l. L. 41-650.58
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

‘ TYPE HKB RELAY AND TEST
EQUIPMENT FOR TYPE FD CARRIER

CAUTION Before putting relays into service, in a box which gan be /'located on' the rear of
remove all blockling whilch may have been 1in- the switchboard panel 1n any convenlent po-
serted for the purpose of securlng the parts sition. The rémalnder of the relay elements
during shipment, make sure that all moving are mounted Inmy, the relay case proper. The
parts operate freely, 1nspect the contacts to taps and teeminal numbers of the relay in the
see that they are clean and close properly, standard case “and the external box correspond
and operate the relay to check the settings tofthosefin)the type FT case. (See Figures 1,
and electrical connectlons. 2, an@,3)¥ Terminals 18, 19 and 20 of the ex-
ternal box are to be connected to the corre-

APPLICATION sponding terminals of the relay in the stand-

ardiease. Otherwlse, all external connections
The type HKB relay 1s a high speed carriegr for the relay in the standard projection case

relay used 1n conjunctlon with power line or 1n the type FT case are made to the same

carrler equlpment to provide complete phage terminals.

and ground fault protection of a trafsmission

line section. Simultaneous trippling oOf the Sequence Network

relays at each 1line termlnal 1sg ob®ialned in

three cycles or less for all interhal faults The currents from the current transformer

within the 1limits of the relay séttingsw The secondarlies are passed thru a network consist-

relay operates on 1line current only, and no ing of a three-windlng ilron-core reactor and

source of a - ¢ line potenti®Y 18 required. two resistors. The zero-sequence resistor,

Consequently, the relay® will not trip during Ro, consists of three resistor tubes tapped to

a system swing or out-ofzstep conditions. The obtain settings for various ground fault con-

carrier equlipment operateés dIrectly from the ditions. The other resistor R; 1s a formed

station battery. single wire mounted on the rear of the relay

sub-base. The output of thils network provides

PART 1 —TYPE HKB RELAY a voltage across the primary of the saturating

transformer.

% CONSTRUCTION

The lower tap block provides for adjustment

The felayPcons¥sts of a combination posi- of the relative amounts of the positive, nega-

tive, negativel and =zero sequence network, a tive and zero sequence components of current

saturatingQ@uxiliary transformer, two Rectox in the network output. Thus, a single relay

units, two polar relay units, a telephone-type element energized from the network can be used

relay, ea neon lamp, contactor switch and as a fault detector for all types of faults.

operation indicator all mounted 1n a Type M-20

Flexitest Case. Saturating Auxiliary Transformer

When the standard projectlion case 1s sup- The voltage from the network 1s fed 1nto the
plied, the sequence network, tap plates, and tapped primary (upper tap plate) of a small
saturating auxliliary transformer are mounted saturating transformer. Thils transformer and
SUPERSEDES I.L. 41-650. 5A EFFECTIVE SEPTEMBER 1957

% Denotes change from superseded issue.
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Fig. 1—Internal Schematic of the Type HKB Carrier Relay
in the Type FT Case.

a neon lamp connected across its secondary age
used to limit the
fault detectors (polar relay elements) and the
thus providing a gmalil
voltage for a variation /£ of]
maximum to minimum fault currents. This pro-
Dight) faults,
energy flor heavy

voltage 1impressed on4the
carrier Control Unit,
range of large
vides high operating energy for
and 1limits the

faults to a reasonable value.

operating

The upper tap plate changes theél output of
and is marked in
fault
Bor fupfher discussion, see

section entitled, 4'Seting!®

the saturating transformer,

amperes requlired to pick™ip the lower

detector element.

Rectox Units

The secondary of the saturating transformer
feeds a bridge-connected Rectox Unit, the out-
put of which
tor elements,.

energizes the polar fault detec-
A second Rectox, energized from
the output of the Control Unit, supplies a d-c
voltage téithe

telephone relay element which

op€erates only for an internal fault. The use
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Fig. 2—Internal Schematic of the Type HKB Carrier Relay
in the Stanidard Projection Case.

of semsitive“polar relay keeps down the energy
requibred@from the current transformers.

Polar-Type Relays

These elements consist of a rectangular
shaped magnetic frame, an electromagnet, a
permanent magnet, and an armature with a set

of contacts. The poles of the

net clamp directly to each side of the magnet-

permanent mag-
ic frame. Flux from the permanent magnet di-
vides into two paths, one path across the air
of the element in which the
armature 1is located, the other across two gaps
at the adjustable

screw locking

gap at the front

of the frame. Two
shunts which

located
change the

base

type
SCrews are
These

path so as to force some of the

require no
across the rear air gaps.
reluctance of the magnetic
flux thru the
armature which is fastened to the leaf
attached to the
two rear ailr

moving
spring and
tween the

frame midway be-
gaps. Flux in the
armature polarizes it and creates a magnetic

bias causing it to move toward one or the
other of the poles, depending upon the adJjust-

ment of the magnetic shunt screws.

A coil 1is
within the magnetic frame.

placed around the armature and

The current which
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Fig. 3—Internal Schematic of the Sequence Network Used
with the Type HKB Relay in the Standard Pro-
jection Case.

field

permanent magnet fleld and
acts to move the armature in the contact-clos-

flows 1n the coll produces a magnetic

whlch opposes the

i1ng direction.

Contactor Swiltch

The d-c contactor switch 1in the relayfls a
small solenold type switch. A cylindrical
plunger with a silver disc mountedyon 1ts

selenoid.
upward, v the disc
bridges three silver statlonany contacts. The

lower end moves 1n the core of the

As the plunger travels

coll 1s In serles with the, main Jcontacts of
the relay and with thel” trdp coll of the
breaker. When the relay) centacts close, the

coll becomes closes the switch

Thils shunfs the maln relay contacts

energlzed ‘and
contacts.
thereby rellieving them of/the duty of carrying
These
closed untilfythettrip/circult 1s opened by the

tripping curreng. contacts remain
The con-
a third point

¢onnegfed to a terminal on the relay

auxlliary gswitchy, On the breaker.
tactor swltch '1s equilipped with
which 1s

to operate ajpell alarm.

Operatlon,gIndicator

Indicator 1s a small solenold
When the
coll 1s energlzed, a spring-restralned

The operation
coll connected in the trip circuilt.
arma-

ture releases the whilte target which falls by

gravity to Indlcate completion
The 1ndicator 1s

of the case by a push rod.

OPERATION

of the ¢trip

clircult. reset fromWoutisdde

The HKB carrler relaylng sygstem compares the
phase positions of the ,currents at the ends of
a 1lilne-section channel to

over a “earrier

determine whether an gfdnternal or external
fault exlsts. The

sequerfge

three-phase line currents
energlze a network which gilves a
single-phase ougput violtage proportlional to a

comblination of_sequeénc¢e components of the line

current. Durlng “gy fault, thls single-phase
voltage controls an electronic circult which
allows thg Agramsmission of carrler on alter-

nateChalf-cycles of the power-frequency cur-
transmitted from both line

manner,

rent. Carrier 1s
ferminals 1n thils

the “Yopposlte ends

and 1s recelved at
where 1t 1s
position of the
This comparison takes place
The polaritles of the volt-
compared are such that for an in-

compared with

the, phase local sequence
network output.

Inpa vacuum tube.
ages to be
ternal fault, plate current flows on alternate
power-frequency half-cycles. A relay con-
nected 1in the plate circult of the vacuum tube
operates under thils condition to complete the
trip circult. During an external fault, the
change 1n direction of current flow causes the
plate current to be continuously blocked, and

the plate circult relay does not operate.

this
durling a fault,

Since relaylng system operates only
the carrler channel 1s avalla-
ble at all other times for the transmlssion of

other functilons.
CHARACTERISTICS

The sequence network 1in the relay 1s arrang-

ed for several possible comblnations of se-

quence components. For most applicatlions, the
output of the network will contaln the posi-
tive, negatlve and zero sequence components of
the line current. In thils case, the taps on
Indicate the balanced
threephase amperes which willl pick up the low-
The

supervises

the wupper tap plate
er or carrier start fault detector (FDl).

upper polar element (FD2), which
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is ad-
25 perecent

operation of the telephone-type
Justed to
above tap value. The taps available are 3, 4,
5, 6, 7, 8, and 10. These
primary of the saturating transformer.
faults AB and CA,
tive sequence current has been introduced to
allow the fault detector FD1 to pick up at 86%
of the tap setting. For BC faults, the fault
detector will pick up at approximately 50% of
This difference in
current for different phase-to-phase faults 1is

relay,
pick up at a current
taps are on the
For

phase-to-phase enough nega-

the tap setting. pick-up

fundamental; and occurs because of the angles

at which the positive and negative sequence

components of current add together.

With the sequence network arranged for posi-
tive, negative and zero sequence output, there
maximum load

are some applications where the

current and minimum fault current are too

close together to set the relay to pick up

under minimum fault current, yet not operate
under load. For these cases, a tap 1s avalla-
ble which cuts the three phase sensitivity in
half, while the phase-to-phase setting 1s sub-
stantlially unchanged. The relay then trips ag
90% of tap value for AB and CA faults,

twice tap

anddat
The
65 percent of tap

value for three-phase faults.
BC faults 1is
In some cases, 1t may be desirable to

setting for
value.

eliminate response to positive sequence gur-

rent entirely, and operate the relayfon nega-

tive-plus-zero sequence currenty A tap 1is
avallable to operate in this manner. The
fault detector picks up at ,95%%ef tap’ value

for all phase-to-phase faulfs), but is unaf-
fected by balanced load curpént orthree-phase

faults.

For ground faul#s, ‘8eparate taps are availa-
ble for adjustmént of the€) ground fault sensi-
tivity to aboutly Wk or 1/8 of the
Seg,Table II.
the upper tap plate 1s set at tap 4, the fault
(FD1)
faults ean be

upper tap
plate setting.
detector pick-up current for ground
elther 1 or 1/2 ampere. In
desirable to

current.

speclal, applications, 1t may be

eliminate response to zero sequence
TheCxela¥r is provided with a tap to allow such

operation.

For example, 1if

SETTINGS
The -‘HKB relay has separate tap plates (for
adjustment of the phase and ground faul®

sensitivities and the sequence
cluded in the network
the availlable

components in-
output. The range, of

sufficient_to cover a
The method of de-
termining the correct taps forva, giveniinstal-
the

taps 1is
wide range of application.

lation is discussed 1in following para-

graph.

In all cases, the similar fTault detectors on
the relays at both terminalsfof a line section
at, the

necessary for correct

must be set to pick, up value of
This “ds

blocking during / faults

same
line current.
external to the pro-

tected line(sectdon.

Sequencé Cembination Taps

The Stwe, halves of the
for connecting the sequence network to provide

lower tap plate are
any®of the combinations described in the pre-
The left half of the tap plate
third winding of the
reactor and thus changes the

vious section.
changes the tap on the
mutual relative
amounts of positive and
Operation of the relay with the

various taps 1s given in the table below.

negative sequence

sensitivity.

IABLE I
Sequence Components Taps on Lower Fault Detector FDl Pick UpA
Comb . in Network Output Tap Block 3@ PFault # - ¢ Pault
Left Right
Half Kalf
1 Pos.,Neg., Zero c G or H* Tap Value| B86% Tap Value
oNeB-s P (53$%on Be Fault)
2 Pos., Neg., Zero B G 2x_Ta) Tap Value
v Neg-s or H valne (Ggg%on Bc Fault)
3 Neg., Zero A G or H - 95% Tap Value

* Taps F, G and H are zero-sequence taps for adjusting ground
fault sensitivity. See sectlion on zero-sequence current tap.

A Fault detector FD2 is set to pick up at 125% of FDl for

a two-terminal line, or 250% of FDl for a three-terminal
1line.

Positive-Sequence Current Tap and FD2 Tap

The upper tap plate has values of 3,4,5,6,7,
8, and 10.
represent the three-phase,
when the
for positive, negative and

As mentioned before, these numbers
fault detector FD1
pickup currents, relay 1s connected

zero sequence out-
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put. The fault detector FD2 closes 1ts con- TABLE. IT
tact to allow tripping at current value 25 “Ground Fault e
ercent above the fault detector FD1 setting.
b & Comb.|Lower Left Percent of Upper S ting
This 25 percent difference 1s necessary to in- T
sure that the carrier start fault detectors ap Tap G Tap H
1 C 25% 12%
(FD1) at both ends of a transmission line ——
2 B 20 10
section pick up to start carrier on an ex-
3 A 20 10

ternal fault Dbefore operating energy 1s ap-

plied through FD2.
Examples of Relay Sett

For a three-terminal 1line, the tap link on §é§£=£

FD1 panel 1is connected to the right hand tap

which allows FD2 to pick up at 250% of FD1 Assume a two - rminal 1line with current

setting. This is necessary to allow proper transformers a 00/5 at both terminals.

blocking on three-terminal lines when approxi- Also  assume at full load current 1s 300

mately equal currents are fed in two termi- amperes, y h on minlmum internal phase-

nals, and their sum flows out the third termi- 4 S 2000  amperes is fed in from

nal of the line. For two-terminal lines, the < 00 amperes from the other end.
s e that on minimum internal ground

link 1is connected to the 1left hand tap, and

operation 1s as described 1in the previous ] 4
paragraph.

itive Sequence Current Tap

00 amperes is fed in from one end,

amperes from the other end.

The taps on the wupper and lower tap

econdary Values:

should be selected to assure oper on
minimum internal line-to-line faults, yet Load Current = 300 x = 3.75 amperes (1)
not operate on normal load current, a cu- 400
larly if the carrier channel is to u for Minimum Phase-To-Phase Fault Currents:
auxlliary functions. The dropou nt of 5
the fault detector is 75 perce o pilck- 600 x-ﬂaa = 7.5 amperes (2)
up current, and this factor must also be con-
sidered in selecting the S - sequence Fault detector FDl setting (three phase)
current tap and sequence om] ent combina- must be at least:
tion. The margin b%load current and
fault detector pick e sufficient to .75
prek ug utiteien 3:75 _ 5 amperes (0.75 is dropout ratio of
allow the fault detedtor drop out after an 0.75
fault detector) (3)
external fault, wh urrent continues to
flow.
so that the fault detector will reset on load
current.

In order to complete the ¢trip circult on a

7. ampere hase-to-phase” fault the fault
The right half of the lower tap plate 1s for > P P P ’

detector FD1 setting (three-phase) must be not
adjusting the ground fault response of the

more than:
relay. Taps G and H give ground fault sensi-

tividties as listed in Table II. Tap F is used 1 1 -
7.5 X ——— X = ©6.98 amperes (%)
ications where increased sensitivity to 0.866  1.25
nd faults 1s not required. When this tap
i1s used, the voltage output of the network due 1.25 FD2 pick up
2h =
zero-sequence current is eliminated. FD1 pick up
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Sequence Combination Tap detector tap must now be not more than:
1 1 s
From a comparison of (3) and (4) above, it 7.5 x x = 6.6 )
1s evident that the fault detector can be set .25 0.9
to trip under minimum phase fault condition To be sure the fault detector FD1 will reset

yet not operate under maximum load. In this after a fault, the minimum tap setting isde-
case, tap C on the lower left tap block would termined as follows:
be used (see Table 1, Comb 1) as there 1is %

- N (6)
sitivity. Current tap 6 would be used. .
.25
575" 8.33 (7)
Zero Sequence Tap ’

sufficient difference between maximum load and Load Current = 500 x 45
minimum fault to use the full three-phase sen- 00

Since the fault dégte r pickup current for
Secondary Value:
three-phase faults twice tap value, half
5 -
100 x — - 1.25 amperes minimum ground the above value should be used in de
fault current. termining t m hree-phase tap.

With the wupper tap 6 and sequence tap C in 8.33 (8)

use, the fault detector FDl1 pickup currents e
for ground faults are as follows:
From a comparison of (5) and (8) above, tap
Minimum trip = 1.25 x 1.5

1.5 amp. 5 1d be used.
1.88 amp.
Lower right tap H-1/8 x 6 = 0.75 amp. W the three-phase tap 5 in use, the fault

Minimum trip = 1.25 x 0.75 = 0.9k amp. etector pickup current for ground faults will

0

Lower right tap G-1/4 x 6

be as follows:
From the above, tap H would be used to i
the minimum ground fault of 1.25 amperes Tap G-1/5 x 5 = 1.0 a.
Minimum trip = 1.0 x 1.25 a. = 1.25 anp.

i
]

Case II
- Tap H-1/10 x 5 = 0.5 a.
Assume the same fault currents Nase I, Minimum trip 1.25 x 0.5 a. 0.63 amp.
but a maximum load current o peres. 1In
u

this example, with the same
nation as in Case I, the fault detectors can-

ce combl- Therefore, tap H would be used to trip the

minimum ground fault of 1.25 ampere with a

not be set to trip on themindmum internal  "arsip of safety.

three-phase fault, yetg

inoperative on

load current. ( a (5) and (6) below ). INSTALLATION

However, by con e network per Combi-

nation 2 on Ta relay can be set to The relays should be mounted on switchboard
trip on minimum -phase fault, although panels or their equivalent in a location free
it will have on alf the sensitivity to from dirt, molsture, excessive vibration and

three-phase faults. This will allow operation heat. Mount the relay vertically by means of
at maximum load‘yithout picking up the fault the two mounting studs for the type FT pro-

detector, ) and provide high speed relaying of jection case or by means of the four mounting
all ex ght three-phase faults. holes on thé flange for the semi-flush type FT
case. Either of the studs or the mounting
In der to

T. ere phase-to-phase fault, the fault relay. The electrical connections may be made

complete the trip circuit on a screws may be wutilized for grounding the
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direct to the terminals by means of screws for

steel terminal studs
furnished with the relay for ebony-asbestos or

The terminal studs may

panel mounting or to
slate panel mounting.
be easlly removed or 1nserted by locking two
nuts on the studs and then turning the proper

nut with a wrench.

ADJUSTMENTS AND MAINTENANCE

CAUTION

1. Make sure that the neon lamp is in place
whenever relay operation is checked.
This 1is limit the voltage peaks
in the filter output at high currents so as to

being

necessary to

prevent damage to the Rectox Units.

2. When changing taps under load, the spare
should be

the other tap screw.

tap screw inserted before removing

3. All contacts
cleaned. A contact burnisher S#182A836H0O

recommended, because of the danger be
ding small particles 1in the face soft
silver and thus impairing the -con t.

4. The proper adjustments to fAn correct
operation of this relay have e e at the

factory and should not ?ﬁ,di turb after re-

changed, th & aken apart for
a

celpt by the customer. adjustments
have been

t

repairs, or if it 1 s d to check the ad-
Jjustments at regular nce periods, the
instructions below@ be followed.
Sequence Netwo

There € no Justments to make in the net-
work.

The foll g mechanical adjustments are
given as a guide, and some deviation from them
obtain

may be necessary to proper electrical

ibration.

ULT DETECTORS-GENERAL

The sensitivity of the polar elements 1s ad-

&panel
Note: When different
should be periodica r

Justed by means of two magnetic,

shunts at the rear of the eleme
shunt screws are held in proper adjustment by
a flat strip spring across the of the

element frame, so no 1locklng screws are re-

quired. Looking at the relay"front view,
hunt decreases the
lose the right-
rawing out the

the amount of cur-

turning out the right-han
amount of current requir
hand contact.
left-hand
rent required to t elay. In general,

the farther out t screws are turned,
the greater the, tog action will be, and as
a result, d ut current will be lower.

t
In adjusti th olar elements, be sure that
a definite t obtalned,
than a armature from

Conv v

shunt 1 s

le action is rather
movement of the
ft-hand, front view) to the front

contact as the cur-

nd, front view)

increased.

the relay taps on 5, C, and H. Connect
link to the 1left-hand terminal.
relay taps are used in

vice than for calibration,the actual pickup
current will vary slightly from the calculated
frac-

value per Table I. This occurs because

tional turns cannot be used on the saturating

transformer primary winding.

A. Lower Polar Element
contact screws to obtain an .050"
such that the armature motion between the left
and right hand contacts 1s in the central part
Tight-
Approximate ad-

(FD-1) - Adjust the
contact gap

of the alr gap between the pole faces.
en the contact locking nuts.
Justments of the two magnetic shunt screws are
as follows:
Screw both shunt screws all
Then back out Dboth screws six turns.
4,33 amperes, 60 cycles, 1n phase A and out
phase B. Screw in the 1left hand shunt until
the armature moves to the right. If the arma-
ture moves to the right at less than 4.33 am-
out the 1left-hand shunt until

the way in.
Pass

peres, screw

proper armature action is obtailned.

Reduce the current until the armature resets
to the left. This
than 75% of the pickup value, or 3.25 amperes.
If the than this

should happen at not less

armature resets at less

7
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value, 1t will be necessary to advance the
right hand shunt to obtain a dropout of 75% or
greater. This in turn will require a slight
readjustment of the left hand shunt. Recheck
the pickup and dropout points several times,
and make any minor "trimming" adjustments of
the shunt screws that may be necessary to ob-
tain correct calibration. If the above pro-
cedure does not give a sufficiently high dro»-
out, a small amount of further adjustment can
be obtained by advancing the right-hand con-
As finally
adjusted, the contact gap should be at least
.030", and the action of the armature should
be snappy at the pickup and dropout points.

tact screw a fraction of a turn.

B. Upper Polar Element (FD-2) - Adjust the
contact screws to obtain an .050" contact gap

such that the armature motion between contacts
is in the central portion of the alr gap be-
tween the pole faces. Tighten the locking
nuts.

Follow the same adJjustment procedure as for
D1, except for a pickup current of 5.41 am-
peres, and a dropout current of at least 75%
of pickup, or 4.06 amperes. Just above the
pickup current, there will be a slight amound
of contact vibration. Make a final adjustmen?t
of the two right-hand coritact screws to obtain
equal vibration of both contacts as indicafied
by a neon lamp connected in the contact{cier-

cuit.

Operating Element (Telephone Type Rélay)

Adjust the contact gap to OUO45™. This is
done by bending down the ammaturé contact-
Now with the
armature in the operated pesitien, adjust the

lever stop on the relay frame.

armature residual gap tol OFOLO" by means of
Phis gap should be
measured Jjust bélow, the, armature set screw.

the adjustable set _ screw.

For those relays with a fiixed residual spacer,
the gap is about 03008".
there i1s a contact follow of a few thousandths
of an inch after the contact closes.

Connect @, d-¢ milliammeter (0-25 ma.) across
test switehjJaws Hl and I1 (relay out of case).
Connegt_aWsource of variable a-c voltage (0O to
10 volits, “60 cycles) across switchjaws Fl1 and
Gl® The relay should pick up at 10 to 12 ma.

direct current 1in the coll circuit with sine
wave voltage applied to the a-c side of the
bridge rectifier. The dropout current will be
4 to 7 ma.
changed, if necessary, to obtain these values.

The contact spring tension can be

For the relay in the standard caseg apply
a-c voltage across terminals 9 and l@and in-
sert a test plug connected to gy d-g./milli-
ammeter in the single test switeh jaek of the
relay. If clip 1leads are fused,| wit will be
necessary to slip a strip o, insudating mater-
ial such as fiber intosgthe “fest switch Jjack
after opening the switchy,blade to obtain a
reading.

Contactor Switch

AdJjust the statiomary core of the switch for
a clearanee between the stationary core when
the switehi is9picked up. This can be most
convenientlypydone by turning the relay up-
side-down,. Screw up the core screw until the
moying ycore starts rotating. Now, back off
the (core screw untll the moving core stops
This indicates the polnt where the

play in the moving contact assembly is taken

rotating.

up, and where the moving core Jjust separates
Back off the
stationary core screw one turn beyond this

from the statlionary core screw.

point and 1lock in place. This prevents the
moving core from striking and sticking to the

stationary core because of residual magnetism.
Adjust the contact clearance for 3/32 inch 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 thru the coil.
The coll resistance is approximately 0.25 ohm.

Operation Indicator

Check to see that

Adjust the 1indicator to operate at 1.0
ampere d-c gradually applied by loosening the
two screws on the under side of the assembly,
and moving the bracket forward or backward.
If the two helical springs which reset the
armature are replaced by new springs, they
should be weakened slightly by stretching to
obtain the 1 ampere calibration. The coil
resistance is approximately 0.16 ohms.
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RENEWAL PARTS

Repalr work can be done most satlsfactorily
at the
parts can be

factory. However, Interchangeable
furnished to the customers who
are equlpped for When
ordering parts, always glve the complete name-

plate data.

ENERGY REQUIREMENTS

dolng repailr work.

Burdens measured at a balanced three-phase

current of flve amperes.

Relay Phase A Phase B Phase C
Taps VA Angle VA Angle VA Angle
A-F-3 2.4 5° 0.6 0° 2.5 50°
A-H-10 3.25 0° 0.8 100° 1.28 55°
B-F-3 2.3 0° 0.63 0° 2.45 55°
B-H-10 4.95 0° 2.35 90° 0.3 60°
C-F-3 2.32 0° 0.78 0° 2.36 50°
C-H-10 6.35 342° 3.83 80° 1.98 185°
Burdens measured at a single-phase to

neutral current of five amperes.

Relay Phase A Phase B Phase €

Taps VA Angle VA Angle VA Angle
A-F-3 2.47 0° 2.1 10° 2,97 20°
A-H-10 7.3 60° 12.5 53°£.6.7 26°
B-F-3 2.45 0° 2.09 15 207 10°
B-H-10 16.8 55° 22.0 50°792.3 38°
C-F-3 2.49 0° 1.99 15°p2.Mm 15°
C-H-10 31.2 41° 36.0 382 286 35°

The angles above are the degrees by which

the current lags its ref§pectiwé voltage.

PART II — HKB CONTROL UNIT
(ED "CARRIER)

The construction,, Joperation, and adjustment
of the Controld Bnit used with the HKB relay
are coverediin al separate instruction book
identdfied a8, I.B. 84-891-1. The Control Unit
1s @ pant of  the Type FD carrier assembly.

OVERALL TEST OF COMPLETE
INSTALLATION

After the complete
stalled and adjusted,
be made which will provide an overall check on

equipment has been in-
the followling tests can

the relay and carrier equipment. The phase

rotation of the
checked by measuring the a-c

currents can be
yoltage across
19 and 20 or test switches B
and C with a high resistance a-c voltmeter of
at least 1000 ohms per volt.
talned should be

ampere of balanced th#f@€e-phase

three-phase
relay terminals

The reading ob-
approximately€©.9 volts per
load current

(secondary value) gwith.felay taps 4, C and H.

The following fest requlres that a balanced
load
pere (secondary), be

three-phase cunréent of at leasgt 1.0 am-
flowing through the line-
At both
terminals of, théwprotected line-section, re-
HKB“Grelay
circulty by ‘pulling the

the long red handle.

sectlon protéected by the HKB relays.

move the cover and open the trip

test switch blade with
Put the tap screw on the
upper tapi{plate in the 4 tap, and on the lower
one Iny,the C and H taps.

the ‘spare tap

Be sure to insert
screw before removing the con-
nected one. Now open test switches D and E on
of the
and insert a current test plug or

of 1nsulating material into the test

the relay at
(station A)
strip

one end line section

Jack on switch E to open the circuit through

that switch. The above operation shorts the
phase A to neutral circult ahead of the
sequence filter and disconnects the phase A

lead from the filter.
and C currents to return to the current trans-

This causes the phase B

formers through the
the filter, thus
ground fault fed from

zero-sequence resistor in
phase A-to-
end of the line
both the fault detectors
element at Station A should
Completion of the trip
checked Dby connecting a small
lamp (not over 10 watts)
of test switch J.

simulating a
one
only. As a result,
and operating
close thelr contacts.
circuit can be

across the terminals

Now perform the above
end of the

resetting the

operations at the
line-section (station B)

switches at Station A.
phase-to ground

opposite
without
This fault ex-
ternal to the The
fault detectors, but not the operation element
at B should pick up,
at A should reset. Restore
and E at Station A to normal
line
ground fault

simulates a

protected line-section.

and the operating element
test switches D
(closed). The
represent a
fed from Station B

conditions now phase-to-

only. The
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Reference Only.

fault detectors at A should resef and/the op- PART III-— TYPE HKB TEST FACILITIES

erating element at B should pickyup. Restore

test swltches D and E at Station Bjto normal, APPLICATION
and. all elements of the reldy jat Station B
should reset. For the relayvin the standard The type HKB test facilities provide a
case, the above test can e performed using simple manually operated test procedure that
sultable external test@switehes, will check the combined relay and carrier
equipment. The test can be performed wilthout
The above tests haye“ehecked phase rotatilon, the ald of 1nstruments. The results gilven as-
the polarity of the®“sequence filter output, surance that all equipment 41is in normal oper-

the interconnectiéns between the relay and the ating condition wilthout resorting to more

carrlier set andj)the Phase A current connec- elaborate test procedures.

tions to the gelay, at both statlons. Phase B

and C campbe (8imilarly checked by opening test CONSTRUCTION

switche8 F and G for phase B, and swltches H Test Switch

and ¥ forg’phase C. The same procedure de-

scribed/for Phase A 1s then followed. The type W test swiltch 1s provided with

elght pairs of contacts, two palrs of which

If all the tests have been completed with are closed in the "carrier on" position. The

satisfactory results, the test switches at contact arrangement 1s shown 1n Fig. 7, and

both 1line terminals should be closed (close the outline and drilling plan 1n Fig. 10.

the trip circuit test switch last) and the re- These contacts are used to complete the HKB

Tay cover replaced. The equipment is now trip circuit and the alarm circult 1s 1ndi-

ready to protect the line-section to which it cated in Fig.7 by contacts 1, 2, and 7, 8.

is connected. In the '"carrier off" position the HKB trip

11
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circult 1s opened through contacts 1 and 2,
but the alarm circult remains closed. Two
test positions to the right of the "carrier
When the swiltch
1s moved to eilther of these positions, the re-

off" positions are provided.

lay trip and alarm cilrcults are 1interrupted
and a red alarm light 1s turned on by swlich
contact 3 and 4. Moving the switch to the
TEST 1 position will connect the output of the
auxiliary test transformer directly to the HKB
terminals number 25 and 26, through the type W
contacts number 9 and 10, 11 and 12. Moving
the switch to the TEST 2 position wlll connect
the test transformer with a reversed polarity
to the HKB relay through swiltch contacts 13,
14 and 15, 16.

Auxiliary Test Transformer

The auxllliary test transformer 1s designed
to operate from a 115 volt, 60 cycle power
source. Four secondary taps numbered 1, 2, 3,
and 4 are provided to vary the magnitude of
the test current, as follows:

Trans. Tap gelay Tiﬁ_

1 3 amp. 2 amp.
2 5 4

3 7.5 5.5

4 9.5 T

The outline and drilling plan of the trans-
former is shown in Fig. 8.

Indicating Lamps

The red and blue 1ndicatlng lamps akre stand-
ard rectangular Minalites. OutlinepandTdrill-
Ing dimensions are glven 1n Fig. 10,

ADJUSTMENT

Choose a transforfmer, tappthat will provide
approximately two, times gbhe phase-to-ground
current setting of they BD-2 fault detector as
previously determined.

OPERATION

A multi-cen®acet switch 1s provided at each
line te#minalywhich serves the dual functions
of a gcarrler on-off switch and a test switch.

1.2

Thls switch 1s arranged to apply a single
phase current to the HKB relay to simulated
Internal and through fault conditions. Relay
operation 1s noted by observing a blue 1ndl-
cating lamp connected 1n the HKB relay trip
circult. During the test the HKB trip circuilt
to the line breaker 1s opened and a red warn-
Ing light 1s energized through auxlli@rygcon-
tacts on the test swiltch.

Use of the auxlllary test equipment, 1s to be
limited to provide a simplifled "test/after the
Initilal installatlon tests haveibeen performed
as described In part II ofgthls instruction
leaflet.

The test apparatus, 1Sy to be connected as

shown 1n Flg. 7 with the auxlllary test trans-
formers energlzed 'from 115 volt, 60 cycle

power sources atWQeaeéh 1line terminal that are
i1n phase withWweachi)other. The followlng oper-
atlion progedure,assumes that the same polarlty
1s used in{ “@onnecting the test transformer at
each line termInal.

1./ Turn, the carrier test switch at both
Idne ‘términals to CARRIER OFF.

2. Turn the carrier test switch to TEST 1
atWdine terminal #1. The 1local relay should
operate to transmit half cycle 1mpulses of
¢arrler, and trip. Trippling willl be 1ndicated
by the blue light.

3. Turn the HKB test swlitch at the remote
line terminal #2 to TEST 1. This will simu-
late an internal fault fed from both line ter-
minals. The relay at 1line terminal #2 will
trip, and the relay at line terminal #1 will
remaln tripped. Tripping willl be indicated by
the blue lights at each line terminal. Carriler
will be transmitted in half cycle 1mpulses
simultaneously from each end of the line.

4. Reset the HKB test switch at line termi-
nal #1. The relay at terminal #1 will reset
and turn off the blue light. The relay at
terminal #2 will hold its trip contact closed,
lighting the blue light.

5. Turn the HKB test switch at line termi-
nal #1 to TEST 2. Thils conditlion will simu-

P
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late an external fault. The trip contacts of
both relay, will be held
light will be extinguished.

open and the blue

6. Reset the test switches
terminals to CARRIER OFF before
CARRIER ON for normal service.
to turn in ON position.

at both 1line
returning to
Push 1in handle

This completes the test procedure.

Component Style Numbers

Test Transformer S #1338284
Type W Test Switch 8§ #1584284 for 1/8" panel
mouating.

Type W Test Switch S(#158%285 for 1—1/2"

panel snounting.
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Fig. 7- Schematic Connections of Type HKB Relay and Test Facilities.
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INSTALLATION

l. L. 41-650.5A

OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE HKB RELAY AND TEST
EQUIPMENT FOR TYPE FD CARRIER

CAUTION Before
remove

putting
all Dblocking which may have been in-

relays into service,
serted for the purpose of securing the parts

during shipment, make sure that all moving
parts operate freely,
see that they

and operate the

inspect the contacts to
are clean and close properly,

relay to check the settings
and electrical connections.

APPLICATION

The type HKB
relay used 1in

relay 1is a high speed carrier
conjunction with power_line

carrier equipment to provide complete phase
and ground fault protection of a teansmission
line section. Simultaneous trdpping of the
obtained in
cycles or less for all in®ernad, faults
within the limits of the relays#settings. The

relay operates on 1line

relays at each 1line terminal ds

three
current on¥y, and no
potent¥al (yis
the relkays will not trip during

source of a - ¢ line required.
Consequently,
a system swing or out-of'=step®conditions. The
carrier equipment opekates “directly from the

station battery.

PART I TYPE HKB RELAY

CONSTRUCTION

Thé relay consists of a combination posi-

tiveypnegative and =zero sequence network, a

saturating’ auxiliary transformer, two Rectox
units, two polar relay units, a telephone-type
switch and
operation indicator all mounted in a Type M-20

Flexitest Case.

relay, a neon lamp, contactor

When the standard projection case
plied,
saturating

is sup-
the sequence network, tap plates, and

auxiliary transformer are mounted

SUPERSEDES |I.L. 41-650. 5

¥ Denotes change from superseded Issue

located on' the rear of
the switchboardy panel in any
sition.
are moudtedyin the

in a box which can be
convenient po-
TheWremainder of the relay elements
relay case proper. The
taps anditerminal numbers of the relay in the
standard, case and the external box correspond
to thoge 1If the type FT case. (See Figures 1,
2,%nd8). Terminals 18, 19 and 20 of the ex-
ternalybox are to be connected to the corre-
sponding terminals of the relay in the stand-
ard case. Otherwise, all external connections
for the relay in the standard projection case
made to the same

or in the type FT case are

terminals.

Sequence Network

The currents from the current transformer
secondaries are passed thru a network consist-
ing of a three-winding iron-core reactor and

two resistors. The zero-sequence resistor,
Ro, consists of three resistor tubes tapped to
obtain settings for various
ditions. The

single wire

ground fault con-
other resistor Ry 1s a formed
mounted on the rear of the relay
sub-base. The output of this network provides
a voltage across the primary of the saturating

transformer.

The lower tap block provides for adjustment
of the relative amounts of the positive, nega-
tive and zero sequence components of current
Thus,

element energized from the network can be used

in the network output. a single relay

as a fault detector for all types of faults.

Saturating Auxiliary Transformer

The voltage from the network is fed into the

tapped primary (upper tap plate) of a small

saturating transformer. This transformer and

EFFECTIVE AUGUST 1955
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Fig. 1— Internal Schematic of the Type HKB Carrier Relay
in the Type FT Case.

a neon lamp connected across its secondary are
used to 1limit the voltage 1impressed on the
fault detectors (polar relay elements) and the
carrier Control Unit, thus providing a small
range of voltage for a 1large variation Dof
maximum to minimum fault currents. This pro-=
vides high operating energy for 1light faults,
and 1limits the operating energy &£ory heavy
faults to a reasonable value.

The upper tap plate changeg the “®utput of
the saturating transformer, tand 18 marked in
amperes required to pick up™the “lower fault
detector element. Fop, funthér discussion, see
section entitled, "Setting'".

Rectox Units

The secondary of the saturating transformer
feeds a bridge-connected Rectox Unit, the out-
put of which), energizes the polar fault detec-
tor elements.") A second Rectox, energized from
the output “ef the Control Unit, supplies a d-c
voltagejyto fthe telephone relay element which
operates ‘enly for an internal fault. The use

UPPER CONTACT- /coNTAcTaR SWITCH

/ \ /)(OPERAT\ON INDICATOR
C)

R TFDZ
—
cs cs Fou
@ —

LOWER CONTACT——. . :
® = ®
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RECTIFIERS L\\ TELE PHONE RELAY

——TEST SWITCH

NEON LAMP—

’—h-r—i\u.r LINK
100
(FDI—~FDZ]
LOWER PoLAR __| VUPPER POLAR
RELAY ELEMENT RELAY ELEMENT
REAR VIEW,

Fig. 2 — Interfial,Schematic of the Type HKB Carrier Relay
in the Standatrd Projection Case.

of sensitive polar relay keeps down the energy
required fmem the current transformers.

Polar-Type Relays

These elements consist of a rectangular
shaped magnetic frame, an electromagnet, a
permanent magnet, and an armature with a set
of contacts. The poles of the permanent mag-
net clamp directly to each side of the magnet-
ic frame. Flux from the permanent magnet di-
vides into two paths, one path across the air
gap at the front of the element in which the
armature 1s located, the other across two gaps
at the base of the frame. Two adJjustable
screw type shunts which require no locking
screws are 1located across the rear air gaps.
These change the reluctance of the magnetic
path so as to force some of the flux thru the
moving armature which 1s fastened to the leaf
spring and attached to the frame midway be-
tween the two rear air gaps. Flux in the
armature polarizes it and creates a magnetic
bilas causing 1t to move toward one or the
other of the poles, depending upon the adjust-
ment of the magnetic shunt screws.

A coll 1s placed around the armature and
within the magnetic frame. The current which

s
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Fig. 3—Internal Schematic of the Sequence Network Used
with the Type HKB Relay in the Standard Pro-

jection Case.

fileld
magnet fleld and

flows 1n the coll produces a magnetic

which opposes the permanent
acts to move the armature 1in the contact-clos-

ing direction.

Contactor Switch

The d-c
small solenold type

contactor swiltch 1n thé relay 1s a
switch. A
disc

lower end moves 1n the core of fthe

cyIdindrical

plunger with a silver mounted on 1its
solenoid.
disc

bridges three silver statiomary eontacts. The

As the plunger travels upward,/ the

coll 1s In serles with the “malm’ contacts of
the relay and with the “&rip coll of the
breaker. When the nelaycontacts close, the

coll becomes energlzedyand” closes the switch

contacts. This shunts ghe maln relay contacts
thereby relieving them Of the duty of carrying
tripping currént. These contacts remain
closed untdl the trip circult 1s opened by the
auxlliapy switeh on the
tactonr'switch 1s"equipped with
which I8

to operatelda bell alarm.

breaker. The con-
a third point
condected to a terminal on the relay

Operatien Indicator

Indicator 1s a small solenold
When the
arma-

The operation
coll connected in the trip circuit.
eoll 1s energlzed, a spring-restrained

ture releases the white target which falls by

of the
reset ffom outslide

gravity to 1ndicate completion
The 1indicator 1s
of the case by a push rod.

OPERATION

trip
circult.

The HKB carrler relaylngmsystem compares the
phase positions of the currénts at the ends of
channel to
external

a llne-sectlon over aj, camrier

determine whether afiffpinternal or
fault exists. The

energlze a

threé-phase llne currents
sequenceghietwork which glves a
single-phase output woltage proportional to a
comblnatlon of, sequénce components of the line
Duringy,a fault, this

electronlic circuit which

current. single-phase

voltage _eontrels an
allows [the

natephalf-cycles

transmission of carrier on alter-
of the power-frequency cur-
transmitted from both line
manner, and 1s recelved at
where 1t 1s
of the

comparlson takes place

rente Carrier 1s
términals in this
the, opposite ends compared wilth

the, 'phase position local
This
The polaritles of the volt-

compared are such that for an 1n-

sequence
network output.

in a vacuum tube.
ages to be
ternal fault, plate current flows on alternate
power-frequency half-cycles. A relay con-
nected in the plate circult of the vacuum tube
operates under this condition to complete the
trip circult. During an external fault, the
change 1n direction of current flow causes the
plate current to be continuously blocked, and

the plate circult relay does not operate.

Since this
during a fault, the carriler channel 1s avalla-
ble at all other times for the transmission of

relaylng system operates only

other functions.
CHARACTERISTICS

The sequence network in the relay 1s arrang-

ed for several posslble combinations of se-

quence components. For most applications, the
output of the network will contaln the posi-
tive, negatlve and zero sequence components of
the line current. In thls case, the taps on
Indicate the balanced
threephase amperes which will plck up the low-
er or carrier start fault detector (FD1). The

which

the upper tap plate

upper polar element (FD2}, supervises
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operation of the telephone-type relay, 1s ad-
Jjusted to plck up at a current 25 percent
above tap value. The taps avallable are 3, 4,
5 6, 7, 8, and 10. These taps are on the
primary of the saturating transformer. For
phase-to-phase faults AB and CA, enough nega-
tive sequence current has been introduced to
allow the fault detector FD1 to pick up at 86%
of the tap setting. For BC faults, the fault
detector will pick up at approximately 50% of
the tap setting. This difference in pick-up
current for different phase-to-phase faults 1is
fundamental; and occurs because of the angles
at which the positive and negative sequence
components of current add together.

With the sequence network arranged for posi-
tive, negative and zero sequence output, there
are some applications where the maximum load
current and minimum fault current are too
close together to set the relay to pick up
under minimum fault current, yet not operate
under load. For these cases, a tap 1s avalla-

SETTINGS

The ‘HKB relay has separate tap plates f
adjustment of the phase and ground fault
sensitivities and the sequence components in-
cluded in the network output. The range ‘f

the avallable taps 1s sufficient cover a
wide range of application. The m de-
termining the correct taps for a ve stal-

lation 1s discussed 1n the o para-
graph.

In all cases, the simi f detectors on

a
the relays at both ter a a line sectilon
must be set to pick a e same value of
line current. This 1 ecessary for correct

blocking during u external to the pro-
tected line s (o)

Sequence

The
for co cting the sequence network to provide

halves of the 1lower tap plate are

ble which cuts the three phase sensitivity in any comblnations described in the pre-

halt, whlle the phase-to-phase setting is sub- vio S on. The left half of the tap plate

stantially unchanged. The relay then trips at ngesgthe tap on the third windlng of the

90% of tap value for AB and CA faults, and a ual reactor and thus changes the relative

twice tap value for three-phase faults. ounts of positive and negative sequence

setting for BC faults 1s 65 percent of tap sensitivity. Operation of the relay with the

value. In some cases, it may be desirabl arious taps is given in the table below.

eliminate response to positive sequence

rent entirely, and operate the relay ne IABIE I

tive-plus-zero sequence current.® Aleap Js | |y sren [T i | e s i peos

avallable to operate in thls ma The

fault detector picks up at 9 }ralue ;L{_Zj &?t

for all phase-to-phase fault% s unaf- N Pes. s, Zero ¢ G or i Tap vaiue | 866 Tap Vgue

fected by balanced load curre or ee-phase

faults. 0 2 Poe., Neg., zero | B G or i 2eTen. |6 B Bhs )
3 Neg., Zero A GorH - Tap Value

s Qaps are avalla-

of fthe round fault sensi-

For ground fault

ble for adjustme
tivity to about
plate setting. See

/8 of the upper tap
e II. For example, if
the upper tap plate is set at tap 4, the fault
detector (FDl) pick-up current for ground

faults caf) be elither 1 or 1/2 ampere. In

special
eliminate

ations, 1t may be desirable to
nse to zero sequence current.
provided with a tap to allow such

* Taps F, G and H are zero-sequence taps for adjusting ground
fault sensitivity. See section on zerc-sequence current tap.

{ Fault detector FD2 1s set to pick up at 125% of FD1 for

a two-terminal line, or 250% of FD1 for a three-terminal
line.

Positive-Sequence Current Tap and FD2 Tap

The upper tap plate has values of 3,%,5,6,7,
8, and 10. As mentioned before, these numbers
represent the three-phase, fault detector FD1
pickup currents, when the relay 1s connected
for positive, negative and zero sequence out-

-
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put. The fault detector FD2 closes its con- TABLE II
tact to allow tripping at current value 25 Ground Fault
t . P t of
percent above the fault detector FD1 setting comb. | Lower Left ercent of Uppef Ta etting
This 25 percent difference 1s necessary to in-
Tap Tap G H
sure that the carrier start fault detectors 1 o 25% 1o%
(FD1) at both ends of a transmission 1line 5 5 0 o
section pilck wup to start carrier on an ex- 3 A 20 L 4 0
ternal fault before operating energy is ap-
plied through FD2.
Examples of Relay Sett S
CASE I
For a three-terminal 1line, the tap link on _—
FD1 panel is connected to the right hand tap
Assume a t -t inal 1ine with current
which allows FD2 to pick up at 250% of FD1
transformer, a 400/5 at both terminals.
setting. This is necessary to allow proper
Also ass t full 1load current is 300
blocking on three-terminal lines when approxi-
. amperes n at on minimum internal phase-
mately equal currents are fed in two termi-
tozpha ts 2000 amperes is fed in from

nals, and their sum flows out the third termi-

d 600 amperes from the other end.

nal of the line. For two-terminal lines, the
link is connected to the 1left hand tap, and
operation 1s as described 1n the previous

sume that on minimum internal ground
400 amperes is fed in from one end,
h 00 amperes from the other end.

paragraph.

Positive Sequence Current Tap

The taps on the upper and lower tap plat Secondary Values:

should be selected to assure
minimum internal line-to-line faul

5
Load Current = 300 x —— = 3.75 amperes (1)
not operate on normal load curr

koo
larly if the carrier channel is to Minimum Phase-To-Phase Fault Currents:

auxiliary functions. The drop

5
the fault detector is 75 perce he pick- (e]0) X156 = 7.5 amperes (2)
up current, and this facto us so be con-
sidered in selecting th sitive- sequence Fault detector FDl setting (three phase)

current tap and sequen ponent combina- must be at least:
tion. The margin pb % oad current and

ou¥d be sufficient to 3.75
drop out after an 0.75

fault detector pick
allow the fault defecto
external fault, wh 1o current contilnues to

flow.
so that the fault detector will reset on load
\ current .
ue e U !

In order to complete the trip circuit on a

= 5 amperes (0.75 is dropout ratio of
fault detector) (3)

~

) 7.5 ampere rhase-tc-phase fault, the fault
1 of the lower tap plate is for
. . detector FL1 setting (three-phase) must be not
adjusting the grcund fault response cof the

. . rmore than:
relay. Taps G and H give ground fault sensi-
ivities as listed in Table II. Tap F is used - 1 1 .
) ) ) ) ) 7.5 x X — = ©.98 amperes (%)

arplications where increased sensitivity tc 0 ¢ 1.25

nd faults 1s not required. When this tap

used, the vcltage outvut cof the network due | oo FD2 pilck up

25 = ——

to zero-sequence current is eliminated. FD1 pick up
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Sequence Ccmbination Tap

Frcm a comparison of (3) and (%) above, 1t
1s evident that the fault
to trip under

detector can be set
fault condition
load. In this
tap C on the lower left tap block would
Table 1, Comb 1) as there 1is
sufficient difference between maximum load and

minimum phase
yet not operate under maximum
case,

be used (see
minimum fault to use the full three-phase sen-

sitivity. Current tap 6 would be used.

Zero Sequence Tap

Secondary Value:

5
100 x 700 =1.25 amperes minimum ground
fault current.
With the wupper tap 6 and sequence tap C in

fault
for ground faults are as follows:

use, the detector FD1 pickup currents

Lower right tap G-1/4 x 6 = 1.5 amp.

Minimum trip = 1.25 x 1.5 = 1.88 amp.
Lower right tap H-1/8 x 6 = 0.75 amp.
Minimum trip = 1.25 x 0.75 = 0.94 amp.

From the above,

Case II

L 4

s ‘..ii' )
but a maximum load current of 500 a res.” In
thls example, with the same Cs% ombi-
nation as in Case I, the faul te rs can-
not be set to trip on the m@ internal
three-phase fault, yet re erative on

(6) below ).

ork per Combi-

Assume the same fault currents a

load current. ( Compare a

However, Dby connecting
nation 2 on Table lay can be set to
se fault, although
the sensitivity to
This will allow operation

at maximum load without picking up the fault

trip on minimum p o-
it will
three-phase faults.

have only

detector, d provide high speed relaying of

all excep ight three-phase faults.

In o r complete the trip circuit on a

7.5 phase-to-phase fault, the fault

detector tap must now be not more than:
1
X

- 6.6
1.25 0.9 (5

7.5 x

To be sure the fault detector FD1 will reset
after a fault, the minimum tap setting is dei'
termined as follows:

5
Load C t = 500 = 6.2 @
oa urren 5 X 500 N (6)

6.25
0.75

= 8.33

Since the up current for
three-phase half

fault dete P
faults 1s@ \twice?tap value,
the above value (Eq uld be used in de-

termining the ni e-phase tap.
8.33
=4
; @ ©

From a (ccm on of (5) and (8) above, tap
6 ¢ be used.

@three—phase tap 5 in use, the fault
ect pickup current for ground faults will

Minimum trip = 1.0 x 1.25 a. = 1.25 amp.

tap H would be used to trip\T
the minimum ground fault of 1.25 amperes. @ ap G-1/5 x 5 =1.0 a.

Tap H-1/10 x 5 = 0.5 a.
Minimum trip

]
—
N
(9]
~
o
w
[\

i}

0.63 amp.

Therefore,
minimum ground fault

tap H would be used to trip the
of 1.25 ampere with a
margin of safety.

INSTALLATION

The relays should be mounted on switchboard

panels or theilr equivalent in a location free
from dirt, moisture, excessive vibration and
heat.

the two mounting studs

Mount the relay vertically by means of
for the type

jectlon case or by means of the four mounting

FT pro-

holes on the flange for the semi-flush type FT
Either of the
utilized for

The electrical connections may be made

case. studs or the mounting

screws may be grounding the

relay.
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direct to the terminals by means of screws for

steel terminal studs
furnished with the relay for ebony-asbestos or

The terminal studs may

panel mounting or to

slate panel mounting.

be easily removed or inserted by locking two

nuts on the studs and then turning the proper

nut with a wrench.

ADJUSTMENTS AND MAINTENANCE

CAUTION

1. Make sure that the neon lamp 1s in place
checked.
limit the voltage peaks

whenever relay operation 1is
This is
in the filter output at high currents so as to
prevent damage to the Rectox Units.

being

necessary to

2. When changing taps under load, the spare
should be
the other tap screw.

tap screw inserted before removing

3. All should be

cleaned with a fine file.

S #1002110 1
recommended, because of the danger be
ding small particles in the face o e soft
silver and thus impairing the con\

correct
operation de at the

of this relay hav e I3
factory and should not bQ di@ after re-
celpt by the customer. t adJustments
aken apart for

have been changed, th ela
repairs, to check the ad-

or if it is si
Justments at regula ai ance periods, the

instructions below{shou be followed.

contacts periodic

4. The proper adjustments to

ustments to make in the net-

work.
The following mechanical adjustments are
given as a guide, and some deviation from them

ay be ﬁgbessary to obtain proper electrical

calibration.

LT DETECTORS-~GENERAL

The sensitivity of the polar elements is ad-

Justed by means of two magnetic,

shunts at the rear of the elem
shunt screws are held in proper a stment by
a flat strip spring across the b of the

element frame, so no locking screws are re-
Looking at the

turning out the right-ha

quired. relay® front view,

hunt decreases the

amount of current requir o)close the right-
hand contact. Conve drawing out the
left-hand shunt 1 e¥ the amount of cur-

rent required to t In general,
the farther out t

the greater th og
r

relay.

nt screws are
action will be,
out current will be lower.

turned,
and as

a result,
In adjusti the"polar elements, be sure that
t e obtained,

r movement of the armature from

k ft-hand, front view) to the front
d contact as the cur-

action is rather

a defin
tha

, front view)

increased.

ing calibration, connect a 10,000 ohm re-
19 and 20

speclal relay wired

terminals or switch

aws B and C. (For the
per 18-D-5121, use terminals 3
switchjaws Al and E.) Connect the panel 1link
to the left-hand terminal.
on 5, C, and H.

sistor across

and 22 or

Set the relay taps

(FD-1) - Adjust the
contact gap

A. Lower Polar Element

contact screws to obtain an .050"
such that the armature motion between the left
and right hand contacts is in the central part
Tight-
Approximate ad-

of the air gap between the pole faces.
en the contact locking nuts.
Justments of the two magnetic shunt screws are
as follows:

Screw both screws all
Then back out
4 .33 amperes,

shunt the way in.

both screws six turns. Pass
60 cycles, in phase A and out
left hand shunt until
the armature moves to the right. If the arma-
right at less than 4.33 am-

the 1left-hand shunt until

proper armature action is obtained.

phase B. Screw in the
ture moves to the

peres, screw out

Reduce the current until the armature resets
to the left. This
than 75% of the pickup value, or 3.25 amperes.
If the than this

should happen at not less

armature resets at 1less

7
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value, 1t will Dbe necessary to advance the direct current 1in the coil circuit with sine
right hand shunt to obtain a dropout of 75% or wave voltage applied to the a-c side of t

greater. This in turn will require a slight bridge rectifier. The dropout current will

readjustment of the left hand shunt. Recheck L toc 7 ma. The contact sering tension car be
the pickup and dropout points several times, changed, if necessary, to obtain these values.
and make any minor "trimming" adjustments of <
the shunt screws that may be necessary to ob- For the relay in the standard cas apply
tain correct calibration. If the above pro- a-c¢ voltage across terminals d 1n-
cedure does not give a sufficiently high dro»n- sert a test plug connected to milii-
out, a small amount of further adjustment can ammeter in the sirgle test swi of the

be obtalned by advancing the right-hand con- relay. £ clip leads are
tact screw a fraction of a turn. As finailly necessary to siip a strip

; ating mater-

1

adjusted, the contact gap should be at least ial such as T[Tiber into

st switch Jack
.030", and the action of the armature should after opening the to obtalr a

be snappy at the pickup and dropout points. reading.

B. Upper Polar Element (FD-2) - Adjust the
contact screws to obtain an .050" contact gap
such that the armature motion between contacts

is in the central portion of the air gap be- Adj ary core of the switch ifor

tween the pole faces. Tighten the locking en the statlonary core when
nuts. icked up. This can Uue most
Follow the same adjustment procedure as for one by turning the relay up-
D1, except for a pickup current of 5.41 am- Screw up the core screw until the
peres, and a dropout current of at 1least 75% re starts rotating. Now, Dback off
of pickup, or 4.06 amperes. Just above the screw until the moving core stops
pickup current, there will be a slight amou This indicates the point where the
of contact vibration. Make a final adjust 5 vy in the moving contact assembly is taken

of the two right-hand coritact screws to obtai and where the moving core just separates

equal vibration of both contacts as indi romw the stationary core screw. Back off the
by a neon lamp connected in the contact®Ve] stationary core screw one turn beyond this
cuit. point and lock in place. This prevents the

L 4 moving core Crem striking and sticlkiing to the

core oecause of residual magnetism.

Operating Element (Telephone Type

clearance for 3/32 inch by
Adjust the contact gap to O& This is two small nufts on either side of
done by bending down | g eisc. The switch should pick up

lever stop on the relay Test for sticking after 30

armature in the operated adjust the : been passed thru the coil.

>

armature residual g to
the adjustable set

measured just

by means of snece 1g approximately .25 ohm.

gap should be

theParmature set scrow. Cperabion Lodiestor

For those relay xed residaal spacor,

ot

indicator to <perate =2t 1.0
the gap is about Check to ses that. . . .
vy loosening whe
there 1s a contact follow of a few tnougar:d

the assembl 7,

of an inch after ip@ contact claoses.
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RENEWAL PARTS

Repalr work can be done most satlsfactorilly
at the
parts can be

factory. However, Interchangeable
furnished to the customers who
doing When

always give the complete name-

are equlpped for repalr work.
ordering parts,

plate data.

ENERGY REQUIREMENTS

Burdens measured at a balanced three-phase

current of five amperes.

Relay Phase A Phase B Phase C

Taps VA Angle VA  Angle VA Angle
A-F-3 2.4 5° 0.6 0° 2.5 50°
A-H-10 3.25 0° 0.8 100° 1.28 55°
B-F-3 2.3 0° 0.63 0° 2.45 55°
B-H-10 4.95 0° 2.35 90° 0.3 60°
C-F-3 2.32 0° 0.78 0° 2.36 50°
C-H-10 6.35 342° 3.83 80° 1.98 185°

Burdens measured at a single-phase t

neutral current of five amperes.

Relay Phase A Phase B Phase

Taps VA Angle VA  Angle VA A

A-F-3 2.47 0° 2.1 10° 1.

A-H-10 7.3 60° 12.5 53° 6 26°

B-F-3 2.45 0° 2.09 15° 10°

B3-H-10 16.8 55° 22.0 5o 38°

C-F-3 2.49 0° 1.99 15°

C-H-10 31.2 41° 36.0 35°
The angles above are‘the degrees by which

the current lags its res e oltage.

PART II — HKB ROL UNIT
(F ER)

The ccnstructi ratlon, and adjustment

used with the HKB relay

eparate 1instruction book

8:-891-1. The Control Unit

Type FD carrier assembly.

OVERALL TEST OF COMPLETE
L 4 INSTALLATION

rotation of the
checked by measuring the a-c voltage
19 and 20 or tes

three-phase curre

cross
hes B
and C with a high resistance a-c voltmeter of

relay terminals

at least 1000 ohms per volt.
tained should be
ampere of

The reading ob-
approximately O. volts per
balanced threé-p e load current

(secondary value) w y {£aps 4, C and H.

es that a balanced
t of at least 1.0 am-
owlng through the line-
he HKB relays. At both

The followlng tes
load
(secondary)

three-phase
pere
sectlion protect

terminals otected line~section, re-
move the relay cover and open the trip
circult ng the test switch blade with

andle. Put the tap screw on the

.te in the 4 tap, and on the lower
C and H taps. Be sure to 1insert
tap screw before removing the con-
one. Now open test swltches D and E on
line section

and insert a current test plug or
Insulating material into the test
Jack on switch E
that switch.

phase A to

t elay at one end of the
(station A)
trip of
to open the circult through

The above operation shorts the
neutral ahead of the
filter and disconnects the phase A
lead from the filter. Thls causes the phase B
and C currents to return to the current trans-

clrcult
sequence

formers through the
the filter, thus
ground fault fed from one end

zero-sequence resistor in
phase A-to-

of the line
both the fault detectors
should
Completion of the trip
checked by connecting a small

simulating a
only. As a result,
and operating element at Station A
close thelr contacts.
circuilt can be
lamp (not over 10 watts)

of test switch J.

across the terminals

Now perform the
end of the
resetting the

above operations at the
line-section (station B)
switches at Station A.

phase-to ground

opposite
without
This simulates a
ternal to the

fault ex-
protected line-section. The
ffault detectors, out not the operation element
at B shculd pick up, and the operating element

at A should reset. Restore test switches D
and E a2t Station A to normal (closed). The
‘ditions now represent a phase-to-~

fed from Station B only. The
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fault detectors at A should reset andpthe op- PART III — TYPE HKB TEST FACILITIES

erating element at B should pick up-: Regtore

test switches D and E at Station B,to nermal, APPLICATION

and, all elements of the relay f[fat/Station B

should reset. For the relay in, the gtandard The type HKB test facilities provide a

case, the above test can_ be [perfOrmed using simple manually operated test procedure that

suitable external test switchest will check the combined relay and carrier

equipment. The test can be performed without

The above tests haveWehecked phase rotation, the aid of instruments. The results given as-

the polarity of the seguence filter output, surance that all equipment 1s in normal oper-

the 1interconnections|betwéen the relay and the ating condition without resorting to more

carrier set and the“jPh@se A current connec- elaborate test procedures.

tions to the relay 4t ¢pboth stations. Phase B
and C can be ‘simI¥arly checked by opening test
switches F 'and GWfor phase B, and switches H Test Switch

CONSTRUCTION

and I for phase C. The same procedure de-
scribed for Phase A is then followed. The type W test switch 1s provided with
eight pairs of contacts, two pairs of which
Ir all the tests have been completed with are closed in the "carrier on" position. The
satisfactdry results, the test switches at contact arrangement is shown in Fig. 7, and
boBln  line terminals should be closed (close the outline and drilling plan 1in Fig. 1C.
theptrip circuit test switch last) and the re- These contacts are used to complete the HKB
13 ccver replaced. The equipment is now trip circuit and the alarm circuit is indi-

'3

cceay to protect the line-section to which it cated in Fig.7 by contacts 1, 2, and 7, 8.
s cennected. In the '"carrier off" position the HKB trip

11
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circult 1s opened through contacts 1 and 2,
but the alarm circult
test posiltlions to the

remailns closed. Two
right of the '"carriler
off" positions are provided. When the switch
1s moved to elther of these positions, the re-
Interrupted
and a red alarm light 1s turned on by swiich
contact 3 and 4. Moving the swiltch to the
TEST 1 position will connect the output of the
auxlliary test transformer directly to the HKB
terminals number 25 and 26, through the type W
contacts number 9 and 10, 11 and 12. Moving
the switch to the TEST 2 position will connect
the test transformer with a
to the HKB relay through
14 and 15, 16.

lay trip and alarm circults are

reversed polarity
switch contacts 13,

Auxiliary Test Transformer

The auxlliary test transformer 1s
from a 115 volt, 60
Four secondary taps numbered 1,

provided to

designed
to operate cycle power
2, 3,

vary the magnitude of

source.
and 4 are
the test current, as follows:

Trans. Tap

= w o

O N U w
v,

~N U =N

w o

El

""' ke

4 [

3

The outline and drilling plan of the @
former is shown in Fig. 8.

Indicating Lamps

The red and blue indicating

&e stand-
ard rectangular Minalites. Ou e d drill-

ing dimensions are gilven 1n®1
ADJUS
Choose a tra oxp that will provide

r
approximately ti the phase-to-ground

current setting o FD-2 fault detector as

previously determined.

6PERATION
A 1td-c act switch 1s provided at each
linette al which serves the dual functions
o rrier on-off switch and a test switch.

This
phase

switch 1is
current to the

arranged to apply a single
HKB relay to simulat
internal and through fault conditlions. Relay
observing a blue ind
cating lamp connected in the HKB relay trip
circuilt. During the test the HKB trip cirgg;t
to the line breaker 1is
ing 1light 1is energized through a
tacts on the test switch.

operation is n.oted by

opened and red warn-
1

con-

Use of the auxiliary test [eq t is to be
limited to provide a simp st after the
initial installation tests h been performed
I his

as described in Instruction

leaflet.

The test app ) s to be connected as
shown in Fi 7 wi e auxliliary test trans-
formers en e om 115 volt, 60 cycle

power sources

part

ch 1line terminal that are

h cther. The followlng oper-
e assumes that the same polarity
is us T nnecting the test transformer at

e terminal.

n the carrier test switch at both

rminals to CARRIER CFF.

switch to TEST 1
local relay should

2. Turn the carrier test
line terminal #1. The
operate to

transmit half cycle impulses of

carrier, and trip. Tripping will be indicated

by the blue light.

3. Turn the HKB test switch at
line terminal #2 to TEST 1. This will simu-
late an internal fault fed from both line ter-
line terminal #2 will
terminal #1 will
Tripping will be indicated by

the remote

minals. The
trip, and the
remain tripped.
the blue lights at each lire terminal. Carrier
will be half

simultaneously from each end of the line.

relay at
relay at line

transmitted in cycle 1mpulses

4. Reset the HKB test switch at line termi-
nal #1. The relay at terminal #1 will reset
and turn off the blue light. The relay at
terminal #2 will hold its trip contact clcseqd,
lighting the blue light.

5. Turn the HKB test switch at line termi-
nal #1 to TEST 2. This condition will sirmu-
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late an external fault.
both relay, will be
light will be extinguished.

held

6. Reset the test switches
terminals to CARRIER OFF before
CARRIER ON for normal service.
to turn in ON pésition.

Push in handle

Type W Test Switch

I. L. 41-650.5A
The trip contacts of This completes the test procedure.
open and the blue
Component Style Numbers
Test Transformer S #1338284
at both 1line Type W Test Switch S #1584284 for)y1/8" panel
returning to moun tdmg .

S #1584285% for 1-1/2"
panel mounting.

STATION BUS PHASE ROTATION ABC

+ BACKUPRELAYS

TRIPCIREUITS

A
B
TRANS. PRI. c
{’ D
5
|| BACK UP £
RELAYS Slwe nes
4. <> <" e
<) ‘) ‘}
Tk f\eack up{ )
RELAY CARRIER SWITCH
9,,10 i

6,15
.| LINE "3 2,01
0CB ITRAP 13 4 |
LINE Jar- TEST
v TRANSFORMER
“ oIl "5y g0 cvelE
] TEST SOURCE
ABC =
CARRIER SWITCH
POSITION
CARRIER TEST2JTESTI| OFF |/ Onx
OFF CONTACT e e sl
TESTH ON -2
TEST2 3-4 X X
® -4 1 X1 x
7 X X
9-10 X
SWITCH D A
PLATE [115-16 X
X DENOTES CONTACT CLOSED 1

CARRIER CONTROLCCIRCUITS
TRANS.SEC.

HKBDI Fbl E) HKB
HKB FDI .02| 0
TO CARRIER
SET
HKB o FD2 o HKB _ 8oy

POS.

X HANDLE MUST BE PUSHED IN AGAINST
SPRING ACTION AT THE "OFF. POSITION
TO TURN FROM "OFF"TO"ON".

-4

6-C-4428

Fig. 7- Schematic Connections of Type HKB Relay and Test Facilities.
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Fig. 8—Outline and Drilling Plan of the Type HKB Test : Fig. 9— Internal Schematic of the Type
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Fig.10=0Outline and Drilling Plan of the Type W Test Switch and Indicating Lamps which are Part of the Type HKB
Test Facilities. For Reference Only.
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INSTALLATION

L L. 41-650.5
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE HKB RELAY AND TEST
EQUIPMENT FOR TYPE FD CARRIER

CAUTION Before putting relays into service,
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 HKB relay 1s a high speed carriexz
relay used 1n conjunction with power lime
carrier equipment to provide complete phase
and ground fault protection of a trafmsmission
line section. Simultaneous tripping Of the
relays at each 1line terminal isq, ob®ained in
three cycles or less for all 1internal faults
within the 1limits of the relay séttings<s The
relay operates on 1line current)only, and no
source of a - ¢ line potentfal I1s¥ required.
Consequently, the relay® will nof trip during
a system swing or out-ofzstep conditions. The
carrier equipment opgrates directly from the
station battery.

PART I— TYPE HKB RELAY

CONSTRUCTION

The gelay’ consIsts of a combination posi-
tive, negativel and zero sequence network, a
saturating“g@uxiliary transformer, two Rectox
units, two polar relay units, a telephone-type
relay, g4a neon lamp, contactor switch and
operation indicator all mounted in a Type M-20
Elexitest Case.

When the standard projection case 1s sup-

plied, the sequence network, tap plates, and

saturating auxiliary transformer are mounted

NEW INFORMATION

in a box which @€an bed located on the rear of
the switchboard panel in any convenient po-
sition. The _remainder of the relay elements
are mounted Iny the relay case proper. The
taps and temminal numbers of the relay in the
standard case and the external box correspond
tofithoSefin)/the type FT case. (See Figures 1,
2, ‘andp3 ) Terminals 18, 19 and 20 of the ex-
ternal box are to be connected to the corre-
sponding terminals of the relay in the stand-
ardigase. Otherwlse, all external connections
for the relay in the standard projection case
or in the type FT case are made to the same
terminals.

Sequence Network

The currents from the current transformer
secondaries are passed thru a network consist-
ing of a three-winding iron-core reactor and
two resistors. The zero-sequence resistor,
Ro, consists of three resistor tubes tapped to
obtain settings for various ground fault con-
ditions. The other resistor Ry is a formed
single wire mounted on the rear of the relay
sub-base. The output of this network provides
a voltage across the primary of the saturating
transformer.

The lower tap block provides for adjustment
of the relative amounts of the positive, nega-
tive and zero sequence components of current
in the network output. Thus, a single relay
element energized from the network can be used
as a fault detector for all types of faults.

Saturating Auxiliary Transformer

The voltage from the network is fed into the
tapped primary (upper tap plate) of a small
saturating transformer. This transformer and

EFFECTIVE JUNE 1954
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TOP TESY SWITCH TO BASE ¥
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FRONT VIEW ™\ — - CHASSIS OPERATED

SHORTING SWITCH

13-D-5784

Fig. 1— Internal Schematic of the Type HKB Carrier Relay
in the Type FT Case.

a neon lamp connected across its secondary ané
used to limit the voltage impressed on &he
fault detectors (polar relay elements) and the
carrier Control Unit, thus providing a small
range of voltage for a 1large variation fof
THis pro=
vides high operating energy for lightifaullbls,

maximum to minimum fault currents.

and 1limits the operating energy for heavy
faults to a reasonable value.

The upper tap plate changgs?thedoutput of
the saturating transformer,{,andjis marked in
amperes required to pickgupythé®™ lower fault
detector element. For furthen discussion, see
section entitled, ‘“Set®ing'™

Rectox Units,

The secondary of the saturating transformer
feeds a bridge-connected Rectox Unit, the out-
put of whigh energizes the polar fault detec-
tor elementss A second Rectox, energized from
the outpu®, ofithe Control Unit, supplies a d-c
voltage toWthe telephone relay element which

opePates, only for an internal fault. The use

UPPER CONTACT- CONTACTOR SWITCH

OPERATION INDICATOR
(ﬁﬁ\\\\?\wz 0}/;7/
ol o
<s [ FOu
—

LOWER CONTACT-—

FULL WAVE |

RECTIFIERS R OPERATING ELEMENT
L\‘ TELEPHONE RELAY

D TEST, oWITCH

.
NEON LAMP—1

F—ADJ. LINK

Fo1<(Fb2)
LOWER POLAR UPPER POLAR
RELAY ELEMENT / RELAY ELEMENT

REARTMIEW

13-D-5903

Fig. 2— Intéinal Schematic of the Type HKB Carrier Relay
in the)Standard Projection Case.

of sengitive™polar relay keeps down the energy
requdseed “from the current transformers.

PolansType Relays

These elements consist of a rectangular
shaped magnetic frame, an electromagnet, a
permanent magnet, and an armature with a set
of contacts. The poles of the permanent mag-
net clamp directly to each side of the magnet-
ic frame. Flux from the permanent magnet di-
vides into two paths, one path across the air
gap at the front of the element in which the
armature is located, the other across two gaps
at the base of the frame. Two adjustable
screw type shunts which require no 1locking
screws are located across the rear air gaps.
These change the reluctance of the magnetic
path so as to force some of the flux thru the
moving armature which is fastened to the leaf
spring and attached to the frame midway be-
Flux in the

armature polarizes it and creates a magnetic

tween the two rear air gaps.

bias causing it to move toward one or the
other of the poles, depending upon the adJjust-
ment of the magnetic shunt screws.

A coil 1is placed around the armature and

within the magnetic frame. The current which

P 9
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l. L. 41-650.3

LORMELD
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13-D-5952

Fig. 3—Internal Schematic of the Sequence Network Used
with the Type HKB Relay in the Standard Pro-
jection Case.

flows 1n the coil field

permanent magnet field and

produces a magnetic
which opposes the
acts to move the armature in the contact-clos-

ing direction.

Contactor Switch

The d-c contactor switch in the relay/is a
small solenoid type switch. A
with a disc

lower end moves in the core of the

cyIin@rical

plunger silver mounted onplts
solenoid.
disc
The
main Jcontacts of
trip“coll of the

contaets close, the

As the plunger travels wupward,, ghe

bridges three silver stationany contatts.
coll 1s in seriles with the
the relay and with the
breaker. When the relay

coll becomes energizedjand eloses the switch

contacts. This shung§¥thedmain relay contacts
thereby relieving them of}\the duty of carrying
Theése

closed until the t#lp circuit 1is opened by the

tripping currents contacts remain
breaker. The con-
a third point

connected to a terminal on the relay

auxlliary gwiteh “em® the
tactor switch, is“equipped with
which is
to operateida, bé€ll alarm.

Operation Indicator

indicator is a small solenoid
When the
eoil is energized, a spring-restrained

The operation
¢OIL connected iIn the trip circuit.
arma-

ture releases the white target which falls by

gravity to indicate
The indicator 1s
of the case by a push rod.

OPERATION

completion of the trip

circuit. reset from,outside

The HKB carrier relaylng system compares the
phase positions of the cuprents)at the ends of
carrier channel to

a line-section over a

determine whether an ginteérnal or external
fault exists. The

energize a

three-phase line currents
sequence (negfwork which gives a
single-phase output®woltage proportional to a
comblination of sequence components of the line
this

electronic circuit which

current. Duringpa fault, single-phase
contrels an
allows thé

nateMhalf-¢ycles

voltage
transmission of carrier on alter-
of the power-frequency cur-
transmitted from both line
manner, and 1s received at
where it 1s
of the

comparison take=s place

rent. Carrier 1s
terminals In this
they, opposite ends

the phase

compared with
position local
This
The polarities of the volt-

compared are such that for an in-

sequence
network output.

2n a vacuum tube.
ages to be
ternal fault, plate current flows on alternate
power~frequency half-cycles. A relay con-
nected in the plate circuilt of the vacuum tube
operates under this condition to complete the
trip circuit. During an external fault, the
change in direction of current flow causes the
plate current to be continuously blocked, and

the plate circult relay does not operate.

this
during a fault,

Since relaying system operates only
the carrier channel 1s avalla-
ble at all other times for the transmission of

other functions.
CHARACTERISTICS

The sequence network in the relay is arrang-

ed for several possible combinations of se-

quence components. For most applications, the
will

tive, negative and zero sequence components of

output of the network contain the posi-

the line current. In this case, the taps on
indicate the balanced
threephase amperes which will pick up the low-
er or carrier start fault detector (FDl). The
which

the upper tap plate

upper polar element (FD2), supervises
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operation of the telephone-type relay, 1s ad-
Justed to pick up at a current 25 perecent
above tap value. The taps available are 3, 4,
5, 6, 7, 8, and 10. These taps are on the
primary of the saturating transformer. For
phase-to-phase faults AB and CA, enough nega-
tive sequence current has been introduced to
allow the fault detector FD1 to pick up at 86%
of the tap setting. For BC faults, the fault
detector will pick up at approximately 50% of
the tap setting. This difference in pick-up
current for different phase-to-phase faults is
fundamental; and occurs because of the angles
at which the positive and negative sequence
components of current add together.

With the sequence network arranged for posi-
tive, negative and zero sequence output, there
are some applications where the maximum load
current and minimum fault current are too
close together to set the relay to pick up
under minimum fault current, yet not operate
under load. For these cases, a tap is availla-
ble which cuts the three phase sensitivity in
halt, while the phase-to-phase setting 1is sub-
stantially unchanged. The relay then trips at

90% of tap value for AB and CA faults, and

SETTINGS

The ‘HKB relay has separate tap plates r
adjustment of the phase and ground fault
sensitivities and the sequence components in-
cluded in the network output. The range of
the available taps is sufficient to cove® a

wide range of application. The od of de-
termining the correct taps fo nstal-
lation is discussed 1in the fo W para-

graph.

In all cases, the simila detectors on

the relays at both term 1 a line section

s
must be set to pick t e same value of
line current. Thi s cessary for correct
blocking during t external to the pro-

tected line gect

ves of the 1lower tap plate are
the sequence network to provide

combinations described in the pre-
on. The left half of the tap plate
he tap on the third winding of the

reactor and thus changes the relative

twice tap value for three-phase faults. mounts of positive and negative sequence
setting for BC faults is 65 percent of ensitivity. Operation of the relay with the
value. In some cases, 1t may be desirable,t various taps 1s given 1n the table below.
eliminate response to positive sequence
rent entirely, and operate the relay LABLE
— - Sequence Components Taps on Lower Fault Detector FD1 Pick Up o

tive-plus-zero sequence current. ta comb. ;lhmmkcmmt ap Block S reit | 7 - § ranit
avalilable to operate in this ﬂ! e The

Left Right
fault detector picks up at 95% r\ value Help uﬁf
for all phase-to-phase faul t 1is unaf- N Pos., Neg., Zero ¢ G or e Tep valve | 866 Top value
fected by balanced load current ee-phase
faults. 2 Pos., Neg., zero B G or H ngngﬁe (Gg%%ogagcvgégft)

3 Neg., Zero A G or H - Tap Value

For ground fault e ate taps are availa-
ble for adjustme x ground fault sensi-
tivity to aboupl 1/# or_ 1/8 of the upper tap
plate setting. T e II. For example, il
set at tap 4, the fault
detector (FDl) pick-up current for ground
faults can be geither 1 or 1/2 ampere. In

special applications, 1t may be desirable to

the upper tap plate

ponse to zero sequence current.
is provided with a tap to allow such

* Taps F, G and H are zero-sequence taps for adjusting ground
fault sensitivity. See section on zero-sequence current tap.

A PFault detector FD2 1s set to pick up at 125% of FDl for

a two-terminal line, or 250% of FDl for a three-terminal
line.

Positive-=Sequence Current Tap and FD2 Tap

The upper tap plate has values of 3,4,5,6,7,
8, and 10. As mentioned before, these numbers
represent the three-phase, fault detector FDl
pickup currents, when the relay 1s connected
for positive, negative and zero sequence out-

e

A
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put. The fault detector FD2 closes its con- TABLE.- II
tact to allow tripping at current value 25 Ground Fault
. Percent of Upper t
percent above the fault detector FD1 setting Comb. | Lower Left ppe p S ind
This 25 percent difference is necessary to in-
Tap Tap G Tap H
sure that the carrier start fault detectors 1 c o5% 1%
(FD1) at both ends of a transmission 1line
B 20 @ 10

section pick up to start carrier on an ex-

3 A 20 10
ternal fault before operating energy is ap-
plied through FD2.

Examples of Relay Setting
CASE T
For a three-terminal 1line, the tap link on _—

FD1 panel is connected to the right hand tap

Assume a two erminal 1line with current
which allows FD2 to pick up at 250% of FD1

both terminals.

setting. This is necessary to allow proper

blocking on three-terminal lines when approxi-
fed in two termi-
nals, and their sum flows out the third termi-
nal of the line. the
link is and
operation 1is

mately equal currents are
For two-terminal lines,
left hand tap,

the

connected to the
as described in previous

paragraph.

The taps on the wupper and lower tap

should be selected to assure ope on
minimum internal line-to-line faults, yet
not operate on normal load curren pa cu-

larly if the carrier channel is to d for
auxiliary functions. The dropou nt of
the fault detector is 75 perce o e pick-
up current, and this factor st so be con-
sidered in selecting thé’ o - sequence
current xent combina-

tap and sequence,( co
The margin !% load current and
u

tion.

fault detector pick
allow the fault dete
external fault, when
flow.

1d be sufficient to
or drop out after an

current continues to

Xnt Tap

The right f of the lower tap plate is for
adjusting the ground fault response of the
relay. Zaps G and H give ground fault sensi-

tiwities as listed in Table II. Tap F 1is used

lications where increased sensitivity to
When this tap
is used, the voltage output of the network due

und faults 1s not required.

o0 zero-sequence current is eliminated.

transformers d 00/5 at
Also assume hat © full 1load
amperes, that on minimum internal phase-

current is 300
2000 fed in from
amperes from the other end.

s amperes 1is
00

me that on minimum internal ground

a
00
amperes from the other end.

amperes is fed in from one end,

sitive Sequence Current Tap

Secondary Values:

300 x-E——-= 3.75 amperes (1)

4oo
Minimum Phase-To-Phase Fault Currents:

Load Current =

600 x-é—— =

4oo (2)

7.5 amperes

Fault
must be at least:

detector FD1 setting (three phase)

3.75

= 5 amperes (0.75 is dropout
.75

fault detector)

ratio of

(3)

so that the
current.

fault detector will reset on load

In order to trip circuilt on a
7.5 fault, the fault
detector FD1 setting (three-phase) must be not

complete the

ampere phase-to-phase

more than:

7.5 ! L _ .08 (4)
. X X = . amperes
0.566  1.25 P
FD2 pick
1.05 = oo PCX Ub
FD1 pick up
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Sequence Combination Tap detector tap must now be not more than:

Frcm a comparison of (3) and (4) above, it 7.5 x x 1 - 6.6 (5)
i1s evident that the fault detector can be set 1.25 0.9
to trip under minimum phase fault condition To be sure the fault detector FD1 will reset

yet not operate under maximum load. In this after a fault, the minimum tap setting Li»de'
case, tap C on the lower left tap block would termined as follows:

be used (see Table 1, Comb 1) as there is

sufficient difference between maximum load and Load Current = 500 x 45 —\Q (6)
00

minimum fault to use the full three-phase sen-
sitivity. Current tap 6 would be used.
6.25
= 8.33 (7)

0.
Zero Sequence Tap e

i th fault t ick t f
Secondary Value: Since the fau pickup current for

three-phase faul s ice tap value, half

5 . -
100 x —>— = 1.25 amperes minimum ground the above value should be used in de
400 termining three-phase tap.

fault current.

With the wupper tap 6 and sequence tap C in (8)

use, the fault detector FD1 pickup currents 2
for ground faults are as follows:
From a arison of (5) and (8) above, tap
Lower right tap G-1/4 x 6 = 1.5 amp. 5Qr ould be used.

Minimum trip = 1.25 x 1.5
Lower right tap H-1/8 x 6

0.75 amp the three-phase tap 5 in use, the fault
Minimum trip = 1.25 x 0.75 = 0.94 amp. detector pickup current for ground faults will
be as follows:
From the above, tap H would be used to\

Tap G-1/5x 5= 1.0 a.
Minimum trip = 1.0 x 1.25 a.

[}

1.88 amp.

the minimum ground fault of 1.25 ampereg.

1.25 amp.

Case II
= PS Tap H-1/10 x 5 = 0.5 a.
Assume the same fault current \ ase I Minimum trip = 1.25 x 0.5 a. = 0.63 amp.

B
but a maximum load current amperes. In
Therefore, tap H would be used to trip the

minimum ground fault of 1.25 ampere with a

this example, with the sam

nation as in Case I, the t ectors can-

not be set to trip on the, mipimum internal margin of safety.

three-phase fault, ye a inoperative on

load current. ( €omp (5) and (6) below ). INSTALLATION

However, Dby co ct network per Combi-

nation 2 on Ta relay can be set to The relays should be mounted on switchboard
trip on minimu -phase fault, although panels or thelr equilvalent in a location free
it will have half the sensitivity to from dirt, moilsture, excessive vibration and

three-phase faults. This will allow operation heat. Mount the relay vertically by means of
at maximum 1load without picking up the fault the two mounting studs for the type FT pro-

detecto and provide high speed relaying of jection case or by means of the four mounting
all e ight three-phase faults. holes on the flange for the semi-flush type FT
case. Either of the studs or the mounting

or to complete the ¢trip circuit on a screws may be utilized for grounding the

pere phase-to-phase fault, the fault relay. The electrical connections may be made
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direct to the terminals by means of screws for
steel panel mounting or to
furnished with the relay for ebony-asbestos or
slate panel mounting.
inserted by locking two

be easlily removed or

nuts on the studs and then turning the proper

nut with a wrench.

RELAYS IN TYPE FT CASE

The type FT cases are dust-proof enclosures
combining relay elements and knife-blade test
switches in the This combination
provides a compact flexible assembly easy to
maintain, inspect, test and adjust. There are
S10, S20, M1O,
M the
the large slze chassis frame.

same case.

six case sizes, designated as
M20, L10, LZ20.

and L,
The numbers refer to the possible

test switch positioas 10 or 20.

S refers to the small;
medium;
number of

To remove the chassis, first remove the
cover which exposes the relay elements and
test switches for inspection and testing.

Next open the
These should always be opened first be
of the black handle switches or the ca on
This opens the trip circ

elongated red handle switche

latches.

vent accidental trip out. Then open the
remaining switches. With all the es
fully opened, grasp the two cam a atch
arms and pull outward. Using e h arms

as handles, pull the chass®s, out of/the case.

The chasslis can be set on Y bench in a

normal upright position &a on its top,
ction,

back or sides for easy 1 maintenance

After removing aQs a duplicate chas-

sis may be 1imser i the case or the blade

portion of \ s can be closed and the
ce

and test.

e
cover put a ithout the chassis. The
chassis o ed orting switch 1located be-
hind the ¢ t test switch prevents open

circuiting the current transformers when the

current tygg test switches are closed.

en, the back 1in the
a e above procedure is to be followed in
The elongated red handle
after the

chassis 1s to be put
t versed order.

itch should not be closed until

I. L. 41-65
chassis has been latched 1n place and
terminal studs the black handle switches closed.
The terminal studs may The electrical circults are as ws:

Each terminal in the base connects thru a test
switch to the relay elements in th; chassis
as shown on the 1internal schematic diagrams.
The relay terminal 1is iden d by numbers
marked on both the ins a utside of the
base. The test swit [¢) ons are lidenti-
fied by letters mark e top and bottom

surface of the moul . These letters
can be seen when e ssis is removed from
the case.

The potenti

relay are ected from the external cir-
cuit op the assoclated test switches.
Openin rent test switch short-circuits

secondary and discon-

and control circuits thru the

t Transformer

e side of the relay coil but leaves
r side of the coll connected to the
xte circuilt thru the current test jack

. This circuit can be isolated by insert-
the current test plug (without external

nnections), by inserting the ten circuit
test plug, or by inserting a plece of insulat-
1/32" thick into
the current test Jjack Jjaws. Both switches of

the current test switch pair must be open when

ing material approximately

the current
this
current transformer secondary.

using test plug or insulating

material in manner to short-circuit the

A cover operated switch can be supplied with
wired 1in series with the trip
circuit. This switch opens the trip circuit
when the cover 1s removed. This switch can be
added to the existing type FT cases at any
time.

1ts contacts

The relays can be tested in service, 1n the
case but with the circuilts 1solated

or out of the case as follows:

external

For testing 1n service the ammeter test plug

connected to sultable instruments, can be in-
serted in the current test
the knife-blade switch to

thru the relay.

Jjaws after opening

check the current
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Voltages between the potential circuilts can
be measured conveniently by clamping #2 clip
leads on the projecting clip 1lead lug on the
contact jaw.

For testing in the case the ten circuilt test
plug can be inserted in the contact Jjaws, with
all blades in the full open position. This
connects the relay elements to a set of bind-

ing posts and completely 1solates the relay
circuits from the external connections by
means of an 1insulating barrier on the plug.
The plug 1s 1nserted in the bottom test jaws
with the binding posts up and in the top test
switch jaws with the binding posts down.

The external test circults may be made to
the relay elements by #2 test clip leads in-
stead of the test plug. When connecting an
external test circult to the current elements
using clip leads, care should be taken to see
that the current test jack Jjaws are open so
that the relay 1is completely isolated from the
external cilrcuilts. Suggested means for iso-
lating this circuilt are outlined above.

For testing out of the case relay elements

may be tested by using the ten circultgtes®
plug or by #2 test clip 1leads as described
above. The factory calibration 1s made with
the chassis in the case and removing the)chas-
sls from the case will change the callbratiion
values of some relays by a smadl percentage.
It 1s recommended that the relay gpe“ehecked in
position as a final check on,calibration.

ADJUSTMENTS AND_MAINTENANCE

CAUTION

1. Make sure,th@t the neon lamp 1s in place
whenever relay operatdon 1s Dbeilng checked.
This 1s necessary to 1limlt the voltage peaks
in the filter output at high currents so as to
prevent damage to the Rectox Units.

2. WhenWchanging taps under load, the spare
tap{screw) should be 1inserted before removing

the other tap screw.

3. All contacts should be periodically
cleaned with a fine file. S #1002110 file_dis
recommended, because of the danger of embed-
ding small particles in the face of the saft
sillver and thus impairing the contact.

4. The proper adjustments to insure correct
operation of this relay have begn made at the
factory and should not be disturved after re-
ceipt by the customer. If _the adjustments
have been changed, the relay taken apart for
repalrs, or 1f it 1is desdired to check the ad-
justments at regular maintemance periods, the
instructions below shouldybe followed.

Sequence Network

There arefmno adfjustments to make in the net-
work.

The, foTlewIng” mechanical adjustments are
given asya gulde, and some deviation from them
may b€ neceésSsary to obtaln proper electrical
calibration.

FAULT /DETECTORS-GENERAL

The sensitivity of the polar elements 1is ad-
jJusted by means of two magnetic, screw-type
shunts at the rear of the element. These
shunt screws are held in proper adjustment by
a flat strip spring across the back of the
element frame, so no locklng screws are re-
quired. Looking at the relay front view,
turning out the right-hand shunt decreases the
amount of current required to close the right-
hand contact. Conversely, drawing out the
left-hand shunt 1increases the amount of cur-
rent 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 drop out current will be lower.
In adjusting the polar elements, be sure that
a definite toggle action 1s obtained, rather
than a gradual movement of the armature from
the back (left-hand, front view) to the front
(right-hand, front view) contact as the cur-
rent 1s increased.

During calibration, connect a 10,000 ohm re-
sistor across terminals 19 and 20 or switch

R
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Jaws B and C. (For the special relay wired
per 18-D-5121, wuse terminals 3 and 22 or
switchjaws Al and E.) Connect the panel 1link
to the left-hand terminal. Set the relay taps
on 5, C, and H.

A. Lower Polar Element (FD-1) - Adjust the
contact screws to obtain an .050" contact gap

such that the armature motion between the left
and right hand contacts 1is in the central part
of the alr gap between the pole faces. Tight-
en the contact locking nuts. Approximate ad-
Justments of the two magnetic shunt screws are
as follows:

Screw both shunt screws all the way in.
Then back out both screws six turns. Pass
4 .33 amperes, 60 cycles, 1in phase A and out
phase B. Screw in the 1left hand shunt until
the armature moves to the right. If the arma-
ture moves to the right at less than 4.33 am-
peres, screw out the 1left-hand shunt until
proper armature action 1s obtained.

Reduce the current until the armature rese
to the left. This should happen
than 75% of the pickup value, or 3
If the armature resets at 1

value, 1t will be necessary to
right hand shunt to obtain a dr
greater. This in turn will r
readjustment of the left ha
the pickup and dropout 4poi
and make any minor "tr

Recheck
times,

adjustments of

the shunt screws that be ecessary to ob-
If the above pro-
iciently high droon-

out, a small amount, of urther adjustment can

tain correct calibr n.

cedure does not gi

be obtailned by a ng the right-hand con-
tact screwga f i of a turn. As finally
adjusted ct gap should be at least

.030", £'an he“paction of the armature should

be sn t pickup and dropout points.

B. Upper Poclar Element (FD-2) - Adjust the
ontact ‘screws to obtain an .050" contact gap

such that the armature motion between contacts
n the central portion of the air gap be-
een the pcle faces. Tighten the locking

nuts.

Follow the same adjustment procedu ﬁ or
FD1, except for a pickup current a
peres, and a dropout current of a ledst 75%
of pickup, or 4.06 amperes. Ju ve the
pickup current, there will be a slight amount
of contact vibration. Make a final adjustment
of the two right-hand contact screws to obtain
equal vibration of bothfc cts as indicated
by a neon lamp conne d he contact cir-
cuit.

Operating Elemens, (T one Type Relay)

Adjust the co ct gap to 0.045". This is
done by n down the armature contact-
lever stop the relay frame. Now with the
operated position, adJjust the
1dual gap to 0.010" by means of
ble set screw. This gap should be

ed™ just Dbelow the armature set screw.
e relays with a fixed residual spacer,
p is about 0.008". Check to see that
t e 1s a contact follow of a few thousandths
of an inch after the contact closes.

Connect a d-c milliammeter (0—25 ma.) across
test switchjaws Hl and Il (relay out of case).
Connect a source of variable a-c voltage (O to
10 volts, 60 cycles) across switchjaws Fl and
Gl. The relay should pick up at 10 to 12 ma.
direct current 1in the coill circuit with sine
wave voltage applied to the a-c side <f the
bridge rectifier. The dropout current will be
4 to 7 ma. The contact spring tension car. be

changed, if necessary, to cbtaln these values.

For the relay in the standard case, apply
a-c voltage acrcss terminals 9 and 10 and in-
sert a test plug connected to a d-c¢ milli-
ammeter in the single test switch Jjack of the
relay. If clip 1leads are used, it will be
necessary to slip a strip of insulating mater-
ial such as fiber into the test switch Jack
after opening the switch blade to obtain a
reading.

Contactor Switch

Adjust the stationary core of the switch for
a clearance between the staticnary core when
the switch 1s picked up. This can be most
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convenlently done by turning the relay up-

side-down. Screw up the core screw until the
back off

the moving core stops

moving core starts rotating. Now,
screw until
This indicates the point where the

play in the moving contact assembly is

the core
rotating.
taken
up, and where the moving core Just separates
Back off the

turn beyond this

from the stationary core screw.

stationary core screw one

point and 1lock in
moving core from striking and

place. This prevents the

sticking to the
stationary core because of residual magnetism.
Adjust the contact clearance for 3/32 inch 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
have been

amperes d-c passed thru the coil.

The coil resistance is approximately 0.25 ohm.

Operation Indicator

Adjust the 1indicator to
gradually applied by loosening the

operate at 1.0
ampere d-c
two screws on the under side of the assembly,
bracket forward or backward.
which reset the

springs, they

and moving the
If the two helical
armature are replaced by new
should be weakened slightly by stretching tg
obtain the 1 calibration. The coill
resistance is approximately 0.16 ohms.

springs

ampere

RENEWAL PARTS

Repair
at the
parts can Dbe

work can be done most safisfactorily

factory. However, interchangeable
furnished to the customers who
When

always give théWcompliete name-

are equipped for doing repalm, works
ordering parts,

plate data.

ENERGY REQUIREMENTS

Burdens measured at a“@gbalanced three-phase

current of five amperés.

Relay Phase A Phase B Phase C

Taps VA Angle VA Angle VA Angle
A-F-3 2.4 5° 0.6 0° 2.5 50°
A-H-10 3.25 0® 0.8 100° 1.28 55°
B-F-3 2.3 0° 0.63 0° 2.45 55°
B-H-10 4995 0° 2.35 90° 0.3 60°
C-F-34, 2%32 0° 0.78 0° 2.36 50°
C-H&kO0 W6.35  342° 3.83 80° 1.98 185°

10

Burdens measured at a single-phase to

neutral current of five amperes.

Relay Phase A Phase B Phase C

Taps VA Angle VA  Angle VA Angle
A-F-3 2.47 0° 2.1 10° 1.97 20°
A-H-10 7.3 60° 12.5 53° 6.7 26°
B-F-3 2.45 0° 2.09 15° 2.07 10°
B-H-10 16.8 55° 22.0 50° 12.3 38°
C-F-3 2.49 0° 1.99 152 2.14 15°
C-H-10 31.2 41° 36.0 38°88.6 35°

The angles above are the [degrees by which

the current lags 1ts respective (voltage.

PART II —HKB EOGNTROL UNIT
(FD €ARRIER)

The construction, foperation, and adjustment
of the Controly, Unit {ised with the HKB relay
are covered 1inya “Jseparate 1instruction book
identified aswE.Bh 84-891-1. The Control Unit
1s a pargfof “Che Type FD carrier assembly.

OVERALL TEST OF COMPLETE
INSTALLATION

After the
stalled and adjusted,
be made which will provide an overall check on

complete equipment has been in-

the following tests can
the relay and carrier The phase
rotation of the
checked by measuring the a-c voltage across
19 and 20 or test switches B
and C with a high resistance a-c voltmeter of
at least 1000 ohms per volt.
tained should be
ampere of ©balanced three-phase 1load current
with relay taps 4, C and H.

equipment.

three-phase currents can be

relay terminals

The reading ob-
approximately 0.9 volts per
(secondary value)
The following test requires that a " .lanced
load current of at least 1.0 am-
pere (secondary) be flowing through the line-
section protected by the HKB relays. At both
terminals of the
move the HKB
circuit by pulling the
the long red handle.

three-phase

protected line-section, re-
relay cover and open the trip

test switch blade with
Put the tap screw on the
upper tap plate in the 4 tap, and on the lower
one in the C and H taps. Be sure to insert

the spare tap screw before removing the con-
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Now open test switches D and E on
of the

nected one.
the relay at one end
(station A) and insert a current test plug or
of 1insulating material into the test
Jack on switch E to open the circuit through

line section

strip

that switch. The above operation shorts the
phase A to neutral circuit ahead of the
sequence filter and disconnects the phase A

lead from the filter.
and C currents to return to the current trans-

This causes the phase B
formers through the =zero-sequence resistor in
the filter, thus phase A-to-
ground fault fed from one end of the line
As a result, both the fault detectors
element at Station A should
Completion of the trip
checked by connecting a small

simulating a

only.
and operating
close their contacts.
circuit can be
lamp (not over 10 watts) across the terminals

of test switch J.

Now perform the
end of the
resetting the

above operations at the
line-section (station B)

switches at Station A,
phase-to -ground fault ex-

opposite
without
This
ternal to the
fault detectors, but not the operationmel ement

simulates a

protected line-section. The

at B should pick up, and the operating element

at A should reset. Restore test ‘“swifches D
and E at Station A to normal (closed)-% The
line conditions now represent a phase-to-
ground fault fed from Station B{ only. The

fault detectors at A
erating element at B showuld pick up. Restore
test switches D and E at ‘Statiem B to normal,
at Station B
retay in the standard

should gf@setjantd the op-

and all elements of the
For the
test cangdbe

relay
should reset.
the above

case, performed using

sultable external test sSwitches.

The above testsfhave checked phase rotation,
the polarityfef “the filter
the intgrconnectiions between the relay and the
carriepr, sét and the Phase A current connec-
tions to the g£elay at both stations. Phase B
and C can be"similarly checked by opening test
switches H
procedure de-

sequence output,

switches F and G for phase B, and
and I for phase C. The same
seeibed for Phase A 1is then followed.

If all the
satisfactory results, the

tests have been completed with

test switches at

both 1line terminals should be closed (close
the trip circuit test switch last) andjthe/re-
lay cover replaced. The equipmment
ready to protect the line-sectionWto which it
1s connected.

1s now

PART IIl — TYPE HKB _TEST FACILITIES

APPLICATION

HKB “testi facilities
operated test procedure that

The type provide a
simple manuall$:
will check gfthe
equipment. The“test can be performed without

the aid ef, instruments.

€ombined relay and carrier
The results given as-
surance thatwell equipment 1s in normal oper-
without

elaborate, test procedures.

ating,condition resorting to more

CONSTRUCTION

Test Switch

The type W test
eight pairs of

switch 1s provided with
contacts, two pairs of which

are clased in the '"carrier on" position. The
contact arrangement is shown in Fig. 8, and
the outline and drilling plan 1in Fig. 11.

These contacts are wused to

trip circuit and the

complete the HKB

alarm circuit is 1indi-

cated in Fig. 8 by contacts 1, 2, and 7, 8.
In the 'carrier off" position the HKB trip
circuilt 1is opened through contacts 1 and 2,

remains closed. Two

right of the
of f" positions are provided. When the switch
1s moved to either of these positions, the re-

but the alarm circuit

test positions to the "carrier

circults are interrupted
and a red alarm light is turned on by switch
contact 3 and 4. Moving the switch to the
TEST 1 position will connect the output of the

auxiliary test transformer directly to the HKB

lay trip and alarm

terminals number 25 and 26, through the type W
contacts number 9 and 10, 11 and 12.
the switch to the TEST 2 position will connect
the test transformer with a
to the HKB relay through
14 and 15, 16.

Moving

reversed polarity
switch contacts 13,

13
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Auxiliary Test Transformer

The auxiliary test transformer 1is
from a 115 volt, 60
Four secondary taps numbered 1,

designed
to operate cycle power
2: 3:

vary the magnitude of

source.
and 4 are provided to

the test current, as follows:

Trans. Tap gelay Taﬁ
1 3 amp. 2 amp.
2 5 4
3 7.5 5.5
4 9.5 7

The outline and drilling plan of the trans-
former is shown in Fig. 9.

Indicating Lamps

The red and blue indicating lamps are stand-
Outline and drill-
ing dimensions are given in Fig. 11.

ard rectangular Minalites.

ADJUSTMENT

Choose a transformer tap that will provide
the phase-to-ground

FD-2 fault detector a

approximately two times
current setting of the

previously determined.

OPERATION
A multi-contact switch is provided at
line terminal which serves the dual nc S
of a carrier on-off switch and a‘% s \J h.
This switch 1s arranged to appl single
phase current to the HKB r simulated
internal and through fault co ions. Relay
operation is noted by obse ng ue 1indi-
cating lamp connected in t relay trip

circuit. During the te

to the line breaker ne

trip circuit
and a red warn-
ing light 1is ener

rough auxiliary con-

tacts on the te

Use of the auxili test equipment 1s to be
limited to provide a simplified test after the
initial installag‘pn tests have been performed

as described in part II of this i1nstruction
leaflet

Th te apparatus 1s to be connected as
sh Fig. 8 with the auxiliary test trans-

formers energized from 115
line

in phase with each other.

volt, 60
terminal that a
The following oper-

cycle
power sources at each

ation procedure assumes that the same polari
1s used 1In connecting the test transformer at

each line terminal.

1. Turn the carrier

L 4
test sw h _at both
line terminals to CARRIER OFF\
c

2. Turn the carrier test to TEST 1
at line terminal #1. The elay should
operate to transmit hal impulses of
carrier, and trip. Tri g 1l be indicated

by the blue light.

3. Turn the S switch at the remote
line terminal #2 T 1. This will simu-
late an inte f fed from both line ter-

e

at 1line terminal #2 will
ay at line terminal #1 will
Tripping will be indicated by
s at each line terminal. Carrier
transmitted in half
sly from each end of the line.

minals.
trip, an
remain pp
the bl 1
will b
si e

cycle 1impulses

4, eset the HKB test switch at line termi-

al #1. The relay at terminal #1 will reset

d turn off the blue light. The relay at
terminal #2 will hold its trip contact closed,
lighting the blue light.

5. Turn the HKB test switch at line termi-

nal #1 to TEST 2. This condition will simu-
late an external fault. The trip contacts of

both will be held open and the blue
light will be extinguished.

relay,

6. Reset the test switches
terminals to CARRIER OFF before
CARRIER ON for normal service.
to turn in ON position.

at both 1line
returning to
Push in handle

This completes the test procedure.

Component Style Numbers

Test Transformer
Type W Test Switch

S #1338284

S #1584284 for 1/8" panel
mounting.

S #1584285 for 1-1/2"
panel mounting.

Type W Test Switch
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