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INSTRUCTIONS

TYPE HCZ IMPEDANCE RELAY

Caution Before putting protective relays
into service, remove all blocking which may
have been inserted for the purpose of securilng
the parts during shipment, make sure that all
moving parts operate freely, inspect the con-
tacts to see that they are clean and close
properly, and operate the relay to check the

settings and electrical connections.

APPLICATION

The Type HCZ relay 1is a combinatlion of the
instantaneous impedance and directional ele-
ments of the Type HZ relay and the distance
element of the Type CZ relay. This relay is
used for high speed clearing of phase faults
on transmission systems. It gives instantane-
ous protection over 80 to 90% of the protected
section, and protectlion over the remaining 20
to 10% of the protected section, and the ad-
jacent sections with adjustable time delay in-

ereasing with dlstance. (Figure 1).
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Fig. 1 — Typical Time-Distance Characteristic of the Type HCZ
Relay.

CONSTRUCTION AND OPERATION

The Type HCZ relay contains an instantaneous
impedance (HZ) element, a distance (CZ) ele-
ment, a directlonal element, a fault detector

element, auxiliary contactor switches, and

_operation indicators all mounted in a single

case. The construction and operation of cach

of these elements 1s as follows.

SUPERSEDES L. 41-420 C

% Denotes change from superseded issue.

Instantaneous Impedance (HZ) Blement

This element 1s similar to the first lmpe-
dance element of the Type HZ relay. It con-
sists of a balanced beam pivoted at the center
(Figure 4) and pulled downward by a current
coil on the forward end to close the relay
contacts. This pull is opposed by two voltage
coils acting on the other end of the beam.
The fluxes set up by these two potential coils
are shifted out of phase with respect to each
other so that a balance between current and
voltage fluxes can be held within desirable

iimits for all phase angles.

A tap screw on the front of the element
permits changing the number of turns on the
current coil, and a core screw on the bottom
of the element changes an air gap 1n the mag-
netic path. These two adjustments make 1t
possible to set the impedance element so that
it will operate instantaneously, for ell
faults occurring within 80 to 90% of the pro-
tected 1ine sectlon. For a fault at the
balance point of the element (determined by
setting) the pull of the voltage coil, which
measures the IZ drop from the fault to the
relay, will just equal the pull of the current
coil, which receives the fault current, I. If
the fault occurs inside the balance point, the
I7Z voltage pull will Dbe less than the I
current pull and the beam will trip closing
its contacts. Conversely, if the fault occurs
outside the relay balance point, the IZ
voltage pull will be greater than the I

current pull and the beam will not trip.

A rectangular sllver contact is flexibly
fastened on the forward end of the beam. As
the beam trips, the contact bridges two silver
stationary hemlspherical contacts mounted on

the free end of a short leaf spring. A small

EFFECTIVE SEPTEMBER 1953



TYPE HCZ IMPEDANCE RELAY

where the nomenclature 1is as defined above.
The voltage tap determined from this equation
will permit the distance element to close 1ts
contacts in a time depending on the selection
of K for a fault Z ohms distant from the re-
lay. The value of .75 second 1s a convention-
al time interval Dbetween swltching stations
for which the distance element should be set.
This value 1s arrived at by allowing .25
second for the relay to close its contacts and
.50 second for the ad jacent relay and breakers
The values of K for this and
other time intervals is shown in the followilng
table:

to operate.

Time Value of K for Current Transformers
Interval Star Connected Delta Connected
1.2 €8 39
1.1 72 42
1.0 77.5 45
.9 83 48
.8 91 53
275 96 56
T 101 59
.6 113 €5
-5 130 75
A 152 88

The calculation of Tv from eguation (3) wi1l
usually give a value 1n between the available
taps on the voltage reslstor. In these cases
the selection of the nearest taps below the
calculated value usually will be desirable
since 1t gives a slightly greater operating

time.

The settings on the distance element may be
checked 1in the laboratory by means of the
operating curve, figure 11, and a system
short-circuit study. For any fault on the
system which will operate the distance ele-
ment, determine from the study the relay
current and voltage. These quantities should
be applied to the distance element coils and
the time Ffor the relay to close its contacts

should check with the time from the curve.

Coordinated Settings: The problem of co-
ordinating the settings of the Type HCZ relays
to power system ig best discussed by the
example of Figure 10 which shows a

10

typical

system to be protected by type HCZ relays. In
this example the distance elements at succes-
sive statlons will be set with a time interval
of .75 second between them. This value ig
arrived at by allowing .25 second for the
relay to close its contacts and .50 second for
the adjacent relays and breakers to operate.

In looking over the system of Figure 10
several observations may be made:

1. Where a short line section follows g
long line section, the slope of the time dis-
tance line of the short line 1is steeper and,
consequently, the long line relay will require
more than .75 second operating time for a
fault near the end of the long line. This is
necessary in order to give the long line relay
not less than .75 second operating time above
the short line relay setting over the entire
short line section.

2. Where the adjacent section is & parallel
line made up of two or more lines feeding into
the same bus points, the relay backing up this
adjacent section must be set considering all
lines in parallel. This gives the steepest
slope of the time distance line. These gener-
al observations will aid in the following con-
struction and indicate the utility of con-
structing time-distance charts for coordi-
nating the distance element settlings.

The construction of the time-distance chart
for the example 1s as follows: Since the type
HCZ relays have directional elements, the
relay protecting the loop, A, B, C, 1in one
direction are coordinated in Chart A, and in
the opposite direction in Chart B. The
abscissa of the charts is the distance in ohms
between the various substations in the diree-
tion 1indicated. The ordinate measures the
relay operating time in seconds. Thus, any
point on the slant time-distance 1lines indi-~
cates the operating time of the time-distance
element for fault location shown by the
The relay characteristics can be
plotted as stralght lines only 1if the Te taps
are chosen as explained above.

abscissa.

In Chart A utilizing the observations gset
down above, g good starting point in the con-

)
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struction of the chart 1s to set relays 11 and
the short 2 ohnm
For a fault near B elther relay
on which line the fault
and as the fault

12 to protect lines between
subs B and D.
11 or 12 (depending
occurs) should operate fast
moves toward D, this time should increase to
.75 second for a fault at bus D. On the right
of the chart between points B and D draw g
slant line as shown representling the

distance line of either relay 11 or 12,

time-

Both relays 7 and 8 at sub A must protect a
6-ohm line between A and B ang back up the
short parallel 2-ohm lines between B and D.
The effective ilmpedance of this barallel 1line
to relays 7 or 8 13 1 ohm which makes sub D
look to the relays as if 1t were D'; 1 ohm
from sub B and the relay 11 and 12 time-
distance 1line moved from the .75 second point.
above D to the same polnt above D' gg
dotted in the chart. Relays 7 or 8 should be
set to operate -75 second above this 1last-
mentioned point ag shown by the time-distance
line of relays 7 and 8. Relays 7 and 8 must
also coordinate with relay 3, but it wi1ll
obviously do so since relays 11 and 12 pro-
tecting the shorter lines have a steeper time-
distance 1line than relay 3.

shown

relay 5 must be set to
between subs A and

ohms

In a similar manner
back up the parallel lines
B. Here sub B appears to relay 5 as 3
(B') away from sub A, and the time-distance
line or relays 7 and 8 appears as drawn dotted

from A to a point above B' determined by the

polnt at which the actual time-distance line
of relays 7 and.- 8 crosses the vertical
ordinate above B. The time-distance line of

relay 5 is drawn then from C to a point .75
second above the dotted time-distance line of
relays 7 and 8 between A and B'.

The next relay 1in the direction of chart A
1s relay 3 at sup B which must coordinate with
relay 5. Consequently, its time-distance line
is drawn from B to a point .75 second above
relay 5 at A. The other lines
left of this last 1ine for relay 5 are g
repetition of the 1lines determined
11 and 12. fThisg completes for the
moment chart A.

shown on the

previously
for relays

Chart B 1is similarly constructed, starting

again at the right side ang setting first
relays 11 and 12 &3 was done before. Then
relay 4 at sub ¢ must be set for the parallel
lines between B and D as were relays 7 and 8
in chart A. This construction for relay 4 i1s
shown in the chart. Next, relay € at sub A

MUST be coordinated with relay 4,
not offer any difficulty as line AC is shorter
than line CB. To complete the loop, relays 1
and 2 at sub B must be set to coordinate with

Thls does

relay 6 as shown. This completes the determt -
of the time-distance lines for a1l the
relays except 9 and 10 at sub D.

nation

Relays 9 and 10 must coordinate with relays
1, 2 and 3 ang back up the
between subs B, A and C. Also, relay 9 must
coordinate with relay 12 for a fault
line near relay 10 with breaker 10 open.,
similar manner relay 10 must ¢oordinete with
This will give three time-distance
of which wi1ll determine

9 and 10.
1s the one

parallel lines

on the
In a

relay 11.
lines, the steepest

the time-distance line
The first orf the
determined from the

for relays
three 1lines

time-distance line of
relay 11 and 12 ang Has the same slope as line
11-12, The determined from the
apparent time-distance line 1 and

2. From sub D sub A appears to be 2.18 ohms

second ig
for relays

from sub B (equivalent impedance of the paral-
lel combination of the two lines AB with lines
BC plus CA). oOn chart B Sub A appears then to
be at.A'' and the dotted line BA'' 14 apparent

time-distance 1line of relays 1 and 2. To the
left of B locate D' (2 ohms) ang the seecond
time-distance line for relay 9-10 1s deter-
mined as outlined above and shown on the
chart. The third 1line 1sg determined from the

apparent time-distance for relay 3 vwhere [0}
appears to be 2.72 ohms from sub B (equivalent
impedance of 1line BC 1in paralilel with lines AB
plus AC), or at C'' on chart 4. The dotted
line between BC'!, outlined
above, 1is then the apparent line forp relay 3
which determined the third 1ine
9-10, marked "Apparent 9-10". By inspection
the steepest or these is the
second and this ig the time-distance 1line for
relay 9-10 and chart B, This

completes the construction of the charts for

determined ag
for reley
three 1lines

shown on

this example.

11
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Equation (3) can now be used to determine

the voltage tap for each relay by selecting
that value of Z for which the relay operates
of X for this time
is found from the table

the example,

in .75 second. The value

interval above. In
that the
current transformers are star-connected with a
ratio 200/5, the potentlal
1s 200/1 and Tc = 8.

the relay operates

for relay 7, Suppose

transformer ratlo

From Chart B for relay 7
in .75 second for a fault
3.5 ohms away. X for .75 second 1s 96.
Using equation (3):

8 x 40 x 3.5 x 96
= - 538
TV 200 53

Set tap 500 on the resistor. After

all the taps are calculated, the time-distance

voltage

charts may be replotted to give the actual

discrimination of the relays.

On 1lines where taps oOr feeders
to the
the apparent impedance to the relay backing up
than the
The reason for this is that
additional

feeders,

parallel

supply fault power ad jacent sections

the adjacent section is greater
actual impedance.
the relay does not measure the

fault current supplied Dby the other
put at the this
the voltage drop from the fault to
This
impedance to the adjacent sectlon by the ratio

same time, current does

increase
increases the

the relay. apparent

of the total current to the relay current.
The effect on the relay 1is to increase the
time of operatlon of the distance element.

This can be seen On the time-distance chart,
where the increased apparent impedance has the
effect of making the fault appear ‘'more remote
to the In these the distance

can often be changed

relay. cases

element setting to give
faster operating times than normally would be
given if the feeders How -
if this possibllity of

gselectivity when the tapped lines are

were disregarded.
ever, is done, the
losing

open must not be overlooked.

ADJUSTMENTS AND MAINTENANCE

The proper ad justments to insure correct
operation of this relay have been made at the
factory and should not be disturbed after

12

If the
the relay taken

receipt by the customer. ad justments

have been changed, apart for
repairs, or 1if it is desired to check the ad -
justments at regular maintenance periods, the

instructions below should be followed.

A1l contacts should be
with a fine fille.

perlodically cleaned
S#1002110 file 1s
mended for this purpose.

recom-
The use of abrasive
material for cleaning contacts 1s not recom-
of the of embedding

small particles in the face of the soft silver

mended, because danger
and thus impairing the contact.

Instantaneous Impedance (Hz) Element

Refer to Figure 4. For the 60 cycle relays

adjust the stop screw on the rear of the beam
of .025 inch between the
rear of the beam and the voltage iron circult.
With
back
ad just the gap between the
and the beam to .009 inch.
Care should be taken 1in this adjustment to
keep the gap on both sildes. Also,
with the beam in the same position, adjust the
of the beam and the
stop in the upper core screy to .020 inch.

to give a clearance

This may be checked with a feeler gauge.
the beam 1in the
against the stop,

reset position,

i.e.,

adjustable 1ron

the same

gap between the front end

The beam
Connect the

should be follows.
relay as in the test
With any tap and scale
setting, check the impedance
relay with 35
Apply 5 volts restraint and adjust the balance

welght on the beam until the beam

balanced as

shown
dlagram, Figure 14,
measured by the
volts

potential restraint.

just trips

with 1/7 of the current required to trip with
35 volts restraint. Maske certain that the
stop on the voltage slde 1s absolutely clean,

otherwise the at which the

trips may be affected, particularly at the lov

impedance beanm

voltages. The stop can be easily cleaned by

drawing a pilece of clean white
the beam and the stop while the beam is firmly

pressed down.

paper between

should be

bvetween them and

The stationary contacts adjusted
to give .015 inch clearance
the silver bridge on the beam when the beam is
in the reset position. The bridge should be

made to touch both contacts simultaneously,
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fig. 11 — Typical Time-Ampere Curves of the Distance (CZ)
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2 L o g8 and deflect the contact springs at least .010
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§ Ho 52955 ”,:::gs inch before the beam strikes the bronze stop
25,
8 2 erl] - - on the core screw.
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§ ( ¥ _ It 1s difficult to accurately adjust the
8 H contacts by eye. A good method consists 1n
s i a8 first adjusting one of the contacts to the
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PERGENT OF TRIP CURREN) 141381 current to trip the beam against a restraint
Fig. 12 — Typical Time-Ampere Curves of the Distance (cz) of about 5 volts. While the beam 1s in this

Element (Enlarged). positlon, that is, lightly pressing on the one

contact, the other contact should be slowly

adjusted upward by means of the set screw
until it just touches the silver bridge with-

<
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g CONSTANT IMPEDANCE : out 1lifting it off the other contact. The
32 1 trip circuit should be energized so that the
(= oo
: | B lighting of a lamp or the tripping of an sux-
E = i T 1liary relay wi1ll show when both contacts are
%3
%0 made .
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A further cautlon 1n regard to the contact
Fig. 13 — Typical Time-Ampere Curve of the Distance (CZ) Ele-

ment for @ Constant Given Distance. ad justment 1is that too much follow or de-

13



TYPE HCZ IMPEDANCE RELAY

3 PHASE-IISV. PHASE ROTATION A B, C A

=]

C

AMPS.
WATTMETER OR L
PHASE ANGLE METER. sw,

2N
PRASE
SHIFTER
-]

RES 1S TOR é )
1-D-2322

CONNECTIONS TO DIRECTIONAL ELEMENT MAY BE OMITTED
FOR EXTENDED TESTS ON HZ ELEMENT, AND DIRECTIONAL ELE-
MENT CONTACTS BLOCKED CLOSED. DIRECTIONAL ELEMENT
CINSES AT UNITY POWER FACTOR WITH CONNECTIONS SHOWN.

D oD

H5V.A.C
+
w RES
POTENTIOMETER -
RESET SW.
MC \L
5 ’) :
HCZ RELAY y—o o—0
T 7 80 0
|5 REAR VIEW 9
1 T H L_t}:?_
| L% ‘ e w s
i 7 ! e W . —r\nr\_]
. By A M2 Y 450:1?‘?
% czis
PN L _|ExTERNAL
TAPPE D

'8 il

lo—é§——/\,‘—li>- RESIS (OR
22 OIR. 2t _]

2y~ ow 23] |

'\.n.rL.rw TOTEST DIR ELEmENT]
CONTROL OF AUX.
SWITCH

e

éVj(LE COUNTER

’W 1-D-2437

CLOSING DPST SW.REDUCES POTENTIAL ONCZ POTENTIAL COIL INSTANTLY
FRGM NORMAL TO TEST VALUE. APPLICATION OF CURRENT PICKS UP FAULT
DETECTOK AND DIRECTIONAL ELEMENT THEN AUXILIARY SWITCH PICKS
UP, ALLOWING CZ DISC TO TURN. CHECKING MINIMUM TRIP VALUEON CZ
TAPS BELOW PICK UP OF FAULT DETECTOR REQUIRE S BLOCKING FAULT
DETECTOR CLOSED GR-JUMPING ITS CONTALTS CLOSED.

Fiy. 14 — Diagram of Test Connections for the Instantaneous (HZ)
Element. Relay is Shown for Standard Case. For Type
FT Case Comjare With Figure 3.

flection of the stationary contacts will
slightly delay the resetting of the high-
speed element and thus the directional element
contacts may get closed Dbefore the Impedance
contacts are open and result 1in unnecessary

tripping.

The Distance (CZ) Element

Adjust the stop screw on the end of the
rocker arm so that there is a gap of .005 inch
between the core screw at the bottom of the
iron and the plunger when the beam 1s reset.
Adjust the gap by loosening the stop screw and
allowing the plunger to touch the core. Then
serew down the stop screw until it touches the
cross bar. Then turn the stop screw an ad-
ditlonal 1/2 revolution and lock it In place.
The accuracy of this .adjustment will be
checked by measuring the time of operation.

This measurement will be described later.

With the beam in the reset position, adjust
the position of the stationary contacts so
that there i1s a gap of .020 inch between them
and the moving contacts. Check further to see
that both contacts make simultaneously.

14

Fig. 15 — Diagram of Test Connections for the Distance (CZ)
Element. Relay is Shown for Standard Case For
Type FT Case Compare With Figure 3.

To adjust the balance of the rocker saim,
loosen the clamp screw on the spring adjuster
located Dbeneath the large gear. Turn the
adjuster to the right until the rocker 1s just
The object is to adjust the
initial tension on the spring so that with the

about balanced.

voltage coil de-energized, the welght of the
plunger arm is just sufficient to hold the
contact open.
of about 1-1/2 inches of the disc should be
When the

disc 1is released, it should return to 1ts

With this posiltion a movement

sufficient to close the contact.

initial position and open the contact. In
other words, the rocker arm should be balanced
so that the plunger will always return to the
.005 gap position with the stop screw resting
lightly against the cross bar. Extreme care
should be taken to obtain a fine balance of
the rocker arm. When working with the rocker
arm Dbe careful not to break or damage the

jeweled ring bearings.

Check the balance of the rocker arm by
applying and removing full voltage to the re-
straining coil at 1least ten times. The
current coil should not be energized. The
contacts should not Dbounce closed when the
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is removed. of the con-

to bounce indicates that the balance of

voltage A tendency
tacts
the rocker arm 1s too critical. In this case
adjuster should be turned
the left. With the rocker

the tripping

the spring very
slightly towards
current
thru the
secrew in the 4
should not be

In order to energize this element

arm carefully balanced,
is adjusted by passing 4 amperes
with the tap

The voltage coil

current coil
ampere tap.

energized.

it will be necessary to complete the direc-
tlonal control eircult by blocking the aux-
iliary contactor switech closed. Ad just the
position of the balance weight on the rocker
arm so that the contacts

4 amperes + 5%.

just barely close at
It is important to note that
during this adjustment every time the position
of the balance weight
arm must be rebalanced Dby moving the

is changed, the rocker

spring

adjuster, as explalned above. After the
correct position of the welght has been de-
termined, it should be locked in place with

the set screw.

Check the time of of the element
at the following points, using the 4 ampere

tap, and measuring the voltage across the

operation

relay terminals alone:

Time (Cycles)

Volts Amperes at 60 Cycles
0 8 22 or less
6.25 12 45

These time values should be the average of a

large number of tests. The check at zero
voitage shows that the element 1s free from
friction. The check at 6.25 volts indicates

which
may be varied slightly to bring this point to

the accuracy of the air gap adjustment

the proper time.

When
the permanent magnet in the maximum damping
position which 1s about 1/8" from the edge of
the disc. The correct time of contact closure
for the.6.25 volt point 1is obtained initlally
in the factory by adjusting the spring. The
time 1s
spring thru the spring clamp on the lever arm,
thus making the effective length of the spring

checklng the time of operatlon, place

decreased by pulling more of the

shorter. Whenever this adjustment 1s made, 1t

will be necessary to readjust the balance of

the rocker arm.

Directional Element

of the
with the relay in a vertical po-

that it 1s free
and properly centered. The loop should assume
with the
when the element l1s completely de-energized.

Check the free movement directional
element loop
sition to see from frictlon

a vertical position contacts open

With the loop in the vertical position ad-
just the front and back
for .020 inch

moving contact.

stationary contacts

separation from the vertical
Adjust the contact back stop
screws to just touch the stationary contacts,
then back off 1/4
contact follow.

which

screwvs

of a turn correct
Adjust

limit the movement

to give
the two stop screws

of the loop (these
are located to the rear of the current
coll) so that the loop strikes these stops at

the same instant the stationary contacts

strike their back stop.

Too much follow on the directional contacts

should be avoided 1in order to allow the di-
rectional element to reset fast enough by
gravlity to properly coordinate with the high

speed impedance element.

Energize the loop with normal potential long
enough to bring it up to temperature (about 10
and adjust the
so there 1s about .010
that the loop does not bind or
the iron or coil when pressed

or 15 minutes) bearing screws

inch end play. See
strike against
against either
end Jjewel.
The minimum pick-up of the element 1= 10

amperes at 2.0 volts (unity power factor).

Apply these values to the element and see that
make contact In the correct

contacts good

direction. Reverse the direction of current

to see that the contacts make good contact in

the opposite direction.

When the directional element
voltage alone, there may be na

which may hold contacts eithie:

This torque is small and shows u
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voltages with the entire absence of current.
At voltages high enough to make this torque
discernible, it will be found that only a
fraction of an ampere 1in the current colls
wlll produce wattmeter torque to insure posi-
tlve action. This is mentioned because the
slight torque shown on voltage alone has no
significance 1in actual service and has no
practical effect on the directional element

operation.

Check the coordination of the directional
Set the
impedance element on the maxlmum tap and scale

and impedance contacts as follows.

setting and the CZ element on the lowest tap.
Connect the relay with the correct polarity so
that the right-hand (front<view) directional
contacts close and apply rated d-c volts to
Block the
fault detector 1in the closed position. Apply

the directional control circuit.

115 volts a-c to the impedance and directional
element potentlal coils and pass 5 amperes at
unity power factor thru the current cirecuit.
Check trip circuit to see that 1t 1s not com-
pleted when the voltage on the lmpedance and
directional elements 1is suddenly applied or
interrupted. Do not interrupt the current
The trip
circuit should draw about 5 amperes d-c for
this test so that the contactor switch will
pick up and seal 1n if the elements faill to

eircuit. Make several such tests.

coordinate. Otherwise, a failure to coordi-
nate 1s not necessarily indlcated by the
flicker of a lamp, since the blocking resistor
will prevent the pick-up of a trip coil
plunger untill the auxillary contactor falls
out. This coordination test has been de-
scribed for the most severe conditlons.
Consequently, an occaslonal fallure to coordl-
nate may be tolerated, since, 1n service, the
directional element will be resetting under
the positive action of reverse DpOWer flow
rather than under the influence of gravity
alone, as described in this test. If proper
coordination is not obtalned, it may be neces-
sary to reduce the follow on the directional
or impedance element contacts, as the case may
be.

Fault Detector

The pick-up of the fault detector switech 1is

16

changed by raising or lowering the plunger.
This is done by means of two nuts on elther
side of the Micarta disc at the bottom of the
switch. Adjust the switch to plck up at 8
amperes + .2 amperes gradually applled current.

The drop-out value 1s varled by ralsing or
lowering the core screw at the top of the
switch. After the final adjustment 1s made,
the core screw should be securely 1locked 1n
place with the locknut. Adjust the switch to
drop out at 6 amperes + .5 amperes gradually
applied current.

When the switch picks up at 8 amperes + .2,
there should be a slight deflection of the
helical spring. Failure to obtain this slight
deflection at 8 amperes + .2 amperes indlcates
that the drop-out adjustment 1s too high and
that the core screw should be lowered.

Contactor Switch (Seal-in-Switch)

Adjust the stationary core of the switch for
a clearance between the stationary core and
the moving core of 1/64" when the switch is
picked up. This can be done by turning the
relay up-side-down or by disconnecting the
switch and turning 1t up-side-down. Then
screw up the core screw untll the moving core
starts rotating. Now, back off the core screw
until the moving core stops rotating. This
indicates the points where the play in the
assembly 1s taken up, and wvhere the moving
core just separates from +the stationary core
acrew. Back off the core screw approximately
one turn and lock 1in place. Thls prevents the
moving core from strlking and sticking to the
stationary core because of residual magnetlsm.
Adjust the contact clearance for 3/32" by
means of the twvo 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 have been passed through the coll.

Auxiliary Contactor Switch
(Directional Control Circuit)

The adjustments are the same as for the
seal-in contactor switeh except that the
contact separation should be 3/64 inch. The
switch should pick up at not more than 80
volts d-¢. Apply 140 volts d-c to the circuit
and see that the contacts drop out when the
coil 1s shorted by the left-hand directional

contacts. For the 250 volt d-¢ relays the
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plck-up should be 165 volts and the contacts ENERGY REQUIREMENTS
should drop-ocut when the directlonal element
contacts short-circuit the coil with 250 Lo The burdens of the various circults of the
280 volts applied to the cilrcuilt. Energlze 60 cycle relay are as follows:
the directlional element with 50 volts and 10
amperes in phase suddenly applied. The con- POTENTIAL CIRCUITS AT 115 VOLTS
tactor switch must operate the first time the
directional contacts close without fluttering Circuit Tap V. A. P.F. Angle
or bouncing of the contacts. Directional Element - 9.0 28° lag
Operation Indicator Distance (CZ) Element 125 11.0 7° lag
1800 0.8 0° lag
Adjust the indicator to operate at 1.0 Instantaneous (HZ)
ampere d-c gradually applied. Test for stick- Element 1.8 20° lag
ing after 30 amperes d-c is passed through the
coil. CURRENT CIRCUITS AT 5 AMPERES
RENEWAL PARTS Circult Tap V. A. P.F. Angle
Directional Element
Repalr work can be done most satisfactorily And Fault Detector - 4.0 45° lag
at the factory. However, interchangeable Distance {(CZ) Element 4 7.5 70° lag
perts can be furnished to the customers who 25 0.75 70° lag
are equipped for doing repalr work. When Instantaneous (HZ)
ordering parts, aslways give the complete name- Element 45 2.0 30° lag
plate data. 13.5 .55 30° lag
METER DIVISION NEWARK, N.J.

Printed in U.S.A.
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3 PHASE-II5V. PHASE ROTATION A B, C A

WATTMETER OR
PHASE ANGLE METER. SW.

+ —
RESET
SW.
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PHASE HCZ RELAY g
SHIFTER

NN

O A

RES ISTOR é[) )

CONNECTIONS TO DIRECTIONAL ELEMENT MAY BE OMITTED
FOR EXTENDED TESTS ON HZ ELEMENT, AND OIRECTIONAL ELE-
MENT CONTACTS BLOCKED CLOSED. DIRECTIONAL ELEMENT
CLOSES AT UNITY POWER FACTOR WITH CONNECTIONS SHOWN.

Figure 13
Diagram of Test Connections for the Instantan-
eous (HZ) Element

while the beam is firmly pressed down.

The stationary contacts should be ad-
Justed to give .015 inch clearance between them
and the silver bridge on the beam when the beam
1s in the reset position. The bridge should be
made to touch both contacts slmultaneously, and
deflect the contact springs at least .010 inch
before the beam strikes the bronze stop on the
core screwv.

It is difficult to accurately adjust
the contacts by eye. A good method consists in
first adjusting one of the contacts to the cor-
rect gap and then applying Jjust sufficient cur-
rent to trip the beam against a restraint of a-
bout 5 volts. While the beam 1s 1n this posi-
tion, that is, lightly pressing on the one con-
tact, the other contact should be slowly adjust-
ed upward by means of the set serew until it
Just touches the silver bridge without 1ifting
it off the other contact. The trip circuit
should be energized so that the lighting of a
lamp or the tripping of an auxllilary relay will
show when both contacts are made. '

A further caution 1in regard to the
contact adjustment 1s that too much follow or
deflection of the stationary contacts wlll
slightly delay the resetting of the high-speed
element and thus the directional element con-
tacts may get closed bhefore the lmpedance con-
tacts are open and result in unnecessary trip-

ping.
The Distance (CZ) Element

Adjust the stop screw on the end of
the rocker arm so that there is a gap of .005
inch between the core screw at the bottom of the
iron and the plunger when the beam 13 reset.
Adjust the gap by 1loosening the stop screw and
allowing the plunger to touch the core. Then
screw down the stop screw until it touches the
. oross bhar. Then turn the stop screw an addi-
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CLOSING DPST SW.REDUCES POTENTIAL ONCZ POTENTIAL COIL INSTANTLY
FROM NORMAL TO TEST VALUE. APPLICATION OF CURRENT PICKS UP FAULT
DETECTOR AND DIRECTIONAL ELEMENT. THEN AUXILIARY SWITCH PICKS
UP, ALLOWING CZ DISC TO TURN. CHECKING MINIMUM TRIP VALUE ON cz
TAPS BELOW PICK-UP OF FAULT DETECTOR REQUIRES BLOCKING FAULT

DETECTOR CLOSED OR JUMPING ITS CONTACTS CLOSED.
Pigure 14
Diagram of Test Connections for the Distance
(CZ) Element

tional 1/2 revolution and lock 1t in place. The
accuracy of this adjustment will be checked by
measuring the time of operation. This measure-
ment will be described later.

With the beam in the reset position,
adjust the position of the stationary contacts
so that there 13 a gap of .020 inch between them
and the moving contacts. Check further to see
that both contacts make simultaneously.

To adjust the balance of the rocker
arm, loosen the clamp screw on the spring ad-
Juster located beneath the large gear. Turn the
adjuster to the right until the rocker i1s just
about palanced. The object 1s to adjust the in-
itial tenslon on the spring so that with the
voltage c¢oll deenergized, the welght of the
Plunger arm is just sufficlent to hold the con-
tact open. With thils position a movement of
about 1-1/2 inches of the disc should be suffic-
lent to close the contact. When the disc is re-
leased, 1t should return to its initial position
and open the contact. In other words, the rock-
er arm should be balanced 8o that the plunger
wlll always return to the .005 gap position with
the stop screw resting lightly against the cross

‘bar. Extreme care should be taken to obtain a

fine balance of the rocker arm. When working
with the rocker arm be careful not to break or
damage the jeweled ring bearings.

Check the balance of the rocker arm by
applylng and removing full voltage to the re-
straining coil at least ten times. The current
coil should not be energized. The contacts

-should not bounce closed when the voltage 1s re-

moved. A tendency of the contacts to bounce in-
dicates that the balance of the rocker arm is
too critical. In this case the spring adjuster
should be turned very slightly towards the left.
With the rocker arm carefully balanced, the
tripping current is adjusted by passing 4 amper-
es thru the current coil with the tap screw in
the 4 ampere tap. The voltage coil should not

-9 -



TYPE HCZ IMPEDANCE RELAY

be energized. In order to energize this element
1t willl be necessary to complete the directional
control circult by blocking the auxiliary con-
tactor switch closed. Adjust the position of
the balance welght on the rocker arm so that the
contacts just barely close at 4 amperes + 5%.
It is important to note that during this adjust-
ment every time the position of the balance
welght 1s changed, the rocker arm must be rebal-
anced by moving the spring adjuster, as explain-
ed above. After the correct position of the
welght has been determined, it should be locked
in place with the set screw.

Check the time of operation of the
element at the several following points, using
the 4 ampere tap, and measuring the voltage a-
cross the relay termlnals alone:

Time (Cycles)

Volts Amperes at 60 Cycles
0 8 22 or less
6.25 12 45

25 48 75
These time values should be the aver-
age of & large number of tests. The check at

zero voltage shows that the element 1s free from
friction. The check at 6.25 volts 1ndicates the
accuracy of the alr gap adjustment which may be
varied slightly to bring thls polnt to the prop-
er time.

When checking the time of operation ,
place the permanent magnet in the maximum damp-
ing position which 1s about 1/8" from the edge
of the disc. The correct time of contact clos-
ure is obtained by adjusting the spring. The
time 1s decreased’ by pulling more of the spring
thru the spring clamp on the lever arm, thus

. making the effective length of the spring short-
_er. Whenever this adjustment 1s made, it will

be necessary to readjuqt the balance of the
rocker arm.
Directional Element
Check the free movement of the direc-

tional element loop with the relay in a vertical
position to see that 1t is free from friction
and properly centered. The loop should assume a
vertical position with the contacts open when
the element 1s completely deenergized.

With the loop 1in the vertical position
adjust ths front and back stationary contacts
for .020 inch separation from the vertical mov-
ing contact. Adjust the contact back stop
screws to just touch the stationary contacts,
then back off 1/U of a turn to give correct con-
tact follow. Adjust the two stop screws which
1imit the movement of the loop (these screws are
located to the rear of the current coll) so that
the loop strikes these stops at the same instant
the statlonary contacts strike thelr back stop.

Too much follow on the directional
contacts should be avolded in order to allow the
directional element to reset fast enough by
gravity to properly coordinate with the high
speed impedance element.

Energize the 1loop with normal poten-
tial long enough to bring it up to temperature
(about 10 or 15 minutes) and adjust the bearing
screws so there 1s about .010 inch end play.
See that the 1loop does not bind or strike a-
gainst the iron or coil when pressed against
elther end jewel.

The minimum pick-up
10 amperes at 2.0
Apply these values

of the element 1is
volts (unity power factor).
to the element and see that

. swltch.

contacts make good contact 1in the correct dir-
ectlon. Reverse the direction of current to see
that the contacts make good contact in the oppo-
slte direction.

When the directional element 1s ener-
glized on voltage alone, there may be a small
torque which may hold contacts either open or

closed. This torque 1s small and shows up only
at high voltages with the entire absence of cur-
rent. At voltages high enough to make this
torque dlscernible, it wlll be found that only a
fraction of an ampere 1n the current coils will
produce wattmeter torque to insure positive ac-
tion. This 1is mentioned because the slight
torque shown on voltage alone has no signifi-
cance 1n actual service and has no practical ef-
fect on the directional element operation.

Check the coordinetion of the direc-
tional and lmpedance contacts as follows. Set
the impedance element on the maximum tap and
scale setting and the CZ element on the lowest
tap. Connect the relay with the correct polar-
ity so that the right-hand (front view) direc-
tional contacts close and apply rated d-c. volts
to the directional control circuit. Block the
fault detector 1n the closed position. Apply
115 volts a~-c. to the impedance and directional
element potential colls and pass 5 amperes at
unit power factor thru the current circuit.
Check trip circuit to see that 1t is not com-
pleted when the voltage on the I1mpedance and
directional elements 1s suddenhly applied or in-
terrupted. Do not interrupt the current cir-
cult, Make several such tests. The trip cir-
eult should draw about 5 amperes d-c. for this
test so that the contactor switeh will pick up
and seal 1n 1f the elements fall to coordinate.
Otherwise, & fallure to coordinate 1s not nec-
essarily indicated by the flicker of a lamp,
since the blocking resistor will prevent the
plck-up of a trip coil plunger wuntil the asuxil-
lary contactor falls out. This coordination
test has been deseribed for the most severe con-
ditions. Consequently, an occasional fallure to
coordinate may be tolerated, 'since, in service,
the directional element willl be resetting under
the positive action of reverse power flow rather
than under the influence of gravity alone, as
descrlibed in this test. If proper coordination
1s not obtained, it may be necessary to reduce
the follow on the directional or impedance ele-
ment contacts, as the case may be.

Fault Detector

The pick up of the fault detector
switch 1s changed by ralsing or lowering the
plunger. This 1s done by means of two nuts on
elther side of the Micarta disc at the bottom of
the switch. Adjust the switch to pick up at 8
amperes t .2 amperes gradually applied current.

The drop-out value 1s varied by rals-
ing or lowering the core screw at the top of the
After the final adjustment is made, the
core screw should be securely locked in place
with the locknut. Adjust the switch to drop out
at 6 amperes t .5 amperes graduslly applied cur-
rent,

When the switch plcks up at 8 amperes
T .2, there should be a slight deflection of the
hellcal spring. Fallure to obtaln this slight
deflection at 8 amperes T ,2 amperes indicates
that the drop-out adjustment 1is too high and
that the core screw should be lowered.

Contactor Switch (Seal-in Switch)

Adjust the statlonary core of the
switch for clearance between the stationary core
and the moving core of 1/64 inch when the switeh

- -10 - -
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Figure 17
Outline and Drilling Plan for the Tapped a-c.
Voltage Reslstor for the Distance (CZ? Element.

is picked up. This can bYbe done by turning the
relay up-side-down or by disconnecting the
switch, turning it up-side-down and screwing up
the core screw until the contact just separates.
Then back off the core screw approximately one
turn and lock in place. This prevents the mov-
ing core from striking and sticking to the sta-
tionary core because of residual magnetism. Ad-
Jjust the contact clearance for 3/32 inch by
means of the two small nuts on either side of
the Micarts disc. The switch should pick up at
2 amperes d-c. Test for sticking after 30 amp-
eres d-c. 1s passed through the coil.

Auxiliary Contactor Switch
(Directional Control Circuit)

The adjustments are the same as for
the seal-in contactor swltch except that the
contact separation should be 3/64 inch. The
swltch should pick up at not more than 70 volts
d-c. Apply 140 volts d-c. to the circuit and
see that the contacts drop out when the coil is
shorted by the left-hand directional contacts.
For the 250 volt d-c. relays the pick-up should
be 140 volts and drop-out at 280 volts. Ener-
glze the directional element with 50 volts and
10 amperes in phase suddenly applied. The con-
tactor switch must operate the first time the
directional contacts close without fluttering or
bouncing of the contacts.

Operation Indicator

Adjust the indicator to operate at 1.0
ampere d-c. gradually applied. Test for stick-
ing after 30 amperes d-c. is passed.through the
coil.

190-32 THD.

—e
l —‘(.zoe IZIA)
2 HOLES,
—‘LN
940
B
-
1 8 -
fats] ] ! : —N
¥ N | RN 2
Figure 18

Outline and Drilling Plan for the External Con-

trol Circult Resistor for the 250 volt d-c. Relays.

RENEWAL PARTS

Repair work can be done most satisfac-
torily at the factory. However, interchangeable
parts can be furnished to the customers who are
equipped for doing repair work. When ordering
parts, always give the complete nameplate data.

ENERGY REQUIREMENTS

The burdens of the various circuits of
the 60 cycle relay are as follows:

POTENTIAL CIRCUITS AT 115 VOLTS

Circuit Tap V.A. P.F.Angle
Directional Element - 9.0 28° lag
Distance (CZ) Element 125 11.0 7° lag
1800 0.8 0° lag
Instantaneous (HZ) Ele. 1.8 20° lag

CURRENT CIRCUITS AT 5 AMPERES

Circuit Tap V.A. P.F.Angle
Directional Element
& Fault Detector - 4.0 45° lag
Distance (CZ) Element 4 7.5 70° lag
25 0.75 70° lag
Instantaneous (HZ)Ele. 45 2.0 30° lag
13.5 .55 30° lag

- 14 -
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Before putting protective relays Iinto
service, remove all blocking which may have been
inserted for the purpose of securing the parts
during shipment, make sure that all moving parts
operate freely, lnspect the contacts to see that
they are clean and close properly, and operate
the relay to check the settings and electrical
connections.

APPLICATION

The type HCZ relay 1s a comblnation of
the instantaneous impedance and dlrectional ele-
ments of the type HZ relay and the distance ele-
ment of the type CZ relay. This relay 1s used
for high speed clearing of phase faults on
transmission systems. It gilves 1instantaneous
protection over 80 to 90% of the protected sec-
tion, and protection over the remaining 20 to
10% of the protected section, and the adjacent
sections with adjustable time delay increasing
with distance. (Figure 1)

TRIP TIME

/‘ FOR BKR.#
/ >/

CZ ELEMENT

~TIME—~

|~ HZ ELEMENT

DISTANCE ~—

Figure 1
Typical Time- Distance Characteristic of the
Type HCZ Relay.

CONSTRUCTION AND OPERATION

The type HCZ relay contains an in-
stantaneous impedance (HZ) element, a dilstance
(CZ) element, a directional element, & fault de-
tector element, s&uxiliary contactor switches,
and operation indicators all mounted in a single
case. The construction and operation of each of
these elements 1s as follows.

Instantaneous Impedance (HZ) Element

This element 1is similar to the first
Impedance element of the type HZ relay. It con-
sists of a balanced beam plvoted at the center
(Figure 3) and pulled downward by a current coill
on the forward end to close the relay contacts.
This pull 1s opposed by two voltage colls acting
on the other end of the beam. The fluxes set up
by these two potential coils are shifted out of
phase with respect to each other so that a bal-
ance between current and voltage fluxes can be
held within desirable 1limits for all phase

angles.
*Superseding |.L.-3426

VW:stinghouse R

TYPE HCZ IMPEDANCE RELAY
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l.L. 41-420"

:
®
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A tap screw on the front of the ele-
ment permits changing the number of turns on the
current coll, and a core screw on the bottom of
the element changes an alr gap in the magnetic
path. These two adjustments make 1t possible
to set the 1mpedance element so that 1t will
operate instantaneously, for &ll faults occur-
ring within 80 to 90% of the protected line sec-
tion. For a fault at the balance polint of the
element (determined by setting) the pull of the
voltage coil, which measures the IZ drop from
the fault to the relay, will just equal the pull
of the current coill, which receives the fault
current, I. If the fault occurs inside the bal-
ance point, the IZ voltage pull will be 1less
than the I current pull and the beam will trip
closing its contacts. Conversely, i1f the fault
occurs outside the relay balance polnt, the IZ
voltage pull will be greater than the I current
pull and the beam will not trip.

A rectangular silver contact 1s lex~-
1bly fastened on the forward end of the beam. As
the beam trlps, the contact bridges two silver
statlonary hemispherical contacts mounted on the
free end of a short leaf spring. A small set
screw determines the position of the leaf spring
and provides means for adjusting the contact
gap and follow.

The Distance (CZ) Element

The distance element consists of an
induction-disc element operated by current, and
a restraining coll and plunger assembly operated
by voltage. These two elements are mechanically
Interconnected thru pilvoted lever arms which
also operate the CZ element contacts. The in-
duction disc winds up a spiral spring to tilt
the horizontal lever arm 1n the contact closing
direction. This motlon 1s opposed by the pull
of the voltage restraining c¢olil on a small
plunger fastened to one end of the lever arm.
Winen the pull of the spring and induction disc
overcomes the voltage coil pull, the plunger
snaps up and the contacts close. The operating
time of the element is proportionaf to the speed
of the current disc and the magnlitude of the
voltage. Consequently, the closer the fault,
the larger the current, and the lower the volt-
age; and, therefore, the faster the distance
(CZS element operates.

Directional Element

transformer causes a

single-turn movable
current 1is substan-
voltage. The current
on a magnetic frame and the
current and voltage elements are assembled at
right angle to each other with the one-turn
voltage loop in the alr gaps of the current coil
flux path. The interaction of the current and

A small voltage
large current to flow in a
aluminum secondary, which
tially in phase with the
colls are mounted
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Figure 2
Internal Connectlons of the Type HCZ Relay

and rotates the
depending on the

voltage fluxes produces torque
loop in one of two directions,
direction of power flow.

An Isolantite &arm extends from the
moving loop and supports a rectangular silver
contact which bridges two statlonary contacts
located on either side of the loop. The sta-
tionary contacts are silver hemi-spheres mounted
on the lower end of vertically-hanging spring
leaves. The contact separation is adjustable by
a small screw near the upper end of the rigid
stationary contact supporting arm. One of these
supporting arms hangs parallel to each of the
four stationary contacts. The set screw on the
lower end of thils arm provides the contact fol-
low adjustment. Two additional screws on the
movement frame beneath the current coil iron
limit the movement of the one-turn loop.

Fault-Detector Element

This element is a small solenold-type
switch. A small cylindrical plunger with a sil-
ver disc supported on 1ts lower end rides up and
down on a vertical guide rod 1n the center of
the solenold coil. The guide rod i1s fastened to
the stationary core which 1in turn screws into
the element frame. When the coil 1s energized,
the silver dlsc moves upward bridging three cone
shaped stationary contacts. The silver dlsc is
supported on the moving plunger by & spring
which permlts the plunger to ride upward after
the contacts have made.

The switch 1s wused as an overcurrent
fault detector by connecting its coll in the
distance element current circult and setting its
contacts to pick up on 8 amperes fault current.
These contacts are connected 1in serles with the
directional element and the instantaneous or
distance element contacts and so prevent the
relay from trippling if the fault current is less
than the 8-ampere pick-up of the fault detector.
They also prevent the operation of an auxlliary
d-c. contactor switch which in turn controls the
operation of the CZ distance element.

Auxiliary Contactor Switch

The construction of this switch is
similar to the fault detector switch except that
the design of the moving plunger and solenoid
coll 1is for d~c. instead of a-c. The operation
of this d-c. auxlliary switch 1s controlled by
the dlrectional and fault detector elements
which in turn directlonally controls the CZ dis-
tance element. When sufficient fanlt current
flows 1n the tripping direction to close the
fault detector, the auxlliary contactor switch
operates to close and seal 1n the upper pole
circuit of the CZ distance element, permitting
the disec to rotate. If the direction of the
fault current reverses, a contact on the direc-
tilonal element shorts the auxiliary contactor
swltch coll, causing it to drop out. This opens
the directional control circuit and allows the
distance element to reset.

Contactor Switch and Operation Indicator

The coil of the contactor swltch is
connected 1in the trip circuit. When the relay
contacts close, the coll 1s energized and its
contacts short around the relay contacts, re-
lieving them of the duty of carrying the breaker
tripping current. These contacts remain closed
untll the trip circult 1s opened by a breaker
auxiliary switch. The third contact of the con-
tactor switch is connected to a separate relay
terminal to operate an alarm clrcuit.

Two operation indicators show white
targets with the letters HZ and CZ. The HZ tar-
get operates when the trip circult is completed
through the Instantaneous impedance element, and
the CZ target operates when the trip cireouit is
completed through the distance element.

INSTALLATION

The relays should be mounted on
switchboard panels or their equivalent in a loca-
tion free from dirt, molsture, excessive vibra-
tion and heat. Mount the relay vertically by
means of the two mounting studs. Either of
these studs may be utilized for grounding the
metal base. The electrical connections may be
made direct to the terminals by means of screws
for steel panel mounting or to terminal studs
furnished with the relay for ebony-asbestos or
slate panel mounting. The terminal studs may be
easlly removed or 1nserted by locking two nuts
on the studs and then turning the proper nut
with a wrench.

The recommended connections of relay
are shown 1n Figure 15. The 30° connection
1s used on the directional element, that is

at unity power factor the current thru the dtr-
ectlional element coll should lead the polarlizing
voltage by 30° as shown in the vector diagram
The star-delta auxiliary current transformer is
the same as used with the type HZ relay and is
described in I. L. #2632, Figure 16 show
the external connections of the Type HCZ relay
using star current for all elements.

CHARACTERISTICS

The relay is avallable 1n two range:
which refers to the range of instantaneous (HZ)

element. These are the 0.2 to 2.0 ohm relay for
short lines and the 0.60 to 6.0 ohm relay for
long lines. The following are the tap marklngs:

Instantaneous (HZ) element 0.2 to 2.0 ohm range:

Tap 2, 3, 4, 6, 9, 13
Core Screw = .8, .9, 1.0, 1.1, 1.2, 1.4, 1.6

o
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Figure 3
Sectional View of the Instantaneous (HZ)
Element. .

Instantaneous (HZ) element 0.6 to 6.0 ohm range:

Tap = 6.2, 9.4, 13.5, 20.8, 29.8, 45
Core Screw = .8, .9, 1.0, 1.1, 1.2, 1.3, 1.4

Distance (CZ) element - all ranges:

Current taps = 4, 5, 6.5, 8, 10, 15, 20, 25

Voltage taps on the series resistor = 125, 150,
175, 200, 250, 3.0, 350, 400, 500, 600,
700, 800, 1000, 1200, 1400, 1600, 1800

SETTINGS

The type HCZ relay requires two sepa-
rate settings; one for the lnstantaneocus HZ ele-
ment and the other for the dlstance CZ element.
Each will be considered below:

The following nomenclature is wused in

the dlscussion of the two settings:
Z = the line-to-neutral ochmic 1mpedance;

For the Instantaneous element, the im-
pedance for 80 to 90% of the protected
line section.

For the distance element, the ohmic
line length for which the element will
operate in & time determined by the
cholce of K.

K = constant determined by the coordinating time
interval between successive relays.

Re = the current transformer ratio.

Ry = the potential transiormer ratio.

T = the instantaneous HZ element current tap.
S = the lnstantaneous HZ element current core
screwv.

Te = the distance CZ element current tap.

Tv = the dlstance CZ element voltage tap on
the external resistor.

Instantaneous (HZ) Element Setting

Tnis element 1s

set to give instant-
aneous protection over approximately 90%

of the

F-RING BEARING

q%a
2
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INDUET ION Disc - N N
GEAR ASSEMBLY ] ﬂw
_;jﬁ¥% T
7_sPRiING ADJUSTER

Figure i
Sectional View of the Distance (CZ) Element

protected line section. Since the impedance of
the voltage coll 1s the same at all times, the
balance point of the element 1s adjusted by
changing the pull on the current coil. This 1is
done by taps (T) on the current coil winding and
by the core screw (S) which varies the magnetic
alr gap for the current flux.

The most satisfactory method of arriv-
ing at the tap settings 1s by the use of the
followlng equations:

Instantaneous Element Receiving Delta Current:

TS = 10 ZVRQ (1)

Instantaneous Element Recelving Star Current:

TS=1Z‘R§ZRQ (2)

v

The nomenclature 1s as defined above.
The tap, T, is obtained by dividing the TS pro-
duct by 3 to give an avallable tap number. When
changing taps, the extra tap screw should be
screved in the desired tap before removing the
exlsting tap screw to prevent open circulting
the current transformers.

The numbers on the core screw appear
in ascending order as the core screw 1s screwed
into the core. In some cases, a question of
doubt may arise vhether the scale setting 1s
correct, or 1is out by one full turn of the core
screv. In such a case, the point may be veri-
fied by turning the core screw all the way 1in.
Then back out the core screw until the highest
scale marking just comes under the end of the
pointer. This will occur in less than 3/4 of a
turn. To prevent such doubt it 1s recommended
that the core screw setting be made by thus lo-
cating the highest scale marking and then con-
tinuing to back 1t off until the desired value
appears exactly under the end of the pointer.
Sufficlently accurate setting can be made by in-
terpolating between the marked points when nec-~
essary.

The &above formulas are based on the
relay being used on a 60° line and are correct
for lines of that angle. For lines other than
60° a slight error is introduced which may be as
much as 8% and 6% on 40° and 80° lines respec-
tively. However, the formula relay setting can
be corrected for 1lines other than 60° by using

_3_
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TYPE HCZ IMPEDANCE RELAY

the curve of figure 6.

"The formula settings are sufficiently
accurate for most I1nstallations. Where 1t 1is
desired to set the balance point more accurately
the tap and scale values may be checked by ap-
plylng to the relay the voltage, current, aua
phase angle condlitions which will be I1mpressed
on it for a fault at the deslired balance point.
A slight change 1n the scale value from that
calculated may be required so that the relay
will just trlp for the simulated fault at the
balance point.

As an example, the instantaneous ele-
ment 1s to be set for 90% of the line section AB

which is 6 ohms long. The current transformer
ratio 1s 200/5 star~-connected with the star-
delta auxiliary current transformer supplying

delta current to the instantaneous element coils
The potential transformer ratio is 1000/1,

Using equation (1)

- 10x .90 x 6 x 40 _
™ 1000 = 2.16

0.2 to 2.0

Set tap 2 on the

ohm relay and core
screw = 1.08.

Distance (CZ) Element Setting

The distance element 1s set to protect
the last 10 or 20% of the protected section, and
to give back-up protection over the instantan-
eous element zone of the protected section as
well as the adjacent sectlons. Consequently,
each distance element must be carefully set to
coordinate with the relays protecting these ad-
Jacent sectlons so as not to trip out its break-
er before the adjacent line relays and breakers
have had an opportunity to operate. Before dis-
cussing this problem the 1ndividual distance
element settings will be explalned disregaraing
the question of coordinatlon with other relays.

Individual Settings: The Impedance
curve and hence the tlme of operation of the
distance element 1s approximately constant for
fault currents in the range of 200% to 1000% of
the current tap value, Figure 12. The selection
of the current tap T; should be made such that
the element will operate in this range for maxi-
mum and minimum fault currents. In no case
should the minimum fault current for which the
relay must operate be less than 200% of the tap
selected, and 1t 1s always desirable to use the
highest tap possible.

With the selection of &a sultable cur-
rent tap, T¢, the voltage tap, Ty, may be deter-
mined by using the curves of figure 10 or by the
equation below. The use of the curves 1s as
follows. The per cent trip current on the ab-
scissa 1s the fault current thru relay in
per cent of the current Tc tap chosen. The or-
dinate 1s the desired relay operating time 1in
seconds for the fault under consideration. The
point thus located will fall on or near one of
the curves. The values on the curves are the
voltage drop from the fault to the relay (relay
volts for Ty = 125. Knowlng the actual volt-
age drop, the tap, Ty, 1s determined by the re-

lation:
Voltage drop =-%%B x voltage value on curve

For three phase faults the voltage drop 1s eas-
11y calculated by multiplylng the fault current
by the impedance from the relay to the fault.

NOTE: The relay should not be required to oper-
ate when the drop from the relay to the fault
for minimum fault 1s less than 5 relay volts.

The voltage tap, Ty, can also be de-
termined by the followlng equation: '

-5 -

Ty = Te X Rﬁvx Z x K (3)

where the nomenclature 1s as deflned above. The
voltage tap determlned from this equation will
permit the distance element to c¢lose 1ts con-
tacts 1n a time depending on the selection of K
for a fault Z ohms distant from the relay. The
value of .75 second is a conventional time in-
terval between switching stations for which the
distance element should be set. This value 1s
arrived at by allowing .25 second for the relay
to close 1ts contacts and .50 second for the ad-
jacent relay ana breakers to operate. The
values of K for thils and other time intervals is
shown in the followlng table:

Time Value of K for Current Transformers
Interval Star Connected Delta Connected
1.2 68 39
1.1 72 4o
1.0 77 .5 . 45
.9 83 48
.8 91 53
.75 96 56
o7 101 59
.6 113 65
5 130 75
4 152 88

The calculation of Ty from equation
(3) will usually give a value 1in Dbetween the
available taps on the voltage resistor. In
these cases the selection of the nearest taps
below the calculated value usually will be de-
sirable since it gives a slightly greater opera-
ting time.

The settings on the distance element
may be checked 1n the laboratory by means of the

operating curve, figure 10, and a system short -
clrcult study. For any fault on the system
which will operate the distance element, deter-

mine from the study the relay current and vol-
tage. These quantities should be applled to
the distance element colls and the time for the
relay to close 1ts contacts should check with
the time from the curve.

Coordinated Settings: The problem of
coordinating the settings of the type HCZ relays
to power system 1s best discussed by the example
of figure 9 which shows a typlcal system to be
protected by type HCZ relays. In thils example
the distance elements at successive stations
will be set with a time interval of .75 second
between them. This value 1s arrived at by al-
lowlng .25 second for the relay to close 1ts
contacts and .50 second for the adjacent relays
and breakers to operate.

In looklng over the system of figure 9
several observations may be made:

1. Where a short line section follows a
long line section, the slope of the time dis-
tance line of the short line 1s steeper and,
consequently, the long 1line relay will require
more than .75 second operating time for a fault
near the end of the long line. Thils 1s necessary
in order to give the long line relay not less
than .75 second operating time above the short
line relay setting over the entire short line
section.

2. Where the adjacent section 1s a parallel
line made up of two or more lines feeding into
the same bus points, the relay backing up this
adjacent section must be set considering all
lines in parallel. This gives the steepest
slope of the time distance line. These general
observatlions will aid in the following construc-
tion and indicate the utlility of constructing
time-d1stance charts for coordinating the dis-
tance element settings.
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Construction of Time-Distance Chart for the System Shown.
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The construction of the time-distance
chart for the example is as follows: Since the
type HCZ relays have directional elements, the
relay protecting the loop,A, B, C, in one direc-
tion are coordinated in Chart A, and in the .op-
posite direction in chart B. The absclssa of the
charts 1s the distance in ohms between the vari-
ous substatlions in the direction indicated. The
ordinate measures the relay operating time in
seconds. Thus, any point on the slant time-
distance lines indicates the operating time of
the time-distance element for fault location
shown by the abscissa. The relay characteristics
can be plotted as straight lines only if the Te
taps are chosen as explained above.

In chart A utilizing the observations
set down above, a good starting point in the con-
struction of the chart is to set relays lland 12
to protect the short 2 ohm lines between subs B
and D. PFor a fault near B either relay 11 or 12
(depending on vwhich line the fault occurs should
operate fast and as the fault moves toward D,
this time should increase to .75 second for a
fault at bus D. On the right of the chart be-
tveen polnts B and D draw a slant line as shown
representing the time-distance line of elther re-
lay 11 or 12.

Both relays 7 and 8 at sub A must pro-
tect & 6-ohm line betweenA and B and back up the
short parallel 2-ohm lines between B and D. The
effective impedance of this parallel line to re-
lays 7 or 8 1s 1 ohm which makes sub D 1look to
the relays as If it wereD'; 1 ohm from sub B and
the relay 1l and 12 time-distance line moved from
the .75 second point above D to the same point
above D' as shown dotted in the chart. Relays 7
or 8 should be set to operate .75 second above
this last-mentioned point as shown by the time-
distance line of relays 7 and 8. Relays 7 and 8
must also coordinate with relay 3, but 1t will
obviously do so since relays 11 and 12 protecting
the shorter lines have a steeper time-distance
line than relay 3.

In a similar manner relay 5 must be set
to back up the parallel lines between subs A and
B. Here sub B appears to relay 5 as 3 ohms (B')
away from sub A, and the time-dlstance line of
relays 7 and 8 appears as drawn dotted from A to
a8 point above B determined by the point at which
the actual time-distance line of relays 7 and 8
crosses the vertical ordinate above B. The time-
distance line of relay 5 is drawn then from C to
a point .75 second above the dotted time-
distance line of relays 7 and 8 between A and B.

The next relay in the direction of
chart A is relay 3 at sub B which must coordinsate
with relay 5. Consequently, 1ts time-distance
line is drawn from B to a polnt .75 second above
relay 5 at A. The other lines shown on the left
of this last 1lilne for relay 5 are a repetition of
the lines determined previously for relays 11
and 12. This completes for the moment chart A.

Chart B 1is similarly constructed ,
starting again at the right side and setting
first relays 11 and 12 as was done before. Then
relay 4 at sub C must be set for the parallel
lines between B and D as were relays 7 and 8 in
chart A. This construction for relay 4 is shown
in the chart. Next, relay 6 at sub A must be co-
ordinated with relay 4. This does not offer any
difficulty as line AC i1s shorter than 1line CB. To
complete the loop, relays 1 and 2 at sub B mst
be set to coordinate with relay 6 as shown. This
completes the determination of the time-distance
lines for all the relays except 9 and 10 at Sub

Relays 9 and 10 must coordinate with
relays 1, 2 and 3 and back up the parallel lines
between subs B, A, and C. Also, relay 9 must

. val is found from the table above.

coordinate with relay 12 for a fault on the line
near relay 10 with breaker 10 open. In a similar
manner relay 10 must coordinate with relay 11.
This will give three time-distance:- lines, the
steepest of which will determine the time-
distance line for relays 9 and 10. The first of
the three lines 1s the one determined from the
time-distance line of relay 1l and 12 and has the
same slope as line 11-12, The second 1s deter-
mined from the apparent time-distance 1line for
relays 1 and 2. From sub D sub A appears to be
2.18 ohms from sub B (equivalent impedance of the
parallel combination of the two lines AB with
lines BC plus CA). On chart B sub A appears then
to be at A'' and the dotted line BA'' 13 apparent
time-distance line of relays 1l and 2. To the
left of B locate D'' (2 ohms) and the second
time-distance line for relay 9-10 1s determined
as outlined above and shown on the chart. The
third line is determined from the apparent time-
distance for relay 3 where C appears to be 2,72
ohms from Sub B (equivalent impedance of line BC
in parallel with lines AB plus AC), or at G'' on
chart A. The dotted line between BC'!, determin-
ed as outlined above, i1s then the apparent line
for relay 3 which determined the third line for
relay 9-10, marked "Apparent 9-10". By inspec-
tion the steepest of ~these three 1Iines 1is the
second and this is the time-distance line for
relay 9-10 and shown on chart B. This completes
the construction of the charts for this example.

Equation (3) can now be used to deter-
mine the voltage tap for each relay by selecting
that value of Z for which the relay operates in
«75 second. The value of K for this time inter-
In the ex-
ample, for relay 7, suppose that the current
transformers are star-connected with a ratio

200/5, the potential transformer ratio is 200/1
and Te = 8. From.Chart B for relay 7 the relay
operates in .75 second for a fault 3.5 ohms
avay. K for .75 second is 96.

Using equation (3):

=8x%40 x3.5 x 96 _
Ty 595 538
Set tap 500 on the voltage resistor. After all

the taps are calculated, the time-distance

charts may be replotted to glve the actual dis-
crimination of the relays. .

On lines where taps or 'parallel feed-
ers supply fault power to the adjacent sections
the apparent impedance to the relay backing up
the adjacent seotlion 1s greater than the actual
1mpedance. The reason for this is that the re-
lay does not measure the additional fault cur-
rent supplied by the other feeders, but at the
same time, thls current does increase the volt-
age drop from the fault to the relay. This in-
creases the apparent impedance to the ad jacent
section by the ratio of the total current to the
relay current, The effect on the relay is to
Increase the time of operation of the distance
element. This can be seen on the time-distance
chart, where the increased apparent impedance
has the effect of making the fauit appear more
remote to the relay. n%n these cases the dis-
tance element setting can often be changed tc
glve faster operating times than normally would
be given if the feeders were disregarded. How-
ever, 1f this is done, the Possibility of loos-
ing selectivity when the tapped lines are open
must not be overlooked.

ADJUSTMENTS AND MAINTENANCE

All contacts should be
cleaned with a fine file. S#1002110 file 1is re-
commended for this purpose. The use of abrasive
material for cleaning contacts 1s not recommend -
ed, because of the danger of embedding small

perlodically

-7 -
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Figure 10
Typlcal Time-Ampere Curves of the Distance (CZ) Element
particles 1in the face of the soft silver and
I T T i T i mm: thus impairing the contact.
I T " 5
H i The proper adjustments to Insure cor-
3 e rect operation of thls relay have been made at
e SaE o the factory and should not be disturbed after
2 ! o Ty receipt by the customer. If the adjustments
g, P [ar)s.ms have been changed or the relay taken apart for
g A Easi . repalrs, the following instructions should be
3 e & followed in reassembling and setting it.
2 H a8
F |§ﬁi 51 f 2 ; Instantaneous Impedance (HZ) Element
B fit '
| Refer to Figure 3. For the 60 cycle
} T S ecaacEshsiRsaEasEasEE e IasspazensEEas relays adjust the stop screw on the rear of the
%) 200 400 600 800 1000 beam to give a clearance of .025 inch between
PERCENT OF TRIP CURRENT the rear of the besm and the voltage diron ecir-
cult. This may be checked with a feeler gaugze.
Figure 11 With the beam in the reset position, 1l.e., back

Typical Time-Ampere Curves of the Distance (CZ)

Element (Enlarged)
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Figure 12

Typical Time-Ampere Curve of the Distance (cz)
Element for a Constant Given Distance.

agalnst the stop, adjust the gap between the ad-
justable iron and the beam to .009 inch. Care
should be taken in this adjustment to keep the
gap the same on both sides. Also, with the beam
in the same position, adjust the gap between the
front end of the beam and the stop in the upper
core screw to .020 1nch.

The beam should be balanced as fol-
lows. Connect the relay &as shown 1n the test
diagram, Figure 13. With any tap and scale set-
ting, check the impedance measured by the relay
with 35 volts potential restraint. Apply 5
volts restraint and adjust the balance weight
on the beam until the bpeam just trips with 1/7
of the current required to trip with 35 volts
restraint. Make certesin that the stop on the
voltage side is absolutely clean, otherwlse the
impedance at which the beam trips may be affect-
ed, particularly at the low voltages. The stop
can be easily cleaned by drawing a plece of
clean white paper between the beam and the stop

-8 -
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INSTRUCTIONS

TYPE HCZ IMPEDANCE RELAY

Caution Before putting protective relays Instantaneous Impedance (HZY Eleme

into service, remove all blocking which may

have been 1lnserted for the purpose of securing This element 1s similar "~\$he‘f st impe-
the parts during shipment, make sure that all dance element of the Type HZ régag ‘It con-
moving parts operate freely, 1inspect the con- sists of a balanced beam plvbteq at the center
tacts to see that they . are clean and close (Plgure 4) and pulled d9anard by a current
properly, and operate the relay to check the g‘foil on the forward Ehd tj: close the relay
settings and electrical connections. ) ’(contacts- This pull is oppgsgd by two voltage

coils actin on the th a £ the b
APPLICATION e the othef’end of the beam.

The fluxes set up By these two potential coils
The Type HCZ relay 1is a combination of the are shifted out d 7

e with respect to each
instantaneous Iimpedance and directional ele- other so that a 3 between current and
Meld within desirable

angles.

ments of the Type HZ relay and the distance voltage fluxes . i
element of the Type CZ relay. Th{: relay 1is limits for all phaéf
used for high speed clearing of phase faults

on transmission systems. It glves 1n§tantane—
ous protection over 80 to 90% of‘t@e protected
section, and protection ove? e remainlng 20
to 10% of the protected section} and the ad-
jacent sections with adJustable time delay in-

guﬁ% 1)

7

A tap screw ' the front of the element
permits changi the number of turns on the
current c@il, ;and a core screw on the bottom
of the elemgnt changes an ailr gap in the mag-
netic path. These two adjustments make it

creasing with dilstance.

pq% ible to st the impedance element so that

11% operate  instantaneously, for all

TRIP TIME faul

XPOR BKR}"/

CZ ELEMENT

/[/HZELEMENT‘ 3]

'N:ring within 80 to 90% of the pro-
F 1Y section. For a fault at the

balancé point of the element (determined by

setting) the pull of the voltage coil, which
measures the IZ drop from the fault to the

=TIME—~
o [5 R

relay, will just equal the pull of the current
coil, which receives the fault current, I. If

the fault occurs inside the balance point, the
RIZ voltage pull will be 1less than the I

DISTANCE ~——

Fig. l——TypwalTun&Dl urrent pull and the beam will trip 'closing

Relay. s contacts. Conversely, if the fault occurs

oRtside the relay - balance point, the IZ
tage pull will be greater than the I

impedance (HZ)‘%lement, \
A rectangular silver contact 1is flexibly

ment, a directional element,
element, auxiliary contactor switche¥ fastened on the forward end of the beam. As
operation indicators all mounted the beam trips, the contact bridges two silver

case. The construction and operation o

each statlionary hemispherical contacts mounted on
of these elements is as follows. the free end of a short leaf spring. A small
NEW INFORMATION . EFFECTIVE 4-47

(FORMER 1. L. 41-420 REVISED)



TYPE HCZ IMPEDANCE RELAY

Two operation indicators show white targets
with the letters HZ and CZ. The HZ target
operates when the trip circult 1is completed
through the instantaneous impedance element,
and the CZ target operates when the trip
circuit 1s completed through the distance ele-
ment.

CHARACTERISTICS

The relay 1s available in two ranges which
refers to the range of instantaneous (HZ) ele-
ment . These are the 0.2 to 2.0 ohm relay for
short lines and the 0.60 to €.0 ohm relay for
long lines. The following are the tap mark-

ings:

Instantaneous (HZ) element 0.2 to 2.0 ohm

range:

it

2.3, 4,¢€,9, 13
Core Screw = .8, .9, 1.0, 1.1, 1.2, 1.4, 1.6

Tap

Instantaneous (HZ) element 0.6 to 6.0 ohm

range:

Tap €.2, 9.4, 13.5, 20.8, 29.8, 45
Core Screw = .8, .9, 1.0, 1.1, 1.2, 1.3, 1.4

Distance (CZ) element - all ranges:

Current taps = 4, 5, 6.5, 8, 10, 15, 20, 25
Voltage taps on the series resistor = 125,
150, 175, 200, 250, 300, 350, 400, 500, €00,
700, 800, 1000, 1200, 1400, 1600, 1800

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free
from dirt, moisture, excessive vibration and
heat Mount the relay vertically by means of
the two mounting studs for the standard cases
and the type FT projection case or by means of
the four mounting holes on the flange for the
Either of the studs

or the mounting screws may be utilized for

semi~flush type FT case.
grounding the relay. The electrical connec-
tions may be made direct to the terminals by
means of screws for steel panel mounting or to
terminal studs furnished with the relay for

ebony-asbestos or slate panel mounting. The
terminal studs may be easily removed or in-

serted by 1ocking two nuts on the studs and

4

then turning the proper nut with a wrench.

The recommended connections of relay are
shown in Figures 16 & 18.
is used on the directional element, that is at

The 30° connection

unity power factor the current thru the direc-
tional element coll should lead the polarizing
voltage by 30° as shown in the vector diagram.
The star-delta auxiliary current transformer
is the same as used with the type HZ relay and
is described in I. L. 41-535. Figures 17 & 19
show the external connections of the Type HCZ
relay using star current for all elements.

RELAYS IN TYPE FT. CASE

The type FT cases are dust-proof enclosures
combining relay elements and knife-blade test
This combination
provides a compact flexible assembly easy to

switches 1in the same case.

maintain, inspect, test and adjust. There are
three main units of the type FT case: the
case, cover and chassis. The case 1s an all
welded steel housing containing the hinge half
of the knife-blade test switches and the
terminals for external connections. The cover
is a drawn steel frame Qith a clear window
which fits over the front of the case with the
switches closed. The chassis 1s a frame that
supports the relay elements and the contact
jaw half of the test switches. This slides in
and out of the case. The electrical connec-
tions Dbetween the base and chassis are com-

pleted through the closed knife-blades.

Removing Chassis

To remove the chassis, first remove the
cover by unscrewing the captive nuts at the
corners. There are two cover nuts on the S
size case and four on the L and M size cases.
This exposes the relay elements and all the
test switches for inspection and testing. The
next step is to open the test switches first
before any of the black handle switches or the

cam action 1latches. This opens the trip

circuit to prevent accidental trip out. Then,

open all the remalning switches. The order of
opening the remaining switches is not im-
portant. In opening the test switches they
should be moved all the way back against the
stops. With all the switches fully opened,

grasp the two cam action latch arms and pull

o
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TYPE HCZ IMPEDANCE RELAY

DISTANCE IN OHMS
CHART B
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Fig. lO—Constru::lion of Time-Distance Chart for the System Shown.
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Il. L. 41-420A

outward. This releases the chassis from the
case. Using the latch arms as handles, pull
the chassis out of the case. The chassis can

be set on a test bench 1in a normal upright
position as well as on its top, back or sides
for easy inspection, maintenance and test.

After removing the chassis & duplicate
chassis may be inserted 1in the case or the
blade portion of the switches can be closed
and the cover put in place without the
chassis. The chassis operated shorting switch
located behind the current test switch pre-
vents open circuiting the current transformers
when the current type test switches are
closed.

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

Electrical Circuilts

FEach terminal 1in the base connects thru a
test switch to the relay elements 1n the
chassis as shown on the internal schematie
diagrams. The relay terminal is identified by
numbers marxed on both the inside and outside
of the base. The test switch positions are
identifled by letters marked on the top and
bottom surface of the moulded blocks. These
letters can be seen vwhen the chassis 1is re-

moved from the case.

The potential and control circuits thru the
relay are disconnected from the external
circuit by opening the assoclated test
switches. Opening the current test switch
short -circuits the current transformer secon-
dary and disconnects one side of the relay
coil ©but leaves the other side of the coil
connected to the external ecircuit thru the
current test jack jaws. This circuit can be
isolated by inserting the current test plug
(without external connections), by inserting
the ten e¢ircult test plug, or by inserting a
piece of insulating material approximately
1/32" thick into the current test jack jaws.
Both switches of the current test switch pair

must be open when using the current test plug
or insulating material in this manner to
short-circuit the current transformer secon;
dary.

A cover operated switch can be supplied with
its contacts wired in series with the trip
circuis. 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.

Testing
The relays can be tested 1in service, in the
case but with the external circuits isolated

or out of the case as follows:

Testing in Service

The ammeter test plug can be inserted in the
current test jaws after opening the knife-
blade switeh to check the current thru the
relay. This plug consists of two conducting
strips separated by an insulating strip. The
ammeter 1s connected to these strips by termi-
nal screws and the leéds are carried out thru
holes in the back of the insulated handle.

Voltages between the potential circuits can
be measured conveniently by clamping #2 clip
leads on the projecting clip 1lead lug on the

contact jaw.

Testing in Case

With all blades 1in the full open position,
the ten circuit test plug can be inserted in
the contact jaws. This connects the relay
elements to a set of binding posts and com-
pletely isolates +the relay circuits from the
external connectlons by means of an insulating
barrier on the plug. The external test
circuits are connected to these binding posts.
The plug 1s inserted in the bottom test jJaws
with the binding posts up and in the top test
switch jaws with the binding posts down.

The external test circuits may be made to
the relay elements by #2 test c¢lip leads in-
stead of the test plug. When connecting an
external test circuit to the current elements

|
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using clip leads, care should be taken to see
that the

that the relay 1s completely isolated from the

current test jack jaws are open so

external circuits. Suggested means for iso-

lating thils circuit are outlined above under

"Electrical Circuits".

Testing Out of Case

With the
relay elements may be tested by using the ten

chassis removed <from the Dbase,

circuit test plug or by #2 test clip leads as

described above. The factory calibration is
made with the chassis in the case and removing
the chassis

calibration values

from the case will change the
by a small percentage. It
that the relay be

position as a final check on calibration.

1s recommended checked 1in

SETTINGS

The Type HCZ
settings; one for the instantaneous HZ element

relay requires two separate

and the other for the distance CZ element.
Each will be considered below:
The following nomenclature 1s used in the

discussion of the two settings:

Z = the line-to-neutral ohmic impedance;
For the fnstantaneous eiement, the Impedance
for 80 to 90% of the protected line section.
For the distance element, the ohmic 1line
length for which the element will operate in
a time determined by the choice of K.

K = constant

determined by the coordinating

time interval between successive relays.
Re = the current transformer ratio.

Rv = the potential transformer ratio.

T = the instantaneous HZ element current tap.
S = the instantaneous HZ element current core
screv.

Tc = the distance CZ element current tap.

Tv = the distance CZ element voltage tap on

.

end of the

the external resistor.

Instantaneous (HZ) Element Setting

This element 1s set instantaneous
over approximately 90% of the pro-
Since the

the voltage coil is the same at all times, the

to glve
protection
tected line section. impedance of

balance point of the element 1s adjusted by

changing the pull on the current coil. This

is done by taps (T) on the current coll wind-
ing and by the core screw (38) which variles the
magnetic alr gap for the current flux.

The most satisfactory method of arriving at
the tap settings 1s by the use of the follow-

ing equations:
Instantaneous Element Recelving Delta Current:

10 Z Re
TS = ———— (1)
Rv

Instantaneous Element Receiving Star Current:

17.3 Z Re
Rv

TS =

(2)

1s as def&ned above. The
tap, T, 1s obtained by dividing the TS product
number. When
should be
screved 1in the desired tap before removing the

The nomenclature
by S to give an avallable tap
changing taps, the extra tap screw
existing tap screw to prevent open circuiting
the current transformers.

The numbers on the

core screw appear in

ascending order as the core screw 1is screwed

into the core. In some cases,
whether the

or is out by one

a question of
doubt may arise scale setting is
full turn of the

In such a case, the point may be

correct,
¢ore screwv.
verified by turning the core screw all the way
in. Then back out until the
highest scale marking just comes under the end
of the pointer.
3/4 of a turn.
recommended that the

the core screw

This will occur in less than
such doubt it is
core screw

To prevent
setting be
made by thus locating the highest scale mark-
ing and then continuing to back 1t off until
the desired

value appears exactly under the

polnter, Sufficiently accurate



B

TYPE HCZ IMPEDANCE RELAY

. L. 41-420A

setting can be made Dby interpolating between
the marked points when necessary.

The above formulas are based on the relay
belng used on a 60° line and are correct for
lines of that angle. For lines other than 60°
a slight error 1s Introduced which may be as
much as 8% and 6% on 40° and 80° lines respec-
tlvely. However, the formula relay  setting
can be corrected for lines other than 60° by
using the curve of Figure!7.

The formula settings are sufficiently
accurate for most installations. Where it is
desired to set the balance point more accu-
rately the tap and scale values may be checked
by applying to the relay the voltage, current
and phase angle conditions which will be
impressed on it for a fault at the desired
balance polint. A slight change in the scale
value from that calculated may be required so
that the relay will just trip for the simu-
lated fault at the balance point.

As an example, the instantaneous element is
to be set for 90% of the line section AB which
is 6 ohms long. The current transformer ratio
is 200/5 star-connected with the star-delta
auxiliary current transformer supplying delta
current to the 1Instantaneous element coils.

‘The potential transformer ratio is 1000/1.

Using equation (1)

10 x .90 x 6 x 40
TS = = 2.16
1000

Set tap 2 on the .02 to 2.0 ohm relay and core
secrew = 1.08.

Distance (CZ) Rlement Setting

The distance element 1s set to protect the
last 10 or 20% of the protected sectlon, and
to give back-up protectlon over the instantan-
eous element zorde of the protected section as
well as the adjacent sections. Consequently,
each dlstance element must be carefully set to
coordinate with the relays protecting‘these
adjacent sections so as not to trip out its
breaker before the adjacent line relays and

breakers have had an opportunity to operate.

Before discussing this problem the individual
dlstance element settings will be explailned
disregarding the question of coordination with
other relays.

Individual Setting: The impedance curve and

hence the time of operation of the distance
element 1is approximately constant for fault
currents in the range of 200% to 1000% of the
current tap value, Filgure 13. The selection
of the current tap Tc¢ should be made such that
the element will operate 1in this range for
maximum and minimum fault currents. In no
case should the minimum fault current for
vhich the relay must operate be less than 200%
of the tap selected, and 1t 1s always desir-
able to use the highest tap possible.

With the selection of suitable current tap,
Tc, the voltage tap, Tv, may be determlined by
using the curves of Figure 11 or by the equa-
tion below. The wuse of the curves 1is as
follows. The per cent trip current on the
abscissa is the fault current thru relay in
per cent of the current Tec tap chosen. The
ordinate is the .desired relay operating time
in seconds for the fault under consideration.
The point thus located will fall on or near
one of the curves. The values on the curves
are the voltage drop from the fault to the
relay (relay volts) for Tv = 125. Knowing the
actual voltage drop, the tap, Tv, 1s deter-
mined by the relation:

Tv
Voltage drop =.IEB x voltage value on curve

For three phase faults the voltage drop 1s
easlly calculated by multiplying the fault
current by the impedance from the relay to the
fault.

NOTE: The relay should not be requlred to
operate when the drop from the relay to the
fault for minimum fault 1s less than 5 relay
volts.

The voltage tap, Tv, can also be determined
by the following equation:

Te x Re x 2 x K
- Rv

(3)

TV
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where the nomenclature 1s as defined above.
The voltage tap determined from this equation
will permit the distance element to close its
contacts in a time depending on the selection
of K for a fault Z ohms distant from the re-
lay. The value of .75 second 1s a convention-
al time Interval between switching stations
for which the distance element should be set.
This value 1is arrived at by allowing .25
second for the relay to close its contacts and
.50 second for the adjacent relay and breakers
to operate. The values of X for thils and
other time intervals 1s shown in the following
table:

Time Value of K for Current Transformers
Interval Star Connected Delta Connected
1.2 €8 ' 39
1.1 T2 42
1.0 77.5 ' 45
.9 83 48
.8 91 53
LT5 96 56
.7 101 59
.6 113 65
-5 130 5
4 152 88

The calculation of Tv from equation (3) will
usually give a value 1n between the available
taps on the voltage resistor. In these cases
the selection of the nearest taps below the
calculated value wusually will be desirable
since 1t gives a slightly greater operating
time.

The settings on the distance element may be
checked 1in the 1laboratory by means of the
operating curve, figure 11, and a system
short -circuit study. For any fault on the
system which will operate the distance ele-
ment, determine <from the study the relay
current and voltage. These quantitles should
be applied to the distance element coils and
the time for the relay to close its contacts
should check with the time from the curve.

Coordihated Settings: The problem of co-
ordinating the settings of the Type HCZ relays

to power system 1s Dbest discussed by the
example of Figure 10 which shows a  typical

10

system to be protected by type HCZ relays. In
this example the distance elements at succes-
sive statlons will be set with a time interval
of .75 second between them. This value 1is
arrived at by allowing .25 second for the
relay to close its contacts and .50 second for
the adjacent relays and breakers to operate.

In looking over the system of Figure 10
several observations may be made:

1. Where a short line section follows a
long line section, the slope of the time dis-
tance line of the short line ié steeper and,
consequently, the long line relay will fequire
more than .75 second operating time for a
fault near the end of the long line. This is
necessary in order to give the long line relay
not less than .75 second operating time above
the short line relay setting over the entire
short line section.

2. Where the adjacent section is a parallel
line made up of two or more lines feeding into
the same bus points, the relay backing up this
ad jacent sectlon must be set considering all
lines in parallel. This gives the steepest
slope of the time distance line. These gener-
al observations will aid in the following con-
struction and indicate the utillty of con-
structing time-distance charts for coordi-
nating the distance element settings.

The construction of the time-distance chart
for the example is as follows: Since the type
HCZ relays have directional elements, the
relay protecting the 1loop, A, B, C, 1in one
direction are coordinated in Chart A, and in
the opposite direction in Chart B. The
abscissa.of the charts is the distance in ohms
between the various substations in the dilrec-
tion 1indicated. The ordinate measures the
relay operating time in seconds. Thus, any
point on the slant time-distance 1ines indi-
cates the operating time of the time-distance
element for fault location shown "by the
abscissa. The relay characteristics can be
plotted as straight lines only if the Tc taps
are chosen as explained above.

In Chart A utilizing the observations set
down above, a good starting point. in the con-

J
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struction of the chart is to set rélays 11 and
the short 2 ohm
For a fault near B either relay
on which 1line the fault

and as the fault
should increase to
On the right
B and'D draw a
time-

12 to protect lines between
subs B and D.
11 or 12

occurs)

(depending
should operate fast
moves toward D, this time
.75 second for a fault at bus D.
of the chart
slant line as shown representing the
distance line of either relay 11 or 12.

between points

Both relays 7 and 8 at sub A must protect a
and B and back up the
2-ohm lines

6-ohm line ©between A

short parallel between B and D.

The effective impedance of this parallel line

to relays 7 or 8 1s 1 ohm which makes sub D
look to the relays as if 1t were D’; 1 ohm
from sub B and the relay 11 and 12 time-
distance line moved from the .75 second point

above D to the same point above D' as shown
dotted in the chart. Relays 7 or 8 should be
set to operate .75 above this last-

as shown by the time-distance

second
mentioned point
Relays 7 and 8 must
will
12 pro-

line of relays 7 and 8.
with
obvlously do so since relays 11 and

also coordinate relay 3, but it
tecting the shorter lines have a steeper time-
distance line than relay 3.

set to

In & similar manner relay 5 must be

back up the parallel lines between subs A and
to relay 5 as 3

time-distance

B. Here sub B appears ohms
(B') away from sub A, and the
line of relays 7 and 8 appears as drawn dotted
determlned by the

time-distance line

from A to a point above B'
at which the actual
of relays 7 and 8
ordinate above B. The time-distance 1line of
relay 5 1s drawn then from C to a point .75
second above the dotted time-distance line of
relays 7 and 8 between A and B'.

point

crosses the vertical

The next relay 1n the direction of chart A
1s relay 3 at sub B which must coordinate with
relay 5. Consequently, 1ts time-distance line
from B to a point .75 second above
relay 5 at A. The other lines
left of this last
repetition of the lines determlned previously
11 and 12. This completes for the

moment chart A.

1s drawn
shown on the
line for relay 5 are a

for relays

Chart B is simllarly constructed, starting

at the
relays 11 and 12 as was

again right side and =etting first
Then
for the parallel
and 8
This construction for relay 4 is
Next.

with relay 4.

done Dbefore.
relay # at sub C must be set
lines between B and D as were relays 7
in chart A.
shown 1in the chart. relay € at sub A
MUST be coordinated Thisg does
not offer any difficulty as line AC is shorter
than line CB.

and 2 at sub B must be set

To complete the loop, relays 1
to coordinate with
relay € as shown.
of the time-distance lines for all the
relays except 9 and 10 at sub D.

This completes the determl-
nation

Relays 9 and 10 must coordinate with relays
1, 2 and 3
between subs B, A and C.

and back up the parallel lines

Also, relay 9 must

-

coordinate with relay 12 for a fault on the

line near relay 10 with breaker 10 open. 1In a

similar manner relay 10 must coordinate with
This will give three time-distance
of which will determine
9 and 10.
is the one

line of
relay 11 and 12 and Has the same slope as line
11-12. The

apparent time-distance line

relay 11.
lines, the steepest

the time-distance line
The first of the

determined from the

for relays
three 1lines

time-distance

determined from the
1. and

gsecond 1s
for relays
2. From sub D sub A appears to be 2.18 ohms
from sub B (equivalent impedance of the paral-
lel combination of the two lines AB with lines

BC plus CA). On chart B sub A appears then to
be at.A'' and the dotted line BA'' 1s apparent
time-distance line of relays 1 and 2. To the
left of B locate D'' (2 ohms) and the second
time-distance lline for relay 9410 is deter-
mined as outlined above and shown on the

chart. The third line ig determined from the

apparent time-distance for relay 3 where O
appears to be 2.72 ohms from sub B (equivalent
impedance of line BC in parallel with lines AB
plus AC), or at C'' on chart A. The dotted
line between BC'!', outlined
above, 1is then the apparent line
which determined the third
"Apparent 9-10". By inspection
of these 1s the
second and this is the time-distance line for
chart B. This

of the charts for

determined as
for relay 3
line for relay
g-10, marked
lines

the steepest three

relay 9-10 and shown on
completes the construction

this example.

11
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Equation (3) can now be used to determine
the voltage tap for each relay by selec..ng
that value of Z for which the relay operates
in .75 second. The value of K for this time
interval 1is found from the table above. In
the example, for relay 7, ' suppose that the
current transformers are star-connected with a
ratio 200/5, the potential transformer ratio
is 200/1 and Te = 8.
the relay operates 1in .75 second for a fault
3.5 ohms away. K for .75 second 1s 96.

From Chart B for relay 7

Using equation (3):

_ 8 x 40 x 3.5 x 96
- 200

Tv = 538

Set tap 500 on the voltage resistor. After
all the taps are calculated, the time-distance
charts may be replotted to give the actual
diserimination of the relays.

On 1lines where taps or parallel feeders
supply fault power to the adjacent sections
the apparent impedance to the relay backing up
the adjacent section 1s greater than the
actual impedance. The reason for thils 1s that
the relay does not measure the additional
fault current supplied by the other feeders,
but at the same time, this current does
increase the voltage drop from the fault to
the relay. This
impedance to the adjacent section by the ratio

increases the apparent

of the total current to the relay current.
The effect on the relay 1s to 1ncrease the
time of operatlion of the disfance element.
This can be seen on the time-distance chart,
where the increased apparent lmpedance has the
effect of making the fault appear more remote
to the relay. In these cases the dlstance
element setting can often be changed to give
faster operating times than normally would be
given if the feeders were disregarded. How-
ever, 1if this 1s done, the possibllity of
losing selectivity when the tapped lines are
open must not be overlooked.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to 1nsure correct
operation of this relay have been made at the
factory and should not be disturbed after

12

receipt by the customer. If the adjustments

have been changed, the relay taken apart for

. repairs, or if 1t 1s desired to check the ad-

justments at regular malntenance periods, the
instructions below should be followed.

All contacts should be perilodically cleaned
with a fine file. S#1002110 file 1is recom-
mended for thls purpose. The use of abrasive
material for cleaning contacts 1s not recom-
mended, because of the danger of embedding
small particles in the face of the soft sllver
and thus impalring the contact.

Instantaneous Impedance (HZ) Element

Refer to Figure 4. For the 60 cycle relays
adjust the stop screw on the rear of the beam
to give a clearance of .025 inch Dbetween the
rear of the beam and the voltage iron c¢ircuilt.
This may be checked with a feeler gauge. With
the beam 1in the reset position, 1.e., Dback
against the stop, adjust the gap between the
adjustable iron and the: beam to .009 inch.
Care should be taken in thils adjustment to
keep the gap the same on both sides. Also,
with the beam in the same position, adjust the
gap between the front end of the beam and the
stop 1n the upper core screw to .020 Inch.

The beam should be balanced as follows.
Connect the relay as shown 1n the test
diagram, Figure 14. With any tap and scale
setting, check the lmpedance measured by the
relay with 35 volts potential

Apply 5 volts restraint and adjust the balance

restraint.

welght on the beam until the beam just trips
with 1/7 of the current required to trip with
35 volts restraint. Make certain that the
stop on the voltage side 1s absolutely clean,
otherwise the 1impedance at which the beam
trips may be affected, particularly at the low
voltages. The stop can be easily cleaned by
drawing a plece of clean white paper between
the beam and the stop while the beam is firmly

pressed down.

The statlonary contacts should be adjusted
to give .015 inch clearance between them and
the silver bridge on the beam when the beam 1s
The bridge should be
made to touch both contacts simultaneously,

In the reset position.
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Fig. 12 — Typical Time-Ampere Curves of the

Element (Enlarged).
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Fig. 13 — Typical Time-Ampere Curve of the Distance (CZ) Ele-

ment for a Constant Given Distance.

of about 5 volts. While the beam 1is in this
position, that is, lightly pressing on the one
contact, the other contact should be slowly
adjusted upward by means of the set screw
until it just touches the silver bridge with-
out 1lifting it off the other contact. The
trip circuit should be energized so that the
lighting of a lamp or the tripping of an aux-
iliary relay will show when both contacts are
made.

A further cgutlon 1in regard to the contact
ad justment 1s that too much follow or de-

13
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Fig. 14 — Diagram of Test Connections for the Instantaneous (HZ)
Element. Relay is Shown for Standard Case. For Type
FT Case Compare With Figure 3.

flection of the stationary contacts will

slightly delay the resetting of the high-

speed element and thus the directional element

contacts may get closed ©before the 1mpedance

contacts are open and result 1n unnecessary

tripping.

The Distance (CZ) Element

Adjust the.stop screw on the end of the
rocker arm so that there 1s a gap of .005 1nch
between the core screw at the bottom of the
iron and the plunger when the beam 1s reset.
Adjust the gap by loosenlng the stop screw and
allowling the plunger to touch the core. Then
screw down the stop screw until 1t touches the
cross bar. Then turn the stop screw an ad-
ditional 1/2 revolution and loek it in place.
The accuracy of this -adjustment will be
checked by measuring the time of operation.
This measurement wlll be described later.

With the beam 1n the reset position, adjust
the position of the stationary contacts so
that there 1g a gap of .020 inch between them
and the moving contacts. Check further to see
that both contacts make simultaneously.

14

Fig. 15 — Diagram of Test Connections for the Distance (CZ)
Element. Relay is Shown for Standard Case. For
Type FT Case Compare With Figure 3.

To adjust the balance of the rocker arm,
loosen the clamp screw on the spring adjuster
located beneath the large gear. Turn the
adjuster to the right until the rocker is just
The object is to adjust the
initial tension on the spring so that with the
voltage coll de-energized, the weight of the
plunger arm 1s just sufficlient to hold the

about balanced.

contact open. With this positlion a movement
of about 1-1/2 inches of the disc should be
sufficient to close the contact. When the

dlsc 1s released, 1t should return to 1ts
initial position and open the contact. In
other words, the rocker arm should be balanced
so that the plunger will always return to the
.005 gap position with the stop screw resting
lightly against the cross bar. Extreme care
should be taken to obtain a fine balance of
the rocker arm. When working with the rocker
arm be careful not to break or damage the
jeweled ring bearings. »

Check the balance of the rocker arm by
applying and removing full voltage to the re-
straining coil at least ten  times. The
current coll should not be energized. The
contacts should not bounce c¢losed when the
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voltage 1is removed. A tendency of the con-
tacts to bounce indicates that the balance of
the rocker arm is too critical. In thils case
the spring »adjuster should be turned very
slightly towards the left. With the rocker
arm carefully balanced, the tripping current
1s adjusted by passing 4 amperes thru the
current coil with the tap screw 1in the 4
The voltage colil should not be

In order to energize this element

ampere tap.
energlzed.
it will be necdessary to complete the direc-
tional control circuit by blocking the aux-
Adjust the
positlon of the balance weight on the rocker

iliary contactor switeh closed.

arm so that the contacts just barely close at
4 amperes + 5%.

It is important to note that
during this adjustment every time the position
of the balance weight 1s changed, the rocker
arm must be rebalanced by moving the spring
adjuster, as explalned above. After the
correct position of the welight has Dbeen de-
termined, 1t should be locked 1n place with
the set screw.

Check the time of operatlion of the element
at the several following points, wusing the 4
ampere tap, and measuring the voltage across
the relay termlnals alone:

Time (Cycles)

Volts Amperes at 60 Cycles
0 8 22 or less
6.25 12 45

25 48 75

These time values should be the average of a
large number of tests. The check at zero
voltage shows that the element 1s free from
friction. The check at 6.25 volts indicates
the accuracy of the air gap adjustment which
may be varied slightly to bring this point to
the proper time. '

When checking the time of operation, place
the permanent magnet in the maximum damping
position which 1s about 1/8" from the edge of
the disc. The correct time of contact closure
is obtalned by adjusting the spring. The time
is decreased by pulling more of the spring
thru the spring clamp on the lever arm, thus
making the effective 1length of the spring

shorter. Whenever this adjustment is made, it
will be necessary to readjust the balance of

the rocker arm.

Directional Element

Check the free movement of the directional
element loop with the relay in a vertical po-
sition to see that 1t is free from frictlon
and properly centered. The loop should assume
a vertical position with the contacts open
when the element 18 completely de-energized.

With the loop 1in the vertical posltion ad-
just the front and back statlionary contacts
for .020 inch separation from the vertical
Adjust the contact back stop
screws to just touch the stationary contacts,

moving contact.

then back off 1/4 of a turn to glve correct
contact follow.
whieh 1limit the movement of the loop (these
screws are located to the rear of the current

Adjust the two stop screws

coll) so that the loop strikes these stops at
the same instant the statlonary contacts
strike their back stop.

Too much follow on the directional contacts
should be avoided 1in order to allow the di-
rectional element to reset fast enough by
gravity +to properly coordinate with the high

speed impedance element.

Energize the loop with normal potential long
enough to bring it up to temperature (about 10
or 15 minutes) and adjust the Dbearing screws
so there 1s about .010 inch end play. See
that the loop does not bind or strike against
the iron or coll when pressed agalnst either

end jewel.

The minimum pick-up of the element 1s 10
amperes at 2.0 volts (unity power factor).
Apply these values to the element and see that
contacts make good contact 1n the correct
direction. Reverse the direction of current
to see that the contacts make good contact in

the opposite direction.

When the directional element 1s energized on
voltage alone, there may be a small torque
which may hold contacts either open or closed.
This torque is small and shows up only at high

13
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voltages with the entire absence of current.
At voltages high enough to make this torque
discernible, it will be found that only a
fraction of an ampere 1in_the current colls
will produce wattmeter torque to insure posi-
tive action. This 1s mentioned because the
slight torque shown on voltage alone has no
sighificance in actual service and has no
practical effect on the directional element

operation.

Check the coordination of the directional
Set the
impedance element on the maximum tap and scale

and impedance contacts as follows.

setting and the CZ element on the lowest tap.
Connect the relay with the correct polarity so
that the right-hand (front view) directional
contacts close and apply rated d-c volts to
Block the
fault detector 1n the closed position. Apply

the directional control circuit.

115 volts a-c to the impedance and directional
element potential colls and pass 5 amperes at
unity power factor thru the current circuit.
Check trip cilrcult to see that it i1s not com-
pleted when the voltage on the impedance and
directional elements 1s suddenly applied or
interrupted. Do not 1interrupt the current
The trip
circuit should draw about 5 amperes d-c¢ for
this test g0 that the contactor switeh will
pick up and seal 1in 1f the elements fall to

circuit. Make several such tests.

coordinate. Otherwise, a failure to coordi-
nate 1s not necessarily indicated by the
flicker of a lamp, since the blocking resistor
will prevent the pick-up of a trip ¢oil
plunger until the auxliliary contactor falls
out. This coordination test has been de-
scribed for the most severe conditions.
Consequently, an occasional fallure to coordi-
nate may be tolerated, since, 1n service, the
directional element will be resetting under
the positive action of reverse power Tflow
rather than under +the influence of gravity
alone, as described in this test. If proper
‘coordination is not obtained, it may be neces-
sary to reduce the follow on the directional
or impedance element contacts, as the case may
be.

Fault Detector

The pick-up of the fault detector switch is

16 :

changed by raising or lowering the plunger.
This 1s done by means of two nuts on either
side of the Micarta disc at the bottom of the
Adjust the switech to pick up at 8
amperes 4 .2 amperes gradually applied current.

switch.

The drop-out value 1is varied by raising or
lowering the core screw at the top of the
After the final adjustment 1is made,
the core screw should be securely 1locked i1n
Adjust the swltch to
drop out at 6 amperes + .5 amperes gradually

switch.
place with the locknut.
applied current.

When the switch picks up at 8 amperes + .2,
there should be a slight deflectlon of the
hellcal spring. PFailure to obtain this slight
deflection at 8 amperes + .2 amperes indicates
that the drop-out adjustment 1s too high and
that the core screw shoul@ be lowered.

Contactor Switch (Seal-in-Switch)

Adjust the stationary core of the switch for
clearance between the statlonary core and the
moving core of 1/64 inch when the switch is
plcked up. This can be done by turning the
relay up-side-down or by disconnecting the
switch, turning it wup-side-down and screwing
up the core screw untll the contact just
separates. Then back off the core screw
approximately one turn and 1lock in place.
This prevents the moving core from striking
and sticking to the stationary core because of
residual magnetism. AdJjust the contact clear-
ance 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-¢ 18 passed
through the coill.

Auxiliary Contactor Switch
(Directional Control Circuit)

The adjustments are the same as for the
switeh* except that the
contact separation should be 3/64 inch. The
switeh should pick up &t not more than 70
volts d-c. Apply 140 volts d-c to the circuit
and see that the contacts drop out wheﬁ the
coil is shorted by the left-hand directional
For the 250 volt d-¢ relays the

seal-in contactor

contacts.
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Fig. 16 — External Connections of the Type HCZ Relay in the Standard Case Using Star Current for the Directional and Distance
Elements and Delta Current for the Instantaneous Element.
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Fig. 17 — External Connections of the Type HCZ Relay in the Standard Case Using Star Current for All Elements.
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pick-up should be 140 volts and drop-out at ENERCGY REQUIREMENTS
280 volts. Energize the directional element
with 50 volts and 10 amperes in phase suddenly The burdens of the various clrcuits of the
applied. The contactor switch must operate 60 cycle relay are as follows:
the first time the directional contacts close
without fluttering or bouncing of the contacts. POTENTIAL CIRCUITS AT 115 VOLTS
Circuit Tap V. A P.F. Angle
Operation Indicator Directional Element - 9.0 28° lag
Distance (CZ) Element 125 11.0 7° lag
Adjust the indicator to operate at 1.0 1800 0.8 0° lag
ampere d-c¢ gradually applied. Test for stick- Instantaneous (HZ)
ing after 30 amperes d-c is passed through the Element 1.8 20° lag
coll.
CURRENT CIRCUITS AT 5 AMPERES
RENEWAL PARTS Circuit Tap V. A. P.F. Angle
Directional Element
Repair work can be done most satisfactorily And Pault Detector - 4.0. 45° lag
at the factory. However, interchangeable Distance (CZ) Element 4 7.5 70° lag
parts can be furnished to the customers who 25 0.75 70° lag
are equipped for doing repalr work. When Instantaneous (Hzf
ordering parts, always give the complete name- . Element 45 2.0 30° lag
plate data. 13.5 .55 30° lag

27



WESTINGHOUSE ELECTRIC CORPORATION

METER DIVISION NEWARK, N.J.
Printed in U.S.A.





