INSTALLATION

Westinghouse 1.L. 41-471.1B
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE HZM DISTANCE RELAY
(WITH OFF-SET TRANSFORMERS—60° TO 90°)

CAUTION Before putting protective relays into
service, remove all blocking inserted for the
purpose of securing the parts during shipment.
Make sure that all moving parts operate free-
ly. Inspect the contacts to see that they are
clean and close properly, and operate the re-
lay to check the settings and electrical con-
nections.

APPLICATION

The type HZM relay is a three-unit high-
speed relay of the modified zoned distance
type operating instantaneously or with a time
delay depending upon the locationof the fault.
The relay is used for phase fault protection
on transmission systems and is designed to be
used independentlyor in the high speed carrier
relaying system.

The type HZM relay measures the impedance of
the line to which it is connected by measuring
the ratio of the current and voltage,supplied
to it. The impedance characteristics ‘may be
adjusted and modified so that tripping at the
faulted line angle is favored. [Thus)tripping
can be prevented on synchronizing surges of
such magnitude that the systemywill recover,
even though the apparent, impedance during such
surges in considerably below that of the fault
impedance. In the samé manneér tripping under
heavy load conditions'may be prevented, espe-
cially on the longerwtransSmission lines, when
the load impedance|and the fault impedance are
of the same magnitudess The type HZM relay ac-
complishes/this byjcombining a distance re-
sponse characteristic with a directional dis-
crimination ‘whichéican be regulated and adjusted
both in magnitude and angle. The directional
discrimination is adjusted to produce a high
sensitivity@t the fault impedance phase angle,
but ayminimum sensitivity at the load impedance
phase, angle and at the synchronizing surge im-
pedance phase angles from which system can re-
cover. Therefore this relay withitsadjustable

SUPERSEDES I.L. 41-471.1A

*Denotes change from superseded issue.

characteristics can be set t6 fit the particu-
lar conditions of thenline to be protected.

CONSTRUCTION

The type HZM relay contains three impedance
units, three offset transformers with angular
displacementiyresistors, a synchronous timer, a
directiéonal unit, four auxiliary contact
switches and|three operation indicators.

IMPEDANCE UNIT

Construction details of these three units
are ‘ddentical and are shown in Fig. 1. A
balanced beam is restrained from operating by
two voltage coils on the back end, and is
pulled downward on the front contact end by a
current coil. The fluxesof these two potential
coils are shifted out of phase so that practi-
cally a constant balance can be obtained re-
gardless of the phase angle between the current
and voltage fluxes. A tap screw on the front
of the unit permits changing the number of
turns on the current coil for coarse adjust-
ments and a core screw on the bottom of the
unit changes the current coil electromagnet
air gap for the fine adjustment. These two
adjustments provide stepless impedance circle
radius settings over the one ohm to ten ohms
impedance range.

The moving contact is a thin-walled silver
shell practically filled with tungsten powder.
When this contact strikes the rigid stationary
contact, the movement of the tungsten powder
creates sufficient friction to absorb practi-
cally all of the energy of impact and thus the
tendency of the contact to bounce is reduced
to a minimum. The moving contact is loosely
mounted on the unit beam and held in place by
a leaf spring. The construction is such that
the beam continues to move slightly after the
contacts close deflecting the springwhich pro-
vides the required contact follow. This spring
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Fig. 1 Sectional View of the Impedance Units.

should have zero tension on the contact when
the beam is in the reset position. Current is
conducted into the moving contact by means of
a flexible metal ribbon.

A thin-walled cylinder filled with tungsten
powder is mounted near the rear end of the
beam. This acts as a counterweight and tends
to damp out vibrations in the beam in the man-
ner described above for the unit contacts.

SYNCHRONOUS TIMER

The timer is a small synchronous motor which
operates from the current circuit thru a satu-
rating transformer, and drives a moving con-
tact arm thru a gear train. The contact on the
moving arm is a cylindrical silver sleeyve,
loosely fitted on the moving arm. iIn making
contact, this sleeve rolls across two verti-
cally projecting stationary butt contacts/to
bridge the gap between them. Two setsgof stas
tionary contacts are mounted in Micarta¥in-
sulating blocks which are adjustablle areund a
semi-circular calibrated guide. ., TheWmaximum
time settings are 3.0 secondsifor the 60 cycle
timer and 3.6 seconds for the 50%cycle timer.

The synchronous motor has,a floating rotor
which is in mesh with theggear®train only when
energized. The rotor falls out instantly when
the motor is deenergized, “aldowing a spring to
reset the moving4arm.

The time delay“om the synchronous timer for
the second and third{impedance units is ad-
justable from 0 to 180 cycles (50 or 60 cycle
basis). T-3 mustybe set beyond T-2 by a mini-
mum of 25 @eycles.

DIRECTIONAL“UNIT

The “"directional unit is made up of five
basie parts: the die-cast aluminum frame, the

2

electromagnet, the molded, cover assembly, the
moving element assembly, Jand the bridge and
upper bearing pin asSsembly. The lower bearing
pin and the magnetic core with its adjustment
lever are mounted onmy,the frame. The electro-
magnet has two series-connected voltage coils
mounted diametrically opposite one another,
two seriessconnected current coils mounted
diametriecally opposite one another and two
magneticiyplugs accessible through the cover.
The mowving“element consists of a spring and
contact ‘arm assembly and a double aluminum
leop meunted on a shaft which has end jewels
for “the top and bottom bearings. This shaft
rides between the bottom steel bearing pin
mounted in the frame and a similar pin in the
bridge that mounts on the two longer studs of
the electromagnet. The stops for the moving
element are mounted on the coverand are easily
accessible for the adjustment of the contact
travel. The spring adjuster seats on the
molded cover and is attached to the contact
through a spiral spring. The moving contact
is made of two thin-walled silver shells prac-
tically filled with tungsten powder and mounted
back to back on a thin leaf spring. The sta-
tionary silver contacts are mounted on the
molded cover. The electrical connection is
made from the stationary contact to the moving

- contact, through the spiral spring and spring

adjuster to the spring adjuster clamp. The
magnetic design of the unit is such that the
maximum torque occurs when the current leads
the voltage 35 to 40 degrees. This is the
condition at which the voltage and current
fluxes are 90° apart. The flux in each pole
face is lagged on the outside edges by copper
loops. This produces a torque that counter-
balances the centering torque, caused by the
small power factor angleof the moving element.

The magnetic bias of the unit is controlled by-

a small lever arm extending to the front on

S,
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Fig. 2 Internal Schematic of the Type HZM Relay in the
Type FT42 Case.

the bottom of the unit and two magneticdplugs
accessible through the cover. Thes€ plugs
afford controlof the sensitivity at the higher
currents.

AUXILIARY CONTACTOR SWITCHES

These are small solenoid-type .d-c Switches.
A cylindrical plunger with a silwver disc
mounted on its lower end moves im,the core of
the solenoid. As the plungeér travels upwards
the disc bridges three silvern,stationary con-
tacts.

OPERATION INDICATOR

The operation indicator is a small solenoid
coil connectedyin the trip circuit. When the
coil is energized, %a spring-restrained armature
releases the white target which falls by grav-
ity to indieate completion of the trip circuit.
The indicator“ecan be reset from outside of the
case.

OFFSET TRANSFORMERS

There are three offset transformers with
theixr associated resistors mounted on the back
of the sub-base and connected so as to modify
the characteristics of the three impedance
units. The top transformer is associated with

Figé’3 Operating Characteristics and Ranges of the Type
HZM Relay.

the first zone, the middle transformer with
the second zone, and the bottom with the third
zone.

The offset transformer makes it possible to
displace the impedance circle characteristic
of the impedance unit as plotted on "R" and
"X" coordinates, from a circle with the center
at the origin to a circle with the center dis-
placed from the origin.

OPERATION

The type HZM distance relay is designed to
provide a modified operating characteristic
that gives improved protection to long trans-
mission lines. One relay is used for each
phase.

The impedance relay measures the impedance
of the line to which it is connected by meas-
uring the ratio of the current and voltage
supplied to it. The relay is connected to re-
ceive a current and voltage proportional to
those existing on the high-tension line. With
a fault in zone 1, Fig. 4, a given amount of
current, I, will flow from the relay location
to the fault. With zero voltage existing at
the fault, phase-to-neutral voltage at the re-
lay location must be equal to the drop in the

3
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Fig. 4 Typical Settings of the Type HZM Relay in Terms
of Line Length.

line due to the current, I, or equal to IZ
where Z is the impedance to neutral of the
line from the relay location to the point of
fault in primary ohms. When considering a
three-phase fault, the line voltage would
equal V3 IZ, the delta current would equal JE I
31z _,
3 1

and the ratio would be When con-

sidering a two-phase fault with zero voltage
existing at the fault, the delta voltage of
the faulted phasesat the relay location equals
the voltage drop of the loop or I x 2Z, the
delta current of the faulted phases equals 2I,

and the ratio would be-%§§»= 2. Thus, /for

phase faults, the ratio of delta voltage 'to
delta current is used to indicate the location
"of the fault. This ratio is constant for.any
value of current as the delta voltage is pro-
portional to the current timesgtheypline im-
pedance. By using the turns ratie,of“the po-
tential transformers and current transformers
this Z can be converted fromprimary ohms to
secondary ohms.

R
c
Z secondary = Z primary —

v

Since the relay uses delta voltage and delta
current, the Z relay would equal Z secondary.
Therefore, &4f the first impedance unit of the
type HZM @elay with no off-set is adjusted by
the core screw and taps on the current coil
for a valuelof current such that the pull of
the €urrent coil is just equal to the potential
restraint for a fault at the end of zone 1
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(see Fig. 4), the beam will be balanced for a
fault at that point for any value of current.
Now, if the fault occurs to the right of this
balance point, the beam will not trip as the
voltage pull is the greater due to a larger
amount of impedance and correspondingly larger
potential restraint than the beam is balanced
for. The second impedance unit is adjusted to
balance for a fault at the end of zone 2; and,
therefore operates for faults anywhere up to
this point. Likewise, the third impedance
unit is adjusted to balance for a fault at the
end of zone 3 and operates for faults in all
three zones.

The type HZM relay is a modified impedance
relay that is identical to the conventional
balanced beam impedance relay except that the
restraint is produced by the potential and the
current instead of by potential alone. The
mixing of the current and the potential energy
to produce restraint torque is done in the
off-set transformer and the resultant energy
fed into potential coils of the beam impedance
unit. This additional energy will shift the
center of the impedance circle away from the

Pt
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Fig. 6 Transmission Line and Relay Characteristics Plot-
ted on R and X Coordinates in Primary Ohms,

origin of the R-X diagram as shown in Fig. 64
This allows longer settings for the rel@ay,
without including the swing vector or JYoad|im-
pedance vector.

A single-phase directional unit isWusedpin
conjunction with the impedance units. % The
operating range is shown in Fig. 6. /4 For dis-
tance relaying, its contacts are soparranged
that the portion of impedance ¢ircle) below the
zero torque line is cut off. 3 Thesdirectional
unit in conjunction with its potential circuit
is designed so that thejmaximum torque occurs
when the current leads voltage by approximately
30 degrees. The 90-degreefconnection is used;
hence the voltage circuit receives delta volt-
age and the current ircuit receives the star
current that ‘deadsfthis voltage by 90 degrees
at 100% power faetor. The directional unit
closes its contfacts”“when current flows into the
line section{which is to be protected.

For normal three-zone distance relaying, the
trip circulits consist of the following con-
tacts:

Finst“Zone - directional and first impedance
unit contacts;

Second Zone - directional, second impedance,
and first set of timer contacts;

Third Zone - second set of timer contacts.
The timer however, will/not
operate without the/ directional
contacts being closed:

The coil of contactor switch CS is in series
with all of the tripping circuitsgand with the
trip coil of the breaker.gmwIf the type HZM re-
lays are used without carrier, the contactor
switch contacts seal areund.,the relay contacts
when the trip circuigmcoilyis energized there-
by relieving them of /sthéwduty of carrying the
tripping current4(Fig. 7). These contacts re-
main closed until the trip circuit is opened
by the auxiliaryyswitch on the breaker. The
contact operatioen of this relay with carrier
is explainedyin I. L. 41-904.

CHARACTERISTICS

The ‘modified characteristic is shown in Fig.
3.9A pure impedance unit characteristic plotted
on the "R" and "X" coordinate$ is a circle
with the center at the origin. The type HZM
relay is so designed that it is possible to
displace the center of any impedance circle
from the origin and adjust the angle of dis-
placement from 60° to approximately 90°.

There are three variables that can be con-
trolled to fit the transmission line protec-
tion requirements making the modified imped-
ance relay very flexible in its applications.

1. The radius of the impedance circle on
the "R" and "X" coordinates is entirely deter-
mined by the tap (T) and core screw (S) set-
tings of the impedance element.

2. The magnitude of displacement of the
center of the impedance circle from the origin
is determined by the offset transformer pri-
mary tap. (Zg + a).

3. The angle of displacement of the imped-
ance circle can be varied from 60° to 90° cur-
rent- lag by the phase angle adjustment (@).

The type HZM relay is available in one im-
pedance range 1.0 to 10.0 ohms impedance cir-
cle radius (TS) with .37 to 9.0 ohms impedance
circle center displacement (ZR + A) over a

phase angle from 60° to 90° current lag (9).
All three impedance units are identical and
hence have the same range of adjustment. The

5
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tap and scale marking on the relay units are
as follows:

(All impedances are in temms in secondary for
relay ohms).

Impedance Units (1.0 to 10.0 Ohms)
Radius of Impedance Circle

TAPS (T)

6.2 9.4 13.5 20.8 29.8 45.

Core Screw Markings (S)

1.4 1.6 1.8 2.0 2.2

OFFSET_TRANSFORMER

Displacement of impedance circle.

Coarse Ohm Taps (ZR)

0.0 1.9 3.7 5.6 7.5

Fine Ohm Taps (A)

0.0 .37 .15+ 1.1 15

Phase Angle Displacement (@)

60° to 90° Current.Lag.

The Phase Angle of Displacémentwi’s normally
set at 75° unless otherwise, speciified.

" The time delay on the ‘synchronous timer for
the second and third/impedance units is ad-
justable in calibratedisteps of 20 cycles from
0 to 180 cycles.

Both 50 cycleW%and 60gcycle relays are avail-
able. Thegrelays“are not interchangeable as
different{coills and timers are used.

MINIMUM VOLTAGE REQUIREMENT

The minimam length of line to which the type
HZM “relay can be applied must be long enough

toproduce at least 10 +_100 (ZR + A volts on

TS
thewrelay when a fault occurs at the balance
peint. If the voltage becomes much less than
this value, the forces become too small to

assure fast and positive action.

SETTINGS

The type HZM relay requires a setting for
each of the three impedance units4and the syn-
chronous timer for Secondg@nd Third Zone time.

Z = line-to-neutralfyohmic dimpedance of the
protected line from_the “relay to the desired
balance point in terms of primary ohms.

For the First Unit 9,70 to 80% of the protected

section.

For the Second Unit - Approx. 50% into the

adjacent ssectien.

Forhthe Third Unit - Approx. 25% into the
third “hine®section (without carrier).

When\carrier is used, see the following
section entitled "HZM Carrier Setting of Z3".

When the balance impedance has been deter-
mined, the phase angle and magnitude of the
minimum load ohms and the phase angle and mag-
nitude of the minimum synchronizing surge ohms
from which the system can recover should be
determined or estimated to complete the analy-
sis.

It will expedite the application by plotting
the transmission line characteristics on "R"
and "X" coordinates. An operating circle
should then be drawn of a diameter and loca-
tion to fulfill the following conditions:

1. The circle must pass through the point
of the vector Z and must completely enclose
the vector 2. (See Fig. 6.)

2. The circle must not enclose the point of
the vector of minimum load ohms or of minimum
synchronizing surge ohms from which the system
can recover. '

3. The angular displacement of the center
of the circle must be within 60° to 90° cur-
rent lagging phase angle. This angle is set
at 75° and generally it is not necessary to
adjust to other angles.

The radius of the circle in ohms should be
measured and the impedance unit set in accord-

1
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ance using the formula:

T = The impedance unit current tap value.

S = The impedance unit current core screw
value. The values appear as a series of
dots on the drum of the lower core screw
adjusting knob.

Z = Radius of circle, as determined in the
preceding paragraphs, in ohms primary.

= The current transformer ratio.

= The potential transformer ratio.

The tap, T, is obtained by dividing the TS
product by S to give an available tap number.
When changing taps with the relay energized,
the extra tap screw should be screwed in the
desired tap before removing the existing tap
screw to prevent open circuiting the current
transformers.

The numbers on the core screw appear in
as¢ending order as the core screw is screwed
into the core. In some cases, a question of
doubt may arise whether the scale settingqis
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%approxi-
mately one turn. Then turn to correct setting.
Sufficiently accurate setting ¢an be,made by
interpolating between the marked “points when
necessary.

From the operating cirgle, hreviously con-
structed, measure thegdisplacement of the cen-
ter of the circle from the intersection of the
"R" and "X" axis in magnitude and angle.

The offset transformesr should be set in ac-
cordance with the formula:

Zpt A= Zp R
RK
where

ZR +WA = Offset transformer tap values.

Displacement of the center of the oper-
ating circle in ohms primary.

S

K = Constant determined from curve Fig., 5b.
R, = The current transformer ratio.

R, = The potential transformer ratio.

@ = Angular displacement,

Normally the ZD setting is from 0 to 75% of
the Z  setting. The angular/displacement (9)
may be varied by adjusting the resistor above
the offset transformer injaccordance with the
curve of Fig. 5a forWa fault at the desired
balance point.

As an example ofjthe formula setting, set
the first impgdance Unit to protect a 78° -
110 KV line, 143/miles long. The line-to-neu-
tral impedance, is*.79 ohm per mile. The cur-
rent tpansformer’ratio 600/5, and the potential
transformer®ratio is 1000/1. The first unit
is toproteet 80% of the line section or for a
baladnce pednt .80 x 143 x .79 = 90 ohms. The
phasejpangle and the magnitude of the minimum
synchronizing surge ohms from which the system
can recover should be determined.

Plot the transmission line characteristics
on "R" and "X" coordinates as shown in Fig. 6.
An operating circle should then be drawn of a
diameter and location to fulfill the condi-
tions previously stated.

The radius of the circle in ohms should be
measured and the impedance unit set in accord-
ance using the formula:

10Z, R,

Ry

10 x 58.0 x 600/5
1000/1

69.6

T will be set on 45 (Relay Tap Setting)
S will be set on1, 55 (Relay Core Setting)

The displacement angle used in drawing the
operating circle should be set on the relay by
adjusting the resistor mounted above its off-
set transformer in accordance with the curve
of Fig. 5a. In Fig. 6 the angle used was 78
degrees; therefore, the resistor should be
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adjusted to 600 ohms.

The distance expressed in ohms impedance be-
tween the center of the modified impedance
circle and the intersection of the "R" and "X"
axis should be measured from Fig. 6, and the
offset transformer set using the following
formula:

Zp + A=12y R,
R
32 x 600/5
ZR + A= ——————= 3,69 ohms
1000/1 x 1.04
ZR should be set on 3.7 ohms.

A should be set on 0 ohm.

The setting for the second and third imped-
ance unit is obtained in the same manner as
the preceding example for the first impedance
unit.

The time delay on the synchronous timer is
set to coordinate with the relays which are
backed up by the second and third impedance
unit. The setting is made by moving“the/com-
plete contact assembly to the desired,position
as indicated by the scale.

On lines where taps or parallel (feeders sup-
ply fault power to the adjacent™sections, the
apparent impedance to the relay backing up the
adjacent section is greaterjthan®the actual
impedance. The reason fer this is that the
relay does not receivejptheWadditional fault
current supplied by the, othex feeders, but at
the same time, this current does increase the

voltage drop from the ‘fault to the relay. This
increases the apparentg impedance to the adja-
cent section by, the ratio of the total current
to the relay current. The effect on the relay
impedanc€é undts 1s to back up the balance
point of the second and third impedance units.
In order to extend the range of back-up pro-
tection under these conditions, the second
unit can be set for a balance point farther
than the 150% normally recommended, provided
i, isymade to time select with the adjacent
seetion relay second unit. Similarly, the
third unit can be set farther than normal if
it is made to select with the second and third
units of the adjacent relay which it overlaps.

*

The formula settings are sufficiently accu-
rate for most installations. Where,ityis' de-
sired to set the balance point more acéurately
the tap and scale values may be“ehecked by
applying to the relay the voltage, current,
and phase angle conditions which will be im-
pressed on it for a fault at the desired bal-
ance point. A slightgchange in the scale
value from that caléulated may be required so
that the relay will just €®rip for the simu-
lated fault at the sbalance”’point.

The particular“setting of one unit may have
some influenée on)the adjacent unit. The
factory calibration of the core screw is made
with taps «ascaded as indicated in the section,
"Electrieal Check Points."

The, numbers on the core screw appear in as-
cendingyorder as the core screw is screwed in-
to, the core. In some cases, a 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 approxi=-
mately one turn. To prevent such doubt it is
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.

HZM CARRIER SETTING OF Z3

When the type HZM relay isused with carrier,
the third zone unit must operate in a reverse
direction from Z1 and Z2 whenever the modified
distance characteristic is used. This is done
to assure proper carrier blocking for external
faults in the adjacent line section with a
setting of Z3 which will not pick up on load
or surge ohms. This may be accomplished by
merely reversing the polarity of the Z3 po-
tential circuit.

The method of arriving at the proper setting
is shown in Fig. 4 which also shows the normal
settings of Z1, Z2, and Z3 when used without
carrier. When the HZM relay is used with
carrier, the ohmic reach of 23 at station A in

9
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the direction away from line AB should be
greater than the reach of Z2 (from station B)
past the local station bus (at A). Thus any
fault in the zone Ab which picks up Z2 at B
will also pick up Z3 at station A to block
tripping at B. The zone ab is for a safety
factor to insure that carrier will always be
started at A before carrier tripping can be
set up at B. For this service, Z3 should be
set to reach out of the line 50% farther than
the reach of 22 (at B) past the station A Bus.
In Fig. 4, this means Aa should be 150% of Ab.
The reach of 23 into the line section AB as
shown is not critical, but should be at least
20 per cent of the offset ohms.

When the Z3 setting is reversed, the second
contact of the CSA must be connected in paral-
lel with the CS1 contact to control the timer.
This provides third zone back-up protection
for lines away from the line protected by zone
one and two. Thus the timer is controlled by
Z2 and D or Z3 only.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location freg
from dirt, moisture, excessive vibration, and
heat. Mount the relay vertically by means ‘of
the four mounting holes on the flange _for
semi-flush mounting or by means of the /frear
mounting stud or studs for projection_mount-
ing. Either a mounting stud or the mounting
screws may be utilized for grounding ‘there-
lay. The electrical connections (may4be made
directly to the terminals by Imeansyof screws
for steel panel mounting or toWthe “terminal
studs furnished with the relay for thick panel
mounting. The terminal studs may be easily
removed or inserted by locking two nuts on the
stud and then turning thefproper nut with a
wrench.

For detailed #T case information refer to
I.L. 41-076.

CONNECTIONS

IMPEDANCEQUNITS

The impedance to the balance point is meas-
ured fromythe point where the potential trans-
formers), are connected to the protected line.
For protecting transmission lines, the relays
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should receive potential from potential trans-
formers connected directly to the line at the
point from which the impedance is t0 be
measured.

In some applications, a power transformer
bank forms part of the transmission line; and
potential transformers are available only on
the bus side of the bank. _ InfthiSjcase the
relays may be set thru the bank to,protect the
line only if the bank impedaneée is not too
large as compared with thellimepimpedance. If
the bank impedance is too large in comparison
with the line impedance, the 70 or 80% setting
of the first unit may “cever only a very small
percentage of the transmission line or in some
cases not cover any,of the line section. For
the same reason,Bthedysecond and third units
will offer,considerably less back-up protec-
tion over theyadjacent lines. In order to use
the potential transformers on the bus side of
the bank dnder this condition, Type KX com-
pensators are used and the impedance is meas-
uredgfrom the line side of the bank to the
balance points. The type KX compensators
operatedfrom the current transformers and pro-
vide voltage compensation equivalent to the
dropg#in the power bank. The setting of the KX
compensator is covered by I.L. 41-861.

The above discussion assumes that power is
fed thru the bank to faults on the line. Where
a power transformer connects to a high-tension
transmission line and does not supply power
totheline fault, low-tension potential trans-
formers may be used without compensation.
Then, the impedance to the balance point is
measured from the point where the power bank
connects to the protected line.

The conventional star connection of current
transformers is not satisfactory where accu-
rate distance relay protection is desired.
With this connection the balance points of the
impedance units shift about 15% depending upon
whether a phase-to-phase, a three-phase, or a
double-line-to-ground fault is involved. That
is, if the balance point were adjusted at 80%
for a three-phase fault, then for a double-
line-to-ground fault the shift may be more or
less than plusorminus 15% of the 80% setting,
depending upon the ratio of the zero sequence
impedance to the negative sequence impedance
of the system from the source of power to the
fault. This error can be entirely eliminated

Y
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I.L. 41-471.18
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Fig. 8 Diagram of\Test Connections for the Type HZM Relay.

by making use of the vector difference between
the line current; i.e., deltd curgents, for
actuating the relay.

The most common method(is te, connect the
main current transformergin“star and use a set
of auxiliary 5/5 ratio _tramsformers to supply
delta currents to thefimpedance units as shown
in Fig. 7.

The delta voltlagesqused on the impedance
units of the“relays should be in phase with
the delta currents, at unity power factor.

DIRECTIONAL/UNIT

The magneticidesignof the unit and potential
circuit is such that maximum torque occurs
when the current leads the voltage by approxi-
mately 30 degrees. Thus, the directional unit
coilsyshould be connected to receive current
that leads the voltage by 90 degrees when the
line’power factor is 100 percent. This will
result in operation at approximately the maxi-
mum torque angle for transmission line faults.

TRIP CIRCUIT

The contactor switch operates on a minimum
of 1.0 ampere, but the trip circuit should
draw at least 4 or 5 amperes in order to.re-
duce the time of the operation of the switch
to a minimum and provide more positive opera-
tion. If the type HZM relay is used to trip
an auxiliary multi-contact relay, provision
should be made for loading down the trip cir-
cuit with a resistor in parallel with the
operating coils of the auxiliary relay. Also,
since the total trip circuit resistance in the
relay is approximately 1.0 ohm, care must be
taken to see that the breaker trip coil will
receive enough current when low voltage con-
trol is used.

The main contact on the impedance units and
directional unit will safely close 30 amperes
at 250 volt d-c., and the switch contacts will
safely carry this current long enough to trip
a breaker.

11
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ELECTRICAL CHECK POINTS

To check the electrical operation of the re-
lay, the following instruction should be fol-
lowed.

Connect the relay per Fig. 8 and make the
following settings. (At regular maintenance
periods the settings of each particular relay
with the voltage and current expected at the
balance point should be used, if available.
During factory testing, the settings are cas-
caded as indicated below.)

IMPEDANCE UNIT OFFSET TRANSFORMER

Zone T S n A 4]
z, 20.8 1.8 1.9 0.0 75°
Zy 2.8 1.8 3.7 0.0 75°
Z 45 1.8 5.6 0.0  175°
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 if the magnetizing current
of the autotransformer is high in proportion
to the impedance of the phase shifter used. In
case of doubt, check the output voltage wave
form with an oscilloscope.

DIRECTIONAL UNIT

With 120 volts and 5 amperes in phase/ the
directional element should be closed. The“con-
tacts should open when the current lgads qhe
voltage by approximately 120 degrees‘or lags
the voltage by approximately 60 degrees.

IMPEDANCE UNITS

With 60 volts on the relday, increase the
current until the contacts just €lose. This
current (which will vary sPightly from this
value if suddenly applied)/ should be approxi-
mately:

Z-3 I = 4.4 amps. &t 75° lag I (non-carrier)
Z-3 I = 4.4 amps.at255° lag I (carrier)
Z-2 I = 6.6 amps. at 175° lag I

Z-1 I = 10.5 amps. at 75° lag I

With the)D contact closed, the tripping of
Z-3 should cause CSA switch to pick up, and
CS-1 switeh in turn. When Z-2 trips, the CS-2
should, pick’ up. The operation of CS1 or CS2
should, start the timer. When Z-1 trips or the
timer)\T-2 or T-3 contacts close, the CS switch

h2

* iron and the beam.

should operate and seal around all the con~
tacts. The CS, CS-1 and CS-2 are not continu=
ously rated; therefore, care should be taken
not to overheat these auxiliary switches. ") The
checking of the timer unit will depend on the
standard time device used. Generally this
check is made independently of the tripvcir-
cuit to avoid circuitry compliecations. The
timer should operate with 3.5 lamperes in the
timer transformer and with the“eontacts of CS-1
(or CS-2) closed or shortedé§An-auxiliary re-
lay as used in the trip circuit| should be used
to seal in the timer cireuit.

ADJUSTMENTS AND MA'INTENANCE

The proper adjastments to insure correct
operation of this rebay have been made at the
factory and should'not be disturbed after re-
ceipt by ‘the customer. If the adjustments
have been changed or the relay taken apart for
repairSimer If it is desired to check the ad-
justmentspat regular maintenance periods, the
instruetionsrbelow should be followed.

Allcontacts should be cleaned periodically.
A" contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive materi-
al“for cleaning contacts is not recommended,
because of the danger of embedding small parti-
cles in the face of the soft silver and thus
impairing the contacts.

IMPEDANCE UNITS

The voltage circuit on the impedance units
is designed to have a comparatively flat phase
angle curve. This is accomplished by ener-
gizing the two coils with currents that are
essentially equal and 90° out of phase. The
gaps as shown in Fig. 1 are nominal dimensions
which yield equal restraints from the two
coils. The actual gaps on any particular relay
may vary a few thousandths from these values.

If the voltage circuits have been disassem-
bled, the gaps referred to in Fig. 1 provide a
nominal starting point for calibration. This
is accomplished as follows:

1. Adjust the stop screw on the rear of the
beam to give a clearance of .020 inch between
the beam and the voltage iron circuit. With
the beam in the reset position, i.e., with the
stop screw against the stop, adjust the verti-
cal gap for .010 inch between the adjustable
Also, with the beam in the

PN
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same position, adjust the gap between the front
end of the beam and the stop in the upper
screw to ,020 inch.

Further adjustment in the gaps may be neces-
sary to obtain a reasonably flat phase angle
curve at 100 volts.

The first and second impedance unit beams
should be balanced as follows. Connect the
relay with polarities as shown in the test
diagram, Fig. 8. Set the offset transformer

taps ZR and A on zero and @ on any setting.
With any tap and scale setting, check the im-
pedance measured by the relay with 60 volts
potential restraint. Apply 10 volts restraint
and adjust the balance weights on the beam un-
til the beam just trips with 1/6 of the cur-
rent required to trip with 60 volts restraint.
The current should be suddenly applied.

The third impedance unit beam should be
balanced by adjusting the balance weight so
that in the de-energized condition, the beam
will reset, thus leaving its contact open. Do
not introduce excessive resetting torque, but
only enough to reset the unit.

The stationary contact should be adjusted
for a .020 inch gap when the beam isfin the
reset position. When the beamis in thejeperat-
ed position, there should be a .015%inchyde-
flection of the moving contact. The ‘Spring
that carries the moving contact/should lie
flat on the Micarta arm with no_initial ten-
sion on the contact. The fléxibke pigtail
should be at least 3/32 inch from the end of
the stationary contact.

With the taps set on 450and, 60 volts applied
to the potential circuit, remark the core
screws (or check the markings) so that the
current to trip the beam at/75° lag will satis-
fy the formula

E =TS
I 10
The "S"™markings should be as shown under
characteristieésfof the relay.

The offset of the impedance circle can be
checked by  setting ZR + A to any value with
P =%5°, and seeing that the current to trip
the"beam at 75° lag satisfies the equation

B ek
o &mTA

E
I

DIRECTIONAL UNIT

The upper bearing screw should/be secrewed
down until there is only three to“four/ thou-
sandths of an inch clearance between it and
the shaft, and then securely locked in posi-
tion with the lock nut. This adjfistment can
be made best by careful lywscrewing down the
top bearing screw until thefdouble loop fails
to turn freely and then, baecking up 1/8 of a
turn. Great care mustibe taken in making this
adjustment to prevent/damage to the bearings.

The front contact, spring should be posi-
tioned in the center/of the .020 inch slot of
the aluminumfguard by means of the small ad-
justing screw located on the nut plate that
holds the®spring on the moving element. The
travel of gfheWmoving contact is limited by the
stationarysontacts mounted on the molded
cover., The contact gap should be adjusted as
folloews: With the moving contact centered be-
tween the studs, close the contact gaps by
advancing the two front stationary contacts.
Then back off the right-hand stationary con-
tact.035 inch and lock both contacts in place.
The complete moving element is limited in
travel by two stop screws, located on the
molded cover. These should be adjusted so
that the moving contact just barely misses the
stationary contact stops front and rear re-
spectively when energized in the opening and
closing directions with 120 volts and 5.0 am-
peres at maximum torque. The right-hand sta-
tionary contact should just touch the nioving
contact when energized as above and then
should be turned 1/6th of a turn to obtain
.005 inch contact follow. Too much follow
should be avoided to insure proper coordina-
tion. The spring should be adjusted so that
the contact closes with approximately 1.0 volt
and 5 amperes at maximum torque.

A small lever arm extending to the front on the
bottom of the unit and the plugs accessible through
the molded cover control the magnetic bias of the
electromagnet. The lever should be adjusted so that
the unit will operate with 40 amperes and 0.2 volt
at the maximum torque angle. Before or after this
adjustment, short the voltage coils and check to ir-
sure that the contacts do not close on 60 amperes
momentarily applied. Raising the right-hand plug
under these conditions will produce torque to the
right when considering the front moving contact.
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The unit can be adjusted to just remain open under
these conditions or adjusted to operate with 75
amperes and 0.2 to 0.4 volt at the maximum torque
angle.

CONTACTOR SWITCH (SEAL-IN SWITCH) CS

Adjust the stationary core of the switch for
clearance between the stationary core and the
moving core of .025 inch when the switch is
picked up. This can be done by disconnecting
the switch, turning it up-side-down and screw-
ing up the coresscrew until the contact just
separates. Then back off the core screws ap-
proximately one turn and lock in place. This
prevents the moving core from striking and
sticking to the stationary core because of re-
sidual magnetism. Adjust the contact clearance
for 3/32 inch by means of the two small nuts
on either side of the Micarta disc. The switch
should pick up at 1.0 ampere direct current.
Test for sticking after passing 30 amperes di-
rect current through the coil.

CONTACTOR SWITCH CSA

The adjustments are the same as for the
seal-in contactor switch "CS" except that the€
contact clearance should be 1/32 inch. &or
125 volt d-c relays, apply 80 volts d-c to
Nos. 16 and 17 terminals. Similarly for#250
volt d-c relays, apply 160 volts d-c to Nos. /16
and 17 terminals. See that the switeh®™picks
up and closes its contacts positively \when jthe
contact of the third impedance uni4€)is®made.
The switch coil is continuously rated.

CONTACTOR SWITCHES CS-1 AND=CS=2

The adjustments are thel'same as for the
seal-in contactor switch™@S except that the
contact separation should#be)1/32 inch. For
125 volt d-c relays, applyw60 volts dc posi-
tive to Nos. 10 and 17 temminals and negative
to Nos. 14 and 16, terminals. Similarly for 250
volt d-c relays, ‘usefa test voltage of 120
volts d-c. See that switch CS-1 picks up and
closes its contact positively when the direc-
tional and Z-2 impedance unit contacts are
made. See‘that CS-2 picks up and closes its
contacts when\the directional unit and Z-3 im-
pedancenpunit contacts are made. These switch
coils are intermittently rated, and therefore
care, should be exercised so as not to over-
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heat the coils.

OPERATION INDICATOR

Adjust the indicator to operate at 1.0 am-
pere direct current gradually applied. Test
for sticking after passing 30 amperes direct
current through the coil.

SYNCHRONOUS TIMER

When testing the synchronéus,timer, complete
the transformer circuit by a/jumper around the
contacts on the contactor, switch CS-1 or CS-2
rather than operatinggthe switch on d~c. Test
the motor with 3.5 amperesgthrough the current
circuit of the relay.9, This is the minimum
current at which it“will run in synchronism.

TIMING TESTS,

The d-c trip eircuit should be loaded with a
resistorn, tomdraw approximately 5 amperes and
an auxiliany relay should be used to operate
the @imergcircuit if time tests are to be
takems,, There is a slight vibration of the
beamy,and contacts because of the pulsating
pull on the current side of the instantaneous
undt. This vibration may prevent positive
stopping of the timing device unless an auxil-
iary type MG relay is used. The loading re-
sistor will cause the contactor switch to
seal-in and simulates the actual service con-
dition when a circuit breakeris to be tripped.
This type of circuit is also necessary when
timing T-2 or T-3.

CAUTION Make certain that the stops on the
rear and front of each beam are absolutely
clean otherwise the impedance at which the
beam trips may be affected, particularly at
low voltages. The stop can be easily cleaned
by drawing a piece of clean white paper be-
tween the beam and the stop while the beam is
firmly pressed down.

RENEWAL PARTS

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

e
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ENERGY REQUIREMENTS O

Typical burden data of the various circuits
are as follows:

Potential Circuits at 120 Volts, 60 Cycles

Circuit V.A.  P.F.Angle ¢

All Impedance Circuits %
Displacement angle 90° 7. 48° lag \
6

Displacement angle 60°

Directional unit 6.6 19

° le
Potential Circuits at 120 Volts, 50 Cycle
Circuit _V_A~ ﬁ a___
All Impedance Circuits
Displacement Angle 90° 6.5 lag
. 0

Displacement Angle 60° lag
Directional Unit

Current Circuit

Circuit Am

Impedance Circuit
T = 45, S =1.8

Zp= 15 As 9 g6 36.0 50° lag
T = 13.5, 4
Zg= 0. .1 8.66 17.0 50° lag

Directional Unit 5 2.0 50° lag
+The bu f the current circuits, at 50
cycl slightly less than the above
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Fig. 9 Outline and Drilling Plan of the Type HZM Relay in the Type FT42 Case.
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