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I L. 41-479A

INSTRUCTIONS

TYPE HCZ IMPEDANCE RELAY

Caution Before putting protective relays
into service, remove all blocking which may
have been inserted for the purpose of securing
the parts during shipment, make sure that all
moving parts operate freely, inspect the 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 is a combination 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 protection over the remaining 20
to 10% of the protected section, and the ad-
jacent sections with adjustable time delay in-
creasing with distance. (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 directional element, a fault detector
element, auxliliary contactor swltches, and
operation indicators all mounted 1in a single
case. The construction and operation of each

of these elements 1s as follows.

SUPERSEDES |. L. 41-479

% Denotes changed from superseded issue.

Instantaneous Impedance (HZ) Element

This element is similar to the first ilmpe-
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
coll 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 potentlal 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
limits 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 in the mag-
netic path. These two adjustments make 1t
possible to set the impedance element so that
it will operate instantaneously, for all
faults oceurring within 80 to 90% of the pro-
tected 1line sectilon. For a fault at the
valance point of the element (determired by
setting) the pull of the voltage coll, which
measures the IZ drop from the fault to the
relay, will just equal the pull of the current
coll, which receives the fault current, I. If
the fault occurs inside the balance point, the
I7Z voltage pull will be less than the I
current pull and the beam will trip closing
its contacts. Conversely, 1f 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 silver contact 1s flexibly
fPastened on the forward end of the beam. As
the beam trips, the contact bridges two sllver
stationary hemispherical contacts mounted on

the free end of a short leaf spring. A small
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% Fig. 2—Internal Connections of the Type HCZ Relay in the

Standard Case.

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 indue-
tion-disc element operated by current, and a
restraining coil and plunger assembly operated
by voltage. These two elements are mechani-
cally interconnected thru pivoted lever arms
vhich also operate the CZ element contacts.
The induction disc winds up a spiral spring to
t1lt the horizontal lever arm 1in the contact
closing direction. This motion 1s opposed by
the pull of the voltage restraining coil on a
small plunger fastened to one end of the lever
arm. When the pull of the spring and 1nduc-
tion disc overcomes the voltage coil pull,
the plunger snaps up and the contacts close.
The operating time of the element 1is propor-
tional to the speed of the current disc and
magnitude of the voltage. Consequently, the
closer the fault, the larger the current, and
the lower the voltage; and, therefore, the
faster the distance (CZ) element operates.

Directional Element

A small voltage transformer causes a large
current to flow 1in a single-turn movable
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¥ig. 3—Internal Connections of the Type HCZ Relay in the
Type FT Case.

aluminum secondary, which current is substan-
tially in phase with the voltage. The current
colls are mounted on s magnetic frame and the
current and voltage elements are assembled at
right angle to each other with the one-turn
voltage loop in the air gaps of the current
coll flux path. The interaction of the
current and voltage fluxes produces torque and
rotates the loop in one of two directions,
depending on the direction of power flow.

An Isolantite arm extends from the moving
loop and supports a rectangular silver contact
which bridges two stationary contacts located
on either side of the loop. The stationary
contacts are silver heml-spheres mounted on
the lower end of vertically-hanging spring
leaves. The contact separation is ad justable
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 this arm provides
the contact follow adjustment. Two additional
screws on the movement frame beneath the
current coil iron limit the movement of the
one~turn loop.

-



TYPE HCZ IMPEDANCE RELAY

I L. 41-479A

Fig. 4 — Sectional View of the Instantaneous (HZ) Element.

Fault-Detector Element

This element is a small solenoid-type
switech. A small cylindrical plunger with a
gllver disc supported on its lower end rides

on a vertical gulde rod in the

The guide rod is

up and down
center of the solenoid coil.
fastened to the stationary core which in turn
When the coil

serews into the element frame.

is energized, the silver disc moves upward
bridging three cone shaped stationary con-
tacts. The silver disc 1is supported on the

moving plunger Dby a spring which permits the

plunger to ride upward after the contacts

have made.

is used as an overcurrent fault

in the

The switch

detector by connecting its coil

distance element current eircuit and setting
its contacts to pick up on 8 amperes fault
These

with the directional element

connected in
and the

instantaneous or distance element contacts and

current . contacts are

series

so prevent the relay from tripping if the
fault current 1is less than the 8-ampere pick-
up of the fault detector. They algo prevent
the operation of an suxiliary D-C contactor
switch which in turn controls the operation of

the CZ distance element.

Auxiliary Contactor Switch

The construction of this switch 1is similar
to the fault detector switch except that the

design of the moving plunger and solenoid coll
is for D-C instead of A-C.
this D-C auxiliary switch is cortrolled by the
which
in turn directionally controls the CZ distance

The operation of
directional and fault detector elements
When sufficient fault current flows
to closs the fault
detector, the auxiliary contactor switch.oper-
in the upper pole
circuit of the CZ distance element, permitting
the disc If the direction of the
fault reverses, a
directional element shorts

element .
in the tripping direction
ates to close and seal
to rotate.
current contact on the
the auxiliary con-
tactor switch coil, 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
in the

contactor switch is con-

nected trip circuit. When the relay

contacts close, the coill 1s energized and its
contacts short
them

tripping

around the relay contacts, re-
of the duty of carrying the
current. These
remain closed until the trip circuit is opened
switeh. The third
of the contactor switch 1is connected

lieving
breaker contacts
by a Dbreaxer auxiliary
contact
to a separate

relay terminal to operate an

alarm circuit.
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TYPE HCZ IMPEDANCE RELAY

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

CHARACTERISTICS

The relay 1is -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 6.0 ohm relay for
long lines. The following are the tap mark-
ings:

Instantaneous (HZ) element 0.2 to 2.0 ohm

range:

Tap =2, 3, % 6, 9.13

Core Screw .8, .9, 1.0, 1.1, 1.2, 1.4, 1.6

Instantaneous (HZ) element 0.6 to 6.0 ohm

range:

Tap = 5.2, 9.4, 13.5, 20.8, 29.8, 45
Core Serew = .8, .9, 1.0, 1.1, 1.2, 1.3, L.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, 600,
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 meansg of
the four mounting holes on the flange for the
semi-flush type FT case. Either of the studs
or the mounting screws may be utilized for
grounding the relay. The electrical 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 easlly removed or in-
serted by locking two nuts on the studs and
then turning the proper nut with a wrench.

The recommended connections of relay are
shown in Figs. 16 and 18. The 60° connection
1s used on the directional element, that 1is at
unity power factor the current thru the direc-
tional element coil should lead the polarizing
voltage by 60° as shown in the vector dlagram.
The star-delta auxiliary current transformer
is the same as used with the type HZ relay and
1s described in I. L. 41-535, Figs. 17 and 19
show the external connections of the Type HCZ
relay using star current for all elements.

SETTINGS

The Type HCZ relay requires two separate
settings; one for the instantaneous HZ element
and the other for the distance CZ element.
Each will be consldered below:

The following nomenclature is used in the

discussion of the two settings:

Z = the line-to-neutral ohmic Impedance;
For the instantaneous element, 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 1in

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.
5 = the instantaneous HZ element current core
SCrev.

Tc = the distance CZ element current tap.

Tv = the distance CZ element voltage tap on

the external resistor.

gL
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I L. 41-479A

Instantaneous (HZ) Element Setting

This element i1s set to give 1I1nstantaneous
protection over approximately 90% of the pro-
tected line section. Since the impedance of
the voltage coll is the same at all times, the
palance point of the element is adjusted by
changing the pull on the current coll. This
is done by taps (T) on the current coil wind-
ing and by the core screw (8) 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 Receiving Delta Current:

10 Z Re
S = — (1)

Rv

Instantaneous Element Recelving Star Current:

17.3 Z R
TS = _Z_E____S (2)
Rv

The nomenclature 1is as defined above. The
tap, T, is obtained by dividing the T3 product
by S to give an available tap number. When
changing taps, the extra tap screw should be
screwed 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 is screwed
into the core. In some cases, & question of
doubt may arise whether the scale setting is
correct, or is out by one full turn of the
core SCrew. In such a case, the point may be
verified by turning the core screw all the way
in. 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 1is
recommended that the core screw setting be
made by thus locating the highest scale mark-
ing and then continuing to back it off until
the desired value appears exactly under the
end of the pointer. Sufficiently accurate

setting can be made by interpolating between

the marked points when necessary.

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 4%0° and 80° lines respec-
tively. However, the formula relay’ setting
can be corrected for lines other than 60° by
using the curve of Fig. 7.

The formula settings are gufficiently
accurate for most installations. Where it 1is
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 Dbe
impressed on it for a fault at the desired
balance point. A slight change 1in 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
ecurrent to the instantaneous 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
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 sections. Consequently,
each distance element must be carefully set to
coordinate with the relays protecting these
adjacent sectlons so as not to trip out its
breaker before the adjacent line relays and
breakers have had an opportunity to operate.

1
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Before discussing this problem the individual
distance element settings will be explained
disregarding the question of coordination with
other relays.

Individual Setting: The impedance curvs and

hence the time 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 1%. The selection
of the current tap Tc should be made such that
the element will operate in this range for
maximum and minimum fault currents. In no
case should the minimum fault ecurrent for
which the relay must operate be less than 200%
of the tap selected, and it 1is always desir-
able to use the highest tap possible.

With the selection of suitable current tap,
Te, the voltage tap, Tv, may be determined by
using the curves of Fig. 11 or by the equa-
tion below. The use of the curves is as
follows. The per cent trip current on the
abscissa 1s the fault current thru relay in
per cent of the current Tc tap chosen. The
ordinate is the desired relay operating time
in seconds for the fault wunder 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, 1is deter-
mined by the relation:

Tv
Voltage drop =-355 X voltage value on cuirve

For three phase faults the voltage drop is
easily calculated by multiplying the fault
current by the impedance from the relay to the
fault.

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

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

Te x Re x 2 x K
B Rv

where the nomenclature 1is as defined above.
The voltage tap determined from this equation
willl 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 is a convention-
al time interval 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 its contacts and
.50 second for the aajacent relay and breakers
The values of K for this and
other time intervals 1s shown in the following
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
-75 96 56
.7 101 59
.6 113 €5
-5 130 >
A4 152 88

The calculatlion of Tv from equation (3) will
usually give a value 1in between the available
taps on the voltage resistor. 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 1n the 1laboratory by means of the
operating curve, Fig. 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 for 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 is best discussed by the

example of Figure 10 which shows a typical

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

In looking over the system of Fig. 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 1s steeper and,
consequently, the long line relay will require
more than .75 second operating time for a
rault 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 entilre
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 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 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
petween the various substations in the direc-
tion indicated. The ordinate measures the
relay operating time 1in seconds. Thus, any
point on the slant time-distance lines 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 éxplained above.

In Chart A utilizing the observations set

down sbove, a good starting point in the con-

struction of the chart is to set relays 11 and
12 to protect the short 2 ohm 1lines between
subs B and D. For a fault near B either relay
11 or 12 (depending on which line the fault
occurs) should operate fast and as the fault
moves toward D, thls time should lncrease to
.75 second for a fault at bus D. On the right
of the chart Dbetween points B and D draw a
slant line as shown representing the time-
distance 1line of either relay 11 or 12.

Both relays 7 and 8 at sub A must protect a
6-ohm line between A and B and back up the
short parallel 2-ohm lines 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 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 pro-
tecting 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-distance
line of relays 7 and 8 appears as drawn dotted
from A to a 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 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'.

The next relay 1n the direction of chart A
is relay % at sub B which must coordinate 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 1last 1line 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

9
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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 Dbetween B and D as were relays 7 and 8
in chart A.
shown 1in the chart. Next, relay 6 at sub A
MUST be coordinated with relay 4. This does
not offer any difficulty as line AC 1s shorter
than line CB. To complete the 1loop, relays 1
and 2 at sub B must be set to coordlnate with
relay 6 as shown. This completes the determi-

This construction for relay 4 is

nation of the time-distance lines for all the
relays except 9 and 10 at sub D.

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
coordinate with relay 12 for a fault o2 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 1lines 1is the one
determined from the time-distance 1line of
relay 11 and 12 and has the same slope as line
11-12. The second 1s determined from the
apparent time-distance line for relays 1 and
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 T'lnes
BC plus CA). On chart B sub A appears then to
be at A'' and the dotted line BA'' is apparent
time-distance line of relays 1 and 2. To the
left of B locate D'' (2 ohms) and the second
time-distance line for relay 9-10 1is deter-
mined 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 (equivelent
impedance of line BC in parallel with lines AB
plus AC), or at C'' on chart A. The dctted
line between BC'', determined as outlined
above, 1s then the apparent line for relay 3
which determined the third 1line Ffor relay
9-10, marked '"Apparent 9-10". By inspection
the steepest of these three 1lines is 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.
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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 oberates
The value of X for this time

interval 1s found from the table above. In

in .75 second.

the example, for relay 7, suppose that the
current transformers are star-connected with s
ratio 200/5, the potential transformer ratio
is 200/1 and Te = 8.
the relay operates in .75 second for a fault

K for .75 second is 96.

From Chart B for relay 7
3.5 ohms away.
Using equation (3):

N 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 actusl
discriminaticn of the relays.

On lines where taps or parallel fesders
supply fault power to the adjacent sections
the apparent impedance to the relay backing up
than f the

actual impedance. The reason For this is that

the adjacent section is greater

the relay does not measure the additional
fault current supplied by the other feeders,
but at the same tilme, this current does
increase the voltage drop from the fault to
the relay. Thisg increases the apparent
impedance to the adjacent section by the ratio
of the total current to the relay current.
The effect on the relay 1s 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 fault appear more remote
to the relay. In these cases the distance
element setting can often be changed to give
faster operating times than normally would be

given if the feeders were disregarded. How -
ever, 1f this 1is done, the posgsibllity of
losing =selectivity when the tapped lines are

open must not be overlooked.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct
operation of this relay have been made at the

factory and should not be disturbed after

)

A

~ e



o A

TYPE HCZ IMPEDANCE RELAY

I. L. 41-479A

receipt by the customer. If the adjustments
have been changed, the relay taken gpart for
repairs, or if 1t is desired to check the ad-
justments at regular maintenance perlods, the
instructions below should be followed.

All contacts should be cleaned periodically.
A contact burnisher S#182A836HOL is recommended
for this purpose. The use of abrasive material
for cleaning contacts is not recommended, be-
cause of the danger of embedding small parti-
cles in the face of the soft silver and thus
impairing the contact.
CAUTION: The relay voltage should be of good
wave form. The combination of a phase shifter
and autotransformer may give an output voltage
of poor wave form 1f the magnetizing current
of the autotransformer is high in proportion
to the impedance of the phase shifter used.
Tn case of doubt, check the output voltage
wave form with an oscilloscope.

Tnstantaneous 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 between the
rear of the beam and the voltage iron circuit.
This may be checked with a feeler gauge. With
the beam in the reset position, 1i.e., back
against the stop, adjust the gap between the
adjustable iron and the beam to .009 inch.
Care should be taken 1in this adjustment to
keep the gap the same on both sides. Also,
with the beam in the same position, ad just the
gap between the front end of the beam and the
stop in 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 restraint.
Apply 5 volts restraint and adjust the balance
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,
othervise the impedance at which the beam
trips may be affected, particularly at the low
voltages. The stop can be easily cleaned by
drawing a piece of clean white paper between
the beam and the stop while the beam 1s firmly
pressed down.

The stationary contacts should be adjusted

to give .015 inch clearance between them and
the silver bridge on the beam when the beam is
in the reset positlon. The bridge should be
made to touch both contacts simultaneously,
and deflect the contact springs at least .010
inch before the beam strikes the bronze stop
on the core screv.

It 1s difficult to accurately adjust the
contacts Dy eye. A good method consists in
first adjusting one of the contacts to the
correct gap and then applylng just suffieient
current to trip the beam agalnst a restraint
of about 5 volts. While the beam 1s 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 1t just touches the silver bridge with-
out lifting 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 caution in regard to the contact
adjustment 1s that too much follow or de-
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
¢ontacts are open and result 1n unnecessary
tripping.

The Distance (CZ) Element

Adjust the stop screw on the end of the
roeker 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 untll it touches the
eross bar. Then turn the stop screw an ad-
ditlonal 1/2 revolution and lock it in place.
The accuracy of thils ad justment will be
checked by measuring the time of operation.

This measurement will be described later.

With the beam in the reset position, ad just
the position of the stationary contacts so
that there is 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 adjuster

11
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located beneath the large gear. Turn the
adjuster to the right until the rocker is just
about balanced. The object is to adjust the
initial tension on the spring so that with the
voltage coil de-energized, the weight of the
plunger arm 1is just sufficient to hold the

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

disc 1s released, it should return to 1ts
initial position and opén the contact. In
other words, the rocker arm should be balarced
sO that the plunger will always return to the
.005 gap position with the stop serew 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 1least ten times. The
current coil should not be energized. The
contacts should not bounce c¢losed when the
voltage 1s removed. A tendency of the con-
tacts to bounce indicates that the balance of
the rocker arm 1s too critical. In this case
the spring adjuster should be turned vary
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 in the 4
ampere tap. The voltage coil should not be
energized. In order to energize this element
it will be necessary to complete the direc-
tional control circuit by blocking the aux-
iliary contactor switeh closed. Adjust the
position of the balance weight on the rocker
arm so that the contacts just barely close at
4 amperes + 5%. It 1s important to note that
during this adjustment every time the positilon
of the balance weight 1s changed, the rocker
arm must be rebalanced by moving the spring
adjuster, as explained above. After the
correct positlon of the weight has been de-
termined, 1t should be locked in place with

the set screw.

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

12

tap, and measuring the voltage across the
relay terminals alone:

Time (Cycles)

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

These tlme values should be the average of a
large number of tests. The check at zero
voltage shows that the element is free from
friction. The check at 6.25 volts indlcates
the accuracy of the alr 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 is about 1/8" from the edge of
the disc. The correct time of contact closure
for the 6.25 volt point is obtalned initially
in the factory by adjusting the spring. The
time 1s decreased by pulling more of the
spring thru the spring clamp on the lever arm,
thus maklng the effective length 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 it 1s free from friction
and properly centered. The loop should assume
a vertical position with the contacts open
when the element is completely de-energized.

With the loop 1in the vertical position ad-
just the front and back stationary contacts
for .020 inch =separation from the vertical
moving contact. Adjust the contact back stop
screws to just touch the stationary contacts,
then back off 1/4 of a turn to give correct
contact 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 stationary contacts
strike their back stop.

puv g
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Fig. 12 — Typical Time-Ampere Curves of the Distance (Cz)
Element (Enlarged).
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Fig. 13 — Typical Time-Ampere Curve of the Distance (CZ) Ele-
ment for a Constant Given Distance.

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

speed impedance element.

Energize the 100D with normal potential 1long
enough to bring it up to temperature (about 10
or 15 minutes) and ad just the bearing screws
so there is about .010 ineh end play. Sze
that the loop does not bind or strike against
the iron or coil when pressed against eilther

end jewel.

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

the opposite direction.

13
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MENT CONTACTS BLOCKED CLOSED., DIREC TIONAL ELEMENT j £ROM NORMAL TO TEST VALUE. APPLICATION OF CURRENT PICK'S UP FAULT
CLOSES AT UNITY POWER FACTOR WITH CONNECTIONS SHOWN. DETECTOK AND DIRECTIONAL ELEMENT THEN AUXILIARY SWITCH PICK §
7 eLLOWING CZ DISC TO TURN, CHECKING MINIMUM TR b VALUE ON €2
TAPS BELOW PICK UP OF FAULT DETECTOR REQUIRE & BLOCKING FAULT
OETECTOR CLOSED OR- JUMPING ITS CONTALTS. CLOSE B
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Element. Relay is Shown for Standard Case. For Type Element, Relay is Shown for Standard Case For
FT Case Com;are With Figure 3. Type FT Case Compare With Figure 3.

When the directional element 1is energlzed on unity power factor thru the current cireuit.
voltage alcne, there may be a small torque Check trip eircuit to see that it is not com-
which may hold contacts either open or closed. pleted when the voltage on the impedance and
This torque is small and shows up only at high directional elements 1is suddenly applied or
voltages with the entire absence of current. Interrupted. Do not interrupt the current
At voltages high enough to make this torque c¢irecuit. Make several such tests. The trip
discernible, it will be found that only a circult should draw aboub 5 amperes d-c¢ for
fraction of an ampere 1n the current ecolls this test so that the contactor switeh will
will produce wattmeter torque to insure posi- pick up and seal in if the elements rail to
tive action. This is mentioned because the coordinate. Otherwlse, a failure to coordi-
slight torque shown on voltage alone has no nate 1is not necessarily indicated by the
significance in sctual service and has no flicker of a lamp, since the blocking resistor
practical effect on the directional element will prevent the pick-up of a trip coil
operation. plunger until the auxiliary contector falls

out. This coordination test has been de-
Check the coordination of the directional

and impedance contacts as follows. Set the
impedance element on the maximum tap and scale
setting and the (% element on the lowest tap.
Connect the relay with the correct polarity so
that the right-hand (rront view) directiosnal
contacts close and apply rated d-c¢ volts to
the directional control circuit. Block the
fault detector in the closed position. Apply
115 volts a-¢ to the impedance and directional

scribed for the most severe conditions.
Consequently, an occasional failure to coordi-
nate may be tolerated, since, in service, the
directional element will be resetting under
the positive action of reverse power flow
rather than under the influence of gravity
alone, as described in this test. Ir 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
element potential coils and pass 5 amperes at be.

14
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Pault Detector

The pilck-up of the fault detector switch 1s
echanged DY raising Or lowering the plunger.
This is done by means of two nuts on either
gide of the Micarta disc at the bottom of the
switeh. Adjust the switeh to pick up at 8
amperes .2 amperes gradually‘applied current.

The drop-out value is varied by raising or
lowering the core serew at the top of the
switech. 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 + .5 amperes gradually

applied current.

When the switch picks up at 8 amperes * .2,
there should be & slight deflection of the
helical spring. Failure to obtain this slight
deflection at 8 amperes * .2 amperes indicates
that the drop-out adjustment is too high and

that the core SsCrew 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 OT by disconnecting the
switech and furning it up-side-down. Then
screw up the core serew until the moving core
starts rotating. Now, back off the core scCIrew
uhtil the moving core stops rotating. This
indicates the points where the play in the
assembly 1s taken up, and where the moving
core just separates from the stationary core
screw. Back off the core scCrew approximately
one turn and jock in place. This prevents the
moving core from striking and sticking to the
stationary core because of residual magnetism.
Adjust the conbact clearance for 3/32" by
means of the two small nuts on either side of
the Micarta disc. The switch should pick up
at 2 amperes d-c. Test for sticking after 30
amperes have been passed through the coil.

Auxiliary Contactor Switch

(Directional Control Circult)

The adjustments are the same as for the
seal-in contactor switch except that the
contact separation should be 3/64 inch. The

switeh should pick up at not more than 90
volts d-c. Apply 140 volts d-c to the circuit
and see that the contacts drop out when the
colil is shorted Dby the left-hand directional
contacts. For the 250 volt d-¢ relays the
pick-up should be 165 volts and the contacts
should drop-out when the directional element
contacts short-circuit the coil with 250 to
280 volts applled to ghe circuit. Energize
the directional element with 50 volts and 10
amperes 1in 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 stlck-
ing after 30 amperes d-c¢ is passed through the

coil.

RENEWAL PARTS

Repalir work can be done most satisfactorily
at the Ffactory. However, interchangeable
parts can pe furnished to the customers who
are equipped for doing repalr work. When
ordering parts, always give the complete name-

plate data.

ENERGY REQUIREMENTS

The burdens of the various circults 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)
Element 1.8 20° lag

CURRENT CIRCUITS AT 5 AMPERES

Circuit EEB v. A. P.F. Angle
Directional Element
And Fault Detector - .0 45° lag
Distance (CZ) Element 4 7.5 70° lag
25 0.75 70° lag
Instantaneous (HZ)
Element 45 2.0 30° lag
13.5 .55 30° lag
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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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Resistor for the Distance (CZ) Element. For Reference
Only.

pick-up should be 165 volts and the contacts
should drop-out when the directional element
short-clrcuit the coll with 250 to

applied to the circuit. Energlze
the directional element with 50 volts and 10
amperes 1in phase suddenly applled. The
tactor switch must operate the first time the
directional contacts close without fluttering
or bouncing of the contacts.

contacts
280 volts

con-

Operation Indlcator

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

indicator

RENEWAL PARTS

Repair work can be done
the
parts can be furnished to the

most satisfactorily

at factory. However, interchangeable

who
When

customers

are equipped for doing repalr work.

ordering parts, always glve the complete name-

plate data.

TIC-3Z THD

. 206 DIA.
g HOLES)

b-o-b&-
2
32

(NN
l\]t\]

NE W

1
)
1
i

Outline and Drilling Plan for the External
cuit Resistor for the 250 Volt D-C Relays.
ence Only.

Control Cir-
For Refer-

Fig. 23 —

ENERGY REQUIREMENTS

The burdens of the
60 cycle relay are as follows:

various circuits of the

POTENTIAL CIRCUITS AT 115 VOLTS

Circuilt Tap V. A. P.F. Angle
Directlonal Element - 9.0 28° lag
Distance (Cz) Element 125 11.0 7° lag
1800 0.8 0° 1lag

Instantaneous (HZ)
Element 1.8 20° lag

CURRENT CIRCUITS AT 5 AMPERES

Circuit Tap V. A. P.F. Angle
Directional Element
And Fault Detector - 4.0 45° lag
Distance (CZ) Element 4 7.5 70° lag
25 0.75 70° lag
Instantaneous (HZ)
Element 45 2.0 30° lag
13.5 .55 30° lag
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I L. 41-479

INSTRUCTIONS

TYPE HCZ IMPEDANCE RELAY

Caution Before putting protective relays
into service, Tremove all blocking which may
have been 1inserted for the purpose of securing
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 1s a combination of the
instantaneous impedance and directional ele-
ments of the Type HZ relay and the distance
element of the Type CZ relay. This relay 1is
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 protectlon over the remaining 20
to 10% of the protected section, and the ad-
jacent sections with adjustable time delay in-
ereasing with distance. (Figure 1).

|

TRIP TIME

/ FOR ?KR_‘I

cz ELEMEN}T

~TIME~

-] )
/J, -~z ELEMENT L/J

5

|

S

/ 1 -

NISTANCF ———

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, & directional element, & 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 1. L. 41-420D

#Denotes changed from superseded issue.

Instantaneous Impedance (HZ) Element

This element 1s similar to the first impe-
dance element of the Type HZ relay. It con-
sists of a balanced beam pivoted at the center
(Figure %) end 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 colls
are shifted out of phase with respect to each
other so that a balance between current and
voltage fluxes can be held within desirable
limits for all phase angles.

A tap screw on the front of the element
permits changing the number of turns on the
current coll, and a core screw on the bottom
of the element changes an air gap in the mag-
netic path. These two adjustments make it
possible to set the lmpedance element SO that
it will operate instantaneously, for all
faults occurring within 80 to 90% of the pro-
tected line sectlon. For a fault at the
palance point of the element (determined Dy
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 recelves the fault current, I. If
the fault occurs inslde the balance point, the
Iz voltage pull will pe less than the I
current pull and the peam will trip closing
its contacts. Conversely, if the fault occurs
outside the relay palance poilnt, the 17
voltage pull will be greater than the I

current pull and the beam will not trip.

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

the free end of a short leaf spring. A small

EFFECTIVE MARCH 1955
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Fig. 2 —Internal Connections of the Type HCZ Relay in the
Standard Case.

set serew determines the position of the leaf
spring and provides means for adjusting the
contact gap and follow.

The Distance (CZ) Element

The distance element conslsts of an iniue-
tion-disc element operated by current, and s
restraining coll and plunger assembly operated
by voltage. These two elements are mechani -
cally interconnected thru pivoted lever arms
which also operate the CZ element contacts.
The inductlon dise winds up a spiral spring to
tilt the horizontal 1lever arm 1in the contact
closing direction. This motion is opposed by
the pull of the voltage restraining coll c¢n a
small plunger fastened to one end of the lever
arm. When the pull of the spring and induc-
tion disc overcomes the voltage coil pull,
the plunger snaps up and the contacts close.
The operating time of the element 1g propor-
tional to the speed of the current dise angd
magnitude of the voltage.
closer the fault, the larger the current, and
the lower the voltage; and, therefore, the
faster the distance (CZ) element operates.

Consequently, =he

Directional Element

A small voltage transformer causes a large
current to flow 1in g

2

single-turn movable

TOP TEST SWITTH -FRONT NiEw
TO BASE TERMS,

L 5

AR e
\CATOR
COVER OPERATED . W
SWITCH WHEN USED / _—— TEST SwiTen
FD D
R CONTACTOR
, SN A ———SWIATCH
‘ O Ay S

4
300-n-FOR 125 v.0.C. [cf
©70 "~ £0R 250 U D.C. el EXTERNAL RESISTOR
8

Li. CONTACTS Al E"-'l_‘ m-, . FOR 250 N.D.C. onwY
J h 6] INTERNAL RESISTOR
£y
O
HL
QO

LI
¥
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FRONT ViEw e " ~FOR 125 V.D.CoNLY

(]
W,
HL

~
~
gg\‘?s“o?c\:{ esi \l TUNSTANTANEOUS
. IMPEDANCE
DISTANCE — ELEMENT
ELEMENT — S~

c cz & e
71 TRANSFORMER
3 £ cz o | cooNnez
v @ || yooT
FRULT o o 3 [ T
DETECTOR - @X_’V\/V\/\/—*@ '
e O | TAPPES
RES\STOR

>S HORT CARCWIT
" REAR ViEw SWITCH
BOTTOM TEST SWITCH

Lddad L

FRONT view
WITH RELATIVE INSTANTANEOUS POLARITY AS SHOWN SHORTING SW,
THE DIRECTIONAL CONTACTS CLOSE (TO RIGHT FRONT NIEW)
AND THE IMPEDRNCE ELEMENT CONTACTS CLOSE A, PER.
CALIBRATION.

DIRECTIONAL =

ELEMENT RED HANDLE

0 RELAY
CURRENT TEST JACK
TO BASE TERMS

CHASHIS OPERATED

8-D-5423

Fig. 3 — Internal Connections of the Type HCZ Relay in the
Type FT Case.

aluminum secondary, which current is substan-
tially in phase with the voltage. The current
colls are mounted on g magnetlic frame and the
c¢urrent and voltage elements are assembled at
right angle to each other with the one-turn
voltage loop in the air gaps of the current
c¢oll flux path. The interaction of the
current and voltage fluxes produces torque and
rotates the loop in one of two directions,
depending on the direction of power flow.

An Isolantite arm extends from the moving
loop and supports a rectangular silver contact
which bridges two stationary contacts located
on elther side of the loop. The stationary
contacts are silver hemi-spheres mounted on
the lower end orf vertically—hanging spring
leaves. The contact separation is ad justable
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
8c¢rew on the lower end of this arm provides
the contact follow adjustment. Two additional
sc¢rews on the movement frame béneath the
current coll iron 1imit the movement of the
one-turn loop.

N

i,
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BALAMCE WEIGHT
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L Ty 025 CLEARANCE
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BLOCK:
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| ~colL
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CORE SCREW
L] SCALE MARKING
% CORE SCREW

CURRENT COIL s

Fig. 4 — Sectional View of the Instantaneous (HZ) Element.

Pault-Detector Element

small solenoid-type
with a

end rides

This element 1s &

switch. A small cylindrical plunger

silver disc supported on its lower

up and down oOn & vertical guide rod 1in the

center of the solenoid coil. The gulde rod 1s
to the stationary core which in turn

When the coil

fastened

serews into the element frame.

is energized, the silver disc moves upward

bridging three cone shaped stationary con-

tacts. The silver disc 1is supported on the

moving plunger by & spring which permits the

plunger to ride upward after the contacts
have made.
The switch 1s used as an overcurrent fault

detector Dby connecting its coil in the

distance element current circuit and setting

its contacts to pick up on 8 amperes fault
These

with the directional e¢lement and the

current. contacts are connected 1in
series
instantaneous or dilstance element contacts and
so prevent the relay from tripping if the
fault current 1s less than the 8-ampere pick-
up of the fault detector. They also prevent

the operation of an auxiliary D-C contactor
switeh which in turn controls the operation of

the CZ distance element.

Auxiliary Contactor Switch

of this switch 1is similar

except that the

The construction
to the fault detector switech

design of the moving plunger and solenoid coil
is for D-C instead of A-C. The operation of
this D-C auxiliary switech 1is cortrolled by the
which

in turn directionally controls the CZ distance

directional and fault detector elements
When sufficient fault current flows
to closs the fault
detector, the auxiliary contactor switch.oper-
in the upper
circuit of the CZ distance element, permitiing
the disc
fault

directional element shorts

element.
in the tripping directlon
ates

to close and seal pole

to rotate. If the direction of thne

current reverses, A& contact on tie
the auxiliary con-
tactor switch coil, causing it to drop out.
This opens the directional control circult anc

allows the distance element 1o reset.

Contactor Switch and Operation Indicator

The coil
in the

of the contactor switch is con-

nected trip circult. when the relay

contacts close, the coil 1s energized and its
contacts short

them of the

around the relay contacts, re-

lieving duty of carrying the

breaker tripping current. These contacts

remain closed until the trip circuit 1is opened
switch. The third
of the contactor switch 1s connected

by a breaker auxiliary

contact
relay terminal to

to a separate operate an

alarm circulit.

BALANCE
WEIGHT

INDUCT ION DISC
| GEAR ASSEMBLY

CLAMP -~

Fig. 5 — Sectional View of the Distance (CZ) Elementi.




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 ths trip
circult 1s completed through the distance ele-
ment.

CHARACTERISTICS

The relay 1is 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 6.0 ohm relay for
long lines. The following are the tap mark-

ings:

Instantaneous (HZ) element 0.2 to 2.C ohm

range:

Il

2, 3, %, 6, 9. 13
.8, .9, 1.0, 1.1, 1.2, 1.4, 1.6

Tap
Core Screw

il

Instantaneous (HZ) element 0.6 to 6.0 ohm

range:

Tap 5.2, 9.4, 13.5, 20.8, 29.8, 45
Core Screw = .8, .9, 1.0, 1.1, 1.2, 1.3, 1.4

1]

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, 600,
700, 800, 1000, 1200, 1400, 1600, 1800

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent 1in 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 s-uds
or the mounting screws may be wutilized 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 Qr in-
serted by locking two nuts on the studs and
then turning the proper nut with a wrench.

The recommended connections of relay are
shown in Figs. 16 and 18. The 60° connection
is used on the directional element, that is at
unity power factor the current thru the direc-
tional element coil should lead the polarizing
voltage by 60° as shown in the vector diagram.
The star-delta auxiliary current transformer
is the same as used with the type HZ relay and
1s described in I. L. 41-535, Figs. 17 and 19
show the external connections of the Type HCZ
relay using star current for all elements.

SETTINGS

The Type HCZ relay requlres two separate
settings; one for the instantansous HZ element
and the other for the distance CZ element.
Each will be considered below:

The following nomenclature is used in the
discussion of the two settings:

Z = the line-to-neutral ohmic impedance;
For the instantaneous element, the impedance
for 80 to 90% of the protected line section.
For the distance element, the ohmic line
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
screw.

Tc = the distance CZ element current tap.

Tv = the distance CZ element voltage tap on

the external resistor.

A,
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I. L. 41-479

Instantaneous (HZ) Element Setting

This element 1is set to give 1instantaneous

protection over approximately 90% of the pro-

tected line section. Since the impedance of
the voltage coll is the same at all times, the
balance point of the element 1s adjusted by
This

by taps (T) on the current coil wind-

changing the pull on the current coil.
is done
ing and by the core screw (8) which varies the

magnetic air gap for the current flux.

The most satisfactory method
is by the use of the follow-

of arriving at
the tap settings

ing equations:
Instantaneous Element Receiving Delta Current:

10 Z Re
TS = ———— (1)
Rv

Instantaneous Element Receilving Star Current:

17.3 Z R
T8 :._Z;Z____E (2)
Rv

The nomenclature 1is as defined above. The
tap, T, is obtained by dividing the TS product
When
should be

sereved in the desired tap before removing the

by 3 to give an available tap number.

changing taps, the extra tap screw
existing tap screw to prevent open circuiting
the current transformers.

The numbers on the

core screw appear 1in

ascending order as the core screwv is screwed

into the core. In some cases,
whether the

by one

a question of
doubt may arise scale setting 1s
full turn of the

In such a case, the point may be

correct, or 1g out
core screw.
verified by turning the core screw all the way
in. Then back out the core screw until the
highest scale marking just comes under the end
This will occur 1iIn less than
such doubt it 1is

core screwv

of the pointer.
%/4 of a turn.

that the
made by thus locating the highest scale mark-

To prevent
recommended setting be
ing and then continulng to back it off until
the desired
end of the

value appears exactly under the

pointer. Sufficiently accurate

setting can be made by interpolating between

the marked polnts when necessary.

The above formulas are based on the relay
and are correct for
For lines other than 60°

is introduced

being used on a 60° line
lines of that angle.
a slight error which may be as
much as 8% and 6% on 40° and 80° lines respec-
tively. the formula

However, relay’

other than 60° by

setting
can be corrected <for lines
using the curve of Fig. 7.

The formula

settings are sufficiently

accurate for most installations. Where 1t 1is

desired to set the balance point more accu-
rately the tap and scale values may be checked
by applylng to the relay the voltage, current
which will Dbe
at the

A slight change

and phase angle conditions

impressed on it for a fault desired

balance point. 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.

element is
to be set for 90% of the line section AB which

As an example, the Instantaneous
The current transformer ratio
is 200/5 star-connected with the star-delta
auxiliary current transformer
to the
The potential transformer ratio is 1000/1.

is 6 ohms long.

supplylng delta

current instantaneous element coils.

Using equation (1)

10 x .90 x € x 40
1000

TS =

= 2.16

Set tap 2 on the

screw = 1.08.

.02 to 2.0 ohm relay and core

Distance (CZ) Element Setting

The distance element 1s set
last 10 or 20% of the protected

to give back-up protection over the Instantan-

to protect the

section, and
eous element zone of the protected sectlon as
well as the adjacent sections. Consequently,

each distance eslement must be carefully set to

coordinate with the relays protecting these
adjacent sections so as not to trip out 1its
breaker before the adjacent line relays and

pbreakers have had an opportunity to operate.
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Before discussing this problem the individual
distance element settings will be explained
disregarding the question of coordination vith
other relays.

Individual Setting: The impedance curve and

hence the time of operation of the distsance
element 1is approximately constant for fault
currents 1in the range of 200% to 1000% of the
current tap value, Figure 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
which the relay must operate be less than 200%
of the tap selected, and it is always desir-
able to use the highest tap possible.

With the selection of suitable current tap,
Te, the voltage tap, Tv, may be determined by
using the curves of Fig. 11 or by the eqguia-
tion below. The wuse of the curves 1is as
follows. The per cent trip current on -he
absclssa 1s the fault current thru relay in
per cent of the current Tc tap chosen. 'The
ordinate 1is 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, 1is deter-
mined by the relation:

Tv
Voltage drop :-;Eé X voltage value on curve

For three phase faults the voltage drop is
easily calculated by multiplying the fatult
currsnt 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 Z x K
Tv = (%)
Rv

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 is a convention-
al time interval 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 its contacts and
.50 second for the aajacent relay and breakers
The values of K for this and
other time intervals 1s shown in the following
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 b5
-9 83 48
.8 91 53
.75 96 56
.7 101 59
.6 113 €5
-5 130 75
. 152 88

The calculation of Tv from equation (3) will
usually give a value 1in 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 laboratory by means of the
operating curve, Fig. 11, and a system
short-circuilt 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 for 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 is best discussed by the

example of Figure 10 which shows a typical
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system to be protected by type HCZ relays. In
this example the distance elements at succes-
sive stations will be set with a time interval
them.

.25 second

This value is
for the
relay to close its contacts and .50 second for

of .75 second between

arrived at by allowing

the adjacent relays and breakers to operate.

In looking over the system of Fig. 10

several observations may be made:
1. Where a short line section follows a
long line section, the slope of the time dis-
of the short line
consequently, the long line relay will require
than .75
fault near the end

tance line is steeper and,

more second operating time for a

of the long line. This 1s
necessary in order to give the long line relay
not less than .75 second operating time above
entire

the short line relay setting over the

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
all
steepest

adjacent section must be set considering
the

These gener-

lines in parallel. This gives
slope of the time distance line.
al observations will aid in the following con-
the utility of

for

struction and indicate con-

structing time-distance charts coordi-

nating the distance element settings.

The construction of the time-distance chart
for the example 1s as follows:
HCZ relays

Since the type
the
in one

directional
the

have elements,
loop, A, B, C,

direction are coordinated in Chart A, and in
the Chart B. The

abscissa of the charts is the distance in ohms

relay protecting
direction in

opposite

direc-
the

between the various substations in the

tion 1ndicated. The ordinate measures
Thus,
indi-

of the time-distance

relay operating time 1in seconds. any

point on the slant time-distance 1lines
cates the operating time
fault

The relay

element for loecation shown Dby the

characteristics can be

1f the Tec taps

absclssa.
plotted as straight lines only
are chosen as explained above.

In Chart A utilizing the observations set

down sbove, a good starting point in the con-

struction of the chart is to set relays 11 and
12 to protect the short 2 ohm
subs B and D. For a fault near B elther relay
11 or 12 on which line the fault
oceurs) and as the fault
moves toward D, this time should indféase to
.75 second for a fault at bus D. On the right
of the chart B and D draw a
slant line time-
distance line of either relay 11 or 12.

lines Dbetween
(depending
should operate fast

between polnts

as shown representing the

Both relays 7 and 8 at sub A must protect a
between A and B and back up the
2-ohm lines
The effective impedance of this parallel line

6-ohm line

short parallel between B and D.

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 1n the chart. Relays 7 or 8 should be
set to operate .75 above this last-

as shown by the time-distance

second
mentioned polint
Relays 7 and 8 must
but it will
and 12 pro-

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

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

set to

In a similar manner relay 5 must be

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~-distance
line of relays 7 and 8 appears as drawn dotted
from A to a polnt above B'
at which the actual
7 and 8

ordinate above B.

determined by the
time-distance line
the

The time-dlistance

point
vertical
line of
point .75
second above the dotted time-distance line of

of relays crosses

relay 5 1is drawn then from C to a

relays 7 and 8 between A and B'.

of chart A
is relay 3 at sub B which must coordlnate with

The next relay in the directlon
relay 5. Consequently, 1ts time-distance line

is drawn from B to a polnt .75 second above
relay 5 at A. The other lines
left of this last 1line
repetition of the lines determined previously
11 and 12.

moment chart A.

shown on the

for relay 5 are a

for relays This completes for the

Chart B 1s similarly constructed, starting

9



TYPE HCZ IMPEDANCE RELAY

again at the right side ang setting first
relays 11 and 12 as was done before. Then
relay 4 at sub C must be set for the parallel
lines Dbetween B and D as were relays 7 and 8
in chart A. This construction for relay 4 1is
shown 1in the chart. Next, relay 6 at sub A
MUST be coordinated with relay 4. Thig does
not offer any difficulty as line AC is shorter
than line CB.
and 2 at sub B must be set to coordinate with

To complete the loop, relays 1

relay € as shown. This completes the determi-
nation of the tlme-distance lines for all the
relays except 9 and 10 at sub D.

Relays 9 and 10 must coordinate with rzlays
1, 2 and 3 and back up the parallel lines
between subs B, A and C. Also, relay 9 must
coordinate with relay 12 for a fault on the
line near relay 10 with breaker 10 open. In a
simlilar 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 1lines 1s the one
determined from the time-distance 1line of

relay 11 and 12 and has the same slope as line

11-12. The second 1s determined from the
apparent time-distance line for relays 1 and
2. From sub D sub A appears to be 2.18 ohms

from sub B (equivalent impedance of the peral-
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'' is apparent
time-distance line of relays 1 and 2. Tc the
left of B locate D'' (2 ohms) and the second
time-distance line for relay 9-10 is deter-
mined as outlined above and shown on the
chart. The third line 1s determined from the
apparent time-distance for relay 3 where £
appears to be 2.72 ohms from sub B (equivalent
impedance ol line BC in parallel with lines AR
plus AC), or at C'' on chart A. The dotted
line between BC'', determined as outlined
above, 1s then the apparent line for relay 3
which determined the third line for rzlay
9-10, merked “Apparent 9-12". By inspection
the steepest of these three 1lines is 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.

10

Equation (3) can now be used to determine
the voltage tap for each relay by selecting
that value of Z for which the relay oberates
The wvalue of X for this time

interval 1is found from the table above. In

in .75 second.

the example, for relay 7, suppose that the
current transformers are star-connected with a
ratlo 200/5, the potential transformer ratio
is 200/1 and Tc = 8.
the relay operates in .75 second for a fault

From Chart B for relay 7
3.5 ohms away. K for .75 second 1s 96.

Using equation (3):

N 8 x 40 x 3.5 x 96
B 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

discrimination of the relays.

On lines where taps or parallel feeders
supply fault power to the adjacent sections
the apparent impedance to the relay backing up
the adjacent section is greater than the
actual impedance. The reason For this is 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 increases the apparent
impedance to the adjacent 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 tire-distance chart,
where the increased apparent Impedance has the
effect of making the fault appsar mors remote
to the relay. In these cases the di

i
element setting can often b= changed +to

m
i
<
a

faster operating times than normally would bhe
glven 1f the feeders were disregerded. How -
ever, 1 this is done, the possibility of
losing selectivity when the tapped lines are

open must not bs overlooked.

ADJUSTMENTS AND MAINTENANCE

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

s g,



TYPE HCZ IMPEDANCE RELAY

I L. 41-479

If the
the relay taken

receipt by the customer. ad justments

have been changed, apart for
or if it is desired to check the ad-

the

repairs,
justments at regular maintenance periods,

instructions below should be followed.

A1l contacts should be
S#1002110 file 1is

of abrasive

periodically cleaned
with a fine file. recom-
mended for this purpose. The use
material for cleaning contacts 1is 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

on the rear of the beam
of .025 inch ©between the
rear of the beam and the voltage lron circuit.
With
back

adjust the stop screw

to give a clearance

This may be checked with a feeler gauge.

the beam 1in the reset position, 1l.e.,

against the stop, adjust the gap between the

adjustable 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 positicn, adjust the
gap between the front end of the beam and the

stop in the upper core screw to .020 inch.

The beam <should be balanced as follows.
Connect the relay a= shown 1in the test
~iagram, PFigure 14, with any tap and =scale

setting, check the lmpedancs measured by the

with 35
Apply 5 volts restraint and ad‘ust the balance

relsy volts potential restraint.

welght on the beern untll the bean just trips

with 1/7 of the current regulred to trip with
35 voltsa restraint. Mske certain that the
stop on the voltege i3 absolutely clean,
otherwise the impzdance at which the beam

trips may be allected, particularly at the low

voltages. The stop can he easily cleaned by

drawing a plece of clean white paper between

the beam and Lhe stop wiils the beam is firmly

pressed down.

The statlonary consacts should be ad justed

to give .01%5 inch clearance between them and

the silver bridge on the beam when the beam is
in the reset position. The bridge should be

made to touch both contacts simultaneously,

.010

bronze stop

and deflect the contact springs at least

inch before the beam strikes the

on the core screv.

It is
contacts
first

correct gap and then applying

difficult to accurately
A good method
of the contacts

adjust the
consists in
to the

sufficient

by eye.
ad justing one
just
current to trip the beam against a restraint
of about 5 volts. While the beam 1g in this

position, that is, lightly pressing on the one

contact, the other contact should be slowly
adjusted upward Dby means of the set screw
until it just touches the silver bridge with-
out lifting it off the other contact. The

trip eircuit 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 caution

in regard to the contact

adjustment 1is that too much follow or de-
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 impedance

contacts are open and result In unnecessary

tripping.

The Distance (CZ) Element

Adjust the stop =screw on the end of the

rocker erm so that there is a gap of .005 inch
the

1s reset.

petween the core screw at the bottom of
iron and the plunger vwhen the beam
Adjust the gap by loosening the stop screw and
Then

screw until 1t touches the

allowing the plunger to touch the core.

serew down the stop

cross bar. Then turn the stop screw an ad-

gitional 1/2 revolution
this

by measuring

and lock it in plece.
will be

of operatlon.

The accuracy of adjustment

checked the time

This measurement will be described later.

With the beam in the reset position,
of the

adjust

the position stationary contacts =0

that there is & gap of .020 inch between them
and the moving contacts. Check further to see
that both contacts make simultaneously.

the balance of the rocker

To adjust arm,

loosen the clamp screw on the spring ad juster

11
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located beneath the large gear, Turn the
adjuster to the right until the rocker is just
The object 1s to adjust the
initial tension on the spring so that with the
voltage coil de-energized, the welght of the

about balanced.

plunger arm 1is just sufficient to hold the
contact open. With this position a movement
of about 1-1/2 inches of the disc should be
When the

disc 1s released, it should return to its

sufficient to close the contact.

initial position and opén 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 res:ting
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

Jjeweled ring bearings.

Check the ©balance of the rocker arm by
applying and removing full voltage to the re-
straining coll at 1least ten times. The
current coil should not be energized. The
contacts should not bounce c¢losed when the
voltage 1is removed. A tendency of the con-
tacts to bounce indicates that the balance of
In this case
the spring adjuster should be turned very
slightly towards the left. With the rocker
arm carefully balanced, the tripping current

the rocker arm is too critical.

is adjusted by passing 4 amperes thru the
current coil with the tap screw in the 4
ampere tap. The voltage coil should not be
energized. In order to energize this elerent
it will be necessary to complete the direc-
tional control circuit by blocking the aux-
Adjust the

position of the balance weight on the rocker

iliary contactor switeh closed.

arm so that the contacts just barely close at
4 amperes 4+ 5%. It is important to note that
during this adjustment every time the position
of the balance weight ig changed, the rocker
arm must be rebalanced by moving the spring
adjuster, as explained above. After the
correct poslition of the weight has been ie-
termined, it should be locked in place with
the set screw.

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

12

tap, and measuring the voltage across the
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
voltage shows that the element is free from
The check at 6.25 volts indicates
the accuracy of the alr gap adjustment which

friction.

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 is about 1/8" from the edge of
the disc. The correct time of contact closure
for the 6.25 volt point is obtained initially
in the factory 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
shorter. Whenever this adjustment is made, 1t
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 it is free from friction
and properly centered. The loop should assume
a vertical position with the contacts open
when the element is completely de-energized.

With the loop in the vertical position ad-
just the front and back stationary contacts
for .020 inch separatlion 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 give correct
contact follow. Adjust the two stop screws
wvhich 1imit the movement of the loop (these
screws are located to the rear of the current
coil) so that the loop strikes these stops at
the same
strike thelr back stop.

instant the stationary contacts

w«m
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3 PHASE -115 V. PHASE ROTATION A B, C A

B

C

AMPS.
WATTMETER OR
PHASE ANGLE METER. SW.

&~

+ —4

RESET
SW.
4-5 AMF. LOAD
HCZ RELAY
[zREAR ViIEW (] ]
4 2

o o
o Mz S

SHIFTER
3

iz, T
M €z 15

|
@ 2e, NELS 23|

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.

2XKVA VARIABLE
AUTO- TRANSFORMER

1-D-2322

IISV.A C.

+

2 KVA VARIABLE +
AUTO- TRANSFORMI
RESET Sw,
MG
HCZ RELAY > —2
L{% REAR ViEwW [ L 1
4 3 —¢
S H |
DPST 1 T
SwW. 1o HZ 42
o —— ATy
?—4 Ry Hz 4-5 AMP
o—N\~=E—0 LOAD
o <5
- ~_JEXTERNAL
B a -TAPPED
-O—-€9—‘ =01 RESISTOR
(:S F-3 DIR. +2l _]
4. DIR. 23
"-”-'l-“-“ TO TEST DIR ELEMENT]
CONTROL OF AUX.
SWITCH.
TIMER

CLOSING DPST SW.REDUCES POTENTIAL ONCZ POTENTIAL COIL INSTANTLY
FROM 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 REQUIRES BLOCKING FAULT
DETECTOR CLOSED GR- JUMPING ITS CONTALTS CLOSED.

% Fiy. 14 — Diagram of Test Connections for the Instantaneous (HZ) * Fig. 15— Diagram of Test Connections for the Distance (CZ)

Element. Relay is Shown for Standard Case. For Type
FT Case Com; are With Figure 3.

When the directional element is energized on
voltage alcne, there may be a small torque
which may hold contacts either open or closed.
This torgue 1s small and shows up only at high
voltages with the entire absence of current.
At voltages high enough to make this torque
discernible, 1t will be found that only a
fractlon of an ampere 1n the current coils
w1ll produce wattmeter torque to insure posi-
tive action. Tnis 1s mentioned because the
slight torque shown on voltage alone hss 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 maximum tap and scale

and lmpedance 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 directionel control cirecuit.

115 volts a-c to the lmpedance and directional

element potential coils and pass 5 amperes at

14

Element. Relay is Shown for Standard Case For
Type FT Case Compare With Figure 3.

unity power factor +thru the current cireuit.
Check trip circult to see that it 1s not com-
pleted when the voltage on the impedance and
directional elements 1s suddenly applied or
interrupted. Do not interrupt the current
The trip

circuit should draw about 5 amperes d-c for

circuit. Make several such tests.

this test so that the contactor switch will
plilck up and seal in if the elements fall to
coordinate. Otherwise, a failure to coordi-
nate 1s not necessarily indicated by the
flicker of a lamp, since the blocking resistor
wlll prevent the pick-up of a trip coil
plunger wuntil the auxiliary contactor falls
out. This coordination test has been de-
scribed for the most severe conditions.
Conseguently, an occasional failure to conordi-
nate may be tolerated, since, 1in service. the
directional element will be resetting under

o

the positive action of reverse power {low
rather than under the influence of gravity
alone, as described 1in this test. If proper
coordination 1s not obtained, 1t may be neces-
sary to reduce the follow on the directional
or impedance element contacts, as the case may

be.

Lt
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Fault Detector

The pick-up of the fault detector switch 1is

changed by ralsing or lowering the plunger.

This is done by means of two nuts on either
side of the Micarta disc at the bottom of the
switch. Adjust the switeh to pick up at 8

amperes + .2 amperes gradually applied current.

The drop-out value 1s varled Dby raising or
lowering the core at the top of the
After the final adjustment

screw
switch. is maede,
the core screw should be securely locked 1in
place with the locknut. Adjust the switeh to

drop out at & amperes + .5 amperes gradually

applied current.

When the switch picks up at 8 amperes + .2,
there should be a slight of the
helical spring. Failure to obtain this siight

deflection

deflection at 8 amperes + .2 amperes indlcates
that the drop-out adjustment 1is too high and

that the core screw should be lowered.

Contactor Switch (Seal-in-Switch)

Adjust the stationary core of the switch for
between
of 1/64" when the switch is
This can

a clearance the stationary core and

the moving core
picked up. be done by turning the
relay up-side-down or by disconnecting tThe
Then

screw up the core screw until the moving core

switech and turning 1t up-side-down.
Now, back off The core screw
This

play in the

starts rotating.
until the

indicates the points

moving core stops rotating.
where the
the moving

assembly 1is taken up, and where

core just separates from the stationary core

screw. Back off the core screw approximately

one turn and lock in place. This prevents the
moving core from striking and sticking to the
stationary core because of residual magnetism.
Adjust the 3/32" by
means of the two small nuts on either side of

the Micarta disc. The

contact c¢learance for
switch should pick up
at 2 amperes d-c. Tegt for sticking after 30

amperes have been passed through the coil.
Auxiliary Contactor Switch

(Directional Control Circuit)

same as for the
switch that Che
should be 3/64 inch. The

The adjustments are the
seal-Iin contactor except

contact separation

* switch

should pick up at not more than 90
Apply 140 volts d-c to the circult
when the
coil is shorted by the left-hand directional
contacts. For the 250 volt d-c
should be 165 volts and the contacts
should drop-out
short-circult the coil with 250 to

applied to the circult.
element with 50 volts and 10
in phase suddenly applied. The
operate the flrst time the

close without fluttering

volts d-c.
and see that the contacts drop out
relays the
plck-up
when the directional element
contacts

280 volts
the directional

amperes

Energize

con-
tactor switch must

directional contacts
or bouncing of the contacts.

Operation Indlcator

Adjust the
ampere d-c gradually applied.

indicator to operate at 1.0
Test for stick-
ing after 30 amperes d-c is passed through the

coll.

RENEWAL PARTS

Repair work can be done
at the
parts can be furnished to the

most satisfactorily

factory. However, interchangeable
customers who
When

ordering parts, always give the complete name-

are equipped for doing repalr work.

plate data.

ENERGY REQUIREMENTS

The burdens of the various circuits of the
€0 cycle relay are as follows:

POTENTIAL CIRCUIT3 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)
Element 1.8 20° lag

CURRENT CIRCUITS AT 5 AMPERES

Circuit EEE V. A. P.F. Angle
Directional Element
And Fault Detector - 4.0 45° lag
Distance (CZ) Element 4 7.5 70° lag
25 0.75 70° lag
Instantaneous (HZ)
Element 45 2.0 30° lag
13.5 .55 20° lag

15
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3 PHASE BUS PHASE ROTATION A, 8, C
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Flig. 186 — External Cornections of the Type HCZ Reiay in the Standard Case Using Star Current for the Directional and Distance
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Fig. 19 — External Connections of the Type HCZ Relay in the Type FT Case Using Star Current for All Elements.
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pick-up should be 165 volts and the contacts
should drop-ocut when the directional element
contacts short-circuit the coil vith 250 to
280 volts applied to the circuit. Energlze
the directional element with 50 volts and 10
in phase suddenly applied. The con-
operate the first time the

close without fluttering

amperes
tactor switch must
directional contacts
or bouncing of the contacts.
Operation Indicator

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

indicator to

RENEWAL PARTS

Repalr work can be done
at.  the
parts can be furnished to the
are equipped for

most satisfactorily

factory. However, interchangeable
customers who
When

ordering parts, always give the complete name-

doing repalr work.

plate data.

h
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Fig. 23 — Outline and Drilling Plan for the External Control Cir.
cuit Resistor for the 250 Volt D.C Relays. For Refer-
ence Only.

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.PF. Angle
Directional Element _t- 9.0 28° 1lag
Distance (CZ) Element 125 11.0 7° lag
1800 0.8 0° lag

Instantaneous (HZ)
Element 1.8 20° lag

CURRENT CIRCUITS AT 5 AMPERES

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