
Westinghouse 1. L. 41-332. 2A 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE CA PERCENTAGE 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. 

APPLICATION 

The type C A  percentage differential relay for 
transformer protection is designed for the differen ­
tial protection of power transformers. 

CONSTRU CTION 

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 Differential Unit 

This unit is an induction disc unit with an electro­
magnet 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 the 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 upper 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. 
If the operating winding is energized, this torque is 
in the contact closing direction. if current flows 
through the two restraining windings in the same direc­
tion, a contact opening torque is produced. 

Indicating Contactor Switch Unit (ICS) 

The d-e indicating contactor switch is a small 
clapper type device. A magnetic armature, to which 

Supersedes I. L. 41-332.2 
*Denotes change from superseded issue 

leaf-spring mounted contacts are attached, is attracted 
to the magnetic core upon energization of 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 indicator target to d rop. 
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 restraint for the armature and thus controls 
the pick-up value of the switch. 

OPERATION 

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 transfom1er ratios 
and no effective current flows in the operating coil 
winding and hence only contact Ol'Jening torque is 
produced. If the currents in the two restraining wind­
ings are effectively unequal, the effective difference 
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 rsstrain­
ing currents are in opposite directions and restrain­
ing torque tends to cancel out as illustrated in 
Fig. 4B. When the currents fed from the two sides are 
equal or effectively equal because of the taps used, 
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 
effective currents, divided by two, but since the m ore 
sensitive operating coil is energized by the sum of 
the two currents, the restraint in this case is incon-
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TYPE CA TRANSFORMER RELAY 

2 

Fig. 1, Type CA Transformer Relay (Front V iew) 

Fig. 2. 'Type CA Transformer Relay (Rear Vi ew) 
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Fig. 3. Internal Schematic of the type CA Transformer 
Relay in the type FT27 Case. 

sequential, and a large amount of contact closing 
torque is produced. 

CHARACTERISTI CS 

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 l ines 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 following formulas: 

7 .517 
For the upper curve: I g= --::r- (1) 

For the l ower curve: I 7 = . 3T19 ( 2) 
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Fig. 4. S chematic diagrams of the percentage differentiql 
relays (A) shows the fault current distribution for 
an external fault; (B) the distribution for an in­
ternal 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 Ig = 30, 
read from the lower curve for the 5-5 tap, F,ig. 4.  
Applying the formula, equation ( 2)  the calculated 
value of I7 is found to be 45 amperes, which is fairly 
close to the curve value, 17 = 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 180oout-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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Fig. 5. Typical operating curves for low values of current. 

at 250 d-e and the seal-in contacts of the indicat­
ing contactor switch will safely carry this current 
long enough to trip a circuit breaker. 

The indicating contactor switch has two taps that 
provide a pick-up setting of 0 .  2 or 2 amperes. To 
change taps requires connecting the lead located in 
front of the tap block to the de

,
sired setting by means 

of a screw connection. 

Trip C.ircuit 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 cycle burdens of the type CA relay are 
best given in curve formulas ill ustrated 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 mar 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 would be in the proper 
ratio of the 5-7.3 taps, but when these taps are used, 
6.85 amperes would flow in a portion of the 5 ampere 
operating coil. 
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Fig. 6. Typical o perating curves for high values of current. 

SETTINGS 

Percentage Differential Unit 

The transformer relay is detailed in Fig. 4. To 
change the tap setting of the transformer relay under 
load conditions, 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 val ue. 
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 r..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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Fig. 7. Fundamental relationships 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 of the tap block to the desired setting by means 
of the connecting screw. When the relay energizes a 
125 or 250 volt d-e type WL relay switch, or equiva­
lent, use the 0.2 ampere tap; for 48 volt d-e applica ­
tions set relay in 2 arnpere and use WL r elay coil 
S�t304C209G01 or equivalent. 

INSTALLATION 

The relays should be mounted on switchboard 
panels or their equivalent in a location free from 
dirt, moisture, excessive 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 screws may be utilized for grounding the 
relay. The electrical connections may be made 
directly to the terminals by means of screws for steel 
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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. 

AD JUSTMENTS 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 Tests 

The following check is recommended 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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Fig. 9. Typical 60 cycle T i me 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 

2.7 to 2.8 amperes 
2.9 to 3. 2 amperes. 
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Fig. 10. Typical 60 cycle 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 particulariCS tap setting being used. 
The indicator target should drop freely. 
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INSTALLATION • 

Westinghouse I.L. 41-332.2B 

OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE CA PERCENTAGE 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. 

APPLICATION 

The type CA percentage differential relay for 
transformer protection is designed for the differen -
tial protection of power transformers. 

CONSTRU CTION 

The type CA 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 Differential Unit 

This unit is an induction disc unit with an electro­
magnet 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 the 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 upper 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. 
If the operating winding is energized, this torque is 
in the contact closing direction, if current flows 
through the two restraining windings in the same direc­
tion, a contact opening torque is produced. 

Indicating Contactor Switch Unit ( ICS) 

The d-e indicating contactor switch is a small 
clapper type device. A magnetic armature, to which 

SUPERSED ES I.L. 41-332 .2A 
*Denotes change from superseded issue. 

leaf-spring mounted contacts are attached, is attracted 
to the magnetic core upon energization of 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 indicator 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 restraint for the armature and thus controls 
the pick-up value of the switch. 

OPERATION 

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 
and no effective current flows in the operating coil 
winding and hence only contact opening torque is 
produced. If the currents in the two restraining wind­
ings are effectively unequal, the effective difference 
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
ing currents are in opposite directions and restrain­
ing torque tends to cancel out as illustrated in 
Fig. 4B. When the currents fed from the two sides are 
equal or effectively equal because of the taps used, 
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 
effective 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-
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TYPE CA TRANSFORMER RELAY 

2 

Fig . 1. Type CA Transformer Relay (Fro nt V iew) 

Fig. 2. 'Type CA Transformer Relay (Rear View) 
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Fig. 3. Internal Schematic of the type CA Transformer 
Relay in the type FT21 Case. 

sequential, and a large amount of contact closing 
torque is produced. 

CHARACTERISTICS 

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 pain� 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 following formulas: 

* 
For the upper curve: Ig 

7.5 
- I 

T 7 

For the lower curve: r7 = .3T r9 
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Fig. 4. Schematic diagrams of the percentage differentia/ 
relays (A) shows the fault current distribution for 
an external f ault; (B) the distribution for an in­
ternal fau ft. 

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 Ig = 30, 
read from the lower curve for the 5-5 tap, B,ig. 4 .  
Applying the formula, equation ( 2) the calculated 
value of I7 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 s'hows the operating curves for the relay 
with the restraining currents 180° 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 

3 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE CA TRANSFORMER RELAY--------------------------

.. 

1-1 T• S.ttln s 
.... _, 

/ / / 

l7 ..... II TWII MITIAIIUI CIIL 

·-· 
·�·-· 

_, ... , ... 
/ -•·•x 

... 
___. 1-10 

183Al61 

Fig. 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 
provide a pick-up setting of 0 .  2 or 2 amperes. To 
change taps requires connecting the lead located in 
front of the tap block to the de

,
sired setting by means 

of a screw connection. 

Trip Circuit Constant 

I ndicating 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 cycle 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 would be in the proper 
ratio of the 5-7.3 taps, but when these taps are used, 
6.85 amperes would flow in a portion of the 5 ampere 
operating coil. 
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Fig. 6. Typical operating curves for high values ofcurrent. 

SETTINGS 

Percentage Differentia I Unit 

The transformer relay is detailed in Fig. 4. To 
change the tap setting of the transformer relay under 
load conditions, 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 r..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

tioll. 
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Fig. 7. Fundamental relationships in the Type CA Electro· 
magnet. 

Indicating Contactor Switch (ICS) 

No setting is required on the res 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 of the tap block to the desired setting by means 
of the connecting screw. When the relay energizes a 
125 or 250 volt d-e type WL relay switch, or equiva· 
lent, use the 0 .  2 ampere tap; for 48 volt d-e applica­
tions set relay in 2 arnpere and use \\'L r elay coil 
Stt30 4C209G01 or equivalent. 

INSTALLATION 

The relays should be mounted on switchboard 
panels or their equivalent in a location free from 
dirt, moisture, excessive 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 screws may be utilized for grounding the 
relay. The electrical connections may be made 
directly to the terminals by means of screws for steel 

6 
...J 

8 5 

r-o Hw 
a.. a.. 
� 

I 

0 

� 1'\: �- -

r-... r-... !\. 
......... 

I" 
f' 

v 5-10 

""' lr 5-7.3 AMPERE RATiO TAPS 
v lr 5-5 

1'-t � ' 
r-..: I"" """' 

t--. 'l' 
r-...: � ..... � 

0 .5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

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. 

AD J USTMENTS AND MAIN TENANCE 

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 Tests 

The following check is recommended to insure 
that the relay is in proper working order: 

1. C antact 

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 avproximately 
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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� ··�T*,_rr++�FTT+,_��,_rr++1-rr++�� � 2---20 40 60 80 100 CURRENT IN AMPERES 120 140 160 

187A778 

Fig. 9. Typical 60 cycle Ti me Curves for the Type CA 
Transformer Relay. 

should close within the fol lowing 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 circl'.lit 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 taken 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 betwee n 

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 .080 and .10 seconds with a tap 

setting of 5-5. 

5. Indicating Contactor Switch (ICS) 

Close the main relay contacts and pass sufficient 

6 

AMPER.ES Curve 282267 

Fig. 10. Typical 60 cycle saturation curves for the Type 
CA Transformer Relay 

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

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

greater than the particulariCS tap setting being used. 

The indicator target should drop freely. 

The contact gap should be approximately .047" 
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 1t182A836H01 is recommended 

for this purpose. The use of abrasive material for 

cleaning contacts is not recommended, because 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 d isturbed. This procedure s hould 

not be used until it is apparent that the relay is 

not in proper working order (See "Acceptance 

Check"). 
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.;GO" 

300' 

l40" 

.. ... 
"' 
<!) 
<( -' 

11!0"' V1 
1-_J 0 
> 
"' 
uJ uJ oc "120" uJ 6 
0 
(!) 

4 
</) 

60" f:j o3 
> 

17 1\MPERES 

Curve 282372 
Fig. 11. Typical 60 cycle burden curves for the type C A 

Transforme r Relay on the 5-5 tap ( 15 = 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 throu!',t approximately one­
half of its normal defl ection. 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 � ". 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 a pproximately 

1/ 32". 

2. Minimum Trip Cvrrent 

The adjustment of the spring tension in setting 

240" 
� 
<J) 
\:J 
..: 
_J 

V1 
1-cSISO" 
> 
V) "' 
w "' 
8 0 
(!) 120" 

60" 

4 ;, <I) I 
1- : ..J 0 3 
> 

I7 1\MPERES 

Curve 282373 
• 

Fig. 12. Typical 60 cycle burden curves for the Type CA 
Transformer Relay on the 5-10 Tap ( IS= 'h 17) 

the minimum trip current value of the relay is most 
conveniently made with the damping magnet removed. 

Wtth a tap setting of 5-5, appl y  current to ter­
minals 9 and 5 of the relay and adjust the control 
spring tension so that the moving contact just closes 
between 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 of the test circuit of Fig. 13. The 
operating current required to operate the relay should 

be within ± 7% of the curve value. Care should be 
taken not to overheat the relay during these tests. 

7 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om
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(A) •OIMM. WITH 17 > 11 

(I) REVEISE WITH 11 > 17 

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

Transformer Relay in the Type FT21 Case. 

4. Time Curve 

Place the permanent magnet on the relay and set 
the time dial at the number 1 position. A djust the 
perm anent magnet keeper until the contacts close 
between the limit of . 085 to .095 sec. with � amperes 
applied to terminals 5 and 9. 

5. Indicating Contactor Switch (ICS) 

Close the main relay contacts and pass sufficient 

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

8 

t'uS. 
_::.""'!:"=--=::....:: G£'111:1: lUINU CUlT 

87 - TUISfOINEI PUCUUQ£ llff£U.­
TI&L lii{LAI, TrrE CA 

871 - IESTIAIAI ... COIL Of OP£ CA IIU.Y 

8101' • OI'UAJIJh. COIL Of TtP£ CA llUY 

II - AUII�IAIIIY J,IIPPIIi lf:LAY, TfP£ .._ 

:.2 - P'OWEJt CIICUIT IIEAIE.I 

• - diCEAlU AUliLIAIII COIIT&er 

rc - 4JIEAlU fliP COIL 

182A8o8 
Fig. 14. External Schematic Diagram of the Type CA 

Transformer Relay in the Type FT21 Case for 
Protection of a Wye-Delta Transformer Bank 

tacts of the ICS. This value of current should be not 
greater than the particular ICS tap setting being used. 
The operation indicator target shou-ld 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 
rep air work. When ordering parts, always give the 
complete nameplate data 
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����f�R�'P���u-S 

nOTE: ALWAYS COHnE.Cf fERI'41nAL 7 fO HIGH CURRENT AND 
TEnMIHAL 9 TO LOW CUKKE.nf 

NEI.i. 

87-:l. 87-3 

NE.Ii. 
OR ��----------------�--�------

POS. 

DE�ICE HUMdER �HART 

o7 - fRANSFO�MEK PERCENTA�E. DIFFEREN­
TIAL �ELA1, TYPE CA 

d7R - RESfnAinlnl.i COIL OF fVPE CA RELAY 
d70P - �Pl�ATI�� COIL OF TYPE CA �ELA1 

0� - AuX1LI4�f TRIPPikl.i RELAv, TWPE WL 
�L - POwE� �l�C�IT dREAKER 

a - dREA�E.n AuXILIARY COHfACf 
TC - dKEA�En f�IP COIL 

ICS- lrtDICArth.i COIHA�fO,{ SWITCH 

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

Delta-Delta Transformer Bank 
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Fig. 16. Outline and Drilling Pla n for the Type CA Transformer Relay in the Type FT21 Case. 
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INSTALLATION 
Westinghouse I.L 41-332.1 o 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE CA PERCENTAGE DIFFERENTIAL RELAY 

FOR TRANSFORMER PROTECTION 

CAUTION Before 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 see that they are clean and close prop­
erlY, and operate the relay to check the settings and 
electrical connections. 

APPLICATION 

The type CA percentage differential relay for 
transformer protection is designed for the differential 
protection of power transformers. 

CONSTRUCl'ION AND OPERATION 

The type CA relay consists of a percent�ge 
differential unit, and an indicating contactor switch 
unit. The construction and operation of these units 
are as follows: 

PERCENT AGE DIFFERENTIAL UNIT 

This unit has an electromagnet with several 
windings as shown in Fig. 2. Two restraining wind­
ings are placed on the lower left-hand pole (front 
view). The operating coil winding is wound on the 
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 upper 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. If the operating 
winding is energized, the torque produced is in the 
contact closing direction; if current flows through 
the two restraining windings in the same direction, 
a contact opening torque is produced. 

With the relay connected as in the schematic 
diagram, Fig. lA, a through fault causes currents to 
flow through the two restraining windings in the same 
direction. If the current transformers operate prop­
erlY, these restraining currents are equal, or ef­
fectivelY equal if appropriate auto balance taps are 

SUPERSEDES I.L. 41-332.1C 
* Denotes change from superseded issue. 

used to compensate for a mismatch in current trans­
former ratios, and no effective current flows in the 
operating coil winding, and hence onlY contact 
opening torque is produced. If the currents in the 
two restraining windings are effectivelY unequal, the 
effective difference 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 the restraining current. The operating 
curves for the relay are shown in Fig. 3 and 4. 

In the case of a heavy internal fault, when an ex­
ternal source feeds current into the fault, the re­
straining currents are in opposite directions, and re­
straining torque tends to cancel out as illustrated in 
Fig. lB. When the currents fed from the two sides 
are equal or effectivelY equal because of the taps 
used, the restraint is totallY cancelled. When ef­
fectively unequal currents flow in from the two 
sides, the restraint is equivalent to the difference in 
the two effective 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 
inconsequential, and a large amount of contact 
closing torque is produced. 

Fig. 6 shows the operating curves for the relay 
with the restraining currents 180" out-of phase. 
These curves also app].y where current flows in onlY 
one restraining winding and the operating coil. 

INDICATING CONTACTOR 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 at­
tracted to the magnetic core upon energization of 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 armature deflect a spring located on the front of 
the switch, whfch allows the operation indicator 
target to drop. The target is reset from the outside 
of the case by a push rod located at the bottom of the 
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TYPE CATRANSFORMERRELAY ______________________________________________ __ 

PROTEC�I'MEMT 

r"V"V"'. - rvY'.� �� 

;;r l t L; EXTED'L 
FAULT 

f Is·O � 

,.--f1 �· 
95 ¢ 1 ¢9 

A. .rr. I�-+ 

PROTECTED EQUIPNUT 

B. 

182A885 

Fig. 1. Schematic: Diagrams of the Percentage Differen­
tial Relay; (A) Shows the Fault Current Distribu­
tion for an External Fault; (B) The D istribution 
for an Internal Fault. 

cover. 

The front spring, in addition to holding the tar­
get, provides restraint for the armature and thus 
controls the pickup value of the switch. 

CHARACTERISTICS 

The operating characteristics of the relay for 
normal through load current and through fault current 
are shown in Fig. 3 and 4. When the currents flow­
ing 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. 3 and 4, 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 ap-

2 

IIDICATIIIG 
COITACTOR 
SIITCII 

I IQT£1: 

INTERNAL SCHEMATIC 

1. COllECT TERM. 7 TO 111811 CURIEIIT, 
TEIN.i TO LOW CUIREIT AIID TEIM.i , . .__ 

2· TEIN.i,e I I AlE TO IE .WWEIED AT 
RELAY CASE. 

IEITIAIIHIG COILS 

Qf'EUTIIIGCOIL 

57-D-4554 

Fig. 2. Internal Schematic: of the Type CA Transformer 
Relay in the T ype FT2 1 Case. 

proximately by means of the following formulas: 

For the upper curve: I9 = 7.5I7 
T 

(1) 

For the lower curve: I7 = .3Tig (2) 

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 I7 = 43.5, and 19 = 30, 
read from the lower curve for the 5-5 tap, Fig. 4. Ap­
plying the formula, equation (2), the calculated value 
of I7 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. 5, which has been in cluded to illustrate the 
meaning of these equations. 

TYpical time-of-operation curves are shown in 
Fig. 7. 

TRIP CIRCUIT 

The main contacts will safelY close 30 amperes 
at 250 volts d-e and the seal-in contacts of the in­
dicating contactor switch will safely carry this cur­
rent long enough to trip a circuit breaker. 
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TYP t CAL OPE RAT I NG CURVES FOR LOW VALUES OF CURRENT 
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Fig. 3. Typical Operating Curves for Low Values o f  Current. 
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��:s::, �Oe<'R'T'NG CO'C 

� v r;  
RESTR-"I N I NG COILS 

I� (EFF ECTIVE) = f i7 - i 9  
SINCE THE �E:LAY IS A SO % RELAY t I7 - I9 = 0.5" I9 

FOR MINIMUM OPERAT I NG CU RRENT 
FROM WHICH I7 = . 3 T I9 

5A 

�Oe<R "T , N G  em 

� v i;  
RESTRAI N I NG COILS 

Ip ( EFFECTIVE) = I9 - -f I7 
SMALLER RESTRAINT CURRENT (EFFECTIVE) = I '7 = f I9 
I [, =  0. 5 I '7 FOR M I N I M U M  OPERATI N G  CURRENT 

FROM W H ICH I9 - f I7 = 0.5 ( t I7) 
AND :i9 = 7T5 I7 

Fig. 5. F undamental Relationships in the Type CA Elec­
tromagnet. 

The indicating contactor switch has two taps that 

provide a pickup setting of 0.2 or 2 amperes. To 

change 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 

INST A LLA TI ON 

The relays shocld be mounted on switchboard 

panels or their equivalent in a location free from 

dirt, moisture , excessive 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 scre·.·s may be utilized for grounding the 

relay. The electrical connections may be made 

direct�y to the terminals by means of screws for 
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Ig AMPERES IN UNTAPPED RESTRAINING COIL 

Fig. 6. Typical Sensitivity Characteristics of the Type 
CA Transformer Relay. 

steel panel mounting or to the terminal studs furnish­

ed with the relay 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. 

SE T TING S 

The transformer relay is detailed in Fig. 2. To 

change the tap setting of the transformer relay under 

load conditions, 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 pre­

viously 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 r'.ltios ,  but also any 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 �.he currents are 7.8 and 

4.6 amperes ,  with the relay properly connected so 

that the higher current, 7.8 amperef;, flows in the 

tapped restraining winding. The ratio 4.6/7.8 is 

equal to 5/8.47. The nearest tap ratio on the relay 
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Fig. 7. Typical 60 cycle Time-of-Operation Curves for the T ype CA Transformer Relay. 

is 5/8, and this pair of taps should be used. 

INDICATING CONTACTOR SWITCH (ICS) 

No setting is required on the ICS unit except the 
selection of the 0 . 2  or 2.0 ampere tap setting, This 
selection is made by connecting the lead located in 
front of the tap block to the desired setting by means 
of the connecting screw. When the relay energizes 
a 125 or 250 volt d-e type WL relay switch, or 
equivalent, ·use the 0 . 2  ampere tap. 

A DJ U ST MENT S AND MA INTENANCE 

The proper adjustments to insure correct opera­
tion of this relay have been made at the factory and 
should not be disturbed after receipt by the customer. 
If the adjustments have been changed , the relay 
taken apart for repairs, or if it is desired to check 
the adjustments at regular maintenance periods, the 
instructions below should be followed. 

All contacts should be cleaned periodicallY. A 
contact burnisher S# 182A836HO 1 is recommended for 
this purpose. The use of abrasive material for 
cleaning contacts is not recommended, because of the 
danger of embedding small particles in the face of the 
soft silver and thus impairing the contact. 

PERCENT AGE DIFFERENTIAL UNIT 

To check the polarity of the restraining coils, 
adjust the spiral spring for zero tension by turning 
the spring adjuster. Then with the relay connected 
as shown in Fig. 11 pass 10 amperes through the two 
restraining coils with the lead to the operating coil 
disconnected. This should produce a torque in the 
contact opening direction. Similarity, 5 amperes 
flowing in one restraining coil and the operating coil 
should produce a positive contact closing torque. 

Adjust the position of the contact stop, and the 
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AMPERES 

Curve 282267 

Fig. 8. Typical 60 cycle Saturation Curves for the Type 
CA Transformer Relay. 

position of the stationary contacts , so that the mov­

ing contact travel is 7/32  inch, and the stationary 

contacts make at exactly the same time. Adjust the 

relay for minimum trip by passing current through 

one restraining coil and the operating coil in series 

as shown in Fig. 1 1  with the lead to the other re­

straining coil disconnected. Tighten the spiral 

spring by means of the spring adjuster until the 

relay contacts just close at 2. 75 amperes flowing 

through the untapped restraining coil and the opera­

ting coil with the relay set on the 5-5 tap. 

In checking the percentage sensitivity, set the 

rheostat R 1 of Fig. 1 1  for 20 amps.  restraining cur­

rent, and then vary the operating current by adjusting 

the rheostat, R2 , until the relay just trips. This pro­

cedure may be followed for both the normal and re­

verse connections, and the results compared with 

Fig. 4 which represents typical curves. The rheostats 

used in the operating and restraining circuits should 

be of low inductance and have the same power factor, 

so that the currents will be substantially in phase.  

Since the temperature of the windings affect the relay 

characteristic, the final reading for any curve ;,.>oints 

taken at high currents should be takEn with the relay 

cool. If these precautions are taken, a good check 

of the operating curves will be obtained. However, 

it should be remembered that individual relays will 

vary some what from the typical curves shown in 

6 

Figs. 3 and 4. 

INDICATING CONTACTOR SWITCH (ICS) 

Close the main relay contacts and pass sufficient 

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

tacts of the ICS. This value of current shoul d not be 

greater than the particular ICS tap setting being used. 

The indicator target should drop freely. 

The contact gap should be approximately .047 '' 

between the bridging moving contact and the adjust­

able stationary contacts. The bridging moving con­

tact should touch both stationary contacts simul­

taneously. 

RE NEWAL P A RTS 

Repair work can be done most satisfactorily at 

the factory. However, interchangeable parts can be 

furnished to customers who are equipped for doing 

repair work. When ordering parts , always give the 

complete nameplate data. 
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Transformer Relay on the 5- 10 Tap (15 = l/;z /7). 

EN ERGY REQUIRE MENTS 

The 60 cycle burdens of the type CA relay are 

best given in curve form , as illustrated and given by 

the curves, Figs. 8 , 9 ,  and 10.  

The restraining windings of the relay have a 

continuous rating of 10 amperes. The operating coil 

* 

( A }  NORMAL W I TH I7 > I� 

AMMETERS 

( B} REVERSE W I TH I� > 17 

} Z40 VOLTS 
---------.... - 60 CYCLE 

SOURCE 

NOTE: USE VAR I ABLE RES I STORS W I TH S I M I LAR POWER FACTORS 

182A810 

Fig. 1 1 . Diagram of Test Connections for the Type CA 
Transformer Relay in the Type FT2 1 Case. 

has a continuou!3 rating of 5 amperes. However, it is 

best not to allow more than 5 amperes in the untapped 

restraining winding in order to keep from over-loading 

a portion of the operating winding. For example , cur­

rents uf 10 and 6 . 85 amperes would be in the proper 

ratio of the 5-7 .3  taps,  but when these taps are used, 

6 . 85 amperes would flow in a portion of the 5 ampere 

operating coil. 
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DHICE IIIJM!i.Eil CHART 
87 - TRANSFOIU4ER PERCEMTAGE D I FFEREII­TJ.U ltELAY, TYPE CA 
87R • RESTRAINING COIL OF HPf CA RELAY 

870P • OPERATIIH.l COIL OF TYPE C.A RELAY 
86 - AUXILIAitY TKIPPING RELA�, TYPE WL 
:J2 • POWER CIRCUIT 6R£AKER 

• • tlREAKER AUXILIARY COIHACT 
TC • aREAKER TRIP COIL 
ICS • lhOICATINI> COtHACTOR SWITCH 

182A808 

Fig. 12. External Schematic D iagram of the Type CA 
Transformer Relay in the Type F T2 1  Case for 
Protection ol a Wye-Delta Transformer Bank. 
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Fig. 13. External Schematic Diagram ol the Type CA 
Transformer Relay In the Type FT21 Case lor 
Protection ol a Delta-Delta Transformer Bank. 
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Fig. 14. O utline and Drilling P lan for the Type CA Transformer R e lay In the Type F T2 1  Case. 
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