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INSTALLATION • 

Westinghouse I.L. 41-332.2D 

OPERATION • MAINTENANCE 

TYPE CA PERCENT AGE DIFFERENTIAL RELAY 
FOR TRANSFORMER PROTECTION 

CAUTION Before putting relays into service, re­

move all blocking which may have been inserted 

for the purpose of securing the parts during ship­

ment, make sure that all moving parts operate freely, 

inspect the contacts to see that they are clean and 

close properly, and operate the relay to check the 

settings and electrical connections. 

A P PLICATION 
The type CA percentage differential relay for 

tranooFarmer protection is designed for the protection 

of power transformer. This relay can be a pplied 

where the magnetizing inrush current to the trans­

former is not severe. 

Current transforrr.er ratio error should not exceed 

1 �% with maximum syr.�metrical external fault current 

flowing. The sensitivity of type CA relay for 

transformer protection is 50%. It satisfactorily 

handles up to 35% of mismatch (transformer tap 

charging on load plus ct mismatch). 

CONSTRUCTION 
The type C A  relay consists of a percentage dif ­

ferential unit and an indicating contactor switch. 

The principle component parts of the relay and their 

locations are shown in Fig. 1-3. 

Percentage Oifierential Unit 

This unit is an induction disc unit with an electro­

magnpt that has poles above and below the disc as 

shown in Fig. 2. Two restraint coils are placed on 

the lower left-hand pole (front view) and an operating 

coil is wound on tM lower right-hand pole. 

A transformer winding is supplied on both the left 

and right hand poles and these are connected in 

parallel to supply current to the unper pole windings. 

The upper pole current generates a flux which is in 

quadrature with the lower pole resultant flux. and the 

two fluxes react to produce a torque on the disc. 

SUPERSEDES I.L. 41-332.2C, dated Dec. 1974 
*Denotes change from superseded issue. 

If the operating winding is energized. this torque is 

in the contact closing rlirection; if current flows 

through the two restraining windings in the same direc­

tion a contact opening torque is produced. 

Indicating Contactar Switch Unit (ICS) 

The d-e indicating contactor switch is a small 

clapper type device. A magnetic armature, to which 

leaf-spring mounted contacts are attached, is attracted 

to the magnetic core upon energization o( the switch. 

When the switch closes, the moving contacts bridge 

two stationary contacts, completing the trip circuit. 

Also during this operation two fingers on the arma ­

ture deflect a spring located on the front of the switch 

which allows the operation in die ator target to drop. 

The target is reset from the outside of the case by 

a push rod located at the bottom of the cover. 

The front spring, in addition to holding the target, 

provides r estraint for the armature and thus controls 

the pick-up value of the switch. 

O PE RATION 
With the relay connected as in the schematic dia­

gram Fig. 4A, a through fault causes currents to 

flow through two restraint windings in the same direc­

tion. If the current transformers operate properly, 

these restraining currents are equal, or effectiveLY 

equal if appropriate auto balance taps ar e  used to 

compensate for mismatch in current transformer ratios 

All possible contingencies which may arise during 
instal/arion. operation, or maintenance, and all 
details and variations of this equipment do not 
purport to be covered by these instructions. If 

jurrher information is desired by purchaser re­
gardin g his particular installation. operation or. 
maintenance of his equipment. the local West­
inghouse Elt'ctric Corporation representative 
should he contacted. 
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TYPE CA TRANSFORMER RELAY 

1(1 no effective current flows in the operating coil 
�- .• tnding and hence only contact opening torque is 

prm!uced. If the currents in the two restraining wind­
ings are effectively unequal, the effective rtifference 

must flow in the operating coil. The operating coil 
current required to overcome the restraining torque 

and close the relaY contacts is a function of restrain­
ing current. 

In the case of heavy internal fault, when an ex­
ternal source feeds current into the fault, the restrain-

2 

��,----------------------------

Fig. 1. Type CA Transformer Relay (Front View) 

ing currents are in opposite directions and restrain­

ing torque tends to c :111cel out as illustrated in 
Fig. 4B. When the currents fed from the t\\'o sides are 
equal or effectively equal bPcause of the taps usert 

the restraint is totally cancelled. When effectively
• 

unequal currents flow in from the two sides, the 
restraint is equivalent to the difference in the two 
effec::tive currents, divided by two, but since the more 

sensitive operating coil is energized by the sum of 
the two currents, the restraint in this case is incon-

Fig. 2. Type CA Transformer Relay (Rear View) 

• 

• 
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TYPE CA T RAN SFO RMER RELAY ---------------- -------' -_L ._4_1 _-3_32_.2_o 
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Fig. 3. In:. •nal Sch<..-na tic of th� typ� CA Tronsfonn�r 
R�lay in th� typ� IT21 Cos�. 

sequential. and a large amount of contact closing 

torque is produced. 

CHARACTER IST ICS 

The operating characteristics of the relay for 

normal through load current and through fault current 

are shown in Fig. 5 and 6. When the currents flowing 

into and out of the relay are plotted on these curves. 

if the point falls outside of the inoperative area, the 

relay will close its contacts . 

In Fig. 5 and 6. the two curves going with the 

5-5 tap are tied together with a bracket to indicate 

that these two curves go together. SimilarlY. the two 

curves for the 5-10 tap are also tied together with a 

bracket. The center lines between pairs of curves 

are shown for all taps. The paired curves. bounding 

the inoperative areas. are not shown for taps 5-5.5 
through 5-9. These curves may be determined approx­

imately by means of the follo wing fonnulas: 

7.5 
For the upper curve: 19 = T 17 

For the lower cur\'e: 17 = .3T 19 

(1) 

(2) 

A. '!.. 

PIDTECTU [qoiii'IIOT 

L 
� � I � -

r*l I tiTUUL r l.,. 
fanT 

* 

,,.1,.,, r I�· 
• 1 • 

. . 
'.!.. 1!. 

182A835 

Fig. 4. Sch�matic diagrams of th� p�rc�ntag� diff.,�nti ol 
rdays (A) shows th� fault cur�nt distribution for 
on �xt �rnol fault; (B) thf!! distribution for on in­
t�rnal fault. 

In these formulas. T is the larger number of the 

tap pair. For example, if the relay is used on the 

5-7.3 tap, then T = 7.3. 

As an example of the degree of accuracy of the 

formula consider the point I 7 = 43.5, and I 9 = 30, 

re ad from the lower curve for the 5-5 tap, f'ig. 4. 

Applying the formula, equation ( 2) the calculated 

value of 17 is found to be 45 amperes, which is fairly 

close to the curve value, I7 = 43.5. 

The derivations of equations ( 1) and ( 2) are given 

in Fig. 7. which has been included to illustrate the 

meaning of these equations. 

Typical time-of-operation curves are shown in 

Fig. 9. 

Figure 8 shows the operating curves for the relay 

with the restraining currents 180 o out-of-phase. These 

curves also apply where current flows in onLY one 

restraining winding and the operating coil. 

Trip Circuit 

The main contacts will safely close 30 amperes 
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TYPECATRANSFORMERRELAY----------------------------------------------------

It 81NMI II 1IH'II Mlf"MIUH •11. 

183Al61 

F ig. 5. Typical operating curves for low values of current . 

at 250 d-e and the seal-in contacts of the indic at­

ing contactor switch will safely carry this current 

long enough to trip a circuit breaker. 

The indicating contactor switch has two taps that 

vide a pick-up setting of 0. 2 or 2 amperes. To 

._ . . ange taps requires connecting the lead located in 

front of the tap block to the desired setting by means 

of a screw connection. 

Trip Circuit Constant 

Indicating Contactor Switch (ICS) 

0. 2 ampere tap 6.5 ohms d-e resistance 

2.0 ampere tap 0. 15 ohms d-e resistance 

Energy Requirements 
The 60 hertz burdens of the type CA relay are best 

given in curve formulas illustrated and given by the 

curves, Fig.  10, 11 and 12. 

The restraining windings of the relay have a con­

tinuous rating of 10 amperes. The operating coil has 

a continuous rating of 5 amperes. However, it is best 

not to allow mor e than 5 amperes in the untapped 

restraining winding in order to keep from over-loading 

a portion of the operating winding. For example, 

currents of 10 and 6.85 amperes woul d be in the proper 

·<Uio of the 5·7.3 taps, but when these taps are used, 

-.85 amperes would flow in a portion of the 5 ampere 

operating coil. 
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Fig. 6. Typical o perating curves for h igh values o fcurrent. 

SETT INGS 
Pe rcentage Differential Unit 

The transformer relay is detailed in Fig. 4. To 

change the tap setting of the transformer relay under 

load conditi ons, remove the extra tap screw and 

screw it firmly into the desired tap in one of the 

tap rows. Remove the other screw in the same row 

and screw it into the hole directly above or below 

the screw first inserted at the desired tap value. 

Then remove the screw still remaining in one of the 

previously used tap holes and replace it in the extra 

hole provided for the spare screws. When the relay 

is correctly set, one screw must be in the lower row 

of holes at the correct tap value and the other must 

be in the hole directly above. 

To determine the correct tap setting, calculate 

the currents delivered to the relay at full load on the 

transformer bank, taking into consideration not only 

the current transformer ratios, but also P.ny delta 

connections which may be used. These currents 

will be in a certain ratio and the taps on the relay 

should be chosen to match that ratio as closelY as 

possible, For example, assume that the currents are 

7.8 and 4.6 amperes, with the relay properly 

connected so that the higher current, 7. 8 amperes. 

flows in the tapped restraining winding. The ratio 

4.67/7. 8 is equal to 5/8.47. The nearest tap ratio 

on the relay is 5/8, and this pair of taps should be 

used. 

The time dial should be set on the number 1 posi· 

tion. 

•• 
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TYPE CA TRANSFORMER RELAY --·--------------------_:_' ·:..:L.:.... 4.:..:1_:- J:.:J:.:2. =2D 

.I. 
�OPE.RA-TING COIL 

I;yi; 
RESTRAINING COILS 

i� (EFFECTIVE) = � i 7 - i 9 

SINCE THE :O:(LAY IS A SO�o RELAY � I7 -i, =OS I9 
FOR MINIMUM OPERATING CURRENT 

FROM WHICH I7 = . 3 T I<) 
5A 

�o"""'"G we 

l;yl; 
RESTRAINING COILS 

I'p (EFFECTIVE)= I,- -f- I7 

SMALLER RESTRAINT CURRENT (EfFECTivE)= i•7 = .f i9 
:I'p= 0.5 I'7 FOR MINIMUM OPERATING CURRENT 

• 'S "  (2.") FROM WHICH I9- -;.- I7 = 0.5 r I7 

AND f.,= \'S I7 

Fig. 7. Fundament al rel ationships in the Type CA Electro­
magnet. 

Indicating Contactor Switch (ICS) 

No setting is required on the ICS unit except the 

selection of the 0. 2 or 2.0 amp tap setting. This 

selection is made by connecting the lead located in 

front cf the tap block to the desired setting by means 

of the connecting screw. When the relay energizes a 

12 5 or 250 volt d-e type WL relay switch, or equiva­

lent, use the 0. 2 ampere tap; for -!8 volt d-e applica­

tions set relay in 2 runpere and use \\L r elay coil 

S:;304C209G01 or equivalent. 

INSTALLATION 

The relays should be mounted on switchboard 

panel s or their equiYalent in a location free from 

dirt, moisture. e xcessi \"e vibration, and heat. Mount 

the relay vertically by means of the four mounting 

holes on the flange for semi-flush mounting or by 

means of the rear mounting stud or studs for pro­

jection mounting. Either a mounting stud or the 

mounting scrP 1\ s may be utilized for grounding the 

relaY. The electrical connections mas be made 

riirectly to tllP t•'rminals by means of scre1,·s for steel 

Ig AMPERES IN UNTAPPED RESTRAINING COIL 

Fig. 8. Typical sensitivity characteristics of the Type 
CA Transformer Relay. 

panel mounting or to the studs furnished with the re­

lay for thick panel mounting. The terminal studs may 

be easily removed or inserted by locking two nuts on 

the stud and then turning the proper nut with a wrench 

For detailed FT Case information refer to I. L. 
41-076. 

ADJUSTMENTS AND MAINTENANCE 

The proper adjustments to insure correct operation 

of this relay have been made at the factory and 

should not be disturbed after receipt by the customer. 

Acceptance Te sts 

The following check is iCcommended to insure 

that the relay is in proper working order: 

1. Contact 

The index mark on the movement frame will coin­

cide with the "0" mark on the time dial when the 

stationary contact has moved through approximately 

one-half of its normal deflection. Therefore, with the 

stationary contact resting against the backstop, the 

index mark is offset to the right of the "0" mark by 

approximately .020 inch. The placement of the one 

time dial position in line with the index mark will 

give operating times as shown on the respective 

time-current curves. For double trip relays, the follow 

on the stationary contacts should be approximately 

1/32 inch. 

2. Minimum Trip Current 

With the relay set on the 5-5 tap, the contacts 
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TYPE CATRANSFORMERRELAY __________________________________________________ _ 
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187A778 

*Fig. 9. Typical 60 hertz Time Curves for the Type CA 
Transformer Relay. 

should close within the following limits with current 

applied to the specified terminals: 

terminal 9 and 5 

terminal 7 and 5 

3. Differential Characteristics 

2.7 to 2.8 amperes 

2.9 to 3.2 amperes. 

Connect the relay per the test circuit of figure 13. 

(NORMAL CONNECTION). Set the relay on the 5-5 

tap and apply 20 amperes to terminal 9. The relay 

should just operate when the current from terminal 

7 is between the limits of 28.5 to 31.5 amperes. 

The above points should be t aken with the relay 

cool. Care should be taken not to overheat the relaY. 

Reverse the connection to terminal 7 and 9 and 

apply 20 amperes to terminal 7. The relay should just 

operate when the current from terminal 9 is between 

the limits of 29 to 33 amperes. 

4. Time Curve 

With the time dial on the number 1 position , apply 

20 amperes to terminals 5 and 9. The relay should 

operate between .0 80 and .10 seconds with a tap 
setting of 5-5. 

'i. Indicat in g Contoctor Switch (ICS) 

Close the main relaJ· contacts and pass sufficient 

6 

Curve 282267 

*Fig. TO. Typical 60 hertz saturation curves for the Type CA 
Transformer Relay. 

d-e current through the trip circuit to close the con­

tacts of the ICS. This value of current should not be 

greater than the particular ICS tap setting being used . 

The indicator target should drop freely. 

The contact g ap should be approximately .0 47" 

between the bridging moving contact and the adjust­

able stationary contacts. The bridging moving contact 

should touch both stationary contacts simultaneouslY. 

Routine Maintenance 

All relays should be checked at such time inter­

vals as may be dictated by experience to be suitable 

to the particular application. 

All contacts should be periodically cleaned. A 

contact burnisher Style 1f182A836HO 1 is recommended 

for this purpose. The use of abrasive material for 

cleaning contacts is not recommended, b.Jcause of 

the danger of embedding small particles in the face 

of the soft silver and thus impairing the contact. 

CALIBRATION 

Use the following procedure for calibrating the 

relay if the relay has been taken apart for repairs or 

the adjustments disturbed. This procedure should 

not be used until it is apparent that the relaY is 

not in proper working order (See "Acceptance 

Check''). 

• 

.. 

• 
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!J AMPERES 

Curve 282372 

* Fig. 11. Typical 60 hertz burden curves for the type CA 
Transformer Relay on the 5·5 top (Is = 0) 

1. Contact 

The index mark on the movement frame will co­

incide with "0" mark on the time dial when the sta­

tionary contact has moved throue,l", a.pproximately one­

half of its normal deflection. Therefore, with the sta­

tionary contact resting against the backstop, the in­

dex mark is offset to the right of the "0" mark by 

approximately .0 20 " . The placement of the one time 

dial position in line with the index mark will give 

operating times as shown on the respective time­

current curves. For double trip relays, the follow on 

the stationary contacts should be approximately 

1/32". 

2. Minimum Trip Current 

The adjustment of the spring tension in setting 

300" 

Ill 
" 
o( � 
"' 
1-C::tSO' 
> 

�IZO' 

0 10 zo 30 40 so 
h AMPERES 

Curve 282373 

*Fig. 12. Typical 60 hertz burden curves far the type CA 
Transformer Rel ay an the 5-10 Tap (Is= 'h/7) 

the mmlffium trip current value of the relay is most 

conveniently made with the damping magnet removed. 

With a t ap  setting of 5· 5, apply current to ter­

minals 9 and 5 of the relay and adjust the control 

spring tension so that the moving contact just closes 

bet we en limits of 2. 7 to 2. 8 amperes. ApplY current 

to terminals 7 and 5 of the relay. The contacts 

should just close between the limits of 2. 9 to 3 . 1  

ampere. 

3. Percentage Slope Characteristics 

Points on the percentage slope curve can b e  

checked by use o f  the test circuit of Fig. 13. The 

operating current required to operate the relay should 

be within ± 7S"c of the curve value. Care should be 

taken not to overheat the relay during these tests. 
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TYPE CATRANSFORMER RELAY ________________________________________________ __ 

TTPE CA RELAY F�Q•T YIEW) 

(A) NORMAL WITH I7 > 11 

TYPE CA RELAY 

(B) REVERSE WITH 11 > 17 

AMMETERS 

} 240 VOLTS 

---------..... -- S��R��RTZ 
MOT£: USE VARIABLE RESISTORS WITH SIMILAR POWER FACTORS 

182A810 
* Fig. 13. Diagram of Test Connections for the Type CA 

Transformer Relay in the Type F-T21 Case. 

4. Time Curve 

Place the permanent magnet on the relay and set 

the time dial at the number 1 position. Adjust the 
permanent magnet keeper until the contacts close 

between the limit of .085 to .095 sec. with 2D amperes 

applied to terminals 5 and 9. 

5. Indicating Contoctor Switch (ICS) 

Close the main relaY contacts and pass sufficient 

d-e current through the trip circuit to close the con-

8 
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182A808 
Fig. 14. External Schematic Diagram of the Type CA 

Transformer Relay in the Type FT21 Case for 
Protection of o Wye-Delto Transformer Bonk 

tacts of the ICS. This value of current should be not 

greater than the particular ICS tap setting being used. 

The operation indicator target should drop freely. 

The contact gap should be approximately . 0 47 " 

between the bridging moving contact and the adjust­

able stationary contacts. The bridging moving contact 

should touch both stationary contacts simultaneously. 

RENEWAL PARTS 

Repair work can be done most satisfactorily at 

the factory. However, interchangeable parts can be 

furnished to the customers who are equipped for doing 

repair work. When ordering parts, always give the 

complete nameplate data. 
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TYPE CA TRANSFORMER RELAY -----------------------'-·L-·4_1_·3_3_2_·2_0 

l 

J �-· 

) Pft•B 

� 
I ' 

I 

POS. 
OR 

DC TRIP BUS 
KOTE: ALWAYS COHHECT TERMihAL 7 TO ril�n CuRREnT AnU 

TERM I HAL 9 TO L0\11 CURREn f 
KEii.�6� I I :rd.186l86 

� PHASE 8 PHASE c I � SAME AS SAME AS ·------,l..P��SE A PHASE A 
... 87 T I\.:> �7 � PH:S E  1 

J 

ALARM 

�6 ;t-al £ £52-a2 

HEG. � 
OR ���----------------�--4------

POS. 

DE�ICE HU�dER CrtART 

87 - TRANSFORMER PERCEHTA�E DIFFEREft­
TIAL RELAY, TYPE CA 

87R - RESTRAiftlHu CO i L OF TYPE CA RELAY 

870P - OPERATIH� COIL OF TYPE CA �ELAY 

86 - AUXILIAR1 TRIPPlk� RELAY, TYPE WL 

�4 - PO�ER CIRCUIT dREAKER 

a - dREA�ER AuXILIARY COftTACT 

TC - dREA�ER fKIP COIL 

ICS- IKDICATih� COHTA�TO� SWITCH 

(1. Fig. 15. External Schematic Diagram of the Type CA Transformer Relay in the Type F T21 Case for Protection of o 

De/to-De/to T ronsformer Bonk 
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TYPE CA TRANSFORMER RELAY ------------------------I ._L_.4_1_· 3�32:.:·.::.::..2D 

10 

IRDICATIRO 
CORTACTOR 
SWITCH 

MOTES; I. CORRECT TERM. 7 TO Mlllll CUIIEIIT, 
TERM. 9 TO LOW CUIIEIIT UO TERM. 5 
TD COINlR. 

INTERNAL SCHEMATIC 

2. TERM. �.A & a UE TO IE JIMEIED AT 
RELAT CASE, 

IESTUIUU COILS 

I[D WARDLE 
TEST Sill TCII 

;K�"-f--+- CUIIEIIT TEST JACI 

CJUSSI S OPEUTED 
SIIOITIIG Sill TCll 

TEitiUUL 

18SAS30 
* Fig, 16. Re lay · Type CA · Percentage Differential· with 1.1, T, for Transformer Protection in type FT 21 Case. 

IRD I CAT IM� 
CONTACTO� -- · -­
SI I TCH 

INTERNAL SCHEMATIC 

�CA1CS_CA liCS 
' 

RESTRAilllG COILS 

-OPERATING COIL 

I 
- ·- CHASSIS OPERA TED ...-1----+---SHO�TIMil S•ITCh 

I , 

L��;�&--:��:-iE�i� hOHS: 0 ® ® � � 
J, �ONNECT TER�. 7 TO 

h'�H CURRE�T. TE>l�.cl '" 
LOW CuR>lENT AND TERM.' 
TO co��o�. 

2. TER�.:O,b,o o ARE r, �E 
JUMPERED l> RELH CA�E. 

FRONT VIEW 

-REO hANJLE 
TEST SW'TCH 
CURRE�T TEST JAC � 

TER>41UL 

183:\658 
-¥ F ig . 17. Relay . Type CA. Percentage Differential. for Transformer Protection • Double Trip in type FT 21 Case. 
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TYPE CA TRANSFORMER RELAY ---------------------�•.:.::·L:.:.....4..:...:1:..:·3:.::::3::.:2.2!:!::.D 

t. 
I 
+ 

-L6.375 
(161.93) 

10.438 
(265.13) 

+ 

5.219 
(132.56) 

3.188 11 
(80.98) �I 

PANEL LOCATION 

SEMI- FLUSH M TG, 

.563 
(14.30) 

PROJECTION M T G, ------" 

.250 DIA. 4 HOLES FOR 

(6•35l .190·32 MTG. SCREWS 

PANEL CUTOUT 6 DRILLING 
F OR SEMI- F LUSH MTG. 

57-D-7901 

Fig. 18. Outline and Drilling Plan for the Type CA Transformer Relay in tye Type FT21 Case. 
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