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TYPE HRZ DIRECTIONAL IMPEDANCE RELAY WITH
ADJUSTABLE INVERSE OVERCURRENT ELEMENT

CAUTION Befdére putting protective relays Into
service, remove al] hlocking whilch may have
been Inserted for the purpose of seduring 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
glectrical connections,

APPLICATION

The type HRZ relay 1s a combination of the
Instantaneous impedance element of the type HZ
relay, the single loop directional element,
and the overcurrent element of the type CO re-
lay. This relay ia used for high apeed 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 swltehes and operation indicators
2ll mounted in a single tase. The construc-
tlon and operation of each of these elements
is as follows.

Instantaneous Impedance (HZ) Element

This element is similar to the first im-
pedance element of the Type HZ relayg It con-
8ists of a balanced beam pivoted at the center
{Figure 3) and pulled downward by & current
coil on the forward end to close the relay
contacts. This pull is opposed by two voltage
coils acting on the other end of the beam.
The fluxes set up by these two potential coils
are shifted out of phase with respeet to each

SUPERSEDES |I. L. 41-478

¥*Denotes change from superseded issue.

other so that & balance between current and
voltage fluxes can be held within dezirable
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 it possible
to sét> the impedance element so that it will
operate instantaneously, for all faults cccur-
ing within 80 to 90% cf the protected line-
section. For a fault at the balance point of
the element (determined by setting) the pull
of the voltage coil, which mezsures 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
oceurs inside the balance point, the IZ volt-
age pull will be less than the I current pull
and the beam will trip closing its contacts.
Conversely, if the fault occurs cutside the
relay Dbalance point, the IZ voltage pull will
be greater than the I current pull and the
beam wlll not trip.

A rectangular silver contact Is flexibly
fastened on -the forward end of the beam. As
the beam trips, the ccontact bridges two silver
staticnary hemispherical cohtacts 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 and follow.

Overcurrent Element

This is an induction-disc typé element
operating on overcurrent. The induction 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 ' Fig. 2—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 erd by a pin and olive bear-
ing.

The moving contact 18 a small silver hemi-
sphere fastened on the end of an arm. The
other end of this arm is clamped to an insula-
ted section of the dilsc shaft. The electrical

.connectlon is made from the moving contact
through the arm and épiral gpring. One end of
the spring 1is fastened +To the arm, and the
other to a slectted spring adjuster disc which
In turn fastens to the element frame.

The stationary centact assembly consists of
a silver contact attached to the free end of a
leaf spring. This spring 1s fastened to a
Micarta %biock and mounted on the element;
frame. A small set screw permits the adjust-
ment of contact follow.

Directlonal Element

A small voltzge transformer causes a large

Inverse Type HRZ Relay With Instantaneous Trip

Attachment In FT Case. Omit Test Switches For

The Relay In Standard Case.
current to flow in a single-turn movable
aluminum secondary, which current is substan-
tially in phase with the voltage. The current
ceils  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 loop In the alr gaps of the current
coll flux path. The interaction of the cur-
rent and voltage fluxes produces torgue and
rotates the icop in cne of two directions, de-
pending on the directicn of power flow.

An Isolantlte arm extends from the moving
loop and supports a rectangular silver contact
which Dbrildges two stationary'contacts located
cn elther side of the locp. The staticnary
contacts are silver heml-spheres mounted on
the 1lower end of wvertically hanging spring
leaves. The contact separatiocn 1s adjustable

by & 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

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

gerew on the lower end of this_arm provides
the contact follow adjustment. Twe additional
screws on the movement frame beneath the
current eo0il diron limit the movement of the
one-turn loop. ‘

Auxillary Contactor Switch

'

This element is a small solencid-type
switeh. A small cylindrical plunger with a
silver disc supported on 1ts lower end rildes
up and down on a vertical guide rod In the
.center of the solenoid coll. The gulde rod is
fastened to the stationary core which in turn
screws into the element frame. When the coil
is energized, the =silver disc moves upward
bridging three cone shaped stationary con-
tacts. The operation of thls D-C aux-
1liary swltch is controlled by the directionszl
element wdich in turn directionally controls
CO overcurrent element. When fault current
flows in the tripping direction, the auxiliary
contactor switch operates to close and seal in
the lag ceil of the €0 element. If the direc-
tlon of the fzult current reverses, a contacf
on  the directional element shorts the aux-
iliary contactor switeh coil, causing 1t to
drop out. This cpens the diresctional control
circuit of the CO element.

.Contactor Switch and Operation Indicator

The coil of the contactor switch 1s connect-
ed in the trip circuit. When the relay con-

tactes close, the coil is energized and its
contacts short around the relay contacts, re-
lieving them of +the duty of carrying the
breaker tripping current. These contacts re-
main cloged until the trip eclrcult is opened
by a 'breaker auxlliary switch. The +third
contact of the contactor switeh is connected
te a separate relay terminal to operate an
alarm cirecuit.

Two operation indicators show white targets
with the letters HZ and 0. The HZ target
operates when the trip cirecult is completed
through the instantaneous impedance element,
and the C0O target operates when the trip eir-
cult iscompleted through the
element.

Instantaneous Trip (When Supplied)

overcurrent

The instantaneous trip attachment 1s a small
solenold type element. 4 cylindrical plunger
rides up and down on a vertical gulde rod in
the center of the solenoid coill. The guide
rod 1s fastened to the staticnary core, which
in turn serews into the element frame. A
sllver disc 1s fastened to the moving plunger
through a heliecal spring. When the eoll 1is
energized, the plunger moves upward carrying
the silver disc which bridges thres conical-
shaped statlonary contacts. In this peosition,
the helical spring is compressed and the
plunger 1s free to move while the contact re-
maing stationary. Thus, a-c¢ vibratlons of the
plunger are prevented from causing contact
bounecing. A Micarta disc screws on the bottom
of the guide rod and 1ts locked in position by
a small nut. Its position determines the
pick-up current of the element.

CHARACTERISTICS

The relay is available in two impedance
ranges. These are the 0.2 to 2.0 ohm relay
for short lines and the 0.6 to 6.0 ohm relay
for long lires. The following are the tap

markings:

Instantanecus (HZ) element 0.2 to 2.0 ohm

range:

Tap =2, 3, 4, 6, g, 13

Core Screw = .8, .9, 1.0, 1.1, 1.2, 1.4, 1.%
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TYPE HRZ BELAY_

I L 41-478 A

Instantaneous [(HZ) element 0.6 %o £.0 ohm
range:
Tap = 6.2, 9.4, 13.5, 20.8, 29.8, 45

Core Serew = .8, .9, 1.0, 1.1, 1.2, 1.3, 1.k

CC Overcurrent element

The +type CO adJustable inverse time elreuit
closing relay is 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 L 5 6
b 5 6. 7 g . 1o 12

The tap value is the minimum current requlr-

ed to Just close the relay contacts. The mov-
ing contacts will leave the time dial stop,
regardlesg of the time dlal setting, and move
to touch the stationary contacts at tap value
current. '

The time vs current characféristics for the
style callbration of inverse or very inverse
dre shown in Fig. 10 and Fig. 11 respectively.
The term "style calibration” is used as there
is no difference between the Iinverse and very
Inverse relayé except in their calibration.
Relays carryling a style number which indicates
the in#erse calibration may be changed to the

~very Inverse calibration or vice versa through

twoe simple adjustments. This 1s outlined in

detail under Adjustments.

In addition %o +the cne relay covering the
inverse or the very inverse curves, the relay
mgy be re-calibrated- fof a characteriatic
other than either of these. An example of the
spread of adjustments +o provide different
curve shapes 1s ghown by Fig. 8 wherein all

.curves are passed through 27 seconds at 2

times minimum trip current. The curves may he .

passed through a common point other than 27
seconds. by adjustment of the damping magnet
keeper sCcrew. The range of adjustabllity
indicated at 20 times minimum trip current is
© chtained by means of the magnetic plugs. The

upper 1limit curve is obtgined with the right
hand plug "all in" end the 1left hand plug
"all out" (approximately 20 turns of the
screw). The lower limit is obtained with the
left hand plug "all in" and the right hand
plug "all out". Various adjustments of the
plugs partially wilthdrawn from the magnetic
clrcult may be used as desired tec obtain a
curve within the band shown, inecluding the
standard or "pattern" curve to which the relay
1s calibrated 'at +the factory. Thus, one or
the other of the plugs will he bartially with-
drawn in the factory dalibration.to one or the
cther of the inverse or very inverse standard
curves. Slmilarly, the factory set position
of the damping mzgnet keeper screw will depend
upon the "style calibration'. '

The burdens and thermsl ratings are listed
under Energy Requirements. The ingtantaneous
trip attachment has a 1 to U ratic. Typlcal
ranges are 10-40 or 2¢0-80, but other ranges.

are also availlable.

INSTALLATION -

The relays should he mounted on switchboard
panels or their equivslent in a location free
from dirt, molsture, excessive vibration and
heat. Mount the relay vertically by means cof
the two mounting studs for the standard cases
and the fype 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 direct to the terminals by
means of screws for steel panel mounting or to
terminels 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 andg
then turning the pfoper nut with a wrench.

The recommended relay cotnectiong are shown
in Fig. 14. The 6C° connections is used on
the directicnal element, that 1s at unity
power factor the current through the direc-
tlcnal element coil should lead the polarizing
voltege by 60° as shown in the vector diagram.
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TYPE CO ADJUSTABLE INVERSE TIME
OVERCURRENT RELAY

PERCENT TAP VALUE CURRENT
VERSUS
tr/tq AT 2 TIMES TAP VALUE CURRENT
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* Pig. 12—Curve for Determining Actual Minimum Trip Current in Percent of Tap Value Current.
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The gtar-delta auxiliary current transformer
is the same as used with the type HZ relay and
1s described In I. L. 41-535.

The resistance of the auxiliary tripping re-
lzy coil eircuit (if used) should be less than
35 ohms for 125 volt dec HRZ relays -and less
than 70 chme for 250 volt de HRZ relays. If
the coll resistance exceeds these values a
loadling 7reslstor should be connected in par-
2llel with the coil.

SETTINGS

The type HREZ relay requlres two separate
settings: one for the Instantanecus HZ element
and the c¢ther for the C0O element. Each will
be consldered below:

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

Z = the line-to-neutral ohmic impedance. The
impedance for 80 to G0% of the protscted line
section. '

Ro = the current transformer ratic.

Ry = the potentlal transformer ratio.

T = the instantaneous HZ slement curreht tap.
S = the Ingfantanecus HZ element current core
screw.,

Instantanecus (HZ) Element Settings

.This element 1s set to glve instantaneous
preotection over approximately 90% of the pro-
tected 1line section. S8ince the Impedance of
the voltage coil is the same at all times, the
balance peoint of the element is adjusted by
changing the pull on the current coil. This
is done by taps (T) on the current coill wind-

ing and by the core screw (3) 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:

Instantansous Blement Recelving Delta Current:

TS = 10 Z R (1)
Ry

Ingtantaneous Element Recelving Star Current:
TS = 17.3 Z R, (2)
Ry

The nomenclature 1s as defined sbove. The
tap, T, i1s obtained by dividing the TS producf
by 5 to give an avallable tap number. When
chenging taps, the extra tap screw should he

screwed iIn 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 1s screwed
into the core. In some czses, a questlon of
doubt may arise whether the scale setting 1s
correct, or 1is out by one full turn of the
core screw. In such a case, the point may be

- yverified by turning the core screw all the way

in. Then back out the core screw until the
highest scale wmarking and then continuing o
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 polnts 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 €0°
a slight error i1s Introduced which may be as
much as 8% and 6% on 40° and 80° lines re-
gpectively. However, the formula relay set-
ting can be ecorrected for lines other than 60°
by using the curve of Figure 5.

The formula settings are sufflciently accu-
rate for most installaticns, where 1t 1s de-
slred to set the balance point more accurately
the tap and scale vélues may be checked by
applying to the relay the voltage, current and
phase angle cconditions which will be impressed
on it for a fault at the desired bglance
point. A slight change 1n the scale value
from that ecalculated may be required sc that
the relay will Jjust +trip for the simulated
fault at the balance pcint.

As an example, the Instantaneous element 1s
to be set for 90% of the line section AR which
is 6 ohms long. The current transformer ratio
is 200/5 star-connected with the star-delta
auxlliary current transformer supplying delta

.current to the instantaneous element ccils.

The potential transformer ratio l1s 1000/1. Us-
ing equation (1)
TS = 10 x .90 x 6 x 40 = 2.16
1000

Set tap 2 on the 0.2 te 2.0 ohm relay and core
serew = 1.08 NOTE: The relay should not be
required to operate when the drep from the
relay to +the fault for minimum fault is less
than 5 relay volta.

1



TYPE HRZ RELAY

Settings for the CQO Element

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

For sectlonalizing transmission systems the
current and time setting must be determined by
ealeculation, due consideration being glven to
the time required for circult breakers to open
50 that the propsr selective action can be ob-
tained throughout the system.

Current Setting

The connector screw on the terminal plate
above the time dial makes connectlons to
various turns on the cperating 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 &8 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 ghown 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 coils are connected directly in the
current transformer circuits the latter should

- be short-circuited before changing the

connector screw. This can be done convenient-
1y by inserting the extra connector screw, in
the new tap and removing the cld 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 require readjustment
after recelpt by the customer. If the ad-
justments have been changed, the relay taken
apart for repairs, of if it is desired %o
change the operating characteristic, such ab
from Inverse to very lnverse, the instructions
below should be followed.

411 contacts should be cleaned pericdically.
L contact burnisher S#182A836H0OL is recommended
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for this purpose. The use of abrasive material
for cieaning contacts 1s 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 veoltage
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 oseilloescope.

Instantanecus Impedance (HZ) Element

Refer to Figure 3. For the 60 cycle relays
adjust the stop screw on the rear of the beam
to give & clearance of .025 inch between the
rear of the beam and the voltage iron eircult.
This may be checked with a feeler gauge. With
the beam in the reget pesition, i.e., back
against the stop, adjust the gap between the
adjustable iron and the beam to .009 inch.
Care should be taken in this adjustment to
keep the gzap the same on both sides. Alsoc,
with the beam in the same position, adjust the
gap Dbetween the front end of the beam and the
stop 1n the upper core screw te .02C inch.

The beam ghould be balanced as follows.
Connect the relay as shown In the test dia~
gram, Figure 13. With any tap and scale set-
%ing, check the impedance meagured by the Te-
lay with 35 volts potential restraint. Apply
5 volts restralnt and adjust the balance
weight on the bheam until the beam just trips
with 1/7 of the current required to trip with
35 volts restraint. HMake certain that the
stop on the voltage side 1s absclutely clean,
otherwlse +the impedance at which the beam
trips may be affected, particularly at the low
voltages. The step can be easily cleaned by
drawing a plece of clean white paper Dbetwsen
the beam and the stop while the beam is firmly
pressed down.

The stationary centacts should be adjusted
te glve'.0l5 inch clearance betwzen them and
the silver bridge on the beam when the beam 1is
in the reset position. The bridge should be
made 4+to +%ouch both contacts simultanecusly,
and defleect the contact springs at least .010

—t
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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 Casze.

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

It d1g d@ifflecult to accurately adjust the
contacts by eye. A& good method contsists in
first of the contacts to the
correct gap and then applying just sufficient
current to trip the beam against = restraint
of about 5 volis. While the beam 1s in this
posltion, that 1s, lightly pressing on the one
contact, the other contact should be slowly

adjusting one

adjusted upward by means of the set screw un-
til it Jjust touches the sllver bridge wilthout
lifting 1t off the c¢ther contact. The trip
circeult should be energized sc that the light-
Ing of a lamp or the tripping of an zuxilizry
relay will show when both contaets are made.

A further caution iIn regard to the contact
adjustment is that too much follow or deflect-~
tion of the staticnary contacts will slightly
delay the resetting of the high-speed element
and - thus the directional element contacts may
get closed Dbefore the impedance contacts are
open and result In unnecessary tripping.
Directional FElement

Check ‘the free movement of the directional

WITH BELRTIVE INSTRITANEGJUS POLARITY AS VECTOR
Syowiil, THE DR, GonTARTS CLOSECTo RIGHT, FL) ROTRTION £
AND M- 15 CORREC

{hirEnAnce ! RRECT ECTORE AT 1007x P.F. Powee

~i
INTRIPPI™G DIRECTION

22-D-1870

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

element loop with the

posltion to see that it is free from friction

relay in a vertieal
and properly centered. The loop should assume
a vertical positicn with the contacts open
when the element is completely de-energized.

With the
Just the
for .020 inch separation from the vertical mov-
AdJust the
to just touch the stationary contacts,

then back off 1/4 of a turn to give ccrrect
contact fellow. Adjust the two-stop screws

which 1imit the movement of the loop (these

loop in the vertical position ad-
front and back stationary contacts
ing contact. goentact back stop
SCTrews

located tc the rear of the current
¢coil) so that the loop strikes these steps at
the same instant the
strike their back stop.

SCrews are

stationary contacts

Todo much follow on the directional centacts
should be avoided in order to allow the direc-
tionzl element to reset fast enough by gravity
to properly coordinate with the high speegd

13
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Impedance element.

Energize the loop with normal potential long
enough to bring it up to temperature (ahout 10
or 15 minutes) and adjust the bearing screws
g0 there 1s about .010 inch end play. See
that the lcop deoes not bind or strike against
the iron or coll when pressed against elither
end jewel.

The minimum pick-up of the element is 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
te see that the contacts make good contact in
the opposite direection.

When the dilrectional element. is energlzed on
voltage alone, therse may be a small torque
which may hold contacts elther open or closed.
This torque is small and shows up only at high
voltages with the entire absence of current.
At voltages high ehough to make this torgue
discernible, it will be found that only a
fraction of an ampere in the current coils
will preoduce wattmeter torgue to insure posi-
tive aection. This 1s menticned because the
slight torque shown on voltage alone has no
significance 1in actual service and has no
practical effect on the directional element
operation.

Check the - coordination of the directional
and impedance contacts as follows. BSet the
impedance element on the maximum tap and scale
setting. Connect the relay with the correct
polarity so that the right-hand (front view)
directicnal contacts close and apply rated d-c
velts %o the directional control circult.
Apply 115 volts z-¢  to the impedance and
directicnal element potentlal ceoils and pass
5 gmperes at unity power factor through the
current cirecuit. Cheslkt trip circult to see
that it is not completed with the voltage on
the impedance and directlional - elements is
suddenly applied or interrupted. Do not
interrupt the current circuit. Make several

such tests. The +trip ecircuit should draw
zbout 5 amperes d-c for this test so that the
contactor switch will pick up and seal in 1T
the elements faill to coordinate. Otherwlse, a
failure tc coordinate is not necessarily In-

14

dleated by the flicker of a lamp, since the
blocking resistor will prevent the pilck-up of
a trip coil plunger until the sauxlliary
contacktor falls out. This ccordination fest
has been described for the most severe con-
diticns. Consequently, an occaslonal failure
to coordinate may be tolerzted, since, Iin
gervice, 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 this test. If
proper cccrdinaticn is not obtained, 1t may be
necessary to reduce the fcllow 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 staticnary contact by means of its
adjusting serew such that the contact 'spring
iz Jjust free of ¢the front spring stop. By
means of the time dial, move the moving con-
tacts until they deflect the statlonary ccn-
tacts approximately 1/6L ineh. Set the index
pointer such that it points to the "0" mark on
the +%ime dial. Adjust the stationary contact
by means of its adjusting screw unitl the mov-
ing and stationary contacts just touch. This
adjustment is to set "O" on the time dlal and
provide follow for the contacts.

For relays that are used with ecircult break-
ers that ave instantanecusly reclosed, adjust
the stationary contact ILor gquick opening.
This 1s done by screwing In the contact ad-
justing screw until the ‘statiodary conbtaect
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 "0O" mark cn the time dial.

The adjustment cf the spring tension and the
tap value adjuster are most conveniently made
with the damping magnet removed. The reason
for this 1s bobth adjustments require the
balance of two torques which can best be
recognized with no damping magnet to retard
the motlion of the disc.
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quently through the entlre range of travel)
may be made constant wlthin very close toler-
ances.

After having balanced the spring torgque and
the electrical torque as eabove te match at a
aubstantially constant wvalue ¢f current, then
adjust thls constant current value up or down
as regqulred to match the tap value current by
means of the tap value adjuster lccated on the
right hand 1leg, front view, of the electro-
magnet.“ Moving the slider towafd the top de-
ereases minlmum trip current and moving the
slider +toward the bottom increases minimum
trip current. The glider must be clamped
tight when checking this adjustment.

Time Curve Calibration

Fig. 15 —Outline And Drilling Plan For The External Con-
trol Circuit Resistor For The 280 Volt d-c Relays.
For Reference Only.

With the time dial still set on "0", wind up
the spiral spring by means of the spring ad-
juster until approximately 6-3/4 convelutions
show. This 1z an inltial 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 dial settings. The best
way to de this is to first measure the actual
eurrent reguired to balance the spring torgue
at the #1/2 and #10-1/2 time dial settings.
If less current 1s required to balance the
spring torgue at the #10—1/? pogltion than at
the #1/2 pesition, it 1s an indication thatb
the spring needs to be wound up more, and
vice-versa. All spring convolutions must be
free. This getting 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 limlts of i1ts travel (and conse-

After checking the adjustments as cutlined
above replace the permanent magnet and adjust
it to callbrate the relay at 2 times tap value
current. This adjustment is made by means of
the damping magnet keeper screw. Adjust the
keeper screw positicn such that the relay will
cperate in the time as defined by the curve of
Flg. 9 for Inverse or very Inverse depending
upen the calibration desired. TFor example, 1f
the inverse calibraticn is 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 1B.3 seconds from the #11 time
dlal =sefting. Time values somewhat greater
than those shown for the lnverse calibration
and somewhat less than those shown for the
very inverse callibration may he obtained 1if
partlcular problems requifé them.

The <time of operation at 20 times tap value
current 1s adjusted by 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 PFig. 10 or 11 for inverse or very
Inverse calibration depending upon the charac-
terlstic desired for which the 2 times tap
value édjustment of fime was made. For ex-
ample, if the Inverse calibration i1s desired,
the relay may be calibrated for 2.18 seconds
from the #11 time dia®l positicn at 2C times
minimum trip current by =crewing the right

15
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hand plug all the way in and azdjusting the
left hand plug for 2.18 seconds. If. the very
inverse calibration is desired, screw the left
"hand Plug 211 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 or very inverse may be obtained by ad-
justable magnetlie plugs. An example of thils
adjustment has been referred to under "Charac-
teristics", and wherein one range of possl-
pilities is shown by Pig. 8.

Minimum Trip Current

The minimum trip current for a callbrated
relay may be checked te an accuracy of T4 vy
the use of the following formula:

I

T =
.Vﬁ.+tmﬁ2

I = fctual minimum trip current.

I = Current &t a multiple of 2 times the
minimum tap setting.

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

ty = Reset time of the relay to the #11 time
disl position.

Te =aid in determining the mipimum trip cur-
rent Fig. 12 has been provided in which a ploct
has been made of the minimum trip current In
percent of tap value current versus values of

Lty

Example: I, = 8 amperes

o = 27 seconds
%t = 81 geconds
tp/tg = 3 _
I = 100% TAP VALUE CURRENT, Fig.
12,

nentretor Switeh (Seal-in-Switch)

Ture tae relay up side down. Screw up the

16

core screw until the conthet ring starts
Now back off. the core until the
Back off the
core screw one more -turn and lock In place.
Adjust the twe nuts at the bottom of the
switch =0 that there 1is 3/32 Inch clearance
between the moving contact ring and the

rotating.
dontact ring stops rotating.

staticnary contacts in the open position. The
guide 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 switeh should pick up at 2 amperes d-c.
Test for stieking after 30 amperes have bsen

passed through the coll.

(Directicnal Contrel Cireult)

The adjustments are the same as for the
geal-in contactor switch except that the con-
tdet separation should be 3/64% 1inch. The
gwiteh - should plck-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 1is 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 ther directional element
contaets short-circult the coll with 250 to

280 volts applied to the ecircult. Energize

the directional element with 50 volts and 10
amperes in'phase suddenly applied. The con-
tactor switeh must operate the first time the
directlional contacts close without fluttering
or bouncing of the contactis.

Operation Indicator

Ldjust the indicator to cperate at 1.0 am-
pere d-c gradually aspplied. Test for sticking
after 30 amperes d-c 1is passed through the
coil. ' ’

Tnstantaneous Trip Attachment (When Supplied)

The.pcsition of the Micarta disc at the
bottom of +the element with reference to the

" palibrated guide indicates the minimum cver-

ecurrent 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 disc and robating the Micarta
dlsc. The nominal ratic of adjustments is 1
to 4, for example 10 to 4o amperes, and it has
an accuracy within the limits of approximately
10%.

The drep-out value is varied by ralsing or
lowering the core screw at the top of the
switch, and after the final adjJustment is
made, the core screw should be securely lock-
ed in place wlth the lock nut. It should be
adjusted for about 2/3 cf the minimum pickup.

Cne Second  Power

RENEWAL PARTS

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

ENERGY REQUIREMENTS

However,

The burdens of the various ecircults of the
60 cycle relay are as follows:

Volt Amperes/\

Continucus 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) (bmperes) Anglef Current Current Current Current
0.5 2 56 72 2.38 C 2l 132 350
0.6 2.2 56 71 2.38 21 134 365
0.8 2.5 56 69 2.40 21.1 i 400
0.5/2.5-(1.0 2.8 56 67 2.42 21.2 150 440
1.5 3.4 56 62 2.51 a8 170 530
2.0 ) 56 57 2.65 23.5 200 675
2.5 L.a 56 53 2.74 2.8 228 8co
2 8 230 70 2.38 21 136 360
2.5 8.8 230 66 2.40 21.1 14p 395
3 9.7 230 64 240 21.2 1ik4g 430
2/6- (3.5 10.4 230 6o 2.48 20 i57 Lo
i 11.2 230 &0 2.53 22.7 164 500
5 12.5 230 58 .64 ol 180 " EBBo
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 21.8 158 430
6 15.3 460 60 2.54 20.6 172 550
b1e-(7 20. B s1e] 57 2.62 23.6 150 820
8 22.5 460 5l 2.73 24 .8 207 700
10 25 HY <Y 48 3.00 27.8 248 850
12 28 ’ Lo 45 3.46 31.4 2g2 1020

*¥Thermal capacitieg for short times other tharn one second may be calculated on the basis of
time belng inversely proporticnal to the square of the current.

ﬁDegrees current lags voltage at tap value current.

A;Voltages taken with Rectox Type Voltmeter.
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DIRECTIONAL ELEMENT SERTES COIL

V.A. at 5 Power One Second Rating
Rating Amperes Factor (Amperes)
5 3.5 45° lag 140

DIRECTICNAL EIRMENT POTENTIAﬁ
POLARTZING COIL, ALONE

V.A. at
Rating 115 Volts Fower Facton
115y g 28° lag

IMPEDANCE ELEMENT CURRENT COILS

V.A. at §
Tap . o Amperes Power Factor
45 2.0 30° lag
13.5 0.55 30° lag

TMPEDANCE ELEMENT POTENTIAL CCITS

- V.A. at 115 Volts Power Factor

1.8 . 20° lag

18
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Fig. 16 —Qutline And Drilling Plan For The Standard Projection Type Case. See The Internal Schematics
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Schematic For Terminals Supplied. For Reference Only.

Fig. 17 —Outline And Drilling Plan For The M20 Semi- Flush Or Projection Type FT Flexitest Case. See Internal
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