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TYPE CZ IMPEDANCE RELAY

INSTRUCTIONS

CAUT ION

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

APPLICATTION

The type CZ relay 1s an impedance type
reley in which the time of cperation 1s propor-
tional to the distance between the relay and the
fault. In effect, the constructlion makes it a
voltage-restralned overcurrent wrelay with ad-
Justable time delay Increasing with distance.
The relay 1s used for phase fault protectlon on
trensmission lines. ™ It 1s suppiied with an in-
ductlion-type directiocnal elemsnt.

TRIP TIME
FOR BKR.»1

N

DISTANCE —

Flpure 1
Typleal Time-Distance Charscteristic of the
: CZ Relay.

CONSTRUCTTON AND OPERAT ION

The type CZ relay conslsts of an im-
pedance element, a dlrectional element a
contactor swltch, and an operation indicator.

The construction and operatlon of each of these
elements 1s as follows:

Impedance Element

The impedance element consists of an
inductlion-disc element operated by current, and
a restralning coll and plunger assembly operated
by volilage. The construcilon detalls are shown
in figure 2. These two elements are mechanlcal-
1y interconnected thru plvoted lever arms which
also operate the contacts, The induction disc
winds up a spiral spring to tilt the horlzontal
lever arm In the contact <c¢loslng direction.
Thig motion 1s opposed by the pull of the volt-
age restraining coll on a small E%aner fastened
to one end of the lever arm. en the pull of
the spring &nd dIinduction dizc overcomes the
voltage coll pull, the plunger sneps up and the
conkacts close. .The operating time of the eleg-
ment is proportional te the spged of the current
disc. and the magnitude of the weltage: Conse-
quently, the closer the fault, the larger the
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currsnt, and the lower the voltage; and, there-
fore, the faster the impedance element operstes.

The iInductlon disec of the overcurvent
element 18 & thin alumlnum disc meunted on a
vertlical shaft which is supported on the lower
end by a steel ball bearing riding between con-
cave sapphire jewsl surfaces, and on the upper
end by & stainless steel pin. The moving disc
is rotated by an electromagnet 1in the rear and
damped by & permanent magnet 1n the front. The
wperating torque is obtained by the clreult ar-
rangesment shown in figure %, The mailn pole coll
of the element acts as a transformer and induces
a voltage 1in & secondary coil. Current from
this secondary coll flows thru the upper pole
coll and thus produces torque in the dlsc by the
reaction between the fluxes of the upper and
lower poles.

A rectangular silver contact 1s riexe
ibly fastened on the free end of the lever arm.
Ag the arm trilps, the contact brldges two silvex
stetionary contact screws. The stetlcnary con-
tact screws permlt sdjustment of the contacts.

Direcetilional Flement

This element 1= simllar to thes over-
current element .except for the guantitles used
to retate the dJdilsc and the contact assembly.
The two upper poles of the electromagnet are
In series with the lmpedance element .current
coll, and the lowsr pole hy polarizing voltage.
The fluxes produced by these two electrical
quantities cause rotatieon of the dise i1n a dir-
gctlon depending on the phase sngle hetween the
current and veltage., As fsult power reverses,
the current in the relay reverses while the rol-
arizing voltage remains fixed, thus directional
torgue l1s obtalned.

The rotation of the disc 1s limited in
the-opening direetlion te & few degrees by a pro-
Jjecting stop on the disec which strikes the ele-
ment frame and in the closing direetion by the

rigld moving arm striking the stationary contact
arm.,

The moving contact - assembly consists
of a rigld counter-weighted arm fastened to an
Insulsted sectlon of +the dlsc shaft. A leaf
spring fastened to the shaft gnd of the arm with
& s8llver contact attached to the free end of the
leaf spring. When the movling contact strikes
the statlopary contact, the sapring deflects to
provide the required contact follow. The elec-
trical comnection is made - from the moving con-
tact thru the arm and spirdal spring. One end of
the spring fastens to-the arm, and the cther to
& alotted spring adjuster dise which in tumm
fasténs to the element frame.

The statlionary contact consists of &
right angle bracket fastened to 3the element
frame thru a Micarta iInsulating block. & con-
tact screw projecta thru the outer end of the
bracket and provides adjustable centact separa-
tion.

To prevent the
in the

relay froum operating

for faults non-tripping direction, the
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Figure 2
Sectional View of the Impedance Element.

. directional element contacts are connected 1n
the upper pole circult of the impedance current
glement. This means thalt the overcurrent ele-
ment cannot operate unless the power flow 1s in
a predetermined direction. This 18 known as
directional control of the overcurrent element.,

Contactor Switch -

The contactor swlteh 18 a small solen-
old-type d-c. switeh, “the coill of which is con-
nected In the trip circuit. A ecylindriecal plun-
ger with a silver disc mounted on its lower end
moves in the core of the solenoid. As the plun-
ger travels upward, the dlsc .brldges three sil-
ver stationary contacts. These contacts seal g-
round - the main relay contact thereby relleving
them of the duty of carrylng the breaker trip-
ping current. These contacts remain cleosed un-
til the trip circult is opensed by a bresker aux-
iliary swlitch., The third contact of the contac-
tor switch 1s connected to a separate vrelay
terminal to operate an alarm clrcuit.

Cperation Indicator

The operation Indlcator 15 a small
solenold coil connected in the trip circult.
When the coil is energlzed, a spring restralned
srmature releases a white target which falls by
gravity to show the completion of the trip clr-
cuit.

CHARACTER ISTIC3

The standard 4 to 25 ampere type CZ

relay has the following taps: ‘

Current taps - 4, 5, 6.5, 8, 10, 15; 20, 2~

Voltage taps on the series resistor 125, .50,
175, 200, 250, 300, 35C, 4CC, 5C0, 600,
700, 800, 1000, 12007 1hoc, i60c, 1800,

The relays in the .older atyle case
have an addltlonal 30 ampere current tap.

A specilal 1 to 6 ampere range relay
has been made for use with external fault detee-
tors where minimum fault current 1s below or a-
bout the same value as load current. The taps
are:

Current taps - 1, 2, 3, ¥, 5, 6.
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Flgure %
Internal Connectlona of the Directional Type
CZ Relay.
TNSTATLAT TON
The relays should be mounted on

swltechboard panels or thelr equlvalent in &8 lo-~
catlon free from dirt, molsture, excesalve vi-
bration and heat. DMount the relay vertically by
means of the two mountlng studs. Either of
these studs may be utilized for grounding the
metal base. 'The electrical connections may be
made direct +to the termlnals by means of screws
for steel panel mounting or to termlinal studs
furnished with the relay for ebony-asbestos or
slate panel mounting. The terminal studs may be
easlly removed or Iinserted by locking two nuts
on the studs and then turning the proper nut
with a wrench.

The recommended connections of the re-
lay are shown in figure 10. The 30° connection
1s used on the directicnal element; that is, at
unlty power factor the current thru the dlrec-~
tilonal element should lead the polarlzing volt-
age by 30° aa shown in-the veetor diagram.

The main contacts will safely close 30
amperee at 250 volts d-c¢., and the switeh con-
tacts wlll safely carry this current long enough
te trip a2 breaker.

The relay 1s shipped with the opera-
tion indieator and the contactor switeh connect-
ed in parallel. This circult has a . reslstance
of approximately 0.25 ohms and 1s suitable for
all trlp currents above 2,25 amperes d-c. If
the trip current -is less than 2.25 amperes,
there is no need for the contzetor swltch and it
should be dlsconnected. To dlsconnect the coil,
remove the lower lead on the front statlohary
contact of the contactor swlteh and this lead
should be fastened (dead-ended) under the small
filister-head screw located in the Mlcarts basse
of the contactor switch. The operation indlca-
tor will operate for +trip ocurrents above 0,2
amperes 4-c. The .resistance of its coll 1s ap~
proximately 2.8 chms. When using the contactor
awlteh it 18 necessary to uge an auxlliary
swltch on.the eircult breaker so that when the
clrcutt breaker is tripped, the tripping clreult
.will be opened by this swltch.

SETT INGS

The type 02

: relay requires two set-
tings on the lmpedance

(d1lstance) element, one

N
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TYPE CZ IMPEDARCE RELAY

for the overcurrent element and the other for
the voliage eolement, i .
The following nomenclature

i3 used in
the dlscusslon of the twe settings:

Z = the line-to-~neutral chmiec impedance or olmic
line length for whieh the dlatance element
wlll operate in a time determined by the
cholee of K.

X = the constant determined by the coordinating
time Interval between successlve relays.

Re= the current transformer ratic.
Ry= the potentilal transformer ratio.

Tp= the dilstance element current tap.

Ty= the dlstance element voltage tap on
the external reslstor.

The 1lmpedance element 1z set to pro-
teet the 1line sectlion and %o glve back-up pro-
tectlon over the adjacent sectlons. Consequent-
1y, each impedance {dlstance) element must be
carefully set to coordinate with the relay pro-
tecting the adjacent section 80 a3 not to trip
out its breaker before the adjacent line relays
snd breakers have had an opportunity to operate.
Before dlscusaing this problem, the Individual
Impedance element seltlngs will be explalned,
disregarding the questlon of selection or coord-
instlon with other relaya.

ndlvidual Settings: The Impedance
curve and hence the time of operation of the
element is approximately constant for fault cur-
rents in the range of 2004 to 1000% of the cunr-
rent tap value, Figure 7. The selection of the
current tap, Te,
element wlll operate iIn this range for maximum
and minimm fawlt currents. In no case should
the minimm fault current for which the relay
must operate be less than 200% of the tap selec~-
ted and 1t ls always deslrable +to use the high-
eat tap po=saible.

Witk the selection of a gultable cur-

rent tap, Te, the voltage tap, Ty, may be deter-
mined by using the curves of figure 5 or by the
equation below. The nse of the curves is as
follows, The per cent trip current on the ab-
aclsase 1s the fanlt eurrent thru the relay in
per cent of the current Te tap chosen. The or-
dinate 1is the desired relay operating time 1ln
seconde for the fault under consideration. The
point thus located will fall or or near one of
the curves. The values on the curves are the
voltage drop from the fault to the relay (relay

volts for Ty = 125. Enowlng the zctual volt-
age drop, +the tap, Ty, 18 determined by the re-
lation: ’

Voltage drop =-I%%—x voltage velue on curve

For three phase faults the voltage drop 1s eas-
1ly caleulated by multiplying the fault current
by the impedance from the relay to the fault.

NOTE: The relay should not be régqulred to opsr-
ate when the drop from the reiay to. the fault
for mwinimum fault Ls less then 5 relay velts.

The voltege tap, - Tv, can also be de-
termined by the following equatlon: :
- T, xR, xZ x K : :

¢ X fip
Ty = Ry (1)

The voltage tap determined from this equation
will permlt +the dlstance element to c¢lose 1ts

_3..

should be made such that the

contacts In & time depending on the selection of
K for a fault 2 ohms distance from the relay.
The value of .75 =second 1s a conventicnal +ime
Interval hetween swiltching staticns for which
the distance element should be set. This wvalue
ls arrived at by allowlng .25 second for the re-
iay to elose its contacts amd .50 -second for the
adjacent relay and breakers to opsraie. The
values of K for this and other time Intervals ia
shown in the followlng table:

Time Value of K for Current Transformers
Interval Star Connected Delta Connected
1.2 68 g
1.1 T2 22
1.0 . TT7.5 45
.9 a3 18
.8 9l 53
«T5 95 56
T : 101 59
.6 113 65
.5 150 5
A 152 88

The caleulation of Ty from eguation
(1) w111 usually glve & value in between the s
vallable taps on the voltapge resistor. In these

cases the selection of the nearest taps bhelow
the caleulated value usually wlll be desirsble
gince 1t gives & slightly greater operating
time.

The =ettings on the dilstance element
may be checked In the lahoratery by means of the

operating curve, flgure 5, and & system short-
clrcult astudy. “For any fault on the system
which wlll operate the distance element, deter-

mine from the study the relay current and volt-
age. These-guantities should be applied to the
distance element colls and the time for the re-
lay to close its contacts should check with the
time from the curve.

Coordinated Settlngs: The preblem of
coordinating the settings of the type CZ relays
to power system 1s best dlscussed by the example
of figure 4 which shows a typical system to be
protected by type CZ relays. In this example
the distance elements at successive stations
wlll be set with a tlme interval of .75 second
between them,

In looking over the system of figure 4
several observatlons may be made:

1., Where & short line sectlon follows &
leng line section, the =slope of the time dls-
tanee line of +the short line I1s ateeper and,
consequently, the long line relay will require
more than .75 second operating time for a fault
near the end of the long line. This is necess-
ary In order to give the long 1ine relay not
less than .75 sascond operating time above the
short 1llne relay setting over the entire short
line section. .

2, Where the adjacent
lel line made up off two
into the same bus poinis, the relay backing up
thls adjacent sectlon muat bhe set considering
all lines 1in parallel. This gives the steepest
slope of the time dlitance line.

gection 1z a paral-
or more lines feeding

These genersal cbservations will aid in
the followlng congtruction and Indicate the
utility of constructing time-distance charts for
coordinating the distance element settings.

The constructlon of the time-distance
chart for the example is as follows: B8lnce the
type CZ relays have directlcnal elements, the




‘showvn by the abaclssa. The

TYPE CZ IMPEDANCE RELAY

SUB.A SURB.B suB.D
B
B 20 Z :
30, Sn
5UB.C
TTTTTT FpAdc] ] 5 i I
T PPARENT_{ A | ! P m
a0 ‘ SO 1] 3 y
I 7 | HE » 3 2T I/-I"
A Vi
§|'75 A7 : A L7 A p
Pl Pl £l
2450 T ; - »%
Cles A v £ ERERVAR]
%) 7 | 7 4
z LG “ P /; d 7 7 |'l A
Ld 7 p I’ K ri
Y 75 = . v I
F 50 - . ,f// ; Vi /,/
25 . § A II - 7
. ’ [’
OA D" B c" [S] A B' B DD
o} 2 4 & 8 o 12 4 16 |38 20 22 24
DISTANCE IN OHMS
CHART A
I T 12 i
A4 T
20 2 EP
12
étjs // /? - . 1HZ
5150 7T ] 7
Si2s i
) 7 >
Z fe] 7 = 717 1
] £ ol -
¥ 75 y
Fsc ! i ! H
25 A -y
o Z ¥
A c D7 T B A A C B D D
e 2 4 8 8 e} 12 14 I8 18 20 22 24

DISTANCE INCHMS
CHART B

Figure 4§
Constructlon of Time-Distance Chart for the System Shown.

relay protecting the loop, &, B, G, In one dir-
ection are coordinated 1ineChart A, and in the
opposlte directlon in Chart B. The abscissa of
the charts 1s the distance in ohms between the
various substations in the direction Indlecated.
The ordinate messures the relsy operating time
In seconds. Thus, any polnt on.the slant time-
distance lines indlcates the operating time of
the time-distance element for fault Ilocatlon
relay characteris-
ties can be plotted as stralght lines only if
the T taps are chosen as explalined above.

In chart A utllizing the obaervatlions
set down above, a good starting polnt in the
construction of the chart 13 to set relays 11
and 12 to protect the short 2 chm lines between
subs B and D. For a fault near B elther relay
11 or 12 {depending on - which line the fault oc-
curs) should operate fast and as the fault moves
toward D, this time should increase to .75 sec-
ond for a fault at bus D. On the right of the
chart between pcints B and D draw a slant line
g8 shown representing the time-distance line of
elther relay 11 or l2.

Both relays 7 and 8 at sub A muat pro-
tect a 6-ohm line betwsen 4 and B and back up
the short parallel 2-ohm lines between B &nd D.
The effective impedance of thila parallel line to
relays 7 or 8 1s 1 ohm, which mskes sub D look
to the relays as 1f 1t were D!'; I ohm from sub B
and the relay 1l and 12 time-dlstance line moved
from the .75 second point above D to the same
point above D! as shown dotted in the chert.
Relays 7 or 8 shonld be set to operate .75 smec-—
ond above this last-mentioned polnt as shown by
the timé-giatance line of relays 7 and 8, Re-
lays 7 and '8 rmst also coordinete with relay 3,
but 1t will obviously do so since relays 11 and

- 12 proteeting the shorter Ilines have a steeper
time-distance line than relay 3.

) In & slimllar manner relay 5 must be
set to back up the parallel lines between subs A
and B. Here sub B appears to relay .5 as 3 ohma
{81} avay from sut 4, and the time-dlstance line
of relays 7 and 8 appears as drawn dotbted from A
to & polnt above B' dJdetermlned by the polint at
whileh the actual time-disfance line of relays 7
and B crosses the vertical ordinste above B.

-4 .
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The time-distance line of relay 5 1s drawn then
from ¢ to a polnt .75 sscond above the dotted
time-distance 1line of relays 7 and 8 between A
and B?!.

The next relay 1In the direction of
chart & 18 relay 3 at sub B which muat coordin-
ate wlth relay 5. Consequently, 1ta time-dis-
tance line 13 drawn from B tc & point .75 second
sbove relay 5 at A4, The other lines shown on
the left of this last line for relay 5 are a re-
petitlion of the lines determined previously for
relays 11 and 12. This completes Tor the moment
chart A.

Chart B 1is slmlilarly constructed
starting agalin at the right slde and settling
first relays 11 and 12 ag was done before. Then
reley 4 at sub C must be s=set for the parallel
1ines between B and D as were relays 7 and 8 in
chart A. This construction for reliay 4 is shown
in the chart, Next, relay 6 at sub A must co-
ordinated with relay 4. Thls does not offer any
difficulty as line AC 18 shorter than line CE.
To complete the loop, relays 1 and 2 at sub B
rust be set to coordinate with relay 6 as shown.
This completes the determination of the time-
distance lines for all the relays except'9 and
10 at sub D.

Relays 9 and 10 must coordinate with
relays 1,,2 and 3 and back up the parallel lines
between subks B, A and C, Also, relay 9 must co-
ordinate with relay 12 for a fdult on the line
near relay 10 with hreaker 10 open, In & simll-
ar manner reley 10 must coordinate with relay
11. This wlll give three time-distance lines,
the steepest ¢f which will determine the time-
distance line for relays ¢ and 10. The first of
the three lines 1is the one determined from the
tlme-distance line of relay 11 and 12 and heas
the same slope as line 11-12. The second 1s ds-
termined from the apparent tilme-dlstance line
for relays 1 and 2. From sub D sub A apptara to
be 2.18 ohmes from sub B {equivalent impedance of
the parallel combination of the two 1ines AB
wlth lines BC plus CA), On chart B sub A ap-
pears then to be at A'' and the dotted line BA'!
is apparent time~dlatance line of relays 1 and
2, To the left of B locate D'’ (2 obms) and the
line for relay 9-10 1s de-
termined as outlined above and shown on the
chart. The third 1ine 1s determlned from the
apparent tilme-distance for relay 3 where C ap-
pears to be 2.72 ohms from suh B {(equivalent im-
pedance of line BC in parallel with linez AB
plus AC), or at 0'! 'on chart A, The dottzd line
between BC!!', determined as outlined above, 1s
then the apparent line for relay 3 which deter-
mined the third line for relay 9-10, marked "4p-
parent 9-1¢". By inspection the steepest of
these three 1lines is the second and this Is the
time-distance line for relay 9-10 and shown on
chart B, This completes the constructlon of the
charts for this example.

Equation (3) can now be used to deter-
mine the voltage tap for each relay by sslecting
that value of 2 for which the relay operates in
.75 second. The value of K for thls time inter~
val ls found from the table above. In the ex~-
ample, for relay 7, suppose that the current
transformers are star-comnected wlth a ratio
200/5, +the potentlal transformer ratio is 200/1
and Tg = 8, From Chart B for relay 7 the relay
operates In .75 s8econd for s fault 3.5 ohms
avay. K for .75 second is 96.

Tsing equetion (1):

=8 x40 x 3.5 x 96
T, = : = 538
v 200 ”3

Set tap 500 on the voltage resistor.
the +taps &=re caleculated,

After all
the %ime-distance

- K -

charts may be replotted +o give the aetual dis-
criminatlon of the relays.

On lines where taps or parallel fesd-
ers supply fault power to the adjacent sections
the apparent impedance -%o the relay backing up
the adjacent sectlon 1a greater than the actual
impedance. The reason for this is that the re-
lay does not measure the addltional fault cur~
rent supplied hy the other feeders, but at the
same time, thls current does lncrease the volt-
age drop from the fault to the relay., This in-
creases the apparent impedance to the adjacent
secticn by the ratlo of the total current to the
reley current. The effect on the relay 1ls to
Increase the time ¢f operatlion of the dlstance
element, This can be seen on the time-distancs
chart, where the I1ncreaszed apparent impedance
has the effect of meking the fault appear more
remote to the relay. In these cases the dis-
tance element setting can often be changed to
glve faster operating times than normally would
be given 1f the feeders were disregarded. How-
ever, 1f this 1s done, the possibllity of loos-

ing selectivity when tne tapped llnes are open
must not he overlooked.
ADJUSTMENTE AND MATWTENANCE

A1l contaets should he perlodleally

cleaned with & fine file. S#1002110 file is re-
comended for this purpose. The use of abrasive
material for cleaning contacts 1s not recommend-
ed, becauze of +the danger of embeddlng small
particles 1in the face of the soft silver and
thus impsiring the contact.

) The proper adjustments -to ilnsure cor-
rect operatlon of thls relay have been made at
the factory and should not be "disturbed after
recelpt by the cuatomer. If the adjustments
have been changed or the relay taken wpart for
repalrs, the followlng instruetions should te
followed In reassembling and setting 1t.

Tmpedance Element

Adjust the atop screw on the end of
the rocker erm so that therse 1z a gap of .005
Inch between the core screw at the bottom of the
Iron and the plunger when the team 1s reset.
Adjust the gap by loosening the stop screw and
allowing the plunger to touch the core. Than
serew down the stop serew until it touches the
crosa bar. Then turn the stop screw an addi-
tlonal .1/2 reveolution and lock 1t in place. The
accuracy of this adjustment wlll be checked by
measuring the time of operation. This measure-
ment willl be described later.

With the beam 1in the reset position,
adjust the posltion of the stationary contacts
so that there is a gap of ,020 inch betwesn them
and the moving contacts. Check further to see
that both contacts meke simultaneously.

To adjust the halance of the rocker
arm, loosen the clamp screw on the spring ad-.
juster located beneath the large gear. Turn the
adjuster to the right untll the roeker 1is just
about balanced. The object 1s to adjust the In-
Jtilal tension on the spring sc that with the
voltage c¢oll deenerglized, the yelght .of the
plunger arm 1s just sufficlent to hold the con-
tact open. With +thls position & movement of
about 1-1/2 inches of the dlsc should he suffic-
lent to close the contact. When the disc 1z re-
leased, it should réturn to its initial position
and open the contact. In other words, the rock-
er srm should he balanced so that the plunger
will aliways return to the .005 gap po.ition with
the stop screw resting lightly against the cross
bar. Exztreme care should be taken to-obtaln a
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fine balance of the rocker arm. When working
wlth the rocker arm be ecereful not to break or
damage the Jeweled ring bearings.

Check the balance of the rocker arm by
applying and removing full voltage to the re-
atraining coll at least ten times, The current
coll should not be energized. The conbacts
should not bounce elosed when the voltage 1s re-
moved. A tendency of the contactis to bounce in-
dicates that the balance of the rocker arm ias
too eritieal. In thls case the spring adjuster
should be turned very slightly towards the left.
With the rocker arm carefully balanced, the
tripping current is adjusted by passing 4 amper=-
g8 thru the current coll with the tap serew in
the 4 ampere tap. The voltage coll should not

be energized. TIn order to energlze thils element’

1t will be necessary to complete the directional
centrol elrcuit by blocleing the directional com-
tacts closed (in the dilrectional type relays
only)., Adjust the position of the balsnce-
welght on the rocker arm 80 that the contacts
Just varely close at 4 amperes T 5%. It i3 im-
portant to note that during this adjustment ev-
ery time the. positlon of the balsnce-welght 1a
changed, the rocker' arm must be rebalanced by
moving the apring adjuster, as explained above.
After the correct posltion of the welght has
been determined, 1t should be locked In place
wlth the set screw.

Check the +time of operatlon of the
element at. the several followlng points, usling
the. 4 ampere tap, and measuring the voltage a-
croas the relay terminals alone:

Time (Cylces)

Volta Anmperes at 60 Oyeles
0 8 22 or less
6.25 12 45

25 48 5
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Figure 8
Diagram of Test Cormections.

These time values should be the aver-
age of a ‘large number of tests. The check at
zero voltage shows that the element is free from
friction. The check at 6.25 voltg indlcates the
accuracy of the alr gap adjustment which may be
varled slightly to bring this point to the prop-
er time.

When checking the tlme of operation,
place the permanent magnet in the meximum damp-
ing position which is about 1/8" from the edge
of the disc. The correct time of ccontact clos-
ure ls obtalned by adjusting the spring. The
time 18 decreased by pulling more of the spring
thri the spring clamp on the lever arm, thus

making the effectlve length of the spring short-

1t will
of the

er, ¥Whenever this adjustment ls made,
be necessary +to readjust the balance
rocker arm.

For the special 1 to & ampere range
reley the sdjustments and calibration are the
same as above except use tap 1 and one-fourth of
the ampere values sbove.

Directlonal Element

The upper bearing screw  should be
screvwed down until there 1s omly .C02 or .003
inch elearsnce between 1t and the
then securely locked in position with the lock
nut. This adjuster can be medé best hy care-
fully serewlng the top bearing screw until the
disc Falis to turn freely and then backing up a
fraction of & turn. Great care must be talken in
prevent damage to the bear-

ings.

) Adjust the stationary contect so that
there is 1/%2 Inch separation between the moving
contact and the statlonary contact wheh the stop
on the disc 1s egainst the right-hend slde of
the movement fPame (front-view}. This contact

" the directlonal element te a minimm.

shaft, and
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Flgure 9
Outline and Drilling Plan for the Tapped a-c.
Voltage Resistor for the Distancs (CZ? Element.

separatlon will reduce the time of operation of
b No harm
wlll result if ths directlional contacts rebound
closed momentarily after a fault 1s cleared, be-
cause the Impedance contacts will be in the open

position.

The tension of +the spiral spring cn
the element should be just suffliclent to return
the dise to the stop and thus hold the contscts
in -the open position. In many applications
there 18 no objection to having the contacts
closed when the relay l1s deenergized. This chn
he done by shifting the spring adjuster, but the
tension on the spring should never be enough to

‘prevent the contacts from taking thelr proper

position, either open or closed, during the time
of short cirecult when the forees acting on the
dise are =small,

There 1s an adjustable magnetic vane
on elther side of the upper pair of poles, which
is intended tc balance the current cireuit. The
normal adjustment 1s to dlsconnect the control
spring and remeve all potentisl from the voltage
coll., Then, apply heavy currents to the current
colls. Adjust the balancing vanes untll there
1s no pronounced torgue -1n elther directlon.
This same adjustment may be wused to positively
close the contacts on current alons. This may
be desired on some installatlions in order to 1in-
sure that the relay wlll always trilp the breaker
even tho the potentlal may be zero.

Contactor Switch

Adjust the stationary core of the
swlteh for a clearance betwesn the statlonary
core and the moving core of 1/64 -inch when the
swlteh is pleked up,. This cen be done by turn-
ing the reiey up-slde-down or by disconnecting
the switch and turning 1t wup-side-down. Then,
serew up the moving core screw untll the moving

-7 -
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Figure 10
External Connections Using Star Current for All Elements.
core starts rotating. Now, back off the core RENEWAL PARTS
serew until the moving core stops rotating. —
This Indicates the point where the play 1n the Repair work can be done most satisfac-
assembly 1s taken up and where the moving core torily at the factory. However, interchangeable
just separates from the statlonary core screw. parts can be Ffurnished to the customers who are
Back o:f‘f‘C ghe ;ore scrgﬁiapproxima’éels’thone tlif;g equipped for deolng repalr work. When ordering
and lock in place. 8§ prevents .the mov arts; always glve the complete nameplate data.
gore from striking and sticking to the statlion- P ? e 8 e P ed
ary core because of resldual magnetism.  Adjust ENBRGY REQUIREMENTS
the contact clearance for 3/32 inch by means of .
two small nuts on elther side of the Mlcarta The burdens of the .varlous cirenits of
disc. The switch should plek up and seal in at the 60 cycle relay are as follows:
2 amperes 4-~c. Test to sees that 1t does not
stick when 30 amperes d-c. have been passed thru POTENTTAL (IRCUTTS AT 115 VOLTS
the coll. .
Clrcult Tap V.4, P.F.Angle
Cperation Indicatcr o :
. Direetional Element - 23,0 81° lag
£djust the Indleator to operate at 0.2 Impedance Element 125 11,0 7% lag
ampere d-c. gradually zpplled. Test for stick- 1800 0.8 0°
ing after 30 amperes d-c. 18 passed thru the : )
coil. Ad justments may be made by leoosenlng the CURRENT CIRCUI?S AT 5 AMPERES { )
two screws on the under side of the assembly and N
moving the bracket forward or backwyard. If the Clrcult Tap V.A. P.F.Angle
two hellcal springs which reget the armature are T
replaced wlth newv springs, they should be weak- Directional Elément - 1.0 75° lag
ened silghtly by stretching Jjust beyond their Impedance Element 4 T+5 70° lag
elastic limit. 25 0.75 70° lag
-8 .
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Flgure 11
Outline and Prilling Plan for the 3tandard Prpojection Type Case.
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Figure 12
Outline and Drilling Plan for the Standard Semi-Flush Plug-In Case for 1/8" Panel Mounting.

-9 -



PRINTED IN U.S.A.

TYPE CI IMPEDANCE RELAY

WESTINGHOUSE ELECTRIC CORPORATION

Meter Division, Newark, N. J.

10-48



