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OPERATION o

TYPE CA-5 PERCENTAGE DIFFERENTIAL RELAY
FOR TRANSFORMER AND GENERATOR PROTECTION

CAUTION Before putting relays into service,
remove all  blocking which may have been in-
serted for the

during shipment,

purpose of sscuring the parts

make sure that all moving

parts operate freely, iInspect the contacts to

see that they are clean and close properly
and operate the relay to check the settings
and electrical connecticns.

APPLICATION

The type CA-5
15 designed Tor the differential protection of
generators or power transformers. It has one
with two windings, =and

percentage differentlal relay

restraining =iemsnt,

one operating element which 1g energized thru

an external auxiliary saturating current

transformer ir accordance with the current
flowing in the differential

tranaformers.

connection of the
main current Taps controlling
the sensltlvity of the relay are

In the external transformer.

incorporated

The application of the relay requires that

the narmal currents flowing through the re-
windings be of equal magnitude and
Flgures 13 and 1%
shcw the oxternal connectlons to the Type CA-5
The delta-

trana-

straining
correct phase reiation.

relay for & typical Installation.
star connections of the wmain current
formers provlde the proper phase relatlons of
the secondary currents for a star-delta power
tranaformer. Since the relay does not have
ratio taps, current balancing auto
transformers are the main
current transformers do not provide egqual sec-
Figures 15 and 16 show the

CA-5 relay

external

regqulred where

ondary currents.
" external connections of the Type
for genermtor protection.

CONSTRUCTION AND OPERATION

The type CA~5 relay conailsts of s restrain-

SUPERSEDES 1. L. 41.339

* Denotes change from supersaded issue.

ing element, with two restraining windings, an
operating element, a contactor switech, and an
operation indicator.

The relay operates
with both
ting on the same disc.

on the 1nduction-disc
electromagnets opera-
The disc is mounted on
a vertlcal shaft. The lower bearing for the
shaft 13 a steel ball riding between
sapphire jewel surfaces. A pin
used on the upper =nd of the shaft.

principle,

concave

bearing 1is

The moving eontact assembly 1s attached to
a Micarta bushing on the disc shart. When the
moving contact strikes the stationary contact,
the moving contact spring deflects to provide

a wiping action. The electrical connection
mede thru the

spirail spring to the spring ad juster.

from the moving contact is

The stationary contact 1s mounted on a right
angle braciket fastened to the element Fframe
thru a Micarta insulating block. A contact
screw projects thru the outer end of the
bracket and provides sdjustable contact separ-

atlon.

The front
element, with two
rear electromagnst 1a the
magnet. Thess are connected as shown in Pigs.
1 thrm 3.

electromagnet 1s the restraining
windings. The
operating

separate
electro-

Figure 5 shows the current through the relay
for external and Iinternal fault conditions.
With the connected as In Fig. 5A, a
through fault causes currents to flow through
the two restraining windings in the same di-
rection. If the maln current transformers
operate properly, these restraining currents
are equal, and no current flows 1n the auxili-
ary saturating transformer and operating coil

relsay
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Fig. l—Internal Schematic for the Type CA-5 Relay in the #* Fig. 2—Internal Schematic for the Type CA-5 Relay with

Standard Case.

Instantanecus Trip Attachment in the Type FT Case.
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In this there will be
contact opening torgue produced.

winding. case, only

In the case of a heavy Internal fault, when

the
oppo-
reastraining torque tends
to cancel out as in Fig. GB. When the cur-

an external feeda current into
fault, the reatraining currents are 1in

aite directions, and

scurce

rents fed from the two sildes are equel the
restragint 1s totally cancelled. When unequal
currents flow in from the two sides, the re-

straint 1s equivalent to the difference In the
two currents. In thls case, the currents 1n
the restraining windings will add together and
go thru the operating winding, producing a
contact closing torgque. The operating curves
for the relay are shown 1n Figs. & and 7.

CONTACTOR SWITCH

contactor switch 1n the relay is a
awitech. A ecylindriecal
mounted on 1ts
solenoid.
disc
The

The d-c.
small solenold type
sllver dlsc
core of the

piunger with a
lower end moves 1n the
As the plunger travels
bridges three gllver statlonary contacts.
coll is In series with the mailn contacts of
the relay and with the trip coll of the
When the relay contacts close, the
switch

con-

upward, the

breaker.
coll becomes energized and
contacts. This shunts the main
thereby relieving them of the duty of
carrying tripping current. These
remain closed until the trip

opened by the auxiliary aswitch on the breaker.

¢loses the
relay
tactsy,
contacts
clrcult 1is

OPERATION INDICATOR

The vperation indicator is a small solenoid
coll connected in the trip circuilt. When the
coll 18 energlzed, a spring-restrained arma-
ture releases the white target which falla by
gravity to Indicate completion of the trip
circuit, The Indicator is reset from outside
of the case by a push rod 1in the cover or

cover stud.

Instantanecus Trip (When Supplied)

The Instantaneous trip attachment is a small
A cylindrical plunger
and down on a vertlical gulde rod in

solenold type element.
rides up
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Fig. 5—Diagram Showing the Operation of the Type CA-S
Relay on External and Internal Faults.

the center of the sclenoid coil. The pguilde
rod is fastened to the statlonary core, which
in turn secrews 1nto the element frame. A

silver disc 1s fastened to the moving plunger

through a2 hellecal spring. When the coll 1is
energized, the plunger moves upward carrying
the silver disc which bridges three conlcal-
shaped statlonary contacts. In this position,

the helilcal
plunger 1s free

spring is compressed and the
to move whlle the contact re-
Thus, a=-c vibrations of the

prevented from

malns stationary.
plunger are causing
bouncing. A Micarta dilsc screws on the bottom
of the gulde rod
Its
plck-up current of the element.

CHARACTERISTICS

contact

and is locked in position by

a small nut. position determines the

The type ChA-5 percentage differential relay
i1s avallsble in two designs: a relay with a
minimum trip current of 0.1% amp. for genera-
tor protection and a relay with a range of
adjustment of minimum trip current from 0.50
amp. to 2,0 amp. for transformer protectlion.




Generaior Protection.

ig. 9—Typical Time Curves of the Type CA-5 Relay for
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-
&)
e ki T 1 1 T g m
my N 1t T T 1A @
R : NN b 3 TSR Bk
it 2 i T esans:
F i - L - 1T 1 I -
1 a i e J i T
. T o = | o i
I : g k: it by g g g Y
Ssiii ! : u " e O £ F e i g
T BH : T 1t s na S Shadn -
fau L_m Hn% [ = [ = HthT ARSAN ﬂﬁﬁﬁln?u{. pai o
[([L @ FLHORE i 23 d T W T MR s ok . L)
_“HH g= T + I .m o el EI 4 A [
i &5 RIHE b = 143 1 B BCN 0 >l ]
ha 11 < 1 ]
CHE s | ¥f | LEL . ;
[z t = ; - [ ;
I S b H F3 e TR i ' ' =4
sigee LT mailis E B e LR jase i
i Wkt +
s 28 : b4 @ o mm.mnuﬁ 3 g @
%u cw.ﬁ e # 3 [*] LHOE . o
1w« B3R5 o o 0 eF 1y z
Jsek G EXe a o2 1 : b
« -l £ : <
H+ p- A ] 44 uy 0
s S g 2 St SHE i 5
REEENey THHHH ] HHHHH H & bt o e o
i : 1YY o & it _" ©
HH H 1iH ¥ 11 me il = M ~ 4T T
1111 HEIeE] T THITHIH @ 0 o« A am....a g h * m ﬁ
] 4 8 i ] H ?
b ] B R sl s st 1A s rhudoviomott s S| & BN 1 i
L L L 1 1 13 —l. :
u.u o o o ™ o " « 00 rnm.J w [] " M % % M M m ¥ o it
+ " " o o - ~ [aa)
OT ‘GIUIIAY ONIIVHILO W “ SL1OVINOD 3S0T1D CL S30AD o
-~
2 3
.
=3
Al :
w3
.
&)
L]
i 5 TR I T 3 ﬁ -
T T [ =] n I
]
i 8 2
RN ERRRRE TN RAREREERS AN 3 i @ o o o
H Sep =g hunbe: » f:/ i HTH u .m o H
! A N & = -
Higise ™ 1 H g3 {111 N 2 W Pl m : ﬂm - b
T P* - 1 + L] Tl 9 1 T . : 1 @
o ~IHL t ST IR MERnails E A >F i b
T ,Eqnn LTI s Shsiisaiin, LIk E piisly i © -] : o
fiIT -] [ ki
H “Mr 1 T sy 2 Vil = oT X
—+ . i
bt 325 : z [+ m == g <
F EE Rz B 22 3
i 2 E e = i 3
I e : 0 ] Cw : =]
T 2% B m - Ze o
aen w s
=3 P o - 8¢ _ 2
[ ok _ o3 St = g
tEE T 3 Iy el ©
=m I T % o = T o
e of T 1] m. = = &
=2 ; cada o L 7 H
HH of of of al = 0 ~ L1 T
4 HH LT e n - 8 4 s ™
izdiis i ] 2 i A
HiHHH ooy ! o | i o
: t uE. (53 W. Tl un
; } SHES1EREL) gh, o .ml ™ P o &
g ¢ % 2 =8 &8 = = = o ®| =g |3 @
O1 ‘S3uAINY DNILYEILO @ c_. S1IVINGD 35010 01 $31049 N
> >
O 2 W
by

Transformer Protection.

Fig. 8- Typical Time Curves of the Type CA-3 Relay for
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Fig. 10—Typical Burden Curves of the Operating Coil Cireuit of the Type CA-5 Relay.

The relay has varlable percentage character-
that the operating cotl
rogqulred to close the relay contacts,
expresased In per cent of the total vrestraint
current, varies with the magnitude of the
restralnt current. The relay senaltivity 1is
high, corresponding to a low percentage ratio,
at light internal faults 1in the transformer
bank being protected. At the same time, how-
lts reduced sensitivity at the higher
currents allows the various current trans-
formers invelved to depart from thelr true
ratic to a large extent without cgusing false
tripping of the relay for external faults.

1atics which means
current

aver,

Figures 6 and 7 show typleal operating
curves for the relay, on each of the four
taps. Typlical time of operation curves are

shown in Figure 8 and 9.

INSTALLATION

The relays should be mounted on switchboard
panels or thelr equivalent in a locatlion free
from dirt, molsture, excessive vibration sand
heat. Mount the relay vertlcally by meens of
the two mounting studs for the standard cases
and ths type PT projection case or hy means of

the four mounting holes cn the flange for the
Either of the studs
or the mounting may be utilized
the relay. The

nections may be mede direct to

semi-flush type PT case.
screws for
electrical
the terminals
by means of screws for steel panel mountlng or

to termlinal studs furnished with the relay for

grounding con-~

ebony-ashestos or slate panel mounting. The
terminal studs may be easlly removed or in-
serted by locking two onuts on the studs and

then turning the proper nut with a wrench.

The relay is shipped with the cperation in-
dlcator and the contactor awitch
This circult has a resistance of
approximately 0.25 ohm and i3 suitable for all
trip currents sbove 2.25 amperes d-c. If the
trlp current is less than 2.25 emperes, there
13 no need for the contactor awltch and it
should be disconnected. To disconnect the
coll In the standard case relays, remove the
short lead to the coll on the front stationary
contact of the switch. Thls lead should be
fastened (dead-ended) under the small fllister
head screw located in the Mlcarta base of the
coll in
remove the coll lead

colls in
parallel.

contactor swltch., Po disconnect the

the type FT case relsys,




TYPE CA-5 RELAY

at the spring adjuster and dead end it under
the acrew near the top of the moulded brecket.
The operation indicator will operate for trip
currents above 0.2 ampere d-c. The reslstance
of thils coil 13 approximately 2.8 ohms.

The main contacts will safely c¢lose 30 am-
peres at 250v. d-¢, and the switch
will safely carry this current long enough to
trip a breaker.

contacts

SETTINGS

Each type relay 1s designed for a specific

Sensltivity and hence once the correct relay
18 chosen for a gilven application, no adjust-

ment 1s necessary. If necessary, the tenslon

controlling minimum operating current may be
altered slightly.
In general, a study of the current trans-

former characteristic curves under short cir-
cult, conditions should indicate which tap
setting, on the suxiliary transformer, should
be used.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to Insure correct
operation of this relay have been made at the
dlsturbed after re-

If the

factory and should not be
celpt by the custoner.

have been changed, the relay taken apart for
or 1f 1t 1s desired to check the
maintenance

ad justments

repalrs,
adjustments at regular
the instructlons below should be followed.

perlods,

All contacts should be cleaned periodically.
A contact burnisher S#1828836H0O1 Is recommended
for thils purpose. The use of abrasive material
for cleaning contacts is not recommended, be-
cause of the danger of embedding small parti-

of the soft silver and thus

cles in the face
Impairing the contact.

Adjust the top bearing screw te have ap-
proximately .002" clearance between It and the
shaft. Adjust the staticnary contact so that
3/8 inch contact separation 1s obtained when
the moving contact is held in the maximum open

position.

gplral spring should be
required minimm trip

The tension of the
adjusted so that the

cperatlon 1s obtalned with
thru the operating coil
restraining coil.

current flowing

c¢ircult and one

The poiarity of the restraining coils, as
indicated on the wiring diagram, PFlgure 1,
should he
done.,

checked 1f any rewiring has been

The relay percentage charscteristics may be
checked by means of the test cireuit of Figure
11 or 12, In these teats, readings should be
teken with the relay and transformer cold.
Heating of the wrestralning circuits due to
normal currert flow has very little effect on
the relay charscterlstics,
ating circult normally
1t is important to
operating coll or auxllilary transformer during
test.

However, the cper-
carrles no current ao
prevent overheating of the

Instantanecus Trip Attachment

The position of the Mlcarta
bottom of the element with reference to the
calibrated guide indicates the

disz at the

minimum over-

current required to operate the element. The
dise should be 1lowered or raised to the
proper position by loosening the lock nut and

rotating the Micarta disc. The nominal range
of adjustment 1s 1 to 4; for example, 10 tn 4o
amperes, and it has an accuracy of about 104%.

The drop-cut value is varled by raising or
top of the

adjustment is

lowering the core serew at the
switeh, and after the final
made, the core screw should be securely locked

in place with the lock nut. The drop-out

should be adjusted for about 2/3 of the mini-
mum plck-up. AdJusting the drop-out will
slightly effect the value of pleck-up.
RENEWAL PARTS

Ropalr work can be done most gstisfactorily
at the factory. However, interchangeable
parts can be furnished to the customers who
are equipped for dolng repalr work. When

ordering parts, aiways give the complete name-
plate data.

ENERGY REQUIREMENTS

The burden of each Trestraining ecoil 1s .75
volt-amperes, 70% power factor at 5 amperes,

60 cycles. The burden of the operating coil
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clrcult, including the external ad justing
depending upon the

Under

transformer 1s variable,
current flowing thru 1it. normal system
operation it introduces no all in
the current tranzformer circult heceuse of the
fact that no current flows in the differential

purden at

varies from 7 to 9 ohma at approximately 90°)
lag, deperding wupon the tap. Under maximm
Internsl fault conditilons, when all of the
current must flow thru the operating coil, the
burden 1s reduced to approximately 1 ohm,

because of saturaticn. Figure 10 shows the

circuit. Under minimum tripping condltions, variation in burden of the operating coll eir-
the burden of +the operating coil clrcult cult for different current values.
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