INSTALLATION

I.L. 41-971

OPERATION ¢ MAINTENANCE

INSTRUCTI O NS

TYPE HCB PILOT WIRE RELAY

CAUTION Before
into
have been 1nserted for the purpose of securing
the
moving parts operate freely,
to
properly,
settings and electrical connectlons.

putting protective relays

service, remove all blocking which may
parts during shipment, make sure that all
Inspect the con-
that they are clean and close

tacts see

and operate the relay to check the

APPLICATION

The type HCB
wlre relay designed for the complete phase and

relay 1s a high speed pillot

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

about

Simultaneous trdpping of
relay at each terminal 1s obtained in

1/60 of faults, A
installation for a two termInal line

a second for all
complete
conslsts of two relays, two insulating, trans-

formers, and an interconnectiang (pllot wire
circuit. For a three terminal 1l%ne, three
relays, three insulating tsansfommers, and a

wye-connected pllot wire gircuilt with branches

of equal 1mpedances aréfrequilred.

CONSTRUCTION

The relay consists of a comblnatlon positilve

and =zero phase‘8equence fllter, a saturating
two rectox units, a
all

The external equip-

auxliliary/ transfermer,
tiype
mounted 1inia sifigle case.

polar relay unlt, and a neon lamp
ment normally<vsupplied with the relay conslsts
of an 1insulating transformer,
and test awitch. The

components 1s as follows:

a milliammeter

construction of these

Sequence Fllter

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

and two resistors.

SUPERSEDES |I.L. 41-658K

* Denotes change from superseded Issue

The secondary of the three

and the resistors are tapped

setitings pfor various fault
Thegoutput’ of thls filter provides a
across the primary of the
the
a constant times
This
discriminating

winding reactor
to obtailn
ditions.
voltage
transformer “proportional to

con-

saturating

positive
the
1s
function
definite
a comparatively small range

sequencg current plus

sequence current. combination
the

can be adjusted to have

zero
selectedy, as
because) 1t

values 1lying 1n
for and ground faults.
Thus,
for all types of faults.
dials provide the adjustment of the
amounts of poslitive and zero sequence currents

that

all types of phase

a single operating element can be used
The two lower tap

relative

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

are comblned to

ad justs
current
transformers

not equal.

Saturating Auxillary Transformer

The
tapped primary (upper tup plate) of a
This
the voltage 1mpressed on

voltage from the fillter 1s fed into the
small
transformer 1=«
the

of
a large varlation of maximum to

saturating transformer.
used to 1limit
pllot wire, auu .0 provide a small range
voltage for
minimum fault currents. Thus, high operating

energy 1s obtailned for very light faults and

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

The upper tap plate changes the out-put of

the
amperes requlred to operate the relay when the

saturating transformer, and 1s marked 1in
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pilot wire 1s open or when equal amounts of
currents are fed to an internal fault thru the
line terminals. For further discussion, see
section entitled, "Settings".

Rectox Units

The secondary of the saturating transformer
feeds the two rectox units, the
transformer, and the
schematically 1in Fig. 8. The
are used to

insulating
pllot wire, as shown
rectox units
convert the a-c output of the
saturating transformer to d-c for use on the

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

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

on the current transformers very low.

Polar—-Type Relay

Thls element conslsts of a rectangular
shaped magnetic frame, an electromagnet, a
permanent magnet, and an armature with a
double set of contacts. The poles of the

slde
of the magnetlc frame. Flux from the permanent

permanent magnet clamp directly to each

magnet divides into two paths, one path across

the alr gap at the front of the element in
which the armature 1s located, the other a-
cross two gaps at the base of the framey ALwo

ad justable shunts are located across ‘the rear

alr gaps. These change the reluctance, of"§the
magnetlic path so as to force some of thepflux
which 1sg,.fastened to
the leaf spring and attached to (the frame mid-
Flux 1n

the armature polarizes 1t and creates a mag-
netlc blas causing 1t btopmove towards one or
the other of the poles, depending upon the ad-

thru the moving armature

way between the two rear alx),gaps.

justment of the magnetic gshunts. Two con-

centric colls are placed around the armature

and within the magnetie frame. The colls are
connected 1n oppositdon /with one used as a re-
straining windingy and the other as an oper-

ating windIng./ The“restralning winding sets
fdeld, which, in

with the fleld“ffom the permanent magnet holds

up a magnetdc conjunction

the contact 1n the normal open position. The
field

con-

operating windlng produces a magnetic
which, acts to
taet
winding™ 1is

move the armature in the

¢losing dircction. The restraining

tapped and the leads are brought

out “to taps at the upper left of the relay.

The left hand poslitilon of the test 1link 1s the

minimum restrailnt connection, and the right

hand position 1s the maximum restrailnt connez-
tion.

The moving contacts are fastened on {the firee
end of the leaf spring. con-
mounted to the left (front
of the moving contact assemblygand are

Two statlonary
tact screws are
view)
adjusted for normally open coabacts.

Insulating Transformer

The 1nsulating transformér 1s connected as
8 and isolate the
This

avolds Interconnection™of station grounds that

shown 1in Fig. serves to

terminal equlpment from the/pllot wire.

may have large differences of potentlals
between them. The, mid-taps of the parallel-
wound secondaryy, windlngs are brought out

separately ftoy provide a means of connecting

supervdsory’ (relays symmetrically within the

pillot wirep cifrcuit. When auxiliary super-
vigery relays are not used, these mld-taps are
to bepconnected together and may be grounded
to ‘dralnjthe voltages 1nduced along the length
of the pllot wires when these voltages ap-
proach the voltage 1imit of the cable. This

18, dlscussed further under Pilot Wire below.

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

Pilot Wire

One vpalr of pillot wires connecting the
secondaries of the 1nsulating transformers 1s
requlred to provide a continuous circuilt be-
tween the relays. For the pllot wires a lead-
covered twisted palr of No. 19 wilre or 1larger
1s recommended, however, open wires may be
The following polnts should be

sldered 1n selectlng pilot wire clrcuits.

used. con-

1. The total circuit
reactors

resistance (including

neutralizing when used) between

terminals of the Type HCB relays exclusive of
the insulating transformers and expressed 1in
terms of the pilot wire voltage must not ex-
ceed 2000 ohms for two terminal lines (500

ohms per wye branch for three terminal lines).

2. The shunt
should not

capaclity between pilot wires
exceed 0.75 microfarad per pilot

(0.60
lines).

In cases where this value 1is exceeded, compen-

wire terminal for two terminal lines

mfd. per 1leg. for three terminal

sating reactors will be required to reduce the
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Fig. 3—Typical Test Ouiput Vs. Input Relay Current in A
Two Terminal Line With Zero Pilot Wire Resistance.

shunt currents which tend to desensitize the

relay.

3, The difference 1n the longltudinal in-
duced voltage
should not
per rclay).

which appears between wlres

excecd 15 volts total (7.5 Wwolts

4. The 1induced voltage to groynd whi¢h oc-

curs on the pillot wires during maximum fault
conditions should not exceed theprating of the
pllot wires or 1nsulating t®ansformers. The
transformers arc insulated for 5000 volts. In
general, the pllot wiresgWwill“b€ 1insulated for

a much lower voltage.

Induced voltages|l and{)differences between
statlion ground potentdals which appear along
the pllot wiec may b@yreduced to safe limits

by the followlug medns:

a. Excessive Voltages can Dbe reduced by

greounding the mid-taps of the insulating
gransformers and allowing current to cir-
clate over the pilot wires to ground.
THe ywoltage between pilet wires must not
exceed 15 voults.

serious induction two

b» For more winding

neutralizing reactors can be used te

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

IImit

the voltages. In cases where the

sufficient to
sheath must be in-

sheath current may be
cause damage the
from ground

neutralizing

and three winding
should be used.
ffor 1000 and

sulated
reactors

avallable
2000 volt neutralization.

Reactors are

c. Another method
sultable two

consists of connecting a
winding drainage reactor
and a protector

KX642, to the

tube, such as the type
pllot wires at suitable

points. The arrangement 1s such that
when the tube flashes because of high
extraneous voltages, both wires are

connected to ground, through the reactor
and the tube.
i1s low, but the impedance between wires
1s kept high to avoild 1interfering with
the operation of the HCB relays.

The impedance to ground

OPERATION

The HCB pllot wire relay operates as a per-
differential device when the fault
carrents are small, and has essentially direc-

centage

tlonal characteristics, comparing the
tion of

protected

direc-
current flow at the terminals of the
sectlion when the fault currents are
large.

P
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The voltage
of the

appearing across the secondary
saturating transformer 1is balanced
against a similar voltage at the opposite end
of the protected line thru the re-

straint winding of each relay, the insulating

section,

and the pilot wires, as shown in
a flow of fault
pro-

transformers
Fig. 8.
power

On external faults,
thru the protected line section,
duces voltages across the secondaries of the
saturating transformers which are essentially
equal and 1iIn series. These voltages act to
circulate current thru the restraining coil of
relay which 1s connected 1n series with
Under this condition the oper-

ating coils connected across the

each
pilot wire.
pilot wires
do not recelve sufficlent current to overcome

the restraint and so tripping does not occur.

For 1Internal faults with equal feed-in from
the terminals, the voltages across the satu-
rating transformers are in opposition. This
results 1n all of the current flowing thru the
restralning and operating coils in series and
The relays at the

condl-
ofty, the
protected

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

give simultaneous tripping
at the terminals of the

section.

The impedance of the filter angdg,the
ating coil can be adjusted so that/the, sum of
the minimum trip currents from_all ( terminals,
is suffic-
This
1s affected somewhat by very low or very high

oper-

when fed in from only one terminal§
ient to trip the relays simaltaneoutsly.
sinee in this case en-

pilot wire 1mpedancely

ergy to trip any terminal, not supplying cur-
rent to the fault,/ mustgbe carried over the
pilot wire. Consequentlys based
on total fault clirreng fed in from all termi-

distribution

settings are

nals disregarding the current

from the terminals.

If the
all of the“eurrent

circuited,
coil
will also flow thru the operating coil. While
this condition exists the relay operates as an

pilot wire becomes open
in the restraining

overcurrent device and will trip on all faults
and, 2lso on heavy loads grcater than the re-
short circuit on the

since 1t

pilot
short

13y setting., A
wires will
cgircuits the

prevent tripping,
operating winding of the relay.

if the short circuit on the pilot
placed that it 1is 1000 owr, more
pilot wire ohms of the two relays,
then that relay will not be blocked.

However,
wire 1s so
from one

The current and voltage I1mpressed on the

pilot wire do not exceed 100 milliamperes and
60 volts.
pilot wire current isjsuchthat telephone in-
terference 1s within the Timits allowed by the

This permits the use

The wave form@&nd_magnitude of the

Bell Telephone Company.
telephohe

SUPERVISION

4 faulted piles, wire mentioned above may be
detected by the mlIlliammeter and test switch
(suppliedd” with the relay) or by continuously-

of 1leased lines as a pilot wire

channel.

operated" gupervisory relays supplied as extra

equipment.

The condltion of the pilot wire under normal

loa@, conditions may be determined by reading

the pflot wire current by means of the teat
switeh and milliammeter.
A comparison of the readings obtained with

fhe typical wvalues of Figs. 3 and 4 will in-
dicate the condition of the pilot wire. It
should be noted that, when the far relay
being read, the near relay is

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

resistance wires plus the im-
pedance

formers.

28
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Lk it
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RELAY OUTRUT IN MILLIAMPERES

4
POSITIVE SEQUENCE AMPERES INPUT

Curve 28258?J

Fig. 5—Typical Curve of Relay Output vs. Positive Sequence
Amperes Input.



TYPE HCB RELAY

N F
40 . -
AR 10 MPD.CAPACITORS USED. PILOTWIRE -
HEaL SEmE A “Jlr“"“D\STR\BUTED CAPACITY =075 MFD. PER |
= - TERMINAL. R. =0.|,R0=1.6,T=4 . N
N i r’“‘j‘“‘lrﬂ({(r r I 0 0 0 A
% sofri- EEERA NN AR H- MINIMUM RESTRAINT |4
- § Nmmm i ENNREENAREN N 1500 - PILOT W\RE.
¥ A e e e R TN
[ NN w] | [l i il I ! | | " 1S L.;
§ O i
2 zoffr l%_L o SEENEE iwkp ! S
- B AmE ﬂ-pfﬁi_é _tj':f‘%*’%?;ﬁ ’HiLrs N=NEAR RELAY |
w AR NSNS EEEEEEAN :J}‘TW!}\T~~F"FARRE\J\Y
5 ] T N T IE
- e a4 !
o 1T W,,/:;;ij*'*ff*’ e I SumNE
r o %fu N-TR\PPING AREA L i
N NN S S RARY Ny ]
e e N e T
gl«fl i s ‘l 'L\l u
N T e i R TR -
raui 1 I [ RS |
= I ji IENEENNEN RN t
OO_‘ T xlo Tl ZOQ'T‘i\J\T?,SJ_LLT o s }
AMPERES IN NEARRELAY
Curve 282466

Fig. 8~ Typical Operating Characteristics On Phase A to Ground 'Faults With Currents In Phase and 1500 Ohm Pilot Wire.

N F
40 *
s a 10, MFD.CAPACITORS USED. PILOT WIRE
. , PISTRIBUTED CAPACITY=0.75 MFD PER
N & - | TERMINAL. R170.),Ro=1.G, T=4-

14 i I T T T T LT T T T T T T ]
< 30 % P TMARITMUM RESTRAWT
¥ ! i ! ; '12000 - PILOT WIRE

T NN R T T 0 Y
: [EENE
w AT e NERENEENEREE RN I
s e
" T ] w; o REREREER TN-NEAR RELAY
u FLE EEEANN N A I = FAR RELAY
2 T e :
o IENAN 11 i N ANEEEEERNN
% EESEESE=EmEESEEN H
v NON-TRIPPING AREA[ -+ = am
i 1 i

L e N EREEENN

' e T [ ]
o F g

o 0 20 30 40

AMPERES IN NEAR RELRY
Curve 282466

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




TYPE HCB RELAY

I.L. 41971

123 123
N apnp [~ 1 PROTECTED LINE SEGTION PHASE ROTATION 1-2-3 Ak,
_"./.\'AVAC t = 7Lv:t;q—-:
S 0 = = ALY
JLYA‘;‘ = - O VA\_I‘_\T I
p———— —POS. 9- POS.
-
——f———¢—NEG. _JT—I“—NHi un L
a a |
TRIP GOIL
Ez ; 1RIP_COI —HCB ;
O; INSULATING PILOT Ol i %
o) TRANSFORMER WIRES
R Y
H3 H
H4 HA4
-8 & - 517
20 20 [}
4 ing It T

REAR VIEW
78
124411 $ 9,10
- IN \ -
14 Jie 2 TYPE "W
#i3 Fis TEST SWITCH
PILOT WIRE "W" TEST SWITCH S. 1491627— 8
I INSTRUMENT
CONT. POSITION TRANSFORMER
REM. |REM. [NORM.NORM JCIRG, |CIRG, jtocAL |LOGAL MULTIRANGE
P.O. P.0. P.0. P.0. MILLIAMMETER
7-81 X X % X
9-10] x | x X | x
< -2l x [ x T T X dax T L
) 13-14{ X X X X )
15-16 X X X X
X DENOTES GONTAGTS (CLOSED P.0.= PULL OUT

8-Cc-9134

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

Fig. 5
put
rent.

transformer
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this
is

short
side so that )the“milliammeter 1s con-
directly

teSt, “the
ci®@cudted
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CHARACTERISTICS

typical values fon relay out-
positive sequenceg ‘Input cur-

insulating

on the

the relay

low

output

Typlcal foverall operating characteristics of

the rel@y

are

The gencral shape of these curves 1s

for other types of faults,

pilot wire
ordinate

the operating
ditlens and tap

lengths.

scales may be

followling equation:

I
an

2,35

T

characteristics
settings

o
{2131R1'+ Iao

The ampere absclssa

o

relay settings,

by the use

iT1lustrated in Figs. 6 and 7.

similar
and
and

Interpolated to show
for other con-

of the

(R) + D‘JRO)} (1)

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

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

relay components are as follows:

a phase b to ground fault occurs,

the "near"

I,y = 10+ jo (2)
* 2
Igo = -92 (Igq) (3)
In equation (3), the factor .9 was arbi-

that the distribu-
for positive and zero

trarlly used as a reminder
tion
components

factors sequence
equal for any
glven system. Also, the operator a? signifies
that I, 1s 240° 1eading Ial a phase b to
ground fault, neglecting dissimilarities 1n
First substituting the
particular condition of equation (3)

tion (1) gives

are not necessarlly
for

the sequence networks,
in equa-

an = 228 15y {om + w0 %4m 4 37 )} (1)
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Substituting values for the several taps in
(%) gives

I =231, 2x .1+ .9 (-.5-5.866)
6 (.1+ 3 x .68) (5)
I, =392 Ial{-.763-31.67} (6)

]
]

an Ta1 -718 [gié;if (7)

Substituting the numberical value

by equation (2) results in a numerical

for Ig;
glven
value for I, of

1 an= .718 x 10 = 7.18 amperes.
This 1s the value to read on the curve for
the typical values chosen for the taps Rl, R
and T at the particular phase b to ground

fault values indicated by equations (2) and
(3). It should be noted that the total phase

b current to the "near"

0’

relay 1s Iy = Iy +
Ib2 + Ibo = 29 amperes, assuming Ib2 = Ibl'

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

sequence current, and the phase current, ILL’
1s equal 1n magnitude to'Vf'Ial. Hence, for
phase to phase faults, equation (1) reddces
tos
I, =223 {2_1_%_}?1} (8)
T v

SETTINGS

The HCB relay has three different taps which
are provided to obtain flexibidity for a wide
applicationy. The/taps to provide
operationl for ‘any given application
sele€tedfand have a wide latitude.

range of
correct

are easily
That 1s, correct operation can be obtalned for
different
following discussion

combinations of tap values. The
establishes 1limits for
the vario3 tap settings under different oper-
It should be kept in mind
to obtaln operation on minimum

ating conditions.
that settings
intergal, fault
total ‘eurrent that flows into the section from

all “terminals.

conditions are based on the

Positive Sequence Filter Tap

The 1lower left tap (R1) has three available
taps .075, .10, and .15 (the .075 tap 18§
actually marked .07 because of space limita-
tions). These taps permit compensation for
current transformers of different ratios at
terminals. Where the
transformers have the same raties, thel'values
of R1 ongall relays. A
value of Ry = .10 1s usually rgcommended ex-
cept where a more sensitive(setting of "T"
(described below) 1s desiredyjthan is obtain-
able with Ry = .10. Wherg the current trans-
formers are difrerent{at“the different termi-
nals, select the value of R} which 1s propor-
tional to the cunrentytransformer ratios. For
example, assume a’ratio of 300/5 at one termi-
nal and 600/5, at, anéther terminal. Set R; =
.075 at the 300/5 términal and Ry = .15 at the
600/5 terminal®™) The ratios obtalnable are

1/1, 2/¥,%3/2,%na 4/3.
ratio qof the Rl taps 1s not
necgssaryjto
inereasing the minimum trip

the various current

should be the same

In the event that the
1/1 it will be
compensate for the wunbalance by
calibration 25%

above,ifs normal value or by neutralizing the
distributed capacitance of the pilot wire.
The same procedure applies to three terminal
Ifnes.

Positive Sequence Current Tap

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

faults, and where possible, to prevent
comes accldentally open circuilted.
est setting of "T" that will cause
on Internal line-to-line faults 1s given by
the equation :

T =5.7I;R (9)

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

line-~
secondary fault current fed from all

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

operation

phase
sired line-to-line current setting.
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Fig. 9- External Connections of the Type ‘HCB Relay in the Type FT Case For Phase and Ground Protection of a Two
Terminal Line.
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Fig. 11— External Connections of the Type HCB Relay in the
Terminal Line With a Transformer Bank.

numerical values of T are the positive

sequ-
ence currents required togoperate the relay
when R} is set on .10{ Therefore, to com-
pensate for the valuefof ‘Rysised in the form-

ula, T, must beddivided By 0.1 thereby ob-
taining the factior "5.7".
Where line-to-1line currents are not known,
an alternate equation can be used.
The alternate equation 1is:
T=0(5.7) (.86) (Is4) Ry (20)

where I3x;is the total minimum internal three

10

Type FT Case For Phase and Ground Protection of a Two

phase secondary fault current fed from all
terminals divided by the number of terminals.

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

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

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

The minimum 1imits for this setting are dis-

cussed below.




N, -

TYPE HCB RELAY

I.L. 41971

The setting of "T" which willl cause opera-
tion on 1load current if the pillot wires be-
come accldentally open circulted 1s given by
the equation:

T=10R I (11)

where "ILoad" is the maximum secondary full
load ©balanced current flowing through the
terminal.

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

Thils consideration may be neglectedd1f 1t 1S
realized that relay operation will bejhobtained
1f pllot wilres are opened during heavyl, load

currents,

Note: "T" must be set the same at(lall termi-
nals (even where different transformer
ratios are used.)

Zero Sequence Tap

The lowerdqtap (By) has taps .025, .033, .05,
.39, .51,/268,%90, 1.2 and 1.6. (The first
two taps apé actually marked .02 and .03 be-
cause offspace Aimitations). The three lowest
taps are notfused 1n applications where high
sensitivity to ground faults 1s required.
They are, used on speclal applications where
résponse to posltive sequence current only 1s
required. Where such response 1s required, R0
s set to equal to 1/3 Ry

Maximum sensitivity to ground faults is ob-

tained with Ry = 1.6. This setting 18 gener-
ally recommended where current transformers
with the same ratio are 1nstalled at all
terminals. Where current transformers®of d4if-
ferent ratlios are installed at the various
terminals, values of Rg should gbe selected
which are most nearly proprotional to the
transformer ratios. , When the ratio of the Rg
taps can not be madefto exactly match the
ratio of the Ry tapsgfpilickithe ratio to match
as closely as possible, %and use maximum re-
straint tap.

The mininmumgtap“&ef obtaln operation on mini-
mum ground,! faults 1s expressed by the€ equa-
tion:

0.27
Ry = I (12)
where Io 1s the total minimum secondary

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

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

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

Restraint Tap

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

Example of Relay Settings

Assume a two terminal 1line with current
transformers rated 400/5 at station 1 and
300/5 at statlon 2. Also assume that full
load current is 300 amperes, and on minipmum

11
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internal phase-to-phase faults 2000 amperes
feed into the fault from station 1 and 1000
amperes from station 2. PFurther assume that
on minimum internal ground faults, 400 am-
peres feed 1into the fault from station 1 and
none from station 2.

Positive Sequence Filter Tap

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

Positive Sequence Current Tap

From equation (9)

_ 5.7 x 3000 x 5 x .1
400 x 2

T

= 10.7

or

p o 5.7 X 3000 x 5 x .075 _ 10.7
300 x 2

Tnils represents the highest
setting. The

permissable
setting which will cause
tripping on load current if the pilot wire be-
comes accldentally open circulted i1s given by
equation (11).

10 x .1 x 300 x 5

T = = °
%00 375
or
p - 10 x 0.075 x 300 x 5
- = = 3.75

300

Select T at both stations = 6.

Zero Sequence Tap

The minimum tapfwhieh widl cause tripping to
minimum internal“jyground/’ faults 1s given by
equation (12).

0.2 x 6 x 400

R, = ————— = .48 at station 1
200 x 5
0.2 6 00
Ry = 22X WX 30 _ 56 ot station 2
2000x 5
Select)R, at station 1 = 1.6
And Ro at station 2 = 1.2

N2

INSTALLATION

The relays should be mounted on switchboard
panels or thelr equivalent in a location free
from dirt, moisture, excessive vibration and
heat. Mount the relay vertically by means of
the two mounting studs for the standard cases
and the type FT projection case or /by dmeans of
the four mounting holes on theWflange for the
semi-flush type FT case. Eilther of the studs
or the mounting screws may be utilized for
grounding the relay. The electrical con-
nections may be made directito the terminals
by means of screws for steel panel mounting or
to terminal studs furdished with the relay for
ebony-asbestos or slate panel mounting. The
terminal studs mnay be easily removed or in-
serted by locking/ two nuts on the studs and
then turning thejproper nut with a wrench.

Ther relayyls shipped with the operation in-
dicatonand“the contactor switch connected 1in
parallels §This
approximately 0.25 ohm and is suitable for all
tripfeurrents above 2.25 amperes d-c. If the
trip current 1s less than 2.25 amperes, there

circuit has a resistance of

I8 noj)néed for the contactor switch and it
should be disconnected. To disconnect the
coll, remove the short 1lead to the coil on
the front stationary contact of the contactor
switch. This lead should be fastened (dead
ended) under the small filister-head screw
located 1in the Micarta base of the contactor
switch.
for trip currents above 0.2 amperes d-c. The

The operation indicator will operate

resistance of its coll 1s approximately 2.8
ohms .

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to 1nsure correct
operation of this relay have been made at the
factory and should not be disturbed after
receipt by the customer. If the adjustments
have been changed, the relay taken apart for
repairs, or 1f it 1s desired to check the ad-
Jjustments at regular maintenance periods, the
instructions below should be followed.

All contacts should be periodically cleaned
with a fine file. S#1002110 file is recom-
mended for this purpose. The use of abrasive
material for cleaning contacts 1s not recom-

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

of the
small particles in the face of the sgft silver
and thus impairing the contact.

mended, because danger of embedding

CAUTION 1. Make sure that the néon lamp 1is
in place, whenever relay operatlion I8 being
checked. This 1s required to Admit ddstortion

in pilot wire voltage wave.

2, When

tap screw

changing tapsyunder@)load the spare
should be Inserted before removing
the other tap screw.

Sequence Filter
There are no adjustments to

be made in the

zero sequence [regisgor. The taps on the R
resistor arefhadjlistable, however, but this 1is
a factory calibration which should not
ordinardly 4be disturbed. To check the posi-

a current
of phase

tive sequencegeurrent filter, pass
I = 6.94 amperes through a pair
terminals, for example, in at phase B, out of
phase C 4fsee Figure 2) and measure
cIipcult filter

This may be done

the open
voltage with a high resistance
voltmeter. by rermoving the

positive sequence current tap screw, T, and

voltmeter across the

formsd. The

connccting the
thus

open

circuit voltage should be

Fig. 132-Typical Curves Showing the Effect of Pilot Wire
Resistance and Capacitance on Minimum Trip Cur-
rent With Maximum Restraint.

minus 5% for each of the three

combinations, AB, BC, or CA.
For example, at I = 6.9% amperes and Ry= .1,
the voltage should be 0.8 volts.

B8Ry plus or
phase-to-phase

Polar-Type Element

Contact Adjustment: Adjust the 1left-hand

contacts until they just make a

(front view)
light circult, when the armature rivet touches
the left-hand pole face. Give both the left-

hand contact screws four to five additional
turns, and lock in position with the lock nuts
provided. This moves the armature rivet away
from the 1left-hand pole face and provides
contact follow. 1Ilow adjust the right-hand
backstop screws until they Jjust touch the
moving contacts when the moving contacts are
in the contact closing position as above.
Back off each Dbackstop screw two turns and

loci. 1n position.

Calibration:
in the

Connect the restraint tap link
which 1t will be used.
terminals of the in-

the pilot

position 1in
Connect the low voltage
transformer wire

sulating across

terminals of the Connect the

taps ¢n T = 4, Ry = .1, Rg = 1.6.

relay. relay

13
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Adjust the right-hand magnetic shunt in or
out as required, until the relay just closes
contacts at 6.9 to 7.0 amperes phase B to
phase C current. When this adjustment has
been made, cnhange the input current ccnnec-
tions to phase A to neutral. The relay should
trip for phase A to neutral current between
.45 and .55 ampers.

The above is given as a laboratory calibra-
tion on an 1individaul relay with its insula-
ting transformer. This does not take into
consideration the characteristics of the pilot

wire circuit between the relays.

Figs. 12 and 13 show typical variations of
minimum trip current for various lengths of
pilot wire circuits up to the limiting values
of 1500 ohms for relays operating on minimum
restraint (Fig. 12) and 2000 ohms for relays
operating on maximum restraint (Fig. 13).

For these curves, both relays are set on
taps T = 4, Ry = 0.1, Ry = 1.6. Each relay is
originally calibrated to trip on a current of

.47 amperes, phase A to neutral, with the high

side of the 1insulating transformer open-cir-
cuited. This value of current is equivalent
in the relay filter to 4 amperes positivel se=
quence only, with the taps as specified aboye.

Restraining Coil: The effectivénessVef /fhe

restraining coil of the relay elemgnt,jand the
performance of the Rectox unitsy) may be
checked as follows, if desireds Connect a
variable non-inductive resistor_across the
tiigh voltage terminals of WSghe insulating
transformer, and connectgfd=e milliammeters in
series with the operatidg Jand restraining
coils of the elenment ) byOpening these cir-
cuits at the tggt Ainks® provided for this
purpose. These “midliammeters should have low
resistance. and shouwld 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. WUsing T = 4, R; = .1, Ro = 1.6, pass
10 ampernes. ©0 cycles from phase A to Neutral
in the T®elay, and 1increase the variable

resistance®™across the insulating transformer

high “woltage terminals until the relay just

M

trips. This should be in the order of 1400 to
2000 ohms when maximum restraint 1s used,
Read the d-c current (milliamperes) in the
operating and restralning colls at this pointh
The values obtained should conform substan-
tially to the followlng equations.

For Minimum Restraint

Io = .12 I + 8

For Maximum Restralnt

IO= -16 IR+8

where I, and IR aregoperating and restraining
coll currents, respectively, in milliamperes.
The results‘are subjéct to slight variations
between individualjrelays.

The polarfity of the connections to the pilot
wires, Jand the correct "Phasing out" of A, B,
C phases at the two stations may be checked by
the 4six teésts outlined on Page 17.

Pilot Wdre Current

The pillot wire current which should flow
under normal load conditions 1s given in
Figs. 3 and 4. If the relay taps 1in use
differ from those indicated 1n these figures,
sultable conversion factors must be used as
given 1n the text. The pllot wire current
will vary 1nversely with T and directly with
Ry.

Contactor Switch

Adjust the stationary core of the switch for
a clearance between the statlonary core and
the moving core of 1/64" when the switch is
picked up. This can be done by turning the
relay up-side-down or by disconnecting the
switch and turning 1t up-side-down. Then
screw up the core screw until the moving core
starts rotating. Now, back off the core screw

until the moving core stops rotating. This
indicates the points where the play in the
assembly 1s taken up, and where the moving
core just separates from the statlonary core
screw. Back off the core screw approximately
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one turn and lock in place. This prevents the
moving core from striking and sticking to the
stationary core because of residual magnetism.
Adjust the for 3/32" by
means of the two small nuts on either side of
the Micarta disc. The switch should pick up
at 2 amperes d-c. Test for sticking after 30

amperes d-c¢ have been passed through the coil.

contact clearance

Operation Indicator

Adjust the 1ndicator at 0.2 am-
pere d-c gradually applied by loosening the

to operate

two screws on the under side of the assembly,
and moving the bracket forward or backward.
If the two helical springs which reset the
armatii:’e are replaced by new springs, they
slightly by stretching to

coil

should be weakened
obtain the
resistance 1s approximately 2.8 ohms.

ENERGY REQUIREMENTS

1 ampere calibration. The

The volt-ampere burden of the type HCB

lay is practically independent of the p

N

wire resistance and of the current ta
The following burdens were measur

anced three - phase current of 5 ampere

For tap 4 Ry = .075 and K, = .39

L 4

Phase A 1.25 volt-afiperes 0°
Phase B eres 285 °
Phase C es hg©
For tap 4 Ry = 1.6
Phase A olt-amperes 120°
Phase B volt-amperes 285°
Phase C volt-amperes 45°

above are the degfees by which

T ng
the t lags its respective voltage.

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

urrents.

15
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. s,
C.T.'s C.T.'=
ARA Transmission Line A A
vyYy\v LA A
"N" Relay //Insulating TPransformers \\ "F" Reliy
HCB % i Pilot Wires HCB
égéé "pilot Wire Current" read with Milliammeters ii %:
j—l\\\\ Test Switches/'—'T N

|
Note: The 1line should be carrylng through load current amounting to at, (leastil.’ amperes as
measured 1n the secondary of the Current Transformers. Thils test 1§, based on the ratio
of the C.T.!'s belng the same at each end of the line, 1n which case Sét the taps of both
relays to Ry = .1; Ry, = 1.6; T = 4 for this test.
RELAY "N" RELAY F"

£ "

o ol Test Relay |Relay | "Pilot Wire Current" || Test Relay |[Relay |"Pilot Wire Current

B =(Switch | Current | Trip Circulating | Relay F [[Switch | Currentygy,I'rlp Circulating [ Relay N

1 tiﬁ A,B,C,N | No (1) (1) itii A,BypC, 1 |V No (1) (1)

2 iix A,C,B,N | No (2) (2) it% A8, B, | No (2) (2)
m Lidld .

3 A,N Yes (3) (0) RRRS 0 Yes (3) (3) (%) )
bdde bl

4| VAR 0 Yes (3) (3) (%) AN Yes (3) (0)
mi bd

5 A,N No (3) (3) A, N No (3) (3)
bdé ﬁ&%

6 Z8 A, N Yes (6) +T B,C,N Yes (6)

REMARKS

Pests and 2 are to check normal positlvel sequence rotation of phases. The test switch con-

nections of test #2 may be made peadily with relays in the Flexitest case by using <clip leads

and insulating barriers in the ammete®ptest jacks. However, care should be used to avoid ac-
cldentally open-circulting the current transformer circuits.

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

Test 2 simulates an external“Phase AVto Ground fault.

Test 6 simulates an internad@PhasgfdhR to Ground fsault, with equal feed from the two ends, since

I. + I, =~ I,, with balanced lead.

B C A

To Relay
TN

LEGEND OF LN AB|C L L Phase A current from

TEST SWITCH Normal Connection, C.T. 's to Relay.
SYMBOLS: % All Currents to EXAMPLE Phase B and C C.T.'s
N ANB,C Relay. shorted to neutral.

Tol CuTup s

(1) The "pilo#{wirefcurrent”" will vary depending upon the magnitude of the ©hrough load cur-
rent and thepcharacteristics of_ the pilot wire. See Figures 4 und 5;

(2) since the relay is temworarily connected for negative sequence, it shculd have pract-
1celly zero output in this test,

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

4) The relaypat this stetion should reset when the "far" current is being read because the
2ocal relay will be receiving no current from either the pilot wire or the current
transformers.

(5)@mIest 4 and 5 can be repeated using phase B tc neutral current, and again with phase c
tomneutral current, but this is not strictly necessary on the basls that, having proved
the phase sequence with tests 1 and 2, and having proved the correspondernce of phase A at
the two ends of the line withh test 5, then phases B and C must be correct.

(6) Some pilot wire current will be read, depending upon the magnitude of the distributed
capacity of the pilot wire in combination with the magnetlzing impedance of the in-
sulating transformer.
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Fig. 14-Outline and Drilling Plan of the Insulating Transformer. For Reference Only.
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Fig. 16 —Oulline and Drilling Plan of the Semi-flush Type
Test Milliammeter. For Reference Only.
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Fig. 17—Outline of the Test Milliammeter Auxiliary Transiormer. For Reference Only.
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Fig. 18—Outline and Drilling Plan of the Type W Test Switch. For Reference Only.
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Fig. 19— Outline and Drilling Plan For the Projection Type Standard Case. See the Internal Schematics For The Terminals
Supplied. For Reference Only.
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Fig. 20-Outline and Drilling Plan for the M-20 Projection or Semi-Flush Type FT Case. See the Internal Schematic for the
Terminals Supplied. For Reference Only.
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