INSTALLATION

Il 41-412.1K
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE HZM DISTANCE RELAY
(WITH ANGULAR DISPLACEMENT 60° TO 90°)

CAUTION Before putting protective relays in-
to service, remove all blocking inserted for
the purpose of securing the parts during ship-
ment. Make sure that all moving parts operate
freely. Inspect the contacts to see that they
are clean and close properly, and operate the
relay to check the settings and electrical

connections.

APPLICATION

The type HZM relay is a three element high
speed relay of the modified zoned distance
type operating instantaneously or with a time
delay depending upon the 1location of the
fault. The relay is used for phase fault pro-
tectlon on transmission systems and is
designed to be used indpendently or in the
high speed carrier relaying system.

The type HZM relay measures the impedaﬁce of
the line to which it is connected by measuring
the ratio of the current and voltage supplied

to 1it. The impedance characteristics may be
adjusted and modified so that tripping at the
faulted 1line angle 1is favored to permit

tripping on fault impedances when 1t 1s desir-
able to do so while preventing tripping out on
synchronous surges of such magnitude that the
system will recover, even though the apparent
impedance during such surges ls conslderably
below that of the fault ilmpedance. In the
same manner tripping under heavy load condi-
tions may be prevented, especlially on the
longer transmission lines, when the load im-
pedance and the fault impedance are of the
same magnitude. The type HZM relay ac-
complishes this by combining a distance re-
sponse characteristic with a directional dis-
crimination which can be regulated and ad-
justed Dboth in magnitude and angle. The
directional discrimination is adjusted to pro-
duce a high sensitivity at the fault impedance
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¥ Denotes change from superseded issue.

phase angle but a minimum sensitivity at the
load impedance phase angle and at the syn-
chronous surge Ilmpedance phase angles from
which the system can recover. Therefore this
relay with its adjustable characteristics can
be set to fit the particular conditions of the
line to be protected.

CONSTRUCTION

The type HZM relay contains three impedance
elements, a synchronous timer, a directional
element, four auxiliary contactor switches and
three operation 1indicators, one for each im-
pedance zone. In addition there is an ex-~
ternal box with a phdse shifter and mixing
transformer for each impedance element.

Impedance Element

Construction detalls of these three elements
are ildentical and are shown in Fig. 1. A bal-
anced beam 1s restralned from operating by two
voltage coils on the back end, and is pulled
downward on the front contact end by a current
coil. The fluxes of these two potential coils
are shifted out of phase so that practically a
constant balance can be obtained regardless of
the phase angle between the current and volt-
age fluxes. A tap screw on the front of the
element permits changling the number of turns
on the current coll for coarse adjustments and
a core screw on the bottom of the element
changes the current coll electromagnet alr gap
for the fine adjustment. These two adjust-
ments provide stepless impedance circle radlus
settings over the one ohm to ten ohms impe-

dance range.

The silver moving contact is of the low-
bounce type while a beam shock absorber 1is
mounted on each of the impedance element beams
to reduce the vibration of the moving element

and to act as a counterweight.

EFFECTIVE MAY 1954
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Fig. 1—Sectional View of the Impedance Elements.

Synchronous Timer lever are mounted on the frame. The electro-
magnet has two serles connected voltage colls

The timer 1s a small synchronous motor which mounted diametrically opposite one another and

operates from the current circuit thru a satu- two serles connected current coils mounted
rating transformer, and drilves a moving con- diametrically opposite one another. The
tact arm thru a gear train. The contact on moving element consist of a spring and contact
the moving arm is a cylindrical sllver sleeve, arm assembly and a double aluminum loop mount-
loosely fitted on the moving arm. In making ed on a shaft which has end jewels for the top
contact, this sleeve 1rolls across two verti- and bottom bearings. This shaft rides between

cally projecting stationary butt contacts to the bottom steel bearing pin mounted in the
bridge the gap between them. Two sets of frame and a similar pin in the bridge that

statlionary contacts are mounted on Micarta mounts on the two longer studs of the electro-
insulating blocks which are adjustable around magnet. The spring adjuster seats on the
a seml-circular calibrated guide. The maxinum molded cover and 1s attached to the contact
time setting of the timer is three seconds. through a spiral spring. The moving contact
1s made of two thin-walled silver shells prac-

The synchronous motor has a floating rotor fically filled with tungsten powder and mount-
which 1s in mesh with the gear traln only when ed back to back on a thin leaf spring. The
energized. The rotor falls out instantly when stationary silver contacts are mounted on the
the motor is deenergized, allowing a spring to molded cover. The electrical connection 1s
reset the moving arm. made from the statlonary contact to the moving

contact, through the spiral spring and spring
Directional Element ' adjuster to the spring adjuster clamp.

Auxiliary Contactor Switches

The directional element 1s made up of filve These are sméll solenoid-type d-c switches.
basic parts: the die~cast aluminum frame, the A cylindrical plunger with a silver disc
moving element assembly, and the bridge and mounted on its lower end moves In the core of
upper bearing pin assembly. The lower bearing the solenold. As the plunger travels upwards,
pin, the adjustable stops for the moving ele- the dlsc bridges three silver stationary con-
ment and the magnetic core with 1ts adjustment tacts.

S
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Operation Indicator

The operation indicator 1s a small solenold
coll connected in the trip circult. When the
coll is energized, a spring-restrailned arma-
releases the white target which falls by
indicate completion of the trip

The indicator 1s reset from outside

ture
gravity to
circuit.

of the case by a push

rod in a cover or

cover stud.

Auxiliary Box

The type HZIM
identical phase shifting and transformer units
connected so as to modify the characteristics
elements. All the

auxillary box contalns nine

of nine relay impedance

units function Iindependently so that the
characteristics of each impedance element may
be modified independently of the other im-

pedance elements.

The addition of an external modifying auxl-
liary box makes it posslble to displace the
impedance circle of the im-
pedance element as plotted on "R" and "X" co-

characteristic

from a circle with the center at
with the center dis-
center of the
impedance circle may be angularly displaced
60° to 90° in current lag angle and the center

ordinates,
the origin to a circle

placed from the origin. The

may be displaced in magnitude by the settings

of the taps on the auxiliary box.

OPERATION

The type HZM distance relay 1s deslgned to
provide a modifiled
that glves lmproved
mission lines. The
units, the conventional impedance relay and &an

operating characteristic
protection to long trans-
of two

relay consists

auxlliary box.

The impedance relay measures the lmpedance
of the 1line to which 1t 1is conngcted by
measuring the ratlo of the current and voltage
supplied to it. The relay is connected to re-
ceilve a current and
those exlsting on the high-tension llne.
Fig. 5,
current, I, will flow from the relay location
to the fault. With
the fault, the voltage atthe relay must be

voltage proportional to
With
a fault in zone 1, a given amount of

zero voltage exlsting at
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Fig. 2—Internal Schemadtic of the Type HZM Relay with HL-2
Directional Element in the Type FT Case. Omit Test Switches
for the Relay in the Standard Case.

equal to the drop in the line due to the
rent, I, or equal to IZ where Z is the

cur-
imped-~-
ance to neutral of the line from the relsy to
the point of fault. The ratio of the two
values is IZ/I = Z. Thus, the ratio is
stant for any value of current as the

con-
voltage
on the relay is equal to the current times the
Therefore, if the first 1im-
pedance element of the type HZIM

line 1mpedance.
relay 1s ad-
justed by the core screw and taps on the cur-
rent coil for a value of current such that the
pull of the current coil 1s just equal to the
potentlal restraint for a fault at the end of

in Fig. 5, the beam will be
fault at that point for any value of
current. Now, 1f the fault occurs to the
right of this balance point, the beam will not
trip as the voltage pull 1s the greater due

zone 1 balanced

for a

to a larger amount of Impedance and corres-
pondingly larger potential restraint than the
beam 1s balanced for. The second I1mpedance
element is adjusted to balance for a fault at
the end of zone 2, and, therefore operates for

Likewise,

3

faults anywhere up to thls point.
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Fig. 3-Internal Schematic of the Nine Element Auxiliary
Unit for the Type HZM Relay.

the +third impedance
balance for a fault at the
operates for faults 1n all three zones.

element 1s adjusted to
end of zone 3 and

The type HZM relay 1s a modifled impedance
relay that is identical to the
balanced beam impedance relay except that the
restraint 1s produced by the potential and the
current 1instead of by potential alone. The
mixing of the current and the potential energy
external

conventional

to produce restraint torque 1s done
to the and the resultant energy is fed

into potentlal colls of the beam impedance

relay

element.

In the directional element, torque 1s pro-
duced by the interaction of
which develop forces on the two

current and vol-

tages fluxes

aluminum loops. The resulting torque is sub-

stantlally free of vibratlions, because the

double-frequency torques that are produced on
the two loops are equal and opposite in sign.
of the element 1s such

The magnetic design

that the maximum torque occurs when the cur-
rent leads the voltage 35 to 40 degrees. Thi§
1s the condltion at which the

current 90° apart.

voltage and
The flux 1n
each pole face 18 lagged on the outside edges.

fluxes are
This produces a torque that counter-balances
the centering torque, caused by the small
power factor angle of the moving element. The
adjustable blas which 1s bullt into

the core distribution of the

4

magnetic
controls the
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Fig. 4 .Operating Characteristics cnd Ranges of the Type
HZM Relay.

fluxes so that the
element may be shifted to give

electrical center of the
optimum opera-
ting conditions.

The trip circult for each of the three zones
third im-
pedance element is connected so that its char-
acteristics are similar to those of the first
and second impedance elements or 1ts charac-
terlistic 1s directionally reversed, which 1s
done usually in carrier applications.

differs depending upon whether the

With the normal third
trip circults for the
the followilng
tional, and first impedance element contacts;
second impedance,
Third zone -

impedance element,

three zones consist of
contacts: Flrst zone - direc-
Second Zone - directional,
and f1lrst set of timer contacts;

second set of timer contacts.

The coll of contactor switch CS 1s in series
with all of the tripping circuits and with the
trip coll of the breaker. If the type HZM
relays are used without carrier the contactor
swltch contacts seal around the relay contacts
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TYPE HZM RELAY

WITH CARRIER

WITHOUT CARRIER
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Fig. 5 Typical Settings of the Type HZM Relay in Terms of
Line Length.

when the trip circuit coll 1s energlzed there-
by relieving them of the duty of carrying the
tripping current (Fig. 8).
mailn closed until the
by the auxiliary switch on

These contacts re-
trip circuilt 1s opened
the breaker.

CHARACTERISTICS

The modified characteristic is shown 1n Fig.
4. A pure impedance element characteristic
plotted on the "r" and "X"
circle with the at the origin. The
type HZM relay 1s so designed that it 1is posi-
sible to displace the center of any lmpedance

circle from the axls over an angle from 60° to

coordinates is a
center

90° current lag.

There are three varlables that can be con-
trolled to fit the transmission llne protec-
tion requirements making the modifiéd

dance relay very flexible 1n its applications.

impe -

1. The of the 1mpedance circle on

the "R" and "X" coordinates is entirely deter-

radius

mined by the tap (T) and core screw (38) set-

tings of the impedance element.
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Fig. 6 _-Adjustment Curve for the Angular Displacement of
the Operating Circle Center by Varying Auxiliary
Box Internal Resistor.

2. The
center of the impedance circle from the origin
is determined by the
transformer primary tap. (Zg + A).

magnitude of displacement of the

auxiliary box current

of displacement of the impe-
varied from 60° to 90°
angle

3. The angle
dance clilrcle can be
current lag by the auxiliary box phase

adjustment (8).

The type HZM relay is available in one Iimpe-
dance range 1.00 to 10.0 ohms impedance clrcle
radius (T3) with .37 to 9.0 ohm impedance
circle center displacement (Z_ + A)
to 90° current lag (f).
A1l three impedance elements are identical and

over a

phase angle from 60°

hence have the same range of adjustment. The

tap and scale marking on the relay elements
(A11

in secondary ohms).

are as follows: impedances are 1n terms
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Impedance Elements (1.0 to 10.0 Ohms)

Radius of Impedance Circle

TAPS (T)

6.2 9.4 13.5 20.8 29.8 §5.

Core Screw Markings (S)

1.4 1.6 1.8 2.0 2.2

Auxiliary Box

Displacement of 1lmpedance circle.

Coarse Chm Taps (ZR)

0.0 1.9 3.7 5.6 7.5

Fine Ohm Taps (A)

0.0 37 .75 1.1 1.5

3. Phase Angle Displacement (@)
60° to 90° Current Lag

The Phase Angle of Displacment 1s normally
set at 75° unless otherwise specified.

The time delay on the synchronous timer for
the second and third impedance elements 1s ad-
justable In calibrated steps of 20 cycles from
0 to 180 cycles (60 cycle basis).

Minimum Voltage Requirement

The minimum length of line to which the type

HZM relay can be applied must be long enough
100 (zR + A)
volts on

to produce at least

10 +
TS

the relay when a short circult exists at the
balance polnt and minimum short-circult cur-
rent is flowing. If the voltage becomes much
less than this value the

small to assure fast and positive action.

forces become tao

SETTINGS

The type HZM relay requires a setting for
each of the
the synchronous

three lmpedance elements and on
timer for Second and Third

Zone time.

Z = line-to-neutral ohmic
from the

impedance of the
protected line relay to the desired
balance point in terms of primary ohms.

For the First Element 70 to 80% of the
tected section.

pro-

For the Second Element Approx. 50% 1into the
adjacent section.

For the Third Element Approx. 25% into the

third line
(without carrier).

sectlion

When carrier 1s used, see the following sec-
tion entitled "HZM Carrier Setting of Z3".

When the balance
mined, the phase angle and magnitude of the
minimum load ohms and the
magnitude of the minimum synchronizing surge
ohms from which the system can recover should
he determined or estimated to complete the

impedance has been deter-

phase angle and

analysis.

It will expedite the application by plotting
the transmission line characteristics on "R"
and "X" operating
should then be drawn of a dlameter and loca-

tion to fulfill the following condltions:

coordinates. An circle

1. The cilrcle nmust pass tﬁrough the point

of the vector Z and must completely enclose

the vector Z.

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.

of the center
60° to 90° cur-

3. The angular displacement
of the clrcle must be within
rent lagging phase angle.

After the operating circle for relay action
1t 1s necessary to
match this cir-

has been obtained,
the relay characteristlcs to

ad just

cle.

in ohms should be
element set in ac-

The radius of the circle
measured and the lmpedance
cordance using the formula:
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T = The impedance element current tap value.

S = The 1mpedance element current core screw
value. The values appear as a serles of
dots on the drum of the lower core screw
adjusting knob.

Z = Radlus of asg determined in the

preceding paragraphs, 1n ohms primary.

cirecle,

R = The current transformer ratio.

R = The potential transformer ratlo.

The tap, T, 1s obtained by dividing the TS
produce by S to glve an avallable tap number.
When changing taps with the relay energlzed,
the extra tap screw should be screwed 1n the
desired tap before removing the exlsting tap
acrew to prevent open circulting the current

transformers.

The numbers on the core screw appear 1n as-
cending order as the core screw 1s screwed
into the core. In some cases, a question of
doubt may arise whether the scale setting 1s
correct, or is out by one full turn of the
core ScCrew. In such a case, the polnt may be
verified by turning the core screw all the way
in. Then back out the core
highest scale marking just comes under the end
of the pointer. This will occur in approxi-

Then turn

screw until the

mately one turn. to correct set-
Sufficiently accurate setting can be

marked

ting.
made by Interpolating Dbetween the
points when necessary.

From the operating circle, previously con-
structed, measure the dilsplacement of the
center of the circle from the intersectlion of
the "R" and "X" axis in magnitude andrangle.

The auxiliary box should be set in accor-
dance with the formula:

(#) = Angular displacment of center of

operating circle. This setting is
made by varying the resistance of the
resistor located as shown in Fig. 3 in
accordance with
obtain the

desired.

the auxiliary box. in
the curve of Fig. #6a to
displacement of angle (&)

The phase angle of displacement is
normally set at 75° unless otherwise
specifiled.
where
ZR = Auxiliary box tap value.
A = Auxiliary box tap value.
ZD = Displacement of the center of the
operating circle in ohms primary.
K = Constant determined from curve Fig.
#6b.
R = The current transformer ratio.
c
R = The potentlal transformer ratio.
v

When changing the Z_ or A tap with the relay
energized, the current terminals of the
liary box should be shorted before unscrewlng
the tap screw to prevent open circulting the

transformers.

auxi-

sufficiently ac-
Where 1t 1is
point more ac-

The formula settings are
curate for most installations.
desired to set the
curately the tap and
checked by applying to the relay and the auxi-

and phase

balance

scale values may be

liary box, the current,
angle conditions which will be impressed on it
for a fault at the desired balance point. A
slight change 1in the scale or In the
auxiliary box setting from that calculated may
be réquired so that the relay will just trip
for the simulated fault at the balance point.

voltage,

value

As an example of the formula setting, set
the first 1impedance element to protect a 78°,
110 KV, 60 eycle 1line, 143 miles long. The
line-to-neutral impedance is .79 ohm per mile.
ratio 1s 600/5, and
the potential transformer ratio 1s 1000/1.-
The‘first element 1s to protect 80% of the
line section or for a balance point .80 x 143
X .79 = 90 ohms. The

The current transformer

phase angle and the
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X MINIMUM FAULT (MINIMUM OHMS = 90. . (28)
FOR WHICH ELEMENT MUST OPERATE

Z  7,(FIRST IMPEDANCE. ZONE
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Fig. 7 _Transmission Line and Relay Characteristics Plotted
on R and X Coordinates in Primary Ohms.

magnitude of the minimum synchronizing
ohms from which the system can recover

be determined.

surge
should

Plot the transmission 1line characteristics
on "R" and "X" coordinates as shown in Fig. 7.
An operating circle should then be drawn of a
fulfill the condi-

dlameter and 1location to

tions previously stated.

of the circle in ohms should be
element set 1n ac-

The vradius
measured and the Impedance
cordance using the formula:

10 x 58.0 x 600/5
1000/1

TS = = 69.6

T will be set on 45 (Relay Tap Setting)
S will be set on 1.55 (Relay Core Setting)

The lag angle of the center of the
should be measured and the

circle
internal phase
angle adjustment

be set to this

on the auxiliary box should

angle by adjusting the resis-

tance of the internal resistors (see Fig. 3)
in accordance with the curve in Fig. 6a. From

Fig. 7 the angle 1s found to be 78° therefore

the internal resistors mounted on terminals

#7, #10, and #13, should be 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"
axls 1s a separate adjustment that 1s made on
the auxlliary box. This distance,
in ohms I1mpedance, should bDe
Fig. 7 and the auxillary box set 1n accordance

using the formula:

expressed
measured from

Z R
D c
Z + A =
R RK
v
2 600
Z_+ 58 x /5 = 3.69 ohms

A= —— — ~ 77
R 1000/1 x 1.04

ZR should be set on 3.7 ohms
A should be set on O ohm

The setting for the and third 1im-
pedance element is obtalned in the same manner
as the
pedance element.

second

preceding example for the first 1m-

HZM Carrier Settlng of Z3

When the type HZM relay is used wilth car-
rier, the third zone element nust operate in a
from Z1 and Z2 whenever the

characteristic 1is used.

reverse direction
modified distance
This is done to assure proper carrier blocking
for external faults 1n the adjacent line sec-
tion with a setting of Z3 which will not pick
up on load or surge ohms.

The method of arriving at the proper setting
is shown in Fig. 5 which also shows the normal
settings of Z1l, Z2, and 23 when used without
When the HZM relay 1s used with car-

ohmic reéach of Z3 at station A in

carrier.
rier, the
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the direction away from line AB should be
than the reach of Z2 (from station B)
past the local station bus (at A).
fault in the zone Ab which picks up Z2 at B
will up Z3 at station A to block
tripping at B. The =zone ab is for a safety
factor to 1insure that carrier will always be
at A before carrier tripping can be
at B. For this service, Z3 should be
set to reach out of the line 50% farther than
the reach of 72 (at B) past the station A Bus.
In Fig. 5, this means Aa should be 150% of Ab.
The reach of 23 into the line section AB as
shown 1is not critical.

greater

Thus any

also pick

started
set up

The dotted connection between CS-1 contact
and secondary of timer current transformer
(Fig. 2) 1indicates the internal connectlon

Z3 1s used with a re-
characteristic. The timer 1is
the second or third element and 1s
Dual control of the
used

changes necessary when
versed started
by either
directionally controlled.
timer is required when the third zone 1is

with a modified characteristic.

relay with the third zone
in a reverse dlrection 1s

When the type HZM
element operating
used, it 1s necessary that the polarity of the
transformers in the auxlliary unit whose out-
put i1s supply to the third impedance
element be reversed. Normally, if the type
HZM relays are specified for operation with
carrier, thls polarity reversal of the third
zone modifying transformers wlll be made at
the factory. If any doubt exists as to polar-
ity, a check may be made as specifled wunder
"Ad justments and Maintenance , Calibrations ol
Impedance Elements". If it 1s desired, at any
time, to reverse the polarity of the third
zone modifying transformers, it 1s only nec-
reverse the two leads to ZR

zone

cessary to center

taps of Z3 inside the auxlliary unit.

The time delay on the synchronous timer is
set to coordinate with the relays backed up by
the second and third impedance element. The
setting 1s made by loosening the screws which
assembly and moving the

desired position as

clamp the contact
complete assembly to the

indicated by the scale.

On 1lines where taps or parallel feeders

supply fault power to the adjacent sectlons
the apparent Impedance to the relay backing up
the adjacent section 1s greater than the
The reason for this is that
additional

supplied by the other feeders,

actual impedance.
the relay does not measure the
fault
but at the same

crease the voltage drop from the fault to the

current
time, this current does in-
relay. Thils Increases the apparent impedance
to the adjacent section by the ratio of the
The ef-

is to

of the second and

total current to the relay current.

fect on the relay 1mpedance elements
back up the balance point
third impedance elements. In order to extend

the range of back-up protection wunder these
conditions, the second elements can be set for
150% normally
time

section relay second

a balance point farther than
recommended, provided 1t is
select with the adjacent
element . Simllarly, the third element can be
set farther than if 1t 1is
select with the second and third elements of
the adjacent relay which it overlaps.

made to

normal made to

INSTALLATION

The relays should be mounted on switchboard
panels or thelr equivalent in a location free
from dirt,
heat.
the two

and the type FT projection case or by means of

molsture, excessive vibration and
Mount the relay vertically by means of

mounting studs for the standard cases

the four mounting holes on the flange for the
semi-flush type FT Eilther of the studs
or the utllized for
electrical

case.

mounting screws may be

grounding the relay. The con-
nections may be made dlirect to the terminals
by means of screws for steel panel mounting or
to terminal studs furnlished with the relay for
ebony-asbestos or slate panel mounting. The
may be easlly removed or in-

nuts on the studs and

termiual studs
serted by locking two
then turning the proper nut wlth a wrench.

CONNECTIONS

Impedance Elements

The 1mpedance to the balance polnt is
measured from the point where the potentilal
transformers are connected to the protected

9
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line.
relays should receive potential from potentlal

For protecting transmission lines, the

transformers connected directly to the line at
the point from which the impedance 1s to 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. In thils case the
relays may be set thru the bank to protect the
line only 1if the bank 1mpedance is not too
large as compared with the line 1mpedance. If
the bank impedance 1s too large in comparison
with the line impedance, the 70 or 80% setting
of the first

smell percentage of the transmission line or

element may cover only a very
in some cases not
tion. For the same
third elements will
back-up protection

cover any of the line sec-
reason the second and
offer considerably less
over the adjacent lines.
In order to use the potential transformers on
the bus side of the bank under thls condition,
Type KX used and the impe-

dance measured from the line side of the bank

compensators are

to the balance points. The type KX compensa-
tors operate from the current transformers and
provide voltage compensation equivalent to the

drop in the power bank.

The above discussion assumes that power 1s
fed thru the bank to faults line.
Where & power transformer connects to a high
tensilon transmission line and does not supply
power to the 1line fault, low-tension potentlal

on the

transformers may be used without compensatlon.
Then, the impedance to the balance point 1s
measured from the point where the power bank

connects to the protected line.

The conventional star connection of current
transformers is not satisfactory where ac-
curate distance relay protection 1s desired.
With this coqgsction the balance poilnts of the
elements shift about 15% depending,

whether a phase-to-phase, a three phase,

Impedance
upon
or a
That 1s, 1f the 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 plus or minus 15% of the 80%
the ratio of the zero

double-line-to~-ground fault is involved.
balance

setting, depending upon

10

sequence 1impedance to the
impedance of the

power to the fault.

negative sequence
system from the source of
This error can be entire-
ly eliminated by making use of the vector dif-
ference between the line current; i.e., delta

currents, for actuating the relay.

The most
main current transformer 1n star and use a set
of suxiliary 5/5
delta
shown in Figure 8.

common method 1s to connect the
ratio transformers to supply

currents to the i1impedance element as

The delta voltages used on the 'impedance
elements of the relays should be 1n phase with
the delta current, at unity power factor.

Directional Element

The magnetlic design of the element is such
current
Thus,

colls should be con-

that maximum torque occurs when the
leads the voltage by 35 to 40 degrees.
the directional

nected to

element
receive current that leads the vol-
tage by 90 degrees when the line power factor
is 100 percent. This will result in operation
at approximately the maximum torque angle for

transmission line faults.

Trip Circult

switch operates on a minimum
should

in order to re-
of the switch

poslitive oper-

The contactor
of 1.0 ampere, but the trip clrcuit
draw at least 4 or 5 amperes
duce the time of the operation
to a minimum and provide more
If the type HZM relay 1s used to trip

provision

ation.
an auxillary multi-contact relay,
for loading down the trip cir-
cult with a resistor 1in parallel with the
operating colls of the auxiliary relay. Also,
since the total trip circult resistance 1n the
relay 1s approximately 1.0 ohm, care must be

that the breaker trip coil will

should be made

taken to see

recelve enough current when low voltage con-
trol 1s used.

The main contact on the I1mpedance elements
and directional element will safely close 30
amperes at 250 volt d-c., and the switch con-
tacts will safely carry this current long

enough to trip a breaker.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to 1insure correct

operation of this relay have been made at the
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factory and should not be disturbed after re-

_celpt by the customer. If the adjustments

have been changed, the relay taken apart for
repairs, or if it 1s desired to check the ad-
justments at regular maintenance periods, the
instructions below should be followed.

All contacts should be periodically cleaned
wlth a fine fille S#1002110 file 1s recommended
for this purpose. The wuse of abrasive mater-
1al for cleaning contacts 1s not recommended,
because of the danger of embedding small part-
icles in the face of the soft silver and thus
impalring the contacts.

Impedance Elements

The voltage circuit on the impedance ele-
ments is designed to have a comparatively flat
phase angle curve. This is accomplished by
energizing the two colls with currents that
are essentlal equal and 90° out of phase. The
gaps as shown in Figure 1 are nominal dimen-
sions which yileld equal restraints from the
two coils. The actual gaps on any particular
relay may vary a few thousandths from these
values.

If the voltage circults have been disassem-
bled, the gaps referred to in Flgure 1 provide
a nominal starting point for calibration. This
1s 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 1n the reset position, i.e., with the
stop screw agalnst the stop, adjust the vertl-
cal gap for .010 inch between the adjustable
iron and the beam. Care should be taken 1n
thls adjustment to keep the gap the same on
both sides. Also, with the beam in the same
position, adjust the gap between the front end
of the beam and the stop in the upper core
screw to .020 inch.

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

The first and second impedance element beams
should be balanced as follows. Connect the
relay with polarities as shown 1n the test
diagram, Figure 9. Set the auxlliary box tap
Zg and A on zero and # on any setting. With
any tap and scale setting, check the impedance

measured by the relay with 60 volts potential
restraint. Apply 10 volts restraint and ad-
just the balance welght on the beam until the
beam Just trips with 1/6 of the current re-
quired to trip with 60 volts restraint. The
current should be suddenly applied.

The third i1mpedance element beam should be
balanced by adJusting the balance welght so
that 1n the de-energlzed condition, the beam
will reset, thus leaving 1ts contact open. Do
not introduce excessive resetting torque, but
only enough to reset the element.

The stationary contact should be adjJusted
for a .020 inch gap when the beam is 1n the
reset position. When the beam is 1n the oper-
ated position there should be a .015 .inch de-
flection of the moving contact. The spring
that carries the moving contact should lie
flat on the Micarta arm with no initlal ten-
sion on the contact. The flexible pigtail
should be at least 3/32 inch from the end of
the stationary contact.

Directional Element

The upper bearing screw should be screwed
down until there is only three to four thou-
sandths of an inch clearance between 1t and
the shaft, and then securely locked in posi-
tion with the lock nut. This adjustment can
be made best by carefully screwlng down the
top bearing screw untll the double loop falls
to turn freely and then backing up 1/8 of a
turn. Great care must be taken in making this
adjustment to prevent damage to the bearings.

The front contact spring should be position-
ed in the center of the .020 inch slot of the
aluminum guard by means of the small adjusting
screw located on the nut plate that holds the
spring on the moving element. The travel of
the moving contact 1s limited by the statlon-
ary contacts mounted on the molded cover. The
contact gap should be adjusted as follows:
With the moving contact centered between the
studs, close the contact gaps by advancing the
two front stationary contacts. Then back-off
the right-hand stationary contact .035 inch
and lock both contacts in place. The complete
moving element 1s limited 1in travel by two
stop screws, located on the bottom of the ele-
ment and readily accessible from the front.
These should be adjusted 8o that the moving
contact just touches the stationary contacts

1l
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respectively when energized in the opening and
with 120 volts and 5.0
amperes at maximum torque. The right-hand
stationary contact should be turned 1/6th of a
turn to obtain .005 inch contact follow. Too
much follow should be avoided to 1nsure proper

closing directions

coordination. The back stationary contact
stops should be adjusted to just touch the
moving contact when energlzed as above. The
spring should be adjusted so that the contacts
close with 1.0 volt and 5 amperes at maximum

torque.

A small lever arm extending to the front on
the bottom of the element
bias in the center of the electromagnet. This
should be adjusted so that the element will

operate with 30 amperes and 0.1 to 0.4 volt at

After this adjust-
ment, short the check to
insure that the contacts do not close on 60

controls a magnetic

the maximum torque angle.

voltage coils and

amperes momentarily applied.

Contactor Switch (Seal-In Switch) CS
AdJust the statlonary core of the swltch for

clearance between the stationary core and the
core of 1/32 inch when the switch is
This can be done by disconnecting

moving
picked up.
the swltch, turning it up-side-down and screw-
ing up the core screw untll the contact Jjust
Then back off the core
turn and 1lock 1in place.
core from striking

separates. screws
approximately one
This prevents the moving
and sticking to the stationary core because of
residual magnetism. Adjust the contact clear-
ance for 3/32 inch by means of the two small
side of the Micarta disc. The

at 1.0 amperes d-c.

nuts on elther
switch should pick up
Test 'for sticking

passed thru the coll.

after 30 amperes d-c are

Contaztor Switch CSA

The adjustments are the same as for the
seal-in contactor switch "CS" except that the
contact separatlion should be 1/32 inch. For
125 volt d-c relays apply 60 volts d-c to Nos.
9 and 10 terminals. Similarly for 250 volt
d-c relays apply 120 volts d-c to NOs. 9 and
10 terminals. See that the
its contacts positively when the

element is
intermittently

switch picks up
and closes
contact of the third impedance
made. The switch coil 1is

12

rated, and therefore care should be exercised
80 as not to overheat the coil.

Contactor Switches CS-1 and CS-2

as for the
contactor switch CS except that the
separation should be 1/32 inch. For
125 volt d-c relays
tive to Nos. 2 and 10 terminals and negative
Similarly for 250
a test voltage of 120
See that switch CS-1 picks up and
contact positively when the dlirec-

The adjustments are the same
seal-in
contact
apply 60 volts d-c posi-

to Nos. 7 and 9 terminals.
volt d~-c relays use
volts d-c.
closes 1ts
tional and Z-2 impedance element contacts are
See that CS-2 picks up and
contacts when the directional element and Z-3
These
intermittenly rated, and

made. closes its

impedance element contacts are made.

swltch colls are

therefore care should be exercised so as not
to overheat the coils.
Operating Indicator

Adjust the indicator to operate at 1.0 am-

pere d-c¢ gradually applied. Test for sticking

after 30 amperes d-c are passed thru the coil.

Synchronous Timer

When testing the synchronous timer, complete
the transformer circuit by a Jumper around the
contacts on the contactor switch CS-1 or CS-2
rather than operating the switch on d-c. Test
the motor with 3.5 amperes thru the
of the This 1s the minimum
current at which it will run 1n synchronism.

current

circult relay.

Timing Tests

Accurate time tests on the lnstantaneous and

directional elements can only be taken with
the aid of an oscillograph or high speed
timer. The cycle counter 1s used only to time

the synchronous timer and in timing the high
speed elements near thelr balance point where

the time may be several cycles.

The d-c trip circuilt should be loaded with
a resistor to draw approximately 5 amperes and
an auxiliary relay should be used to operate
the cycle counter 1f time tests are to be
There is a sllght vibration of the
beam and contacts to the pulsating pull on the
of the

This vibration will prevent positive stopping

taken.

current slde instantaneous element.
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of a cycle counter unless an auxlliary type MG
relay 1s used. The 1loading resistor will

cause the contactor switch to seal-in and
simulates the actual service conditlion when a
circult breaker is to be tripped.

Calibration of Impedance Elements

The auxillary box has been calibrated at the
factory and this calibration should not be
disturbed except to adjust the internal re-
sistor to obtaln the correct phase angle (Z).
If 1t 1s necessary to check the polarity of
the third zone modifying transformers with
respect to the first and second zone modifylng
transformers this may be done as follows: Set
ZR = 7.5 ohms and A = O on all taps. Pass 5.0
amperes in terminal #1 and out of terminal #2
of the auxiliary unit. With a hilgh resistance
voltmeter, at least 1ood ohms per volt measure
voltage from terminal #7 to terminal #9. This
voltage measured should be less than 25 volts
i1f the transformer polarities are the same
Repeat by passing current in terminal #2 and
out terminal #3. Measure voltage across ter-
minal #10 and terminal #12, across terminal
#13 and terminal #15.

If the auxiliary box circle displacement
setting is set on zero, that 1s ZR = 0 and A =
0, then the type HZM relay will have charac-
teristic similar to the type HZ relay and may
be calibrated 1in the same manner as follows.
The current required to operate the impedance
elements agalnst any given voltage 1is obtalned
from the equation:

TSI = 10 E

where TSI 1s the operating force which 1s
equal to T, the current tap setting times S,
the setting of the calibrated core screw,
times I, the current applled to the relay and
10E is the restraining force which 1s equal to
E, the voltage applied to the relay multiplied
by the constant ten. Thus, 1f the setting is
T, 20.8, S = 1.8 and the voltage 1s'60 volts,
then the current required at 60° lagging 1s

1 - 10E _ _10x 60 _
TS 20.8 x 1.8

16 amperes

When calibrating the ilmpedance elements 1t
1s best to do so at a phase angle equal to the

phase angle between current and voltage on the
transmission line to be protected by the re-
lay.

CAUTION Make certaln that the stops on the
rear and front of each beam are absolutely
clean otherwlse the impedance at which the
beam trips may be affected, particularly at
low voltages. The stop can be easily cleaned
by drawing a plece of clean white paper be-
tween the beam and the stop whlle the beam i1s
firmly pressed down.

Also, when checking the impedance elements,
at low voltage, observe the tripping of the
beam instead of an indication in the trip cir-
cult. This will prevent an error in the con-
tact adJustment which might otherwise affect
the beam callbration.

RENEWAL PARTS

Repalr work can be done most satisfactorily
at the factory. However, lnterchangeable parts
can be furnished to the customers who are
equlpped for doing repair work. When ordering
parts, always glve the complete nameplate
data. ’

ENERGY REQUIREMENTS

The 60 cycle burden of the various circuilts
of this relay are as follows:

POTENTIAL CIRCUIT

P.F.
Circuit Volts V.A. Angle

All impedance elements
including external aux-
illary box.

*Displacement angle of 90° 120 7.9 46°lag
*Displacement angle of 60° 120 7.5 30°lag
*¥Directional Element 120 6.0 55°lag

CURRENT CIRCUITS

All impedance elements including external aux-
1liary box and timer.

0 P.F.
21aps Amps. V.A. Angle

T=45, 8=1.8, Zg= 7.5,

A=0.0 8.66 38.0 52° lag

T=13.5, 8= 1.4,ZR=0.0,

A=1.1 8.66 20.0 55° lag

DIRECTIONAL ELEMENT

2.0 50° lag

13



Aojey WZH odA] oui buisf) eur] UOISSIWSUDI], D JO UORIL}0IJ SSDY IO SUOHOLUUO)) [DUIAXT ~§ Bl %

TYPE HZM RELAY

6£LE-9-82

o9V
NQILDIM(J DONIddiil N ¥3IMOd
‘4d % 00l 1y BOLD3IA = —H
1 1
[ (1 o b &
ST AT
Q 3SYHY i e
€z'zzhz L 5 J
€Z2'zz2 D 3svHg .
Q 3SVHY =
T
umuj 5 ®# e
o .N:D .@ . M M M
D 3svHd
g YT
< = G
S | —.:z: XAy _zNz— ¢
€z'z2"z a3 ]

NOILLIMG INIddId) ———————

NOILDIBIQ DNIdDIBL €7 GASHIAIN @~ — — oo — o —

v 3svHg ﬁl
— T "
S.MS 1S3L LWQ 3ISYD A4S ¥O04
MIIA WVIY -
iand A Tt losz szo oy 9204 515
L =3 - - ] O
%j»%‘jlﬁ hogs Mub otz “M+ AMVIIIXNY
o g §% 9 20 3 it
—_— M E— — -
si*g kS (G4 %57 ! ouw. Awr_ i’y
o1l g # 2
—1 — b O_QJ 10b O_Q.J
— r—oe |0 p—t-oL L)
-Os 309 oS 90+
l-oe O o vo
1 201 adl z04
B - WZH O-WzZH _1@1
A : .01_
53N
-50d
> -
K} t
ﬂ T
s e
2 T < ,
v &
D '8’V NOILLVION 3SVHJ sng NOWVLS

14



TYPE HZM RELAY

1L 414120 K

3 PHASE - 115 VOLT PHASE ROTATION A,8,C
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Fig. 9— Diagram of Test Connections for the Type HZM Relay.
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Fig. 10— Outline and Drilling Plan for the Nine Element Auxiliary Unit. For Reference Only.
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For Reference Only.

Vo 136,25 1D FOR
PANEL LOCATION FOR K PANEL MTG.
PROJECTION TYPE MTG.
\ﬂ\’ﬂ eRTERN - [ 2 .| cuT QuUT FOR
) Lo,s SCHEMATIC FOR | [¢ o 8 SEMI-FLUSH
- 5 N R A I SR
Q i % N SRR SR
| iR
: 3 CUT OUT FOR
LN i PROJECTION
, N e MTG.ONTHIN
! T A PANELS.
IS A Y
‘ i st | S l P
l . - Al 9%
! [ 8
16? by /
| LT
. \ ——1 | I S 4 %
: o s
125 ‘ 1 ’ | ’_[VB" 5dl —+,
3 ‘ I(E‘-‘ A
| \ s & et
: ) ]‘EV‘ ¢ | I A ok
I | 8% | &% ke | <ot / *
ok l 1 i H ek
T
O\”——) b—| ‘E' ik vy {I Y — P !l
O ﬁu 190-82 MTG.SC. |} VAR > \K
o b — — 4 3+ iom.uoms FOR
ok k24 EMUFLUSH TYPE
e STUDS FOR PROJ. [ MTG(4 HOLES)
TPEMIG.doia. [ %
HOLE (2 REQ)
PANEL LOCATION FOR
SEMI FLUSH TYPE MTG 24 wiTH Sere % -8 MTG. STUD(R REQ)
21 WITH STUD 16-B-2478

Fig. 12_ Outline and Drilling Plan for the M20 Projection or Sexpi-Flush Type FT Case. See the Internal Schematic for The
Terminals Supplied For Reierence Only.

WESTINGHOUSE ELECTRIC CORPORATION

METER DIVISION

NEWARK, N.J.

Printed in U.S.A.



