INSTALLATION

l. L. 41-478

OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE HRZ DIRECTIONAL IMPEDANCE RELAY WITH
ADJUSTABLE INVERSE OVERCURRENT ELEMENT

CAUTION Berore 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 mov-
ing parts operate freely, inspect the contacts
to see that they are clean and close properly,
and operate the relay to check the setting and
electrical connections.

APPLICATION

The type HRZ relay is a combination of the
Instantaneous impedance element of the type HZ
relay, the single 1loop directional element,
and the overcurrent element of the type CO re-
lay. This relay 1s used for high speed clear-
ing of phase faults on transmission systems.
It gives instantaneous protection over 80 to
90% of the protected section, and time delay
overcurrent protection over the remaining 20
to 10% of the protected section, and the ad-
Jacent sectlon.

CONSTRUCTION AND OPERATION

The Type HRZ relay contains an Instantane-
ous impedance (HZ) element, an overcurrent
(CO) element, a directional element, auxiliary
contactor switches and operation indicators
all mounted in a single case. The construc-
tion and operation of each of these elements

is as follows.

Instantaneous Impedance (HZ) Element

Thilis element 1s similar to the first im-
pedance element of the Type HZ relay. It con-
sists of a balanced beam pivoted at the center
(Figure 3) and pulled downward by a current
coll on the forward end to close the relay
contacts. This pull is opposed by two voltage
colls acting on the other end of the beam.
The fluxes set up by these two potential coils
are shifted out of phase with respect to each

SUPERSEDES |I. L. 41-421.1A

*%Denotes change from superseded issue.

other so that a balance between current and
voltage fluxes can be held within desirable
limits for all phase angles.

A tap screw on the front of the element per-
mits changing the number of turns on the cur-
rent c¢oil, and a core screw on the bottom of
the element changes an air gap In the magnetic
path. These two adjustments make 1t possible
to set the impedance element so that 1t will
operate instantaneously, for all faults occur-
ing within 80 to 90% of the protected line
section. For a fault at the balance point of
the element (determined by setting) the pull
of the voltage coll, which measures the IZ
drop from the fault to the relay, will just
equal the pull of the current coil, which re-
celves the fault eurrent, I. If the fault
occurs inside the balance point, the IZ volt-
age pull will be less than the I current pull
and the Dbeam will trip closing 1ts contacts.
Conversely, if the fault occurs outside the
relay Dbalance point, the IZ voltage pull will
be greater than the I current pull and the
beam will not trip.

A rectangular silver contact ’is flexibly
fastened on the forward end of the beam. As
the beam trips, the contact bridges two silver
stationary hemispherical contacts mounted on
the free end of a short leaf spring. A small
set screw determines the position of the leaf
spring and provides means for adjusting the
contact gap and follow.

Overcurrent Element

This is an induction-disc type element
operating on overcurrent. The inductlon disc
is a spiral shaped aluminum type mounted on a
vertical shaft. The shaft is supported on the
lower end by a pin and end stone type bearing
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Inverse Type HRZ Relay In FT Case. Omit Test
Switches For The Relay In Standard Case.

and on the upper end by a pln and olive bear-
ing.

contact 1s a small silver hemi-
fastened on the

The moving
sphere end of an arm. The
other end of this arm 1s clamped to an insula-
ted section of the disc shaft. The electrical
connection is made moving

from the contact

through the arm and spiral spring. One end of
the spring 1is

other to a slotted spring adJuster disc which

fastened to the arm, and the
in turn fastens to the element frame.

The statlonary contact assembly consists of
a silver conftact attached to the free end of a

leaf spring. This spring 1s fastened to a
Micarta Dblock and mounted on the element
frame. A small set screw permits the adjust-

ment of contact follow.

Directional Element

A small wvoltage transformer causes a large

* Fig. 1—Internal Schematic For The Inverse Or Very * Fig. 2—Internal Schematic For The Inverse Or Very

Inverse Type HRZ Relay With Instantaneous Trip
Attachment In FT Case. Omit Test Switches For
The Relay In Standard Case.

current to flow 1in a single-turn movable

aluminum secondary, which current is substan-

tially in phase with the voltage. The current

cecils are mounted on a magnetic frame and the
current and voltage elements are assembled at
right angle to each other with the one-turn

voltage 1loop in the air gaps of the current

coil flux path. The interaction of the cur-

rent and voltage fluxes produces torque and
rotates the loop in one of two directions, de-
pending on the direction of power flow.

An Isolantite arm extends from the moving
loop and supports a rectangular silver contact
which bridges two stationary contacts located
The stationary

on elther side of the loop.

contacts are silver hemi-spheres mounted on

the 1lower end of vertically hanging spring

leaves. The contact separation 1s adjustable
by a small screw near the upper end of the
rigid stationary contact supporting arm. One

of these

each of the four stationary contacts.

arms hangs parallel to
The set

supporting
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Fig. 3—Sectional View Of The Instantaneous (HZ) Ele-
ment.

secrew on the 1lower end of this arm provides
the contact follow adjustment. Two additional
serews on the movement frame beneath the
current coil iron 1imit the movement of the

one~-turn loop.

Auxiliary Contactor Switch

This element 1s a small solenocid-type
switch. A small cylindrical plunger with a
silver disc supported on its lower end rides
uyp and down on a vertical guide rod in the
center of the solenoid coil. The gulde rod is
fastened to the stationary core which in turn
serews 1into the element frame. When the coil
is energized, the silver disc moves upward
bridging three cone shaped stationary con-
tacts. The operation of this D-C aux-
iliary swltch is controlled by the directional
element wnich in turn directionally controls
20 overcurrent element. When fault current
flows in the tripping directlion, the auxillary
contactor switch operates to close and seal 1n
the lag coil of the CO element. If the direc-
tion of the fault current reverses, a contact
on the directional element shorts the aux-
illary contactor switch coil, causing it to
drop out. This opens the directional control
circuit of the CO element.

Contactor Switch and Operation Indicator

The coil of the contactor swltch is connect-
ed in the trip circuit. When the relay con-

tacts close, the coil 1s energlzed and its
contacts short around the relay contacts, re-
lieving them of the duty of carrying the
breaker tripping current. These contacts re-
main closed until the trip circuit 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 clrcuit.

Two operation indicators show white targets
with the 1letters HZ and CO. The HZ target
operates when the trip circuit is completed
through the instantaneous impedance element,
and the C0 target operates when the trip cir-
cult 1iscompleted through the overcurrent
element.

Tnstantaneous Trip (When Suppliled)

The instantaneous trip attachment 4s a small
solenoid type element. A cylindrical plunger
rides up and down on a vertical guide rod in
the center of the solenoid coll. The gulde
rod 1s fastened to the stationary core, which
in turn screws 1Into the element frame. A
silver disc is fastened to the moving plunger
through a helical spring. When the coll 1is
energlzed, the plunger moves upward carrying
the silver disc which bridges three conlcal-
shaped statlonary contacts. In this position,
the helical spring 1s compressed and the
plunger 1s free to move while the contact re-
mains stationary. Thus, a-c vibrations of the
plunger are »prevented from causing contact
bouncing. A Micarta disc screws on the bottom
of the guide rod and its locked in position by
a small nut. Its position determines the

pick-up current of the element.

CHARACTERISTICS

The relay is avallable 1n two 1impedance
ranges. These are the 0.2 to 2.0 ohm relay
for short 1lines and the 0.6 to 6.0 ohm relay
for long lines. The followlng are the tap
markings:

Instantaneous (HZ) element 0.2 to 2.0 ohm
range:

Tap = 2, 3, 4) 61 9, 13

Core Screw = .8, .9, 1.0, 1.1, 1.2, 1.4, 1.6
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I. L. 41-478

TYPE HRZ RELAY

Instantaneous (HZ) element 0.6 to 6.0 ohm
range:

Tap = 6.2, 9.4, 13.5, 20.8, 29.8, 45
Core Screw = .8, .9, 1.0, 1.1, 1.2, 1.3, 1.4

CO Overcurrent element

The
closing

type CO adjustable 1Inverse time circult
relay 1is available in the following

current ranges:

0.5 0.6 0.8 1.0 1.5 2.0 2.5
2 2.5 3 3.5 4 5 6
4 5 6 7 8 10 12

The tap value is the minimum current requir-
ed to jJust close the relay contacts. The mov-
wlll 1leave the time dial stop,
regardless of the time dial setting,
to touch the stationary contacts at tap value

ing contacts
and move

current.

The time vs current characteristics for the
style calilbration
are shown 1in Fig. 10 and Fig. 11 respectively.
The term "style calibration” 1s used as there

is no difference between the Inverse and very
in their calibration.

of inverse or very Inverse

inverse relays except
Relays carrylng a style number which indlcates
the inverse callbration may be changed to the
inverse calibration or vice versa through

This 1s outlined in

very
two simple adJustments.

detail under Adjustments.

In addition to
irnverse

the one relay covering the

or the very inverse curves, the relay

may be re-calibrated for a characteristic

other than either of these. An example of the

spread of adjustments to provide different
curve shapes 1s shown by Flg. 8 wherein all
curves are passed through 27 seconds at 2

The curves may be
other than 27
by adjustment of the damping magnet
keeper The of adjustability
indicated at 20 times minimum trip current 1s
The

times minimum trip current.
passed through a common point
seconds
screw. range

obtailned by means of the magnetic plugs.

limit
hand plug "all in"

curve 1s obtained with the right
and the 1left hand plug
"all out" (approximately 20 the
screw). The lower limit 1s obtained with the
left hand plug "all in" and the right hand
plug "all out". Varlous adjustments of the

magnetic

upper

turns of

plugs partially withdrawn from the
used as desired to obtain a

band including the
standard or "pattern" curve to which the relay
is callbrated at Thus,
the other of the plugs will be partially with-
drawn in the factory calibration to one or the

circult may be

curve within the shown,

the factory. one or

other of the inverse or very inverse standard
the

of the damping magnet keeper screw will depend

curves. Similarly, factory set position

upon the "style callbration".

The burdens and thermal ratings are listed
under Energy Requirements. The instantaneous
trip attachment a l to 4 ratio.
10-40 or 20-80,

are also available.

has Typical

ranges are but other ranges

INSTALLATION

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

molsture, excesslve vibration and

the four mounting holes on the flange for the
semi-flush Either of the studs
or the may be utilized for

type FT case.
mounting
the

SCrews

grounding 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
The

may be easily removed or in-

terminals studs

ebony-asbestos or slate panel mounting.

terminal studs
serted by 1locking two nuts on the studs and

then turning the proper nut with a wrench.

The recommended connections of relay are
shown 1in Fig. 14. The 60° connection is used
on the directional element, that is at unity
power factor the current through the direc-

tional element coll should lead the polarizing
voltage by 60° as shown In the vector diagram.
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. L. 41-478

The star-delta auxiliary current transformer
18 the same as used with the type HZ relay and

1s described in I. L. 41-535.

SETTINGS

The type HRZ relay
settings: one for the instantaneous HZ element
and the other for the CO element. Each will

be considered below:

requires two separate

The followlng nomenclature is used for the
discussion of the HZ settings:

Z = the llne-to-neutral ohmic impedance. The
impedance for 80 to 90% of the protected 1line
section.

Re = the current transformer ratio.

Ry = the potentlal transformer ratio.

T = the 1Instantaneous HZ element current tap.
S = the instantaneous HZ element current core
screw.

Instantaneous (HZ) Element Settings

This element 1s set to gilve instantaneous
protection over approximately 90% of the pro-
tected 1line section. Since the impedance of

the voltage coil is the same at all times, the
balance point of the element is adjusted by
This

is done by taps (T) on the current coll wind-

changing the pull on the current coil.
ing and by the core screw (8) which varies the
magnetlc air gap for the current flux.

The most satlsfactory method of arriving at
the tap settings is by the use of the
ing equations:

follow

Instantaneous Element Receiving Delta Current:

TS = 10 Z R (1)
Ry

Instantaneousgs Element Receiving Star Current:
TS = 17.3 Z R, (2)
Ry
is as defined above. The

The nomenclature
tap, T, 1s obtained by dividing the TS product

by 8 to an available tap number. When

give
changing taps, the extra tap screw should be
serewed in the desired tap before moving the
exlsting tap screw to prevent open circulting

the current transformers.

The numbers on the core screw appear in

ascending order
into the

doubt may

as the core screw is screwed
core. In some cases, a question of
arise whether the scale setting is
correct, or 1s out by one full turn of the
core screw. In such a case, the point may be
verified by turning the core screw all the way
in. Then back out
highest
back it
exactly
Sufficiently

interpolating between

the core screw until the
scale marking and then continuing to
off until the desired value appears
of the

under the end polnter.

accurate setting can be made by
the marked points when

necessary.

The above formulas are based on the relay
on a 60° line and are correct for

For lines other than 60°

being used
lines of that angle.

a slight error 1s Introduced which may be as
much as 8% and 6% on 4%0° and 80° lines re-
spectively. However, the formula relay set-

ting can be corrected for lines other than 60°

by using the curve of Figure 5.

The formula settings are sufficiently accu-
where it 1s de-
sired to set the balance point more accurately

rate for most 1nstallations,

the tap and scale values may be checked by
applying to the relay the voltage, current and
phase angle conditions which will be impressed
fault at the

slight change in

on it for a
point. A
from that

desired balance
the scale value
calculated may be required so that
the relay

will just trip for the simulated

fault at the balance point.

As an example, the instantaneous element 1is
to be set for 90% of the line section AB which
is 6 ohms long.
is 200/5

auxiliary current

The current transformer ratio
with the star-delta
transformer supplying delta

star-connected

current to the instantaneous element coils.

The potential transformer ratio is 1000/1. Us-
ing equation (1)
TS = 10 x .90 x 6 x 40 = 2.16
1000

Set tap 2 on the 0.2 to 2.0 ohm relay and core
screw = 1.08. NOTE:
required to

The relay should not be
operate when the drop from the
relay to the fault for minimum fault 1s less

than 5 relay volts.

11



TYPE HRZ RELAY

Settings for the CO Element

There are two settings-namely the current
value at which the relay closes its contacts
and the time required to close them.

For sectionalizing ftransmission systems the
current and time setting must be determined by
calculation, due consideration being gilven to
the time required for circult breakers to open
so that the proper selective action can be ob-
talned throughout the system.

Current Setting

The connector screw on the terminal plate
above the time dial makes connections to
various turns on the operating coil. By plac-
ing this screw in the various holes, the re-
lay will Just close contacts at the corres-
ponding current 4.0 - 5.0 - 6.0 - 7.0 - 8 - 10
- 12 amperes, or as marked on the terminal
plate.

Time Dial Setting

The time dial 1limits the motion of the disc
and thus varies +the time of operation. The
latter decrezses with lower time dial settings
as shown in the typical time curves.

CAUTION Be sure that the connector screws are
turned up tight so as to make a good contact,
for the operating current passes through it.
Since the overload and the impedance element
current colls are connected directly in the
current transformer circuits the latter should
be short-circuited before changing the
connector screw. This can be done convenient-
ly by inserting the extra connector screw, in
the new tap and removing the old screw from
its original setting.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct
operation of this relay have been made at the
factory and should not requilre readjustment
after receipt by the customer. If the ad-
Justments have been changed, the relay taken
apart for repairs, of if it 1s desired to
change the operating characteristic, such as
from inverse to very inverse, the instructions
below should be followed.

#* All contacts should be cleaned periodically.
A contact burnisher S#1824836H0L is recommended

12

for this purpose. The use of abrasive material
for cleaning contacts is not recommended, be-
cause of the danger of embedding small parti-
cles in the face of the soft silver and thus

impairing the contact.

CAUTION: The relay voltage should be of good
wave form. The combination of a phase shifter
and autotransformer may give an output voltage
of poor wave form if the magnetizing current
of the autotransformer is high in proportion
to the 1impedance of the phase shifter used.
In case of doubt, check the output voltage

wave form with an oscilloscope.

Instantaneous Impedance (HZ) Element

Refer to Figure 3. For the 60 cycle relays
adjust the stop screw on the rear of the beam
to give a clearance of .025 inch between the
rear of the beam and the voltage iron circuit.
This may be checked with a feeler gauge. With
the beam in the reset position, i.e., back
against the stop, adjust the gap between the
adjustable 1iron and the beam to .009 inch.
Care should be taken in this adjustment to
keep the gap the same on both sides. Also,
with the beam in the same position, adjust the
gap Dbetween the front end of the beaﬁ and the
stop In the upper core screw to .020 inch.

The beam should be Dbalanced as follows.
Connect the relay as shown in the test dia-
gram, Figure 13. With any tap and scale set-
ting, check the impedance measured by the re-
lay with 35 volts potential restraint. Apply
5 volts restraint and adjust the balance
weight on the beam until the beam Jjust trips
with 1/7 of the current required to trip with
35 volts restraint. Make certain that the
stop on the voltage side is absolutely clean,
otherwise the 1impedance at which the beam
trips may be affected, particularly at the low
voltages. The stop can be easlly cleaned by
drawing a plece of clean white paper Dbetween
the beam and the stop while the beam is firmly
pressed down.

The stationary contacts should be adjusted
to gilve .0l5 inch clearance between them and
the silver bridge on the beam when the beam is
in the reset position. The bridge should be
made to touch both contacts simultaneously,
and deflect the contact springs at least .010

oy

PecoN



e

TYPE HRZ RELAY I L, 41-478
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Fig. 13—Diagram Of Test Connections For The Instan- NTRIPPING DIESIORS AT 1007 P.F. Powes
taneous (HZ) Element Of The Type HRZ Relay
22-D-1870

In The Type FT Case. Omit Test Switches For
The Relay In Standard Case.

inch before the beam strikes the bronze stop
on the core screw.

It is difficult to accurately adjust the
contacts by eye. A good method contsists in
first adjusting one of the contacts to the
correct gap and then applying Jjust sufficilent
current to trip the beam against a restraint
of about 5 volts. While the beam 1s in this
position, that is, lightly pressing on the one
contact, the other contact should be slowly
adjusted upward by means of the set screw un-
til 1t Jjust touches the silver bridge without
1ifting 1t off the other contact. The trip
circuit should be energized so that the light-
ing of a lamp or the tripping of an auxiliary
relay will show when both contacts are made.

A further cautlion 1In regard to the contact
adjustment is that too much follow or deflect-
tion of the stationary contacts will slightly
delay the resetting of the high-speed element
and thus the directional element contacts may
get closed before the impedance contacts are
open and result in unnecessary tripping.
Directional Element

Check the free movement of the directional

Fig. 14 —External Connections For The Type HRZ Relay
In The Type FT Case. Omit Test Switch For The
Relay In Standard Case.

element loop with the relay 1in a vertical
poslition to see that 1t is free from friction
and properly centered. The loop should assume
a vertical position with the contacts open
when the element is completely de-energized.

With the 1loop in the vertical position ad-
just the front and back stationary contacte
for .020 inch separation from the vertical mov-
ing contact. Adjust the contact Dback stor
screws to just touch the statlonary contacts,

then back off 1/4 of a turn to glve correct
contact follow. Adjust the two-stop screws

which 1imit the movement of the loop {these
screws are located to the rear of the current
coil) so that the loop strikes these stcps at
the same instant the statlionary contacts
strike thelr back stop.

Too much follow on the directional contacts
should be avoided in crder to allow the direc-
tional element to reset fast enough by gravity
to properly coordinate with the high speed

13



TYPE HRZ RELAY

Impedance element.

Energize the loop with normal potential long
enough to bring it up to temperature (about 10
or 15 minutes) and adjust the bearing screws
so there 1s about .0l0 inch end play. See
that the loop does not bind or strike against

the iron or coll when pressed agalnst either
end Jewel.
The minimum pick-up of the element 1is 10

amperes at 2.0 volts (unity power factor).

Apply these values to the element and see that

contacts make good contact in the correct
direction. Reverse the direction of current
te see that the contacts make good contact in

the opposite direction.

When the directional element 1s energized on

voltage alone, there may be a small torque
which may hold contacts either open or closed.
This torque is small and shows up only at high
voltages with fthe entire absence of current.
At voltages high enough to make this torgue
it will be

an ampere

discernible, found that only a

fraction of in the current coils
wlll produce wattmeter torque to insure posi-
tive action. This 1s mentioned because the
slight shown

significance in

torque on voltage alone has no

actual service and has no

practical effect on the directional element

operation.
Check the coordination of the directional
and impedance contacts as follows. Set the

impedance element on the maximum tap and scale
the relay with the
that the right-hand (front view)
directional contacts close and apply rated d-c
volts to the directional

Apply 115 volts a-c to the
directional

5 amperes

setting. Connect correct

polarity so
control circuit.
impedance and

element potential coils and pass
zt unity power factor through the
current circuit. Check trip circult to see
that 1t 1s not completed with the voltage on
the d1impedarnce

and dilrectional elements 1is

suddenly applied or interrupted. Do not

interrupt the current circult. Make several

such tests. The trip
for this test so thau the
switech will pick up and seal in if

circuit should draw
about 5 amperes d-c
contactor
the elements fail to coordinate. Otherwise, a

failure to coordinate is not necessarily in-

14

dlcated by the flicker of a lamp, since the
blocking resistor will prevent the pick-up of
a trip coil plunger until the
falls out. This coordination test
described for the most severe con-

auxlliary
contactor
has Dbeen
ditions. Consequently, an occasional faillure

to coordinate may be tolerated, since, in

service, the directional element will be re-
setting wunder the positive action of reverse
power flow rather than under the influence of
gravity alone, as described in this test. If
proper coordination 1s not obtained, it may be
necessary to reduce the follow on the direc-
tional or impedance element contacts, as the

case may be.

CO Element

For relays that are used with circult break-
ers that are not instantaneously reclosed, ad-
Just the
adjusting

stationary contact by means of its
screw such that the contact

is Jjust free

spring
of the front spring stop. By
means of the time dial, move the moving con-
tacts until they deflect the stationary con-
tacts approximately 1/64 inch. Set
pointer such that it points to the "0" mark on
the time dlal.
by means of its adjusting screw unitl the mov-

ing and stationary contacts just touch. This

the index

Adjust the stationary contact

adjustment 1is to set "O" on the time dial and

provide follow for the contacts.

For relays that are used with circuit break-
ers that
the statlonary

are instantaneously reclosed, adjust

contact for quick opening.
This 1s done Dby screwing in the contact ad-
Justing screw untll the stationary contact
rests solidly against
of the
until they Jjust touch the stationary
contact. Set the

points to the "0O" mark on the time dial.

the contact back stop.

By means time cdial, move the moving
contacts

iIndex pointer such that it

The adjustment of the spring tension and the
tap value adjuster are most conveniently made
with the dampling magnet removed. The reason
for this 1is both adjustments

of two

require the

balance torques which can best be

recognized with no damping magnet to retard

the motlion of the disc.

e
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490-32 THD

206 DIA.
(2 HoLEs)

|

9-D-799

quently through the entire range of travel)
may be made constant within very close toler-
ances.

After having balanced the spring torque and
the electrical torque as above to match at a
substantially constant value of current, then
adjust thils constant current value up or down
as required to match the tap value current by
means of the tap value adjuster located on the
right hand 1leg, front view, of the electro-
magnet. Moving the slider toward the top de-
creases minimum trip current and moving the
slider toward the Dbottom increases minimum
trip current. The slider must be clamped
tight when checking thils adjustment.

Time Curve Calibration

Fig. 15 —Outline And Drilling Plan For The External Con-
trol Circuit Resistor For The 250 Volt d-c Relays.
For Reference Only.

With the time dlal still set on "O", wind up
the spiral spring by means of the spring ad-
juster until approximately 6-3/4 convolutions
show. This 1is an 1nitial rough adjustment.
From this preliminary setting, and using
minimum tap setting, adjust the spring tension
so that the electrical torque balances the
spring torque at a fixed value of current at
#10-1/2 and #1/2 time dlal settings. The best
way to do this 1is to first measure the actual
current required to balance the spring torque
at the #1/2 and #10-1/2 time dial settings.
If less current is required to balance the
spring torque at the #10—1/2 position than at
the #1/2 position, it 1s an indication that
the spring needs to be wound up more, and
vice-versa. All spring convolutions must be
free. This setting of the spring will not
necessarily be at tap value of current. By
winding up or unwinding the spring as requir-
ed, the current required to move the disc at
the extreme limits of its travel (and conse-

After checking the adjustments as outlined
above replace the permanent magnet and adjust
it to calibrate the relay at 2 times tap value
current. This adjJustment 1s made by means of
the damping magnet keeper screw. Adjust the
keeper screw position such that the relay will
operate in the time as deflned by the curve of
Fig. 9 for inverse or very inverse depending
upon the calibration desired. For example, if
the inverse callibration 1s desired, the damp-
ing magnet may be adjusted for 27 seconds from
the #11 time dial setting. If the very
inverse calibration is desired, the adjustment
may be made for 18.3 seconds from the #11 time
dial setting. Time values somewhat greater
than those shown for the inverse calibration
and somewhat less than those shown for the
very inverse calibration may be obtained if

particular problems require them.

The time of operation at 20 times tap value
current 1is adjusted Dby means of the two ad-
justable magnetic plugs. Adjust the plug
position such that the relay will operate in
the time as defined by the current vs time
curves of Fig. 10 or 11 for inverse or very
inverse calibration depending upon the charac-
teristic desired for which the 2 times tap
value adjustment of time was made. For ex-
ample, if the inverse calibration 1is desired,
the relay may be callbrated for 2.18 seconds
from the #11 time dial position at 20 times
minimum trip current by screwing the right

15



TYPE HRZ RELAY

hand plug all the way in and adjusting the
left hand plug for 2.18 seconds. If the very
inverse calibration is desired, screw the left
hand Pluz all the way in and adjust the right
hand plug fcr 1.28 seconds from the #11  time
dial position at 20 times minimum trip cur-
rent.

Curve shapes that are different from the in-
verse cr very inverse may be obtained by ad-
justable magnetic plugs. An example of this
adjustment has been referred to under "Charac-
teristics", and wherein one range of possi-
bilities is shown by Fig. 8.

Minimum Trip Current

The minimum ¢trip current for a calibrated
relay may be checked to an accuracy of t5% by
the use of the following formula:

I

I =
V1 + tp/t,

I = Actual minimum trip current.

I, = Current at a multiple of 2 times the
minimum tap setting.

to = Operating time at the #11 time dial
setting with I, applied.

tpr = Reset time of the relay to the #11 time
dial position.

To aid in determining the minimum trip cur-
rent Fig. 12 has been provided in which a plot
has been made of the minimum trip current in

percent of tap value current versus values of
tr/tq.

Example: I, = 8 amperes

= 27 seconds

ot
N
1

ty = 81 seconds
=3

ot
s
\\
o
Q
|

I = 100% TAP VALUE CURRENT, Fig.
12.

Contactor Switch (Seal-in-Switch)

Turn the relay up side down. 8Screw up the

16

core screw until the conthict ring starts
rotating. Now Dback off the core until the
Back off the
core screw c¢ne more turn and lock in place.
Adjust the two nuts at the bottom of the
switch so that there 1is 3/32 inch clearance
and the
stationary contacts in the open position. The

¢ontact ring stops rotating.

between the moving contact ring

gulde 1rod may be used as a scale as it has 52
threads per inch, therefore, 5 turns of the

nuts will equal approximately 3/32 inch.
The switch should pick up at 2 amperes d-c.
Test for sticking after 0 amperes have been

passed through the coil.

(Directiocnal Contrcl Circuit)

The adjustments are the same as for the
seal-in contactor switch except that the con-
tact separation should be 3/64 inch. The
switch should pick-up at not more than 80
volts d-c. Apply 140 volts d-c to the circuit
and see that the contacts drop out when the
coil 1is shorted by the left-hand directional
contacts. For the 250 volt d-c relays the
pick-up should be 165 volts and the contacts
should drop-out when the directional element
contacts short-circuit the coil with 250 to
280 volts applied to the circuit. Energize
the directional element with 50 volts and 10
amperes 1in phase suddenly applied. The con-
tactor switch must operate the first time the
directional contacts close without fluttering
or bouncing of the contacts.

Operatlion Indlcator

Adjust the 1indicator to operate at 1.0 am-
pere d-c gradually applied. Test for sticking
after 30 amperes d-c 1s passed through the
coil.

Instantaneous Trip Attachment (When Supplied)

The position of the Micarta disc at the
bottom of the element with reference to the
calibrated gulide indicates the minimum over-
current required to operate the element. This
disc should be lowered or raised to the proper
position by loosening the locknut which locks

Aev - A
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the Micarta disc and rotating the Micarta
disc. The nominal ratio of adjustments is 1
to 4, for example 10 to 40 amperes, and it has
an accuracy within the limits of approximately

10%.

The drop-out value is varied by raising or
lowering the core screw at the top of the
switch, and after the final adjustment 1s
made, the core screw should be securely lock-
ed in place wilth the lock nut. It should be
adjusted for about 2/3 of the minimum plckup.

Continuous One Second Power

RENEWAL PARTS

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

plate data.

ENERGY REQUIREMENTS

The burdens of the various circults of the

60 cycle relay are as follows:

volt Amperes[ﬁ
At Tap At 3 Times At 10 Times At 20 Times

Ampere Rating Rating* Factor Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Angleg Current Current Current Current
0.5 2 56 72 2.38 21 132 350
0.6 2.2 56 71 2.38 21 134 365
0.8 2.5 56 69 2.40 21.1 142 400
0.5/2.5-(1.0 2.8 56 67 2.42 21.2 150 4ho
1.5 3.4 56 62 2.51 22 170 530
2.0 4.0 56 57 2.65 23.5 200 675
2.5 4.4 56 53 2.74 24h.8 228 800
2 8 230 70 2.38 21 136 360
2.5 8.8 230 66 2.40 21.1 12 395
3 9.7 230 64 2.42 21.2 149 430
2/6- (3.5 10.4 230 62 2.48 22 157 470
i 11.2 230 60 2.53 22.7 164 500
5 12.5 230 58 2.64 oL 180 580
6 13.7 230 56 2.75 25.2 198 660
(4 16 460 68 2.38 21.3 146 420
5 18.8 460 63 2.46 21.8 158 480
6 19.3 460 60 2.54 22.6 172 550
L/12-(7 20.8 460 57 2.62 23.6 190 620
8 22.5 460 54 2.73 24.8 207 700
10 25 460 48 3.00 27.8 248 850
12 28 460 45 3.46 31.4 292 1020

*Thermal capacities for short times other than one second may be calculated on the basis of
time being inversely proportional to the square of the current.

ﬂDegrees current lags voltage at tap value current.

[&VDltages taken with Rectox Type Voltmeter.
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Rating

Rating

115y

Tap

4
13.5

V.A.

18

e
DIRECTIONAL ELEMENT SERIES COIL
V.A. at 5 Power One Seccond Rating
Amperes Factor (Amperes)
3.5 45° lag 140
DIRECTIONAL EIEMENT POTENTIAL
POLARIZING COIL, ALONE
V.A. at
115 Volts Power Factor
9 28° lag
IMPEDANCE ELEMENT CURRENT COILS
V.A. at 5
Amperes Power Factor
2.0 30° lag
0.55 30° lag
IMPEDANCE ELEMENT POTENTIAL COILS
at 115 Volts Power Factor
1.8 20° lag
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INSTALLATION

I. L. 41-478A

OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE HRZ DIRECTIONAL IMPEDANCE RELAY WITH
ADJUSTABLE INVERSE OVERCURRENT ELEMENT

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

APPLICATION

The type HRZ relay is a combilnation of the
instantaneous impedance element of the type HZ
relay, the single 1loop directlonal element,
and the overcurrent element of the type CO re-
lay. This relay is used for high speed clear-
ing of phase faults on transmission systems.
It gives instantaneous protection over 80 to
90% of the protected section, and time delay
overcurrent protection over the remaining 20
to 10% of the protected section, and the ad-
Jacent section.

CONSTRUCTION AND OPERATION

The Type HRZ relay contains an Instantane-
ous impedance (HZ) element, an overcurrent
(CO) element, a directional element, auxiliary
contactor switches and operation indicators
all mounted in a single case. The construc-
tion and operation of each of these elements
is as follows.

Instantaneous Impedance (HZ) Element

Thls element 1s similar to the first im-
pedance element of the Type HZ relay. It con-
sists of a balanced beam pivoted at the center
(Figure 3) and pulled downward by a current
coil on the forward end to close the relay
contacts. This pull is opposed by two voltage
colls acting on the other end of the beam.
The fluxes set up by these two potential colls
are shifted out of phase with respect to each

SUPERSEDES 1. L. 41-478

Denotes change from superseded issue.

other so that a balance between current and
voltage fluxes can Dbe held within desirable
limits for all phase angles.

A tap screw on the front of the element per-
mits changing the number of turns on the cur-
rent coil, and a core screw on the bottom of
the element changes an air gap in the magnetic
path. These two adjustments make 1t possible
to set the impedance element so that it will
operate instantaneously, for all faults occur-
ing within 80 to 90% of the protected line
section. For a fault at the balance point of
the element (determined by setting) the pull
of the voltage c¢olil, which measures the IZ
drop from the fault to the relay, will just
equal the pull of the current coil, which re-
ceives the fault eceurrent, I. If the fault
occurs inside the balance point, the IZ volt-
age pull will be less than the I current pull
and the beam will trip closling its contacts.
Conversely, 1f the fault occurs outside the
relay balance point, the IZ voltage pull will
be greater than the I current pull and the
beam will not trip.

A rectangular silver contact 1s flexlbly
fastened on the forward end of the beam. As
the beam trips, the contact bridges two silver
statlonary hemispherical 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 and follow.

Overcurrent Element

This 1s an induction-disc type element
operating on overcurrent. The inductlon disc
is a spiral shaped aluminum type mounted on a
vertical shaft. The shaft is supported on the
lower end by a pin and end stone type bearing

EFFECTIVE NOVEMBER 1956
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Fig. 1—Internal Schematic For The Inverse Or Very
Inverse Type HRZ Relay In FT Case. Omit Test
Switches For The Relay In Standard Case.

and on the upper end by a pin and olive bear-
ing.

The moving contact 1s a small sillver hemi-
sphere fastened on the end of an arm. The
other end of this arm is clamped to an insula-
ted section of the disc shaft. The electrical
connection is made from the moving contact
through the arm and spiral spring. One end of
the spring 1is fastened to the arm, and the
other to a slotted spring adjuster disc which
In turn fastens to the element frame.

The stationary contact assembly consists of
a sllver contact attached to the free end of a
leaf spring. This spring is fastened to a
Micarta block and mounted on the element
frame. A small set screw permits the adjust-
mznt of contact follow.

Directional Element

A small voltage transformer causes a large

' Fig. 2—Internal Schematic For The Inverse Or Very
Inverse Type HRZ Relay With Instantaneous Trip
Attachment In FT Case. Omit Test Switches For
The Relay In Standard Case.

current to flow 1in a single-turn movable
aluminum secondary, wnhich current is substan-
tially in phase with the voltage. The current
coils are mounted on a magnetic frame and the
current and voltage elements are assembled at
right angle to each other with the one-turn
voltage 1loop 1n the air gaps of the current
ccil flux path. The interaction of the cur-
rent and voltage fluxes produces torque and
rotates the loop in one of two directions, de-

pending on the direction of power flow.

An Isolantite arm extends from the moving
loop and supports a rectangular silver contact
which bridges two stationary contacts located
on elther side of the loop. The stationary
contacts are silver hemi-spheres mounted on
the 1lower end of vertlcally hanging spring
leaves. The contact separation 1s adjustable
by a small screw near the upper end of the
rigid stationary contact supporting arm. One
of these supporting arms hangs parallel ¢to
each of the four stationary contacts. The set
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Fig. 3— Sectional View Of The Instantaneous (HZ) Ele-
ment.

screw on the 1lower end of this arm provides
Two additional
beneath the

1imit the movement of the

the contact follow adjustment.

screws on the movement frame
current coil 1iron

one-turn loop.

Auxiliary Contactor Switch

This element is a small
switch. A

sllver disc

solenoid-type
small cylindrlcal plunger with a
supported on its lower end rides
up and down on a vertical guide rod in the
center of the solenoid coll. The gulde rod is
fastened to the statlonary core which in turn
When the coil

screws 1into the element frame.

is energlized, the silver disc moves upward

bridging three cone shaped stationary con-
tacts. The of this D-C aux-
i1llary swltch is controlled by the directional

controls

operation

element wnich in turn directionally
When fault

flows in the tripping direction, the auxiliary

C0 overcurrent element. current

contactor switch operates to close and seal in
the lag coll of the CO element. If the direc-

tion of the fault current reverses, a contact
on the directional element shorts the aux-
iliary contactor switech coil, causing 1t to

drop out. This opens the directional control
circult of the CO element.

Contactor Switch and Operation Indicator

The coll of the contactor switch is connect-

ed 1n the trip circult. When the relay con-

tacts close, the <c¢oll 1is energized and its

contacts short around the relay contacts, re-
of the

tripping current.

lieving them duty of carrying the

breaker These contacts re-

main closed until the trip circult 1s opened

by a Dbreaker auxiliary switch. The third
contact of the contactor switch i1s connected
to a separate relay terminal to operate an

alarm circuit.

Two operation
with the 1letters HZ
operates when the
through the
and the CO target operates when the trip clr-
cult 1iscompleted through the
element.

Indicators show white targets
and CO. The HZ target
trip cilrcult is completed
instantaneous impedance element,

overcurrent

Instantaneous Trip (When Supplied)

The instantaneous trip attachment i4s a small
solenoid type element. A cylindrical plunger
rides up and down on a vertical guide rod in
the solenoid coll. The guide

fastened to the statlonary core, which

the center of
rod 1is
in turn element

screws 1into the frame. A

silver disc 1s fastened to the moving plunger
helical When the coll 1s
energized, the plunger moves upward carrying
the silver
shaped statlonary contacts.
the helical

plunger

through a spring.
disc which bridges three conical-
In this position,
and the
is free to move while the contact re-

spring 1s compressed

mains stationary. Thus, a-c vibrations of the

plunger are prevented from causing contact

bouncing. A Micarta disc screws on the bottom
of the guide rod and its locked in position by
a small nut. Its position determines the

pick-up current of the element.

CHARACTERISTICS

avallable 1in two
These are the 0.2 to 2.0 ohm relay

lines and the 0.6 to 6.0 ohm relay
the tap

The relay is impedance
ranges.

for short
lines.

for long The following are

markings:

Instantaneous (HZ) element 0.2 to 2.0 ohm

range:

Tap = 2, 3, LI’; 6; 9; 13

Core Screw = .8, .9, 1.0, 1.1, 1.2, 1.4, 1.6
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TYPE HRZ RELAY

L L. 41-478 A

Instantaneous (HZ) element 0.6 to 6.0 ohm
range:
Tap = 6.2, 09.%, 13.5, 20.8, 29.8, u5

Core Screw = .8, .9, 1.0, 1.1, 1.2, 1.3, 1.4

CO Overcurrent element

The type CO adjustable inverse time circuilt

closing relay 1s available in the following

current ranges:

0.5 0.6 0.8 1.0 1.5 2.0 2.5
2 2.5 3 3.5 il 5 6
4 5 6 7 8 10 12

The tap value is the minimum current requir-
ed to Just close the relay contacts. The mov-
willl the time dial stop,
of the time dial setting, and move

ing contacts leave
regardless
to touch the statlonary contacts at tap value

current.

The time vs current characteristics for the
style callbration
are shown 1in Fig. 10 and Flg. 11 respectively.

of inverse or very lnverse

The term "style calibration" is used as there

is no difference between the inverse and very
inverse relays except in their calibration.
Relays carrying a style number which indlcates
the 1nverse callbration may be changed to the

very Inverse calibration or vice versa through

two simple adjustments. This is outlined 1n

detalil under Adjustments.

In addition fto
irverse

the one relay covering the
or the very inverse curves, the relay
re-calibrated for a

may be characterastic

other than either of these. An example of the
different

shown by Fig. 8 wherein all

spread of adjustments fo provide

curve shapes 1is

curves are passed through 27 seconds at 2

times minimum trip current. The curves may be
other than 27
of the damping magnet
adjustability

at 20 times minimum trilp current is

passed through a common point

seconds by adjustment

keeper screw. The range of
indicated

obtalned by means of the magnetic plugs. The

1imit
hand plug "all in"

upper curve is obtained with the right
and the 1left hand plug
"all out" (approximately 20 turns of the
The lower 1limit 1s obtained with the
left hand plug "all in" and the right hand
plug "all out". adjustments of the
plugs partially withdrawn from the
circuilt

screw).

Various
magnetic

may be used
within the band shown, including the
standard or "pattern" curve to which the relay
is calibrated at Thus, one or
the other of the plugs will be partially with-
drawn in the factory calibration to one or the
other

as desired to obtain a
curve

the factory.

of the Inverse or very inverse standard

Similarly, the factory set position
of the damping magnet keeper screw will depend
upon the "style calibration".

curves.

The burdens and thermal ratings are listed

under Energy Requirements.
trip attachment has

The instantaneous
al to 4 ratio.
10-40 or 20-80,
are also available.

Typical

ranges are but other ranges

INSTALLATION

The relays should be mounted on swiltchboard

panels or their equivalent in a location free
from dirt, moilsture, excessive vibration and
heat.

Mount the relay vertically by means of
the two mounting studs for the standard cases
and the type FT projection case or by means of

fhe four mounting holes on the flange for the
semi-flush Eilther of the studs
may be utilized for
The electrical connec-
be made direct to the terminals by

means of screws for steel panel mounting or to

type FT case.

or the mounting screws

grounding the relay.
tions may
terminals

studs furnished with the relay for

ebony-asbestos or slate panel mounting. The

terminal studs may be easily removed or in-

serted by locking two nuts on the studs and

then turning the proper nut with a wrench,.

The recommended relay connections are shown

The 60° connections 1is used on
that 1is

current through the direc-

in Fig. 14.

the directional element, at unity
power factor the
tional element coill should lead the polarizing

voltage by 60° as shown in the vector dilagram.
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Fig. 9—The VS Time Dial Setting For Inverse And Very Inverse Calibration At 2 Times Minimum Trip.
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TYPE CO ADJUSTABLE INVERSE TIME
OVERCURRENT RELAY
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TYPE HRZ RELAY

I. L. 41-478 A

The star-delta auxiliary current transformer
is the same as used with the type HZ relay and
i1s described in I. L. 41-535.

The resistance of the auxiliary tripping re-
lay coil circuit (if used) should be less than
35 ohms for 125 volt dc HRZ relays -and less
than 70 ohms for 250 volt de HRZ relays. If
the coill resistance exceeds these values a
loading resistor should be connected 1n par-
allel with the coil.

SETTINGS

The +type HRZ relay requlres two separate
settings: one for the iInstantaneous HZ element
and the other for the CO element. Each will
be considered below:

The following nomenclature is used for the
discussion of the HZ settings:

Z = the line-to-neutral ohmic impedance. The
impedance for 80 to 90% of the protected 1line
section.

Re = the current transformer ratio.

Ry = the potentlal transformer ratio.

T = the 1nstantaneous HZ element current tap.

S = the instantaneous HZ element current core
screw.

Instantaneous (HZ) Element Settings

This element 1is set to give instantaneous
protection over approximately Q0% of the pro-
tected 1line =section. Since the impedance of
the voltage coil is the same at all times, the
balance point of the element is adjusted by
changing tne pull on the current coil. This
is done by taps (T) on the current coil wind-
ing and by the core screw (S) which varies the
magnetic air gap for the current flux.

The most satisfactory method of arriving at
the tap settings is by the use of the follow-
ing equations:

Instantaneous Element Receiving Delta Current:

TS = 10 Z Re (1)
Ry

Instantaneous Element Receiving Star Current:
TS = 17.3 Z R, (2)
Ry

The nomenclature 1is as defined above. 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 1In the desired tap before 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 1ls screwed
into the core. In some cases, a question of
doubt may arise whether the scale setting is
correct, or 1is out by one full turn of the
core SCrew. In such a case, the point may be
verifled by turning the core screw all the way
in. Then back out the core screw untll the
highest scale marking and then continuing to
back it off until the desired value appears
exactly under 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 1s introduced which may be as
much as 8% and 6% on 40° and 80° lines re-
spectively. However, the formula relay set-
ting can be corrected for lines other than 60°
by using the curve of Figure 5.

The formula settings are sufficlently accu-
rate for most dinstallations, where 1t 1is de-
sired to set the balance polnt more accurately
the tap and scale values may be checked by
applying to the relay the voltage, current and
phase angle conditions which will be impressed
on 1t for a fault at the desired balance
point. A slight change in the scale value
from that calculated may be required so that
the relay will Jjust trip for the simulated
fault at the balance point.

As an example, the instantaneous element is
to be set for 90% of the line sectlon AB which
is 6 ohms long. The current transformer ratio
is 200/5 star-connected with the star-delta
auxiliary current transformer supplying delta
current to the instantaneous element coils.
The potential transformer ratio is 1000/1. Us-
ing equation (1)

TS = 10 x .90 x 6 x 40 = 2.16
1000

Set tap 2 on the 0.2 to 2.0 ohm relay and core
serew = 1.08 NOTE: The relay should not be
required to operate when the drop from the
relay to the fault for minimum fault 1s less
than 5 relay volts.

11



TYPE HRZ RELAY

Settings for the CO Element

There are two settings-namely the current
value at whica the relay closes its contacts
and the time required to close them.

For sectionallzing transmission systems the
current and time setting rnust be determined by
calculation, due conslderation being given to
the time required for circult breakers to open
so that the proper selective actlon can be ob-
talned throughout the system.

current Setting

The connector screw on the terminal plate
above the time dial makes connections to
varlous turns on the operating coil. By plac-
ing this screw in the various holes, the re-
lay will Just close contacts at the corres-
ponding current 4.0 - 5.0 - 6.0 - 7.0 - 8 - 10
- 12 amperes, or as marked on the terminal
plate.

Time Dial Setting

The time dial limits the motion of the disc
and thus varies the time of operation. The
latter decreases with lower time dial settings
as shown in the typical time curves.

CAUTION Be sure that the connector screws are
turned up tight sc as to make a good centact,
for the operating current passes through it.
Since the overload and the impedance element
current coils are connected directly in the
current transformer circuits the latter should
be short-circuilted before changing the
connector screw. This can be done convenient-
ly by inserting the extra connector screw, in
the new tap and removing the old screw from

its orlginal setting.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to lnsure correct
operation of this relay have been made at the
factory and should not require readjustment
after receipt by the customer. If the ad-
justments have Dbeen changed, the relay taken
apart for repairs, of if it is desired ¢to
change the operating characteristic, such as
from inverse to very inverse, the instructions

belew should be followed.

A11 contacts should be cleaned periocdicalily.

& contact burnisher S#182A836H01 is recommended

12

for this purpcse. The use of abrasive material
for cleaning contacts is not recommended, be-
cause of the danger of embedding small parti-
cles in the face of the soft silver and thus
impairing the contact.

CAUTION: The relay voltage should be of good
wave form. The combination of a phase shifter
and autotransformer may give an output voltage
of poor wave form if the magnetizing current
of the autotransformer is high in proportion
to the impedance of the phase shifter used.
In case of doubt, check the output voltage

wave form with an oscilloscope.

Instantaneous Impedance (HZ) Element

Refer to Figure 3. For the 60 cycle relays
adjust the stop screw on the rear of the beam
to give a clearance of .025 inch between the
rear of the beam and the voltage iron circuit.
This may be checked with a feeler gauge. With
the beam 1in the reset position, i.e., back
against the stop, adjust the gap between the
adjustable idron and the beam to .009 inch.
Care should be taken in this adjustment ¢to
keep the gap the same on both gides. 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 inch.

The beam should be balanced as follows.
Cennect the relay as shown in the test dia-
gram, Figure 13. With any tap and scale set-
ting, check the impedance measured by the re-
lay with 35 volts potential restraint. Apply
5 volts restraint and adjust the balance
weight on fthe beam until the beam just trips
with 1/7 of the current required to trip with
35 volts restraint. Make certain that the
stop on the voltage side is absolutely clean,
otherwise the impedance at which the beam
trips may be affected, particularly at the 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 is firmly
pressed down.

The stationary contacts should be adjusted
to glve .0l15 inch clearance between them and
the silver bridge on the beam when the beam is
in the reset position. The bridge should be
made to touch Dboth contacts simultaneously,

and deflect the contact springs at least .010

APy

A,

A
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Fig. 13—Diagram Of Test Connections For The Instan-
taneous (HZ) Element Of The Type HRZ Relay
In The Type FT Case. Omit Test Switches For
The Relay In Standard Case.

inch Dbefore the beam strikes the bronze stop
on the core screw.

It 1is difficult to
contacts by eye. A good method contsists in
first of the contacts to the
correct gap and then applying Just sufficient
current to

accurately adjust the
adjusting one
trip the beam against a restraint

5 volts. While the beam 1s 1n this
position, that 1s, lightly pressing on the one

of about

contact, the other contact should be slowly

adjusted upward by means of the set screw un-
til 1t Jjust touches the sllver bridge wilithout
lifting 1t off the other contact. The trip
circuit should be energized so that the light-
ing of a lamp or the tripping of an auxillary

relay will show when both contacts are made.

A further caution 1in regard to the contact
adjustment is that too much follow or deflect-
tion

delay the resetting of the high-speed element

of the sta*tionary contacts will slightly

and thus the directional element contacts may
get closed before the impedance contacts are
open and result in unnecessary tripping.
Directional Element

Check the

free movement of the directional

STATION BUS PHASE ROTATION A,B,C A
+
+ * )4
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TRANSF,
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coi ES
FOn A
vy 1
r yy " 2
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3
b4 & Ty
- 1 1 1 &
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HRZ-C 1 HRZB PR 47 S—
&3¢ 2 ‘ 2 v 27 o wz AL
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o o 1o 2 L
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O oty L-— fexi L——&r—cﬂ—'xo
2% 23 Rl 23] 24 G ¥
[y Sl | o U [5¢ om0
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4
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T
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SHOWN, THE DIR.CONTACTS CLOSE { TO RIGHT, FNLY Len
AND IMPEOANCE ELEM. |'S CORREC

PEOANCE € ! T VECTORS AT 1007, P.F. PFOWES
INTRIPPING DIRECTION

22-D-1870

Fig. 14 —External Connections For The Type HRZ Relay
In The Type FT Case. Omit Test Switch For The
Relay In Standard Case.

elemant with the

to see that it is free from friction

loop relay 1in a vertical
position
and properly centered. The loop should assume

a vertical position with the contacts open

when the element 1s completely de-energized.

With the
just the
for .020 inch separation from the vertical mov-
Adjust the

loop in the vertical position ad-

front and back stationary contacte

ing contact. contact back stogr

screws to Jjust touch the stationary contacts,

then back off 1/4 of a turn to glve correct
contact follow. Adjust the two-stop screws
which 1imit the movement cf the loop (these

screws are located to the rear of the current

coil) so that the locp strikes these stcps at

the same instant the

stationary contacts

strike their back stop.

Too much follow on the directionsl contacts
should be avolded in crder to allow the direc-
tional element to reset fast enough by gravity
coordinate wilth

to properly the high speed

13




TYPE HRZ RELAY

Impedance element.

Energize the loop with normal potential long
enough to bring it up to temperature (about 10
or 15 minutes) and adjust the bearing screws
50 there 1s about .01C 1nch end play. See
that the loop does not bind or strike against
the iron or coll when pressed against eilther
end jewel.

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

the opposite direction.

When the directional element is energized on
voltage alone, there may Dbe a small torque
which may hold contacts either open or closed.
This torque is small and shows up only at high
voltages with the entire absence of current.
At voltages high enough to make this torque
discernible, it will be found that only a
fraction of an ampere 1in the current coils
will produce wattmeter torque to insure posi-
tive action. This 1s mentioned because the
slight torque shown on voltage alone has no
sigrnificance in actual service and has no
practical effect on the directional element
cperation.

Check the coordination of the directional
and impedance contacts as follows. Set the
impedance element on the maximum tap and scale
setting. Connect the relay with the correct
polarity so that the right-hand (front view)
Glrectional contacts close and apply rated d-c
volts to the directional control circuit.
Apply 115 volts a-c to the 1mpedance and
directicnal element potential coils and pass
5 amperes at unity power factor through the
current circuit. Chezk trip circuit to see
that it 1s not completed with the voltage on
the impedance and directional elements 1is
suddenly applied or interrupted. Do not

interrupt the current circuit. Make several

such tests. The trip c¢ircuit should draw
about 5 amperes d-c¢ for this test so thai the
contactor switch will pick up and seal in if
the elements fail to coordinate. Otherwlse, a

failure to eccordinate is nct necessarily in-

14

dicated by the flicker of a lamp, since the
blocking reslstor will prevent the pick-up of
a trip coil plunger until the auxiliary
contactor falls out. This coordination test
has been described for the most severe con-
ditions.

to coordinate may be tolerated, since, 1in

Consequently, an occaslonal failure

service, the directional element will be re-
setting under the positive action of reverse
power flow rather than under the influence of
gravity alone, as described in thils test. If
proper coordination is not obtalned, it may be
necessary to reduce the follow on the direc-
tional or impedance element contacts, as the

case may be.

CO Element

For relays that are used with circult break-
ers that are not instantaneously reclosed, ad-
just the stationary contact by means of its
adjusting screw such that the contact spring
is Just free of +the front spring stop. By
means of the time dial, move the moving con-
tacts until they deflect the stationary con-
tacts approximately 1/64 inch. Set the index
pointer such that it points to the "0" mark on
the time dial. Adjust the stationary contact
by means of its adjusting screw unitl the mov-
ing and stationary contacts just touch. This
adjustment 1is to set "O" on the time dial and
provide follow for the contacts.

For relays that are used with circuit break-
ers that are instantaneously reclosed, adjust
the stationary contact for guick opening.
This is done by screwing in the contact ad-
justing screw until the stationary contact
rests solidly against the contact back stop.
By means of the time dial, move the moving
contacts until they just touch the stationary
contact. Set the index pointer such that it
points to the "O" mark on the time dial.

The adjustment of the spring tension and the
tap value adjuster are most conveniently made
with the damping magnet removed. The reason
for this 1s Dboth adjustments require the
balance of two <forques which can best be
recognized with no damping magnet to retard
the motion of the disc.

P
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quently through the entire range of travel)
may be made constant within very close toler-

ances.

After having balanced the spring torgque and
the electrical torque as above to match at a
substantially constant value of current, then
adjust thils constant current value up or down
as required to match the tap value current by
means of the tap value adjuster located on the
right hand leg, of the

Moving the slider toward the top de-

front view, electro-
magnet.
creases minimum trip current
slider toward the
trip current. The slider must be

tight when checking this adjustment.

and moving the
bottom increases minimum

clamped

Time Curve Calibration

Fig. 15 —Outline And Drilling Plan For The External Con-
trol Circuit Resistor For The 250 Volt d-c Relays.
For Reference Only.

With the time dial still set on "O", wind up
the spiral spring by means of the spring ad-
juster until approximately 6—3/4 convolutions
Thls 1is an

From this

show. initial rough adjustment.

preliminary setting, and using
minimum tap setting, adjust the spring tension
so that the
spring torque at a fixed value of current at
#10-1/2 and #1/2 time dial settings. The best

way to do this is to first measure the actual

electrical torque balances the

current required to balance the spring torque
at the #1/2 and #10-1/2 time dial settings.
If less current is required to balance the

spring torque at the #10-1/2 position
the #1/2 position, it 1is an
the spring needs to be wound up

than at
indication that
more, and

vice-versa. All spring convolutions must be
This

necessarily be at

free. setting of the spring will not

tap value of current. By
winding up or unwinding the spring as requir-
ed, the current requlred to move the disc at

the extreme limits of its travel (and conse-

After
above

checking the adjustments as outllined
replace the permanent magnet and adjust
1t to calibrate the relay at 2 times tap value
current. This adjustment is made by means of
Adjust the

keeper screw position such that the relay will

the damplng magnet keeper screw.

operate in the time as defined by the curve of
Fig. 9 for
upon the calibration desired.

inverse or very inverse depending
For example, if
the inverse calibration 1s desired, the damp-
ing magnet may be adjusted for 27 seconds from
the #11 dial setting. If
inverse calibration is desired, the adjustment

time the very

may be made for 18.3 seconds from the #l1 time

dial setting. Time values somewhat greater
than those shown for the inverse calibration
and somewhat less than those shown for the

very inverse callbration may be obtained if

particular problems require them.

The time of operation at 20 tlmes tap value
current is adjusted by means of the two ad-
Adjust the plug

that the relay will operate in

justable magnetic plugs.

position such
the time

curves

as defined by the current vs time

of Fig. 10 or 11 for inverse or very

inverse calibration depending upon the charac-

teristic desired Tfor which the 2 times tap
value adjustment of time was made. For ex-
ample, 1f the inverse calibration 1is desired,

the relay may be callbrated for 2.18 seconds
from the #11 dlal position at 20 times
minimum trip current by

time
screwling the right

15
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hand plug all the way in and adjusting the
left hand plug for 2.18 seconds. If the very
inverse calibration is desired, screw the left
hand Pluz all the way in and adjust the right
hand plug for 1.28 seconds from the #11 time
dial position at 20 times minimum trip cur-

rent.

Curve shapes that are different from the in-
verse cr very inverse may be obtained by ad-
Justable magnetic plugs. An example of this
adjustment has been referred to under "Charac-
teristics”", and wherein one range of possi-
bilities is shown by Fig. 8.

Minimum Trip Current

The minimum trip current for a calibrated
relay may be checked to an accuracy of 15% by
the use of the following formula:

I

I =
V1 + tp/t,

where:

I = Actual minimum trip current.

Ip = Current at a multiple of 2 times the
minimum tap setting.

to = Operating time at the #11 time dial
setting with I, applied.

tr = Reset time of the relay to the #l1 time

dial position.

To aid in determining the minimum trip cur-
rent Fig. 12 hes been provided in which a plot
has been made of the minimum trip current in

percent of tap value current versus values of
/by

Example: I, = 8 amperes
t2 = 27 seconds
ty, = 81 seconds

tp/tq = 3
I = 100% TAP VALUE CURRENT, Fig.
12.

Jirntactor Switch {Seal-in-Switch)

furr: the relay up side down. Screw up the

16

core screw until the contact ring starts
rotating. Now ©back off the core until the
Back off the
core screw cne more turn and lock in place.
Adjust the two nuts at the bottom of the
switech so that there 1is 3/32 1inch clearance

¢ontact ring stops rotating.

between the moving contact ring and the
stationary contacts in the open position. The
gulde rod may be used as a scale as 1t has 52
threads per inch, therefore, 5 turns of the
nuts will equal approximately 3/32 inch.

The switch should pick up at 2 amperes d-c.
Test for sticking after 30 amperes have been

passed through the coil.

(Directional Control Circuit)

The adjustments are the same as for the
seal-In contactor switch except that the con-
tact separation should be 3/64 inch. The
switch should pick-up at not more than 90
volts d-c. Apply 140 volts d-c to the circult
and see that the contacts drop out when the
coil 1s shorted by the left-hand directional
contacts. For the 250 volt d-c relays the
pick-up should be 180 volts and the contacts
should drop-out when the directional element
contacts short-circuit the coil with 250 to
280 volts applied to the circult. Energize
the directional element with 50 volts and 10
amperes 1in phase suddenly applied. The con-
tactor switch must cperate the first time the
directional contacts close without fluttering
or bouncing of the contacts.

Operaticn Indicator

Adjust the 1indicator to operate at 1.0 am-
pere d-c gradually applied. Test for sticking
after 30 amperes d-c 1is passed through the
coil.

Instantaneous Trip Attachment (When Supplied)

The position of the Micarta disc at the
bottem of the element with reference to the
calibrated guide indicates the minimum over-
current required to operate the element. This
disc should be lowered or raised to the proper
position by loosening the locknut which locks
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the Micarta dlsc and rotating the Micarta
digsc. The nominal
to 4, for example 10 to 40 amperes, and it has
an accuracy within the limits of approximately

10%.

ratio of adjustments is 1

value 1s varied by raising or
the top of the
adjustment 1is

The drop-out
core screw at

after the

lowering the

switch, and final

RENEWAL PARTS

work can be done most satisfactorily
interchangeable

Repair
at the
parts can be furnished to

factory. However,
the customers who
are equipped for doing repalr work. When
ordering parts, always glve the complete name-

plate data.

ENERGY REQUIREMENTS

made, the core screw should be securely lock-
ed in place wlth the lock nut. It should be The burdens of the various circuits of the
adjusted for about 2/3 of the minimum pickup. 60 cycle relay are as follows:
Volt Amperes[ﬁ
Continuous One Second Power At Tap At 3 Times At 10 Times At 20 Times
Ampere Rating Rating* Factor Value Tap Value Tap Value Tap Value
Range Tap (Amperes) (Amperes) Anglef Current  Current Current Current
0.5 2 56 72 2.38 21 132 350
C.6 2.2 56 71 2.38 21 134 365
0.8 2.5 56 69 2.40 21.1 142 400
0.5/2.5-(1.0 2.8 56 67 2.42 21.2 150 4ho
1.5 3.4 56 62 2.51 22 170 530
2.0 4,0 56 57 2.65 23.5 200 675
2.5 h.oh 56 53 2.7h oL .8 228 800
2 8 230 7O 2.38 21 136 360
2.5 8.8 230 66 2.40 21.1 142 395
3 9.7 230 64 2.42 21.2 149 430
2/6— 3.5 10.4 230 62 2.48 22 157 470
4 11.2 230 60 2.53 22.7 164 500
5 12.5 230 58 2.64 24 180 580
6 13.7 230 56 2.75 25.2 198 660
(& 16 460 68 2.38 21.3 146 2o
5 18.8 460 63 2.46 21.8 158 480
6 19.3 460 60 2.54 22.6 172 550
4/12— 7 20.8 460 57 2.62 23.6 190 620
8 22.5 460 54 2.73 24 .8 207 700
Elo 25 460 58 3.00 27.8 248 850
12 28 460 45 3.46 31.4 292 1020

*Thermal capacities for short times other than one second may be calculated on the basls of
time belng inversely proportional to the square of the current.

@hegrees current lags voltage at tap value current.

A Voltages taken with Rectox Type Voltmeter.
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Ratlng
5

Rating
115y

Tap

k5
13.5

V.A.

at 115 Volts
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1.8

M,
DIRECTIONAL ELEMENT SERIES COIL
V.A. at 5 Power One Second Rating
Amperes Factor (Amperes)
3.5 55° lag 140
DIRECTIONAL ELEMENT POTENTIAL
POLARIZING COIL, ALONE
V.A. at
115 Volts Power Factor
9 28° lag
IMPEDANCE EIEMENT CURRENT COILS
V.A. at 5
Amperes Power PFactor
2.0 30° lag
0.55 30° lag
IMPEDANCE ELEMENT POTENTIAL COILS
Power Factor
20° lag
ANy
AR,
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Fig. 16 —Outline And Drilling Plan For The Standard Projection Type Case. See The Internal Schematics
For Terminals Supplied. For Reference Only.
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