Current Rating MA 50 50 Approx. Weight Lbs. 40 40
Each Winding
Saturation Point
Wpprox H1 & H3, to Volts, | 500 400
. ’ Lbs. 76 76 (Winding in Rms.
Weight Parallel)




TYPE HCB AND HCB-1 RELAYING

NEUTRALIZING
INSULATING REACTOR = MUTUAL DRAINAGE
TRANSFORMER (WHEN USED) g REACTOR
:’“' —;“_'L ;‘M '; /1. (WHEN USED)
oo ! g 00 o7, |
RELAY | HEEUR 'KX642TUB [ PAIR
EQUIPMENT i X2 , ¢ L oPTIONAL) {
| Hal ¢ M intie el
' 1 T RN =
‘‘‘‘‘ STATION —~ 777777 i
GROUND L i, REMOTE SROUND
WHEN'USED WITH
0e S WHEN REQUIRED NEUDRALIZING
MONITORING PILOT WIRE SHUNT REACTOR
AND / OR CAPACITANGE FOR
REMOTE NEUTRAL REACTOR 2 STATION GROUND
TRIP RELAY MUST BE CONNEGTED WITHOUT
TO REMOTE GROUND NEUTRALIZING
REACTOR
849-A-136

Fig. 1. External Schematic for Pilot Wire and Protective Equipdient for HCB and HCB-1 Relaying.

ductivity teo withstand the“thermal stress,

If the shield is grounded to the) power-station
mat the shield may be dapmaged) by“eurrent generated
by a rise in station-ground, potential during a power-
system fault. Unless, the shield has sufficient con-

it should

be insulated from statiompground. Note that an in-
crease in shield conduetivity does not cause a pro-
portional increaseé in ghield current due to the in-
ductance in‘“he IQep. If the shield is insulated from

station ground Cie.,

within 500 ft. of station) it is

not effectivenin reducing induced voltage in the in-

sulated seetion;

if this voltage is large a high-con-

ductivit¥y?shield which can thermally withstand the

stress of a mat ground is indicated. The

““insulated

shi@ld?’ 's€ction must be remote groundedto minimize
electric-field pickup.
Where the two stations are within about 1500 ft.
ordess of each other either a single shield ground
should be used or the shield should be tied to both
mats. In such an application it is common to inter-
connect the two mats via large power cables (in
addition to the overhead shield wires); thesereduce

the 60 Hz mat voltage difference. However,

they

have a limited effectiveness due to the cable in-
ductance.

oy
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TYPE HCB AND HCB-1 RELAYING

X2 X!
Ll-INSTRUCTION PLATE Q

CLAMP TYPE TERMINAL
FOR # 4 WIRE MAX.

I DIA MTG. HOLES

- i6
é/ 4-TOTAL

INSULATIN\@FORMER OUTLINE FOR 50 AND 60 CYCLE OPERATION

899-C-095 .

Fig. 3. Insulating Transformer Outlines for Protection Equipment for HCB and HCB-1 Relaying.
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Fig. 4. Nevutralizing Reactor outlines 50 and 60 ' HZ Operation, for Protective Equipment for HCB

and HCB-1 Relaying.
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INSTALLATION

Westinghouse |.L. 41-971.36
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE HCB-1 PILOT WIRE RELAY SYSTEM

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

APPLICATION

The type HCB-1 relay is a high speed pilot wire
relay designed for the complete phase and ground
protection of two and three terminal transmission
lines. Simultaneous tripping of the relay at each ter-
minal is obtained in about 20 milliseconds for all
faults. A complete installation for a two terminal
line consists of two relays, two insulating trans-
formers, and an interconnecting pilot wirefcircuit.
For a three terminal line, three relays, three insul-
ating transformers, and a wye-connectedypilotywire
circuit with branches of equal series resistance are
required.

The HCB-1 and HCB relays aresnot ‘cempatible,
since the filter response is nof. thelsame;

CONSTRUCTION

The relay consists ,ofra “Gembination positive,
negative, and zero phase sequéence filter, a saturating
auxiliary transformer, two“fuld  wave rectifier units, a
polar unit, a Zener clipper, and an indicating con-
tactor switch (I€S);l alld{mounted in a single case.
The externdl equipment normally supplied with the
relay consists  of, an insulating transformer, a
milliameter‘and test switch.

SEQUENCE FILTER

The sequence filter consists of a three-legged
iron“eore reactor and a set of resistors designated
R1,"and Ro. The reactor has three windings; two
primary and a tapped secondary winding, wound on
the center leg of a “‘F’’ type of lamination. The
secondary taps are wired to the A, B and C tap con-

SUPERSEDES I.L. 41-971.3F

*Denotes change from superseded issue.

nections in the frontgofathe“relay. Ro consists of
three tube resistors with taps wired to the F, G and
H tap connections imytheifront of the relay.

SATURATING,-ERANSFORMER

The outputyof the sequence filter connects to the
primary of adwo-winding saturating transformer. The
primary winding is tapped and wired to a tap block T
in the“frontwof the relay. The secondary winding is
conneeted®to the Zener clipper circuit and from a
fixed"ap to the relay coil circuits.

POQLAR UNIT

This unit consists of a rectangular-shaped mag-
netic frame, an electromagnet, a permanent magnet,
and an armature with either one or two contacts. The
poles of the cresent-shaped permanent magnet bridge
the magnetic frame. The magnetic frame consists of
three pieces joined in the rear with two brass rods
and silver solder. These non-magnetic joints rep-
resent air gaps which are bridged by two adjustable
magnetic shunts. The operating and restraint wind-
ings are concentrically wound around a magnetic
core. The armature is fastened to this core at one

end and floats in the front air gap at the other end.
The moving contact is connected to the free end of
a leaf spring.

RESTRAINT TAPS

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

INDICATING CONTACTOR SWITCH UNIT (ICS)

The d-c indicating contactor switch is a small
clapper-type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch closes, the moving contacts
bridge two stationary contacts, bypassing the main
relay contacts. Also during this operation, two fin-
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TYPE HCB-1 PILOT WIRE RELAY SYSTEM

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

The front spring, in addition to holding the tar-
get, provides restraint for the armature, and thus
controls the pick-up value of the switch.

OPERATION

The connection of the HCB-1 system of relays
to the protected transmission line shown in Fig.
10.In such a connection, the relays operate for faults
within the line terminals but not for faults external
to the protected transmission line. This is accom-
plished by comparing the relative polarities of vol-
tages at opposite ends of the transmission line by
means of a metallic pilot wire.

As shown in Figure 4, the composite sequence
filter of each HCB-1 relay receives three phase cur-
rent from the current transformers of the trans-
mission line. The composite sequence filter of the
HCB-1 converts the three-phase current input into a
single-phase voltage output, Vg, of a magnitude
which is a function of the positive, negative and
zero sequence components of fault current. This
voltage, Vp, is impressed on the primary wiring ,0f
the saturating transformer. The saturating trans<
former output voltage, Vg, is applied to the relay
coils and to the pilot wire through an insulating
transformer. The saturating transformer and alzener
clipper across its secondary winding servemto limif
the energy input to the pilot wire.

During an external fault, assuming@matehed re-
lays, the magnitude of Vg at both stationsywill be
the same. The relative polaritiesfefrthegVg voltages
will be as shown in Figure 4. Since the voltages
add, most of the current will €irculate through the
restraint coils and the pilot wirey with a minimum of
operating coil current. The relative effects of the
operating and restrainty, colldcurrents are such that
the relay is restrained.

During an internalffault, the relative Vg polar-
ities reverse. Sinee thedVg voltages now oppose
each other, most of thé current flowing in the re-
straint coils is also forced through the operating
coils with a minimum of current in the pilot wire.
This incre@se in operating current overcomes the re-
strainingpeffect and both the relays operate.

WithinWlimits, as defined in Figure 7 and under
‘“‘Characteristics,’’ all the relays will operate for an
internal\fault regardless of the fault current distri-
bution at the various stations. The nominal pickup

(total internal fault current) of the relaying system
is equal to the minimum trip of a single relay multi=
plied by the number of relays. For example,(if the
pickup of each relay, with the pilot wire open,“isg6
amperes, a two terminal line system has a nominal
pickup of 2 x 6 = 12 amperes.

PILOT WIRE EFFECTS

In Figure 4 it can be seen“that“@ short-circuited
pilot wire will short circuit the relayoperating coils.
Depending on the location offthe short, at least one
of the relays will fail to trip during an internal fault.
If the pilot wire is open circuited, almost all the re-
straint coil current will§flow [through the operating
coil, and the relay opérates®s an over-current relay
on fault currents.

Excessive pil6t, wire series impedance will ap-
proach an_ open-circuited condition and the relays
will operate‘duringgéxternal faults. Excessive pilot
wire shunt Wcapacitance will approach a short-
circuited “Gondition and the relays will not operate.
The ‘pidot ‘wire requirements are given in Table IV.

POLAR UNIT THEORY

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

Electrical flux produced by current flowing in
the operating and restraint windings of the polar
unit either adds to or subtracts from the magnetic
flux. In the case of restraint current, the flux adds
to the magnetic flux to keep the armature to the
right. On the other hand, the operating current sub-
tracts from the magnetic flux to move the armature to
the left. On an ampere turn basis, the polar unit
operates when the operating ampere turns are greater
than the restraint ampere turns plus the magnetic
restraint or bias expressed in ampere turns.

CHARACTERISTICS

The voltage, VF, impressed by the filter upon
the saturating transformer varies with the tap setting
(A, B, C) of the relay.

The sequence network in the relay is arranged
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TYPE HCB-1 PILOT WIRE RELAY SYSTEM

POLAR UNIT
REAR TERMINALS - OPERATING
COIL - FRONT TERMINALS -
RESTRAINING COIL - START
RIGHT HAND TERMINAL -
FINISH LEFT HAND TERMINAL

R. RESISTOR

T v
TAP BLOCK —» Ly

Ry TAP
BLOCK

INDICATING

CONTACTOR—L 5~ [iimmt s
SWITCH

Fig. 1. Type HCB-1 Relay Without Case (Front View).
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ZENER CLIPPER

50 OHM
RESISTOR

FORMER
RESISTOR

UPPER ADJUSTABLE
RESISTOR POINT

MIDDLE ADJUSTABLE
RESISTOR POINT

NON-ADJUSTABLE
RESISTOR POINT

DIODE
BRIDGE

Fig. 2. Type HCB-1 Relay Without Case (Rear View).
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INTERNAL SCHEMATIC

CONTACTOR- f Tt
s POLAR UNIT

ZEWER AC
CLIPPER

_ SATURATING
- TRARSFORWER

TUBE
RESISTORS

3 WINDING

FORNED
WIRE RESISTOR- —§ _Fy WTBIL REACTOR

CRASSIS OPERATED
~ SHORTING IWITER

ott:
TERWINALY 3,8.0,4 8 & -
TO DE SMPERED AT |

AT RELAY GA3E |

ot

_—RED MANBLE
— L1 - CURRENT TEST JACK

L.
3?@ o=

FRONT VIEW
A

763A628

Fig. 3. Internal Schematic of the Type HCB-1 Relay in
FT-42 Case (Double Trip Circuit). For the
Single Trip Relay the Circuits Associated with

Terminal Il are omitted.
for several possible combinations of sequence com-

ponents. For tap C the output of the netwofk@will
contain the positive, negative and zero &equence
components of the line current. In thig, case, the
taps on the upper tap plate indicate the“balaneed
three phase amperes (positive sequencépamperes)
which will pick up the relay with the fpilot wire
open.

For phase-to-phase faults, ABland ‘CA, enough
negative sequence current has4beenmintroduced to
allow the relay to pick up at 86% ofithe tap setting.
For BC faults, the relay“will “‘pick up at approxi-
mately 53% of the tap setting. J'his difference in
pick-up current for different¢phase-to-phase faults
is fundamental; and occurs because of the angles
at which the positive and negative sequence com-
ponents of currént addftogether.

In somedpplications, the maximum load current
and minimum fadlt current are too close together to
set the relayyto pick up under minimum fault current,
and not operatejunder load with the pilot wire ac-
cidentally open. For these cases, tap B is available
which cuts the three phase sensitivity in half, while
the dphase-to-phase setting is substantjally un-
changed. The relay then trips at 90% of £ap value
for9AB@and CA faults, and at twice tap value for
three-phase faults. The setting for BC faults is 65
percent of tap value.

It is possible to eliminate response to positive

sequence current entirely, and operate thefrelay on
negative-plus-zero sequence current. Tap Atis avail-
able to operate in this manner. The relay picks up
at about tap value for all phase-to-phase,faults, but
isunaffected by balanced load current or three-phase
faults.

For ground faults, separate taps ‘G and H are
available for adjustment ofgthe_ground fault sensi-
tivity to about 1/4 or4i/8%of the upper tap plate
setting. For example, if the,upper tap plate is set
at tap 4, the relay pick-upypcurrent for ground faults
can be either 1 or 1/2 ampere. It is possible to
eliminate response topzeré sequence current. Tap F
provides such an‘eperation.

The resporfiSe, of “the relay to various types of
faults are summarized in the following tables

TABLE I#~PBHASE FAULTS

Seduence Components Taps Pickup-
in‘Sequence Multiples of T
Filter®utput 3¢ |AB | BC
CA
Pos., Neg., Zero C 1 .86 | .53
Poes., Neg., Zero B 2 1.9 .65
Neg., Zero A - 11.00|1.00

TABLE II - GROUND FAULTS

Ground Fault Pickup
Comb. Lower Left Multiples of T Tap
Tap
Tap G Tap H
C .25 .12
2 B .20 .10
A .20 .10

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

VF =C1Ia1*Calaa +Colo (1
Table III shows the values of the C-constants in
Eq. (1).

TABLE III - CONSTANTS FOR EQUATION (1)

Tap Cq 02 C,
A 0 0.26 -
B ~-0.08 0.34 -
C -0.20 0.46 -
F — — 0
G - - 2.5
H — - 4.9

For tap settings of C and H, the voltage, Vg,
impressed by the filter upon the saturating trans-
former is
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Vg =-.2141 +.46 I;g +4.9 I, Volts (2)

SINGLE RELAY PICKUP (PILOT WIRE OPEN) Is

Single relay pickup, Ig, is defined as the phase
current required to operate one relay with the pilot
wire side of the insulating transformer open circuited
(H1-H4). The single relay pickup point in terms of
filter voltage is:

Vg =0.2T (Tap C)

Vp =0.16T (Tap B)

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

Vg = 0.15T (Tap A) (3)

0.2T =-0.2 T4 +.46 Iop +4.9 I, (4)

Current Ig varies with the type of fault. For ex-
ample, for a 3 phase fault, Ig = I4q, since only
positive sequence current is present. Substituting
Is = Ia1 in Eq. (4) and rearranging, the 3 phase
fault pickup is:

Ig =Ip; = ——=5—=T (3 phase fault) (5)

.2

For 4 tap:

Ig =T =4 amp. (3 phase fault)

For a phase A to ground fault, if 51 =Ip9 = Ip@Q
(Ipn2 is the phase A negative sequence current):

0.2T =-.21a1+ .46 152 * 4.9 1A0

=142 = Ia0

I -0.2T
Al " =55

But: Ig =1Ia1 +Ia2 *1a0

=3Ia1
(0.2Tx3)
So: Ig =3Ia1 = 5.2 = 0.12T ( A-G fault) (6)
ForT =4
Ig =0.5

NOMINAL PICKUP (ALL RELAYS)

The nominal pickup, Iqm, is defined as

Inom = Klg (7
where Ipom§ total internal fault current
K™='number of relays (2 or 3)
I = single-relay pickup with pilot wire
disconnected (see above)

For example, in the previous example or a phase-A-
ground fault, the single-relay pickup was determined
as Ig = 0.5 ampere for 4CH taps with the pilot wire
open. For a two-terminal line, the nominal pickupyfer
a phase-A-to-ground fault (4CH taps) is:

Inom (AtoG) =0.5=0.5x2 =1.0 amperéx

MINIMUM TRIP (ALL RELAYS)

With equal inputs to all relays and” zero pilot-
wire shunt capacitance, the gelays Wwill operate at
their nominal pick-up point. The/minimum trip points
will vary somewhat from fleminalfvalue, depending
on the pilot-wire constants and the magnitude and
phase angle of the variousWelay input currents. For
example, Figure 6 shows“he relay operating points
for a two-terminal line, assuming input current one
relay only.

An example, ofathe characteristics with various
current, distributions is shown in Figure 7. The
filter outputeweltage, Vg, of each relay, as defined
by equation¥l) must be in phase or 180 degrees out
of phiaseingorder for Figure 7 to apply.

INSULATING TRANSFORMER

Unless otherwise noted, all characteristics pre-
sented include an insulating transformer with each
relay. Two ratios are available: 4/1 and 6/1. The
high voltage side (Hi-H4 Terminals) is connected
to the pilot-wires.

PILOT-WIRE REQUIREMENTS

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

TABLE IV
Insulating Transformer Ratio
No. of
Relays 4/1 6/1
Ry, Cs Rp, Cs
2000 1.5 — —
3 500/LEG 1.8 1000/LEG 0.75

Rp, = series loop resistance in ohms.

Cg = total shunt capacitance in microfarads.
(total wire to wire capacitance)
Where the shunt capacitance exceeds the above
amount, it may be feasible in some cases to provide
shunt reactors to compensate for the excessive ca-

pacitance. The amount of capacitance which can be
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Fig. 4. Simplified External Schematic ofsthe HCB -1 Relay System.
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compensated is limited @nd variés depending upon
the magnitude of the pilot-wire distributed effect.

A shielded, twisted pilot wire pair, preferably of
#19 AWG or larger, isyreécommended; however, open
wires may b€ used ifythey are frequently transposed
in areas of expoOsureyto power circuit induction. The
voltage impressed across either insulating trans-
former (H1-H4 Terminals) as a result of induction or
a rise in station ground potential, should be less
than 7.5 volds to prevent undesired relay operation.

Eor three-terminal applications, the loop resis-
tance of all legs of the pilot wire must be balanced
within 5 percent, with variable resistors. The pilot
wire resistance to be balanced is divided by 16 and
36 for the 4 to 1 and 6 to 1 ratio insulating trans-

formers respectively, since the balancing resistors
are located on the relay side of the insulating trans-
formers.

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

a) Neutralizing reactors may be connected in
series with the pilot wire to hold the pilot wire
potential close to the remote ground potential in the
presence of a rise in station-ground potential. They
do not limit pilot-wire voltages to safe values in
the presence of a longitudinal induced voltage. When
using the neutralizing reactor, the pilot-wire sheath
should be insulated from station ground to minimize
sheath-to-pair potential in the presence of a rise in
station-ground potential. All other pairs in the cable
which are connected to station ground should also be
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protected with neutralizing reactors to minimize

pair-to-pair voltages.

b) Drainage reactors may be connected across
the pilot wire and to ground through a KX642 pro-
tector tube. The drainage reactor is particularly
effective in limiting pair-to-ground voltage in the
presence of an induced voltage. When the tube
flashes, both wires are connected to ground through
the drainage reactor windings which offer a low im-
pedance to ground but maintain a high impedancefto
an a-c voltage across the wires. Thus, the HCB41
system will operate normally even though the pro-
tector tube has flashed over. The drainage reactoriis
not intended to handle a rise in ground potentials

c) The neutralizing and drainageqreactots may
be utilized together. If the neutralizifig reactor is to
be of any value, the drainage reaetorythrough the
KX642 protector tube must be connected to remote

ground.
For information with referenceqto the insulation

and protection equipmentiyrefer‘to Il11. 41-971 .4.
TRIP CIRCUIT

The main contactstwilldsafely close 30 amperes
at 250 volts d.c., and the seal-in contacts of the
indicating contactor switch will safely carry this
current long enough tedtrip a circuit breaker.

The indicating contactor switch has two taps
that proyideWa pick-up setting of 0.2 or 2 amperes.
To change taps requires connecting the lead located
in front, of the tap block to the desired setting by
means of a screw connection.

SETTINGS

There are four settings in the relay. The cdrrect
tap setting should be determined as outlined under
‘““‘Setting Calculations’’.

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

2) Ttap- 4,5,6,17, 8, 10, and_12
3) Rytap- A, B C
4) Rotap - F, G and H

INDICATING CONTACTOR"SWITCH (ICS)

The only setting tequired on the ICS is the se-
lection of the,0:2for/2.0 ampere tap setting. This
selection is made,by connecting the lead located in
front of{theytap ‘block to the desired setting by means
of the,connecting screw.

SETTING. CALCULATIONS
TheRHCB-1 relay has four sets of taps: Ri, T,
Ro, and restraint taps. The following discussion
establishes limits for the various tap settings under
different operating conditions. It should be kept in
mind that settings to obtain operation on minimum
internal fault conditions are based on the total fault
current that flows into the protected line from all
terminals.
TERMS
A, B, C, F, G, H- Relay taps
Igp — total minimum internal 3-phase second-
ary fault current fed from all terminals.
divided by the number of terminals
(2 or 3)

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

Ig — total minimum secondary ground fault
current fed into the protected line from
all terminals, divided by the number of
terminals.

Ihom. (P-P) — nominal internal phase to phase fault

sensitivity.

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

RNc (I, Rye (II) — current transformer ratio at

Station I and II respectively.

T,
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PHASE FAULT SENSITIVITY (R1 and Taps)

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

T = I3p (tap C); T = 0.5 I3p (tap B) (8)
In order to prevent operation on load current if

the pilot wires become open circuited, the T tap
should be set for not less than:

T =IL (tap C); T :Iz—L- (tap B) 9)

The available taps are:

T:4,5,6,17,8,10,12

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

T =1.25 I, (tap C); T = 0.62 Iy, (tap B) (10)

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

GROUND FAULT SENSITIVITY (Ro Tap)

The ground fault pickup is determined by GgH
and T taps. (T should be determined by the phase
setting.) The minimum fault current Ig should excéed
the following:

Tap A or B Ig = .20T (Tap G); Ig = .10TA(TapeH)
Tap C Ig = .25T (Tap G); Ig =N 2T(Tap/H)

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

The taps must be set identieally™at all stations.
Use auxiliary CT’s where (the main CT’s have a
different ratio. The cusrrents, should match within 5%.

RESTRAINT TAP (Max: and Min. Taps)

Set in maximum restraint tap for all two-terminal
lines. Set in minimum restraint tap for all three-
terminal lineés. The use of maximum restraint on two
terminal applications allows the relay to be used for
all pilot, wites as indicated in Table IV. The use of
minimum resStraint on three terminal applications
compensates for the desensitizing effect of a third
tezminal.

10

Note: The relay pick-up calibration will change
slightly (within 5%) between minimum restrqint
tap and maximum restraint. In most dppli-
cation, it is not necessary to recalibrate the
relay when changing to the minimum restraint
tap.

TAPPED LOADS

Where one transformer bank ,is tappedito a line
protected with two HCB-1 relays,“the cpitical point
is to set above the fault current®flowfer a fault on
the other side of the bank. Set/the®»T tap for not
less than:

T = 1.91 IpL, (tap C);“B,= 1.83 Ip, (tap B) (12)

where Ip1, = total secondapy fault current feed from
all terminals to a phase-to-phase fault
on the lTow side of the bank, divided by
the number of terminals (2 or 3).

Note that,the tapped bank must not act as a ground
source fom high=side faults. Ordinarily this means
that thelRo tap, settings (G, H) need not be changed,
sincef no “zero-sequence current flows in the line
when the low side is grounded.

SETTING EXAMPLE

Assume:
Two-terminal line.
CT ratio = 600/5
Full-load current = I, = 400A
Minimum 3-phase internal fault current:
Through Station I = 1500A
Through Station II = 2500A
Minimum internal line-to-ground fault
current:
Through Station I = 400A

Through Station II 285A

a. Phase fault pickup:

© (maximum) = 13p = 1900 -2+ 2500 6:0 = 16.7 (tap C)

I (maximum) = 0.5 I3p = 8.3 (tap B)

. 400
I (minimum) = I1, =——=—=3.3 (tap C)

120
.. I,
I (minimum) :2—: 1.7 (tap B)
The phase 11t current is sufficient to allow

the relay to be set to prevent tripping on an open-
circuited pilot wire. Therefore, the desired taps
would be:
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T =1.251L = 4.1 (tap C)
T =0.62 I1, = 2.0 (tap B)

Set both relays for T =4, R1 =C
The nominal 3 phase fault pick-up current from

equation 7 is:

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

Set Ro = H

For line to ground fault:

400+285 5
g=— 5 Xggo = 2-85A
Inom = 2 X 0.12 x 4 = 0.96A

c. Restraint tap

Use maximum restraint tap.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration, and heat. Mount
the relay vertically by means of the fourdmounting
holes on the flange for semi-flush mounting, /or by
means of the rear mounting stud or studs@for pro-
jection mounting. Either a mounting stad orythe
mounting screws may be utilized forggrounding the
relay. The electrical connections {may |bé made
directly to the terminals by means ofwscrews for
steel panel mounting or to 4he terminal studs fur-
nished with the relay for thick“panelmounting. The
terminals studs may be easily removed or inserted
by locking two nuts on thé studyand then turning the
proper nut with a wrenchs

For detailed Flexitest case information, refer to
I.L. 41-076.

ACCEPTANCE TESTS

The followinghtests are recommended when the
relay is geceived from the factory.

MAIN UNIT

Connect the relay to the insulating transformer
as shown in Figure 8, and set C, H, 4 and maximum
restraint tap. With the insulating transformer ter-
minals H1 and H4 open circuited, measure the min-
Imum-pick-up current, I79 (min.), with current applied
through terminals 7 and 9. This value should not
be greater than:

2.25 amperes

Note: The relay may operate at values of current
lower than 2.25 amperes dependinghupon the
insulating transformer wused [and \the prior
history of the polar unit. The “pickup should
not be lower than 1.4 amperes. To increase
pickup, short H1-H4 of insulating transformer,
apply 40 amperes momentarily to terminals 3
and 5 of relay an@ check pickup of relay.
Should be 2.12¥S5%amperes. If not, the polar
unit should be_recalibrated per ‘'‘Polar Unit
Calibration.”’

Now, connectya resistance, Rpw, across H1 and
H4 of the insulating transformer, with a 10-mfd
capacitor connecéted/between H2 and H3. Connect a
capacitor. (CPWs,. in parallel with Rpw. With Rpw
and Cpw set,as specified in Table V suddenly apply
135 = 30 amperes (through terminals 3 and 5).

TABLE V
Rpw Test — Max. Restraint Tap

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

INSULATING Cpw
TRANSFORMER Rpw' IN OHMS IN
RATIO MICROFARADS
4tol 1200 1900 0.75
6tol 2700 4300 0.33

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

Additional tests for the sequence filter and the
operating unit are described under ‘‘Calibration
Check.”” These latter tests are not required unless
the relay fails to meet the acceptance tests.

INDICATING CONTACTOR SWITCH (ICS)

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

CALIBRATION CHECK

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

OVER-ALL RELAY CHECK

Over-all calibration can be checked by the pro-
cedure described under ‘‘Acceptance Tests.”’ If the
relay has been recalibrated in the minimum restraint
tap (factory calibration is made in the maximum re-

1
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Fig. 8. HCB-1 Relay Test Circuits with S#508A468601-G024Fype\W -2 Switch and S#291B318A09 Milliammeter 0- 5-25 ma.

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

TABLE VI

Rpy Test — Min. Restraint Tap

Ry =C, Ro “H, T 74
Insulating Rpw T Cpw
Transformer in in
Ratio ohms Microfarads
4to1 800 1400 0.75
6tol 1800 43100 0.33
T The relay should not operate at the lower

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

SEQUENGCE FIL TER

Remove tap screw from upper tap-plate and con-
nect_a ‘high-resistance voltmeter across the common

12

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

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

Repeat this voltage measurement with Isg = 3.44
amperes.

OPERATING UNIT:

The following test will check the polar unit
calibration and the performance of the rectifiers.
Connect a variable non-inductive resistor across
the high-voltage terminals of the insulating trans-
former (H1 to H4), and connect d-c milliammeters in
series with the operating and restraining coils of the
polar unit by opening these circuits. (The restraint
can be opened at the tap circuit for max. and min.
restraint. The operating circuit has to be opened at
the polar unit. The operating coil terminals are the - -
rear terminals of the polar unit.) These milli-
ammeters should have low resistance and should be
capable of reading in the order of 20 to 25 ma in the
operating coil and 100 to 150 ma in the restraining
circuit. Using C, H, and 4, energize the relay with
I35 = 10 amperes (terminals 3 and 5) and increase
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the variable resistance across the insulating trans-
former high-voltage terminals until the relay just
trips. The values obtained should conform to the
following equations:

For minimum restraint

Ip =0.121Ig +7
For maximum restraint
Ip =0.16Ig +7

where Iy and IR are operating and restraining coil
currents, respectively, in milliamperes. The results
are subject to variations between individual relays,
due to different exciting impedances of the in-
sulating transformers. However, the value should
never be lower than:

For minimum restraint
Ip =0.121g +4

For maximum restraint
I[p=0.16Ig +4

CALIBRATION PROCEDURE

If the factory calibration has been distutbed, the
following procedure should be followed to zecalibrate
the relay.

A. FILTER CALIBRATION

This adjustment is performed by means of the
taps on the formed wire resistoriy(seeé®Fig. 2 for
location)

1. Remove tap screw from upper tap plate and
set lower tap screwsin A%and H.

2. Connect voltmeteri(low-reading, high resis-
tance rectox) @cross tap A and the common
of the upper tap/lock.

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

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

5. "Adjust upper adjustable point of formed re-
sistor until voltmeter reads 1.73 times volt-
age of step 3.

6. Check of Calibration
a. Set taps on C and H. (T taperemeved)
Pass 10 amps. into terminal 7 and out
terminal 9. Measure the voltagefacross
terminal 5and common of upper tap block.
(Should be between 3.8 and 4.0 volts)

b. Pass 10 amperes jnto terminal 5 and out
terminal 7. Measurefvoltage across non-
adjustable point, ofssformed resistor in
rear of relay™and the front screw of left
hand tube resistor”(F.V.).Voltage should
be equalée 1/3.0f voltage of step 6a.

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

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

O, Adjust middle adjustable point until voltage
equals 1/3 of that of step 4.

B. Ro TAPS

No adjustments can be made onthe Ro resistors.
Value of resistance can be checked by passing 5
amperes a.c. through terminal 3 and out terminal 5.
T tap must be disconnected. Following voltages
should be measured across terminal 2 and the spec-
ified tap of Ro.

Ro Tap Volts

Setting A.C.
G 3.8 to 4.2
H 7.6 to 8.4

C. POLAR UNIT CONTACT ADJUSTMENT

Place a .088 to .095 inch feeler gage between
the right hand pole face and the armature. This gap
should be measured near the front of the right hand
pole face. Bring up the backstop screw until it just
makes with the moving contact. Place .045 to .050
gage between moving contact and the stationary con-
tact on the left-hand side of the polar unit. Bring
up the stationary contact until it just makes with
the gage and lock in place. For relays with double
contacts make sure that both upper and lower con-
tacts make at the same time.

13



TYPE HCB-1 PILOT WIRE RELAY SYSTEM

D. POLAR UNIT CALIBRATION

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

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

Start with both shunts out 4 to 5 turns. Short out
the pilot wire on the high side of the insulating
transformer. Momentarily apply 40 amperes from ter-
minals 5 to 3. Now remove the short from H1 to H4
and apply current to terminals 7 and 9. Adjust the
shunts at the rear of the polar unit such that the
unit operates at 2.10 to 2.15 amperes and resets at
1.0 amperes or higher.

Note: Right hand shunt controls pickup/while
left hand shunt controls dropout,

After this adjustment is complete, ‘Shortd out
pilot wire and apply 40 amperes mofmentarily from
terminals 5 to 3. Now remove the, short from H1 to
H4 and check pickup for Iqg If value has changed
from before, it will be necessary to re-adjust the
right hand shunt. Several trial's, may be necessary
before the relay will pickup“at 2.10 amperes and
dropout at 1.0 amperes, or (higher. In each case, 40
amperes should be applied to®erminal 5 and 3 with
the H1 and H4 permimals “Shorted before any ad-
ditional adjustments are performed on the shunt.

After the shunts have been adjusted, apply 40
amperes momentarily to terminals 3 and 5 of the re-
lay with the pilot wire open. Pickup will be approx-
imately 1.4 amperes with current applied to terminals
7 and 9."This )change in pickup is due to a change
in the Tesidual magnetism in the polar unit of the
relay. WIn the de-energized state, the permanent
magnet®of this unit produces a flux or magnetic bias
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to keep the contacts open. When the unit is ener-
gized, a second flux (electrical) is produced whieh
either adds to or subtracts from the magnetic flux
When the electrical flux is removed, the magnetic
structure of the polar unit is changed. Hence, the
flux produced by an excess of restraint current, adds
to the magnetic bias, and the flux produced” by an
excess of operating current subtraets from the mag-
netic bias. This characteristic isginherent in the
polar unit and has no effect ompthé®overall per-
formance of the relay.

After the shunt adjustmemnt” has been made,
change the input currént conhections to terminals
3 and 5. Apply 40 amperesamomentarily with H1 and
H4 terminals shorted. Remove short and measure
pickup with current“applied to terminals 3 and 5.
The relay shoulditpip with Ig5 = 0.45 to 0.55
amperes.

ROUTINE MAINTENANCE

Contacts: All contacts should be cleaned per-
iodieallyn, A contact burnisher, S#182A836H01, is
recommended for this purpose. The use of abrasive
material for cleaning is not recommended, because
of the danger of embedding small particles in the
faee of the soft silver and thus impairing the
contact.

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

Operating Unit: Check the relay minimum pick-
up, with the pilot wires disconnected from terminals
H1 and H4 of the insulating transformer, by ener-
gizing with I7g current (terminals 7 and 9). Pick -up
current should be:

I7g (min) = .53 T +5% amperes

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

COMPLETE SYSTEM TEST

At the time of the initial installation and at sub-
sequent maintenance periods, it is recommended
that the following relay system checks be made,
with the pilot wire connected.
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MINIMUM PICKUP

PRECAUTION: In making this test with the
relay in place on the switchboard, it is necessary
to connect the load box in the circuit between the
relay and the ‘‘hot’’ side of the supply circuit. If
this precaution is not observed, it is possible to
cause a short circuit between the grounded station
service supply circuit and the ground of the current
transformer circuit.

The minimum pickup of each relay should be
checked before starting the system tests. With taps
4CH, as specified in Fig. 9, and the pilot wire circuit
open on the high side of the insulating transformer,
each relay should trip with IaN = 0.45 to 0.55 amp
or with Igc = 2.10 to 2.15 amp.

With the pilot wire connected, energize one relay
with I4n and determine the minimum pick -up of all
relays. Repeat this test by energizing the other re-
lay or relays. Record these values for future

reference.

VERIFICATION CIRCUIT TESTS (REF. FIG. 9)

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

1. Standard testing equipment is recomménded{for
permanent installation with the relays%as shewn
in Fig. 8. If this equipment is not ayailable, a
similar portable test should be sef up using a
low -resistance-a-c milliammeter.

2. Red-handle flexitest case switchishould be open
to interrupt the breaker trip @ircuit.

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

4. When the test calls fomdelivering only specified
currents to the relay, 4t is necessary to use a
thin piece offinsulating material in the ammeter
test jackd For example, test #5 of Fig. 9 relay
‘“N’’. To apply phase A to N current to the near
relay onlyy theswitches associated with term-
inals 6, 7, 839 of figure 3 must be open. Open-
ing switches 6 and 8 short circuits the current

transformers for phases B and C. However, it is

dbso necessary to insert the insulating material
in the ammeter test jacks associated with term-
inals'7 and 9 in order to break up the connection

between the filter in the relay chassis and the
grounded input circuits from current transformers
in phases B and C.

5. To facilitate making test #2 of Fig. 9,/ two am-
meter test plugs wired together withma“feet or
two of flexible wire should be used. With)these
two test plugs suitably wired together,#one of
them may be shoved in the ammeter test jack
associated with terminal 7, Figure 3, and the
other shoved in the ammeter test jack associated
with terminal 9, Figure 8. (Fhis should not be
done until the switChes “for terminals 6 and 8
have been open, thus short, circuiting the current
transformers involved). 3It is desirable to wire
the test plugs together /such that when one is
shoved in the oneypammeter test jack with the
red side up, and the other is shoved in the other
ammeter testWjack™with the black side up, it is
then known that“the B and C phase currents to
the relaggphave,been reversed at the input to the
chassis in lipe with test #2, Fig. 9. After these
testyplugs @are properly inserted, it is then ap-
propriate to close the switches associated with
terminals 6 and 8, Fig. 3, in order to remove the
short = circuit from the current transformer
secondaries.

Perform the tests as indicated in Figure 9 re-
eording the milliammeter readings and the relay input
current at the same instant, for future reference.
The headings ‘‘Circulating’’ and ‘‘Remote’’ in the
table of Figure 9 refer to the test switch positions,
“CIRC’”’ and ‘“‘REM.’”’ For tests 3 to 6 of Figure 9,
the input current should be increased to about 1.5
amperes by an auxiliary current transformer, if the
secondary load current is below this value. Also
record the input and output readings with the test
switch in the ‘‘Local’’ position. Typical values for
the ‘‘Local’’ position readings are shown in
Figure 13.

THREE TERMINAL LINES

A similar procedure to Figure 9 should be fol-
lowed for three-terminal line applications. In this
case open the line circuit breaker at one terminal,
and disconnect the leads from the pilot wire term-
inals to the insulating transformer (open H1 and
H4) at that terminal. This leaves the remaining
portion of the line operating as.a two terminal line.
Now perform the normal tests as outlined for the two
terminal line system test. When these tests have
been satisfactorily completed, return the third term-
inal relay to normal and close the breaker at that
station. Repeat the above procedure with a different
breaker open and relay disconnected. This will com-
plete the check of the three terminal line.

15
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ENERGY REQUIREMENTS

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

Relay Phase A Phase B Phase C

Taps VA | Angle| VA Angle VA | Angle

A-F- 4 |2.4 5° 1 0.6 0°] 2.5 50°

A-H-10 |3.25 0°] 0.8 100° | 1.28 55 °
B-F- 4 |2.3 0° | 0.63 0° | 2.45 55 °
B-H-10 |4.95 0°] 235 | 90° | 0.3 60°
C-F- 4 |2.32 0° | 0.78 0°| 236 | 50°

C-H-10 |6.35 | 342° | 3.83 80° | 1.98 | 185°

* Single Phase To Neutral Current of 5A

Relay Phase A Phase B Phase C

Taps VA | Anglel VA Angle VA | Angle

A-F- 4| 247 0° | 2.1 10° | 1.97 20°
A-H-10 | 7.3 | 60° |12.5 53° | 6.7 26 °
B-F- 4 | 2.45| 0° | 2.09 | 15° | 2.07 10°
B-H-10 | 16.8 | 55° [22.0 50° [12.3 38°
C-F- 4| 249| 0° | 1.99 | 15° | 2.11 15°

C-H-10 [31.2 | 41° |36.0 38° [23.6 359

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

The continuous rating of the relay is 10 amperes.

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

PILOT - WIRE ENERGY

The current and voltagefjimpréssed on the pilot
wire do not exceed 1004milliamperes and 60 volts.
The wave form andgmagnititde of the pilot-wire
current are such that'telephene interference is with-
in the limits allowed“by the Bell Telephone Com-
pany. This permits theyuse of leased telephone lines
as a pilot-wite channel.

RENEWALLPARTS

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

APPROXIMATE RESISTANCE VALUES OF COMPONENTS IN HCB-1 RELAY

Transformer Seéondary Winding Start to Tap 20 to 30 ohms
Start to Finish 110 to 140 ohms
Polar Unit Operating Coil 290 — 320 ohms
Polar Unit Restraining Coil Maximum 12 — 16 ohms
Minimum 9 — 12 ohms
Resistor Rc 41 — 44 ohms
Tube Resistor Ro Total of 1.6 ohms
Formed Resisgor R1 0.131 ohms
Rectifiers IN91 Germanium Diodes
Indicating Confactor Switch 0.2 amp. Tap 6.5 ohms
2.0 amp. Tap 0.15 ohms

16
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Westinghouse 1.L. 41-971.2D
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INSTRUCTIONGS

TYPE HCB PILOT WIRE RELAY SYSTEM

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

APPLICATION

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

CONSTRUCTIOGN

The relay consists of a combination®positive and
zero phase sequence filter, @ saturating auxiliary
transformer, two full wavelrectifier units, a polar
type relay unit, a neon lamp, andgan indicating con-
tactor switch (ICS), all{mounted in a single case.
The external equipment nermally supplied with the
relay consists of an insulating transformer, a milliam-
meter and test switch:

SEQUENCE'FILTER

The sequeneeffilter consists of a three-legged
iron core reactor and a set of resistors designated R1
and Ro. The reactor has three windings; two primary
and a tapped“secondary winding, wound on the center
leg ofha “‘F"’ type of lamination. The secondary taps
are wired to the circularly arranged R1 tap connec-
tienshin the front of the relay. The R1 tap links also
connect to the R resistor (looped resistance wire).
RO consists of three tube resistors with taps wired

SUPERSEDES I.L. 41-971.2C

*Denotes change from superseded issue.

to the circularly arranged 'Ro tdp connections in the
front of the relay. Rjp’tapsjare on the Ry resistance
wire and are wired“te the circularly arranged R 1a
tap connections in,the front of the relay. '

SATURATING TRANSFORMER

The output of‘the sequence filter connects to the
primary of @ two-winding saturating transformer. The
primaryywinding is tapped and wired to a tap block T
in the“fronb of the relay. The secondary winding is
conneeted to the neon lamp and from a fixed tap to
the relay coil circuits.

POLEAR UNIT

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

RESTRAINT TAPS

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

INDICATING CONTACTOR SWITCH UNIT (ICS)

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

EFFECTIVE MAY 1969
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gers on the armature deflect a spring located on the
front of the switch, which allows the operation indi-
cator target to drop. The target is reset from the out-
side of the case by a push rod located at the bottom
of the cover.

The front spring, in addition to holding the target,
provides restraint for the armature, and thus controls
the pick-up value of the switch.

OPERATION

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

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

Duringan external fault, assuming jnatched relays,
the magnitude of Vg atboth stationsgwillibe the same.
The relative polarities of the Vg voltages“will be as
shown in Figure 4. Since the vbltages add, most of
the current will circulate through, the restraint coils
and the pilot wire, with a nfinimum of operating coil
current. The relative effects ©f the operating and re-

straintcoil currents afe such,thatthe relay isrestrained.

During an internalfault;the relative Vg polarities
reverse. Since the Vg valtages now oppose eachother,
most of the current flowing in the restraint coils is
also forced throughgthe operating coils with a mini-
mum of cufrent in the pilot wire. This increase in
operatingmcurient overcomes the restraining effect
and both the relays operate.

Within limits, as defined in Figure 7 and under
‘‘Characteristics,’’ all the relays will operate for{an
internal fault regardless of the fault current disttibu-
tion at the various stations. The nominal {pickup
(total internal fault current) of the relaying systém
is equal to the minimum trip of a single relay multi-
plied by the number of relays. For exampley, if the
pickup of each relay, with the pilot_wire open, is 6
amperes, a two terminal line systémdids a nominal
pickup of 2 x 6 = 12 amperes.

PILOT WIRE EFFECTS

In Figure 4 it can be seen that a short-circuited
pilot wire will short ciréuit the‘relay operating coils.
Depending on the loegdtion ‘of the short, at least one
of the relays will fail to trip during an internal fault.
If the pilot wire ds,open, circuited, almost all the re-
straint coil cufrent“will flow through the operating
coil and thewelayloperates as an over-current device.

Excéssiveypilot wire series impedance will ap-
proachyaniepen-circuited condition and the relays will
operatenpduring external faults. Excessive pilot wire
shunt capaeitance will approach a short-circuited con-
dition“and the relays will not operate.

POLAR UNIT THEORY

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

CHARACTERISTICS

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

Vp = 2151 Ry +Ia0 (Rq + 3Rg) volts (1

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

Io1 and Iy, are the positive and zero sequence
phase A current inputs, respectively, in amperes.
These are vector quantities.

ATy,
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FT-42 Case (Double Trip Circuit). For the Single
Trip Relay the Circuits Associated with. Terminal
Il are omitted.

SINGLE RELAY PICKUP (PILOT WIRE OPEN) |g

Single relay pickup, Ig, is defined asythe‘phase
current required to operate one relay with the pilot
wire side of the insulating transformer gpenieircuited
(H1-H4). The single relay pickup pointfin ferms of
filter voltage is:

Vg =0.2T (2)

where T is the saturatingr tramsformer tap value.
Single relay pickup is definedyby equating (1) & (2):

0.2T:2IA1 R1+IAO (R1+3R0) (3)

Current Igeariesgwith the type of fault. For ex-
ample, for a3 phase fault, I = [41, since only posi-
tive sequerice carrentis present. Substituting Ig=Ia1
in Eq. (3)'&. réarranging, the 3 phase fault pickup is:

Ig =14 =0.2TZ T (3 hase fault) (4)

2 R1 10Ry

IfR$=0.1, Rg = L6& T=4:

T _ 4
JOR]  10X0.1

= 4 amp. (3 phase fault)

Is

For a phase A to ground fault, if Ia1 =1a92 =149

(I p2 is the phase A negative sequence current):

0.2T = 2Ia1 R1 +Ia1 (R1 + 3Ro)

0.2T  _;

N 0

1_5(_R1+RO)'— A

But: Ig :IAI +1a9 +IA0

=3Ia1

(A%G fault) (5)

So: Is =3la1 =
(0]

If Ry=0.LR,S16&T=4

_ 02T % _0.2x4
S R; MRy 0.1+1.6

:%?—: 0.471 amp. (A-G fault)

NOMINAL PICKUP (ALL RELAYS)

The nominal pickup, 1,4y, is defined as
Thom = Klg (6)

where  Ijqp = total internal fault current

K = number of relays (2 or 3)
single-relay pickup with pilot wire
disconnected (see above)

Ig

For example, for a phase-A-to-ground fault, I41 = Iaq
with the pilot wire open circuited, the single-relay
pickup was previouslydetermined as Ipg = 0.471 am-
pere. For a two-terminal line, the nominal pickup for
a phase-A-to-ground fault (R1=0.1; Ro=1.6; T =4)
is:

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

MINIMUM TRIP (ALL RELAYS)

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

An example of the characteristics with various
current distributions is shown in Figure 7. The filter
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Fig. 4. Simplified External Schematic of the HCByRelay System.

SHUNT

|

Al

y’

X

| I

l
_"..4+._s,_1

_ Lﬁj
8

* 4,:; | PERMANENT

vl = MAGNET {
7 s 1]

1 e — ARMATURE

—J]

MOVING CONTACT

BALAKCED AlR JAPS

=
\N

UNBALANCED AIR GAPS

s——— ADDITIONAL

FLUX PATH

1834062
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output voltage, Vg, of eac¢h relay, as defined by
equation (1) must be in“phasefor 480 degrees out of
phase, in order for Figure 740 apply.

following values:

TABLE |

INSULATING TRANSEORMER

Insulating Transformer Ratio

No. of
Unless otherwise noted, all characteristics pre- Relays 4/1 6/1
sented include an insulating transformer with each RL Cs RL Cs
relay. Two ratios aTreé available: 4/1 and 6/1. The
high voltage Side is connected to the pilot-wires. 2 2000 1.5 — —
SOO/LEG 1.8 IOOO/LEG 0.75
PILOTWIRE\REQUIREMENTS

The,relays should not be applied with pilot-wire
séniesresistance or shunt capacitance exceeding the Cq

Ry, = series loop resistance in ohms.

= total shunt capacitance in microfarads.
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former 4/ 1 ratio.

Where the shunt capacitance exceeds the above
amount, it may be feasible in some cases to provide
shunt reactors to compensate for the excessive ca-
pacitance. The amount of capacitance which can be
compensated is limited and varies depending upon
the magnitude of the pilot-wire distributed effect.

A shielded, twisted pilot wire pair, preferably“ef
#19 AWG or larger, is recommended; howeyer, open
wires may be used if they are frequently transposed
in areas of exposure to power circuit"induetion. The
voltage impressedacross eitherinsulating transformer
(H-1to H-4) as a result of induction,oratise in sta-
tion ground potential, should betdless than 7.5 volts to
prevent undesired relay operation.

For three-terminal applications, the loop resist-
ance of all legs of the,pilot#wire must be balanced
within 5 percent, with variable resistors as shown in
Figure 8. The pilot wire resistance to be balanced is
divided by 16fand 36yfor the 4 to 1 and 6 to 1 ratio
insulating transformers respectively, since the bal-
ancing resistors areflocated on the relay side of the
insulating transformers.

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

@)y Neutralizing reactors may be connected in
series with the pilot wire to hold the pilot wire
potential close to the remote ground potential in
the presence of a rise in statior-ground potentiai.

They donot limit pilot-wire voltages to safe(valuesiin
the presence of a longitudinal induced velktage..When
using the neutralizing reactor, the pilot-wiré sheath
should be insulated from station ground“te. minimize
sheath-to-pair potential in the presence of a rise in
station-ground potential. All other pairs in the cable
which are connectedto station ground should also be
protected with neutralizing rgactors to minimize pair-
to-pair voltages.

b) Drainage reactors may “be connected across
the pilot wire and to/ground through a KX642 pro-
tector tube. The drainage reactor is particularly ef-
fective in limiting pair-to=ground voltage in the pre-
sence of an indu@ed voltage. When the tube flashes,
both wires aregpconnected to ground through the
drainage reaetor windings which offer a low imped-
ance to greund“but maintain a high impedance to an
a-c voltage @acress the wires. Thus, the HCB system
will operate normally even though the protector tube
has flashed over. The drainage reactor is not intend-
eédyto handle a rise in ground potential.

e) The neutralizing and drainage reactors may be
utilized together. If the neutralizing reactor is to be
of any value, the drainage reactor through the KX642
protector tube must be connected to remote ground.

For information with reference to the insula-
tion and protection equipment, refer to I.L.. 41-971.4.

TRIP CIRCUIT

The main contacts will safely close 30 amperes
at 250 volts d.c., and the seal-in contacts of the in-
dicating contactor switch will safely carry this cur-
rent long enough to trip a circuit breaker.

The indicatingcontactor switch has two taps that
provide a pick-up setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

SETTINGS

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

1) Restraint taps-maximum or minimum

To change taps, connect the lead in front of
the relay to the correct tap.

2) T tap- 4, 5, 6, 8, 10, 12, and 15
To change taps, loosen center screw and move
tap link to desired setting. Tap screw and cen-
ter screw to be tight after tap change is made.
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3) Ry tap- 0.07, 0.10, 0.15
To change taps, loosen center screw and move
taplinkto desired setting. Insert twotap screws
at each end of the tap link and tighten center
screw as well as two tap screws.

4) Ro tap— 0.39, 0.51, 0.68, 0.90, 1.2 and 1.6
To change taps, loosen center screw and move
tap link to desired tap. Tap screw and center
screw to be tight after tap change is made.

5) RjpTaps — (0.07, 0.10, 0.15)
Note: It is recommended that these taps be set
in the same tap as the Rp tap for all appli-
cations.

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

INDICATING CONTACTOR SWITCH (ICS)

The only setting required on the ICS is the selec-
tion of the 0.2 or 2.0 ampere tap setting. This selec-
tion is made by connecting the lead located in front
of the tap block to the desired setting by means of
the connecting screw.

SETTING CALCULATIONS

The HCB relay has four sets of taps: Ry, T, Rgy
and restraint taps. The following discussionfestab-
lishes limits for the various tap settings undef dif-
ferent operating conditions. It should be kEépt in, mind
that settings to obtain operation on minimum infernal
fault conditions are based on the total“fault current
that flows into the protected line from all té€rminals.

TERMS
Ry, T, Ry — Relay taps
I3p — total minimufm internal 3-phase second-
ary fault.current fed from all terminals.

divided by the number of terminals
(24or 3)

I;, — maximum @econdary load current flow-
ing through the protected line.

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

10

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

Inom.(P-G) — nominal internal line to groundyfault
sensitivity.

current transformer ratio at
Station I and II respectively.

Rye (D, Rye (ID —

PHASE FAULT SENSITIVITY (R; and T Taps)

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

T
Ry “Wl3p )

In order to)prevent operation on load current if
the pilot wires beeome open circuited, the Ry and T
taps should ‘be set for not less than:

T =10
Rl = 101y, (8)
The available taps are:
Ry: 0.07, 0.10, and 0.15

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

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

—T: 1.25 x 101, = 12.5I7, (9)
Ry

The required T/Rj ratio may be obtained by any
combination of T and R1. However, the T tap must
be set the same at all stations. The Ry taps may be
utilized to compensate for different CT ratios with
two-terminal lines if the pilot-wire loop resistance is
1000 ohms or less. Auxiliary CT’s and identical Ry
tap settings must be used with different main CT
ratios on allthree-terminal lines and on two-terminal
lines with more than 1000 ohms loop resistance in the
pilot wire.

GROUND FAULT SENSITIVITY (R, Tap)

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

(10)
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The available R,y taps are: 0.39, 0.51, 0.68, 0.90,
1.2, and 1.6.

Rja TAPS

The Ryp taps, 0.07, 0.10, and 0.15, are utilized
to set R =1/3 Rqs where no zero sequence sensitiv-
ity is desired. Equation (10) does not apply for these
three taps. These taps are used where Ry is set in
0. For all other settings of Rg. the RIA taps are
automatically bypassed.

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

For cable circuits, where the line charging cur-
rent exceeds 5% of nominal pickup current, set Rq

for about:
T

7.5

Ry =

The R taps at each line terminal should be set in
the same proportion as the Rl taps. (See phase fault
sensitivity.)

RESTRAINT TAP (Max. and Min.)

Set in maximum restraint tap for all two-terminal
lines. Set in minimum restraint tap for all three-
terminal lines. The use of maximum restraint on two
terminal applications allows the relay to be used for
all pilot wires as indicated in Table I. The uSeyof
minimum restraint on three terminal applicatidons com-
pensates for the desensitizing effect of a, thirddter-
minal.

Note: The relay pick up willchange by approximately
5% between setting in max. and min. restraint taps.
Relay is shipped calibrated in the mak. restr@int tap.
If set in min. restraint tap, calibrating will change.
See '*Adjustments and Maintenanceyfor ¥é-calibration
procedure.

TAPPED LOADS

Where one transformer bank) is tapped to a line
protected with two HCBgrelaws| the critical point is
to set above the fault cdrrént flow for a fault on the
other side of theWbank, Set the R; and T taps for
not less than;

— 11

Ry SI3pL, (11)

where I3pp, = total current for a 3-phase fault on the
low side of the bank.

Noteathat the tapped bank must not act as a ground
seurce for high-side faults (e.g. high side connected
in delta). Ordinarily this means that the Ry tap set-
tings need not be changed, since no zero-sequence
current flows in the line when the low side is
grounded.

I.L. 41-971.2D
SETTING EXAMPLE
CASE 1
Assume:
Two-terminal line.
CT ratio = 600/5
Full-load current = 11 = 400A
Minimum 3-phasg internal fault current:
Through“Station 1= 1500A
Through,Statien II = 2500A
Minimum ifiternal line-to-ground fault
current;
Through Station I = 400A
Through Station II = 0

Phase fault pickup:

1500 + 2500 X 5
600

= 83.3

T . b _
ST (maximum)2 blap = 5 X

T . 5
S =101; =10 00 x ——= 33.
R, ¢maximum) = 10I; =10 x 400 x 600 33.3

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

T—1251 =41.7
Rl_ .L— o

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

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

T 4
1 PP)z=——— = ——— =
nom( ) 2.89R;  0.289 13.8 amperes,
[Inom(P—P) = for three-terminal lines]

1.92R;
Ground fault pickup:

Ro (minimum) = —— =200/3 * 5 0.48

0.2T _0.2x 4 _ 600 _
g -

An Rg tap exceeding 0.48 will provide trip-
ping. As recommended for overhead lines:

Set R, = 1.6.

The ground fault nominal pickup is:

0.4T 1.6
Inom(P-G) :R0+R1: 16 1.0 ampere,
(Iom(P-G) = 9:8T = forthree-terminal lines]
Ry t Ry

n
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Restraint tap.

Use maximum restraint tap.

CASE II (DIFFERENT CT RATIOS)

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

At Station I, set Rg = 1.6 asiin Case I. How-
ever, set R1 = 0.15 to obtaifr R{s€ttings pro-
portional to the CT ratie. From equation 9:

T = 12.5R11, = 1265 X095 x 400 x5 = 6.25
Set T = 8

Station II settifigs are:

RNe (D 0
R, =0.15— & 200 _
1 Ry, (O 015 X5 = 0-10

T = 8 (Same as Station I)

400
Ry 1.6 X ——=1. Set 1.
05 16 x 1.07 (Set 1.2)

Fig. 9. HCB Relay Test Circuits with S#508A468601-G02 Type W-2(Switch and S#291B318A09 Milliammeter 0- 5-25 ma.

INSTALLATION

The relays should be mounted on switchboard
panels or theirequivalent in alocation free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of the four mounting holes
on the flange for semi-flush mounting, or by means of
the rear mounting stud or studs for projection mount-
ing. Either a mounting stud or the mounting screws
may be utilized for grounding the relay. The electri-
cal connections may be made directly to the termi-
nals by means of screws for steel panel mounting or
to the terminal studs furnished with the relay for
thick panel mounting. The terminals studs may be
easily removed or inserted by locking two nuts on the
stud and then turning the proper nut with a wrench.

For detailed Flexitest case information, refer to
I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

CAUTION Make sure that the neon lamp is in place
whenever relay operation is being checked.
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ACCEPTANCE TESTS

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

Main Unit

Connect the relay to the insulating transformer,

as shown in Figure 8, and set R1 = 0.10, Ry = 1.6,

T = 4, and maximum restraint tap. With the insulat-

ing transformer terminals H1 and H4 open circuited,

measure the minimum pick-up current, I7g (min.),

with current applied through terminals 7 and 9. This
value should not be greater than:
7.28 amperes.

NOTE: The relay may operate at values of current
lower than 7.28 amperes depending upon the
insulating transformer used and the prior
history of the polar unit. The pickup should
not be lower than 4.8 amperes. To increase
pickup, short H1 -H4 of insulating trans-
former, apply 40 amperes momentarily to
terminals 3 and 5 of relay and check pickup
of relay. Should be between 6.9 to 7.0
amperes. If not, the polar unit should be
recalibrated per ‘‘polar unit calibration.”’

Now, connect a resistance, Rpy, across Hi, and
H4 of the insulating transformer, with a 10-mfd capac-
itor connected between H2 and H3. Conneet & ca-
pacitor, Cpy, in parallel with Rpy. WithaR pwpand
C pw set as specified in Table II suddenlyyapply
I35 = 30 amperes (through terminals 3 and 3):

TABLE Il
Rpw Test - Max. RestraintyTap

Ry = 0.10, Ry =946, T =4

Insulating Rpw ¢ Cpw
Transformer in ~ in
Ratio ohms microfarads
4to1 12004 1900 0.75
6 to A 2700 4300 0.33

T The relay ‘should’not operate at the lower value of
Rpw, but should operate at the higher value.

Additional tests for the sequence filter and the
opegating unit are described under ‘‘Calibration
Check.’”” These latter tests are not required unless
the relay fails to meet the acceptance tests.

Indicating Contactor Switch (ICS)

Close the mainrelay contacts and pass sufficient

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

CALIBRATION CHECK

The following tests are reeommended whenever a
check on the relay calibrationgis desired.
Over-all Relay Check

Over-all calibration/can, be checked by the pro-
cedure described under ‘‘Acceptance Tests.’’ If the
relay has been re-calibrated in the minimum restraint
tap (factory calibration is made in the maximum re-
straint tap), fheQRpw test should be made in accord-
ance with Table IIFPinstead of Table II.

TABLE 1l
Rpw Test - Min. Restraint Tap

Ry =0.10, R, = 1.6, T = 4

Insulating Rpw 1 Cpw —I
Transformer in in
Ratio ohms microfarads
4to1 800 1400 0.75
6to1l 1800 3100 0.33

1t The relay should not operate at the lower value of
Rpw, but should operate at the higher value.

Sequence Filter: Remove tap screw T and con-
nect a high-resistance voltmeter across this open-
circuited point by connecting to the tap plate and to
one of the saturating transformer taps at the rear of
the tap block. Energize the relay with Ing = 6.94 am-
peres (terminals 7 and 9). The measured open-circuit
voltage, Vg, should be:

Vp = 8R{ #5% volts.

(e.g., if Ry =0.1, Vp =8 x 0.1 = 0.8 volt.)

Repeat this voltage measurement with Igg = 6.94
amperes.

Operating Unit: The following test will check
the polar unit calibration and the performance of the
rectifiers. Connect a variable non-inductive resistor
across the high-voltage terminals of the insulating
transformer (H1 to H4), and connect d-c milliammeters
in series with the operating and restraining coils of
the polar unit by opening these circuits. (The re-
straint can be opened at the tap circuit for max. and
min. restraint. The operating circuit has to be opened
at the polar unit.) These milliammeters should have

13
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low resistance and should be capable of reading in
the order of 20to 25 ma in the operating coil and 100
to 150 ma in the restraining circuit. Using T = 4,
Ry =0.1, Ry = 1.6, energize the relay with I35 =10
amperes (terminals 3 and 5)and increase the variable
resistance across the insulating transformer high-
voltage terminals until the relay just trips. The
values obtained should conform substantially to the
following equations:

For minimum restraint

I[=0.12Ig +38
For maximum restraint

Ip =0.16 I + 8
where I, and IR areoperating and restraining coil
coil currents, respectively, in milliamperes. The
results are subject to variations between indi-
vidual relays, due to different exciting imped-
ances of the insulating transformers. However,
the value should never be lower than:

For minimum restraint

Ip =0.121Ig + 4
For maximum restraint

I, = 0.16IR + 4
CALIBRATION PROCEDURE

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

FILTER CALIBRATION

A. Ry Taps

1. Disconnect T current tap link .and place
Ro tap in 1.6

2. Connect voltmeter (low-reading; high resis-
tance rectox) across relay®termin@l 2 and
the common of T tap block.

3. Pass 5 amperes a.c. intoaterminal 5 and out
terminal 9 of the reglay.

4. Adjust the corresponding R’ slide wire posi-
tion (see Figd 2 for loeation) to be within
limits of. following table for each specified
setting of Ry tap“Seréw.

Ry Tap Volts
Setting A.C.
.15 0.865 + .008
.10 0.577 + .007
.07 0.433 + .005

B. Rjp Taps

1. ‘Disconnect T current tap link and set Ro
in"O tap.

4

2. Connect a.c. voltmeter across relay terminal
3 and the common connection of R 1 and Re
(see Fig. 2 for location).

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

4. Adjust the corresponding R ja slide wire
position (see fig. 2 for location) to within
limits of following table for each#specified
setting of R Tap screw

Ria Tap Volts
Setting A.Cy
.15 0250+ .005
.10 0.167 + .003
.07 0.125 = .003
C. Ro Taps

No adjustments canbeé made on the Ro resistors.
Value of tesistanee can be checked by passing
5amperes ae. through terminal 3 and out terminal
9. T “tap ‘must, be disconnected. Following volt-
agesdshould be measured across terminal 2 and
thegspeeified tap of Ro.

Ro Tap Volts

Setting AC.
.39 1.85 to 2.05
.51 2.45 to 2.68
.68 3.28 to 3.60
.90 4.33 to 4.70
1.20 5.78 to 6.27
1.60 7.72 to 8.38

Polar Unit Contact Adjustment: Place a 0.065
to 0.072 inch feeler gage between the right hand
pole face and the armature. This gap should be
measured near the front of the right hand pole face.
Bring up the back-stop screw until it just makes
with the moving contact. Place a 0.030 to 0.045
feeler gage between the moving contact and the
stationary contact on the left-hand side of the polar
unit. Bring up the stationary contact until it just
makes with the gage and lock in place. For relays
with double contacts make sure that both upper and
lower contacts make at the same time.

Polar Unit Calibration: Connect the restraint tar
link in the position in which it will be used. Con-
nect terminals X1 and X2 of the insulating trans-
former across the pilot-wire terminals of the relay.
Connect the relay taps on T =4, R; = 0.1, Ry = 1.6.
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The sensitivity of the polar unit is adjusted by
means of two magnetic, screw type shunts at the
rear of the element. Looking at the relay front view,
turning out the right hand shuntdecreases the amount
of current required to close to the right hand stop.
Conversely,drawing out theleft hand shunt decreases
the amount required to trip the relay. In general, the
farther out the shunt screws are turned, the greater
the toggle action will be and as a result, the dropout
current will be.lower. In adjustingthe polar elements,
be sure that a definite toggle action is obtained,
rather than a gradual movement of the armature.

Start with both shunt out 4 to 5 turns. Short out
the pilot wire on the high side of the insulating
transformer. Momentarily apply 40 amperes from ter-
minals 5 to 3. Now remove the short from H1 to H4
and, adjust the right hand shunt such that the con-
tacts close with a positive snappy toggle action at
I7g = 6.9 to 7.0 amperes. After this adjustment is
complete, short out pilot wire and apply 40 amperes
momentarily from terminals 5 to 3. Now remove the
short from H1 to H4 and, check pickup for Igg. If
value has changed from before, it will be necessary
to re-adjust the right hand shunt. Several trials may
be necessary before the pickup will be constant.
each case, the 40 amperes should be applied before
any additional adjustments are performed omn, the
shunt.

After the shunts have been adjusted, apply 40
amperes momentarily to terminals 3 and_ 5 ofythe re-
lay with the pilot wire open. Pickup will /béyapproxi-
mately 5 amperes with current applied*to terminals 7
and 9. This change in pickup is due tQ,a change in
the residual magnetism in the“polatunit/of the relay.
In the de-energized state, thé pemmanent magnet of
this unit produces a flux or“magnetic bias to keep
the contacts open. Wheni'the unit is energized, a
second flux (electricalyis produced which either
adds to or substracts from the magnetic flux. When
the electrical flux issremoved, the magnetic structure
of the polar unit is changed. Hence, the flux produc-
ed by an excess ofyrestraint current, adds to the
magnetic bias, andiythe flux produced by an excess
of operafing 4eurrent substracts from the magnetic
bias. This eharagteristic is inherent in the polarunit
and has no affect on the overall performance of the
relay.

After ‘the shunt adjustment has been made,
change the input current connections to terminals
3,and 5. Apply 40 amperes with H, and H4 terminals
shorted. Remove short and measure pickup with
current applied to terminals 3 and 5. The relay
should trip with I35 = 0.45 to 0.55 amperes.

ROUTINE MAINTENANCE

Contacts: All contacts should be ¢leaned period-
ically. A contact burnisher, S#¥182A836H01, is recom-
mended for this purpose. The use of abrasive material
for cleaning is not recommended, because of the dan-
ger of embedding small particles in 4he face of the
soft silver and thus impairingethe contact.

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

OperatidgUnit: Check the relay minimum pickup,
with the pilet wires disconnected from terminals H1
and H4g0fhtheinsulating transformer, by energizing
with I7g current (terminals 7 and 9). Pick-up current
should be:

T

=———_ + 5% ampere
57 Ry - O amperes

179 (min)

Additional tests are recommended with the pilot

wire connected as described under ‘‘Complete System
Test.”’

COMPLETE SYSTEM TEST

At the time of the initial installation and at sub-
sequent maintenance periods, it is recommended that
the following relay system checks be made, with the
pilot wire connected.

MINIMUM PICKUP

PRECAUTION: In making this test with the re-
lay in place on the switchboard, it is necessary to
connect the load box in the circuit between the relay
and the ‘‘hot’’ side of the supply circuit. If this pre-
caution is not observed, it is possible to cause a
short circuit between the grounded station service
supply circuit and the ground of the current trans-
former circuit.

The minimum pickup of each relay should be
checked before starting the system tests. With taps
as specified in Fig. 10, and the pilot wire circuit
open on the high side of the insulating transformer,
each relay should trip with Ipny = 0.45 to 0.55 amp.
or with Igc = 6.9 to 7.0 amperes

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

15
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m“#?ﬂN
C.T.'s G.T.'s
AA [ransmission Line AA
T v\ 7TV
"N" Relay Insulating Transformers "F" Rel.y
| /4/ 1 \:\ HCB
HCB Pllot Wires
i ° *
-{ééi "Pilot Wire C rrent" re d with Milliammeters %ii
T e Svltches/
Note: The line should be carrying through load current amounting to at least 1.5 afmpe
measured in the secondary of the Current Transformers. This test is based on t of
the C.T.’s being the same at each end of the line, in which case set the ta
lays to Ry = .1; Ry =1.6 T=4 for this test.
RELAY “'N”’ ]
Eo Test Relay |Relay | ‘Pilot Wire Current”’ Test Relay ire Current”’
=% | Switch | Current Trip | Circulating | Remote Switch | Current Remote ,
1 iiii A,B,C,N| No (¢ (n (1)
2 tix A,C,B,N| No ) ) @
? 5
3 RS AN Yes (3) (0) (3) (4)
5686
4 AR (¢} Yes 3) (3) (4) None
6 &b
5 Ilﬁ\ﬁ AN No 3) 3) (3)
? )
6 il%ﬁ AN Yes (6) (6)
Pt

R
Tests 1 and 2 are to check normal pos uence rotation of phases.
Tests 3 and 4 simulate internal Phas to nd fault with single end feed.
Test 5 simulates an external Phase A to n ult. (5)
Gr

Test 6 simulates an internal Phase d fault, with equal feed from the two ends, since
Ig + Ic =- IA, with balanced load.
To Relay

—
LEGEND OF NAB E Phase A current from
X

TEST SWITCH mal Connection. ? bl C. T.'s to Relay.
SYMBOLS: urrents to EXAMPLE Phase B and C.T.’s
C.T.
n

elay. shorted to neutral.
1 t’’ will vary depending upon the magnitude of the through load current

eristics of the pilot wire. See Figures 11 and 12.

(1) The ‘“‘pilo

1 be receiving no current from either the pilot wire or the current transformers.

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

Qends of the line with test 5, then phases B and C must be correct.

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

(5)

Fig. 10. HCB Relay System Testing Procedure.



TYPE HCB PILOT WIRE RELAY SYSTEM

l.L. 41-.971.2D

INTERPRETATION OF TESTS

1. Tests #1 and #2, Figure 10, are designed to indicate that the relays have been wired
with the correct phase rotation. When the phase rotation is deliberately and temporarily
changed by test #2, then the pilot-wire currents should be substantially zero. Any small
value of pilot wire current which appears may be due to either a small unbalance in the load
current, or else due to harmonic currents flowing through the line. If either relay has inad-
vertently been connected for the wrong phase rotation, then the fact will be appafent when
reading local current. Local current should be interpreted from Figure 13, withithe amount/of
load current which is present. If no current is read on test #1 for the local relay,“and iffeur-
rent for test #2 is in line with Figure 13, then it is an indication that that4patticulan relay
has been connected for the wrong phase rotation.

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

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

2. If the pilot wire is reversed, (a) the circulating current/will‘be low on test #1, but it
will be possible to read pilot-wire current from the remote relay. (b) Both relays will trip on
test #5. If the monitoring relays also suffer from this erroninieonnection, then the error should
be corrected at one relay location by reversing thémeonnections”to the Hj -Hq4 terminals of the
insulating transformer. However, if the monitoringirelaysido not suffer from this error, then
the polarity of the pilot wires insofar as thetHCB Trelay installation is concerned may be
suitably corrected by making a reversal of comnectiens, either at the X;-Xo terminals of one
insulating transformer, or at the output terminals of the relay, #18 and #19, Figure 3.

3. If the phases are rolled at one end of the line, then this will be picked up by test #5.
On test #5, neither relay should trip, when phase-A-to-neutral current is delivered to each of
the two relays with the switching arrangement as shown and discussed. However, if one or
both relays trip, then try checking thé near relay, phase-A-to-neutral current, against phase-
B-to-neutral current at the far relay{ Also, check phase-A-to-neutral current at the near relay
against phase-C-to-neutral current atithe far relay. If, for example, neither relay trips when
phase-A-to-neutral current isgpusedifor the near relay and phase-B-to-neutral current is used
at the far relay, then it isfan indication that what had been thought to be phase B current at
the far location really identifies with phase A current at the near location. This identifies a
rolled-phase condition; and ‘also indicates the correction which must be made in the con-
nections of the current transformer input to the relay.

4. One combimation of errors which is somewhat tricky to pick up is the combination of
pilot wires reversed plus‘a rolled-phase condition at one end. Let it be assumed that the pilot
wire is reversed at“the far end, making an error of 180 degrees. Then let it be assumed that
the phases arefalso Tolled by 120 degrees, thereby adding another error of 120 degrees.
Adding these two together brings the total up to 300 degrees, which is within 60 degrees of
what would be normal. Because of this, the only symptom which will appear in the first four
tests_gis, thatmthe circulating current is likely to be lower than one would expect whenread
at gne gndgor the other on test #1. However, test #5 may be used to identify this combina-
tion\ef errors. When the condition exists as described, when test #5 is extended to check
phase A current at the near end against each of the three currents at the far end in turn, it
will ‘be,found that at least one of the two relays will always trip. If this condition is found,
reverse the pilot-wire connection, check out the rolled-phase condition and correct it, and
then proceed with all six tests.

5. Test #6 is a final verification test.

Fig. 10 (continued)
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LOADED CIRCUIT TEST

In performing thesetests, the following procedure
should be used.

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

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

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

4. When the test calls for delivering only specified
currents to the relay, it is necessary to use a
thin piece of insulating material in the ammeter
test jack. For example, test #5 of Fig. 10 relay
,'‘N’’. To applyphase A to N current to the near
relay only, the switches associated with termi-
nals 6, 7, 8, 9 of figure 3 must be open. Opening
switches 6 and 8 short circuits the current trans-
formers for phases B and C. However, it is also
necessary to insert the insulating material in the
ammeter test jacks associated with terminals 7
and 9 in order to break up the connection between
the filter in the relay chassis and the grounded
input circuits from current transformers in phas:
es B and C.

5. To facilitate making test #2 of Fig. 10, twogam-
meter test plugs wired together with a foot for two
of flexible wire should be used. With theseltwo
test plugs suitably wired together, one of ¢hem
may be shoved in the ammeter testqjackpassoci-
ated with terminal 7, Figure 3, (and“the other
shoved in the ammeter test jaekypassociated with
terminal 9, Figure 3. (This should net be done
until the switches for terminals 6 and"8 have been
open, thus short circuiting“the current transfor-
mers involved). It is deSirable to wire the test
plugs together sueh that4when one is shovedin
the one ammetergtest@jack™with the red side up,
and the other i 'showed mpthe other ammeter test
jack with the"bback sidé’up, it is then known that
the B and C phaseteurfents to the relay have been
reversed at the input to the chassis in line with
test #2, Fig. 10. After these test plugs are pro-
perly inserted, it is then appropriate to close the
switchesyassociated with terminals 6 and 8, Fig.
3, in“erder)to remove the short circuit from the
current, transformer secondaries.
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Perform the tests as indicated in Figure 10 rec-
ording the milliammeter readings and the relay input
current at the same instant, for future reference. The
headings ‘‘Circulating’’ and ‘‘Remote’’ in the“table
of Figure 10 referto the test switch positions, ‘‘CIRC”’
and ““REM.”’ For tests 3 to 6 of Figure 10, the input
current should be increased to about 1.5 amperes by
an auxiliary current transformer, if the seeondary load
current is below this value. Alsgyreecord the input and
output readings with the test switeh,in"the ‘“Local”’
position. Typical values forfthelp ‘l.ocal’’ position
readings are shown in Figure™3.

THREE TERMINAL LINES

A similar procedure to, Figure 10 should be fol-
lowed for three-termimal line applications. In this
case open the dinefeircuit breaker at one terminal,
and disconfiect the loads from the pilot wire terminals
of the HCB telay at“that terminal. Thisleaves the re-
mainingeportion ofthe line operatingas atwo terminal
line, Nowyperform the normal tests as outlined for the
two terminalfiline system test. When these tests have
been satisféctorily completed, returnthethird terminal
relay“te normal and close the breaker at that station.
Repeat the above procedure with a different breaker
open/and relay disconnected. This will complete the
check of the three terminal line.

ENERGY REQUIREMENTS

The volt-ampere burden of the type HCB relay is
practically independent of the pilot-wire resistance
and of the current tap used. The following burdens
were measuredat a balanced three-phase current of 5
amperes:

Fer tap 4, Ry = 0.075 and Ry = 0.39

Phase A 1.25 volt-amperes 0°
Phase B 0.30 volt-amperes 285¢°
Phase C 0.90 volt-amperes 45°

Fortap 4, Ry =0.15and 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 lags its respective voltage.
The continuous rating of the relay is 10
amperes.

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

P N




TYPE HCB PILOT WIRE RELAY SYSTEM

L.L. 41-971.2D
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INSTRUCTION

B | e
*‘)< x2 Xl

\
POLARITY
MARKS

H4 H3 H2 -HI

CLAMP TYPE TERMINAL

3 ! ’ FOR™ 4 WIRERMAXIMUM
e——-n-3 Z 2‘8 vﬂ /

|
i / ! J/

\

! [
NS
J | l
I
1
|
oo 1| - |
00
. @®
! |
1 |
" \ L DIA. MTG. HOLES
y 16 a4 TOTAL
1 T
= | |
- D A
| 5l |
| 24 1 ‘
i
1
| 65— |
e 3 N.TS.

OUTLINE & WIRING DRAWING FOR
HCB RELAY INSULATING TRANSFORMER

13-C-5342

20

4 HOLES

F,f,»‘ \
112-40 THD.
22 5ia+00s

16 ' -

DRILEING F§LA 18]+A739

Fig. 16. Outline and Drilling Plan of the Semi-Flush-Type
Test Milliammeter.



TYPE HCB PILOT WIRE RELAY SYSTEM

l.L. 41-971.2D

250 DIA, HOLE
<2HDLES)

32

DM y

S

A

A90-32 THD.

5-D-1523

Fig. 17. Outline of the Test Milliammeter Auxiliary Transformer.

- |57\

> | (&

PANEL
.31 DIA.(2) THICKNESS n[‘

]

DRILLING PLAN

s

e
T |
H'J il e
75—+ 206

PILOT WIRE W-2 TEST SW. S"508A468 {GOI-GO2}
POSITION

CIRCILOCAL [LOCAL
PO. PQ.

GOl Yg" PANEL

PILOT WIRE TEST CONTACT |REM|REM [NORM
PULLOUT LOWSCALE [ [FO. |
NORMAL All-BiI X | X
| |Al2-Bl2 X
REMOTE- r—<IRC. Al =Bl
- ~—LOocAL A5 -BS X X
<OF A6-86 X
-~ ~ A7 -B7
— N CIl =Dl
Cl2-Di2
Cl -D
C5-D5
‘Westinghouse
~P=62A054”:0| Madein USA. C6-D6
C7 -D7
EI2-El X
FI2-F1 X X
E6-E7 X
F6 -F7 X X

X ”

X 602 1-1Y% PANEL
X

X
X

X

X: DENOTES CONTACT CLOSED
X X PO. PULL-OUT POSITION SPRING RETURN TO NORMAL
EACH POSITION WITH SPRING RETURN FROM PULL-OUT

293B226

Fig. 18. Outline and Drilling Plan of the Type W-2 Test Switch.

i




TYPE HCB PILOT WIRE RELAY SYSTEM

o

oo

t 19

6! 9 - 59 » |
(’_%—_\ﬁs‘zr‘i:ﬂr '6 *”‘ 's 23_2 { I‘le éf_/_A; P dsta

SEMI-FLUSH MTG.
PROJECTION MTG.

PANEL

"

w—— CASE

%

PANEL LocaTiON >

.190-32 SCREW

SPACERS FOR
THIN PANELS

t

' SCREW
16 (FOR_THiCK
EL gSE
5-18 sSTUD
is
. 190-32 SCREW

FOR THICK \PANEL
USE . 190-32STUD

23
isn
9

TERMINAL AND
MOUNTING DETAILS

-

oy
1) 1T
-] ! “
=0
{1
|

I

T T T ‘
5 % :
-+ j
< e
, ©
| g‘ | |
< M«»T % ¢ 7 |
S ) 1 |
-1 )|~ o _al’?
e TN
l t |
l !

PANEL “CUTOUTa&, DRI LLING
FOR,SEMI=FLUSH MTG.

13

19

3

s

OLES FOR
MTG. SCREWS

TERMINAL NUMBER

PANEL DRILLING OR
CUTOUT FOR PROJECTION MTG.

( FRONT YIEW)

57-D-7905

Fig. 19. Outline and Drilling Plan for the Type HCB Relay in the Type FT-42 Case.

22

o,

AR



TYPE HCB PILOT WIRE RELAY SYSTEM

1.L. 41-971

PILOT-WIRE ENERGY

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

APPROXIMATE RESISTANCE VALUES

Transformer Secondary Winding
Polar Unit Operating Coil
Polar Unit Restraining Coil
% Resistor Rc
Tube Resistor Ro
Looped Resistor R1
R1A
% Rectifiers
Indicating Contactor Switch
*Rc used in conjunction with 1N91 ger d

with older style HCB relay using cop

Y

pilot-wire channel.
RENEWAL PARTS

O

Repair work can be done most sati@ly at
the factory. However, interchangeable pa an be
furnished to users who are equipped for doing repair
work. When ordering parts, always givegle complete

nameplate data.
I@Y

0 30 ohms
10 to 140 ohms

OF COMPONENTS IN

Start to
Start t in

290 - 320 ohms

12 - 16 ohms
inim 9 - 12 ohms
41 - 44 ohms

Marked on Ro Tap Plate
s Marked on R1 Tap Plate

As Marked on R1A Tap Plate
\ IN91 Germanium Diodes

S

0.2 amp. Tap 6.5 ohms
2.0 amp. Tap 0.15 ohms

s in order to match characteristics of relay

rector type rectifiers.
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INSTALLATION o

OPERATION o

Westinghouse 1.L. 41-971.2C
MAINTENANCE

INSTRUCTIONS

TYPE HCB PILOT WIRE RELAY SYSTEM

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

APPLICATION

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

CONSTRUCTION

The relay consists of a combiffation®pésitive and
zero phase sequence filter, agsaturating auxiliary
transformer, two full wave “téctifier units, a polar
type relay unit, a neon lampg and,an indicating con-
tactor switch (ICS), all mountéd in a single case.
The external equipment normally supplied with the
relay consists of an inSulating transformer, a milliam-
meter and test swiich.

SEQUENCE FIL TER

The sequenee Afilter consists of a three-legged
iron core reactor and a set of resistors designated R1

and Ro. The reactor has three windings; two primary
and a,tapped Secondary winding, wound on the center
leg of'a ‘‘F’’ type of lamination. The secondary taps
are wired to the circularly arranged R1 tap connec-
tions'in the front of the relay. The R1 tap links also
cennect to the R resistor (looped resistance wire).
Ro consists of three tube resistors with taps wired

SUPERSEDES I.L. 41-971.2B

*Denotes change from superseded issue.

to the circularly arranged Re tap connections in the
front of the relay. Rjp tap’s are on the Ry resistance
wire and are wired tQy thewCircularly arranged R 1p
tap connections imgthe front of the relay.

SATURATING, TRANSFORMER

The outputyof the sequence filter connects to the
primary of a/wo-winding saturating transformer. The
primary winding is tapped and wired to a tap block T
in_the fronthef the relay. The secondary winding is
conneétedyto the neon lamp and from a fixed tap to
the relay coil circuits.

POLAR RELAY UNIT

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

RESTRAINT TAPS

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

INDICATING CONTACTOR SWITCH UNIT (ICS)

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

EFFECTIVE MAY 1967
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gers on the armature deflect a spring located on the
front of the switch, which allows the operation indi-
cator target to drop. The target is reset from the out-
side of the case by a push rod located at the bottom
of the cover.

The front spring,in addition to holding the target,
provides restraint for the armature, and thus controls
the pick-up value of the switch.

OPERATION

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

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

Duringan external fault, assumingmatchedrelays,
the magnitude of Vg atboth stationséwill'be the same.
The relative polarities of the Vg _voltages will be as
shown in Figure 4. Since the voltages add, most of
the current will circulate through,the restraint coils
and the pilot wire, with a minumum of operating coil
current. The relative effects©f the operating and re-

straintcoil currents aré suchythat the relay is restrained.

During an internalfault,the relative Vg polarities
reverse. Since the Vg voltages now oppose eachother,
most of the current flowing in the restraint coils is
also forced through@the operating coils with a mini-
mum of cureent in the pilot wire. This increase in
operatingmeurtent overcomes the restraining effect
and both the relays operate.

Within limits, as defined in Figure 7 and undér
‘‘Characteristics,’’ all the relays will operate fortan
internal fault regardless of the fault current distribu-
tion at the various stations. The nominal ‘pickup
(total internal fault current) of the relaying system
is equal to the minimum trip of a single relay multi-
plied by the number of relays. For example§y if the
pickup of each relay, with the pilofmwire open, is 6
amperes, a two terminal line systemghas a nominal
pickup of 2 x 6 = 12 amperes.

PILOT WIRE EFFECTS

In Figure 4 it can be seen that a short-circuited
pilot wire will short circuit the relay operating coils.
Depending on the loéatien of the short, at least one
of the relays will fail to trip during an internal fault.
If the pilot wiregiSyopenycircuited, almost all the re-
straint coil current ‘will flow through the operating
coil and the telayopérates as an over-current device.

Excessivedpilot wire series impedance will ap-
proaehpanopen-circuited condition andthe relays will
operatedduring external faults. Excessive pilot wire
shtint capacitance will approach a short-circuited con-
dition and the relays will not operate.

OPERATING UNIT THEORY

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

CHARACTERISTICS

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

Vp = 2151 Ry + Ipq (Ry + 3R,) volts (1)

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

Io1 and Ino are the positive and zero sequence
phase A current inputs, respectively, in amperes.
These are vector quantities.

ARy,
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POLAR UNIT

RESTRAINT
TAP

COMMON

CONNECTION _—— TAP BLOCK

:,FOR Roz0 se&t RIA® R

3 TUBE RESISTORS

(Ro)
3 WINDING
MUTUAL REACTOR
INDICATING
CONTACTOR

SWITCH

Fig. 1. Type HCB Relay Without Case (Front View).
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0.15 RyA
TAP

0.10 RyA
TAP

0.07 RyA
TAP

COMMON OF
R1A AND RO

DIODE
BRIDGES

* Fig. 2 Type HCB Relay Without Case (Rear View).

0.15 RinTAP

FORM RESISTOR (R1, R1A)

0.07 Ry TAP

0.10 Ry TAP
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INTERNAL SCHEMATIC

INDIEATING
CORTACTOR SWITCH ~]

A | e

MEQN LANP
"

| - SATURATING

TUBE
RESTSTOR

FORMED
WIRE RESISTOR 3 WIKDING

LlﬂlTUlL REACTOR

— RED HANDLE

—-TEST SWITCH

|~ CORRENT TEST JACK
CHASSIS OPERATED
"SHORTING SwITCH

woTE:

TERMINALS 3,4.6,6 8
ARE TO BE JURPERED
AT RELAY CASE

TERINAL

629A312

Fig. 3. Internal Schematic of the Type HCB Relay in
FT-42 Case (Double Trip Circuit). For the Single
Trip Relay the Circuits Associated with Terminal
Il are omitted.

SINGLE RELAY PICKUP (PILOT WIRE OPEN) Ig

Single relay pickup, Ig, is defined aSythe“phase
current required to operate one relay with the pilot
wire side of the insulating transformer open eircuited
(H1-H4). The single relay pickup point in terms of
filter voltage is:

Vg =0.2T (2)

where T is the saturatinggtransformer tap value.
Single relay pickup is definedyby equating (1) & (2):

O.ZTZZIAI R1+IA0(R1+3RO) (3)

Current Ig yaries with the type of fault. For ex-
ample, for a 3yphase fault, I =I5, since only posi-
tive sequence cusrentis present. Substituting [g=14
in Eq. (3)&, rearranging, the 3 phase fault pickup is:

_02T N T

Ic = IAl
s 2R; 10R1

(3 phase fault) (4)

IfR{\=0.1, Ry = 1.6 & T =4:
e - 4

5= — 2 =4 amp. (3 phase fault)
10R7 10X0.1

For a phase A to ground fault, if Ia1 =142 =1ag

(I o2 is the phase A negative sequence current):

0.2T = 2Ia1 R1 +IA1 (R1 + 3Ro)

_ 02T _

= =1
173@R, +Ry A0

But: Ig :IAl +1a9+ IAO

=3la1

T
So: IS = BIAI = y (A-G fault) (5)

Ry +'R,

If Ryp=0.1,Ry51.6& T =4

_ 02T "%, 0.2x4
S Ry Ry 0.1+1.6

:L§= 0.471 amp. (A-G fault)

NOMINAL PICKUP (ALL RELAYS)

The nominal pickup, o, is defined as
Inom = Klg (6)

where  Ipop = total internal fault current
K = number of relays (2 or 3)
Ig = single-relay pickup with pilot wire
disconnected (see above)

For example, for a phase- A-to-ground fault, Ip1 = Iag
with the pilot wire open circuited, the single-relay
pickup was previously determined as Ipg = 0.471 am-
pere. For a two-terminal line, the nominal pickup for
a phase-A-to-ground fault (R =0.1; Ro = 1.6; T = 4)
1S:

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

MINIMUM TRIP (ALL RELAYS)

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

An example of the characteristics with various
current distributions is shown in Figure 7. The filter
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INSULATING TRANSFORMER

SATURAT ING PILOT SATURATING
\ TRANSFORMER _—_— TRANSFORMER \
' — =0 ® —
FILTER ] l FILTER
2 ] be (D @) 9,
+
3 — : o b 3
-

R - RESTRAINT COIL

OP - OPERATING COIL

Vg - SATURATING TRANSFORMER VOLTASE OUTPUT

(RELATIVE POLARITIES ARE FOR THRU CURRENT OR EXTERNAL FAULT)
183A061

Fig. 4. Simplified External Schematic of the HCB Reldy System.
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Fig.45. Polar Unit Permanent Magnet Flux Paths.

output voltage, Vg, of eagh relay, as defined by
equation (1) must be imyphasefor 180 degrees out of
phase, in order for Figure gto“@pply.

INSULATING TRANSFORMER

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

PILOT<WIRE REQUIREMENTS

The telays should not be applied with pilot-wire
seriesyresistance or shunt capacitance exceeding the

following values:

TABLE |
Insulating Transformer Ratio
No. of 4/1 6/1
Relays
RL Cs RL Cs
2000 1.5 —_ —
500/, gG 1.8 1000/1,gg | 0.75
Rp, = series loop resistance in ohms.

@
I

total shunt capacitance in microfarads.

k)

P
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I.L. 41-97102C

CURRENT N NEAR RELAY
PERCENT OF NOMiNAL PICKUP

[ R [N DD
0 500 1000 2000 2500

R = PILOT WIRE RESISTANCE IN OHMS
MiCROFARADS OISTRIBUTED CAPACITY = .001R

1500

Fig. 6 Typical Curves Showing the Effect of the Pilot
Wire on Minimum Trip Current, Two-Terminal
Line (Maximum Restraint Tap). Insulating Trans-
former 4/ 1 ratio.

Where the shunt capacitance exceeds the above
amount, it may be feasible in some cases to provide
shunt reactors to compensate for the excessive ca-
pacitance. The amount of capacitance which can be
compensated is limited and varies depending upon
the magnitude of the pilot-wire distributed effect.

A shielded, twisted pilot wire pair, preferably of
#19 AWG or larger, is recommended; however, open
wires may be used if they are frequently tfansposed
in areas of exposure to power circuitfinduction. The
voltage impressed across eitherimsulating transformer
(H-1 to H-4) as a result of inductiomyor a'rise in sta-
tion ground potential, should bedess than 7.5 volts to
prevent undesired relay operation.

For three-terminal applications, the loop resist-
ance of all legs of thegpilotywire must be balanced
within 5 percent, with variable resistors as shown in
Figure 8. The pilet, wire resistance to be balanced is
divided by 16fand 36%for the 4 to 1 and 6 to 1 ratio
insulating ftransformers respectively, since the bal-
ancing resistorS aredlocated on the relay side of the
insulating transformers.

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

a)mNeutralizing reactors may be connected in
series with the pilot wire to hold the pilot wire
potential close to the remote ground potential in
the presence of a rise in station-ground potential.

They donot limit pilotwire voltages to safe values in
the presence of a longitudinal induced veltagesWhen
using the neutralizing reactor, the pilot- wiré sheath
should be insulated from station groundtegminimize
sheath-to-pair potential in the presence of a rise in
station-ground potential. All other pairs in the cable
which are connectedto station ground should also be
protected with neutralizing re@actors to minimize pair-
to-pair voltages.

b) Drainage reactofs may“be connected across
the pilot wire and to\gréund through a KX642 pro-
tector tube. The drainagewreactor is particularly ef-
fective in limiting,pair-te-ground voltage in the pre-
sence of an inducedWeltage. When the tube flashes,
both wires ,re ceémnected to ground through the
drainage reactom,windings which offer a low imped-
ance to ground,but maintain a high impedance to an
a-c ¥oltagefacross the wires. Thus, the HCB system
will operate normally even though the protector tube
has flashed'over. The drainage reactor is not intend-
edito handle a rise in ground potential.

¢) The neutralizing and drainage reactors may be
utilized together. If the neutralizing reactor is to be
of any value, the drainage reactor through the KX642
protector tube must be connected to remote ground.

TRIP CIRCUIT

The main contacts will safely close 30 amperes
at 250 volts d.c., and the seal-in contacts of the in-
dicating contactor switch will safely carry this cur-
rent long enough to trip a circuit breaker.

The indicating contactor switch has two taps that
provide a pick-up setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

SETTINGS

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

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

2) Ttap- 4, 5, 6, 8, 10, 12, and 15
To change taps, loosen center screw and move
tap link to desired setting. Tap screw and cen-
ter screw to be tight after tap change is made.
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3) Ry tap- 0.07, 0.10, 0.15
To change taps, loosen center screw and move
taplinkto desired setting. Insert twotap screws
at each end of the tap link and tighten center
screw as well as two tap screws.

4) Ro tap— 0.39, 0.51, 0.68, 0.90, 1.2 and 1.6
To change taps, loosen center screw and move
tap link to desired tap. Tap screw and center
screw to be tight after tap change is made.

5) Ria Taps — (0.07, 0.10, 0.15)
Note: It is recommended that these taps be set
in the same tap as the Ry tap for all appli-
cations.

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

INDICATING CONTACTOR SWITCH (ICS)

The only setting required on the ICS is the selec-
tion of the 0.2 or 2.0 ampere tap setting. This selec-
tion is made by connecting the lead located in front
of the tap block to the desired setting by means of
the connecting screw.

SETTING CALCULATIONS

The HCB relay has four sets of taps: Ry, T, Ry,
and restraint taps. The following discussion eStab2
lishes limits for the various tap settings under dif-
ferent operating conditions. It should be kept in mind
that settings to obtain operation on miffimumyinternal
fault conditions are based on the totalpfault current
that flows into the protected line fromtall terminals.

TERMS
R{, T, Ry — Relay taps
I3, — total minimumgnternal 3-phase second-
ary fault@urrentffed/ from all terminals.
divided” by “the number of terminals
(2 or'3)

I;, — maximum,se€ondary load current flow-
ing through the protected line.

Ig — total minimum secondary ground fault
current fed into the protected line from
all terminals, divided by the number of
terminals.

10

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

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

current transformer ragtio at
Station I and.,II respectively.

RNC (Iy, RNC (I)y —

PHASE FAULT SENSITIVITY

The phase fault pickup isfdetemmined by the Rq
and T taps. In order to operate on the minimum line-
to-line fault current, the Ry and, T taps should be set
for not more than:

Ry - Jlgp ("

In ordergto prevent“operation on load current if
the pilot wiresibecome open circuited, the Ry and T
taps should beysetifor not less than:

T = 10I
R’l = L (8)
Thepavailable taps are:
R;: 0.07, 0.10, and 0.15

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

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

_T: 1.25 x 101, = 12.51, (9)
R

The required T/Rq ratio may be obtained by any
combination of T and R;. However, the T tap must
be set the same at all stations. The Ry taps may be
utilized to compensate for different CT ratios with
two-terminal lines if the pilot-wire loop resistance is
1000 ohms or less. Auxiliary CT’s and identical R
tap settings must be used with different main CT
ratios on allthree-terminal lines and on two-terminal
lines with more than 1000 ohms loop resistance in the
pilot wire.

GROUND FAULT SENSITIVITY

The ground fault pickup is determined by R and
T taps. (T should be determined by the phase set-
ting.) In order to operate on the minimum line-to-
ground fault current, the Ry tap setting should be
not less than:
0.2T

g

(10)
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The available Ry taps are: 0.39, 0.51, 0.68, 0.90,
1.2, and 1.6.

The Ry taps, 0.07, 0.10, and 0.15, are utilized
toset Ry = 1/3 R, where no zero sequence sensitiv-
ity is desired. Equation (10)does not apply for these
three taps.

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

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

T
Ro =75

The Ry taps need not be identical as required
with the Ry taps for three terminal lines and two
terminal lines over 1000 ohms pilot wire resistance,
where the zero sequence relay currents at the line
terminals are notidentical for an external fault. How-
ever, for a conventional line section the Ry taps are
set in the same proportion as are the Ry taps.

RESTRAINT TAP

Set in maximum restraint tap for all two-
lines. Set in minimum restraint tap for

terminal lines. The use of maximum restraint two
terminal applications allows the relay to be r
u

all pilot wires as indicated in Table

pensates for the desensitizing eff f ird ter-
minal. 4

Note: The relaypick-up calibration must be changed
if set in the minim e int tap. See ‘'Ad-

justments and Maint

bank is tapped to a line
CB ays, the critical point is

urrent flow for a fault on the

TAPPED LOADS

—_= 5I3PL (11)

[, = total current for a 3-phase fault on the

low side of the bank.

in delta). Ordinarily this means that the R @ set-
tings need not be changed, since no equence
current flows in the line when the low§side is
grounded.

SETTING EXAMPLE

of
minimum restraint on three terminal app S com-

L 4
CASE I
Assume: %
Two—terminN
CT ratiof = 600/5
Full-lo t=1Ip, = 400A
Mini ase internal fault current:
hro Station I = 1500A
gh Station II = 2500A
Min m internal line-to-ground fault
rent:
Through Station I = 400A
Through Station II = 0
ault pickup:

1500 + 2500 X 5
2 600

aximum) = 513P =5x = 83.3

T . 5
—_— = 10Iy = 10 x 400 = 33.
Rl (maximum) L X X 600 33.3

The phase fault current is sufficient to
allow the relay to be set to prevent tripping
onanopen-circuitedpilot wire. Therefore, set:

T—125I =41.7
Rl* .L— o .

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

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

T
Inom(P-P) *TQRI = m = 13.8 amperes,
(1 (P-P) = T for three-terminal lines)
nom 1.92Rq

Ground fault pickup:

0.2T _0.2x4 _ 600

- 0.4
I, a00/2" 5 %

Ry (minimum) =

An R, tap exceeding 0.48 will provide trip-
ping. As recommended for overhead lines:

ote that the tapped bank must not act as a ground

urce for high-side faults (e.g. high side connected Set Ry = 1.6.

1
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HCB RELAY
HCB RELAY INSUL. TRANSF. PILOT INSUL. TRANSF. o
R e Rerts P3 8717s
LA oI
el oIl Jes
¢ R L L LTcn RTas ¢
(p) al | e L
AR BHf Al
18 »—r 87TS N r: 8718
Alt 3 I 1
o a1z . L LwRe g O 4 A6 BE, bizy, iz
eS,
P2 [ » st o5 Pz -
____ erTs I el
[ PiLoT WIRE"W-2 TEST_SW. __S "sosaass {300} -
| posimon po-f2 nyfi2
ICONTACT [REM[REM. [NORMNORM CIRC. [CIRC. [LOCAL[LOCAL
ro. ro. ro | . .| ro.
aen | x | x
Az-Bi2 X | x
FYETY] x | x \
A5-85 | X | X @ N
INSTRUMENT TRANSFORMER 0—25MA A€-B6 X 1X 0~25 MA INSTRUMENT TRANSFORMER
G5 MA (INPULLOUT [A7-B7 X X 0-5MA (IN PULLOUT
PoSITION) | S0l X X POSITION)
c.012 PIOT WIRETEST
T T I X:DENQOTES CONTACT CLOSED. PULL OUT LOW SCALE
o x P PO.—PULL OUT POSITION
S- SPRING RETURN TO NORMAL. NORMAL
€6-D6 EACH POSITION WITH SPRING ’
€77 RETURN FROM PULL OUT. REMOTE~ ' ,~CIRC.
Ei2-E| X E3 X 3 GOI- 8" PANEL —LocAL
Fi2-FI X X X X GO2-I-1 ¥2"PANEL
E6-E7 X X
Fe-F7 | X | | X |

REMOTE POSITION

NORMAL POSITION

NOTE I. TESTSWITCH IS SUPPLIED WITH ASSEMBLED CONNECTORS.
THUS EXTERNAL CONNECTIONS NEED ONLY BE MADE AT
DESIGNATED TERMINALS.

(v &%)
All

NOTE 2. TEST SWITCH CONTACTS SHOWN IN'NORM" POSITION.

CIRCULATING POSITION,

e
- O
<

~
—

LOCAL POSITION

2938225

Fig. 9. HCB Relay Test Circuits with $#508A468601-G02 TypeW-2 Switch and S#291B318A09 Milliammeter 0- 5-25 ma.

The ground fault nominal pickup is:

0.4T 1.6

P-G) =22 - 2
Inom(P=G) Ro+R; 1.6

= 1.0 ampere,

(hom(P-G) = 9:6T = for three-terminalfifies|

R‘O + Rl
Restraint tap.

Use maximum restraint taps

CASE II (DIFFERENT CT RATIOS)

Assume 400/5 CT’s atgStation”II and 600/5
CT’s at Station I,with lLéss)than 1000 ohms
pilot wire loop regsistances

At Station I, et Rp = 16 as in Case I. How-
ever, set R = 0915 togobtain Ry settings pro-
portional to the CT ratio. From equation 9:

T = 12.5R1I1 4= 12.5 X 0.15 X 400 X555 = 6.25

Set T =8

Station,II settings are:

RNc (ID) 40

0
0.15 x—=== = 0.10

R, = 0.15 ———
1 Ry (D 600

12

T = 8 (Same as Station I)

R, = 1.6 x—20 _ | 07 (Set 1.2
0= 1.6 X5g = 1.07(Set 1.2)

INSTALLATION

The relays should be mounted on switchboard
panels or theirequivalent in alocation free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of the four mounting holes
on the flange for semi-flush mounting, or by means of
the rear mounting stud or studs for projection mount-
ing. Either a mounting stud or the mounting screws
may be utilized for grounding the relay. The electri-
cal connections may be made directly to the termi-
nals by means of screws for steel panel mounting or
to the terminal studs furnished with the relay for
thick panel mounting. The terminals studs may be
easily removed or inserted by lockingtwo nuts on the
stud and then turning the proper nut with a wrench.

For detailed Flexitest case information, refer to
I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

CAUTION Make sure that the neon lamp is in place
whenever relay operation is being checked.
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I.L. 41-971.2C

ACCEPTANCE TESTS

The following tests are recommended when the
relay is received from the factory. If the relay does
not perform as specified below, the relay either is
not calibrated or it contains a defect.

Main Unit

Connect the relay to the insulating transformer,
as shown in Figure 8, and set R1 = 0.10, Rg = 1.6,
T = 4, and maximum restraint tap. With the insulat-
ing transformer terminals H1 and H4 open circuited,
measure the minimum pick-up current, I;g (min.),
with current applied through terminals 7 and 9. This
value should be:

I7g (min.) = 6.94 +5% amperes.

Now, connect a resistance, Rpy, across H1 and
H4 of the insulating transformer, with a 10-mfd capac-
itor connected between H2 and H3. Connect a ca-
pacitor, Cpw, in parallel with Rpy. With Rpy and
C pw set as specified in Table II suddenly apply
I35 = 30 amperes (through terminals 3 and 5).

TABLE Il
Rpw Test — Max. Restraint Tap

R; = 0.10, R, = 1.6, T = 4

check on the relay calibration is desired.
Over-all Relay Check

Over-all calibration can be checkedjyby4the pro-
cedure described under ‘‘Acceptance Tests.’’ If the
relay has been calibrated in the minimum restraint
tap (factory calibration is made in the maximum re-
straint tap), the Rpy test should be made in accord-
ance with Table III instead ofgTable II.

TABLE N
Rpw Test - Mind Restraint Tap

R; .10, )R, = 1.6, T = 4

Insulating Rpw t Cpw

Transformer in in
Ratio ohms microfarads
4to1 1200 1900 0.75
6to1 2700 4300 0.33

1t The relay should not operateyat the lower value of
Rpw, but should operatefat the higher value.

Additional tests for thepsequence filter and the
operating unit are/deScribed under ‘‘Calibration
Check.’’ These Tlattertests are not required unless
the relay fails to meet,the acceptance tests.

Indicating ‘ContactorSwitch (ICS)

Close the mainrelay contacts and pass sufficient
direct current through the trip circuit to close the
contacts of the ICS. This value of current should not
be greater than the particular ICS tap setting being
usedn,The indicator target should drop freely.

CALIBRATION CHECK

The following tests are recommended whenever a

Insulating Rpw ¥ Cpw
Transfermer in in
Ratio ohms microfarads
4,to0 1 800 1400 0.75
6 toal 1800 3100 0.33

1t The,relay should not operate at the lower value of
Rpw, but should operate at the higher value.

Sequence Filter: Remove tap screw T and con-
nect a high-resistance voltmeter across this open-
circuited point by connecting to the tap plate and to
one of the saturating transformer taps at the rear of
the tap block. Energize the relay with I7g = 6.94 am-
peres (terminals 7 and 9). The measured open-circuit
voltage, Vg, should be:

Vp = 8R{ 5% volts.
(e.g., if Ry = 0.1, Vp =8 x 0.1 = 0.8 volt.)

Repeat this voltage measurement with Isg = 6.94
amperes.

Operating Unit: The following test will check
the polar unit calibration and the performance of the
rectifiers. Connect a variable non-inductive resistor
across the high-voltage terminals of the insulating
transformer (H1 to H4), and connectd-c milliammeters
in series with the operating and restraining coils of
the polar unit by opening these circuits. (The re-
straint can be opened at the tap circuit for max. and
min. restraint. The operating circuit has to be opened
at the polar unit.) These milliammeters should have
low resistance and should be capable of reading in
the order of 20to 25 ma in the operating coil and 100
to 150 ma in the restraining circuit. Using T = 4,
Ry = 0.1, Ry = 1.6, energize the relay with I35 =10
amperes (terminals 3 and 5)and increase the variable

13
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resistance across the insulating transformer high-
voltage terminals until the relay just trips. The
values obtained should conform substantially to the
following equations:

For minimum restraint

I,=0.121Ig + 8

For maximum restraint

I, = 0.16 Iy + 8

where Iy and IR areoperating and restraining coil
coil currents, respectively, in milliamperes. The
results are subject to variations between indi-
vidual relays, due to different exciting imped-
ances of the insulating transformers. However,
the value should never be lower than:

For minimum restraint

I,=0.12 Iy + 4

For maximum restraint

I, = 0.16Ig + 4

CALIBRATION PROCEDURE

If the factory calibration has been disturbed, th Ro Tap Volts
following procedure should be followed to recalibr i Setting A C.
the relay.

FILTER_CALIBRATION

A. Rp Taps S < ,
1. Disconnect T current tap link Nace

Ro tap in 1.6

2. Connect voltmeter (low-re
tance rectox) across rel

the common of T tap block.
3. Pass 5 amperes a.c. terminal 5 and out
terminal 9 of t N

4. Adjust the

ing R 1 slide wire posi-
tion (see Fig. location) to be within
limits of. following table for each specified
setting of Ry tap screw.

4
R ap Volts
ting A.C.
0.865 + .008
.10 0.577 + .007
.07 0.433 + .005

B. Ria Taps

1. Disconnect T current tap link and set
in O tap.

2. Connect a.c. voltmeter across relay termin
3 and the common connection of R 14 and Ro
(see Fig. 2 for location). @

3. Pass 5 amperes a.c. into termi s 5 and out
terminal 9 of the relay.
4. Adjust the corresponding\‘ ide wire

position (see fig. 2 fo tion) to within
limits of following tab
setting of R1 4 Tap sétew

Ri1a Tap Volts

Setting A.C.
.15 QO.ZSO + ,005
.10 0.167 .003

0.125 = .003

ch specified

+

I+

Q

can be made on the Ro resistors.
istance can be checked by passing
.c. through terminal 3 and out terminal
tap must be disconnected. Following volt-
hould be measured across terminal 2 and
specified tap of Ro.

.39 1.85 to 2.05
51 2.45 to 2.68
.68 3.28 to 3.60
.90 4.33 to 4.70
1.20 518 to 6.27
1.60 7.72 to 8.38

Polar Unit Contact Adjustment: Place a 0.088
to 0.095 inch feeler gage between the right hand
pole face and the armature. This gap should be
measured near the front of the right hand pole face.
Bring up the back-stop screw until it just makes
with the moving contact. Place a 0.045 to 0.050
feeler gage between the moving contact and the
stationary contact on the left-hand side of the polar
unit. Bring up the stationary contact until it just
makes with the gage and lock in place. For relays
with double contacts make sure that both upper and
lower contacts make at the same time.

Polar Unit Calibration: Connect the restraint tar

link in the position in which it will be used. Con-
nect terminals X1 anrnd X2 of the insulating trans-
former across the pilot-wire terminals of the relay.
Connect the relay taps on T =4, Ry = 0.1, R, = 1.6.

O

Mi\,

gy,
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LL. 41+971.2C

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

Start with both shunt out 4 to 5 turns. Short out
the pilot wire on the high side of the insulating
transformer. Momentarily apply 40 amperes from ter-
minals 5 to 3. Now remove the short from H1 to H4
and, adjust the right hand shunt such that the con-
tacts close with a positive snappy toggle action at
I7g = 6.9 to 7.0 amperes. After this adjustment is
complete, short out pilot wire and apply 40 amperes
momentarily from terminals 5 to 3. Now remove the
short from H1 to H4 and, check pickup for I7g. If
value has changed from before, it will be necessary
to re-adjust the right hand shunt. Several trials may
be necessary before the pickup will be constant. dn
each case, the 40 amperes should be applied beforg
any additional adjustments are performed on) the
shunt.

After the shunts have been adjustedy, apply 40
amperes momentarily to terminals 3 andgd ofythe re-
lay with the pilot wire open. Pickup will /Joedyapproxi-
mately 5 amperes with current applied to terminals 7
and 9. This change in pickup is due taha change in
the residual magnetism in the pelarunit of the relay.
In the de-energized state, th@ petmanent magnet of
this unit produces a flux, or ‘magnetic bias to keep
the contacts open. When“the unit is energized, a
second flux (electrical) is ,produced which either
adds to or substracts from the magnetic flux. When
the electrical flux i"rémoved, the magnetic structure
of the polar unit is'changed. Hence, the flux produc-
ed by an excessy of@réstraint current, adds to the
magnetic bias,gand“the flux produced by an excess
of operating /currefit substracts from the magnetic
bias. This charagteristic is inherent in the polar unit
and has no affect on the overall performance of the
relay.

After the shunt adjustment has been made,
change the input current connections to terminals
3%and'5. Apply 40 amperes with H, and H4 terminals
shorted. Remove short and measure pickup with
current applied to terminals 3 and 5. The relay
should trip with I35 =0.45 to 0.55 amperes.

ROUTINE MAINTENANCE

Contacts: All contacts should be €leangd period-
ically. A contact burnisher, S#182A836H01, 4S recom-
mended for this purpose. Theuse of abrasive material
for cleaning is not recommended, because of the dan-
ger of embedding small particles in“the face of the
soft silver and thus impairing¥the contact.

ICS Unit: Close the maindrelay contacts and
pass sufficient direct_eurrent through the trip circuit
to close the contacts of the ICS. This value of cur-
rent should not beygreater/than the particular ICS tap
setting being used.“The indicator target should drop
freely.

Operating Unit: Check the relay minimum pickup,
with the pilet, wires disconnected from terminals H1
and H4¢of the “insulating transformer, by energizing
with I7g gurrent (terminals 7 and 9). Pick-up current
should, be:

T

:W + 5% amperes

179 (min)

Additional tests are recommended with the pilot

wire connected as described under ‘‘Complete System
Test.”’

COMPLETE SYSTEM TEST

At the time of the initial installation and at sub-
sequent maintenance periods, it is recommended that
the following relay system checks be made, with the
pilot wire connected.

MINIMUM P1CKUP

PRECAUTION: In making this test with the re-
lay in place on the switchboard, it is necessary to
connect the load box in the circuit between the relay
and the ‘‘hot’’ side of the supply circuit. If this pre-
caution is not observed, it is possible to cause a
short circuit between the grounded station service
supply circuit and the ground of the current trans-
former circuit.

The minimum pickup of each relay should be
checked before starting the system tests. With taps
as specified in Fig. 10, and the pilot wire circuit
open on the high side of the insulating transformer,
each relay should trip with Ian = 0.45 to 0.55 amp.
or with Igc = 6.9 to 7.0 amperes

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

15
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C.T.'s G.T. s
Transmission Line

"N" Relay //Insuleting Tra sformers \\ “F" Rel.y
1 L. |

3
HCB ) Pilot Wires HCB
<
3

éééé "pilot Wire Curtent” re d with Milliammeters iié
______:'_:\ Test Svitches/T

Note: The line should be carrying through load current amounting to at least 1.5 amperesyas

measured in the secondary of the Current Transformers. This test is based on the gatig of
the C.T.’s being the same at each end of the line, in which case set the taps,of both re-
lays to Ry =.1; Ry = 1.6; T = 4 for this test.

RELAY *'N” RELAY (E”
go Test Relay |Relay “‘Pilot Wire Current”’ Test Relay | Relay *“Pilet Wire Current”’
% | Switch | Current Trip | Circulating | Remote Switch | Current Trip {4€irculating | Remote
1 tii A,B,C,N| No (1) (1) itit A,B,C,N |, No (1) (1)
2 t i x A,C,BN| No (2) (2) i I x A,C,B,N{y No (2) (2)
T &4 db88
3 LI/K»V AN Yes (3) (0) KRRS 0 Yes (3) (3) (4)
X 86
4 RRR (0] Yes (3) (3) (4) ii}u AN Yes (3) None
$s b6
5 i\;—/wf AN No 3) (3) i\i&ﬁ AN No (3) (3)
i Bl
6 Q/M AN Yes (6) ' B,C,N Yes (6)

RE'MA RK S

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

Tests 3 and 4 simulate internal PhasépA to'Ground fault with single end feed.

Test 5 simulates an external Phase A to"'Groundifault. (5)

Test 6 simulates an internal Phase Amto Ground fault, with equal feed from the two ends, since
IB + Ic = - IA, with balanced load.

LEGEND OF

To Relay
A —
Phase A current from

N A B'C, L)
TEST SWITCH Normal Connection. % C. T.’s to Relay.
SYMBOLS: AllCurrents to EXAMPLE Phase B and C.T.’s
NA B C

(D

(2)

(3)
(4)

(5)

(6)

Relay. shorted to neutral.
N

To C.T.s

The ‘‘pilot wire,current’’ will vary depending upon the magnitude of the through load current
and thegeharacteristics of the pilot wire. See Figures 11 and 12.

Since thefrelay is temporarily connected for negative sequence, it should have practically
zeroloutputyin this test.

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

The relayat this station should reset when the ‘‘far’’ current is being read because the local
relay will be receiving no current from either the pilot wire or the current transformers.

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.

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

Fig. 10. HCB Relay System Testing Procedure.

ity
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INTERPRETATION OF TESTS

1. Tests #1 and #2, Figure 10, are designed to indicate that the relays have been wired
with the correct phase rotation. When the phase rotation is deliberately and temporarily
changed by test #2, then the pilot-wire currents should be substantially zero. Any small
value of pilot wire current which appears may be due to either a small unbalance in the load
current, or else due to harmonic currents flowing through the line. If either relayghas inad-
vertently been connected for the wrong phase rotation, then the fact will be apparentiwhen
reading local current. Local current should be interpreted from Figure 13, with, the"amount of
load current which is present. If no current is read on test #1 for the local relaypandif cur-
rent for test #2 is in line with Figure 13, then it is an indication that that“particular relay
has been connected for the wrong phase rotation.

a. In the event the pilot wire is open-circuited, the apparent circul@ting“eurrent will be
quite low, being limited to the magnetizing current of the insulatinggtransformer. Also, it will
not be possible to read current from the remote end.

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

2. If the pilot wire is reversed, (a) the circulating currgnt will be low on test #1, but it
will be possible to read pilot-wire current from the temote relay. (b) Both relays will trip on
test #5. If the monitoring relays also suffer from this errorimy,connection, then the error should
be corrected at one relay location by reversing thegeonnections to the Hy-Hq4 terminals of the
insulating transformer. However, if the monitoring,relays do not suffer from this error, then
the polarity of the pilot wires insofar as the HCB'relay installation is concerned may be
suitably corrected by making a reversal of @onneetions either at the X;-Xo terminals of one
insulating transformer, or at the output terminals of the relay, #18 and #19, Figure 3.

3. If the phases are rolled at onefend of'the line, then this will be picked up by test #5.
On test #5, neither relay shouldstrip when phase-A-to-neutral current is delivered to each of
the two relays with the switghing arrangement as shown and discussed. However, if one or
both relays trip, then try cheekingfthe near relay, phase-A-to-neutral current, against phase-
B-to-neutral current at thelfar relay. Also, check phase-A-to-neutral current at the near relay
against phase-C-to-neutral current“ab the far relay. If, for example, neither relay trips when
phase-A-to-neutral current®is used, for the near relay and phase-B-to-neutral current is used
at the far relay, then itfis an“indication that what had been thought to be phase B current at
the far location really identifies with phase A current at the near location. This identifies a
rolled-phase condition, and“also indicates the correction which must be made in the con-
nections of the current transformer input to the relay.

4. One combination of errors which is somewhat tricky to pick up is the combination of
pilot wires reversed plus a rolled-phase condition at one end. Let it be assumed that the pilot
wire is reversed atythe far end, making an error of 180 degrees. Then let it be assumed that
the phases are,also rolled by 120 degrees, thereby adding another error of 120 degrees.
Adding thesegwo together brings the total up to 300 degrees, which is within 60 degrees of
what would be normal. Because of this, the only symptom which will appear in the first four
testSWis that the circulating current is likely to be lower than one would expect when read
at one end or the other on test #1. However, test #5 may be used to identify this combina-
tion of errors. When the condition exists as described, when test #5 is extended to check
phase A current at the near end against each of the three currents at the far end in turn, it
willobe found that at least one of the two relays will always trip. If this condition is found,
reverse the pilot-wire connection, check out the rolled-phase condition and correct it, and
then proceed with all six tests.

5. Test #6 is a final verification test.

Fig. 10 (continued)
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LOADED CIRCUIT TEST

In performing thesetests, the following procedure
should be used.

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

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

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

4. When the test calls for delivering only specified
currents to the relay, it is necessary to use a
thin piece of insulating material in the ammeter
test jack. For example, test #5 of Fig. 10 relay
,‘N”’. To apply phase A to N current to the near
relay only, the switches associated with termi-
nals 6, 7, 8, 9 of figure 3 must be open. Opening
switches 6 and 8 short circuits the current trans-
formers for phases B and C. However, it is also
necessary to insert the insulating material in the
ammeter test jacks associated with terminals 7
and 9 in order to break up the connection between
the filter in the relay chassis and the grounded
input circuits from current transformers in phas-
es B and C.

5. To facilitate making test #2 of Fig. 10, two 4ama
meter test plugs wired together with a foot or two
of flexible wire should be used. With theSe twe
test plugs suitably wired together, onellof them
may be shoved in the ammeter test jaek associ-
ated with terminal 7, Figure 3, and theéyother
shoved in the ammeter test jackWassoeiated with
terminal 9, Figure 3. (This shouldynot be done
until the switches for terminals’6 and 8 have been
open, thus short circuiting theycurrent transfor-
mers involved). It is degirable, to wire the test
plugs together such4hat‘when/ one is shovedin
the one ammeter t€st jaék with the red side up,
and the other isShoved in the other ammeter test
jack with the blaekdsidedip, it is then known that
the Band C phase curreéntsto the relay have been
reversed at the input to the chassis in line with
test #2, Fig. 10. After these test plugs are pro-
perly inserted, it is then appropriate to close the
switches associated with terminals 6 and 8, Fig.
3, in order“to remove the short circuit from the
curfent“transformer secondaries.

18

Perform the tests as indicated in Figure 10 rect
ording the milliammeter readings and the relay input
current at the same instant, for future reference.( The
headings ‘‘Circulating’’ and ‘‘Remote’’ in the table
of Figure 10 referto the test switch positions, ‘‘CIRC’’
and “‘REM.”’ For tests 3 to 6 of Figure 10, the input
current should be increased to about 1.5 amperes by
an auxiliary current transformer, if thel seeéndary load
current is below this value. Also reeord the/input and
output readings with the test switch in,the ‘‘Local”’
position. Typical values for the /“local’’ position
readings are shown in Figure, 13.

THREE TERMINAL LINES

A similar procedure to ‘Rigure 10 should be fol-
lowed for three-temminalyline applications. In this
case open the line gireuit breaker at one terminal,
and disconnéetthe loads from the pilot wire terminals
of the HCB relayat,that terminal. Thisleaves the re-
maining@ortion of the line operatingas atwo terminal
line. Now perform the normal tests as outlined for the
two terminal lime system test. When these tests have
beengsatisfaetorily completed, returnthe third terminal
relay. to“nermal and close the breaker at that station.
Repeaththe above procedure with a different breaker
open and relay disconnected. This will complete the
check of the three terminal line.

ENERGY REQUIREMENTS

The volt-ampere burden of the type HCB relay is
practically independent of the pilot-wire resistance
and of the current tap used. The following burdens
were measuredat a balanced three-phase current of 5
amperes:

For tap 4, Ry = 0.075 and Ry = 0.39

Phase A 1.25 volt-amperes 0°
Phase B 0.30 volt-amperes 285°
Phase C 0.90 volt-amperes 45°

For tap 4, Ry = 0.15and R, = 1.6
Phase A 2.3 volt-amperes 120°
Phase B 4.6 volt-amperes 285°
Phase C 5.3 volt-amperes 45°

The angles above are the degrees by which
the current lags its respective voltage.
The continuous rating of the relay is 10
amperes.

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

P
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PILOT WIRE RESISTANCE = O OHNS
TAPS: T =4, Ri = .1, Ro = 1.8

S R IR AREEPESI
CIRCULATING CURRENT
WITH 10 MFD. CAPACITOR
"CiRC”

[

20

" FAR RELAY CURRENT
| WITH 10 MFD. CAPACITOR |
' "REM®

'CIRCULATING CURRENT
WITHOUT 10 MFD. CAPACI(TOR
FAR RELAY CURRENT :

WITHOUT 10 MFD. CAPACITOR

PILOT WIRE CURRENT IN MILLIAMPERES

ok
[
POSITIVE SEQUENCE AMPERES (60 CYCLES) IN BOTH RELAYS

T T T I T T T I T T T S T e g 1
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TYPE HCB PILOT WIRE RELAY SYSTEM

PILOT-WIRE ENERGY

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

APPROXIMATE RESISTANCE VALUES

Transformer Secondary Winding
Polar Unit Operating Coil
Polar Unit Restraining Coil
Resistor Rc
Tube Resistor Ro
Looped Resistor R1

R1A

Rectifiers

Indicating Contactor Switch

I.L. 41-971.2C
pilot-wire channel.
RENEWAL PARTS
Repair work can be done most satisfactorily at
the factory. However, interchangeable p can be

furnished to users who are equipped for doing repair
work. When ordering parts, always ginthe complete
nameplate data.

OF COMPONENTS INN AY

Start to

to 30 ohms
110 to 140 ohms

290 - 320 ohms

12- 16 ohms
9 - 12 ohms
41 - 44 ohms

s Marked on Ro Tap Plate
As Marked on R1 Tap Plate
As Marked on R1A Tap Plate

IN91 Germanium Diodes

0.2 amp. Tap 6.5 ohms
2.0 amp. Tap 0.15 ohms
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INSTALLATION

I.L. 41-972d

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE TSP MAGNETIZING INRUSH TRIPPING SUPPRESSOR
FOR USE WITH TYPE HCB PILOT WIRE RELAYS

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

APPLICATION

The type TSP suppressor provides a time delay
to prevent unnecessary tripping of transformer bank
breakers upon the occurrence of a magnetizing inrush
or recovery surge, but does not interfere with the
prompt operation of the differential relay when a
fault exists in the transformer bank or on the trans-
mission line either during normal operation or when
it is initially energized.

The suppressor described in this leaflet ds in-
tended for use with type HCB Relays ‘and net, with
the types CA, CA4 and CAG6 relays. The “type TSI
tripping suppressor is for use with the/induetion type
relays mentioned aboveand is covered in I.1..41-346.1.

CONSTRUCTION

The type TSP relay consists ‘of three type SV
voltage units, synchronousytimeryand three auxiliary
contactor switches. The_eonstruction of the units is
described below.

Type SV Voltage Units

These units, ‘designated S1, S2, S3 are solenoid
types withfa Usshaped iron frame that supports the
coil and serves asthe external magnetic path for the
coil. The coil Surrounds a core and an adjustable
flux shunt by which calibration is obtained. The
plunger moves in the core and is guided by two bear-
ings, one at the top of the assembly, and one at the
bottom of a bronze guide tube for the flux shunt.

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

NEW INFORMATION

flexible wire. The stationary contacts are attached
to the end of a slottgd bracket. The bracket is held
in place by screws to'which the electrical connections
are made.

Synchronous JFimer

The timerjdesignated T2 is a small synchronous
motor operating on voltage and driving a moving con-
tactyarm thru a gear train. The contact arm termin-
ates) imya “short flat spring with contacts on the op-
positeyouter ends. When the arm travel time elapses,
the méving contacts strike two rigid stationary con-
tactsyto stall the motor. Contact follow is ebtained
byathe deflection of the moving contact spring.

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

Auxiliary Contactor Switches

»

These switches designated as CS1, CS2, CS3 are
small solenoid type switches. A cylindrical plunger
with a silver disc mounted on its lower end moves in
the core of the solenoid. As the plunger travels up-
ward, the disc ‘bridges three silver stationary con-
tacts, only two of which are used in this relay. A
small threaded stud projects below the plunger which
supports the silver disc and carries the adjusting
nuts. A weight is used on the plunger assembly to
improve the drop-out characteristics of the switch.

OPERATION

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

The voltage units S1, S2, and S3 are energized by
potential transformers. These transformers should be
energized at the same time the power transformer is
energized. (An alternate method, using bus potential
transformers, is described under “Installation”).

EFFECTIVE SEPTEMBER 1957



TYPE TSP TRIPPING SUPPRESSOR

200 2 - 125 Y.0.C.
800 2 - 250 V.B.C.*\ \

EFT REAR SWITCH
-t (F.v.)

AUXILIARY SWiTCHES - }——j
|

RIGHT FRONT SWITCH—
(F.¥.)

LEFT FRONT SWITCH—
(F.¥.)

_—~SYNCHRONOUS TIMER

TYPE SV VOLTAGE
UNITS

f—RED HANDLE
|——TEST SWITCH

p—TERMINAL

\ T
EXT.RESH STO{!Jm}niaaq ‘1’7373‘;

182A741

Fig. 1. Internal Schematic of the Type TSP Tripping Sup-
pressor in the Type FT31 Case.

Assume that a circuit breaker is closed to ener-
gize the transformer bank and line included in the
type HCB differential zone, and that the circuit is
not faulted. The voltage units operate, so that the
break contacts, S1, S2, S3, open to remove a short
circuit around CS1, CS2 and the internal resistor.
This causes CS1 and CS2 to operate. The CS1 switch:
short circuits the output terminals of the type HCB
relay on the relay side of the insulating transformer.
If the type HCB relay contacts have already closed
due to the inrush, they will immediately reset when
this short circuit is established before trippingscan be
accomplished. It is the purpose of the type SG relay
inserted in the trip circuit to provide a _slight time
delay in tripping to guarantee that CS1 will bebable
to operate in time to block tripping. The CS2 switch
closes the circuit to the synchronous timer T2, the
front contacts of the voltage units S1§)S2, and S3
having closed when the voltage unitsypicked up. At
the expiration of the time interval eorresponding to
the setting of the timer, the, timer contacts, T2, will
close and energize auxiliary switch coil, CS3. Con-
tacts CS3 short circuit the coils of CS1 and CS2,
which open their contaéts and remove the short cir-
cuit from the type HCB relay output terminals. When
the CS2 contacts open, the timer will be de-energized
and will reset. However, CS3 contacts provide a seal
in circuit, and"CS3 remains in the operated position.
If a short cifeuit'now occurs in the transformer bank,
or on thegine; operation of the type HCB relays will
trip the breakers. If a short circuit occurs during the
inrush ‘peried, the voltage will be reduced causing
oneaor more break contacts S1, S2 or S3 to close,

STATION 3Us

DEVICE NUMBER CHART
87 ~'PILOT WIRE RELAY, TYPE HCB
ICS - INDICATING CONTACTOR SwiTCH
IN TYPE HCB RELAY
T2 87X = MAGNETIZING INRUSH TRIPPING
SuPPRESSOR, TYPE TSP

CS1) AUXILIARY SWITCHES IN
- TYPE TSP SUPPRESSOR

YOLTAGE UNITS IN TYPE
52)- TSP SUPPRESSOR

INSULATING
TRANSFORNER Te - TIMER IN TYPE TSP SUPPRESSOR

gl 7Y - AUXILIARY RELAY, TYPE SG

FRoN 2 - POWER CIRCUIT BREAKER
FER 10 | 5a SREAKER AUXIL1ARY SWiTCH
ourPuT st | pitor -

( #IRE TC ~ 3REAKER TRiP COIL

182a823

Fig#2y, Extarnal Schematic for the Type TSP Tripping
Suppressor used with the Type HCB Relay.

which will cause CS1 and CS2 to drop out, thus re-
moving the short circuit from the type HCB relay out-
put terminals, and permitting a tripping operation. If
a fault already exists when the breaker is closed, the
low voltage encountered will fail to open one or more
break contacts, S1, SZ or S3 and operation of the
type HCB relay will not be blocked.

In the event of a severe external fault, which re-
duces the system voltage to such an extent that the
power bank will suffer another magnetizing inrush, or
recovery surge, when the fault is cleared, then the
suppressor will act in the same way as for an initial
inrush. This is because the low voltage during the
short-circuit will cause one or more of the SV units
to drop out, thus short circuiting the CS3 and there-
by opening the seal in circuit so that the synchronous
timer will have to time out again when the external
short-circuit is cleared and the voltage goes back to
normal.

CHARACTERISTICS

The type TSP tripping suppressor is rated 120
volts, 60 cycles and separate models are available
for 125 or 250 volt d-c trip circuits. The type SV
voltage units pick-up at approximately 100 volts and
drop out at approximately 90 volts or more. The

o~



TYPE TSP TRIPPING SUPPRESSOR

I.L.(41.972.1

TYPE TSP RELAY
(FRONT VIEW)

VOLTMETER
0-130 YOLTS
b POTENTIOMETER

1000 @ -
4000 0 -

240 voLTS
J 60 crcLes

}o.c.
7 suppLy

183A597 |

Fig. 3. Diagram of Test Connections for the Type TSP
Tripping Suppressor in the Type FT31 Case.

pick-up setting is adjustable, however,“and the drop
out is from 90-98 per cent of the pick-up. “Fhe ‘syn-
chronous timer scale is marked in 30 ¢ycleydivisions
and is adjustable up to 5 seconds.

INSTALLATION

The relays should be mounted» on switchboard
panels or their equivalent'in a loeation free from dirt,
moisture, excessive vibrationjjand heat. Mount the
relay vertically by means of(the four mounting holes
on the flange for semi-flushdmounting or by means of
the rear mounting stud’or, studs for projection mount-
ing. Either a“mounting/stud or the mounting screws
may be utilized for, grounding the relay. The elec-
trical connections bmay be made directly to the ter-
minals by ‘means 40f screws for steel panel mounting
or to the terminal studs furnished with the relay for
thick panel mounting. The terminal studs may be
easily removed or inserted by locking two-nuts on the
stud and then turning the proper nut with a wrench.

For detailed FT case information refer to I.L.
41=076.

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

in the differential zone so that they are energized at
the same time that the power transformer is energized.
An alternate method is to use bus potential trans-
formers, in which case auxiliary switches on the
breakers must be used so that the voltage units of
the tripping suppressor are de-energized when the
power transformer is de-energized. In this case, it
is preferable that the, breakerfauxiliary switch con-
tacts close before the“maingecontacts close. This
alternate scheme willmnot “be effective, however, if
the bank is energized by elosing the breaker at the
far end of the line¢

The multi-contact auxiliary tripping relays should
have suitablé“centacts to open the trip circuit after
the breakeritrip circuits are energized and sealed in.

SETTINGS

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

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory and
should not be disturbed after receipt by the customer.
If the adjustments have been changed, the relay
taken apart for repairs, or if it is desired to check
the adjustments at regular maintenance periods, the
instruction below should be followed.

All contacts should be periodically cleaned. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Type SV Voltage Units

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

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

Adjust the magnetic shunt on each unit so that
the elements pick-up at 100 volts, 60 cycles. When
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Fig. 4. Outline of tha External Resistor:

moving the shunt be sure that the locking lever is
pushed out to free the shunt. Energize all three
units at once, and make sure that all three contacts
maintain a steady circuit to the motor with 100 to 130
volts on the type SV units. This is indicated by
uniform operation of the motor without flutter.

The drop out of the units should be 90 volts or
more when the pick-up setting is 100 volts, 60 cyeles.

Synchronous Timer

The moving contacts should have approximately
1/16 inch follow after the motor stallsy, Make sure
that the spiral spring returns the céntact ‘arm to the
full open position quickly when the motor is de-ener-
gized. The motor should pick-upsand run in synchron-
ism at 100 volts, 60 cycles, and drop out at below
90 volts.

Auxiliary Contactor Switches

Adjust the stationary ‘core of the switch for a
clearance between the stationary core and the moving
core when the switch®is picked up. This can be
most conveniently done by turning the relay up-side
down. Screw up,the core screw until the moving core

startSyrotating. Now, back off the core screw until
the moving core stops rotating. This indicates the
point where the moving core just separates from the
stationary core screw. Back off the stationary core
screw 1/2 turn beyond this point and lock in place
with the locknut provided. This prevents the moving
core from striking and sticking to the stationary core
because of residual magnetism. Adjust the contact
clearance for 1/16 inch by means of the two small
nuts on either side of the Micarta Disc. The switch
in the 125 volt relays should pick up on not less than
75 volts d-c. Test for sticking when 125 volts d-c
is removed. For the 250 volt relays, double the volt-
age values above.

Overall Test

Connect the relay per Fig. 3 with all switches
closed. All three SV units should pick up and the
timer motor should run at all voltages from 100 to 130
volts. With the SV units set for 100 volts pick-up.

Close switches X, Y, Z and K, with the voltage
adjusted for 115 volts. The lamp should light until
the timer times out, at which time the lamps should
go out and the timer should reset.

~m,
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TYPE TSP TRIPPING SUPPRESSOR LL. 41

ENERGY REQUIREMENTS O

The burdens of the type TSP Tripping Suppressor are as follows: < ’
Voltamperes
Watts at at 120 volts, P.F. Angle
Element 125V or 250V d-c. 60 cycles Degre’s Lag
Auxiliary Switches 88 0 eeeea, g eme--
Synchronous Timer T2 = ===-- 2.72 56.6
Type SV Unit, S1, S2, S3 (each) =~ ---- 7.95 62.2
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Fig. 5. Outline and Drilling Plan for the Type TSP Tripping Suppressor in the Type FT31 Case.
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