I.L. 41-417A

R
N Westinghouse

V\\’ N

\ TYPE HZ-3 IMPEDANCE RELAY

\v

\\ INSTRUCTIONS

C

Before putting protective relays into
service, remove all blocking wvhich may have been
inserted for the purpose of securing the parts
during shipment, maeke 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 setiings and electrical
connections. ,

CAUTION

APPLICATION

The type HZ-3 relay 1s a three element
non-directional, high-speed relay with impedance
elements of the balanced-beam type. The relay
is used to supplement slow-speed relays on radl-
el circuits. As applied to these circuits, the
relay is used for phase fault protection over 80
to 90% of the line section, with the existing
slow-speed relays protecting the remaining 20 to
10% and providing back-up protection.

The type HZ-3 relay is also wused for
and zround feult protection of station
buses where the impedance of reactors in the
feeder circults connected to the bus is used as
a means of discriminating Dbetween an internal
and external fault.

phase

CONSTRUCTION

The type HZ-3 relay contains three
identical instantaneous Iimpedance elements, a
contactor switch, and three operation indica-

tors. The elements are constructed as follows:

Impedance Element

Construction details of this element
are shown in Figure 1. A balanced beam is pull-
ed downward on the contact end by a current coil
and on the other end by two voltage colls. The
fluxes of these two potential colls are shifted
out of phase with respect to each other to pro-
duce a steady pull. A tap screw on the front of
the element permits changing the number of turns
on the current coil, and & core sCrew on the
bottom of the element changés an air gap in the
magnetic path. These two adjustments make it
possible to set the element.

A rectangular silver contact is flexi-
bly fastened on the forward end of the beam. As
the beam trips, the conbtact bridges two silver
statlonary hemispherical contacts mounted on the
free end of & short leaf spring. A small set
screw determines the position of the leaf spring
and provides means for adjusting the contact

gap.

Contactor Switch

This is a small solenold type a-¢

switch. A cyljndrical plunger with & silver
disc mounted on its lower end moves in the core
of the solenoid. As the plunger travels upward

the disc bridges three silver stationary con-
tacts.
Operation Indicator
The operation indicator 1is a small
solenold coil connected in the trip circult.

When the coil is energized, & spring restrained
armature releases the white target which falls
by gravity to show the completion of the trip
circult. The high speed action of the indlcator
is obtained by fastening & weight through a leaf
spring to the armature. The added inertia
causes the armature to continue 1ts motion after
the coil has been short-cirdéuited. The indica-
tor is reset from outside the case by & push rod.

OPERATION

The 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 relay is connected to recelve a current
and voltage proportional to those existing on
the high-tension line. With & fault in the zone
of the relay, & glven amount of current, I, will
flow from the relay location to the fault. With
zero voltage existing at the fault, the voltage
at the relay must be equal to the drop 1in the
1line due to the current, I, or equal to IZ where
7 1s the impedance to neutral of the line from
the relay to the point of fault. The ratio of
the two values 1s IZ/T = 2 Thus, the ratio 1s
constant for any value of current as the voltage
on the relay is equal to the current times the
line impedance. Therefore, 1f the impedance
element is adjusted by the core screw and taps
on the current coil for a value of current such
that the pull of the current coil 1is Jjust equal
to the potential restralint for a fault at 80 to
90% of the line section, the beam will be bal-
anced for a fault at that point for any value of
current. Now, if the fault occurs beyond this
balance point, the beam will not trip as the
voltage pull is the greater because of a larger
emount of impedance and correspondingly larger
potential restraint than for which +the beam 1s
balanced.

The trip circuit consists of the three
impedance element contacts and the three opera-
tion indicator coils in parallel, and this com-
bination in series with the contactor switch
coil. When the relay contacts close, the coil
is energized and its contacts short around the
relay contacts, relieving them of the duty of
carrying the breaker tripping current. These
contacts remain closed until the trip circult is
opened by a breaker auxiliary switch. The op-
eration indicators show a white target to indi-
cate which of the three Iimpedance element con-
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A cover operated switch can be sup-
plied with its contacts wired in series with the
trip circuit. This switch opens the trip cir-
cult when the cover is removed. This switch can
be added to the existing type FT cases at any
time.

Testing:-The relays can be tested in service, in
the case but with the externsl circults isolated
or out of the case as follows:

Testing In Service:-The amméter test plug can be
inserted 1In the current test jaws after opening
the knife-blade switch to check the current thru
the relay. This plug consists of two conducting
strips separated by an insulating strip. The
emmeter 1s connected to these strips by terminal
screws and the leads are carried out thru holes
in the back of the insulated handle.

Voltages between the potential cir-
cuits can be measured conveniently by clamping
#2 clip leads on the projecting clip lead lug on
the contact jaw.

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

The external test cilrcuits may be made
to the relay elements by #2 test clip leads in-
stead of the test plug. When connecting an ex-
ternal test circuit to the current elements
using clip leads, care should be taken to see
that the current test jack jaws are open so that
the relay 1s completely isolated from the ex-
ternal circuits. Suggested means for isolating
this circuit are outlined above, under "Electri-
cal Circuits”.

Testing Qut of Case:-With the chassis removed
from the base, relay elements may be tested by
using the ten-circuit test plug or by #2 test
clip leads as described above. The factory
callbration 1s made with the chassis in the case
and removing the chassis from the case will
change the calibration values by a small percen-
tage . It is recommended that the relay be
checked 1in position as & final check on the
calibration.

INSTALLATION

The relays should be mounted on
switchboard panels or their equivalent in a lo-
cation free from dirt, moisture, excessive vi-
bration and heat. Mount the relay vertically by
means of the two mounting studs for the standard
cases and the type FT projection case or by
means of the four mounting holes on the flange
for the semi-flush type FT case. Either of the
studs or the mounting screws may be utilized for
grounding the relay. The electrical connections
may be made direct to the terminals by means of
screws for steel panel mounting or to terminal
studs furnished with the relay for ebony-
asbestos or slate panel mounting. The terminal
studs may be easily removed or inserted by lock-
ing two nuts on the studs and then turning the
proper nut with a wrench.

CONNECTIONS

Impedance Element

The impedance to the balance polnt is

measured from the point where the
transformers are connected.

potential

In some applications a power trans-
former bank forms part of the transmission 1line,
and potentlal transformers are avaeilable only on
the bus side of the bank. In this case the re-
lays may be set thru the bank to protect the
line only if the bank impedance is not too large
as compared with the 1lilne impedance. If the
bank impedance is too large in comparison with
the line impedance, the 80 or 90% setting of the
impedance element may cover only a very small
percentage of the transmission line or in some
cases not cover any of the line section. In or-
der to use the potential transformers on the bus
side of the bank under this condition, Type KX
compensators are used and the impedance measured
from the line side of the bank to the balance
point.  The type KX compensators (I.L. 41-540)
operate from the current transformers sand pro-
vide voltage compensation equivalent to the drop
in the power bank.

The above discussion assumes that pow-
er 1s fed thru the bank to faults on the line.
Where a power transformer connects to a high
tension transmission 1ine and does not supply
power to a line fault, low-tension potential
transformers may be used without compensation.
Then, the impedance to the balance point is
measured from the point where the potential
transformers connect to the protected line.

The conventlional star connection of
current transformers 1s not as satisfactory as
the delta connection where accurate distance re-
lay protection 1s desired. With this connec-
tion, the balance point of the impedance element
shifts about 15% depending upon whether a phase-
to-phase, a three phase or a double ground fault
1s involved. That i1s, if the balance point were
adjusted at 80% for a three phase fault, then
for a double ground fault the shift may be more
or less than plus or minus 15% of the 80% set-
ting, depending upon the relative magnitudes of
the positive, negative and zero sequence impe-
dance of the system from the source of power to
the fault. This error can be entirely elimin-
ated by making use of the vector difference be-
tween the line currents, .(i.e. delta currents)
for actuating the relay.

The most common method is to connect
the main current transformers in star and use a
set of auxiliary 5/5 ratio transformers to sup-~
ply delta currents to impedance element, as
shown in Figures 10 and 11. These auxiliary
transformers need not be of very large volt-
ampere capacity, as they supply only the im-
pedance element coils which are of very low bur-
den.

Trip Circuit

The contactor switch operates on &
minimum of 1.0 ampere, but the trip circuit
should draw at least 4 or 5 amperes in order to
reduce the time of the operation of the switeh
to a minimum and provide more positive opera-
tion. If the relay is used to trip an auxiliary
multi-contact relay, provision should be made
for loading down the trip circuit with a resis-
tor in parallel with the operating colls of the
auxiliary relay. Also, since the total trip
circuit resistance in the relay 1s approximately
3.8 ohms, care must be taken to see that the
bresker trip coil will receive enough current
when low voltage control is used.

The main contacts on the impedance
elements will safely close 30 amperes at 250
volts d-c¢, and the switch contacts will safely
carry this current long enough to trip the
bresker.

y -
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B PHASE ISV. PHASE ROTATION ABC.

<
PHASE
SHIFTER RESET
(o] Sww.
%
Z-3 RELAY
EAR VIEW
[Pt —
CONNECTIONS SHOMWN FOR TEST OF FIR ST ELEMENT ONLY.
Figure 8
Diagram of Test Ccnnections for the Tyre HZ-3

Relay in the Standard Case.

ADJUSTMENT AND MATNTENANCE

The proper adjustments to insurs cor-
rect operation of this relay have been made at
the Pactory and should not be disturbed after
receipt by the customer. adjustments
have been changed, the relay taken apart for re-
pairs, or if 1t is desired to check the adjust-
ments at regular maintenance preriods, the in-
structions below should be followed.

All contacts should be periodically
cleaned with a fine file. S#1002110 file is re-
commended for this burpose. The use of abrasive
material for cleaning contacts is not recommend-
ed, because of the danger of embedding small
particles in the face of the soft silver and

thus impalring the contact.

Impedance Elements

Refer to Figure 1. Ac just the stop
screw on the rear of the beam to give a clear-
ance of .025 inch between the beam and the
voltage iron circuit. With the .beam in the re-
set position, l.e., with the stop screw against
the stop, adjust the vertical gap for .009
inch between the adjustable iron ang the %beam,
Care should be taken in this adjustment to keep
the gap the same on both sides. Also, with the
beam in the same position adjust the gap between
the front end of the beam and the stop 1in the
upper core screw to .020 inch. The above val-
ues for the air gaps may be obtained by means of
feeler gauges. It should be borne in mind, how-
ever, that the values given represent normal, or
average values.

should be balanced as fol-
lows. Connect the relay with polarities as
shown in the test dlagram. With any tap and
scale setting, check the impedance measured by

The beam

the relay. with 35 volts potential restraint.
Apply 5 volts restraint and adjust the balance
welght on the beam until the beam Just trips
with 1/7 of the current required to trip with

3 PHASE 115 V. PHASE ROTATION A,B8,C

A
8
(o]
sw.
METER
ATTMETER OR
r:ws ANGLE METER
4-5
AMP.
i LOAD
i _ LX)
! [1-21)
20C z
Vv ?’:mo
85 § : F 23
u 261 nas
WO
POTENTIOMETER
CONNECTIONS SHOWN FOR TEST OF FIRST ELEMENT ONLY.
Figure 9
Diagram of Test Connections for the Type HZ-3
Relay in the Type FT Case.
35 volts restreint, In calibrating the first

element, the same current should be vassed thru
the second element in the reverse direction thus
simulating a phase-to-vhase fault. In this way
the small amount of electrical interference be-
tween elements is calibrated out. Similarly,
the third element current coil should be ener-

glzed 1in the reverse direction when calibrating
the second element, and the first element cup-
rent coll should be energized in the reverse
directicn when calibrating the thirgd element.

In the factory adjustment, this is done at T =
20.8 and S = 1.4 “ror the 0.6 to 6.0 ohm relay,
and at T = 13, 8= 1.6 for the 0.2 to 2.0 ohm
relay.

should be =d-
clearance be tween

The stationary contacts
Justed to give -015 inch
them and the silver bridge on the beam when the
beam is in the reset position. The bridge
should be made to towuch both contacts simultane-

ously, and deflect the contact springs at least
<010 inch before the beam strikes the bronze
stop on the core sScrew.

It is difficult to ad just accurately

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

Contactor Switch

Adjust the
switch for a clearance
core and the moving core
switch is picked up.

stationary core of the
between the stationary
of 1/64" when  the
is can be done by turn-

-6 -
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ing the relay up-side-down or by disconnecting
the switch and turning it up-side-down. Then
screw up the core screw until the moving core
starts rotating. Now, back off the core screw
until the moving core- stops rotating. This in-
dicates the point where thé play in the assembly
is taken up, and where the moving core just
separates from the stationary core screwv. Back
off the core screw approximately one turn and
lock in place. This prevents the moving core
from striking and sticking to the stationary
core becausé of residual ma%netism. Adjust the
contact clearance for 3/32" by means of the two
small nuts on elther side of the Micarta dlsc.
The switeh should pick up at 1 ampere d-c. Test
for sticking after 30 amperes d-c have been
passed through the coil.

Operation Indicator

Adjust the indicator to operate at 1.0
ampere d-c gradually applied. Test for stick-
ing mfter 30 amperss d-c is passed thru the
coll. Adjustments may be made by loosening the
two screws on the under side of the assembly,
and moving the brmcket forward or backward. Al-
30, the amount of over-hang of the armature on
the latch may be adjusted by means of the small
sgrew bearing on the flat spring carrying the
imertia weight. The best adjustment will usual-
1y be found whem this screw Just touches the
flet spring with the armature in the reset posi-
ftion. If the #two helical springs which reset
the armature sre replaced with new springs, they
should be weaksned slightly by stretching just
beyond thelr elastic limit.

Calibration of Impedance Elements

The current regquired to operate the
impedance elements against any given voltage is
obtained from the equation:

TS = —I——lOE (3)

where T is the current tap and S 1s the setfing
of the calibrated core screw, E and I are the
voltage and current respectively applied to the
relay. Thus, if the setting 1s T = 20.8, S =1.4
:and the voltage is 35 volts, then the current
required at B0° lagging is:

_10E_ 10x 35
I="05"=30.8x 1.~ 1° amperes

When checking the calibration, 1t 1is
essential that the polarity as shown in the in-
ternal schematics be used, otherwlse an error
willl be introduced.

t

The variation of tripping current for
a given voltage as the phase angle between cur-
rent and voltage 1s varied is shown in Figure 5.
To make sure that the relay is operating at 60°¢
lag and not 240°, the current leads can be re-
versed and the beam should operate on a smaller
current if the connections were originally cor-
rect.

The general shape of the impedance
curve for different ohm settings 1s shown In
Figure 4. These curves are cbtained by tripping
the beam against different voltages for a con-
stant T and § setting and then plotting the
ratio E/I in percent of the 35 volt calibrating
impedance against the voltage. The lower vol-
tage points (5 to 15 volts) are considerably
affected by the mechanical balance of the beam,
while the higher points are but little influ-
enced.

Accurate time tests on the instantane-
oue element can only be taken with the aid of an
oscillograph or high-speed timer. The time o7p
operation in cycles (60 cycle per second basj_s)
of the impedance element for various bal ance
points is given in Figure 7. By using these
curves the operating speed can be dete” . nined for
any value of the current or voltage, applied &0
the element.

Caution

Make certgin that the stoops on the
rear and front Of ths 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
plece of clesn white paper between the beam and
the stop while the beam is firmly pressed down.

Also, when checking the impedance ele-
ment at low voltage, observe the tripping of the:
beam instead of an indication 1in the trip cir-
cuit. This will prevent an error in the con-
tact adjustment which might otherwlse affect the
beam calibration.

RENEWAL PARTS

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

ENERGY REQUIREMENTS

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

POTENTIAL CIRCUITS AT 115 VOLTS

Clrcuit V.A. 'P.F. Angle
Impedance Element (each) 2:0 20° lag
CURRENT CIRCUITS

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

Impedance Element U5 8.66 6 hpe
13.5 $.66 1.3 22°

Auxiliary

Star-Delta

C.T. S#869125 5Y/5.66 A5 3.5 10°

See I.L. 41-535
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outline and Drilling Plan of the M20 Projection Type FT Flexitest Case. See the
Internal Schematic for the Terminals Supplied. For Reference Only.
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TYPE HZ-3 IMPEDANCE RELAY

CAUT ION

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

APPLICATION

The type HZ-3 relay 1s a three element
non-directional, high-speed relay with lmpedance
elements of the balanced-beam type. The relay
is used to supplement slow-speed relays on rad-
1al circuits. As applied to these cilrcults, the
relay 1s used for phase fault protection over 80
to 90% of the line section, with the existing
slow~speed relays protecting the remaining 20 to
10% and providing back-up protection.

The HZ-3 relay 1s also used for phase
and ground fault protection of statlion buses
where the impedance of reactors 1In the feeder
circults connected to the bus is used as a means
of discriminating between an Iinternal and exter-
nal fault.

CONSTRUCT ION
The type HZ-3 relay contains three
identical instantaneous Impedance elements, a

contactor swltch, and an operation I1ndicator
mounted in the standard cases of figure 10 and
11. The elements are constructed as follows:

Impedance Element

Construction details of thls element
are shown in figure 1. A balanced beam 1s pull-
ed downward on the contact end by a current coil
and on the other end by two voltage colls. The
fluxes of these two potential coils are shifted
out of phase with respect to each other to pro-
duce a steady pull so that practlcally a con-
stant balance can be obtained regardless of the
phase angle between the current and voltage coll
fluxes. A tap screw on the front of the element
permits changing the number of turns on the cur-
rent coil, and a core screw on the bottom of the
element changes an air gap 1n the magnetic path.
These two adjustments make 1t possible to set
the element.

A rectangular sllver contact 1s flexi-
bly fastened on the forward end of the beam. As
the beam trips, the contact bridges two silver
stationary hemlspherical contacts mounted on the
free end of a short leaf spring. A small set
screw determines the position of the leaf spring
and provides means for adjusting the contact
gap.

INSTRUCTIONS

Contactor Switch

This 1s a small solenold type d-c.
switch. A cylindrical plunger with a silver
disc mounted on its lower end moves in the core
of the solenold. As the plunger travels upwards

the disc bridges three silver statlonary con-
tacts.
Operation Indicator
The operation indicator 1is & small

solenoid coll connected 1in the trip circuit.
When the coll is energlzed, a spring restrained
armature releases the vwhite target which falls
by gravity to show the completion of the trip
circulit. The high speed action of the indicator
is obtalned by fastening a weight through a leaf
spring to the armature. The added 1nertia
causes the armature to continue its motion after
the coll has been short-clrculted. The indica-
tor 1s reset from outslde the case by a push rod
in the cover stud.

OPERAT ION

The relay measures the 1mpedance of
the 1ine to which 1t is connected by measuring
the ratio of the current and voltage supplled to
it. The relay is connected to receive a current
and voltage proportional to those existing on
the high-tension line. With a fault in the zone
of the relay, a given amount of current, I, will
flow from the relay location to the fault. With
zero voltage existing at the fault, the voltage
at the relay must be equal to the drop in the
1ine due to the current, I, or equal to IZ where
7 is the impedance to neutral of the line from
the relay to the point of fault. The ratlo of
the two values is IZ/I = Z, Thus, the ratlo 1s
constant for any value of current as the voltage
on the relay 1s equal to the current times thei
line impedance. Therefore, 1f the 1impedance
element 1s adjusted by the core screw and taps
on the current coil for a value of current such-
that the pull of the current coll 1s just equal
to the potential restraint for a fault at 80 to
90% of the line section, the beam wlll be bal-
anced for a fault at that point for any value of
current. Now, 1if the fault occurs beyond this
balance point, the beam will not trip as the
voltage pull 1is the greater due to a large a-
mount of impedance and correspondingly larger
potential restraint than the beam 1s balanced
for.

The trip circuit consists of the three
impedance element contacts and the three opera-
tion indicator contacts in parallel, and this
combination in series with the contactor switch
coil. When the relay contacts close, the coll
is energized and 1ts contacts short around the
relay contacts, relieving them of the duty of
carrying the breaker tripping current. These
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Figure 1
Sectional View of the Impedance Elements.

contacts remain closed untll the trip circilt is
opened by a breaker auxiliary switch. The third
contact of the contactor switch is connected to
a separate relay terminal to operate an alarm
circuit, The operation indicators show a white
target to indicate which of the three impedance
element contacts close to complete the trip cilr-
cuilt.

CHARACTERISTICS

The relay is available 1n two “mped-
ance ranges: 0.6 to 6.0 ohms and 0.2 to 2.0
ohms. The difference 1n the two ranges is in
the current colls of the impedance element and
the corresponding tap markings. The tap and
scale markings are as follows:

0.6 to 6.0 Ohm Relay

Taps - 6.2, 9.%, 13.5, 20.8, 29.8, 45

Core 3crew Marking - .8, .9, 1.0, 1.1,
1.2, 1.3, 1.4

0.2 to 2.0 Ohm Relay

Taps - 2, 3, 4, 6, 9, 13
Core Serew Marking - .8, .9, 1.0, 1.1,

SETTINGS

The type HZ-3 relay requires a setting
for each of the three impedance elements. The
following nomenclature will be used’

Z = the 1line-to-neutral ohmic impedance of the
pbrotected 1line from the relay to the 80 or
90% balance point.

R¢ = The current transformer ratio

Ry = The potential transformer ratio

T = The impedance element current tap value
S = The impedance element current core screw

value. The values appears as & serles of
dots on the drum of the lower core screw
ad justing knob.

Since the 1mpedance of the voltage
clrcuit of the relay is the same at agll times,
the balance point of the element 1is adjusted by
changing the pull on the current coil. Thils is
done by taps (T) on the current coil winding,
and by the core screw (8) which varies the mag-
netic air gap for the current flux.

The most satisfactory method of arriv-
ing at the tap setting is by the use of the fol-
lowling formulas:

For Impedance Elements Recelving Delta Cur-

rent Use:
10 Z R
TS = Tc (1)
For Impedance Element Receiving Star Cur-
rent Use:
- 1l7.3Z R
TS = e
752 Re (2)

The tap, T, 1s obtained by dividing
the TS product by S to give an available tap
number. When changing taps, the extra tap screw
should be screwed in the desired tap before re-
moving 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 1s screwed
into the core. In some cases, a question of
doubt may arise whether the scale setting 1is
correct, or 1s out by one full turn of the core
screv. In such a case, the point may be veri-
fled by turning the core screw all the way in.
Then back out the core screw until the highest
scale marking just comes under the end of the
pointer., This will occur in less than 3/4 of a
turn. To prevent such doubt it 1is recommended
that the core screw setting be made by thus lo-
cating the highest scale marking and then con-
tinuing to back it off until the desired value
appears exactly under the end of the pointer.
Sufficiently accurate setting can be made by 1n-
terpolating between the marked poilnts when nec-
essary.

The above formulae are based on the
relay being used on & 60° 1ine and 1s correct
for lines of that angle. For 1lines other than
60° a slight error 1s introduced which may be
as much as 8% and 6% on 40° and 80° lines re-
spectively. However, the formula relay setting
can be corrected for lines other than 60° by us-
ing the curve of figure 4. The scale reading
should be decreased so that the current to trip
the beam at the line angle 1s equal to the cur-
rent to trip on a 60° 1ine.

The formulae settings are sufficiently
accurate for most installations. Where it 1s
desired to set the balance point more accurately
the tap and scale values may be checked by ap-
plying to the relay the voltage, current, and
phase angle conditions which will be impressed
on it for a fault at the deslred balance point.
A slight change in the scale value from that
calculated may be required.

As an example of the formula setting,
set the Impedance elements to protect a 60°, 110
kv., 60 cycle line, 75 miles long. The line-to-
neutral impedance 1s .75 ohms per mile. The
current transformer ratio 1s 400/5, and the po-
tentlal transformer ratio is 1000/1. Each ele-
ment 1s to protect 90% of the line section or
for a balance point .90 x 75 x .75 = 50.6 ohms
away. Then

_ 10 x 50.6 x 80
TS = 500 40.5
Set tap = 29.8 and core screw = 1.36

on a 0.6 to 6.0 ohm relay. Since the relay is a
three-phase relay, the settings for the second
and third elements will be duplicate of the
first as above.

INSTALLAT ION

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

CONNECTIONS

Impedance Element

The impedance
measured from the point where the
transformers are connected.

to the balance point is
potential

In some applications a power trans-
former bank forms part of the transmission line,
and potential transformers are available only on
the bus side of the bank. In this case the re-
lays may be set thru the bank to protect the
line only if the bank impedance 1s not too large
as compared with the line impedance. If the
bank impedance 1s too large in comparison with
the line impedance, the 80 or 90% setting of the
impedance element may cover only a very small
percentage of the transmission line or Iin some
cases not cover any of the line section. In or-
der to use the potential transformers on the bus
alide of the bank under this condltion, Type KX
compensators are used and the impedance measured
from the 1line slde of the bank to the balance
point. The type KX compensators operate from
the current transformers and provide voltage
compensation equivalent to the drop in the power
bank.

The above discussion assumes that pow-
er 1s 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 to a line fault, low-tension potential
transformers may be used without compensation.
Then, the impedance to the balance point is
measured from the point where the potentlal
transformer connect to the protected line.

The conventional star connection of
current transformer 1s not as satisfactory as
the delta connections where accurate dilstance
relay protection is desired. With this connec~
tion the balance point of the lmpedance element
shifts about 15% depending upon whether a phase-
to-phase, a three phase or a double ground fault
is involved. That 1is, if the balance point were

adjusted at 80% for a three phase fault, then
for a double ground fault the shift mag be more
or less than plus or minus 15% of the 80% set-

ting, depending upon the relative magnitudes of
the positive, negative and zero sequence lmped-
ance of the system from the source of power to
the fault. Thls error can be entirely elimin-
ated by making use of the vector difference be-
tween the llne currents, (i.e. delta currents)
for actuating the relay.

The most common method 1s to connect
the main current transformers in star and use a
set of auxiliary 5/5 ratio transformers to sup-
ply delta currents to impedance element, as
shown in figure 8. These auxiliary transformers
need not be of very large volt-ampere capacity,
as they supply only the i1impedance colls which
are of very low burden.

Trip Circult

The contactor switch operates on a
minimum of 1.0 ampere, but the trip circult
should draw at least 4 or 5 amperes in order to
reduce the time of the operation of the switch
to a minimum and provide more positive opera-
tion. If the relay 1s used to trip an auxiliary
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Figure 2
Internal Wiring Dlagram of the Type HZ-3 Relay.

multi-contact relay, provision should be made
for loading down the trip eircuit with a resils-
tor in parallel with the operating coils of the
auxiliary relay. Also, since the total trip
clrcuit resistance in the relay is approximately
3.8 ohms, care must be taken to see that the
breaker trip coil will recelve enough current
when low voltage control 1s used.

The maln contacts on the impedance
elements will safely close 30 amperes at 250
volts d-c., and the switch contacts willl safely
carry this current 1long enough to trip the
breaker.

ADJUSTMENT & MAINTENANCE

The proper adjustments to insure cor-
rect operation of this relay have been made at
the factory and should not bhe dlsturbed after
receipt by the customer. If the adjustments
have been changed or the relay taken s&apart for
repairs, the following instructions should be
followed in reassembling and setting it.

All contacts should be perlodically
cleaned with a fine file. S#1002110 file is re-
commended for this purpose. The use of abrasive
materlal for cleaning contacts 1s not recommend-
ed, because of the danger of embedding small
particles 1in the face of the soft sllver and
thus impairing the contact.

Impedance Elements

Refer to figure 1. Adjust the stop
screw on the rear of the beam to give a clear-
ance of .025 inches between the beam - and the
voltage iron clrcult. With the beam in the re-
set position, 1.e., with the stop screw against
the stop, adjust the vertical gap for .009
inches between the adjustable iron and the beam.
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Care should be taken in this adjustment to keep
the gap the same on both sides. Also, with the
beam in the same position adjust the gap between
the front end of the beam and the stop 1n the
upper core screw to .020 inches. The above val-
ues for the air gaps may be obtained -by means of
feeler gauges. It should be borne in mind, how-
ever, that the values given represent normal, or
average values.

The beam should be Dbalanced as fol-~
lows., Connect the relay with polarities as
shown in the test diagram, figure 7. With any
tap and scale setting, check the lmpedance meas-
ured by the relay with 35 volts potential re-
straint. Apply 5 volts restraint and adjust the
balance weight on the beam until the beam just
trips with 1/7 of the current required to trip
with 35 volts restraint. In calibrating the
first element, the same current should be passed
thru the second element in the reverse direction
thus simulating a phase-to-phase fault. In this
way the small amount of electrical interference
between elements is calibrated out. Similarly,
the third element current coil should be ener-
gized 1n the reverse direction when calibrating
the second element, and the first element cur-
rent coll should be energized 1n the reverse
direction when calibrating +the third element.
In the factory adjustment, this 1s done at T =
20.8 and 8 = 1.1% for the 0.6 to 6.0 ohm relay,
and at T =13, 8 = 1.6 for the 0.2 to 2.0 ohm
relay.

The statlionary contacts should be ad-
justed to give .015 1nches clearance between
them and the silver bridge on the beam when the
beam 18 1n the reset posltion. The ©bridge
should be made to touch both contacts simultane-
ously, and deflect the contact springs at least
.010 inches before the beam strikes the bronze
stop on the core screwv.

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

Contactor Switch

Adjust the stationary core of the
switech for a c¢learance between the stationary
core and the moving core of 1/64" when the
switch is picked up. This can be done by turn-
ing the relay up-slde-down or by disconnecting
the switch and turning 1t up-side-down. Then
screw up the core screw untll the moving core
starts rotating. Now, back off the core screw
until the moving core stops rotating. This in-
dicates the point where the play in the assem-
bly is taken up, and where the moving core Just
separates from the statlonary core screw. Back
off the core screw approximately one turn and
lock in place. This prevents the moving core
from striking and sticking to the statlonary
core because of residual magnetism. Adjust the
contact clearance for 3/32" by means of the two
small nuts on elther side of the Micarta disc.
The switch should plck up at 1 ampere d-c. Test
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Figure 7
Diagram of Test Connections.

for sticking after 30 amperes d-c. have been
passed through the coil.

Operation Indicator

Ag just the indicator to operate at 1.0
ampere d-c. gradually applied. Test for stick-
ing after 30 amperes d-c. 13 passed thru the
coil. Adjustments may be made by loosenlng the
two screws on the under side of the assembly,
and moving the bracket forward or backward. Al-
so, the amount of over-hang of the armature on
the latch may be adjusted by means of the small
gcrew bearing on the flat spring carrying the
inertia weight. The best adjustment will usual-
1y be found when thls screw just touches the
flat spring wilth the armature in the reset posi-
tion. If the two hellcal springs which reset
the armature are replaced with new springs, they
should be weakened slightly by stretching just
beyond thelr elastic limit.

Calibration of Impedance Elements

The current required to operate the

impedance elements against any given voltage 1s
obtained from the equation:
10 E
TS = —% (3)

where T 18 the current tap and S is the Setting
of the calibrated core screw, E and I are the
voltage and current respectlvely applied to the
relay., Thus, if the setting 1s T = 20.8,5 = 1.4
and the voltage 1is 35 volts, then the current
required at 60° lagging is:

_ 10 E

I _ 10 x 35

TS I~ 20.8 x1.b
When checkling the calibration, 1t 1s

essentlal that the polarity be as given in fig-
ure 7, otherwise an error will be introduced.

= 12 amperes

Figure 4 shows the variatlon of trip-
ping current for a glven voltage as the phase
angle between current and voltage 1is varied. To
make sure that the relay is operating at 60° lag
and not 240°, the current leads can be reversed
and the beam should operate on a smaller current
if the comnections were orligindlly correct.

-5 -
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Figure 3 shows the general shape of
the impedance curve for different ohm settings.
These curves are obtalned by tripping ths beam
against different voltages for a constant T and
S setting and then plotting the ratio E/I in per
cent of the 35 volt callbrating impedance a-
galnst the voltage. The lower voltage polnts (5
to 15 volts) are considerably affected by the
mechanical balance of the beam, while the higher
points are but little influenced.

Accurate time tests on the instantane-
ous element can only be taken wilth the ald of an
oscillograph or high-speed timer. Figure 6
shows the time of operation in cycles (60 cycle
per second basis) of the impedance element for
various baslance points. By using these curves

the operating speed can be determined
value of the current or
element.

for any
voltage applied to the
Caution

Make certain that the stops on the
rear and front of the 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 between the beam and
the stop while the beam 1s firmly pressed down.

Also, when checking the impedance ele-
ment at low voltage, observe the tripping of the
beam 1instead of an indicatlon in the trip cir-

-6 -
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Figure 9
External Comnections for Phase to Ground Fault Protection on a Bus Section
wlth Feeder Reactors.

cult. Thls will prevent an error in the con-
tact adjustment which might otherwise affect the
beam calibration.

RENEWAL PARTS

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

.

ENERGY REQUIREMENTS

The 60 cycle burden of the various
circults of thls relay are as follows:

POTENTIAL CIRCUITS AT 115 VOLTS

Circuit V.A. P.F. Angle
Impedance Element (each) 2.0 20° lag
CURRENT CIRCUITS
Circuit Tap Amps. V.A. P.F.Angle
Impedance Element 45 8.66 6 yo°

13,5 8.66 1.3 22°
Auxiliary
Star-Delta
C.T. S#879127 5Y/8.6645 3.5 10°

See I.L. 2632-A Newark Works.

-7 -
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INSTALLATION

INSTRU

I.L. 41-4178
OPERATION ¢ MAINTENANCE

CTIONS

Type HZ-3 Impedance Relay

Before putting protective relays in-

CAUTION
to service, remove all blocking which may have

inserted for the purpose of securing the
all
moving parts operate freely, inspect the con-
to that
properly, operate the relay to check the

been

parts during shipment, make sure that

tacts see they are clean and close
and

settings and electrical connections.
APPLICATION

The
directional,
elements of the balanced-beam type.
is to
radial circuilts.

cults,

type HZ-3 relay 1s a three element non-
high-speed relay with 1mpedance
The relay
used supplement slow-speed relays on
As
the relay 1is used for phase fault pro-
tection 80 to 90% of the line
with the existing slow-speed relays protecting
the

protection.

applied to these cir-

over gsection,

remaining 20 to 10% and providing back-up

The type HZ-3 relay is also used for phase
and ground fault protection of station buses
where the impedance of reactors in the feeder
to

of discriminating between an internal

circuits connected the bus 1s used as a
means

and external fault.

CONSTRUCTION

The type HZ-3 relay contains three identical
a contactor
The

instantaneous impedance elements,
switch,
elements are constructed as follows:

and three operation indicators.

Impedance Element

Construction details of this element are

shown 1in Figure 1. A balanced beam is pulied
on the contact end by a current coll
and the other

The fluxes of these

downward
on end by two voltage coils.

two potentlal coils are

Supersedes |L. 41-417A

shifted out of phase with respect to each
other to produce a steady pull. A tap screw
on the front of the element permits changling

the number of turns on the current coil, and a
the bottom of the

gap 1n the /magnetic path.
These two adjustments make ;t/possible to set

core s8screvw oOn element

changes an &alr

the element.

is
the forward end of the beam.

A rectangular silver contact flexibly
As

the beam trips, the contact bridges two silver

fastened on

statilonary hemispherical contacts mounted on
the free A small
screw determines the position of the leaf

end of a short leaf spring.
set
and provides

spring means for adjusting the

contact gap.

Contactor Switch

This is a small solenoid type d-c¢ switch. A
cylindrical plunger with a sllver dlsc mounted
its in the core of the
solenoid. plunger travels upward the

lower end moves
As the
disc bridges three silver statlonary contacts.

on

Operation Indicator

The
coll connected in the trip circuit.
coll 1is
releases the white target vwhich falls by

to show the completion of the trip

The high speed action of the indica-
obtained by fastening a welght through
the The added

armature to continue its

operation Indicator is a small solenoid
When the
energized, a spring restrained arma-
ture
gravity
clrcuit.
1s
a leaf

tor

gpring to armature.
the

the

indicator 1s reset from outside

inertia causes

motion after coil has been short-cir-
culted. The

the case by a push rod.

EFFECTIVE JUNE 1948
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Fig. 1—Sectional View of the Impedance Elements.

OPERATION

The relay measures the Impedance of the line

to which it 1s connected by measuring the

ratio of the current and voltage supplied to
it. The relay 1s connected to recelve a
current and voltage proportional to thoege
exlsting on the high-tension line. With .a

fault in the zone of the relay, a given amount
of current, I, will flow from the relay loca-
tion to the fault. With zero voltage existing
at the fault, the voltage at the relay nmust be
equal to the drop in the line due to the
current, I, or equal to IZ where Z is the im-
pedance to neutral
to the

values 1s

of the line from the relay
point of fault. The ratio of the two
I1Z/I = Z, Thus, the ratio 1s con-
stant for any value of current as the voltage
on the relay }s equal to the current times the
line impedance. Therefore, 1f the impedance
element 1s adjusted by the core screw and taps
on the a value of current

such that the pull of the current coil is just

current coil for
equal to the potential restralnt for a fault
at 80 to 90% of the line section, the beam
will be balanced for a fault at that point for

any value of current. Now, 1if the fault
occurs beyond thls balance point, the beam
will not +trip as the voltage pull 1s the

of a
correspondingly larger potential
restraint then for which the beam 1is balanced.

greater because larger amount of im-

pedance and

clrcult consists of the three im-
element contacts and the three opera-
in parallel, and this
with the

The trip
pedance
tion 1ndicator
combination in

2

coils

series contactor

switch coil.
the coil

around the
the duty of

When the relay contacts close,
1s energized and its contacts short
relay contacts, relieving them of

carrying the breaker tripping

current. These contacts remain closed until
the trip circuit 1s opened by a breaker
auxiliary switch. The operation ihdicators

show a white target to indicate which of the
lmpedance element

complete the trip circuit.

CHARACTERISTICS

The relay 1s available in two impedance
ranges: 0.6 to 6.0 ohms and 0.2 to 2.0 ohms.
The difference i1in the two ranges is in the
current colls of the impedance element and the
corresponding tap markings.
markings are as follows:

three contacts close to

The tap and scale

0.6 to 6.0 Ohm Relay

Taps - 6.2, 9.4, 13.5, 20.8, 29.8, 45

Core Screw Marking - .8, -9, 1.0, 1.1,
1.2, 1.3, 1.4

0.2 to 2.0 Ohm Relay

Taps = 2: 3: 4, 6, 9, 13

Core Screw Marking - .8, .9, 1.0, 1.1,
1.2, 1.3, 1.4, 1.6

SETTINGS

HZ-3 relay requires a setting for
three

The type
of the
following nomenclature will be used:

each impedance elements. The

Z = the line-to-neutral ohmic impedance of the
protected line from the relay to the 80 or
90% balance point.

R,= The current transformer ratio
Ry= The potentilal transformer ratio
T = The impedance element current tap value

8 = The Impedance element current core screw

value. The values appear as a series of
dots on the drum of the lower core

ad justing knob.

screw
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OPERATION

) INDIC ATOR
A =

CONTACTOR - -
BWATCH

i

==

_= ;\—Q—
TRIP CA\RCUIT

INTERLOCK FOR

DETACHABLE
RELAYS

_ = |
== RIGHT ELEMENT

(FRONT VIEW)

oy L _CENTER ELEMENT,

LEFT ELEMENT

\ 4‘_6\,&}——5—-’—— (FRONT VIEW)

REAR YIEW

WITH RELATIVE INSTANTANEQUS POLARITIES AD SHOWN,
TWE IMPEDANCE ELEMENTS OPERATE ON THE CORRECT PART
OF THE PHASE ANGLE CURVE

TOP TEST SWITCH

TO BASE TERMS .
TO RELAY— ﬁi E
ZOVER OPERATRED FRONT VIEW

SwITCH WHEN ug\
OPERATION

INDICATOR m N . A TEST swicH
o
% —!
CONTACTOR — | i
SwiTCH 5
c

P 2 Ao+
R PR
I Ht
& oy @ [~ EronT ViEw)
\—\/

B T ——CENTER ELEMENT

A z F
W7éaozfm

SHORT CIRCUIT SWITCH
RED HANDLE

REAR VIEW

BOTTOM TEST SWITGH

Ll L IR T

SHORT CIRCUIT SWITCH FRONT VIEW SHORTING SWITCH

WITH RELATIVE INSTANTANEOUS POLARIT\ﬁs AS SHOWN ,THE
IMPEDANCE ELEMENTS OPERATE ON THE CORRECT PART OF
THE PHASE ANGLE CURVE.

TO RELAY
CURRENT TEST JACK

TO BASE TER MS.

Fig. 2—Internal Schematic of the Type HZ-3 Relay in the
Standard Case.

Since the 1mpedance of the voltage circuit
of the relay 1s the same at all times, the
balance point of the element 1s ad justed by
changing the pull on the current coil. This
is done by taps (T) on the current coll
winding, and by the core screv (8) which

varies the magnetic air gap for the current

flux.

The most satisfactory method of arriving at
the tap setting is by the use of the followlng

formulas:
For Impedance Elements Recelving Delta
Current Use:
10Z R,
5= ——2° (1)
Ry
For Impedance Element Recelving Star
Current Use:
17.3Z R
TS J1To% Re (2)
R,

Fig. 3—Internal Schematic of the Type HZ-3 Relay in the
Type FT Case.

The tap, T, 1s obtalned by dividing the T3
product by S to glve an available tap number.
When changing taps, the extra tap screw should
be screwed in the desired tap before removing
the existing tap
cuiting the current transformers.

secrew to prevent open cir-

The numbers on the core screwv appear in

ascending order as the core screw 1s screwed
into the

doubt may

core.
arise whether the scale setting 1s
out by one full turn of the

In some cases, a question of

correct, or is
core In such a case, the point may be
verified by turning the core screw all the way
in. Then back
highest scale marking just comes under the end

This will occur in less than

screw.

out the core screw until the

of the poilnter.

3/4 of a turn. To prevent such doubt 1t 1s
recommended that the core screw settlng be
made by thus locating the highest gscale

marking and then continuing to back it off
until the desired value appears exactly under

3



TYPE HZ-3 RELAY

the end of the pointer. Sufficlently accurate
setting can be made by interpolating between
the marked points when necessary.

The above formulas are based on the relay
being used on a 60° line and are correct for
lines of that angle. For lines other than 60°
a slight error is introduced which may be as
mich as 8% and 6% on 40° and 80° lines, re-
spectively. However, the formula relay
setting can be corrected for lines other than
60° by using the curve of Figure 6. The scale
reading should be decreased so that the
current to trip the beam at the line angle 1is
equal to the current to trip on a 60° line.

The formulae settings are sufficlently
accurate for most installatlons. Where it 1s
desired to set the balance point more accu-
rately the tap and scale values may be checked
by applying to the relay the voltage, current,
and phase angle conditions which will be im-
pressed on 1t for a fault at the desirecd bal-
ance point. A slight change 1n the scale
value from that calculated may be required.

As an example of the formula setting, set
the 1impedance elements to protect a 60°, 110
kv., 60 cycle line, 75 miles long. The line-
to-neutral Ilmpedance is .75 ohm per mile. The
current transformer ratlo 1s 400/5, and the
potentlal transformer ratio is 1000/1. Each
element 1s to protect 90% of the line section
or for a balance point .90 x 75 x .75 = 50.6
ohms ‘away. Then

10 x 50.6 x 80
B 1000

TS = 40.5

S8et tap = 29.8 and core screw = 1.36 on a
0.6 to 6.0 ohm relay. Since the relay is a
three-phase relay, the settings for the second
anc third elements will be duplicate of the
first as above.

RELAYS IN TYPE FT CASE

The type FT cases are dust-proof enclosures
comblning relay elements and knife-blade tesf
switches 1n the same case. This combination
provides a compact flexible assembly easy to
maintain, inspect, test and ad just. There are

4

three main units of the type FT case: the
case, cover and chassis. The case 1s an all
vwelded steel housing contalning the hinge half
of the knife-blade test switches and the
terminals for external connectlons. The
cover 1s a drawn satesl frame with a clear
window which fits over the front of the case
with the switches closed. The chassis 1is a
frame that houses the relay elements and sup-
ports  the contact Jaw half of the test
switches., This slides in and out of the case.
The electrical connections between the base
and chassis are completed through the closed
knife-blades.

Removing Chassis

To remove the chassls, first remove the
cover by unscrewing the captive nuts at the
corners. Thils exposes the relay elements and
all the test switches for inspection and
testing. The next step 18 to open the test
switches. Always open the elongated red
handle swiltches first before opening any of
the black handle switches or the cam action
latches. Thils opens the trip circult to pre-
vent accldental trip out. Then open all the
remalning switches. The order of openlng the
remaining switches is not Important. In
opening the test switches they should be
moved all the way back against the stops.
With all the switches fully opened, grasp the
twvo cam action 1latch arms and pull outward.
This releases the chassis from the case.
Using the 1latch arms as handles, pull the
chassls out of the case. The chassis can be
set on a test bench in a normal upright posi-
tion for test as well as on its back or sides
for easy inspection and maintensance.

After Temoving the chassis a duplicate
chassls may be inserted in the case or the
blade portion of the switches can be closed
and the cover put in place without the
chassls.

When the chassis 1s to be put back in the
case, the above procedure is to be followed in
the reversed order. The elongated red handle
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Fig. 8—Diagram of Test Connections for the Type HZ-3
Relay in the Standard Case.

swltch should not be closed until after the
chassis has been latched in place and all of
the black handle switches closed.

Electrical Cireults

Each terminal 1in the base connects thru a
test switch to the relay elements in the
chassis as shown on the internal schematlc
diagrams. The relay terminal 1s identified by
numbers marked on both the inside and outslde
of the base. The test switch positions are
identified by letters marked on the top and
bottom surface of the moulded blocks. These
letters can be seen when the chassis is re-
moved from the case.

The potential and control circuits thru the
relay are disconnected from the external cir-
cult by opening the assoclated test swiltches.
Opening the short circuiting test switch
short-circuits that circult and dlsconnects
one slde of the relay elements but leaves the
other side of the element connected to the ex-
ternal circuit thru the current test jack
jaws. This circult can be 1solated by in-
serting the current test plug {without ex-

6

Fig. 9—Diagram of Test Connections for the Type HZ-3
Relay in the Type FT Case.

ternal connections) by inserting the ten cir-
cult test plug, or by inserting a plece of in-
sulating material approximately 1/32" thick
into the current test jack jaws. Both
swltches of the short cilrcuiting test switch
palr must be open when using the current test
plug or insulating material in thils manner to
short-circuit the external circuit.

A cover operated switch can be supplied with
its contacts wired in series with the trip
clrcuit. This switch opens the trip circuit
vhen the cover is removed. Thils switch can be
added to the existing type FT cases at any
time.

Testing

The relays can be tested in service, in the
case but with the external circults isolated
or out of the case as follows:

Testing in Service

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

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

contact jaw.

Testing In Case

With all Dblades in the full open position,
the ten cilrcuit test plug can be inserted in
the contact jaws. This connects the relay
elements to a set of binding posts and
completely isolates the relay circuits from
the external connections by means of an insu-
lating barrier on the plug. The external test
ecircults are connected to these binding posts.
The plug 1is inserted 1n the bottom test jaws
with the binding posts up and in the top test
switeh jaws with the binding posts down.

The external test circults may be made to
the relay elements by #2 test clip leads 1in-
stead of the teat plug. When connecting an
external test circuit to the short-circulting
elements using clip leads, care should be
taken to see that the current test jack jaws
are open so that the relay 1s completely
i1solated from the external circults, Suggest-
ed means for 1solating this clrcuit are out -
1ined above, under "Electrical Circuits.”

Testing Out of Case

With the chassis removed from the case,
relay elements may be tested by using the ten-
circuit test plug or by #2 test clip leads as
described above. The factory calibration is
made with the chassis in the case and removing
the chassis from the case will change the
calibration values by a small percentage. It
is recommended that the relay be checked in
position as a final check of the calibratilon.

INSTALLATION

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

grounding the relay. The electrical connec-
tions may be made dlrect to the terminals Dby
means of screws for steel panel mounting or to
terminal studs furnished with the relay for
ebony-asbestos or slate panel mounting. The
terminal studs may be easlly removed or Iin-
serted by locking two nuts on the studs and
then turning the proper nut with a wrench.

CONNECTIONS

Impedance Element

The impedance to the balance point is mea-
sured from the point where the potential
transformers are connected.

In some applications a power transformer
bank forms part of the transmission line, and
potential transformers are avallable 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 i1s not too
large as compared with the line 1mpedance. If
the bank impedance 1s too large 1in comparison
with the line impedance, the 80 or 90% setting
of the lmpedance element may cover only a very
small percentage of the transmission line or
in <some cases not cover any of the 1line
section. In order to use the potential trans-
formers on the bus side of the bank under this
condition, Type KX compensators are used and
the I1mpedance measured from the line side of
the bank to the balance point. The type KX
compensators (I.L. 41-540) operate from the
current transformers and provide voltage com-
pensation equivalent to the drop in the power
bank.

The above discussion assumes that power is
fed thru the bank 4to faults on the 1line.
Where a pover transformer connects to a high
tension transmission line and does not supply
power to a line fault, low-tenslon potential
transformers may be used without compensation
Then, the I1mpedance to the balance point is
measured from the point where the potential
transformers connect to the protected line.

The conventional star connection of current
transformers 1s not as satisfactory as the
delta connectlon where accurate distance relay
protection 1is desired. Witn thls connection,

1
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the balance point of the lmpedance element
shifts about 15% depending upon whether a
phase-to-phase, a three phase or a double
That 1s, If the
balance point were adjusted at 80% for a three
phase fault, then for a double ground fault

ground fault 1s 1involved.

the shift may be more or less than plus or
minus 15% of the 80% setting, depending upon
the relative magnitudes of the positive, nega-
tive and zero sequence impedance of the system
from the source of power to the fault. This
error can be entirely eliminated by making use
of the vector difference between the 1line
currents, (i.e. delta currents) for actuating
the relay.

The most common method is to connect the
maln current transformers in star and use a
set of auxiliary 5/5 ratio transformers to
supply delta currents to impedance element, as
shown 1n Figures 10 and 11. These auxliliary
transformers need not be of very large volt-
ampere capacity, as they supply only the im-
pedance element coills which are of very low
burden.

Trip Clrcuit

The contactor switch operates on a minimum
of 1.0 ampere, but the trip circult should
draw at 1least 4 or 5 amperes in order to re-
duce the time of the operation of the switch
to a minimum and provide more positive orera-
tion. Ir the relay 1is used to trir an
auxiliary multi-contact relay,
should be made for loading down the trip clr-
cult with a resistor in parallel with the
operating colls of the auxiliary relay. Also,
since the total trip circuit resistance in the
relay 1s approximately 3.8 ohms, care must be
taken to see that the breaker trip coll will
recelve

provision

enough current when low voltage
control 1s used.

The main contacts on the Impedance elements
wlll safely close 30 amperes at 250 volts d-c,
and the switch contacts will safely carry this
current long enough to trip the breaker.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct

operation of this relay have been made at the
factory and should not be dlsturbed after re-
celpt by the customer. If the ad justments
have been changed, the relay taken apart for
repairs, or 1f it 1s desired to check the
adjustments at regular maintenance periods,
the instructions below should be followed.

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

Impedance Elements

Refer to Figure 1. Adjust the stop screw on
the rear of the beam to glve a clearance of
.025 inch between the beam and the voltage
lron circuit. With the beam 1n the reset
position, i1i.e., with the stop screw against
the stop, adjust the vertical gap for .009
inch between the adjustable iron and the beam.
Care should be taken 1n this ad justment to
keep the gap the same on both sldes. Also,
with the beam in the same position ad just the
gap between the front end of the beam and the
stop 1n +the wupper core screw to .020 1inch.
The above values for the alr gaps may be
obtained by means of feeler gauges. It should
be borne in mind, however, that the values
given represent normal, or average values.

The beam should be balanced as follows.
Connect the relay with polarities as shown in
the test diagram. With any tap and scale
setting, check the impedance measured by the
relay with 35 volts potential restraint.
Apply 5 volts restraint and ad just the balance
welght on the beam until the beam Just trips
with 1/7 of the current required to trip with
35 volts vrestraint. 1In calibrating the first
element, the same current should be passed
thru the second element in the reverse direc-
tion thus simulating a phase-~-to-phase fault.
In this way the small amount of electrical in-
terference between elements is calibrated out.
Similarly, the third element current coil
should be energized in the reverse direction
when calibrating the second element, and the

ﬁﬂi,x
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first element current coll should be energized
in the reverse directlon when calibrating the
third In
this 1s done at T = 20.8 and 3 = 1.4 for the
0.6 to 6.0 ohm relay, and at T =13, 3 = 1.6
for the 0.2 to 2.0 ohm relay.

element. the factory adjustment,

The
to glve
the sllver bridge on the beam when the beam is
in the The bridge should be
made to touch both contacts simultaneously,
and deflect the contact springs at least .010

statlonary contacts should be ad justed

.015 inch clearance between them and

reset position.

inch before the beam strikes the bronze stop
on the core screv. '

It is difficult to adjust accurately the
contacts by eye. A good method consists in
first adjusting one of the contacts to the
correct gap and then applying just sufficlent

trip the beam against a restraint
of about 5 volts. While the beam is 1n this
position, that is, lightly pressing on the one
the
ad justed upward by means of the set screw un-

current to

contact, other contact should be slowly

t11 1t just touches the silver bridge without
1ifting it off the other contact. The trip
eircuit snould be energized so that the
lighting of & lamp or the tripping of an aux-

iliary relay will show when both contacts are

made .
Contactor Switch

Adjust the statlionary core of the switch for
between the statlonary core and
of 1/64" when the switch 1s
can be done by turning the

a clearance
the
picked wup-

core

This
relay up-side-down
switeh and turning 1t up-slde-down.

moving

or by disconnecting the
Then
screw up the core screw until the moving core
Now, back off the core screw
moving This
the point where the play in the as-

starts rotating.
until the
indicates
sembly is taken up, and where the moving core

core stops rotating.

just separates from the statlonary core screw
Back off the core screw approximately one turn
and lock in place. This
striking and

because

prevents the moving
sticking to the sta-
tionary of residual magnetism.
Adjust the for 3/32" by
of the two small nuts on either side of
the Micarta disc. The switch should pick up
at 1 ampere d-c. Test for sticking after 30
amperes d-c¢ have been passes through the coil.

core from
core
contact clearance

means

Operation Indicator

Adjust the indicator to operate at 1.0
ampere d-c¢ gradually applied. Test for stick-
ing after 30 amperes d-c is passed thru the
coll. Adjustments may be made by loosening
the two screws on the under silde of the
agsembly, and moving the bracket forward or
backward. Also, the amount of over-hand of
the armature on the latch may be adjusted by
means of the small screw bearing on the flat

The best
adjustment will usually be found when this
the flat spring with the
If the
which reset the armature are

should be
just beyond

spring carrylng the inertia welght.

screw just touches
the
springs

armature in
helical
replaced with new

reset position. twn

springs, they
weakened slightly by stretching
their elastic limit.

calibration of Impedance Elements

The Im-

pedance

current required to operate the
elements agalnst any gilven voltage 1s

obtailned from the equatlon:

10 E
TS = — (3)

I
where T 1s the current tap and 8 1s the
setting of the calibrated core screw, E and I

the and current respectively
applied to the relay. Thus, 1f the setting 1s
T = 20.8, 8 = 1.4 and the voltage 1s 35 volts,

then the current requlred at 60° lagging is:

are voltage

10 E

TS

10 x
2> = 12 amperes

20.8 x 1.4

When checking the calibration, it 1s essen-

tial that the polarity as shown in the inter-

nal schematics Dbe wused, otherwise .an error
will be introduced.

The varlation of tripping current for a
given voltage as the phase angle between
current and voltage 1is varied as shown in
Figure 5. To make sure that the relay is

operating at 60° lag and not 240°, the current

leads can be reversed and the beam should

operate on & amaller current if the connec-

tions were originally correct.
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The general shape of the impedance curve for
different ohm settings 1s shown in Figure 4,
These curves are obtained by tripping the beam
against different voltages for a constant T
and 8 setting and then plotting the ratio E/I

in percent of the 35 volt calibrating impe-

dance against the voltage. The lower voltage
points (5 to 15 volts) are considerably
affected by the mechanical balance of  the

beam, while the higher points are but little
Influenced.
Accurate time tests on the instantaneous

element can only be taken with the aid of an

The time of
operation in (60 cycle per
basis) of the impedance element for various
balance points is given in Figure 7.
these curves the operating speed can be deter-

oscillograph or high-speed timer.
cycles second
By using

mined for any value of the current or voltage
applied to the element.

Caution

Make
front of the beam are absolutely clean, other-
wise the impedance at which the beam trips may
be affected, particularly at low voltages.
The stop can

certain that the stops on the rear and

be easlily cleaned by drawing a

plece of clean white paper between the beam
and the stop while the beam is firmly pressed
down.

10

Also, when checking the impedance element at
low voltage, observe the tripping of the beam
Instead of an indication in the trip circuit.
This wi1ll prevent an error 1n the contact
adjustment which might otherwise affect the
beam calibration.

RENEWAL PARTS

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

ENERGY REQUIREMENTS

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

However,

doing repair work.

POTENTIAL CIRCUITS AT 115 VOLTS

Circuit V.A. P.F. Angle
Impedance Element (each) 2.0 20° lag

CURRENT CIRCUITS

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

Impedance Element 45 8.66 6 y4o°
13.5 8.66 1.3 22°

Auxliliary

Star-Delta

C.T. 5#869125 5Y/8.66,.5 3.5 10°

See I.L. 41-535
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Fig. 11—External Connections of the Type HZ-3 Relay in the
Type FT Case for Phase Fault Protection Using
Either Star or Delta Current in all Elements.
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F‘ig. 12—External Connections of the Type HZ-3 Relay in the
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Fig. 13—External Connections of the Type HZ-3 Relay in the
Type FT Case for Phase-to-Ground Fault Protection
on a Bus Section with Feeder Reactors.
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