INSTALLATION

L 41-421.

OPERATION ¢ 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 sgtting and

electrical connections.

APPLICATION

The Type HRZ relay is a combination of the

instantaneous impedance and directional ele-
ments of the Type HZ relay and the overcurrent
element of

the Type CO relay. This relay 1s

used for high speed clearing of phase faults
on transmission systems.
over 80 to 90% of the protect-

and time

It gives instantane-
ous protection
ed section, delay overcurrent pro-
remaining 20 tc 10% of the

rrotected section, and the adjacent section.

CONSTRUCTION AND OPERATION

The Type HRZ
ous impedance (HZ)

tection over the

relay contains an instantane-
element, and overcurrent
(cO) element, a directional element, auxiliary
switches and

contactor 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

This 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)

coil on the

and pulled downward by a current
rorward 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

NEW INFORMATION

other so that a balance between current and
be held within desirable

limits for all phase angles.

voltage fluxes can

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 scCrew on the bottom of
the element changes an air gap 1n the magnetic
path.

to set

These two adjustments make it possible
the impedance element so that it will
operate instantaneously, for all faults occur-
80 to 90% of the
For a fault at the balance point of

ing within protected line
section.
(determined by setting) the pull
coll,
fault to the relay, will just
the pull of the current coil, which re-
fault If the fault

inside the balance point, the IZ volt-

the element
of the
drop from the

voltage which measures the IZ
equal
ceives the eurrent, I.
ocecurs
age pull will be less than the I current pull
and the

Conversely,

peam will trip closing its contacts.
if the
relay balance point, the IZ voltage pull will

fault occurs outside the
be greater than the I current pull and the
beam will not trip.

silver contact 1is

A rectangular flexibly

fastened on the forward end of the beam. As
the beam trips, the contact bridges two silver
contacts mounted on

A small

stationary hemispherical
the free end of a short leaf spring.
set screw determines the position of the leaf
means for adjusting the

spring and provides

contact gap and follow.

Overcurrent Element

This is an induction-disc type element
The inductlon disc

is a spirzi shaped aluminum type mounted on a

operating on overcurrent.

vertical shaft. The shaft is supported on the

lower end by a pin and end stone type bearing

EFFECTIVE APRIL 1953
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TYPE HRZ RELAY

The star-delta auxiliary current transformer
is the same as used with the type HZ relay and
1s described in I. L. 41-535.

RELAYS IN TYPE FT. CASE

The type FT cases are dust-proof enclosures
combining relay elements and knife-blade test
switches 1in the same case. This combination
provides a compact flexible assembly easy tc
maintain, inspect, test and adjust. There are
three main units of the type FT case: the
case, cover and chassis. The case is an all
welded steel housing containing the hinge half
of the knife-blade test switches and the
terminals for external connections. The cover
1s a drawn steel frame with a clear window
which fits over the front of the case with the
switches closed. The chassis 1s a frame that
supports the relay elements and the contact
Jaw half of the test switches. This slides in
and out of the case. The electrical connec-
tions between the base and chassls are com-
pleted through the closed knife-blades.

Removing Chassis

To remove the chassis, first remove the
cover by unscrewing the captive nuts at the
corners. There are two cover nuts on the 8
size case and four on the L and M size cases.
This exposes the relay elements and all the
test swltches for inspection and testing. The
next step 1s to open the red handle test
switches first before any of the black handle
switches or the cam action latches. This
opens the trip circult to prevent accidental
trip out. Then open all the remaining
swltches. The order of opening the remaining
switches 1s not important. In opening the
test switches they should be moved all the way
back against the stops. With all the switches
fully opened, grasp the two cam action latch
arms and pull outward. This releases the
chassis from the case. Using the latch arms
as handles, pull the chassis out of the case.
The chassis can Dbe set on a test bench in a
normal upright position as well as on its top,
back or sides for easy inspection, maintenance
and test.

After removing the chassis a duplicate

chassis may be inserted in the case or the
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blade portion of the switches can be closed
and the cover put 1n place without the

chassis. The chassis operated shorting switch
located behinad the current test switch

prevents open clrcuiting the current trans-
formers when the current type test switches
are closed.

When the chassis 1s to be put back 1in the
case, the above procedure is to be followed in
the reversed order. The elongated red handle
switech should not be closed until after the
chassls has been latched in place and all of
the black handle switches closed.

Electrical Circuits

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

The potentilal and control circuits through
the relay are disconnected from the external
clrcuit by opening  the associated test
switches. Opening the current test switeh
short-circuits the current transformer second-

ary and disconnects one side of the relay coil
but leaves the other side of the coll connect-

ed to the external circuilt through the current
test Jack jaws. This circuilt can be 1sclated
by 1Inserting the current test plug (without
external connections), by inserting the ten
circult test plug, or by Inserting a piece of
insulating material approximately 1/32" thick
into the current test jack Jjaws. Both
switches of the current test switch pair must
be open when using the current test plug or
insulating material in this manner to short-
circult the current transformer secondary.

A cover operated switch can be suppllied with
its contacts wired in series with the trip
circuit. This switch opens the trip circuit
when the cover is removed. This switch can be
added to the existing type FT cases at any
time.
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i.L. 41-421.

Testing

The relays can be tested in service, in the

case Dbut wilth the external circuits isolated
or out of the case as follows:
Testing In Service

The ammeter test plug can be inserted In the
current test Jaws after opening the knife-
blade switch to check the current through the
relay. This plug consists of two conducting
strips separated by an insulating strip. The
ammeter is connected to these strips by
terminal screws and the leads are carried out
through holes 1in the back of the insulated
handle.

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

Testing in Case

With all blades in the full open position,
the ten circuit test plug can be inserted in
the contact Jaws. This connects the relay
elements to a set of blnding posts and com-
pletely isolates the relay circuits from the
external connections by means of an insulating
barrier on the plug. The external test
cireults are connected to these binding posts.
The plug 1is inserted in the bottom test jaws
with the binding posts up and in the top test
switch jaws with the binding posts down.

The external test circuits may be made to
the relay elements by #2 test clip leads in-
stead of the test plug. When connecting an
external test circult to the current elements
using clip leads, care should be taken to see
that the current test Jjack Jaws are open so
that the relay 1s completely isolated from the
external circuits. Suggested means for
isolating this circuit are outlined above
under "Electrical Circults".

Testing Out of Case

With the chassis removed from the case, re-
lay elements may pe tested by using the ten
circult test plug or by #2 test clip leads as
described above. The factory calibration 1s
made with the chassis 1in the case and remov-

ing the chassls from the case will change the
calibration values by a small percentage. It
is recommended that the relay be checked in
position as a final check on calibration.

SETTINGS

The type HRZ relay requires two separate
settings: one for the instantaneous 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:

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

Re = the current transformer ratio.

Ry = the potential transformer ratio.

T = the instantaneous 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 1s the same at all times, the
balance point of the element is adjusted by
changing the pull on the current coll. This
is done by taps (T) on the current coil wind-
ing and by the core screw (8) which varies the
magnetic alr gap for the current flux.

The most satisfactory method of arriving at
the tap settings is by the use of the folliow
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 1s as defined above. The
tap, T, 1s obtained by dividing the TS product
by S to glve an available tap number. When
changing taps, the extra tap screw should be
screwed in the desired tap before moving the
existing tap screw to prevent open circulting

the current transformers.

1



TYPE HRZ RELAY

The numbers on the core screw appear in

ascending order as the core screw 1is 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
verified by turning the core screw all the way
in. Then back out the core screw until the
highest scale marking and then continuing to
back 1t off until the desired value appears
exactly under the end of the pointer.
Sufficiently 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 sufficiently accu-
rate for most installations, where it is 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 secale value
from that 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
1s 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)

T8 = 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: The relay should not be
required to operate when the drop from the
relay to the fault for minimum fault is less
than 5 relay volts.

12

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 transmission systems the
current and time setting must be determined by
calculation, due consideration being given to
the time required for circult breakers to open
80 that the proper selective action can be ob-
tained throughout the system.

Current Setting

The connector screw on the terminal plate
above the time dlal makes connections to
various turns on the operating coil. By plac-
ing this screw in the various holes, the re-
lay will Jjust 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 limlts the motion of the disc
and thus varles the time of operation. The
latter decreases with lower time dial settings
as shown 1n the typilcal 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 1it.
Since the overload and the impedance element
current colls are connected directly in the
current transformer circults the latter should
be short-circulted before changing the
connector screw. This can pe 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 require readjustment
after receipt by the customer. If the ad-
Justments have been changed, the relay taken
apart for repairs, of if 1t is desired to
change the operating characteristic, such as
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Fig. 12—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.

from inverse to very lnverse, the instructions
pelow shourd be followed.

All contacts should be periodically cleaned
with a filne flle. S#1002110 file 1s recom-
mended for this purpose. The use of abrasive
cleaning contacts 1is not recom-
mended, of the
small particles in the face of the soft silver

material for

because danger of embedding
and thus impairing the contact.

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.
With

reset position, i.e., back

This may be checked with a feeler gauge.
the beam in the

against the stop, adjust the gap between the

adjustable 1ron 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 between the front end of the beam and the
stop in the upper core Screw to .020 inch.
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Fig. 13 —External Connections For The Type HRZ Relay
In The Type FT Case. Omit Test Switch For The
Relay In Standard Case.
The beam
Connect the

should be balanced as follows.
relay as shown in the test dla-
With
ting, check the lmpedance measured by the re-
lay with 35 volts Apply
5 volts balance

welght on

gram, Flgure 11. any tap and scale set-
potential restraint.
adjust the

the beam until the beam Just trips
with 1/7 of the current required to trip with
35 volts restraint. Make that the
on the voltage side 1s absolutely clean,
which the beam
trips may be affected, particularly at the low

restraint and

certain
stop
otherwise the impedance at

voltages. The stop can be easlly cleaned by
drawing
the beam and the stop while the beam 1s firmly

pressed down.

a plece of clean white paper between

The stationary contacts should be adjusted
to glve .015 inch clearance between them and
the silver bridge on the beam when the beam is
in the The bridge should be
made to touch both contacts simultaneously,
and deflect

inch Dbefore

reset position.

the contact springs at least .0l0
the beam strikes the bronze stop

13



TYPE HRZ RELAY

on the core screw.

It 1is difficult to accurately adjust the
contacts by eye. A good method consists in
first adjusting one of the contacts to the
correct gap and then applying Just sufficient
current to trip the beam against a restraint
of about 5 volts. While the beam i1s in this
position, that 1s, lightly pressing on the one
contact, the other contact should be slowly
adjusted upward by means of the set screw un-
til 1t just touches the silver bridge without
lifting 1t off the other contact. The trip
circult should be energized so that the light-
ing of a 1lamp or the tripping of an auxiliary
relay will show when both contacts are made.

A further caution in regard to the contact
adjustment i1s 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 1mpedance contacts are
open and result in unnecessary tripping.

Directional Element

Check the free movement of the directional
element loop with the relay in a vertical
posltion to see that it 1s free from friction
and properly centered. The loop should assume
a vertical position with the contacts open
when the element is completely de-energlzed.

With the 1loop 1n the vertical position ad-
Just the front and back stationary contacts
for .020 inch separation from the vertical mov-
ing contact. Adjust the contact back stop
screws to Jjust touch the stationary contacts,

then back off 1/4 of a turn to give 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 stops at
the same instant the stationary contacts

strike thelr back stop.

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

Energize the loop wilth normal potential long
enough to bring 1t up to temperature (about 10

14

or 15 minutes) and adjust the bearing screws

so there 1s about .010 inch end play. See
that the loop does not bind or strike against
the iron or coil when pPressed agalnst either
end Jjewel.

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
to see that the contacts make good contact in
the opposite directilon.

When the directional element is energized on
voltage alone, there 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 enough to make this torque
discernible, 1t will be found that only a
fraction of an ampere 1in the current colls
will produce wattmeter torque to insure posi-
tive action. This 1s mentioned 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 lmpedance 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)
directional contacts close and apply rated d-c
volts to the directional control circuit.
Apply 115 volts a-c to the 1mpedance and
directional element potential coils and pass
5 amperes at wunity power factor through the
current circuit. Check trip circult to see
that 4t 1is not completed with the voltage on
the 1mpedance and directional elements is
suddenly applied or Interrupted. Do not
interrupt the current circuit. Make several

such tests. The trip circuit should draw
about 5 amperes d-c for this test so that the
contactor switch will pick up and seal in if
the elements fail to coordinate. Otherwise, =
failure to coordinate 1is not necessarily in-
dicated by the flicker of a lamp, since the
blocking resistor will prevent the pick-up of
a trip coil plunger until the auxiliary
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Fig. 14 —Outline And Drilling Plan For The External Con-
trol Circuit Resistor For The 250 Volt d-c Relays.
For Reference Only.

falls This coordination test
described for the most severe

Consequently, an occasional failure

contactor out.

has Dbeen con-
ditions.
to coordinate tolerated,

may be since, 1n

service, the directional element will be re-
setting under the positive action of reverse
power flow rather than under the influence of
as described in thils test. If
proper coordination 1is not obtained, 1t may be
reduce the follow on the direc-

as the

gravlity alone,

necessary to
tional or impedance element contacts,

case may be.

CO ELEMENT

For relays that are used with circuit break-
ers that are not instantaneously reclosed, ad-
Just the
adJusting
is Just

means

stationary contact by means of its
screw such that the contact spring
free of the front spring stop. By

of the time dial, move the moving con-

tacts until they deflect the statlionary con-

tacts approximately 1/64 inch. Set the index
pointer such that it points to the "O" mark on
the time dial.
by means of 1ts adjusting screw until the mov-
contacts just touch. Thils

1s to set "O" on the time dial and
provide follow for the contacts.

AdJjust the stationary contact

ing and stationary
adjustment

For relays that are used with circuit break-
ers that are instantaneously reclosed, adjust
the stationary contact for
This 1s

Justing screw untll the

quick opening.

done Dby screwing in the contact ad-
stationary contact
rests solidly against the contact back stop.
of the time dial,
contacts until they Just touch the stationary
contact. Set the 1index polnter such that it

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

By means move the moving

The adjustment of the spring tension and the
tap value adjuster are most conveniently made

with the damping magnet removed. The reason

for thils 1s both adjustments require the
balance of two torques whlch can best be
recognized with no damping magnet to retard

the motion of the disc.

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
This 1s an
From this
minimum tap setting, adjust the spring tension
so that the -electrical
spring torque at a fixed value of current at
#10-1/2 and #1/2 time dial settings. The best

way to do this 1s to first measure the actual

show. initial rough adjustment.

preliminary setting, and using

torque balances the

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

settings.
current is

vlce-versa. convolutions must be
Thils

necessarily be

All spring

free. setting of the spring will not
at tap value of current. By
winding up or unwinding the spring as

requlred to move the disc at

requir-
ed, the current
the extreme limits of its travel (and
quently through the

conse-
entire range of travel)
may be made constant withiln very close toler-

ances.

15
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After having balanced the spring torque and
the electrical torque as above to match at a
substantlally constant value of current, then
adjust this 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 of the
Moving the slider toward the top de-
creases minimum trip
toward the
The

tight when checking this adjustment.

leg, front view, electro-

magnet .
current and moving the

slider bottom increases minimum

trip current. slider must be clamped

Time Curve Calilbration

After
above

checking the adjustments as outlined

replace the permanent magnet and adjust
it to calibrate the relay at 2 times tap value
current. This adjustment is made by means of
the Adjust the
keeper screw position such that the relay will
operate in the time as defined by the curve of
Flg. 9 for invers€ or very inverse depending
upon the calibration desired. For example, 1if
the 1inverse calibration is desired, the damp -
ing magnet may be adjusted for 27 seconds from
the #11 time dial If the very
inverse calibration is desired, the adjustment
may be made for 18.3 seconds from the #11 time

damping magnet keeper screw.

setting.

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

calibration
particular problems require them.

very inverse may be obtained if

The
current is
Justable
position
the time

curves

time of operation at 20 times tap value
adjusted by means of the two ad-
Adjust the plug
that the relay will operate in
time
of figure 10 or 11 for inverse or very

magrnetic plugs.
such

as defined by the current vs

inverse calibration depending upon the charac-

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

the relay may be calibrated for 2.18 seconds
from the #11 time dial position at 20 times
minimum trip current by
all the
hand plug for 2.18 seconds.

screwlng the right
hand plug
left If the very
inverse calibration is desired, screw the left

way In and adjusting the

hand Plug all the way in and adjust the rignt

16

hand plug for 1.28 seconds
dial
rent.

from the #11 time

position at 20 times minimum trip cur-

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

magnetic

range of possi-

Contactor Switch (Seal-in-Switch)

Turn the
core

side down.
screw until the
Now Dback
stops

relay up Screw up the

contact ring starts
off the core until the
Back off the
turn and lock in place.
the bottom of the
is 3/32 1inch clearance
and the

The

rotating.

¢contact ring rotating.
core screw
Adjust the two nuts at
switch so that there
between the
stationary contacts in the open position.
gulde rod may be used as a scale as it has 52
threads inch, therefore, 5 turns of the

nuts will equal approximately 3/32 inch.

one  more

moving contact ring

per

The switch
Test for after 30 amperes have been
passed through the coil.

should pick up at 2 amperes d-c.
sticking

(Directional Control Circuit)

The
seal-in
tact
swltch
volts d-c.

adJustments are the the
contactor switch except that the con-
separation should be 3/64 inch. The

should pick-up at more than 80
Apply 140 volts d-¢ to the circuit
and see that the contacts drop out when the
coll 1s shorted by the left-hand directional
contacts. For the 250 volt d-c relays the
should be 165 volts and the contacts
should drop-out when the

contacts

same as for

not

pick-up
directional element
short-circuit the coil with 250 to
280 volts applied to the circuit. Energize
the directional element with 50 volts and 10

amperes 1n phase suddenly appliled.

The con-
switch must operate the first time the
directional contacts close without fluttering

or bouncing of the contacts.

tactor
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Operation Indicator

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

coll.

Instantaneous Trip Attachment (When Supplied)

of the Micarta disc at the
element with reference to the
calibrated guide indlicates the minimum over-
current required to operate the element. This
disc should be lowered or railsed to the proper
position Dby loosening the locknut which locks

disc and rotating the Micarta
nominal ratlo of adjustments 1s 1

The position
bottom of the

the Micarta

disc. The
to 4, for example 10 %o 40 amperes, and 1t has

an accuracy within the limits of approximately
10%.

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

The drop-out
lowering the core BSCIrew at
switch, and after the final
made, the core screw should be securely lock-
ed in place wlth the lock nut. It should be
adjusted for about 2/3 of the minimum pilckup.

RENEWAL PARTS

work can be done most satisfactorily

interchangeable
the customers who
When

Repalr
at the factory.
parts can be furnished to

However,

are equipped for doing repalr work.
ordering parts, always give the complete name-

plate data.

ENERGY REQUIREMENTS

The burdens of the various clrcults of the

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
0.6 2.2 56 71 2.38 21 134 365
0.8 2.5 56 69 2.40 21.1 142 4oo
0.5/2.5-(1.0 2.8 56 67 2.42 21l.2 150 440
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 2.7h 24h.8 228 800
2 8 230 - 70 2.38 21 136 360
2.5 8.8 230 66 2.4%0 21.1 142 395
3 9.7 230 64 2.42 21.2 149 130
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
4 16 460 68 2.38 21.3 146 420
5 18.8 160 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
3 22.5 460 6l 2.73 2L .8 207 700
10 25 460 48 3.00 27.8 ou8 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 belng inversely proportional to the square of the current.

ﬂDegrees current lags voltage at tap value current.

A&Voltages taken with Rectox Type Voltmeter.

17
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DIRECTIONAL ELEMENT SERIES COIL

V.A. at 5 Power One Second Rating
Rating Amperes Factor (Amperes)
5 3.5 45° lag 140
DIRECTTONAL EIEMENT POTENTIAL
POLARIZING COIL, ALONE
V.A. at
Rating 115 Volts Power Factor
115y 9 28° lag
IMPEDANCE ELEMENT CURRENT COILS
V.A. at 5
Tap Amperes , Power Factor
45 2.0 30° lag
13.5 0.55 30° lag
IMPEDANCE ELEMENT POTENTIAL COILS
V.A. at 115 vVolts Power Factor
1.8 20° lag
o,
g
ﬁ&n

18
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INSTALLATION

L 41-421.1A

OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE HRZ DIRECTIONAL IMPEDANCE RELAY WITH
ADJUSTABLE INVERSE OVERCURRENT ELEMENT

CAUTION Before putting protective relays into
service, all Dblocking which may have
been inserted for the purpose of securing the

remove

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 connectlons.

APPLICATION

The type HRZ relay is a combination 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

Jacent sectilon.
CONSTRUCTION AND OPERATION

The Type HRZ
e Gmpedance (HZ)
{00 element, a directicnal element, auxillary

protected section, and the ad-

relay contains an instantane-
element, an overcurrent

cortastor switches and operation indicators

211 mounted in a single case. The construc-

tion and operation of each of these elements

is as fcllows.

Trstantaneous Impedance (HZ) Element

This element 1is similar to the first im-

pedance element of the Type HZ relay. 1t con-
aists of a balanced beam pivoted at the center
(Figure 3) and pulled

ceil on  the

downward by a current
forward end to close the relay
contacts. This pull is oppcsed by two voltage

coils acting on the cother end of the beam.
The fluxes set up by these two potential coils

are shifted out of phase with respect to each

SUPERSEDES | L. 41-421.1

*Denotes change from superseded issue.

that

fluxes can

cvher so a balance between current and
be held within desirable

limits for all phase angles.

voltage

A tap screw on the front of the element per-
mits changing the number of turns on the cur-

rent ccil, and a core screw cn the bottom of
the element changes an alr gap in the magnetic
path.

to set

These two adjustments make 1t possible
the impedance element so that it will
operate instantaneously, for all faults occur-
80 to 90% of the
For a fault at the balance point of

ing within protected line
section.
the element (determined by setting) the pull
of the

drop

voltage coil, which measures the 12
fault to the relay, will just
the pull of the current coil, which re-
fault If the fault

inside the balance point, the IZ volt-

from the
equal
ceives the eurrent, I.
occurs
age pull will be less than the I current pull
and the Dbeam will trip closing its contacts.
Conversely, 1if the fault occurs outside the
relay balance pcint, the IZ voltage pull will
than the

Leam will not trip.

be greater I current-pull and the

silver contact is flexibly

the forward end of the beum. As

A rectangular
fastened on
the beam trips, the contact bridges two silver
stationary hemispherical contacts mounted on
the free end of a short leafl spring. A small
set screw determines the positlon of the leaf
means for adjusting the

spring and provides

contact gap and fuilow.

Overcurrent Element

induetion-dlise type element

The induction disc

This is an
operating on cvercurrent.
is a spir-. shaped aluminum tvpe mounted on a
vertical snaft. Tne shaft 1s supporved ¢n the

lower end by a pin and end stone type bearing

EFFECTIVE JANUARY 1955



TYPE HRZ RELAY

INTERMAL SCnEMATIC

-TO SASE TERMINALS

[ —TO RELAY

R.M. CONTACTS

FRONT YHEW -~ ———OPERATION INDICATOR
COVEW GPERATED - =~ COKTACTOR Sw1TCn
SWITCH ——= -1
(WHEN zs[o) EXTERNAL RESISTANCE
TEST SHITCH — FOR 250 YOLTS D-C

L

300 0 125 ¥.0.C.
870 0 250G v.0.C. T

INTERNAL RESISTANCE
FOR 125 YOLTS D-C
ONLY

L.d, CONTACTS [~ -AUKILIARY SWITCH

FRONT VIEW —

TAP vALVE LAd COtL

ADUUSTER e - LM LEu Fuv.

R.t. LEo 7.y,

OYERCURRENT

MENT T

ELE — - INSTANTANE GUS
IMPEDANCE
ELEMENT

DIRECTIONAL

ELEMENT

. REAR VIEW \ .. SHORT CIRCUIT SWITCH
fu RELAY 80770M TEST SW>TCH - FROMT vIEW

N

| RED nANOLE
ot STAlS|
cuassis operaten AT 8] [C L%] £ L%] 4
SHORT Iho o1 100 . CURRENT TEST qvCk
10 aase TEaws. P J [ ﬁi] O
#VIN G CATINE (NS TeR TANEOUS PULARITY AS SHIwK, THE DIRECTICNAL CONTACTS

CUITE TH R GNT FRONT wIEW) & TH  INPEDANCE FLEMENT CONTACTS LOSE 4
PER CrincieTio,

27-D-5541

ENTERRAL SCrEMATSE

E E_% F—T0 BASE TERMS.
J1 AL 70 RELAY

TOP TEST SWITCH - FRONT VIEW

R.H. CONTACTS
FRONT ¥IEW ~

OPERATION INOICATOR
CONTACTOR SWiTCH

TEST SWITCH
13m0} —

EXTERNAL RESISTANCE
FOR 250 ¥.D-C ONLY
INTERNAL RESISTANCE
FOR 125 ¥.D-C ONLY

3000~ 125 ¥.D-C
6700- 250 ¥.D-C

L.H. CONTACTS.

FRONT ¥IEW
TAP VALVE LAG COIL
ADUUSTER ~—~__| LH. LEG F.v.
RN LEs Fuv.
OVERCURRENT | INSTANTANEOUS TRIP
ELEMENT ATTACHMENT
INSTANTANEOUS
[ IMPEDANCE
ELEMENT
LOCATION OF
CONTACTOR SWITCHES
€S, -L.h. FRONT
. . REAR
. REAR
FRONT YIEW
DIRECTIONAL
ELEMENT
REAR VIEW
TO RELAY ~— BOTTOM TEST SWITCH - FRONT ViEW RED HANDLE

— g
CHASS 1S OPERATED #u n %g SHORT CIRCIIT
SHORTING SWITCH SWITCH

T0 BASE TERMS. L1 03 L]

WiTh RELATIVE INSTANTANEOUS POLARITY AS SHOWN, THE DIRECTIONAL CONTACTS

CLOSE (TO RIGHT FRONT VIEW) & THE IMPEDANCE ELEMENT CONTACTS CLOSE 45
PER CALIBRATION.

CURRENT TEST JACH

27-D-5537

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 end by a pin and olive bear-
ing.

The moving contact is 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 disc shaft. The electrical
connection is made from the moving contact
through the arm and spiral spring. One end of
the spring 1s fastened to the arm, and the
other to a slotted spring adjuster disc which
in turn fastens to the element frame.

The staticnary contact assembly consists of
a silver contact attached to the free end of
leaf spring. This spring 1is fastened tc g
Micarta block and mounted on  <tne elerent
frame. A small set screw permits the adjust-

ment of contact follow.

f,
o
]
t
3
W
=
143
ot
2]
5
)
3
&)

auses 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  gingle-turn movublo
aluminum  seccondary, wnich current is substan-
tielly in phase with the voltage. The current
colls  are mounted on a marnetic frare ard the
current  and voltage elemernts are assembled At
right angle tc each other with the one~-turn
voltage loop 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 cne of twe directions, de-

pendlng on the direction of vower flow.

An Isolantite arm extendas from the movir

loop ard supports a rectangular silver ~ontact

which bridges tws stationary contasts located
cn  either ide of the lcop. The stationary
contacts are silver hemi-spheres mounted on
the lower end o vertliecally hanging spring
leaves. The contact separation is adjustable
by a small screw near the upper end of the
rigid stationary contact supporting arm. One
of  these supporting arms hangs parallel to

cach of the four stationary contacts. The set

P
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VERTICAL GAP BALANCE WEIGHT
.olls CLEARANCE, Top
S 3* screw
Ty @ ] 028 cLEARANCE
To20 ¥ N ¥
TAP PRI VOLTAGE
screw (} vour
= GRCUIT
TAP - * : VOLTAGE
BLOCK~—_] < ne L
S
| I1
J I
] Lower
CURRENT cait ey CORE SCREW
s SCALE MANONG
CORE SCREW

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

ment.

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

1limit the movement of the

the contact follow adjustment.

screws on the movement frame
current coil iron

one-turn loop.

Auxiliary Contactor Switch

This element 1is a small solenoid-type
switch. A

silver disc

small cylindrical plunger with a
supported on 1ts lower end rildes
up and down on a vertical guilde rod in the
center of the solenoid coil. The guide rod is
fastened to the stationary core which in turn
When the coil

screws into the element frame.

is energlzed, the silver disc moves upward
shaped

of this D-C aux-

bridging three cone stationary con-
tacts. The
1liary switch 1is controlled by the directional

controls

operation

element wnich in turn directionally
fault

flows in the tripping direction, the auxiliary

20 overcurrent element. When 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 switch coil, causing 1t to

drop out. This opens the directional control

circuit of the CO element.

Contactor Switch and Operatiocn Indicator

The coil ol the contactor switch 1s connect-

ed in the trip circuit. When the relay con-

tacts close, the coll 1s energized and its

contacts short around the relay contacts, re-
them of the

tripping current.

lieving duty of carrying * the

breaker These contacts re-

maln closed until the trip circuit is opened
swltch. The third

of the contactor switch is connected

by a breaker auxiliary
contact
to a separate relay terminal to operate an
alarm circuit.
Two operation
with the letters HZ
operates when the
through the
and the C0O target operates when the trip cir-
cult 1iscompleted through the

element.

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

overcurrent

Instantaneous Trip (When Suppliled)

The iInstantaneocus trip attachment 4s a small
solenold type element. A cylindrical plunger
rides wup and down on a vertical guide rod in
The gulde

fastened to the statlonary core, which

the center of the solenoid coil.
rod 1s
in turn screws 1nto the

element frame. A

silver disc is fastened to the moving plunger
helical When the coll 1s

energlzed, the plunger moves upward carrying

through a spring.

the sillver disc which bridges three conical-
shaped stationary contacts.
the helical

plunger

In this position,
and the

is free to move while the contact re-

spring 1is 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

plck-up current of the element.

CHARACTERISTICS

available 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 1is impedance
ranges.

for short
lines.

for long The following are

markings:

Instantaneous (HZ) element 0.2 to 2.0 ohm

range:
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L. L 41-421.1A

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 Serew = .8, .9, 1.0, 1.1, 1.2, 1.3, 1.4

CO Overcurrent element

The
closing

type CO adjustable inverse time clrcult
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 4 5 6
4 5 6 7 8 10 12

The tap value 1s the minimum current requir-
ed to Just close the relay contacts. The mov-
will the time dial stop,
regardless of the time dial setting, and move

to touch the stationary contacts at tap value

ing contacts leave

current.

The tilme vs current characteristics for the
style calibration of inverse or very Inverse
are shown in Fig. 10 and Fig. 11 respectively.

The term "style callbration" 1s used as there

is no difference between the inverse and very
inverse relays except In thelr calibration.
Relays carrying a style number which indicates
the 1nverse calibration may be changed to the

inverse callbration or vice versa through
This is outlined In

very
two simple adjustments.

detail under Adjustments.

In addition to
inverse

the one relay covering the
or the very inverse curves, the relay

may be re-calibrated for a characterastic

other than either of these. An example of the
different

shown by Fig. 8 whereln all

spread of adjustments to 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 1s

The

passed through a common point

seconds by adjustment

keeper Sscrew. The range of
indicated

obtained by means of the magnetic plugs.

limit
hand plug "all in"

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

magnetic

and
Various adJjustments
plugs partially withdrawn from the

circult may be wused as desired to obtain a
within ¢the 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

curve shown,

the factory. one or

other of the inverse or very inverse standard
Similarly, the

of the damping magnet keeper screw will depend

curves. factory set position

upon the "style calibration”.

The burdens and thermal ratings are listed

under Energy Requlrements. The instantaneous
a l to 4 ratio.
10-40 or 20-80,

are also avallable.

trip attachment has Typlcal

ranges are but other ranges

INSTALLATION

The relays should be mounted on switchboard
panels or thelr equivalent 1n a location free
from dirt,

heat.

moisture, excessilve vibration and
Mount the relay vertically by means of
the two mounting studs for the standard cases

and the type FT projection case or by means of

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

semi-flush type FT case.

or the mounting screws

grounding the relay. The electrical connec-

tions may Dbe made direct to the terminals by
means of screws for steel panel mounting or to
furnished with the relay for

or slate

terminals studs

ebony-asbestos panel mounting. The

terminal studs may be easlly removed or in-

serted by locking two nuts on the studs and

then turning the proper nut with a wrench.
The recommended

conrections of relay are

shown 1in Fig. 14. The 60° connection is used
on the directicnal element, that is at unity
power factor the current through the direc-

tional element coil should lead the polarizing
voltage by 60° as shown in the vector diagram.
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NUMBER Il TIME DIAL SETTING

30
A\

2 \

10
0 9
5 8
=7 A
S 6
© N ,// — B
w 5 | Ve
[72) — b
o N A 1/
d 4 \\ \~( / //—-C

N

8 N | N A TSN

3 N s
a N Vd

Ty

: N
ul TN
[7)] N“‘\\~')

RANGE OF ADJUSTABILITY
WITH MAGNETIC PLUGS
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MULTIPLES OF MINIMUM CLOSING CURRENT

A-LEFT HAND PLUG OUT- RIGHT HAND PLUG IN
( FRONT VIEW )

B -INVERSE CALIBRATION

C ~RIGHT HAND PLUG OUT-LEFT HAND PLUG IN
( FRONT VIEW )
Curve 367687

Fig. 8 —Example Of The Range Of Adjustability Of The Time Curves By Means Of The Adjustable Plugs.
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30
CALIBRATION POINTS FOR TWO
28 TIMES TAP VALUE CURRENT FOR
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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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L1 41-4210A

The star-delta
1s the same as used with the type HZ relay and
is described in I. L. 41-535.

auxiliary current transformer

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
discusslon of the HZ settings:

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

Re = the current transformer ratio.

Ry = the potential transformer ratio.

T = the instantaneous HZ element current tap.
S = the instantaneous HZ element current ccre

screw,

Instantaneous (HZ) Element Settings

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

the voltage coil 1is the same at all times, the
balance polnt of the element is adjusted by
This

wind-

changing the pull on the current coil.
is done by taps (T) on the current coil
ing and by the core screw (8) which varies the

magnetic ailr gap for the current flux.

-+

The most
the tap settings is by the use of the

satisfactory method of arriving a
foliow
ing equations:

Instantaneous Element Receiving TLelta ~urront:

TS = 10 Z Re (1)
Ry

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

Tne nomenclature 1s as defined above. The

tap, T, is obtained by dividing the TS product

by S to glve an available tap number. When

changing taps, the extra tap screw should be
serewed in the desired tap before moving the
existing tap screw tc prevent open circuiting

the current transformers.

The numbers on the core screw appear 1in

ascendlng order as the core screw is screwed
into the core. 1In some cases, a question of
doubt may arise whether the scale setting 1s

correct, or is out by one full turn of the

core sScrew. In such a case, the point may be
verified by turning the core screw all the way
in. Then Dback out
highest marking and then continuing to
back it off wuntil the desired value appears
exactly under the end of the
Sufficiently

interpolating between

the core screw untll the

scale

pointer.
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 wused
lines of that angle.

a slight error is 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 sufficiently accu-

rate for most where it is de-

installaticns,
sired to set the balance point more accurately
the tap and scale values nay be checked by
applylng to the relay the voltage, current and

phase angle conditicons which will be impressed

on 1t for a fault at the desired balance
point. A slight change 1in the scale value
from that calculated may be required sc that
the relay will just ¢trip for the sirulated

fault at the balance point.

As an example, the instantaneous elenent 1is
to be set For 90% »f the line secticn AB which
is 6 ohms long.
is 200/5

auxiliary current

The current transfcrmer ratio

star-connected with the star-delta
transfcrmer suprlying delta
current to the instantancous elenment ~cils.
The potential transformer ratio is 1000/1. Us-
ing equation (1)

TS = 10 x .90 x 6 x 40 = 2.10
- 1000

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

requlired to

The relay should not be
operate when the drcp from the
relay to the fault for minimum fault 1is 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 sectlonalizing transmission systems the
current and time setting must be determined by
calculatlon, due consideration being glven to
the time required for circuit breakers to open
so that the proper selective action can be ob-
tained throughout the system.

Current Setting

The connector screw on the terminal plate
above the time dial makes connectlions to
various turns on the operating coll. By plac-
ing thilg screw 1n 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 dlal limits the motion of the disc
wnd  thus varies "the time of operation. The
latter decreases with lower time dial settings

as shown 1In the typical time curves.

CAUTION Be sure that the conrectcr screws are
turred up tight sc as to make a good contact,
fcr the operating current passes through it.
Since the cverload and the impedance element
current coils are connected directly in the
current transformer circults the latter should
be short-circuited before changing the
connector screw. This can be deone ccnvenient-
ly Dby inserting the extra cornector screw, in
the new tap and removing the old screw from

its original setting.
ADJUSTMENTS AND MAINTENANCE

The precper adjustments tc irsure correct
operation of this relay have been made at the
factory and shculd not require readjustment
after receipt by the customer. If the ad-
Justments have been changed, the relay taken
apart for repairs, cof if it is desired to
change the operating characteristic, such as

12

from 1nverse to very inverse, the instructions
below should be followed.

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

Instantaneous Impedance (HZ) Element

Refer to Figure 3. For the 60 cycle relays
adjust the stop screw on the rear of the bear
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 dron 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 between the front end of the beam 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 velts restraint and adjust the balance
welght on the beam until the beam just tripe
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,
octherwise the i1mpedance at which the bean
trips may be affected, particularly at the lcw
voltages. The stop can be easlily cleaned by
drawing a plece of clean white paper between
the beam and the stop while the beam is firmly
rressed down.

The stationary centacts should be adjusted
to give .0l15 inch clearance between ther. sari
the silver bridge on the beam wher. the bear is
in the reset pcsition. The bridge should be
made to touch Dboth contacts simultarecusly,
and deflect the cocntact scrirngs at least .010
inch Dbefcre the beam strikes the bronze stop

cn the core screw.

P
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I.L 41-421.1A

A
8
4
POS
NEG
AMMETER
1
RESET 4-5 AMP
SWITCH 7] Loao
Lo
4
k 3 o
PHASE
SHIFTER g 1"
[e]
PHASE
ANGLE
METER 206 Wz B9
) HO—*— o
e —{;‘ 22 £ HZ D 2l swﬁgH_
| 2¢ 23
+ 26 25
REAR VIEW
26-D-1198

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.

It is difficult to

contacts Dby

accurately adjust the
eye. A good method consists in
of the contacts tc the

gap and then applyilng just sufficient

first adjusting one
correct
current to trip the beam against a restraint
5 volts. While the beam 1is in this

position, that is, lightly pressing on the one

of about

contact, the octher contact should be slowly
adjusted upward by means of the set screw un-
£11 it just touches the sllver bridge without
lifting 1t off The trip

circuit should be energized so that the light-

the other contact.
ing of a lamp or the tripping cf an auxiliary

relay will show when both contacts are made.

A further caution 1in regard to the cortact
adjustment is that too much follow cr deflect-
tion of the stationary contacts will slightly
delay the resetting of the high-speed element
and thus the directional element centacts may
get closed before the impedance contacts are

open and result in unnecessary tripping.

Directicnal Element

Check the free movement of the directional

STATION BUS PHASE ROTATION A,B,C N
1 hd 2
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TRANSF,
TRIP
e 3
ret ] R
4 c
- s
1 )
T
L]

&g

4= J 280V.d.¢. ONLY =
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2 . 2 ' Al

22 2 22 2 e ar g
24 23 24 23 24 G 23
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% S
% REARVIEW 18 D297
a
& [ 1
* !__J
l ; AUKLIARY STAR DELTA_TRANSFORMER

I

ABC

WITH RELATIVE INSTANTANEOUS POLARITY AS

SHOWN, THE DIR.CONTACTS CLOSE(TO RIGHT FN.)} oA

A SIS Q

ND IMPEODANCE ELEM. IS CORRECT ECTORS AT 100 P.F. ‘o
IN TRIPPING DIRECTION

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

with the
see that 1t is free from fricticn

elemznt 100D relay in a vertical
pesition to
and properly centered. The loop shculd assume

a vertical position with the contacts cpen

when the elemernt 1is completely de-energized.

With the

Just the

loop in the vertical positicen ad-
front and back stationary contactes
for .020 inch separation from the vertical mocv-
Adjust the back
to just touch the statlionary contzcts,
then back off 1/- of

follow.
limit the

sScrews are

ing contact. contact sSTOE

3Crews

a turn
Adjust

to gilve correct
contact the two-stcocp screws

which mevement of the loor (Ltrese
located to the rear cf the current
coil) so that

the same

the locp strikes these stcps at

instant the stationary contacts

strike their back stcp.

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

to properly the high speed

13
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impedance element.

Energize the loop with normal potential long
eénough to bring it up to temperature (about 10
or 15 minutes) and adjust the bearing screws
so there is about .010 inch end play. See
that the loop does not bind or strike against
the iron or coll when bressed agailnst either
end Jewel.

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

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

Check the coordination of the directional
and irpedance 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)
directional contacts close and apply rated d-c
volts to the directional control clrcuit.
Apply 115 velts a-c¢  to the 1mpedance and
directional element potential coils and pass
5 amperes at unity power factor through the
current cilreuit. Check trip circuit to see
that 1t 1is not completed with the voltage on
the irmgpedance and directional elements is
suddenly arrlied or interrupted. Do not
interrupt the current circuit. Make several

such tests. The trip circult should draw
about 5 amperes d-c for this test so that the
contactor switch will gick up and seal in if
the elements fall to cocrdinate. Otherwise, a

fallure to ccordinate is not necessarily in-

14

dicated by the flicker of a lamp, since the
blocking resistor 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. Consequently, an occasional fatlure
to coordinate may be tolerated, since, 1in
service, the directional element will be re-
setting wunder the positive action of reverse
power flcw rather than under the Influence of
gravity alcne, as described in this test. If
broper coordination is 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 circuit break-
ers that are not instantaneously reclosed, ad-
Just the stationary contact by means of its
adjusting screw such that the contact sgpring
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 itsg adjusting screw unitl the mov-
ing and stationary contacts Just touch. This
adjustment 1s to set "0" on the time dlal and
provide follow for the contacts.

For relays that are used with circult break-
ers that are instantaneously reclosed, adjust
the stationary contact for quick opening.
This 1is done by screwlng in the contact ad-
Justing screw until the stationary contact
rests solldly against the contact back stop.
By means of the time dial, move the moving
contacts untll they just touch the stationary
contact. 8Set the index pcinter such that it
peints 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 1is both adjustments require the
balance of two torques which can best be
recognized with no damping magnet to retard
the motion of the disc.

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

ances.

After having balanced the spring torgue and
above to match at a
then
thils constant current value up or down

the electrical torque as
substantlally constant value of current,
adjust
as requlred to match the tap value current by
means of the tap value adjuster located on the
right hand of the

the slider toward the top de-

leg, front view, electro-

magnet. Moving

creases minimum trip current
toward the
The

tight when checking this adjustment.

and moving the

slider bottom increases minimum

trip current. slider must be 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 "0", wind up
the spiral spring by means of the spring ad-
until approximately 6-3/4 convolutions
This 1s an

From this

juster
show. initial rough adjustment.

preliminary setting, and using
minimum tap setting,
so that the
spring torque at a fixed
#10-1/2 and #1/2 time dial settings.

way to do this 1s to first measure the

adjust the spring tension

electrical torque Dbalances the
of current at
The best

actual

value

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

spring torque at the #10-1/2 position than at
the #1/2 position, it 1is an

the spring needs to be wound up

indication that

more, and
All spring convelutions must be
settlng of

tap value of current. By

vice-versa.
This

necessarily be at

free. the spring will not

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
akbove

checking the adjustments as outlined
replace the permanent magnet and adjust
it to calibrate the relay at 2 times tap value
current. This adjustment is made by means of
AdJjust the

keeper screw posltion such that the relay will

the damping magnet keeper screw.
operate in the time as defined by the curve of
Fig. 9 for 1nverse or very inverse depending
upon the calibration desired. For example, if
the 1nverse calibration is desired, the damp-
ing magnet may be adjusted for 27 seconds from
the #11 dial the very

inverse calibration 1s desired, the adjustment

time setting. If

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 gsomewhat less than those shown for the

very inverse callbration may be obtained if

particular problems require them.

The time of operation at 20 times tap value

current is adjusted by means of the two ad-

Jjustable magnetic plugs. Adjust the plug
position such that the relay will operate in
the time as defined Dby the current vs time

curves of Fig. 10 or 11 ror inverse or very
inverse calibration depending upon the charac-
which

time was made.

teristic desired for the 2 times tap

value adjustment of For ex-

ample, if the inverse calibration 1s desired,
the relay may be calibrated for 2.18 seconds
from the #11 dial

minimum trip current by

time position at 20 times

screwing 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 positicen 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 cof 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,

where:

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 withH 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 has been provided in which a plot
has been made of the minimum trip current in

percent of tap value current versus values of
tp/Cq-

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

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

Contactor Switch {Seal-in-Switch)

Turn the relay up side dcwn. Screw up the

16

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

¢ecntact ring stops rotating.

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

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

passed through the coil.

(Directicnal Contrel Circult)

The adjustments are the same as for the
seal-in contactor switch except that the con-
tact separation should be 3/64 1inch. The
switch should pick-up at not more than 80
volts d-c. Apply 140 volts d-ec 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 shculd be 165 volts and the contacts
should drcp-out when the directional element
contacts short-circult the coil with 250 to
280 volts applied to the circuit. Energize
the directional element with 50 volts and 10
amperes 1in rhase suddenly applied. The con-
tactor switch must cperate the first time the
directional contacts close wilthout fluttering

or bouncing of the contacts.

Operaticr Indicator

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

Tnstantaneous Trip Attachment {(When Supplied)

The positicon of the Micarta disc at the
becttom 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
rosition by loosening the locknut which locks
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disc and rotating the Micarta

the Micarta
disc. The

to 4, for example 10 to 40 amperes, and it has
an accuracy within the limits of approximately

10%.

nominal vratio of adjustments is 1

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

The drcp-out
the core screw at

after the

lowering

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 When
ordering parts, always give the complete name-

plate data.

ENERGY REQUIREMENTS

doing repair work.

made, the core screw should be securely lock-
ed in place wilth the lock nut. It should be The burdens of the various circults 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) 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 21.2 150 440
1.5 3.4 56 62 2.51 22 170 530
2.0 h.o 56 57 2.65 23.5 200 675
2.5 4.y 56 53 2,74 24.8 228 800
2 8 230 70 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
(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
h/12-(7 20.8 460 57 2.62 23.6 190 620
8 22.5 460 5l 2.73 24 .8 207 700
glo 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.

ﬁDegrees current lags voltage at tap value current.

[&Voltages taken with Rectox Type Voltmeter.
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TYPE HRZ RELAY

Rating

5
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115y

Tap
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3.5 55° lag

DIRECTIONAL ELEMENT POTENTIAL
POLARIZING COIL, ALONE
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30° lag
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TYPE HRZ RELAY
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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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Fig. 17 —Outline And Drilling Plan For The M20 Semi- Flush Or Projection Type FT Flexitest Case. See Internal
Schematic For Terminals Supplied. For Reference Only.
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