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INSTALLATION o

I L. 41-471
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

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

CAUTION Before putting protective relays into
service, remove all blocklng 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-element high-
speed relay of the modified zoned distance
type operating instantaneously or with a time
delay depending upon the location of the
fault. The relay is used for phase fault pro-
tection on transmission systems and is de-
signed to be used independently or in the high
speed carrier relaying system.

The type HZM relay measures the impedance
of the 1line to which 1t 1is 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 1line angle is favored. Thus
tripping can be prevented on synchronizing
surges of such magnitude that the system will
recover, even though the apparent impedance
during such surges in considerably below that
of the fault 1impedance. In the same manner
tripping under heavy load conditions may be
prevented, especlally on the longer trans-
mission lines, when the load impedance and the
fault impedance are of the same magnitude.
The type HZM relay accomplishes this by com-
bining a distance response characteristic with
a directional discrimination which can be
regulated and adjusted both in magnitude and
angie. The directional discrimination is ad-
justed to produce a high sensitivity at the
fault impedance phase angle, but a minimum

SUPERSEDES I. L. 41-412, 5A

#*Denotes change from superseded issue.

sensitivity at the load 1mpedance phase angle
and at the synchronizing surge impedance phase
angles from which system can recover. There-
fore this relay with its adjustable character-
istics can be set to fit the partilcular con-
ditions of the line to be protected.

CONSTRUCTION

The type HZM relay contains three lmpedance
elements, three offset transformers with angu-
lar displacement resistors, a synchronous
timer, a directional element, four auxiliary
contact switches and three operation indica-
tors.

Impedance Element

Construction details of these three elements
are identical and are shown in Fig. 1. A
balanced beam is restrained from operating by
two voltage coils on the back end, and 1is
pulled downward on the front contact end by a
current coil. The fluxes of these two poten-
tial colls are shifted out of phase so that
practically a constant balance can be obtained
regardless of the phase angle between the cur-
rent and voltage fluxes. A tap screw on the
front of the element permlits changing the num-
ber of turns on the current coll for coarse
adjustments and a core screw on the bottom of
the element changes the current coll electro-
magnet 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
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Fig. 1—Sectional View of the Impedance Elements.

contact to bounce is reduced
to a minimum. The moving contact is loosely
mounted on the element beam and held in place
construction 1s such

tendency of the

by a leaf spring. The
tth the beam contlnues to move slightly after
the contacts close deflecting the spring which
provides the required contact follow. This
spring should have zero tension on the contact
when the beam is in the reset position.
rent is conducted into the moving contact by
means of a flexible metal ribbon.

Cur-

A thin-walled
mounted near the

cylinder filled with tungsten
powder 1s 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 element contacts.

Synchronous Timer

The timer is a small synchronous motor which
operates from the current circuit thru a satu-
and drives a moving
The contact on

rating transformer, con-
thru

arm 1is a

tact arm a gear train.
tie moving cylindrical
loosely fitted on the moving arm. In
maling contact, this
vertically prcjecting stationary butt contacts

sets of

silver

sleeve.
sleeve rolls across two

to bridge the zap between them. Two
stationary contacts are mounted in Micarta in-
sulating Dblocks which are adjustable around a
semi-circular calibrated guide. The maximum
time settings are 3.0 seconds for the 60 cycle
timer and 3.6 seconds for the 50 cycle timer.

The synchronous motor has a floating rotor
which 1s in mesh with the gear traln only when
energized. The rotor falls out instantly when
the motor 1is deenergized, allowing a spring to
reset the moving arm.

The time delay on the synchronous timer for
the second and third impedance elements 1s ad-

justable from O to 180 cycles (50 or 60 cycle
basis). T-3 must be set beyond T-2 by a mini-~
mum of 25 cycles. ’

Directional Element:

The directional element 1is made up of five

basic parts: the die-cast aluminum frame, the
molded cover assembly, the
and the bridge and

The lower bearing

electromagnet, the
moving element assembly,

upper bearing pin assembly.
pin and the magnetic core with its adjustment

lever are mounted on the frame. The electro-

magnet has two series-connected voltage coils
mounted diametrically opposite one another,

two series-connected current coils mounted

opposite one another and two
accessible through the cover.
The moving consists of a spring and
contact arm assembly and a double aluminum
loop mounted 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 simllar pin in the
bridge that mounts on the two longer studs of
stops for the moving

diametrically
magnetic plugs
element

the electromagnet. The
the cover and are
adjustment of the

adjuster seats on

element are mounted on

easily accessible for the

The spring
and 1s attached to the con-

The moving con-

contact travel.
the molded cover
tact through a spiral spring.
tact is made of two thin-walled
practically filled with tungsten powder and
back on a thin leaf
The stationary silver contacts are mounted on
the molded cover. The electrical
is made from the stationary contact to the
moving contact, through the spiral spring and
spring adjuster to the spring adjuster clamp.
of the such
maximum torque occurs when the cur-

silver shells
mounted back to spring.

connection

The magnetic design element 1s

that the
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Fig. 2—Internal Schematic of the Type HZM Relay with
HL-2 Directional Element in the Type FT Case.

rent leads the voltage 35 to 40 degrees. This
is the condition at which the voltage and cur-
rent fluxes are 90° apart. The flux in each
pole face 1s 1lagged on the outside edges by
copper loops. This produces a torque that
counter-balances the centering torque, caused
by the small power factor angle of the moving
element. The magnetic bias of the element is
controlled by a small 1lever arm extending to
the front on the bottom of the element and two
magnetic plugs accessible through the cover.
These plugs afford control of the sensitivity
at the higher currents.

Auxiliary Contactor Switches

These are small solenold-type d-c switches.
A cylindrical plunger with a silver disc
mounted on i1ts lower end moves 1n the core of
the solenoild. As the plunger travels upwards
the disc bridges three silver stationary con-
tacts.

Operation Indicator

The operation indicator is a small solenold
coll connected 1in the trip circuit. When the
coll is energized, a spring-restrained arma-

Fig. 3 —Operating Characteristics and Ranges of the Type
HZM Relay.

ture releases the white target which falls by
gravity to 1ndlcate completion of the trip
circuit. The indicator can be reset from out-
side of the case.

0ffset Transformers

There are three offset transformers with
thelr associated resistors mounted on the back
of the sub-base and connected so as to modify
the characteristics of the three impedance
elements. The ¢top transformer 1s assoclated
with the first 2zone, the middle transformer
with the second zone, and the bottom with the
third zone.

The offset transformer makes it possible to
displace the 1mpedance circle characteristic
of the impedance element 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
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Fig. 4 — Typical Settings of the Type HZM Relay in Terms
of Line Length.

that gives improved protection to long trans-

mission lines. One vrelay 1is used for each

&5
phase.

The impedance relay measures the 1impedance
of the line to
suring the ratio
supplied to it.

ceive a current

which 1t 1s connected by mea-

of the current and voltage
The relay 1s connected to re-
and voltage proportiocnal to
With

zone 1, Fig. 4, a given amount of

those existing on the high-tension line.
a fault in
current, I, will flow from the relay 1location
to the fault. With
the fault, phase-to-neutral voltage at the re-
lay location must be equal to the drop in the
the current , I, or equal to IZ

zero voltage existing at

line due to

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 1line voltage would

equal V3 IZ,the delta current would equal V3 I
and the ratlio would be iz—lz
ering a two-phase fault
existing at the fault, the
the faulted phases at the
equals the voltage drop of the loop or I x 2%,
the delta current of the faulted phases equals
°T, and the ratio would be 21%- 7.
for phase faults, the ratio
to delta current is used to indicate the loca-
tion of the fault.
any value of current as

= 7. When consid-
with
delta voltage of

zero voltage

relay location

Thus, for
of delta voltage

This ratio is constant for
the delta voltage is
proportional to the current times the line
By using the

transformers and current transfor-

impedance. turns ratio of the

potential
mers this Z can be converted from primary ohms
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Fig. 8 — Adjustment Curve for the Angular Displacement
of the Operating Circle Center.

to secondary ohms.
Z secondary = 2 primary_ES

Ry

Since the
current, the Z relay would equal Z
Therefore, if the

the type HZM relay with no off-set is adjusted

relay uses delta voltage and delta
secondary.

first impedance element of

by the core screw and taps on the current coil
for a value of current such that the pull of
coil 1is

restraint for

the current Jjust equal to the po-
tential a fault at the end of
zone 1 (see Fig. 4), the beam will be balanced
for a fault at that point
current. Now, 1f the fault
right of this balance point, the beam will not
trip as the voltage pull is the greater due to
of impedance and

for any value of

occurs to the

a larger amount correspond-
ingly larger potential restraint than the beam
is balanced for. The second impedance element
is adjusted to balance for a fault at the end
of zone 2; and, therefore operates for faults
anywhere up to thils point. Likewise, the
third impedance element 1s adjusted to balance
for a fault at the

for faults in all three zones.

end of zone 3 and operates
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Fig. 6 —Transmission Line and Relay Characteristics Plot-
ted on R and X Coordinates in Primary Ohms.

The type HZM relay 1is a modified impedance
relay that 1s identlical 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 1s done in the
off-set transformer and the resultant energy
fed into potential colls of the beam impedance
element. This additional energy will shift
the center of the impedance circle away from
the origin of the R-X dlagram as shown in Fig.
6. This allows longer settings for the relay
without including the swing vector or load im-

pedance vector.

A single-phase directional element is used
in conjunction with the impedance elements.
The operating range 1s shown in Fig. 6. For
distance relaying, 1ts contacts are so ar-
ranged that the portion of impedance clrcle
below the zero torque 1line is cut off. The
directional element in conjunction with 1ts
potential circult is designed so that the max-
imum torque occurs when the current leads vol-
tage by approximately 30 degrees. The 90-
degree connection 1s wused; hence the voltage
circult receives delta voltage and the current
circult receives the star current that leads

this voltage by 90 degrees at 100% power fac-
tor. The directional element closes its con-
tacts when current flows into the line section
which is to be protected.

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

First Zone - directional, and first lmpedance
element contacts;

Second Zone - directional, second I1mpedance,
and first set of timer contacts:

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

The coll of contactor switch CS is in series
with all of the tripping circuits and with the
trip coil of the breaker. If the type HZM re-
lays are used without carrier, the contactor
switch contacts seal around the relay contacts
when thevtrip circuit coil is energized there-
by relieving them of the duty of carrying the
tripping current (Fig. 7). These contacts re-
main closed until the trip circuit 1s opened
by the auxiliary switch on the breaker. The
contact operation of this relay with carriler
is explained in I. L. 41-600.6.

CHARACTERISTICS

The modified characteristic is shown in Fig.
3. A pure Impedance element characteristic
plotted on the "R" and "X" coordinates 1is a
circle with the center at the origin. The
type HZM relay 1is so designed that 1t 1is
possible to displace the center of any imped-
ance circle from the origin and adjust the
angle of displacement from 60° to approximate-
1y 90°.

There are three variables that can be con-
trolled to f1t 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 1s entirely deter-
mined by the tap (T) and core screw (8) 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 prima-
ry tap. (Zg + A).
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3.

dance

The angle of displacement of the impe-
90°

current lag by the phase angle adjustment ().

circle can be varied from 60° to

The type HZM relay is available in one im-
pedance range 1.0

cle radius (TS) with .37 to 9.0 ohms impedance

te 10.0 ohms impedance cir-

displacement (Zg + A)
to 90°
All three impedance elements are identical and
The
elements

circle center over a

phase angle from 60° current lag (@)

hence have the same range of adjustment.

tap and scale marking on the relay

are as follows:
(A1l impedances are in terms in secondary for

relay ohms).

Impedance Elements (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 (8)
1.4 1.6 1.8 2.0 2.2
%
Offset Transformer
Displacement of impedance circle.
Coarse Ohm Taps (Zgy)
0.0 1.9 3.7 5.6 7.5
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Fine Ohm Taps (A)

0.0 .37 75 1.1 1.5

Phase Angle Displacement (%)

60° to 90° Current Lag.

The Phase Angle
set at 75° unless otherwise specified.

of Displacement 1s normally

The time
the second and third impedance elements is ad-

delay on the synchronous timer for

Justable in calibrated steps of 20 cycles from
0 to 180 cycles.

Both 50 cycle and 60 cycle relays are avail-
able. The
different coils and timers are used.

relays are not interchangeable as

Minimum Voltage Requirement

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

to produce at least 10 + 190 (Zr + A) volts on

the relay when a fault occurs at the balance

point. If the voltage becomes much less than
this

assure fast and positive action.

SETTINGS

requires a setting for

value, the forces become too small to

The type HZM
each of the three

relay
impedance elements and the

synchronous timer for Second and Third Zone

time.
7 = line-to-neutral ohmic impedance of the
protected 1line

balance point in terms of primary ochms.

from the relay to the desired

For the Element 70 to 80% of the pro-

tected section.

First

For the Second Element - Approx. 50% into the

adjacent section:

For the Third Element - Approx. 25% into the

third line section (without carrier).

3

When carrier 1is wused, see the following

section entitled "HZM Carrier Setting of z3".
deter-

When the balance impedance has been

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

analvsis.

It will expedite the application by plotting
the transmission line characteristics on "R"
and "X" coordinates. &n
should then

tion to fulfill the following conditions:

operating circle

be drawn of a diameter and loca-

1. The
of the vector

circle must pass through the point

Z and must completely enclose

the vector Z. (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.
displacement of the center

be within 60° to 90° cur-

3. The angular
of the circle must
angle. Tnis

rent lagging phase angle 1s set

at 75°
adjust to other angles.

and generally 1t 1s not necessary to

The radius of the circle in ohms should be
and the

accordance using the formula:

measured impedance element set in

TS - 10Z4 Rg
Rv
where
T= The impedance element current tap value.

3= The impedance element current core screw

value. The values appear as a series of

dots on the drum of the lower core screw
adjusting knob.

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

Re= The current transformer ratio.

Ry= The potential transformer ratio.

The tap, T, 1is obtained by dividing the TS
product by S to give an available tap number.
taps with the relay energized,

SCrew

When changing

the extra tap 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

ascending order as the core screw is screwed

into the core. In some cases, a question of
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whether the scale setting 1s
out by one full turn of the

doubt may arise
correct, or 1is
core In such a case, the pcint may be
verified by turning the core screw all the way
in. Then back out the core the
highest scale marking Just comes under the end
This will

Then

Sufficiently accurate

SCI'ew.

screw until

of the pointer. occur in approxi-

mately one turn. turn to correct set-

setting can be
the

ting.
made by interpolating between marked

points when necessary.

From the
structed, measure the displacement of the cen-
ter of the circle from the intersection of the
"R" and "X" axis in magnitude and angle.

operating circle, previously con-

The offset transformer should be set in

accordance with the formula:

ZR+A=ZD RC

RyK
where

ZR + A = Offset transformer tap values.

Zp 5 Displacement of the center of the oper-
ating circle in ohms primary.

K = Constant determined from curve Fig. 5b.

Re = The current transformer ratio.

Ry = The potential transformer ratio.

@ = Angular displacement.

Normally the Zp settin; 1is from O to 75% of
the Z, setting. The angzular displacement (@)
may be varied by adjusting the
the
curve

resistor above
offset transformer in accordance with the

of Fig. 5a for z fault at the desired
balance point. A slight change 1n the
in the transformer setting from that

scale
value or
calculated may be required so that the relay
will Just trip for the simulated fault at the
balance point.

As an example of the formula setting, set
the first impedance element to protect a 78°-

110 KV line, 143 miles long. The line-to-neu-

tral impedance is .79 ohm per mile. The cur-~
rent transformer ratio 600/5, and the po-
tentlal transformer ratio 1is 1000/1. The
first element 1is to protect 80 % of the

line

section or
.80 x 143 x .79 =

for a balance

90 ohms.

point

The phase angle

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
diameter and location

operating circle should then be drawn of a

to fulfill the condi-

tions previously stated.

measured and the

radius of the circle in ohms should be

accordance using the formula:

T

TS

impedance element set in
10Z R
7§ = 2 ¢
Ry
10 x 58.0 x 600/5 B
= 69.6

1000/1

will be set on 45 (Relay Tap Setting)

S will be set on 1.55 (Relay Core Setting)

operating circle
by adjusting the
offset transformer in

curve of Pig. 5a. 1In

The displacement angle

used in drawing the
should be set on the
resistor mounted above its
accordance with the
Flg. 6 the angle used

relay

was 78 degrees; therefore, the resistor should
be adjusted to 500 ohms.

tween

1

The distance expressed in ohms Ilmpedance be-
the

center of the modified impedance

circle and the intersection of the "R" and "X"

axis
offset

transformer set

formula:

Z, + A

should be measured from Fig. 6, and the

using the following

RK
_ 32 x 600/5

- 32 x 600/5
1000/1 x 1.0% 3-69 ohms

ZR should be set on 3.7 ohms.

A should be set on O ohm.

dance element

The setting for

the second and third impe-

is obtained iIn the same manner ~—
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as the preceding example for the first im-

pedance element.

The time
coordinate

delay on the synchronous timer 1is
set to with the relays whilch are
backed up by the second and third impedance
element. The
complete contact assembly to the desired posi-

tion as indicated by the scale.

setting is made by moving the

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 1s

impedance. The

greater than the actual
reason for this 1is that the
receive the additional fault
supplied by the other feeders, but at

relay does not
current
the same time, this current does increase the
voltage drop from the fault to the relay.
This increases the

adjacent

apparent 1lmpedance to the
by the ratio of the total
current to the relay current. The effect on
the relay lmpedance elements is to back up the
of the second and third Impe-

section

balance point
dance elements. In order to extend the range
of back-up protection under these conditions,
the second elements can be set for a balance
point farther than the 1504 normally recom-
mended, provided it 1is made to time select
with the adjacent relay
ment. Similarly, the third element can be set
farther than normal if 1t is made to select
with the second and third elements of the ad-
jacent relay which 1t overlaps.

section second ele-

HZM Carrier Setting of Z3

When the type HZM relay 1s used with carri-
er, the third zone
reverse direction
modified distance
This is done to assure proper carrier blocking

element must operate in a
from Z1 and Z2 whenever the
characteristic 1is used.
for external faults in the adjacent line sec-
tion with a setting of _Z3 which will not pick
up on load or surge ohms. This'may be accom-

plished by merely reversing the polarity of

the 73 potential circult.

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 wused with
carrier, the ohmic reach of Z3 at station A in
the direction away from line AB should be
greater than the reach of Z2 (from station B)
past the 1local station bus (at A). Thus any
fault in the zone Ab which picks up 22 at B
will also pick up 23 at station A to block
tripping at B. ab 1is

insure that carrier will

The zone for a safety

factor to 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 Z2 (at B) past the station A Bus.
In Fig. 4, this means Aa should be 150% of Ab.
The reach of Z3 1into the line

shown is not critical.

section AB as

When the Z3 setting is reversed, the second
contact of the CSA must be connected in par-
allel with the CSl
This
tection for lines away from the line protected
by zone one and two. Thus the timer is

trolled by Z2 and D or Z3 only.

contact to control the

timer. provides third zone back-up pro-

con-

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free

from dirt, moisture, excessive vibration and
heat.
the two

and the type FT proJjection case or by means of

Mount the relay vertically by means of
mounting studs for the standard cases

the four mounting holes on the flange for the
Either of the studs
may be utilized for

semi-flush type FT case.
or the mounting screws

grounding the relay. The electrical connec-

tions may be made direct to the terminals by
means of screws for steel panel mounting or to
furnished with the relay for
slate panel mounting. The

may be easily removed or in-

terminal studs
ebony-asbestos or
terminal studs

serted by nuts on the studs and

then turning the proper nut with a wrench.

locking two

CONNECTIONS

Impedance Elements

The impedance to the balance point i1s meas-

ured from the point where the potential trans-
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formers are connected to the protected line.
For protecting transmission lines, the relays
should receive potential from potential trans-
formers connected directly to the line at the
point from which the impedance 1is to Dbe

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 this case the
relays may be set thru the bank to protect the
line only 1f the bank impedance is not too
large as compared with the line impedance. If
the bank impedance 1is too large in comparison
with the line impedance, the 70 or 80% setting
of the cover only a very

first element may

small percentage of the transmission line or
in some cases not cover any of the line sec-
tion. For the same reason, the second and

third elements will offer considerably less

back-up protection over the adjacent lines.
In order to use the potentilal transformers on
the bus side of the bank under this condition.
Type KX
dance is measured from the
bank to the

pensators

compensators are used and the impe-
line side of the
balance points. The type KX com-

operate from the current trans-

formers .and provide voltage compensation
equivalent to the drop in the power bank. The
setting of the KX

I.L. 41-540.

compensator 1is covered by

discussion assumes that power is
the line.

a power transformer connects to a high-

The above
fed thru the bank to
Where
tension
power to the line fault, low-tension potential

faults on
transmission line and does not supply
transformers may be used without compensation.

Then, the
measured from the

impedance to the balance point is
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 connectlon the balance points of the
15% depending

impedance elements shift about

upon whether a phase-to-phase, a three-phase,
or a double-line-to-ground fault is involved.
balance point were adjusted

fault, then for a

That 1s, 1if the

at 80% for a three-phase

double-line-to-ground fault the shift may be

more or less than plus or minus 15% of the 80%

setting, depending upon the ratio of the Zero
sequence 1impedance to the negative sequence
impedance of the system from the source of

power to the fault. This error can be entire-
of the

line current;

ly eliminated by making use vector

difference Dbetween the i.e.,

delta currents, for actuating the relay.

The most method
maln current transformer in star and use a set

common is to connect the
of auxiliary 5/5 ratio transformers to supply
delta
shown in Fig. 7.

currents to the impedance elements as

The delta voltages wused on the impedance
elements of the relays should be in phase with

the delta currents, at unity power factor.

Directional Element

The magnetic design of the element and po-

tential circuit is such that maximum torque

occurs when the current leads the voltage by
Thus, the
coils should be connected to
that leads the voltage by 90
degrees when the line power factor is 100 per-
cent. This will

approximately the

approximately 30 degrees. direc-
tional element
receive current
result in operation at
maximum torque angle for

transmission line faults.
Trip Circult

The contactor switch operates on a minimum
of 1.0 should
draw at least 4 or 5 amperes in order to re-
duce the time of the
to a minimum

tion. If
an auxiliary multi-contact relay,

ampere, but the trip circuit

operation of the switch
and provide more positive opera-
the type HZM relay is used to trip
provision
should be made for loading down the trip cir-
cult with a resistor in parallel with the
Also,

since the total trip circult resistance in the

operating coils of the auxiliary relay.

relay is approximately 1.0 ohm, care must be

taken to see that the breaker trip coil will

recelve enough current when low voltage con-
trol is used.
elements

The maln contact on the impedance
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and directional element will safely close
d-c.,

carry this current

30
amperes at 250 volt and the switch con-
tacts will

enough to trip a breaker.

safely long

ELECTRICAL CHECK POINTS

To check the electrical operation of the re-
lay, the should be
followed.

following instruction

Connect the relay per Fig. 8 and make the

following settings. (At regular maintenance
periods the settings of each particular relay
with the

balance

voltage and current expected at the
should Dbe used, if avallable.
the settings are cas-

point
During factory testing,
caded as indicated below.)

IMPEDANCE ELEMENT OFFSET TRANSFORMER

Zone T S Zg A Z
Z1 20.8 1.8 1.9 0.0 75°
22 29.8 1.8 3.7 0.0 75°
Zz 45 1.8 5.6 0.0  75°

Directlonal Elements

With 120 volts and 5 amperes in phase, the
directional element should be closed. The
contacts should open when the current leads
the voltage by approximately 120 degrees or

lags the voltage by approximately 60 degrees.

Impedance Element

With 60 volts on the increase the
current until the contacts just close. This
(which will vary slightly from this

value if suddenly applied) should be approxi-

relay,

current

mately:

7Z-3 I=4.4% amps. at 75° lag I (non-carrier)
7-3 I=4.4 amps. at 255°‘1ag I {carrier)

7-2 I=6.6 amps. at 75° lag I

Z-1 I=10.5 amps. at 75° lag I

With the D contact closed, the tripping of

7-3 should cause CSA switch to pick wp, and
¢S-1 switch in turn. When Z-2 trips, the C3-2
should pick up. The operation of CS81 or cs2

When Z-1 trips or the
the CS swiltch
all the
CS-1 and CS-2 are-not continu-

should start the timer.
timer T-2 or T-3 contacts close,
con~

should operate and seal around

tacts. The CS,

¥

should be taken
The
timer element will depend on

ously rated; therefore, care
not to overheat these auxiliary switches.
of the

the standard time device used.

checking
Generally this

check is made independently of the trip cir-
cuit to avoid circultry complications. The
timer should operate with 3.5 amperes in the
timer transformer and with the contacts of

€S-1 (or CS-2) closed or shorted. An auxilia-
ry relay as used Iin the trip circuit should be

used to seal in the timer circuit.

ADJUSTMENTS AND MAINTENANCE

The to
operation of this relay have been made at the
and should not be disturbed after re-
ceipt by the If the
have been changed or the relay taken apart for
if 1t 1is the
adjustments at regular periods,
the instructions below should be followed.

proper adjustments insure correct
factory
customer. adJustments

repairs., or desired to check

maintenance

All contacts should be cleaned periodically.
A contact burnisher S#182A836HOL is recommended
for this purpose. The use of abrasive materi-

al for cleaning contacts 1is not recommended,
because of the danger of embedding small parti-
cles in the face of the

impairing the contacts.

soft sllver and thus

CAUTION:
wave form.

The relay voltage should be of good
shifter

voltage

The combinatlon of a phase
and autotransformer may gilve an output
of poor wave form if the magnetizing current
of the autotransformer is high in
to the 1mpedance

In case of doubt,

wave form with an oscilloscope.

proportion
of the phase shifter used.
check the output voltage

Impedance Elements

The
ments 1is designed to have a comparatively flat
This
two coils with currents

voltage clrcuit on the impedance ele-

phase angle curve. is
the

essentially equal and 90° out

accomplished by
that
of phase.

energizing
are
The gaps as shown in Fig. 1 are nominal dimen-

sions which yield equal restraints from the

two coils. The actual gaps on any particular

relay may vary a few thousandths from these

values.

11
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If the voltage circuilts 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-
.010 1inch between the adjustable
should be taken in

cal gap for
iron and the beam. Care
this adjustment to keep the gap the same on
both sides. Also, with the beam 1in the
position, adjust the gap between the front end
of the beam and the stop in the upper screw to

0.20 inch.

same

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 element beams
should be balanced as
relay with polarities as shown in the
Set the

zero and @ on

Connect the
test
offset transformer

follows.

diagram, Fig. 8.

taps Zg and A on any setting.
With
pedance measured by the relay with 60 volts

Apply 10 volts restraint

any tap and scale setting, check the im-

potential restraint.
and adjust the balance welghts on the beam un-
ti1l 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 element beam should be
balanced by adjusting the balance
that in the
will reset, thus leaving its contact open. Do

welght so
de-energized condition, the beam
not introduce excessive resetting torque, but
only enough to reset the element.

The stationary contact should be adjusted
.020 inch gap when the beam is in the
reset When the beam is in the
operated position, there should be a .015 inch

for a
position.
deflection of the moving contact. The spring
that carries the contact should 1lie

flat on the

moving
Micarta arm with no initial ten-
sion on the contact. The flexible pigtail
should be at least 3/32 inch from the end of
the stationary contact.

12

With the taps set on 45 and 60 volts applied
to the
screws (or

potential circuit, remark the core
check the markings) so that the
current to +trip the beam at 75° lag will
satisfy the formula

E =TS
T 10

The "S" markings should be as shown under

characteristics of the relay.

The offset of the impedance circle can be
checked by setting Zg + A to
# = 75°, and seeing that the current to trip
the beam at 75° lag satisfies the equation

any value with

E—TS+(Z + A) X
I 1 R

Directional Element

The upper bearing screw should be screwed
down until there is
sandths of an inch
the shaft, and then securely locked in posi-
tion with the lock nut.

be made best by carefully
top bearing screw until the double loop fails
and then backing up 1/8 of a
Great care must be taken in making this

only three to four thou-
clearance between it and

This adjustment can

screwing down the
to turn freely
turn.
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 aluminum guard by means of the small ad-
justing screw 1located on that
holds the spring on the moving element. The
travel of the moving contact is limited by the
contacts molded
cover. The contact gap should be adjusted as
With the moving contact centered be-

the nut plate

statlionary mounted on the

follows:

tween the studs, close the contact gaps by

advancing . the two front stationary contacts.

Then back off the right-hand stationary con-
tact .03% 1nch and 1lock both contacts 1in
place. The complete moving element 1s limited

stop screws, located on the
molded cover. These should be adjusted so
that the moving contact just barely mlsses the

in travel by two

stationary contact stops front and rear

respectively when energized in the opening and

closing directions with 120 volts and 5.0 am-
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right-hand
should just touch the mov-

peres at maximum torque. The
stationary contact

ing 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 1nsure proper coordl-
nation. 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 extendlng to the front on
the bottom of the element and the plugs acces-
sible through the molded cover
magnetic blas of the electromagnet. The lever
should be adjusted sco that the element will

operate with %0 amperes and 0.1 to 0.2 volt at

control the

angle. Before or after

the voltage coils and

the maximum torque
this adjustment,

check to insure that the contacts do not close
on 60 amperes momentarily applied. Raising
the right-hand plug under these
will produce torque to the right when consid-

short

conditions
ering the front moving contact. The element
adjusted to
conditions or
and 0.1 to 0.4 volt at the maximum

just remain open under

adjusted to operate with

can be
these

60 amperes
torque angle.

Contactor Switch (Seal-In Switch) CS

Adjust the statlonary core of the switch for
clearance between the stationary core and the
of .025 inch when the switch 1s
picked up. This

the switeh, turning it up-side-down and screw-

moving core

can be done by disconnecting

screw until the contact just
off the
and 1lock 1n place.

ing up the core
Then back

turn

separates. core SCrews

approximately one
This prevents the moving core from striking
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
nuts on either side of the Micarta disc. The
switch should plck up at 1.0 ampere direct
current. Test for sticking after passing 30

amperes direct current through the coil.

Contactor Switch CSA '
for the

The adjustments are the same as

seal-in contactor switch "CS" except that the
contact clearance should be 1/32 inch. For
125 volt d-¢ relays, apply 80 volts d-c to
Nos. 9 and 10 terminals. Similarly for 250

volt d-c relays, apply 160 volts d-c to Nos. 9

and 10 terminals. See that the switch picks
up and closes 1ts contacts positively when the

of the third 1mpedance
The switeh coll is continuously rated.

contact - element 1is

made.

Contactor Switches CS-1 and CS-2

The adjustments are the same as for the
switch CS except that the
contact separation should be 1/32 inch. For
195 volt d-c relays, apply 60 volts dc posi-
tive to Nos. 2 and 10 terminals and
to Nos. 7 Similarly for 250
volt d-c relays, use voltage of 120
See that switch CS-1 picks up and
closes 1ts contact positively when the direc-

seal-in contactor

negative
and 9 terminals.
a test
volts d-c.
tional and Z-2 impedance element contacts are
See that CS-2 picks up and closes its
contacts

made .
when the directional element and Z-3
These
intermittently rated, and

impedance element centacts are made .

switch
therefore

coils are
care should be exercised so as not

to overheat the colls.

Operation Indicator

Adjust the indicator to operate at 1.0 am-
direct Test
for sticking after passing 30 amperes direct

pere current gradually applied.

current through the coil.

Synchronous Timer

When testing the synchronous timer, complete
the transformer circult by a jumper around the
cs-2
‘Test
the motor with 3.5 amperes through the current
of the This 1s the minimum
current at which it will run in synchronism.
Timing Tests

contacts on the contactor switch CS-1 or
rather than operating the swiltch on d-c.

circuit relay.

The d-c¢ trip circuit should be loaded with a

resistor to draw approximately 5 amperes and

an auxiliary relay should be used to operate
the timer circult 1f time tests are to be
taken. There is a slight vibration of the
beam and contacts Dbecause of the pulsating

pull on the current side of the instantaneous

element. This vibration may prevent positive

stopping of the timing device unless an, aux-
iliary type MG
will

and simulates the actual service con-

relay 1s used. The loading

resistor cause the contactor switch to

seal-in

13



TYPE HZM RELAY

dition when a cilrcult breaker 1s to be trip-
ped. This ¢type of circuilt 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 easlly cleaned
by drawing a piece of clean white paper be-
tween the beam and the stop while the beam 1is
firmly pressed down.

RENEWAL PARTS

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

plate data.

ENERGY REQUIREMENTS

Typlcal burden data of the various circuits
are as follows:

Potential Circults at 120 Volts, 60 Cycles

Clrcuilt V.A. P.F.Angle
All Impedance Cilrcuits

Displacement angle 90° 7.2 48° 1ag
Displacement angle 60° 6.8 29° lag
Directional Element 6.6 19° lead

Potential Circuits at 120 Volts, 50 Cycles

Circult V.A. P.F.Angle
All Impedance Circuits

Displacement Angle 90° 6.5 4o° 1lag
Displacement Angle 60° 6.0 22° lag
Directional Element 6.4 9° lead

Current Circuits at 60 Cycles+

Circuit Amps. V.A. P.F.Angle
Impedance Circuit

T =45, 3 = 1.8

Zg= 7-5 A = 0.0 8.66 36.0 50° lag

T =13.5, S = 1.4

Zg= 0.0, A =1.1 8.66 17.0 50° lag
Directional Element 5 2.0 50° lag

+The burdens of the current circuits, at 50
cycles, are slightly 1less than the above

values.
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Fig. 8 — Diagram of Test Connections for the Type HZM Relay.
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