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TYPE CA PERCENTAGE DIFFERENTIAL RELAY
FOR GENERATOR PROTECTION (NO TAPS)
CAUTION Before putting relays into service,
remove all ©Dlocking which may have been 1n- Pmﬂcﬂ?z_ﬂﬂmmaﬂ
serted for the purpose of securing the parts f?
during shipment, make sure that all moving ) A — Ci_gj—--———TA;FF:—X—
parts operate freely, 1inspect the contacts to EXTERNAL
see that they are clean and close properly, 1 FauLT
and operate the relay to check the settlngs =
and electrical connectlons.
APPLICATION 2770
op, !
The type CA 10% and 25% percentage differ- To o & | R Is
ential relays are designed for the differen- A,
tlal prctection of rotating a-c machinery such PROTECTED EQUIPMENT
as generators, motors and frequéncy changefs, o o
-0
CONSTRUCTION AND OPERATION ASATE s =—
INTERNAL
The type CA relay conslists of,a pemCentage ] FAm? f
dilferential element, and operationjindieator %?
and a contactor switch. The conp®8tructdon and
operatlion of these elements are lasffolTows: rlﬂIrI“
Percentaze Differential Element -
T w vl RS <ZXs
This element has an @eleetromagnet with 8
several windings as shownidn Flgures 2 & 3. ‘
Two restraining windTngs ,are placed on the
lowver le’t hand gOle 4 (Pront view), and are Fig. 1—Schematic Diagrams of the Percentaq.e Differential
Relay. (A) Shows the Fault Current Distribution for
connected in serlesqy Their junctlon point 1s an External Fault; (B) The Distribution for an Inter-
connected to tHe operating coill winding which nal Fault.
is wound ©n the lower right hand pole. A
: transforgeér winding 1s supplied on both the With the relay
left afc rizht hand poles and these are con- matlc dlagram,
nected In) pardllel to supply current to the currents
upper polie windings. The upper pole current windings
generates a flux which 1s in quadrature with
tae 1lowér pole resultant flux, and the two
fluxes react to produce a torque on the disc.
T8y, the operating wirding 1s energlzed, this
torque 1s in the ccntact closling direction; if
current flows through the
windings 1n the same
opening torque 1s produced.

direction,

connected as
the

in the sche-

Flg., 1A, a through
flow through the two restraining

same directilon.
transformers

only contact opesning

the currents
restraining

a contact
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are unecual,

Ir
operate properly,

flows 1n the operating coll winding, and hence

the

fault causes
these
restraining currents are equal and no current
torgue 1is
in the
operating coil.
required

produced.

two restralining windings
the difference must flow
The operating
to overcome

Ir

colil

in the
current
the restralning torque
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Fig. 2—Internal Connections of the 10% or 25% Type CA
Generator Relay in the Standard Case.

ard close the relay contacts 1s a function of
restraining current. The operating curves for

the 10% and 25% type CA generator relays are
shovn ir Fig. 4 and PFig. 5,
Note that for the 104 relay, 104 of the

smaller restraining current must flow 1n the

respectively.

operating coil to cause tripping when the
restraining currents are in phase. Similarl®y
25% of the smaller restraining current is
recuired to cause the 25% relay to close cén-
tacts. The relays are thus relatively Int&
sensitive to error currents flowing thru the
operating coil as a result of high, current
thru faults, when current transforme¥s are
liable to unbalanced operatipng, bécause of
saturation effects. However, they, are guite
sensitive to light 1internal flaults, for then
only a relatively small operatdmg coil current
is required to produce tripping. Whatever the
magnitude of fault cufkent;fa fixed percentage
of the restrainingfcurrent 1s required for
tripping, rathexrf thanm a ,fixed magnitude of
differance current@s would be the case in a
differential protection scheme wusing over-

current relays.

In the casey of a heavy internal fault, when
an external \source feeds current into the
fgqult,

site direetions,

the restraining currents are in oppo-
and restraining torque tends
t©o, caneel out as illustrated in Fig. 1B. When
theacurrents fed from the two sides are equal,

2

Fig. 3—Internal Schematic of the 10% or 25% Type CA
Generator Relay ‘infthe Type FT Case.

the restraipt s totally cancelled. When un-
equal currents@flow in from the two sides, che
restraint i1sWe@uivalent to the difference in
the two ‘eurrents, divided by two, but since
thefmorensensitive operating coil is energized
By the sum of the two currents, the restraint
in this case 1s inconsequential, and a large
Under

these circumstances the relay 1s very sensi-

amount of closing torque is produced.

$ive. Figs. 6 and 7 show the operating curves
for both relays with the restraining currents
180° out-of-phase. These curves also apply
where current flows 1n only one restraining

winding and the operating coil.

Contactor Switch

The cd-c.
small solenoid type switch. A cylindrical

contactor switch in the relay is a

plunger with a silver disc mounted on its
lower end moves in the core of the solenoid.
As the plunger travels upward, the disc
bridges three silver statlonary contacts. The
coll 1s 1in serles with the main contacts of
the relay and with the trip coll of the break-
er. When the relay contacts close, the coil
becomes energized and closes the switch con-
tacts. This shunts the main relay contacts,
thereby relieving them of the duty of carrying
These contacts remain

tripping current.

closed until the trip circuit 1s opened by the

o
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TYPE CA GENERATOR RELAY

auxliliary switch on the breaker.

The Operation Indicator

The operation indicator 1s a small solenoid
When the
a spring-restrained arma-

coil'éonnected in the trip circuit.
coll 1s energlzed,
ture releases the white target which falls by

Indicate of the trip
The indlcator 1s reset from outside

gravity to completion
circuit.
of the case by a push rod in the cover or

cover studs.

CHARACTERISTICS

CA generator relay 1s avallable in
two designs: One for 10% sensitivity, and the
other for 25% sensitivity.
which means that the sensitilvity of a given

relay can not be adjusted.

The type
There are no taps,

These two designs
are adequate to meet the large majority of
application problems encountered. The advan-
tage of a relay with no taps 1s that the wind%
ings may be designed for a specific sensiti@wis

ty with greater reliability at high current.

RELAYS IN TYPE FT CASE

The type PT cases are dust-proof emelosures
elements and knife-blade test
Thisg combination

flexible assembly easy to

combining relay
swltches 1n the same case.
provides a compact
malntaln, inspect, test an@ adjust. There are
three main units of the  type “FI case: the case
cover and chassls. welded
steel housing contalmdngithe hinge half of the
knife-blade test [(switeéhes
conneetdons. The
frame §with a clear window which

front of the case with the

The case 1s an all

and the termlnals
for external cover 1s a
drawn steel

fits over “the

The chassis 1s a frame that
and the contact
jaw half ofjpthe test switches. Thils slides in
The electrical
tions between the base and chassls are com-
pleted through the closed knife-blades.

switche® clgsed.

supports, 4fthe relay elements

and out of the case. connec-

Removing Chassis

first
by unscrewlng the captive nuts at the

To remove the chasslils, remove the

cover
two cover nuts on the S

corners. There are

slze case and four on the L and M sfze cases.
This exposes the relay elements and, all @hé
test switches for inspection and festimg. The
next step 1s to open the test switches.
Always open the elongated red handle switches

first before any of the black handle swiltches
or the cam action 1latches. This opens the

trip <cilrcult to prevedt accidental trip out.

Then open all thel remalning switches. The
order of opening _the“remalning switches 1is
not important. In openlng the test swiltches,

they should begmnoved all the way back against

the stops. With all the switches fully opened
grasp the twojcam action latch arms and pull
outward. This releases the chassls from the
‘case. Using the latch arms as handles, pull

the chassils out of the case. The chassis can
bé . set

positden as well as on 1ts top,

on &a test bench in a normal upright
back or sildes
for easy lnspection, malntenance and test.

After
chassis
blade

remcving the chassis, a duplicate

may be 1nserted 1n the case or the
of the switches can be closed
and the cover put without the
chassis. The chassis shorting
switch located behind the current test switch
open clrcuiting the
when the

are closed.

portion
in place
operated
current trans-
test switches

prevents

formers current type

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 switch should not be closed until after
the chassis has been latched in place and all
of the black handle switches closed.

EBlectrical Circults

the base connects thru a
in the

shown on the internal schematic
The relay terminal 1s identified by
numbers marked on both the 1nslide and outside
of the

Each terminal 1in
test switch to the
chassls as

relay elements
dlagrams.

base. The test swiltch positlons are

ldentifled by 1letters marked on the top and
bottom surface of the moulded blocks. These
letters can be seen when the chassis 1s re-

moved from the case.

The potentlal and control circults thru the
relay are disconnected from the external cir-

3
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Fig. 8—Diagram of Test Connections for the Type CA Gen®
erator Relay in the Standard Case.

cult by opening the assoclated test“swiltehes.

Opening the current test gwitieh “short-
circuits the current transformer secondary
and disconnects one side of theg Trelay coll
but leaves the other side, of the coll con-
nected to the external”® ciecult thru the
_ current test jack jawsg This circult can be
1solated by 1nserting” “@he current test plug

(without external ¢bnnections), by inserting
the ten circult testyplug, or by lnserting a

material approximately

plece of 1nsulating
1/32" thicly. inté the current
Both swifches Wef the current test switch pair
must b€ open when using the current test plug
in this

the current transformer

test jack jaws.

or insulating/ material manner to

short-circuilt secon-

dary.

A cover operated switch can be supplled with
its contacts series with the trip
This switeh opens the trip clrcult

This switch can be
type FT cases at any

wired in
circuit.
when the cover 1is removed.

added to the exlsting

Fig. 9—Diagram of Test Connections for the Type CA Gen-
erator Relay in the Type FT Case.

time.

Testing

The relays can be tested 1n service, 1n the
but with the external clrcults 1solated,
or out of the case as follows:

case

Testing In Service

The ammeter test plug can be 1nserted in the
current test jaws after openling knife-blade
swltech to check the current thru the relay.
This plug
separated by an insulating strip.
these

are carried out

conslists of two conducting strips
The ammeter
1s connected to by termilnal
screws and the thru

holes in the back of the 1nsulated handle.

strips
leads

Voltages between the potential cilrcults can

be measured convenlently by clamplng #2 clip
leads on the projecting clip lead lug on the

contact jaw.
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Testing In Case

With all blades 1n the full open position,
the ten circult test plug can be 1nserted
in the contact jaws. Thils connects the relay
elements to a set of binding posts and com-
pletely 1solates the relay circults from the
external connections by means of an 1nsulating
barrier on the plug. The external test cir-
cults are connected to these binding posts.
The plug 1is inserted in the bottom test jaws
with the binding posts up and 1n the top test
switch jaws with binding posts down.

The external test circults may be made to
the relay elements by #2 test clip 1leads in-
stead of the test plug. When connecting an
external test clrcult to the current elements
using clip leads, care should be taken to see
that the current test jack Jjaws are open so
that the relay 1s completely isolated from the
external circuits. Suggested means for iso-
lating this circuit are outlined above, under
"Blectrical Circuilts”.

Testing Out of Case

With the chassis removed from the basey
relay elements may be tested by using the (ten
circuit test plug or by #2 test clip leads as
described above. The factory calibration s
made with the chassis in the case andQremowing
the chassls from the case willlqchange) the
calibration values of some relays bypa small
percentage. It 1s recommendedmthatithe relay
be checked 1n position as afl final check on
callbration.

An 1Internal schematiic dlagram 1s avullable
for each individual telay showing the
schematic internal wilfing.

INSTALLATION

The relay should be mounted on switchboard
panels or thelr equlvalent in a locatlon free
from dirt,\, méedsture, excessive vibration and
heat. Mount the relay vertically by means of
thg two ‘mounting studs for the standard cases
and the type FT projectlon case or by meals of

the four mounting holes on the flange for the
gemlisflush type FT case. Elther of the studs

6

or the mounting screws may be utilized for
grounding the relay. The electrical con-
nections may be made direct to the terminals
by means of screws for steel panel mounting or
to terminal studs furnished with tne rélay for
ebony asbestos or slate panel mounting. The
terminal studs may be easilygremoved or in-
serted by 1locking two nuts|or/ thér studs and
then turning the proper nut@with,afwrench.

Typlcal external Miring, dlagrams are shown
1n Filgs. 10 and 11, "The outline and drilling
plans for the relays‘are shown in Figs. 12 to
14,

The relaymis shipped with the operation in-
dicatorhand the contactor switch colls in par-
allel. This , circult has a resistance of
approximately 0.25 ohm and 1s suitable for
allgtrip currents above 2.25 amperes d-c. If
the) g£rip” current 1s less than 2.25 amperes,

there“¥s no need for the contactor switch and
Jt should be disconnected. To dilsconnect
the coll 1n the standard case relays, remove
the short 1lead to the <coll on the front
stationary contact of the switch. This lead
should be fastened (dead ended) under the
small filister head screw 1located in the Mi-
carta base of the contactor switch. To dis-

connect the coll in the type FT case relays,'

remove the coll lead at the spring adjuster
and dead end i1t wunder the screw near the top
of the moulded bracket. The operation indi-
cator will operate for trip currents above 0.2
ampere d-c. The reslstance of thls coil is
approximately 2.8 ohms.

With the contactor switch coll 1n service,
the trip circult will carry 30 amperes long
enough to trip the clrcuilt breaker.

SETTINGS

Each type relay 1s designed for a specific
sensitivity and hence once the correct relay
1s chosen for a given application, no adjust-
ment 1s necessary. If necessary, the spring
tension controlling minimum operating current
may be altered slightly.

s
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Fig. 10—External Connections of the Type CA Generator
Relay in the Standard Case for Phase andGround
Protection of AC Generators and Motors.

In general, for generator protectionj;i.a

study of the current transformerharacter-
1stic curves under short circuilt conditions
should 1indicate whether the high™ sensdtivity
(10%) or the 1low sensitivity (25%) relay

should be used.
nearest Westinghouse Digstriet Offfce should be

consulted.

For special “@ppl¥fcations the

ADJUSTMENTS AND MAINTENANCE

The proper{adjustments to 1nsure correct
relay have been made at the
should” not ©be disturbed after
If the adjustments

apart for

operation of "this
factory dnd
recelpt by“the cusStomer.
have been changéd, the relay taken
1f 1t 1s desired to check the
regular malntenance perilods,

repalrs, or
ad justmentsgp at
the dnstructions below should be followed.

AT] contacts should be periodically cleaned
with a fine file. S#1002110 file 1s re-
commended for thls purpose. The use of

abrasive materlal for cleaning contacts 1s not
because of the danger of embed-

in the face of the soft

recommended,

ding small particles
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Fig. 11—External Connections of the Type CA Generator
Relay in the Type FT Case for Phase and Ground
Protection of AC Generators and Motors.

sllver and thus 1mpalring the contact.

Percentage Differentlial Element

To check the polarity of the restrailning
colls, adjust the spiral spring for zero
tension by turning the spring adjuster. Then

with the relay connected as shown in Fig.8 or
9, pass 10 amperes through the two restraining
colls with the lead to the operating coll dils-
This

the contact opening directilon.

should produce a torgue 1n
Similarly, 1.0
ampere flowlng in one restralning coll and the

connected.

the operating coil should produce a positive

contact closing torque.

Adjust the position of the contact stop, and
the position of the
that the contact travel is 1/4 inch,
and the statlonary contacts make at exactly
Ad just the
trip by passing current through one restrain-

statlonary contacts, so
moving
the same time. 1relay for minimum

Ing coll and the operating coll 1n series as

/
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with the lead to the
Tighten
spring by means of the spring ad-

for the 10%
just causes the relay

shown 1n Flg. CA or 2A
other restralining coll disconnected.
the splral

juster until, relay, 0.1C ampere
contacts to close. For
the 25% relay, 0.45 ampere 1s required to just

make the relay contacts close at minimum trip.

In checking the percentage sensitivity, set
the rheostat Ry of Fig. 3 or 9, for 20 amperes
restralning current, and then vary the opera-
ting current by
until the relay
should be followed for both the normal and re-
verse connectlons, and the
with PFig. 4 or 5, which
The rheostats used in the operating
should be
Inductance and have the same power factor, so
that the will be substantially in
phase. Since the temperature of the windings
affects the

reading for any

adjusting the rheostat, Ry,
just trips. This procedure
results compared
represent typical
curves.
of low

and restralning circults

currents

relay characteristic, the filnal
volints taken at high

should be taken with the relay cool.

curve
currents
I these precautlions are taken, a good check
operating curves will be obtalnéd.
should be remembered that Imdi-

relays will

on the
However, 1t
vidual

typlcal

sary somewhat fromy, the
in Figs. 4 and 5.  For
example, the Operating Coll Current to/ftriphat

curves shown

20 amperes smaller restralning current may/be
to vary between the 1limlfls of 4.7 to
2.3 amperes, for the 120% Sencitivitylreday.

expected

Contactor Swiltch

Ad just the statlonary c@re o€ the swltch for

a clearance between thestationary core and
the moving core when thegswitch is picked up.
This
the relay

untill
Now, back off “€he cOre screw until the moving
This indicates the point

play 1n the moving contact assembly

can be most“eonveniently done by turning

up#Aeide-Ccown. Screw up the core

screw thefmoving core starts rotating.
core stops rotating.
where the
1s taken up,“’ and where the moving core just
separates, from the
Back VOff, \the

beyong, athis

stationary core screw.

stationary core screw one turn
point and 1lock in place. This
prevents the
sticking to the

reslduel magnetism.

8

moving core from striking and

stationary core because of

Adjust the contact clear-

ance for 3/32" by means of the two small nugfs
on elther side of the Micarta disc. The
switch should pick up at 2 amperes d-c.[ Test
for stickling after 30 amperes d-c. have“been
passed thru the coll. The coll resistance 1s

approximately 0.25 ohm.

Operation Indlcator

indicator
d-c gradually applled by, loosening the

Adjust the toe, operate at 0.2
ampere
two screws on the undeg side ©7 the assembly,
and moving the bracket“forward or backward.

If the two hellcal “Wsprdngs which reset the

armature are replaced, by new springs, they
should te weakeneg, slightly by stretching to
obtaln the @.2/ampere calibration. The coil

reslstancelhls ‘approximately 2.8 ohms.

RENEWAL PARTS

Repalry, wort can be done most satlsfactorily
at _the

patts can te

faetory. However, interchangeable
furnished to the customers who
When

complete

are egulpped for dolng repalr work.

orderdng parts, always glve the

nameéplate data.

ENERGY REQUIREMENTS

The €0 of the 10% and 25%
sensitivity type CA relay at 5 amperes are as

cycle Dburdens

follows:

(A) 5.0 amperes 1n each restraining coll.

Across Termlnals 9 and 7 in Standard Case.

(Terminals 10 and 11 in Type FT Case.)

Relay Watts Volt-Amperes Angig'

10% 12.2 22 .4 €4.5° lag
254 £.2 14.2 c4° lag
Across Terminals 7 and 10 1n Standard Case.

(Terminals 11 and 12 in Type FT case.)

Relay Watts Volt-Amperes Angig'
104 -9.6 24 ¢ 113° lead
25% -3.6 10.5 110° 1lead
(B) Minimum tripping conditions, smaller

restraint current equals 5.0 amperes.

Terminals Q@ and 7 in Standard Case.
(Terminals 10 and 11 in Type FT Cases.)

Across
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P.F.
Relay Condition Wattis V.A. Angle

106 I9 > I10 17.2 50.3 T70° lag
104 I10> 19 -10.2 16.2 129° lead
25¢ I9 > I10 8.9 27.3 71° 1lag
25% I10>19 - 4,16 €.6 129° 1lead

Across Terminals 7 and 10 in Standard Case.

(Terminals 11 and 12 in Type PT Case.)

Relay Condition Watts V.A. Eégig

1064 I9 > I10 -16.6  46.4  111° lead
10% I10> I9 12.1  17.7 47° lag
25 19 > I10 - 7.2 22.1 105° lead
25%  I10> I9 6.65 8.7 40° lag

With current flowing through the relay from
terminals 9 to 10 1n the Standard Case or

terminals 10 to 12 in the Type FT Case, the
burden voltage 1is the voltage drop from termi-
nals 9 to 7 (or 10 to 11) for one current
transformer and the drop from terminals 7 to
10 (or 11 to 12) for the other current
transformer. The P.F. angle giyen 1n the
tables shows the relationships between these
currents with respect to thegvoltages.

The restralning ,windings of elther relay
have a continuous raging of 10 amperes. The
operating windingW%f the 10% relay has a con-
tinuous rating of 2.5 amperes and 1 second
rating of 70 “amperes. The operating winding
of the 25% rélay’has a continuous rating of 5

amperes andl s /1 second rating of 140 amperes.
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Fig. 12—Outline and Drilling Plan for the Standard Projection Type Case. See the Internal Diagrams for the Terminals

Supplied. For Reference Only.
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Fig. 13—Outline and Drilling Plan for the SI0 Semi-flushgor, Proiéction Type FT Case. See the Internal Schematic for the
Terminals Supplied. For Reference Only.
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