INSTALLATION

LL. 41-211 E

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE CA-6 PERCENTAGE DIFFERENTIAL RELAY
FOR BUS AND TRANSFORMER PROTECTION

CAUTION Be"fo‘ge putting relays into service,
remove all blocking which may have been
Inserted for the purpose of securing the parts
during shipment, make sure that all moving
parts operate freely, inspect the contacts to
clean and close properly,

check the settings

see that they are
and operate the
and electrical connections.

APPLICATION

relay to

The type CA-6 percentage-differential relay
1s designed for the differential protection of
multi-circult buses. It has three restraining
elements, each of which has two windings
intended to be energized from the secondaries
of current transformers 1in separate circuits
connected to the bus. It has
electromagnet energized thru an external auxil-
liary saturating current
accordance with the current flowing in  the
differential connectlon of the current trans-
formers. Taps controlling the sensitivity of
the relay are incorporated in the external
there being no taps in the relay

one operating

transformer in

transforner,
proper.

This relay has variable percentage charac-
terlstics which means that the operating coil
current required to close the relay contacts,

cent of the total restraint
with the magnitude of the
relay sensitivity 1is

expressed 1n per
current, varies
restraint current. The
high, corresponding to a low percentage ratlo,
at light currents, and 1its sensitivity is low,
corresponding to high percentage unbalaﬁce, at
The relay 1s made sensitive at
low currents In order that 1t will detect
light internal faults on the bus belng pro-
tected. At the same time, however, its
reduced sensitivity at the higher
current transformers

high currents.

currents

allows the various

involved to depart from their true ratio to a

SUPERSEDES IL 41-211 D

large extent without causing false tripping

of the relay for external faults.

The variable
particularly advantageous when severe satura-
tlon of current transformers 1s caused by the
d-c. component of asymmetrical shorf eirkuits.
In the case of buses located close to genera-
ting stations where the d-c. component is‘
particularly troublesome, the breakdown In
ratio of the current transformers will be much
greater than would ever be expected from a
consideration of the usual ratio curves of the
current transformers 1nvolved. It 1is for
these cases that the type CA-6 relay 1s parti-
cularly intended.

percentage characteristics are

For satlisfactory protection of a generating
station bus the followlng conditions must be
satisfied:

1. There should be a restralning element
provided for each major of fault
In addition, all those circuits con-
nected to the bus which have no appreclable
back feed for a fault on the bus {these being
called feeders) should be treated as one out-
going circuit. One restraining element should
be provided for this group. This may involve
the use of more than one relay per phase. A
more detalled dlscussion of this requirement
appears under the heading, "Operating Charac-
teristics and Connections."

source

current.

2. The current transformer ratlo must be
such that the maximum internal fault current,

expréggga‘ih terms of the secondary, does not
it o
exceed 100 amperes rms symmetrical. Currents

1A 6x6ess of this value approach a polnt on
the characteristic curve where the
operating tofque over restralning torque is
diminished resulting 1in increased time of

operation.

excess of

EFFECTIVE JANUARY 1951



TYPE CA-6 RELAY

EO
on
B
EE
<,

—— POSITION OF ELEMENT:
CONTACTOR __:;[_;@7_}_%%__] (FRONT VIEW)
SWITCH @i
on
@ A 10} TOP REAR
OPERATING
FOR TRIP P R .
CURRENTS LESS Ar ®
e | © 2 Jpicdava
DISCONNECT AND A o) AlnInG
DEAD -END THIS
LEAD.
n
(o) —A
v & Jaor*row\ REAR
@ A & RESTRAINING
© A ey
N >~ BOTTOM FRONT
@ A ® RESTRAINING
. J
REAR VIEW

WITH RELATIVE INSTANTANEOUS
POLARITY AS SHOWN, THE
AMPERE TURNS IN THE PAIRED
RESTRAINING COILS ADD TO
PRODUCE MAXIMUM TORQUE.

TOP_TEST SWITCH

ERERERER T

OPERATION FRONT wiEw
INDICATOR )( TEST Switen
A.
TOP REAR ELEMENT
CONTACTOR %! %0
SWITCH / L (FRONT ViEW)
i)
TOP FRONT ELEMENT
& " fFRONT viEW!
for_rar %= e ¢ '
CURRENTS LESS . ] n ¥
THAN 2,265 AMPS,, ®© RESTRAIN ®

DISCONNECT =
DEAD-END THIS

11 <- T =M
LEAD. @-% v % @

TTOM REAR
ELEMENT
(FRONT WiEW)

NV, RESTRAY P
SHORT CIRCUIT SWITCH 1 [
S BOTTOM FRONT
N FrRONT viEw)
LURRENT TEST JACK
REAR VIEW

BOTTOM TEST SWITCH

CHASSIS OPERATED
SHORTING SwWiTCH

FRONT VIEW
WITH RELATIVE INSTANTANEOUS POLARITY AS SHOWN, THE
TERE  TURNS N THE PAIRED: RESTRAWING COWS ADD TO
RODUCE WAX. TORGUE, |

Fig. l—Internal Schematic of the Type CA-6 Relay in the
Standard Case.

3, The current transformers must be good

enough so that no appreclable a-c.
the maximum external sym-
This means that the

current transfor-

saturation

is experienced for
metrical fault
magnetizing current of the
mers carrying the total external fault current

current .

of 100 amps. should not exceed 1 ampere in
terms of the secondary. Current transformers
just meeting this requirement will saturate
severly when a d-c. component 1s present.

However, the characterlistics of the relay are
such that the errors in secondary current pro-
duced by d-c¢. saturation will not cause false
operatlion on external faults.

In the case of sub-statlons
sufficlent electrical distance
generating stations so that the d-c. component

1s negligibfe
clrcuilt, the

located at a
from large

currents
of the

of asymmetrical fault
due to the resistance
relay may be applled as 1long &as the a-c.
saturation characteristics of the current
transformelﬁ'come within the limits imposed by
the varlable percentage characteristics of the
For example, 1if the characteristic
that a current of 30 amperes 1n

relay.
curve shows

2

Fig. 2—Internal Schematic of the Type CA-6 Relay in the
Type FT Case.

the operating coll will just close the relay
contacts for a particular conditlon, then the
magnetizing current of the current transformer
carrylng the maximum current must be limited
to less than 30 amperes.

While the Type CA-6 was originally developed
as a bus differential relay, it has been
adapted to be used as a transformer differen-
t1al relay. This adaptation 1s a separate
style relay involving the addition of an
instantaneous trip attachment (see Flgures 3
and 4) and a stronger spiral control spring.
The instantaneous trip attachment 1is intended
on internal faults 1n the order of
or higher because, when

connested to a high

difficult to keep the
down to the
Thus,
prompt

to operate
100 amps. (secondary)

a transformer. bank 18
capacity bus, 1t 1s
maximum internal fault
100 ampere value as noted under item 2.
attachment
excessively high

currents
the 1nstantaneous assures
tripping at current values.
At the same time, the
should not have a setting substantlally Ilower

than 100 amperes (secondary) in order to avold

instantaneous element
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Fig. 3—Internal Schematic of the Type CA-6 Relay with an
Instantaneous Trip Attachment in the Standard
Case for use with a Magnetizing Inrush Tripping
Suppressor for Transformer Fault Protection.

a possible false operation for external
faults. The stronger spiral control spring is
provided in order that the relay may be gilven
& higher minimum trip setting,

"Adjustments and Malntenance."

required because of the magnetizing

as noted under

This is
inrush
problem assoclated with power transformers.

In the more difficult cases, 1t 1s necessary
to provide a magnetizing 1nrush tripping
suppressor.

CONSTRUCTION AND OPERATION

The type CA-6
restralning elements
ings) one
switch, and an operation indicator. *

relay consists of three
(six restralning wind-

operating element, a contactor

on the 1nduction-disc
of four electromagnets
which are fastened to

The relay operates
principle and consists
operating on two discs
the same shaft. Three of the electromagnets
are restraining elements with two
restraining windings connected to receilve the

separate

secondary currents from the varlious current

Fig. 4—Internal Schematic of the Type CA-6 Relay with an
Instantaneous Trip Attachment in the Type FT Case
for use with a Magnetizing Inrush Tripping Sup-
pressor for Transformer Fault Protection.

transformers. The fourth electromagnet 1is the
operating element whose untapped winding 1s
connected to recelve the differential or
unbalance current thru an suxillary adjusting
transformer. Taps are provided on the adjust-
ing transformer to control the sensitivity of

the relay.

The two I1nductlon discs are mounted on a
vertical shaft. The lower bearing for the
shaft 18 a steel ball riding between concave
sapphlre
used on the upper end of the shaft.

jewel surfaces. A pin bearing is

The moving contact assembly is attached to a
Micarta bushing on the disc shaft. When the
moving contact strikes the stationary contact,
the moving contact spring deflects to provide
a wiping action. The electrical connection

from the moving contact 1s made thru the
spiral spring to the spring adjuster.
The stationary contact consists of a right

angle ©bracket fastened to the element frame

thru a Micarta 1insulating block. A contact

3
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Fig. 5—Single Line Schematic Diagram of one Type CA-8 Relay for the Protection of a Three Circuit Bus.

screw projects thru the outer end of the
bracket and provides ad justable contact
separation.

The two lower electromagnets and the upper
front electromagnet are restralning elements.
The upper rear electromagnet 1s the operating
element. Bach restraining element has two
windings Dbrought out to separate terminals,
Flgure 1. The winding on the operating
electromagnet 1s also brought out to a sepa-
rate palr of terminals.

By referring to the internal wiring diagram,
Figure 1, a current of 5 ampsres in at termil-
nal 9 and out of terminal 10 will produce a
definite amount of restraining torque, as in-
dicated by Flgure 9.
5 amperes flowing in at terminal 11 and out of
terminal 12 will produce an equal amount of
torque. If both of these currents flow at the
same time with the polarity as indicated 1n
Pigure 1, their effect wlll be additive and
they will produce the same torque as though 10
amperes were flowing 1in one winding alone.

Similarly, a current of

Conversely, 1f equal currents flow in these

4

two colls, but In opposite directions, their
ampere turns will cancel and no torque will be
produced. The same dlscussion applies to the

other two restraining elements in the relay.

Referring to Figure 9, the tap values in-
dicated on the torque curves for the operating
coll indicate the 60 cycle current values
flowing thru the external adjusting current
transformer required to close the relay con-
tacts against a restraint amounting to 70 cmg.
(Centimeter-grams). This value has bezn so
chosen because 1t represents the maximm
restraint torque which can be obtained for an
internal fault amounting to 100 amperes sym-
metrical rms. in terms of the secondary. This
1s the maximum torque which can bhe obtained
with 100 amperes, when the relay has been con-
nected in line with the principles set forth
on Figure 7. Thus, with an internal fault of
100 amperes secondary, if the number 38 taps
were being used, the margin of safety of the
relay for correct tripping 1s the difference
between 100 and 38 amperes or 62 amperes net.
In the case of the #12 tap, a greater safety
factor obtains, that is, with 100 amperes rma.
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symmetrical internal fault current developing
70 cmg. restraint in the relay, the #12 tap of
the operating coil circult will develop enough
torque at 12 amperes to just balance this
restraint. In this case the safety factor to

insure correct tripping would be 100 - 12 = 88
amperes.

The contactor switch 1s a small solenoid
type d-c. switch.
with a silver dlsc supported on 1ts lower end
rides up and down on a vertical gulde-rod 1n
the center of the solenoid coil. The gulde-
rod 1s fastened to the stationary core which
in turn screws into the element frame. When
the coil is energlzed, the silver disc moves
upward bridging three
of the

seal in the maln contacts.

cone-shaped statlionary

contacts. Two contacts are used to

The operation indicator is a small solenold
coll connected in the trip circult. When

the coil 1s energlzed, a spring restrained

A small cylindrical plunger .

a white target which falls
completion of the trip

armature releases
by gravity to show the

circult. The indicator 1s reset from outsilde
the case by a push rod assembly 1n the cover
stud.

CHARACTERISTICS AND CONNECTIONS

The relay 1s adjusted by the followlng taps

on the saturating adjusting transformer of
Figure 15:

.12 - 19 - 25 - 38
These tap values are the 60 cycle amperes

requlred in the operating coll circult to
close the relay contacts agalnst a 70 cmg.
restraint.

relay per phase is
with three
However, one

The application of one
limited generally to buses
circuits is shown 1n Figure 5,

relay per phase can be used for a four clrcuilt

5
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Fig. 7—Single Line Schematic Diagram of two Type CA-6 Relays for the Protection of a Six Circuit Bus.

bus by the special connections shown in Figure
6. Here each circuit 1s run through two
restralnt coils on different elements so as
not to cancel restraint on the energized cir-
cults when any combinatlon of clrcults 1s
out-of-service. For elther case the three or
four circults may be sources of fault power
or any one be a group of feeders with no
appreclable backfeed of fault power.

Where there are 5 or more circults or groups
of cilrcuits, two relays per phase are general-
1y required. The application of two relay}
per phase for the protection of a six circuit
bus 1s shown schematically in Figure 7.

Figure 7 shows schematically the application
of two relays per phase for the protection of
a slx-cilrcuilt bus. In this way two relays
having three restraining elements each furnish
a total of six restraining elements for the

6

protection of a six-circult bus so that a re-
straining element 1s avallable for each clr-
cult. This is sometimes necessary 1n order
that adequate restraint may be obtalned for
all conditions of system operation. Referring
to this dlagram, 1t will be seen that if an
external short-circuit exists on cireult #2,
and 1if there 1s a source of power on clrcult
#1 only, Dbecause of system-operating condi-
tions at the time, then 1t will be observed
that current flowing in circuit #1 and out
circult #2 will produce a total cancellation
of restraint in relay #1. It 1s for reasons
such as this that only one relay per phase,
even though 18 has six separate restraining
colls, is not always sufficlent for a six-
circuit bus. Upon examining the conditlions
affectlng relay #2, however, 1t 1is seen that
current flowing 1in circuit 1 and out circuit
2 gives full restraint in each of two re-
straining elements so that for thils condition
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Fig. 8—Single Line Schematic Diagram of two Type CA-6 Relays for the Protection of an Eight Circuit Bus.

relay #2 has the proper amount of restraint. the protection of an 8 circult bus with two
For thls particular condltion relay #7 would type CA-6 relays per phase. This arrangement
act as a sensitive overcurrent relay aut ~ould has been carefully worked out to provide ade-
probably close 1its contacts 1if there =-ould be quate restraint under all posslble system
slight difference in the output of current operating conditions.
transformer #1 and current transformer #2.
However, relay #2, having full restraint, In the case of a 9-circult bus, for example,
would not close 1its contacts. Since the con- in which four of the circults are feeders over
tacts of the two relays are in serles, correct which there 1s no appreclable back-feed in
blocking of tripping actlon for an external case of an 1nternal fault, the four feeder
fault 1s thus secured. circults may be paralleled on the secondary
! side of their current transformers and treated
In any one glven application where the as one feeder. This in effect reduces such a
sources of current connected to the bus are of g-circuit bus to an equivalent 6~circuit bus
different capacitles, 1t 1s advisable that the insofar as the number of relays per phase 1s

largest of these sources energlize separate concerned. In many cases where there are more
restraining elements 1n at 1least one of the than six sources of current per bus sections,
two relays per phase. it 1s still possible to use a maximum of two

type CA-6 relays per phase. This is Dbecause
Figure 8 shows the schematic connections for due consideration of the relative sizes of the

1
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various sources together with minimum operat-
ing conditions will often times show that some
of the sources may be paralleled on the secon-
dary side of the current transformers.

The usual method of plotting operating
characteristics of percentage differential
relays i1t to plot the operating coil current

required to close the contacts agalnst re-
stralning coil current. In the case of the
type CA-6 relay, however, there are many

different possible conditions
as regards
connected to the bus
the location of the
able, hence there are
operating characteristic curves which could be
plotted, for the relay depending upon condi-
One solution 18 to plot the minirmum
and maximum condltions. The preferable means
of determining the operating characteristic of
this relay is to utllize the torque-current
curves as shown in Figures 9, 10, and 11. In
this way, the particular system to which the
relay 1is to be applied may be studied to
determine that operating condition which will
give the least restraining torque in one relay
out of the two per phase which has the most
restraining torque. When thls has been
determined, the torque curves for the operat-
ing coil will show how much error current may
flow 1n the differentlal circuit without
causlng false operatlon. The torque curves
may also be used to determine the tripping
current required for minimum fault. It must
be remembered that load current flowing during
minimm fault will also produce restralnt and
mist be taken into consideration.

which may exist

the number of sources of*current
at any one time. Also,
external fault 1s vari-

a large number of

tions.

The torque curves, Figure 10, do not start
at the origin because of the initial spring
tension. It 1s not recommended that a smaller
spring tension ©be used. The
may be Increased, if desired, by meaﬁs of the
spring adjuster, but thls should not be 1n-
creased to a point where more than 0.4 amperes

spring tension

18 requlred to operate the relay, when it 1s
energized through the operating winding
This current 1s to be measured in the input
circult to the external adjusting transformer.
minimum pick-up above 0.4

In any

only.

To increase the
ampere a stronger spring must be used.

case 1it 18 not recommended that the minimunm

pick-up be Increased above 1.25 amperes.

Time of operation of the
Figure 12.
total restraining torque (3 restraint elements
in addition to
.15 cmg. for the condition shown on Figure 10)

relay is shown in

To use thils curve, determine the

the spring tension, which is

and subtract this from the operating coil
torque to determine the net torque in cmg.
This curve applies only for a contact spacing

of 1/4 inch.

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 to
malntain, Inspect, test and adjust. There are
three main units of the type FT case: the
case, cover and chassis. The case 1s an all
welded steel housing contalning the hinge half
of the knife-blade test swlitches and the
terminals for external connections. The cover
1s & drawn steel frame with a clear window
which fits over the front of the case with the

switches closed. The chassis is 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 con-

nections between the base and chassis are com-
pleted through the closed knife-blades.

Removing Chassis

first
captive

remove the
nuts at the

To remove the chassis,
cover by unscrewing the
corners. Thls exposes the relay elements and

all the test switches
testing. The next step is

switches. Always open the
handle swltches first before opening any of
the black handle switches or the cam action
latches. This opens the trip clrcuit to pre-
vent accldental trip out. Tyen open all the
The order of opening the
remaining switches 1s not important. In
opening the +test switches they should be
moved all the way back agalnst the stops.
With all the switches fully opened, grasp the
two cam action latch arms and pull outward.

9

for inspection and
to open the test
elongated red

remaining switches.
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This releases the chassls from the case.
Using the latch arms as handles, pull the
chassis out of the case. The chassis can be
set on a test bench in a normal upright posi-
tion for test as well as on 1ts back or sides
for easy inspection and maintenance.

After removing the chassls a duplicate
chassis may be 1nserted in the case or the
blade portion of the switches can be éiosed
and the cover put 1n place without the
chassis. The chassls operated shorting switch
located Dbehind the current test switch pre-
vents open circulting the current transformers
when the current type test switches are
closed.

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

Electrical Circults

Each terminal 1in the base connects thru a
test switch to the relay elements in the
chassls as shown on the Internal schematic
dlagrams. The relay terminal 1s identified by
numbers marked on both the inside and outside
of the base. The test switch positions are
identified by letters marked on the top and
bottom surface of the moulded blocks. These
letters can be seen when the chassils 1s

removed from the case.

The potential and control circuits thru the
relay are dilsconnected from the external cir-
cuit by opening the assoclated test switches.
Opening the current test switch short-circults
the current transformer secondary and discon-
nects one side of the wrelay coil but leaves
the other side of the coil connected to the
external circult thru the current test jack
jaws. This ecircult can be isolated by in-
serting the current. test plug (without ex-
ternal conhnectlons, by inserting the ten
circult test plug, or by inserting a piece of
insulating materlal approximately 1/32" thick
into the current test jack jaws. Both
switches of the current test switch palr must

10

be open when using the current test plug or
insulating materlal in this menner to short-
circuit the current transformer secondary.

A cover operated switch can be supplied with
its contacts wired 1in series with the trip
This switch opens the trip circuit
when the cover 1s removed. This switch can be
added to the existing type FT cases at any
time.

clrcult.

Testing

The relays can be tested in service, in the
case but with 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 thru the
This plug conslists of two conducting
strips separated by an insulating strip. The
ammeter is connected to these strips by terml-
nal screws and the leads are carrled out thru
holes in the back of the insulated handle.

relay.

Voltages between the potential circults can
be measured convenlently by clamping #2 clip
leads on the projecting clip lead 1lug on the
contact jaw.

Testing in Case

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

The externmal test circults may be made to
the relay elements by #2 test clip leads in-
stead of the test plug. When connecting an
external test circuit to the current elements
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using clip leads, c¢tare should be taken to see
that the current test jack jaws are opened so
that the relay 1is completely 1solated from the
external clrcuits. Suggested means for 1iso-
lating this circuit are outlined above under

"Rlectrical Circuits.”

Testing Out of Case

With the
relay elements may be
circuit test plug or by #2 test clip leads as
described above. The factory calibration is
made with the chassis in the case and removing

chassis removed from the base,

tested by using the ten

the chassls from the case will change the
calibration values by a small percentage. It
is recommended that the 7relay be checked in

position as a final check on calibration.

INSTALLATION

should be mounted on switchboard
panels or thelr equivalent In a locatlon free
from dirt, excessive vibration and
heat. Mount the relay vertically by means of
the two mounting studs for the
and the type FT projection case or by means of
on the flange for the
seml-flush type FT case. Eilther of the studs
or the mounting screws. may be utilized for
grounding the relay. The electrical con-
nections may be made direct to the termlnals
by means of screws for steel panel mounting or
to terminal studs furnished with the relay for
ebony-asbestos or slate panel mounting. The
terminal studs
serted by locking two nuts
then turning the proper nut with a wrench.

The relays
molsture,
standard cases

the four mounting holes

may be easily removed or in-
on the studs and

connections are shown in the
several figures In thls 1leaflet.
tor switch and operation indlcator dre
nected 1in parallel. This
reslstance of approximately 0.25 ohms and is
sultable for trip currents above 2.25 amperes
d-c. It 1s recommended that the trip clrcuit
draw at least 4 or 5 amperes d-c. This can be
done by connecting & sultable loading resistor
in parallel with the auxillary multi-contact

The external
The contac-
con-
circuit has a

tripping relay.

The main contacts of the relay will safely
close 30 amperes at 250 volts d-c. and the
switch contacts will safely carry thils current
long enough to trlp a breaker.

ADJUSTMENTS AND MAINTENANCE

Detall Tests.

The proper adjustments to I1nsure correct
operation of the relay have been made at the
factory and should not be disturbed after re-
celpt by the customer.
adjustments changed or
the relay taken apart for repalr, the fol-
should be followed in

reassembling and callbrating the relay.

However, 1f for any

reason the have been

lowlng instructions

Adjust the top bearing screw to have
spproximately .002" e¢learance between 1t and
the shaft. Adjust the statlionary contact so
that 1/4 inch contact separation 1s obtained
when the moving contact 1s held 1n the maximum
open position.

The tension of the spring should be
adjusted so that the contacts just close when
.14 ampere is flowing thru the #38 tap, or
when .17 ampere is flowing thru the #12 tap.-”
With the relay totally deewerglzed, the spring
tension should reset the contacts to the full

resetting time will be

of the damping effect of
the permanent magnets. If the contacts faill
to reset with this spring tension adjustment,
then the moving parts should be inspected for
friction or interference.

spliral

open position. The
falrly slow because

Relays intended to include
former in the differential

in that they are equipped with a
spiral control spring. The setting

provided 1s from .75 amperes to
1.25 amperes when using the #19 tap. This
relay may be callbrated for minimum trip cur-
rent within this range as dlctated by the
requirements of the particular application,

a power trans-
zone differ from
the above
strohger

range thus

remembering that i1f too low a current setting

1s used, trouble may be experienced on

magnetizing 1nrush.

contactor switch for a travel of

11

Adjust the
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alilver disc and the
Wwith the plunger in the
operated position adjust for a clearance be-

3/32 inch between the
stationary contacts.

and the stationary core of
of the stationary core

tween the plunger
approximately one turn
and lock the core in place.

contacts
trip circult (termi-

Block the closed and pass
2.25 amperes through the
nals 1 add 2.) Both the operation 1lndlcator
and the should Ad just

ments of the operation indicator may be made

relay

contactor operate.

by moving the pracket carrying the target in

and out after loosening the two screws on the

under side of the assembly. After such ad-
justment the travel of the armature should be
checked to see that 1t i1s sufficilent to

unlatch the target.

The polarity of the restraining colls, as
indicated on the wiring diagran,

should be checked 1f any rewiring, has been

Figure 1,

done.

The effectilveness of the three restraining
elements willl vary within + 104 1limits  with
respect to each other when compared against a
given current in the operating element. Since
elements are wound and

specifications, the

the restraining
assembled to the same
variations observed are due to variations 1n
the magnetlc characteristics of iron and other
minor detalls which 1t 1s impossible to con-
trol. The varilation between elements 1s with-
in reassonable limlts, however, and 1ls no cause

for concerne.

To check the calibration, pass 3% amperes
through the
gseries using only
Figure 14. Reference to Figure 9
this develops 23%-1/3 cmg. per
total of 70 cmg. restralnt. Pass current from

through the primary of

three restraining elements 1n
element. See
shows that

element or &

one coll per

a 220 volt a-c. source
the auxiliary transformer. Tne
to just Dbalance

current re-
quired on the various taps

this restraint torque (70 cmg.) should be as

follows. Tap Amperes
38 36 to 40
25 24.5 to 28
19 18.5 to 20.5
12 11.5 to 13.5

12

values are obtained with the re-
and with no initlal
control spring. When

The above
lay and transformer cold,
tension on the spiral
this test 1s

spring should Dbe

complete, the spiral control
adjusted for the
minimum trip setilng as previously discussed.
Note that heating
has very little

flow and since

proper

of the restralning circults
effect when heated due to
normal current the operéting
ecarrles no current, 1t 1s
of the

operating coll or auxillary transformer during

test.

circult normally

important to prevent over-heatling

All contacts should be periodically cleaned
with a fine fille. 941002110 1s
for this purpose. The use of

recommended
abrasive
material for

cleaning contacts 1s not rec-

ommended, because of the danger of embedding
small particles in the face of the soft silver

and thus lmpairing the contact.

RENEWAL PARTS

Repair work can be done
at the
parts

most satlsfactorily

factory. However, Iinterchangeable
can be furnished to customers who are
equipped for doilng repalr work. When ordering
parts, complete

data.

always glve the nameplate

ENERGY REQUIREMENTS

The burden of
volt~amperes,

each restraining coil 1s .75

70% power factor at 5 amperes,
The burden of the
including the

transformer 1ls varlable,

60 cycles. operating coll

circult, external adjusting
depending upon the
current flowing thru it. Under normal system
all in
the current transformer circult because of the
fact that no current flows in the differential
circuit. Under minimum tripping conditions,
the ©burden of
varies from 9 to 11 ohms at approximately 90°
lag, depending upon the tap. This sounds like
put it is not at all

gerious because current transformers which are

operation it introduces no burden at

each operating coil circuit

an excessive burden,
otherwlse satisfactory for this application
difficulty in forcing a few
amperes thru two 11 ohm eolls in

Under maximum internal fault condi-

will have no
tenths
series.
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tions, when all of the current must flow thru Figure 1% shows the variation 1in burden of the

the operating colls, the burden 1s reduced to operating colil circuilt for different current
spproximately 1 ohm, because of saturation. values.
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Fig. 13 —Typical Volt-Ampere (Burden) Characteristics of the Operating Coil Circuit.
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Fig. 14—Diagram of Test Connections for the Type CA-6 Relay.
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Fig. 15—Internal Wiring Diagram of the Saturating Adjusting Transformer for the Operating Coil.
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Fig. 16—Outline and Drilling Plan for the Adjusting Transformer. For Reference Only.
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Fig. 18—Outline and Drilling Plan for the Standard Projection Type Case. For Reference Only.
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