
INSTALLATION 
Westinghouse I . L. 41-337.4A 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE KAB HIGH IMPEDANCE 

BUS DIFFERENTIAL RELAY 

CAUTION: Before putting relays into servic e ,  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  
properly, and operate the relay to  check the settings 
and electrical connections . 

AP P L I CAT I O N  

The type KAB relay i s  a n  instantaneous relay of 

the high impedance type used for bus differential 
protection. 

* AP P L I CAT I O N  C ON S I D E RAT I ON S  

The type KAB relay can b e  applied for bus 

protection in most cases where bushing type ct's 

are in use, and in metal-clad equipment where ct's 

with toroidally wound cores have their windings 
completely distributed are employed. Dwg. 265C 196 

shows the external connection . 

The following points should be considered or 
should be known on any proposed type KAB relay 
application :  

1.  All ct's in the bus differential circuit should 
have the same ratio, and should be operated on 
their full tap . If tap connection cannot be avoid­
ed, the winding section between the tap s being 
used must be fully distributed and the high 
voltage which may appeaT at the full tap terminal 
due to the auto-trans former action should b e  
checked. 

2.  The leakage impedance of the ct 's which are to 
be used should be low. 

3. The use of the auxiliary ct's is not recommend­

ed. If this cannot be avoided the additional 

impedance from the auxiliary ct's and the high 
voltage which transformed by the auxiliary ct 

should be checked. 

SUPE RSEDES I .L. 41-337.4 
*Denotes change f rom superseded 1ssue. 

4. The best location for the junction points is 
equidistant from all ct's. 

5 .  The lead resistance from the junction points to 
the relay terminals is not critical .  

6. A lockout relay contact is recommended to short 
circuit the varistor following the relay operation 
in order to prevent the varistor from ove rheating. 

7 .  To insure a substantial margin of operation the 
voltage-unit should not be set higher than VK• 
where VK =the k nee voltage value of the poorest 
ct which be connected to the r elay. The k nee  
voltage is  defined as  the inters ection of the 
extension of the two straight line portions of the 
saturation curve ,  ordinate and abscissa must 
be same scale for each decade.  

8 .  The maximum number of circuit s  which can be 
connected to  the relay or the minimum internal 
fault current required to ope rate the r elay c an 
be estimated from the following equation 

lmin. = ( XJe + lR + ly) N 

where Imin. =minimum internal fault current , RMS. 

Ie = ct secondary excitation current at 
a voltage equal to the setting 
value of V-unit . 

I R = Current in V-unit at setting voltage 
VR (i . e. lR = VR,/2600) 

Iy = Current in varistor circuit at a 
voltage equal to the setting value 
of V-unit. 

N = ct turn's ratio. 

X = Number of circuits connected to 
the bus . 

CON S T R U C T I O N  

The relay consists of a high speed overvoltage 
cylinder unit (V) a high speed overcurrent unit (IT) , 
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TYPE KAB HIGH IMPEDANCE 
BUS DIFFERENTIAL RELAY 

a \'Oltage limiting suppressor ( varistor), an adjust­
able reactor and capacitors for completing a tuned 
ci rcuit. 

Overvoltage Unit V 

The wltage uni t is a product i nduction cylinder 
type unit operating on th e interaction between th e 
polari zing ci rcuit  flux and the operating circuit flux. 

1\Iecllanically,  the voltage unit is compo s e d  of 
tour basic co mponents: A di e-cast aluminum frame, 
an electromagnet, a moving elem ent asse mbly, and 
a molded bridge. 

The frame serves as the mounting structure fo r 
the magnetic core. Tlw magnetic core which houses 
thP 10\rer pin bearing is secur ed to the frame by a 
locking nut. Th e bearing can be replaced, if nece s­
sary, without lla\'ing to remove the magnetic core 
from the frame. 

The electromagnet has two s erie s-connected 
polarizing coils mounted di am eterically opposite one 
another;  two series-connected operating coils mounte d 
di ametrically oppos ite one another; two magnetic 
adjusting plugs; upp er  and lower adjusting plug 
clips , and two locating pins . The l ocating pins are 
used to accuratPly position the lower pin bParing, 
which is threaded into the bridge . The electro magnet 
is s ecure d  to th e fram e by four mounting s crews .  

The rnodng element ass embly consists o f a  s piral 
spring, contact carrying me mber, and an aluminum 
cylinder ass embled to a molded hub which holds th e 
shaft. The sh aft has remO\'able top and botto m je wel 
bearing. The shaft rides betwe en th e bottom Pin 
bearing and the upper pin bearing with th e cylinder 
rotating in an air gap formed by the electromagnet 
and the magnetic core.  

The bridge is secured to the electromagnet and 
frame by two mounting screws. In addition to h olding 
th e upper pin bearing , th e  bridge is us e d  for mounting 
th e adjustabl e stationary contact housing. T h e  sta­
tionary contact housing is h el d  in po sition by a 
spring type cl amp. The spring adjus ter is located o n  
t h e  underside o f  the bridge and i s  attache d  t o  th e 
mo ving contact arm by a spiral spring. The spring 
adj uster  is also held in p lace by a spring ty-pe clamp. 

With the contacts clos e d, the e l e ctrical connec­
tion is made through th e stationary contact housing 

2 

clamp, to the mo ving contact. through th e s piral 
spring out to the spring adjuster cl amp. 

Overcurrent Unit (IT) 

The instantaneous unit is a small a-c operate d 
clapper type device. A magnetic armature, to which 
le af-spring mounted contacts are attached, is at­
tached to the m agnetic core upon energization of the 
switch. When the switch clos e s ,  th e moving contacts 
bridge two stationary contacts completing the trip 
circuit. 

A core screw acce s sible from th e top of th e 
switch provides th e adjustable pickup range . 

The coil is tapped and the tap s brought out to 
a tap block. By means of the Hi and L o tap and th e 
adjustabl e core, a pickup range of 16 to 1 m ay be 
o btained. 

Varistor 

The varistor is an non-linear voltage dependent 
resistor. It consists of four discs of electrical grade 
silicon carbide material mounted between cooling 
fins and connected in serie s .  They are as sembled 
i n an integral mechanical as sembly and should not 
be taken apart. 

Reactor 

The adj ustable reactor is an air-gap type h aving 
two iron screws which are used at the factory to 
tune the circuit for maximum current at rated fre­
quency . This feature all ows retuning of th e circuit 
in the e vent oth er  parts of the circuit are re placed. 

I ndicating Contactor Switch Unit (ICS) 

The indicating contactor switch is a s mall d-e 
operate d cl apper type device . A m agnetic arm ature ,  
t o  which leaf-spring mounted contacts are attached, 
is attracted to the magnetic core upon energization 
of the switch. When the switch clo s e s ,  th e moving 
contacts bridge two stationary contact s ,  com pleting 
the trip circuit. Also during this ope ration two fin­
gers on the arm ature deflect a spring located on th e 
front of the s witch , 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 cov e r .  

The front spring, in addition to h olding th e target, 
provide s  restraint for the armature and thus control s  
the pickup value o f  th e switch . 
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TYPE KAB HIGH IMP EDAN C E  
B U S  DIFFE R E NTIAL R E L AY 

* 
O P E R AT I ON 

The relay is connected as shown in external 
connection figure 5. In normal operation the voltage 
at the relay terminals is approximately zero. In 
the case of an external fault, the ct in the faulted 
feeder will produce a secondary voltage necessary 
to force the total secondary fault current through 
its windings. Neglecting the effect of load current, 
the unfaulted ct's will produce no secondary voltage. 
If both the source ct's a nd the faulted feeder ct's 
are not saturated, the voltage at the relay remains 
approximately zero. 

However, during severe external faults the feeder 
ct may saturate. The source ct's would then, have 
to produce enough voltage to force their currents, 
through their own windings and through the winding 
and leads of the faulted ct. In this case a voltage 
would appear across the junction point equal to 
the total secondary currents of the source ct's 
multiplied by the resistance of the faulted ct 
secondary winding plus its leads to the junction 
point. The relay is usually set to operate at some 
voltage higher than the anticipated voltage expected 
for this condition. This faint voltage will be lower 
than the calculated voltage since the fault ct will 
always produce some voltage and also the source 
ct will tend to saturate. The de offset component 
of this voltage does not affect the relay operation 
by reason of the series tuned circuit as well as the 
insensitivity of the voltage unit to de. 

In the case of an internal fault, the feeder ct's 
have in effect open circuited primaries and therefore 
secondary impedances equal to the magnetizing 
impedance which is high. The source ct 's will 
produce high voltages to drive the fault current 
through the fe eder ct secondaries. This high 
voltage will appear at the relay terminals and will 
be well above the pickup setting. 

During severe internal faults the source ct 
will saturate to limit the RMS value of secondary 
voltage. However, the peak voltages of the wave 
form could be quite high and overstress the insula­
tion. A varistor is connected internally to reduce 
this voltage. Figure 2 shows the electrical char­
acteristics of this device. 

The overvoltage unit is a high speed device 
and will operate in 2 cycles at twice pickup using 
a sine wave test voltage. Under fault condition, the 
crest voltage is rather high for the first few cycles, 
the operating speed of the V-unit would be faster, 
Figure 6 shows the operating speed of 1. 5 cycles 

I.L. 41-337.4A 

from the typical staged faults. However, an over­
current unit is provided which may be connected 
in series with the varistor and will operate on 
current flow during severe internal faults when the 
varistor conducts current to limit the secondary 
voltage. The application of overcurrent unit has no 
effect on the operating speed of the voltage unit. 

C HARAC T E R I S T I C S  
Overvoltage Unit (V) 

The range of pickup of the overvoltage unit is 
adjustable from 75 to 300 volts. The pickup is obtain­
ed by means of adjusting the spring windup. 

* Speed of operation is 2 cycles at twice pickup. 
(sine wave test voltage). 

Over current Unit (IT) 

The range of the overcurrent unit is 3 to 48 am­
peres . A tap is used to obtain this by use of two 
settings (Hi and Lo ). The Lo setting permits the 
core screw to be adjusted over a 3 to 12 ampere 
range. The Hi setting permits a 12 to 48 ampere 
range of adjustment. The scale plate is calibrated 
in multiples of minimum pickup. The pickup should 
be within ± 10% of the setting. 

Indicating Contactor Switch (ICS) 

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 Constants 

Contactor Switch-
0. 2 ampere tap 6 . 5  ohms d-e· resistance 
2.0 ampere tap 0.15 ohms d-e re sistance 

* S ET T I NG C A L C U LAT I O N S 

1 .  SETTING VOLTAGE UNIT 

The setting of the voltage unit can be expressed 
as follows: 

IF VR = K CRs + RL) -
N 

where VR =pick up setting of the V-unit, (RMS, 
volts.) 

Rs = de resistance of ct secondary wind­
ing, including internal leads to bush­
ing terminals. 

RL = resistance of lead from junction 
points to the most distance ct. (One-
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TYPE KAB HIGH IMPEDANC E 
B U S  DIFF E R E NTIA L R ELAY 

way lead for phase fault, two way 
lead for phase to ground faul t) . 

IF =Maximum external fault current ( RMS 
amp . )  c ontrib uted by the bus. 

N = ct turn's ratio. 

K = Margin factor 

The margin factor is a mo dification number. It 
varies with the reciprocal of the ct saturation 

. ( R s + RL ) IF fac tor, 1.e. [ --�----
N VK 

Figure 3 shows the margin factor c urve,  which 
is b ased on the High Power Lab tests on the 
KAB relay and c onsiders a safety factor of 2 .  
The use of this curve i s  explained i n  the sample 
calculation. 

2. SETTING C URRENT UNIT 

This unit is not intended for speed improvement. 
The High Power L ab . test data shows that its 
operation is always slower than the V -unit. 
T herefore, the setting c al c ulation for this unit 
is rather sim ple. First, calculate the value of 

(R s + RL ) (IF ) ,  then from curves i n  Fig. 4 
N 

find the value for the setting. These curves 
have considered a safety factor of 2. 

3 .  Example: 

Assume a 6 circuit bus, for which the maximum 
extPrnal 3-phase fault c ur rent is 60, 000 amperes 
rms, symmetrical, maximum external phase to 
gro und faul t  cu rrent is 45,000 amperes, and the 
minimum internal fau lt cur rent is 1 0,000 amp eres. 
Assume the ct's ratios are 2000:5, cl ass C400, 
VK = 375 \'Olts, secondary winding resistanc e 
Rs - 0.93 n, and one way l ead resistanc e to 
junction point RL = 1. 07D . 

A. SETTING OF VOL TAGE UNIT 

4 

a) for 3-phase fault condition 

( ( Rs t RL )_l_r ] I VK � [ ( 0. 93 + 1.07) 
N 

from Fig. 3 K ::: 0. 76 

60000 l I 375 
400 

0.9 

.·. VR = K ( RS t � ) � 

X 

> 60000 - 2 3  VR = 0. 76 ( 0.93 + 1.07) X 450 
- 4 

volts, 

b) for phase to ground fault condition 

[ ( R s + RL )IF] I VK � [ ( 0. 93 + 2 X 1.07 ) x N 

45000 l 
400 

0 . 89 

fro m  Fig. 3 K ? 0. 77 

IF . .  VR _> K ( Rs + RL ) -N 

/375 

VR > 0. 77 ( 0. 93 + 2 X 1. 07) x 45000 = 265 
= 400 

vol ts. 

c hoose the maximum of (a)  and ( b ) ,  to prevent 
the relay fro m  fal se pickup on external 
faults, its minimum setting sho uld be at 
least this maximum 265 volts. This adjust­
ment is made by varying the spring tension. 
See ''Routine Maintenance''. 

c )  The minimum fault  c urrent required to oper­
ate the relay at the setting of 265 v o lts. 
Assume that from the ct saturation c urve 
I e 0. 045 amp . at 265 v olts. And from 
figure 2b Iv = 0. 16 amp. at 265 volts. (RMS) . 

= ( 6 X 0. 045 + 265 + 0. 16) 400 
2600 

= 0.53 2 x 400 = 213 amp. 

B.  SETTING OF C URRENT UNIT 

Since ( RS + RL) I F= (0.93 + 1 . 07) x 60000 =3 00 
N 400 

for 3-phase fault. 

IF 45000 _ ( RS + R L)N = ( 0 . 93 + 2 x 1. 07) x � - 3 3 0  

for phase to ground fault. 

From Fig. 4,  using the higher number of 3 3 0  
the c urrent unit setting is determined to be 4 2  
amperes. ( fo r  R S  + RL = 3 D). Set the o ver­
current unit at 45 amp. 

I N S TALLAT I O N 

The relays should be m ounted on switchbo ard 
panels or their equivalent in a location free from 
dirt, mo isture,  excessive vibration and heat. Mount 
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TYPE KAB HIGH IMPEDANCE 
BUS DIFFE R E N T IAL RELAY 

the relay vertically by means of the two mounting 
studs for the type FT projection case or by means 
of the four mounting holes on the flange for the semi­
flush type FT case. Either of the studs or the mount­
ing screws may be utilized for grounding the relay. 
The electrical connections may be made directly to 
the terminals by means of screws for steel panel 
mounting or to terminal studs furnished with the 
relay for thick panel mounting. The terminal studs 
may be easily removed or inserted by locking two 
nuts on the studs and then turning the proper nut 
with a wrench. 

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

External Connections are made per external 
connection drawing 265C196. 

Note that the Varistor is brought out to a sep­
arate terminal to provide flexibility in using the 
overcurrent unit. It must be connected in service. 
In addition, the contacts of an auxiliary 86 device 
should be wired across the relay terminals to pro­
tect the Varistor against prolonged overload. 

R AT I NG S  

Device Continuous 

Overvoltage Unit (V) 250 volts ac 
300 volts ac 
( 15 seconds) 

!varistor 200 volts ac 

Overcurrent Unit (IT) 
Lo Range 2.5 Amps 

70 Amps (1 second) 
Hi Range 10 Amps 

280 Amps ( 1 second) 

Indicating Contactor Switch (ICS) 
0. 2 Amp tap 0.4 Amps 

11.5 Amps (1 second) 
2.0 Amp tap 3.2 Amps 

88 Amps ( 1 second) 

Trip Circuit 

The overvoltage unit contacts will safely close 
30 amperes at 250 volts d-e and the seal-in contacts 
of the indicating contactor switch will safely carry 
this current long enough to trip a circuit breaker. 

The overcurrent unit contacts will safely close 
30 amperes at 250 volts d-e, and will carry this 
current long enough to trip a breaker. 

I.L. 41·337.4A 

BU R D E N  

The relay burden is approximately 2600 ohms 
in the tuned circuit. However, this burden is not 
seen by any of the CTS during normal operation or 
during an external fault. During an internal fault 
the source CT sees a burden composed of the 2600 
ohms in parallel with the Varistor resistance plus 
the parallel impedance of the unloaded feeder CTS. 
The resistance of the Varistor can be calculated 
from the volt-ampere curve Figure 2. 

AD J US T ME N T S  & MA I N T E NAN C E  

The proper adjustments to insure correct opera­
tion of this relay have been made at the factory. 
Upon receipt of the relay, no customer adjustments, 
other than those covered under "SETTINGS" should 
be required. 

ACCEPTANC E CH ECK 

Overvoltage Unit (V) 
The overvoltage unit has been set at the factory 

for 75 volts pickup. If a different pickup is desired, 
the relay should be energized from a variable volt­
age source. Terminal 8 and 9 should be energized. 
The varistor should not be connected when making 
adjustments for greater than 200 volts ac. The volt­
age unit can withstand 250 volts ac. continuously 
and up to 300 volts ac. for 15 seconds. 

The pickup is increased by winding the spring 
CCW (top view) with a screwdriver or tool style 
number 774B180G01 and inserting it in one of the 
notches located on the perephery of the spring 
adjuster. 

Contact Gap - The gap between the stationary 
and moving contacts with the relay in the de-ener­
gized position should be approximately .030". 

Overcu rrent Unit (IT) 

The pickup of the overcurrent unit should be 
within 10% of its setting. 

Indicator Contactor Switch (ICS) 

Close the main relay contacts and pass suf ­
ficient de current through the trip circuit to close 
the contacts of the ICS. This value of current should 
be not greater than the particular res tap setting 
being used. 
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T YP E  KAB HIGH IMPEDA N C E  
B US DIFF E R E N TIAL R ELAY�--------------------------------

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 simultan­

eously. 

ROUT I NE MA I NT E NAN C E  

All relays should be inspected periodic ally and 

the operation should be checked at least once every 

year or at such other time intervals as may be dic­

tated by experience to be suitable to the particular 

application. 

All contacts should be periodically cleaned. A 

contact burnisher S#18 2A836H01 is recommended for 

this purpose. The use of abrasive material for clean­

ing 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 have been disturbed. This procedure 

should not be used unless it is apparent that the 

relay is not in proper working order. (See "Accept­

ance Check"). 

Care should be used to avoid contact with the 

capacitors since high voltages may be present with 

the circuit energized. 

Tuned Circuit 

If the capacitors, reactor, or overvoltage unit 

have been replaced, it may be necessary to retune 

the circuit. This can be accomplished using a 

regulated ac voltage with good sine wave. Initially 

set the adjustable reactor screws about 1/z of their 

total travel. The screws may be adjusted without 

loosening the spring nuts. 

* Apply 75 volts ac to terminals 6 and 8 and 

adjust either screw for maximum current as measured 

by a milliammeter. This current should be less than 

30 rna. The two screws should be positioned approxi­

mately equal for the final adjustment. 

After the above adjustment has been made it 

may be necessary to re-adjust the overvoltage unit 

spring for the desired operate voltage. 

6 

Overvoltage Unit (V) 

1. The upper bearing screw should be screwed 

down until there is approximately .0 25" clear­

ance between it and the top of the shaft bearing. 

The upper pin bearing should then be securely 

locked in position with the lock nut. 

2. The contact gap adjustment for the overcurrent 

unit is made with the moving contact in the reset 

position, i.e.,against the right side of the bridge. 

Move in the left-hand stationary contact until it 

just touches the moving contact. Then back off 

the stationary contact one turn for a gap of 

approximately . 030". The clamp holding the 

stationary contact housing need not be loosened 

for the adjustment since the clamp utilizes a 

spring-type action in holding the stationary 

contact in position. 

3. The sensitivity adjustment is made by vary­

ing the tension of the spiral spring attached to 

the moving element assembly. The spring is 

adjusted by placing a screwdriver or tool style 

numb er 774B180G01 into one of the notches 

located on the periphery of the spring adjuster 

and rotating it. The spring adjuster is located 

on the underside of the bridge and is held in 

place by a spring type clamp that does not have 

to be loosened prior to making the necessary 

adjustments. 

4. Apply the desired pickup voltage and adjust 

the spring until the contacts just make. Voltages 

above 250 volts ac RMS should not be applied 

for more than 15 seconds at a time. 

Overcurrent Unit (I T) 

The stationary contacts should be set for 3/32" 

contact gap. The bridging contact should make 

simultaneously with both stationary contacts. 

When the unit is energized above pickup current 

the armature should seal in against the core and the 

moving contacts should provide about 1/3 2'' contact 

wipe. 

I ndicating Contactor Switch ( ICS) 

The stationary contacts should be set for 3/64" 

contact gap. The bridging contact should make 

simultaneously with both stationary contacts. 
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TYPE KAB HIGH IMPEDAN C E  

B US DIFFE R E NTIAL R ELAY -----------------------------I_.L_._4_1 -_3_37_. 4_A 

INDICATING 
CONTACTOR 
SWITCH 

INSTANTANEOUS 
OVER CURRENT 
UNIT 

Set the ICS on the 0 .2 ampere tap and pass 0.2 

ampere de through the coil. The moving contacts 

should provide about 1/32" contact wipe. The 

target should drop freely. 

Varistor 

The varistor may be checked for proper electrical 

characteristics by passing 25 milliamps de through it. 

The voltage should measure 175 volts ac ± 10%. A 

high resistance voltmeter should be used. 

R E N EWA L PAR T S  

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. 

INTERNAL SCHEMATIC 

�-----========t--lL- VARISTOR 

CAPACITOR ( REAR) 

FRONT VIEW 

* Fig. l. Internal Schematic of KAB Relay. 

ADJUSTABLE 
T UNING REACTOR 

CAPACITOR 

INSTANTANEOUS 
OVERVOLTAGE 
CYLINDER UNIT 

RES IST OR 

CHASSIS OPERATED 
SHORT ING SWIT CH 

TERMINAL 

349 4A8 7 
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# 86B CONTACTS TO TRIP BREAKERS AND SHORT 87 RELAY TERMINALS. 

87 6 

86B 

DEVICE CHART 

TYPE FUNCTION DWG. NO. 

87 TYPE KAB BUS DIFF. RELAY 3494A87 

86B TYPE WL LOCKOUT RELAY 

52- BREAKERS 

NOTE: RELAY TERMINALS 8,9 810 SHOULD BE OPEN 
WHEN CLRCUIT BREAKER !OR BREAKERS) IS TO 
BE BYPASSED FOR MAINTENANCE OR WHEN ANY 
OTHER ABNORMAL SETUP IS TO BE MADE 

I T  

y_ --*'¥ I 
8 _7_ - _,it' T /' 1t 

PHASE A PHASE B PHASE C 

1t JUMPER THESE TERMINALS IF IT IS NOT REQUIRED. 

2 65C196 

* 
Fig. 5. External Connections 
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TYP E  KAB HIGH IMPE DAN C E  
BUS DIFFE R E NT IAL R ELAY 
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IQINTI NG DETAILS 
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Fig. 7. Outline and Drilling Plan for Type KAB 
Relay in Type FT-21 Case. 
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Westinghouse I.L. 41-337.3F 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPES CA-16 and CA-26 PERCENTAGE DIFFERENTIAL 

RELAYS FOR BUS AND TRANSFORMER PROTECTION 

CAU T IO N 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 properly, 
and operate the relay to check the settings and elec­
trical connections. 

* APPLICAT I ON 

The currl�nt transformers should not saturate 
when carrying the maximum external fault current. 
This requirement is met if the burden impedance 

NpVcL - <Iext.-100) RsCos 60°. 
dol's not exceed tor 

1. 33 (I ext .l 

CA-16 
. . V p VcL-0 e xt.-100) RsCos 60° 

ap ph c a t10n s and ---":.__::=.._::.:..:.:c.:___ __ __:::_ __ _ 

I ext. 

for CA-26 applications. 
\\·her e Np proportion of total ct turns in use. 

V cL =current transformer accuracy class C 

voltage. 
Ir•xt. =maximum external fault current in 

secondary RMS amperes. (let I ext. = 

100 if m ax. external fault current is 
less than lOOA) 

R s = current transformer secondary winding 
resistance, ohms. 

For example, if the 400:5 tap of 800:5 C400 current 
transformers are used, N p = 400/800 = 0.50, if 
I ext . = 120A, Rs = 1.0 ohm the burden should not 

exceed: 
NpVel- Oext. - 100) Rs Cos 60° 

1.33 (!ext.) 

0.50 X 400- ( 120-100) X 1.0 X 0.866 

1.33 X 120 

CO N T E N T S  

= 1.14 ohms 

This instruction leaflet 8.!Jplies to the following 
types of relays: 

CA- 16 Bus Differential Relay 
CA- 26 Transformer Differential Relay 

SUPERSEDES I.L. 41-337.3 E 
*Denotes change from superseded 1ssue. 

The CA-16 relay should not be utilized for transformer 
differential applications since it is too se nsitive for 
overriding the inrush. Likewise the CA-26 relay 
should not be used for bus protection with the "four­
circuit bus" connections of Fig. 8. The CA-26 relay 
is suitable for combination bus-transformer applica­
tions. See "Connections". 

CONS T RUCT I ON 

The type CA-16 relay consists of an indicating 
contactor switch, autotransformer, three restraint 
elements, and an operating element. For applications 
where the CA-16 relay is subjected to shock such as 
on swinging panels, a sensitive fault detector circuit 
is provided. 

The type CA-26 (in addition to the components of 
the CA-16 relay) also contains an indicating instan­
taneous trip unit. The principal component parts of 
the relay and their location are shown in Figures 1 

to 5. 

Res tra i nt E l emen t s  

Each restraint element consists o f  a n  "E" lami­
nated electromagnet with two primary coils a nd a 
secondary coil on its center leg. Two identical coils 
on the outer legs of the laminated structure are con­
nected to the secondary winding in a m anner so that 
the combination of all fluxes produced by the elec­
tromagnet results in out-of phase fluxes in the air gap. 
The out-of-phase fluxes cause a contact open­
ing torque. 

O p erating C i rcuit  

The operating circuit consists of an auto-trans -
former and an operating element. The primary of the 
auto- transformer, which is the whole winding, is con­
nected to receive the differential or unbalanced cur­
rent from the various transformers connected to the 
bus. The secondary winding of the auto-transformer, 
which is a tapped section of the winding, is con -
nected to the operating element of the relay. 

The operating element consists of an "E" type 
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T Y PES CA-16 AND CA-26 RE LA YS __________________ ________ _..:.I'"". L:..:... 41-337.3F 

INTERNAL SCHEMATIC 

tCS )4------------I ICS CA·IO 

TANEOUSPOLARITIESAS ���=� I�Hi��t:!��ED ! ' 

::s:::::�:',;::�::oo r f� IJ cbC{ cbiJJ-Jrf TORQUf 0 \.!) (!_) \2.) l_V l ____ 2 + 4 + 6 + 8 !_ 10 _/t 
FRONT VIEW 

TOP RHiHT llANO ELHL IF.¥.) 

CH.lSSISOPfRATED 

SltORT I �G SWITCH 

Rf()l\.lNOLE 

TEST SWITCH 

CURREIIT TEST J.lO 

185A419 
Fig. 3 Internal Schematic of the Type CA- 16  f>us Relay 

or CA-26 Transformer Relay. 

laminated electromagnet with an auto-transformer 

winding on its center leg. Two identical coils on the 

outer legs of the laminated structure are connected 

to the secondary (tapped section) of the auto-trans­

former winding in a manner so that the combination 

of all fluxes produced by the electromagnet results 

in out-of-phase fluxes in the air gap. The out-of­

phase air gap fluxes cause a contact closing torque. 

S e n s i t ive Faul t Detec tor C i rc u i t  (w h e re us e d )  

The sensitive fault detector circuit consists of 

an auto-transformer and a contactor switch. The con­

tactor switch is connected across the secondary 

(tapped section) of the auto-transformer winding. 

The contactor switch is a small solenoid t ype 

element. A cylindrical plunger rides up and down on 

a vertical guide rod in the center of the solenoid coil. 

The guide rod is fastened to the stationary core, 

which in turn screws into the unit frame. A silver 

disc is fastened to the moving plunger through a heli­

cal spring. When the coil is energized, the plunger 

moves upward carrying the silver disc which bridges 

three conical- shaped stationary contacts. In this 

position, the helical spring is compressed and the 

plunger is free to move while the contact remain s 

stationary. Thus, a-c vibrations of, the p lunger are 

prevented from causing contact bouncing. A Micarta 

disc is fastened to the bottom of the guide rod by 

30TTOM R I �HT �A liD 
Elf"Mfn (F.V.l 

lkJI:ATING 
�ON TAC TO� SWITCH 

TOPLHTII.'-"0 
!:LE�E�T (F.�. 1 

�OTE : 
WITH �flATIH I�SUN­

TAN�OUS POL A� IT I � S AS 
�h�\IIN, THf A�"'�R� 

TUR�S IN THF "'A I REO 

�[qqAINIMG COILS 
A)O TO PRODUCt �AX 1-
�U� TOROU£. 

! I 
IL 

INTERNAL SCHEMATIC 

lh:r-
rdlL, ll I i --- -l ' 

1 

6 � t 3 , +® cb +, cb ±® �I 
FRONT VIEW 

BOTTOMlEFTHANO 

ElfMEIII (F.V.l 

AUTCTRANSFORMER 

I"JICATIMG 

IM5:A�TAH�US 

TRIP ATTACHMENT 

TOf'.lllTII.UD 
f l E1-4EN T ( F. �. l 

CHASSISO"'(RATfCl 

SHORTING SWITCH 

REDHANOU: 

TEST S'II I TCH 

CU�RE�T TEST J4CK 

TE��I MAL 

185A443 
Fig. 4 Internal Schematic of the Type CA- 16  Bus Relay 

or CA-26 Transformer Relay. 

two small nuts. Its position determines the pick up 

current of the element. 

The auto-transformer is designed to saturate at 

high values of current to limit the amount of curren t  

to the contactor switch. 

I n d i cat i n g  C antactar Sw i t c h  Un i t  (IC S )  

The d-e indicating contactor switch i s  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, 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. 

Indicating  In s tantan eous T r i p  U n i t  ( l iT ) 

Fault Detector (FD) - w hen us ed 

The instantaneous trip unit is a small a-c operated 

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 
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TYP ES CA-16 AND CA-26 R ELAYS ______ _ _ _______________ _ 

-----­(f.t.) 

1•1CATIN COIU.CTOI IIITCII 

lOP IBT itiiiiD EI.88fT ---­
(f,Y.) 

lOT£: 
IITNlELATI'IE IIISTAI• 
TAIECMIS POWITIU AS 
111M. Tit£ AMPU£ 
TURIS U TME PAllED 
IEITIAIIIIII COILS ADO 
TO I'IODUC£ UIIMUII 
TOIQUE· 

Llfl ... IL&. 
(f,,.) 

VIIH-B811f (F.¥4) 

187A434 
Fig. 5. Internal Schematic of the Type CA- 1 6  Bus Relay 

with a Sens itive Fault Detector 

switch. When the switch closes, the moving contacts 

bridge two stationary contacts, completing the trip 

*circuit. Also during this operation, (for the liT only) 

two fingers on the armature 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 . 

A core screw accessible from the top of the switch 

provides the adjustable pick-up range. 

OPERAT ION 

The types CA-16 and CA- 26 relays are induction 

disc relays with four electromagnets mounted on two 

discs that are fastened on a common shaft. One of 

the elect romagnets is the operating element while 

the other three are restraint elements. The restraint 

elements are energized from the secondaries of cur­

rent transformers connected to the bus, and the 

operating circuit is energized in accordance with the 

current flowing in the differential connection of the 

current transformers. 

A current of 5 amperes in at terminal 18 and out of 

terminal 10 will produce a definite amount of re­

straining torque (see Fig. 3.) Similarly, a current of 

5 amperes flowing in at terminal 16 and out of ter­

minal 17 will produce an equal amount of torque. If 

both of these currents flow at the same time with the 

4 

"f. 

I + H t t + - H 240 

t 
t + ft-+ -+ 0 + H-8 � 160 j � 

ii 

'-Q· + --r 
--!- .L� 1 -- _;_ 

CA-16 

!: 120 

f+ +Pf v ' 
I ao 

�- .; 

Ht ' 
� 

40 

f+-t +-
0 20 <0 60 80 100 120 140 160 

OPERATING CURRENT IN AMPERES 

Curve 537956 
Fig. 6. Typ ical Time Curves of the CA- 1 6  and CA-26 dif· 

ferential Relays 

polarity as indicated above, their effect will be addi­

tive and they will produce the same torque as though 

10 amperes were flowing in terminal 16 and out of ter­

minal 17. Conversely, if equal currents flow in these 

two coils, but in opposite directions, their ampere 

turns will cancel and no torque will be produced. The 

same relationship applies for the paired coils of the 

other two restraining units of the relay. The restraint 

effect will always be additive if currents flow in the 

coils which belong to different restraint elements. 

C HARAC T E R ! S T E R I  C S  

CA-16 Bus Relay 

This relay has variable percentage characteristics 
which means that the operating coil current required 

to close the relay contacts, expressed in per cent of 

the total restraint current, varies with the magnitude 

of the restraint current. The relay sensitivity is high, 

corresponding to a low percentage ratio, at light cur ­

rents, and its sensitivity is low, corresponding to 

high percentage unbalance, at high currents. The re­

lay is made sensitive at low currents in order to de ­

teet light internal faults on the bus being protected . 

At the same time, however, its reduced sensitivity at 

the higher currents allows the various current trans­

formers involved to depart from their true ratio to a 

large extent without causing false tripping of the re­

lay for external faults. 

The variable percentage characteristics are par­

ticularly advantageous when severe saturation of cur­

rent transformers is caused by the d-e c omponent of 

asymmetrical short circuits . In the case of buses 

located close to generating stations where the d-e 

components decay slowly, the breakdown in ratio of 

the current transformers will be much greater than 
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T YPES CA -16 AND CA-26 RELAYS 

10 OPERATING CURRENT IN AMPERES 

Curve 537957 
Fig. 7. Typical Burden Characteristic of the Operating 

Circuit of the CA-76 and CA-26 Differential Re­
lays 

would ever be expec ted from a consideration of the 
usual ratio c urves of the c urrent tra nsform ers in­
volved. 

The time of operation of the relays is shown in 
Figure 6. 

C A-26 T ransforme r Reloy 

The typ e C A- 26 transformer d ifferential relay in­
cludes an indic ating instantaneous trip unit ( see Fig. 
4), which op erates on internal faults. The instanta­
neous unit should have a setting equal to the m axi­
mum rms symmetrical external fault current. Such a 
setting will prevent operation of the instantaneous 
unit when a c urrent transformer is severely saturated 
by the d-e c omp onent of an asymm etrical external 
fault c urrent. 

Trip C i rcuit 

The main contacts will safely close 30 ampere s 
at 250 vol ts d-e and the seal-in contacts of the in­
d icating contactor switch will safely carry this c ur­
rent long enough to trip a c ircuit breaker. 

The ind icating instantaneous trip c ontacts w ill 
safely close 30 amperes at 250 volts d-e, and will 
c arry this current long e nough to trip b reaker. 

The indic ating c o ntac tor switch has two tap s that 
provide a pick- up setting of 0. 2 or 2 amperes. To 
c hange taps requires connecting the lead located in 
front of the tap block to the desired setting by means 
of a screw c onnection. 

I.L. 41-337.3F 

... N • -� 

... 

IU!CI !MI!!IEl CUlT 
17 • PEICUTABE DlffEIEITIAL IEI.AY,nff IA•ll 

ItS - IUIUTIIG COIITACTOI: IWITU l 
tp·, 01'£1AT!I6 COIL 

(IOTT .. L.ll. lWilll) II 
I- PAII£0 llfSTIAIIT COIL nrt 

(BOTTIIM I.M. EUMf:IIT) CIA .. ll 
S- I'AIIEO IUTIAIIT COIL tiU.Y 

(TOP loll· UIMEIIT) 
T- I'A.IllD IIITIAIIT COIL 

(TOP 1.1. lLE:MiiT) 
86• AlliiHliY Tt!PPII& UL.AY, TYf'f: WL 

187A424 
-l< Fig. 8. External Schematic of the Type CA-76 Relays for 

T hree and Four Circuit Bus Protection 

Trip Cir cuit Constants 

Indicating C ontactor Switc h ( ICS) 
0. 2 ampere tap 6. 5 ohms d-e resistance 

2.0 ampere tap 0. 15 ohms d-e resistanc e 

ENERGY REQU I REMEN T S  

B urden of  eac h  restraint c o il at 5 amperes 

VOL T  AMPERES 

. 75 

Continuous Rating 

1 second rating 

Burden of operating c irc uit 

POWER FACTOR 

.7 

14 amperes 

460 amp eres 

VOL T  AMPERES 

Variabl e  ( See Fig. 7) 

Continuous rating 8 amp eres 

second rating 280 amp eres 

CO N NECT I ON S  

To determine the a-c c o nnections, ide ntify each 

5 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP ES CA-16 AND CA-26 RELAYS-------------------------

'"' 

EXTERIAL SCitEMATIC OF OIIE SET OF T'fPE CA-16 REUYS 

FOR THE PROU:CTIOII OF A SIX CIRCUIT IU WITH TIIREE FEEDER GROUI'S 

SOURCE 

FEEDER GROUP !J T +� 

17 fl 

DEVICE IIUNBER CHAIIT 

"· 
I 

87 - PfRCEIITAGE OIFFEROTUl RELAY, TYPE CA-16 

ICS - INDICATlliG COIITlCTOR SII TCH 

OP - OPfRATUIG COIL 
{BOTTOM l.lt. ELEMEIH) 

R - PAIRED RESTIIAII!T C O I L  
(BOTTOM R . H . ELEMEIIT) 

S - PAIRED RESTRAIIIT COIL 
(TOP L.N. ELEMENT) 

T - PAUED RESTR.I.IMT C O I L  
( T OP  I . H . E lEMEIIT) 

" 
TYPE 
CA-16 
RELAY 

IIi - AUXILIARY TRIPPING RELAY, TYPE WL 

187A425 
* Fig. 9. External Sch ematic of the Type CA- 1 6  Relays for 

Protection of a Six Circuit B us w ith Three Feeder 
Groups 

prim ary circuit  as ei ther a " source" or "feeder ". As 
defi ned here, a feeder contributes only a small por­
tion of the total fault-current co ntribution for a bus 
faulL Otherwise, the c i rcuit  is a sour ce. Next lump a 
number of feeders into a " feed er gro up" by paral lel­
ing feeder CT'  s, taking t he prec aution that eac h 
feeder group has less than 1 4  am peres load c urrent 
(restraint coil  co ntinuous r ating). Also eac h  feeder 
group should not contribute more than 1 0% of the 
total phase or ground-fault c urrent for a bus fault if 
figure 9 is to be used . 

C onnect per Fig. 8 with t hree or four b us " c ir ­
c uit . " The term "c ircuit " refers t o  a source or t o  a 
feeder group . For ex amp le,  assume a bus c onsisting 
of 2 sources and 6 feeder s. Further , assume that t he 
feeders are lumped into 2 feeder groups. The b us now 
reduces to four c ircuits. 

If the b us reduces to more than four c irc uits, 
p arallel source-circ uit CT ' s  or source- and feed er- c ir ­
CT ' s  until only four c ircuits remain. Then c o nnec t 
these four sets of CT's to the rel ays p er Fig. 8. The 
exception to this rule occ urs when the application 
c onsists of three feeder groups. Then , Fig. 9 applies. 

With 3 feeder group s and more than 3 sources, 
p arallel so urce C T ' s  until the app lic ation reduces 
to 6 c irc uits; then, c onnect to the relays per Fig. !1 .  

6 

Fi g.  1 0  shows the C A-26 relay co nnections for a 
3 circ uit  bus. Where additional circ uits are pr esent 

use the Fig. 9 con nections ; where t here are more 
than three sources the source C T ' s  should be par­
allelled to reduce the effec tive number of source c on­
nections to three . The " four-circuit bus" co nnec­
tions of Fi g .  8 are no t recommended to be used for 
bus protection with t he CA-26 since it may have too 
much restraint w hen energizing the bus on faul t .  
Otherwise t he connecti on c onsiderations are as 
described abo ve for the C A-16 . 

S E T T I N G  C A L C U L A T I O N S  

No c alcul ations are required to set the CA- 1 6  and 
CA- 26 relays. 

S E T T I N G T H E  R E L A Y  

No settings are required o n  either the CA- 1 6  o r  
the CA-26 m ain units. 

Ind icat i ng Contoctor Sw itc h  ( I C S )  

N o  setting is required on the ICS unit except the 
selection of the 0. 2 or 2.  0 ampere tap setting. This 
selection is m ade by c onnecting the lead loc ated i n  
front of the t ap block to the desired setting b y  m eans 
of the co nnecting screw. When the rel a y  energizes a 
125  or 250 volt d-e WL relay switc h o r  equiva­

lent , use the 0 . 2 ampere t ap ;  for  48 volt d-e app lic a ­
tions set relay in 2 tap and use W L  relay c oil Sit304-
C 209G0 1  or equivalent. 

Ind icating Insta nt a neous T r i p  ( liT ) 

Since t he minimum and m ax imum m arkings o n  t he 
sc ale only indicate t he working range of the core 
screw must be adjusted to the v alue of p ic k- u p  d e ­
sired . The application of l iT unit is intended to get 
fast e r  operating speed for heavy internal fault s. F'or 
b us protection,  it  is rec ommended the liT unit be set 
higher than 5 0% of  the maximum external fault cur­
rent contributed from the bus and with all c i rc uits 
in service. For transformer protec t ion , apply l iT-unit 
11·her e internal fault current c an ex ceed twice the 
maximum total current flowing through t he d ifferent­
ial zone for an symmetrical external faul t ,  set liT 
unit at 5 0o/o external fault current or higher than 
transformer inrush current depending on w hich is 
gre at er .  

I N S T A L L A T I O N 

The rel ays should be mo unted on a switc hb o ard 
p anel or their equivalent in a l o c ation free from d irt , 
moisture, excessive vibration, and heat. Mount t he 
relay vertically by m eans of the f our mounting hol es 
on the flange for sem i-flush mo unting or by means of 
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* Fi g. 10. External Schematic of the Type CA-26 R elay for Transformer Protection and Bus Protection 

the rear mounting stud or studs for projection m ount­
ing. Either a mounting stud or the mounting screws 
may be utilized for grounding the relay. The elec­
trical connections may be made directly to the ter­
m inals by means of screws for ste0l p anel mounting 
or to the terminal studs furnished with the relay fo r 
thick p anel mounting. The terminal studs may b e  
easily removed or inserted by l ocking two nuts on the 
stud and then turning the p roper nut with a wrench. 

For detailed FT case information. refer to i. L . 4 1-
07 6. 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adjustments to insure correct operatio n  
of  this rel ay have been made at the factory .  Upon 
receipt of the relay, no customer adjustments o ther 
than those covered under "SETTINGS" should b e  
required. 
A c ceptance C h ec k  

The following c hec k i s  recommended t o  insure 
that the relay is in proper working order. 

A. Minill]um T r ip C u rr ent 

Ap ply current to terminals 12 and 13 of the relay . 
The relay should op erate as follows: 

1. CA- 16 0. 15 amperes ± 5% 
2. CA-26 1.  25 amperes ± 5% 

B .  P e r c entag e D i ffe rent ial  C haracte r i st i c  

Apply 16 amperes to terminals 9 and 19 o f  the 
CA-16 relay or 14 amperes to terminals 9 and 19 of 
the CA-2 6  relay . The contacts should close when 
the following operating current is applied to the 
relay with c onnections of Fig. 11. 

CA-16 
CA- 26 

17. 0  ± 7o/c amp eres 
3 8 . 0  + 7o/c amp eres 

C heck eac h indivi dual restraint winding by app ly­
ing 50 amperes to each winding. Apply sufficient 
op erating current to the operating c ircuit until th e 
c ontacts just close. The operating c urrent should be:  

CA- 16 3 . 9  to 5. 1 Amperes 

CA- 26 15. 8 to 18 . 2  Amperes 

C. T i me C urve 

Apply 20 amperes to terminals 12 and 13 of  the re­
lays.  The c ontacts should c lose in the follo wing 
times: 
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TYP ES CA- 1 6 AND CA-26 R E LAYS-------------------------

....:Tu 0 
""'"'" � 

,M. I tA-U 01 CA .. U RILU UUIT II[W) 

187A426 
Fig. 7 1 .  Diagram of Test Connections for the CA- 1 6  and 

CA-26 Re lays 

CA- 16 5 2  ± 5% Milliseco nds 

CA-26 72 ± 5% Milliseconds 

D.- I n d i c at i n g  C onta ctor S w itc h ( I C S ) 

Close the m ain relay contacts and pass sufficient 
d-e current through the trip circuit to close the con­
tact of the res. This value of current should not be 
greater than the p articular res tap setting being used . 
The operation indicator target should drop freely. 

The contact gap should be approxim ately .0 4 7  
inch between the bridging moving contact and the ad­
justable stationary contacts. The bridging moving 
contact should touch both stationary contacts simul­
taneously. 

* E .  Indic at ing Instantaneous Unit ( I I T ) -W h ere  supp l i e d )  
- - - -- ------ --- --- �-------------- - -

or F ault Detector ( FD) 

The core screw which is adjustable from the top 
of the trip unit determines the pick-up value. The 
trip unit has a nominal ratio o f  adjustment of 1 to 4 
and an accuracy within the limits of 10%. 

The m aking of the contacts and target indication 
should occur at approximately the same instant. 
Position the stationary contact for a minimum of 1/32 
inch wipe. The bridging moving contact should touch 
both stationary cant acts simultaneously. Apply suf -

* fi cient c urrent to operate t h e  IIT .  F ault d e t e c t o r  unit  
has no t arg et . 
F .  Sens itive F a u lt Dete c to r  ( w h ere s upp l i e d ) 

Apply current to terminals 14 and 15 of the re­
l ay. The fault detector should operate between the 
l imits of 0. 14 2 to 0. 158 amperes. 
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Fig. 1 2. Percentage Slope Curve of the CA- 1 6  and CA-26 

Relays w ith One Restraint Winding 

R o ut i n e  M a i nte n a n c e  

All contacts should b e  periodically cleaned.A con­
tact burnisher Stt 18 2A836HO 1 is recommended for 
this p urpo se. The u s e  of abrasive m aterial for clean ­
ing contacts i s  not recommended, bee a use of the 
danger of embedding small particles in the face of 
the soft silver and thus impairing the contact. 

C A L I B R A T I O N  

Use the following procedure for calibrating the 
relay if the relay has been taken apart for repairs or 
the adjustments disturbed. This p rocedure should 
not be used until it is apparent that the relay is not 
in proper working order. ( See " Acceptance Check"). 

1 .  Contacts 

Adjust the adjustable stop screw o n  the upper 
disc of the relay so that a contact sep aration of 
0. 050 inch is obtained between the moving contact 
and the stationary contact. L ock the screw with the 
nut provided for the purpose. 
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Fig. 13. Percentage Slope Curve of the CA- 1 6  and CA-26 

Re lays with Six Restraint Windings in Series 

2.  M i n i m u m T r i p  

The relay sho uld b e  level for this test. Minimum 
trip current can best be determined with the p erma­
nent magnet removed. 

Adjust the spring tension until the relay just 
closes its contacts with the follo wing current applied 
to terminals 12 and 13 of the relay. 

CA- 16 

CA-26 

0. 15 amperes 

1. 25 amperes 

3. P e rce ntage S l o pe C h aract e r i s t i c  

* Co nne ct  t he relay per t he test c ircuit of Fig . 1 1 .  

Pass 2 0  amperes for t he CA- 1 6  and 1 4  amperes for 

t he CA-26 rel ay int o ter minals 9 and 19 of t he rel ay. 

Adj ust the  pl ug ( when used) in t h e  op erating el e ctro­

mag net unt i l  the c o nt acts j u st c lose  wit h t he fol lowing 

curre nts into t he op erat ing c ircuit of t he rel ays . 

CA- 1 6  2 9 . 4  t o  3 4  amperes 

CA-26 36 to 4 0  amperes 

4.  T i me C u rve 

Place the p ermanent magnet on the rel ay and ap­
ply 20 amp eres to terminals 1 2  and 1 3  of the rel ay. 
Adjust the k eep er of the p ermanent magnet until the 
contacts j ust clo se in the following times: 

CA- 16 5 2 ± 5% mill iseconds 

CA- 26 72 ± 5% milliseconds 

These times should be the average of 5 readings 

5. lnd i c a t i n g  C o n ta c t o r  S w i t c h  ( IC S )  

Close the main relay contacts and �pass sufficient 
d-e current thro ugh the trip circuit to close the con­
tacts of the ICS. This value of current should be not 
greater than the p artic ular ICS tap s etting being 
used. The op eration indicator target should drop 
freely. 

6.  I n d i c a t i n g  I n s t a n ta n eo u s  T r i p  U n i t ( l i T )  

The core screw must be adjusted to the value of 
pick-up current desired. It is recommended that the 
liT be set to pick-up at a value of current that i s  
e qual t o  the maximum rms symmetrical external fault 
current to the relay. 

7. Se n s i t i v e  F a u l t D et e c t o r  

Loosen the lock nut at the top o f  the element and 
run the core scre w down until it iS flush with the top 
of the lock nut. Back off the Micarta disc by loos en ­
ing the two lock nuts. ApplYO.  15 amperes to terminal s  
1 4  and 1 5 .  Operate the moving element by hand and 
allow the current to hold the moving contact disc 
against the st ationary contacts. Now,  screw up the 
core scre w slo wly. This causes the plunger to move 
up , compressing the spring until a point of maximum 
deflection is re ached. Further upward motion will 
cause the plunger to drop p art way out of the coil , 
thus diminishing the spring pres sure on the contacts. 
By thus adjusting the core screw up or down the max­
imum spr ing deflection for th is  value of c urrent m ay 

be found. Then l o c k  the c ore scre w in place.  Next, 

adj u st the d e- energized po sition o f  the p 1 ungpr by 
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TYP ES CA- 16 AND CA-26 R ELAYS-------------------------

raising the Micarta disc until the plunger just p icks 

up electrically at the 0. 15 ampere value. 

E l ectr i c a l  C h e c k p o i n t s  

Figures 1 2  and 13 will aid i n  trouble shooting 

either the CA- 16 or the CA-26 relays. These curves 

show the operating current to trip the relay for dif­

ferent restraint current for one restraint element as 

1 0  

well as for six re straint el ements connected in 

series. 

R E N E W A L  P A R T S  

Rep air work c an be done most satisfactorily at 

the factory. However, interchangeable p arts can b e  

furnished t o  customers who are e quipped for doing 

repair work. When ordering p arts , always give the 

complete nam ep l ate data. 

·�. 
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TYP ES CA- 1 6  AND CA-26 RELAYS-------------------------
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Westinghouse I . L .  4 1 -337.3D 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCT I O N S  
TYPES CA-16 and CA -26 PERCENTAGE DIFFERENTI AL 

RELAYS FOR BUS AND TRANSFOR�R PROTECTION 

C A U T I O N  Before p utting relay s  into serv i c e ,  remove 
all blocking whic h may h av e  been ins erte d  for the 
p urpos e  of s ec uring the p arts during s hip ment,  make 
s ure that al l moving p arts operate fre ely,  inspect the 
c ontac ts to see that t h ey are c l e an and c lo s e  properl y ,  
and operate the rel ay to c h eck the settings and elec­
tric al connections. 

A P P L I C A T I O N 

The current tr ansformers should not s aturat e  
when carrying t h e  maximum ext ernal symmetrical 
fault current (i . e . ,  e x citing current s hould not e x c e ed 
one secondary amp ere,  rms) .  This requirement is met 
if the burden voltage does not e x c eed Np V cL / 1 3 3 ,  
where: 

Np = propo rtion of total CT turns in use 
V CL = current transformer 1 0L accur acy-class 

voltage 

The burden voltage is d e scribed as: 
C as e  1: Fault current maximum of 1 0 0 A  rms in CT 

se condary - drop acro s s  2-way l e ad burden 
and relays ( C A- 1 6  and CA- 2 6  restraint- c o il 
b urden is negligibl e ) .  

C ase 2: Fault current gr e ater t han 100A r m s  in  CT 
secondary - drop acro ss 2-way l e ad burden 
and relays p l us: 

(IEXT - 100 l ReT 
w h e r e  IEXT = m ax .  external symmetrical 

fault current in s econdary 
rms amp e r e s .  

ReT = C T  r e si stanc e ,  ohms 

For examp l e ,  if  t he 400/5 tap of 600/ 5  
10L 200 wye- c onnected CT ' s  are used 
Np = 400/ 600 = 0 . 67;  if IE XT = 1 00A,  the 
burden ( excluding CT r e s i st ance) should 
not exceed:  

Np VcL / 1 3 3  = (0 . 6 7 x 200)/ 1 3 3  = 1 . 0 ohms.  

C O N T E N T S  

This instruction l e afl et e_ppli e s  to the followin g  
typ es of relay s :  

CA- 16  B u s  Differential Rel ay 
CA-26 Transformer Differenti al Rel ay 

SUPERSEDES I . L .  41 -337 .3C 
*Denotes change f rom superseded i ssue.  

* T
_
h e  C A -�6 re

.
lay sho��o� be u

_
til�zed for tra�s form er 

differ enti al appllcat iiJ..i_(' si nce It IS too se nsitive for 
overriding the i nrus-h.._; Li k e w ise the C A-26 relay 
shoul d  not be us ed- rpr :bus p rotecti on with the " four-

\ ·· _.; c,i. rcuit bus "  co rn�c
.tYons of Fig.  8. The CA- 26 re l ay  

\,, is . s uitable :f6( �·o¥oinati on bus-trans form er applica­
tions. Se e ' 'Cor?n"ec tions'  ' .  

C O N S T R U C T I O N 

The type CA- 1 6  r el a y  consists of an indicating 
contactor s witc h ,  autotransformer ,  three re straint 
el em ents , and an op erating el eme nt. For applic ations 
where the CA- 1 6  rel ay is  subj ected to shock such as 
on s winging p anels , a sensitiv e fault dete ctor c ircuit 
is  provided. 

The typ e C A- 26 (in addition to the c o mponents o f  
the C A- 1 6  rel ay) al s o  contain s an indic ating instan­
taneous trip unit. The princip al c o mpo nent p arts of  
the relay and th eir locat ion are s ho wn in F igure s 1 
to 5 .  

Restr a i nt E lements 

E ach restr aint element c onsists of  an " E "  l ami­
nat e d  electromagnet w ith t wo primary c oi l s  and a 
secondary c oil  on its center l e g .  Two identic al c oil s 
on the outer l e g s  of the l am inated s tructure are con­
nected to the sec ondary wind ing in a m anner s o  that 
the comb ination of all fl uxes produc e d  b y  the e l e c­
trom agnet results in out-of p hase fluxes in the air gap .  
The out-of- p h as e  fl uxes c ause a c ontact o p e n­
ing tor que. 

O perating C i r cui t 

The operat ing c irc uit consists o f  an auto-trans -
former and an operating element. The primary of t h e  
auto- transformer, which is  t h e  whole winding, is c on­
nected to receive the differential or unbal anc ed c ur­
rent from the v arious transformers connected to the 
b u s. The s econdary w inding of  th e auto-transform er,  
which is a t apped section of t h e  w inding, i s  con ­
nected to the op erating e le ment of the r el ay .  

The operating element c onsists of  a n  " E "  type 
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T YP ES CA- 1 6  AN D CA-26 R ELAYS -----------------------
•
·_
L
_. 4_1_-J_J 7_.J_o 

MOTE: 
WITH RELATIVE IIISTAII­
TAIIEOOS POLAR IT!£$ AS 
SKOWII. THE AMPERE 
TURIS 1M THE PAIRED 
RESTRAIIIIIIG COILS ADD 
TO PRODUCE NU IMUM 
TORQUE. 

INTERNAL SCHEMATIC 

.--�+--+ TOP I IQKT IIAIID ELEM. 
( F . Y . )  

--- CHASS IS  OPERATED 
SHORTIIIG SWITCH 

RED HUDLE 

CURREIIT T£ST JACK 

TERMINAL 

1 8 5A4 1 9  
Fig. 3. Internal Schematic o f  the Type CA-1.6 Bus Relay 

laminated electromagnet with an auto-transformer 
winding on its center leg. TWo identical coils on the 
outer legs of the l am inated structure are c onnected 
to the secondary (tapped section) of the auto-trans­
former winding in a manner so that the combination 

of all fluxes produced by the electromagnet results 
in out-of-phase fluxes in the air g ap. The out- of­
phase air gap fluxe s c ause a contact closing torque. 

S e n s i t i v e  F a u l t  D etecto r  C i rc u i t  ( w he re u s e d )  

The sensitive fault detector circuit c onsists of 
an auto-transformer and a contactor switch. The con­
tactor switch is connected across the secondary 
(tapp ed section) of the auto-transformer winding. 

The c ontactor switch is a small solenoid typ e  
element. A cylindrical plunger rides up and down on 
a vertical guide rod in the center of the solenoid coil. 
The guide rod is  fastened to the stationary core , 
which in turn screws into the unit frame . A silver 
disc is fastened to the moving plunger through a heli­
c al spring. When the coil is energized ,  the plunger 

moves upward c arrying the silver disc whic h bridges 
three conic al- shaped stationary contacts . In this 

position, the helical spring is compre ssed and the 
plunger is free to move while the contact remain s 
stationary. Thus, a-c vibrations of. the p lunger are 
prevented from causing contact bouncing. A Mic arta 

disc is fastened to the bottom of the guide rod by 
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ELEMEIH ( F . V . )  
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ELEM[IH ( F . V . ) 

NOTE: 
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TAIIEOUS POUR I T I E S  AS 
SIIOWM, TilE AMPERE 

TURIIS I II TIIE �'AI REO 

RESTRAIM IIIG COILS 
ADO TO PRODUCE MUI­
MUM TOROUE. 

INTERNAL SCHEMATIC 

AUTOTUMSFO�MEII 
IIIOICATUIG 
IMSTAIITAMEOUS 
TRtP .f.TTACitMEIIT 

_ TOP IIUT·IUI 
ELEMEIIT ( F . V . )  

CHASSI S  0"ERATED 
SHORTIIIG SWITCH 

RED HAMDLE 

CURREMT TEST JACK 

18 5A443 
Fig. 4. Internal Schematic of the Type CA-26 Transformer 

Relay 

two small nuts. Its position determines the pick up 
current of the element. 

The auto-transformer is designed to saturate at 
high v alues of current to limit the amount of curren t  
to the contactor switch. 

I n d i c a t i n g  C ontactor  Sw i tc h  U n it ( I C S )  

The d-e indicating contactor switch i s  a small 
clapper type device. A magnetic arm ature , to which 
leaf-spring mounted contacts are attached , is  at­
tracted to the magnetic core upon e nergization of the 
switch.  When the switch close s, 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, which allows the operation indic ator target 
to drop . The target is res et fro m 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. 

I nd i c at i n g  I n s ta n tan e o u s  T r i p  U n i t  ( l i T )  

The instantaneous trip unit is a small a-c operated 
clapper type devic e .  A magnetic armature , to which 
leaf- spring mounted contacts are attached , is at­
tracted to the magnetic core upon energization of the 
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TYPES CA- 1 6  AND CA-26 R E L AYS ________________________ _ 
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187A434 
Fig.  5. Internal Schematic of the Type CA- 1 6  B us Relay 

with a Sensitive Fault Detector 

switch. When the switch clos e s ,  the moving c ontacts 
bridge two stationary c ontacts , completing the trip 
circuit . Also during this operation, two fingers o n  
the armature deflect a spring located on the front of 
the switch which allows the operation indic ator target 
to drop. The target is reset from the outside of the 
case by a push rod located at the bottom of the c over. 

A core screw accessible from the top of the switch 
provides the adjustable p ick-up range. 

O P E R A T I O N  

The types C A- 16 and CA-26 rel ays are induction 
disc relays with four electromagnets mounted on two 
discs that are fastened on a common shaft. One of 
the elect romagnets is the op erating element while 
the other three are restraint elements.  The re straint 
elements are energized from the secondaries of c ur­
rent transformers connected to the b us ,  and the 
operating circuit is energized in accordance with the 
current flowing in the differential c onnection of the 
current transformers . 

A current of 5 an1peres in at terminal 1 8  and out of 
terminal 1� will produce a definite amount of re­
straining torque (see Fig. 3 . )  Similarly, a c urrent of 
5 amp ere s flowing in at terminal 1 6  and out of ter­
minal 17 will produce an e qual amount of torque . If 
both of these currents flow at the same time with the 

4 
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ll 00 

� 40 
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OPERATING CURRENT IN AMPERES 

j_ _________ Curve 5379 56 
Fig. 6. Typ ical Time Curves of the CA- 1 6  and CA-26 dif­

ferential Relays 

polarity as indicated above ,  their effect will be addi­
tive and they will produce the same torque as though 
10 amperes were flowing in terminal 16 and out of ter­
minal 1 7. Conversely , if e qu al currents flow in these  
two coils ,  but in opposite directions, their ampere 
turns will cancel and no torque will be produced.  The 
same rel ationship applies for the p aired coils of the 
other two restraining units of the relay. 

C H A R A C T E R !  S T E R I  C S  

CA- 1 6  B u s  Relay 

This relay has v ariable percentage characteristics 
which means that the operating coil current required  
to  close the relay contacts, expressed in p er cent of 
the total restraint current , v arie s with the m agnitude 
of the restraint current. The rel ay sensitivity is high, 
corresponding to a low percentage ratio , at light c ur­
rents,  and its sensitivity is low,  c orresponding to 
high percentage unbal ance ,  at high currents. The re ­
lay is made sensitive at l ow currents in order to de ­
teet light internal faults on the bus being p rotecte d .  
At the same t ime, however, its reduced sensitivity at 
the higher c urrents allows the various c urre nt trans ­
formers involved to depart from their true ratio t o  a 
l arge extent w ithout causing false tripping of the re­
lay for external faults. 

The v ariable percent age characteristics are par­
tic ularly advantageous when severe saturation of cur­
rent transformers is caused by the d-e c omponent of 
asymmetrical short circuits. In the case of buses 
located close to generating stations where the d-e 
components decay slowly , the breakdown in ratio of 
the current transformers will be much greater than 
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T Y P ES CA- 1 6  AND CA-26 R ELAYS -----------------------
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Fig. 7. Typ ical Burden Characteristic of the Operating 

Circuit of the CA- 1 6  and CA-26 D ifferential R e­
lays 

would ever be e xpected from a consideration of the 
usual ratio curves of the current transformers in­
volved. 

The time of operation of the relays is shown in 
Figure 6. 

C A - 2 6  T r a n sfor m e r  R e l ay 

The type CA- 26 transformer differential relay in­
cludes an indic ating instantaneous trip unit ( see  Fig. 
4) , which operates on internal faults. The instanta­
neous unit should have a setting e qual to the maxi­
mum rms symmetrical external fault current. Such a 
s etting will prevent operation of the instantaneous 
unit when a current transformer is severely saturated 
by the d-e component of an asymmetrical external 
fault current. 

T r i p  C i r c u i t  

The main contacts will safeiy close 3 0  ampere s 
at 250 volts d-e and the seal-in contacts of the in­
dicating contactor switch will s afely car ry this c ur­
rent long enough to trip a circuit breaker. 

The indicating instantaneous trip contacts will 
safely close 30 amperes at 250 volts d-e, and will 
carry this current long enough to trip bre aker. 

The indic ating contactor switch has two tap s 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 desired setting by means 
of a screw c onnection. 

EXT£JIIUL SCHEMAtiC OF OlE  'SET OF TYPE CA-18 RELArs 
FOil THE PROTECTIOl OF ·A TIIRU AMD fOUl CIRCUI T IUS R I ..,, TilliE Clii!IT •• �z�-r::� 

.. 
�fi ___,} .. ·• 

.... 

ro c.r .s{ � = = = =-�BUll..iaaiJi_;.._t�-�--- -" } "'2 ro c.r.s{� - - - - �TI�!. �_-'.!. 1!·� _ _ _ ...J } ,.,, 

KJUji W(I CUI! 
17 • PUCEIT.IIE OlfFt:IIITIIl IIUY,ftll 16-11 

tel • IUIUTIII Ctll&CTM WITU ) 
..... .  OPO.ITIII CIIL 

INn• L.l. IWDT) 11 
• • PoUIED tlUUIIT Cll\. "" 

IIOTIIM 1.1. EWIIIT) .. •II 

I • Poll Ill lllli.I IIT CIIL nUt 
(T., Lol• IWII:IT) 

T • .IAIUI tUTUIQ CIIL 
(Tif 1.1. ILIMil) 

II• &III&IAIY liiiiiH llUY. 11ft IL 

187A424 
Fig. 8. External Schematic of the Type CA- 1 6  Relays for 

Three and Four Circuit Bus Protection 

T r i p  C i rc u i t  C o n s t a n ts 

Indi_c ating Contactor Switch (ICS) 

0. 2 ampere tap 

2.0 ampere tap 

6 . 5  ohms d-e resistance 

0 .  15 ohms d-e resistance 

E N E RGY R E QU I R EM E N T S  

Burden of each restraint coil at 5 amperes 

VOLT AMPERES 

. 75 

Continuous Rating 

1 second ratin g  

Burden of operating circuit 

POWER FACTOR 

. 7  

14 ampere s 

4 60  amp eres 

VOLT AMPERES 

Variable (See Fig. 7) 

Continuous rating 8 amperes 

1 second rating 280 amperes 

CO N N E C T I ON S  

To determine the a-c connections, identify each 
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TYP ES CA- 1 6  AND CA-26 R E LAYS·------------------------
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187A425 
Fig. 9 .  External Schematic of the Type CA- 1 6  Relays for 

Protection of a Six Circuit Bus with Three Feeder 
Groups 

* prim ary circuit as either a " source" or " feeder " .  As 
defined here , a feeder contributes only a small por­
tion of the total fault-current contribution for a bus 
fault . Otherwise ,  the circuit is a source. Next lump a 
number of feeders into a "feeder group" by parallel­
ing feeder CT ' s, taking the precaution that each 
feeder group has less than 14 amperes load c urrent 
(re straint coil continuous rating ).  Also e ach feeder 
group should not contribute more than 10% of the 
total phase or ground-fault current for a bus fault if 
figure 9 is to be used .  

Connect per  Fig. 8 with three or  four bus " c ir ­
c uit . " The term "circuit" refers t o  a source or t o  a 
feeder group . F or example , assume a bus c onsisting 
of 2 sources and 6 feeders. Further , assume that the 
feeders are lumped into 2 feeder groups.  The bus now 
reduces to four circuits . 

If the bus reduces to more than four circ uits , 
p arallel source-circ uit CT's  or source- and feeder-cir ­
CT' s  until only four circuits rem ain. Then connect 
these four sets of CT's to the rel ays p er Fig. 8. The 
exception to this rule occurs when the application 
consists of three feeder groups. Then , Fig.  9 applies. 

With 3 feeder group s and more than 3 sources ,  
p arallel source CT' s until the applic ation reduces 
to 6 circuits ;  then,  connect to the relays per Fig.  9.  

Fig . 1 0  shows th e C A-26 relay conne ctions for a 
3 circuit bus . Where additional circuits are pr esent 

6 

* use the Fig.  9 connections ; where there are more 
than three sources the source CT's should be par­
alle lled to reduce the effective number of source con­
nections to three . The "four-circuit bus " connec­
tions of Fig .  8 are not recommended to be used for 
bus protection with the CA-26 since it may have too 

much restraint when e nergizing the bus on fault. 
Otherwise the connection considerations are as 
described above for the C A- 1 6 .  

S E T T I N G C A L C U L A T I O N S  

No calcul ations are re quired to set the CA- 1 6  and 
CA- 26 rel ays. 

S E T T I N G T H E  R E L A Y  

No settings are required o n  either the CA- 1 6  or 
the CA- 26 main units. 

I nd i c a t i ng C o nta c t o r  Sw i t c h  ( I C S ) 

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 le ad located i n  
front of the tap block to the desired setting by m e ans 
of the connecting screw.  When the relay e nergizes a 
125 or 250 volt d-e WL relay switch o r  e quiva­
lent ,  use the 0 .  2 ampere tap ;  for 48 volt d-e applic a ­
tions set relay i n  2 tap and use W L  relay c oil Slt304-
C 209G0 1 or e quivalent. 

I n d i c at i n g  I n s t a n t a n e o u s  T r i p  ( l i T )  

Since the minimum and maximum markings o n  the 
scale only indicate the working range of the core 
screw must be adjusted to the value of p ick-up d e ­
sired. It is recommended that the liT be s et to pick 
up at a value of current that is equal to the max ­
imum rms symmetrical e xternal fault current to the 
relay. 

I N S T A L L A T I O N  

The relays should be mounted on a switchboard 
p anel or their e quivalent in a location free from dirt , 
moisture , excessive vibration ,  and heat. Mount the 
relay vertically by m eans of the four mounting hol e s  
on the flange for semi-flush mounting o r  by m e an s  of 
the rear mounting stud or studs for projection mount­
ing. Either a mounting stud or the mounting screws 
may be utilized for grounding the relay. The elec­
trical connections may be made directly to the t er ­
minals b y  means of screws for steel p anel mounting 
or to the terminal studs furnished with the relay fo r 
thick p anel mounting. The terminal studs may be 
easily removed or inserted by locking two nuts on the 
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Fig. 1 0 .  External Schematic of  the Type CA-26 Relay for Transformer Protection and Bus Protection 

stud and then turning the proper nut with a wrench. 

For detailed FT case information, refer to L L .  4 1-

076. 

AD J U S TM E N T S  AN D M A I N T E N AN C E  

The proper adjustments to insure correct operation 

of this relay have been made at the factory. Upon 
receipt of the rel ay, no customer adjustments other 

than those covered under "SETTINGS" should be 
required. 

Ac c e p t a n c e  C h ec k  

The following check i s  recommended t o  insure 

that the relay is in proper working ord er. 

A .  M i n i ll'l um T r i p  C urrent  

Apply current to terminals 12 and 13  of  the relay. 

The relay should operate as follows:  

1. CA- 16 0. 15 ampen�s ± 5% 

2. CA-26 1. 25 amperes ± 5% 

B .  P e r c e n to g e  D i ffere n t i o  I C h oracter i  st i c  

* Apply 16 amperes to terminals 9 and 1 9  of the 

CA-16 relay or 14 amperes to terminals 9 and 1 9  of 

the CA-26 relay. The contacts should close when 

the following operating current is applied to the 

relay with connections of Fig. 1 1 .  

CA- 16 17 .0  ± 7o/c amperes 

CA- 26 38 . 0  -± 7o/c amperes 

Check each individual restraint winding by apply­

ing 50 amperes to each winding. Apply sufficient 
operating current to the operating circuit until th e 

contacts just close. The operating current
_
should be: 

CA- 16 3 .9  to 5 . 1 Amperes 

CA- 26 15 .8  to 18. 2 Amperes 

C. T ime C urve 

Apply 20 amperes to terminals 12 and 13 of the re­

lays. The contacts should close in the folloWing 

times: 
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TYP ES CA- 16 AND CA-26 R ELAYS _______________________ _ 
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187A426 
Fig.  1 7 .  Diagram of Test Connections for the CA- 1 6  and 

CA-26 R e lays 

CA- 16 5 2  ± 5% Milliseconds 

eA- 26 72 ± 5% Milliseconds 

D.- I n d i c at i n g  C o nta ctor S w itc h ( I C S ) 

Close the m ain relay contacts and pass sufficient 
d-e current through the trip circuit to clo se the con­
tact of the ICS. This value of current should not be 
greater than the particular ICS tap s etting being used . 
The operation indicator target should drop freely. 

The contact gap should be approximately .047 
inch between the bridging moving contact and the ad­
justable stationary contacts. The bridging moving 
contact should touch both stationary contacts simul­
taneously. 

E .  I n d i c a t i ng I n s t a nta n e o u s  U n i t ( I I T ) - W h ere s u p p l i e d )  

The core screw which i s  adjustable from the top 
of the trip unit determines the p ick-up value. The 

trip unit has a nominal ratio of adjustment of 1 to 4 
and an accuracy within the limits of 10%. 

The making of the contacts and target indication 
should occur at approximately the same instant. 
Position the stationary contact for a minimum of 1/32 

inch wip e .  The bridging moving contact should touch 

both stationary cont acts simultaneously. Apply suf ­
ficient current to operate the liT. 

F .  Sen s i t i ve F a u l t  D e te c to r  (w h ere s u p p l ied)  

Apply current to  terminals 14  and 15 of the re­
l ay. The fault detector should operate between the 
limits of 0. 1 4 2  to 0. 158 amp eres. 
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Fig. 1 2. Percentage Slope Curve o f  the CA- 1 6  and CA-2 6  

Relays with One Restraint Winding 

R o u t i n e  M a i nte n a n c e  

All contacts should be periodically cleaned.A con­
tact burnisher Stt 18 2A836HO 1 is recommended for 
this purpose. The use of abrasive m aterial for clean­
ing contacts is not recommended , bec ause of the 
danger of embedding sm all p article s in the face of 
the soft silver and thus impairing the contact. 

CAL I BRAT I ON 

Use the following proc edure for c alibrating the 
relay if the relay has been taken apart for rep airs or 
the adjustments disturbed. This·  procedure should 
not be used until it is apparent that the relay is not 
in proper working drder. ( See " Ac c eptance Check").  

1 .  C o ntacts  

Adjust the adj ustable stop screw on the upper 

disc of the relay so that a contact separation of 
0. 050 inch is obtained between the moving contact 
and the stationary contact. Lock the screw with the 
nut provided for the purpose. 
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Fig. 13. Percentage Slope Curve of the CA- 1 6  and C A-26 

Relays with Six Restra int Windings in Series 

2. M i n i m um T r i p  

The rela,y should b e  level for this test. Minimum 

trip current can best be detennined with the p enn a­
nent magnet removed. 

Adjust the spring tension until the relay just 
closes its contacts with the following current applied 
to tenninals 1 2  and 13 of the relay. 

CA- 16 0 .  15 amperes 

CA- 26 1. 25 amperes 

3. P e r c e ntage S l op e  C h aracte r i s t i c  

Connect the relay p er the test circuit o f  Fig. 1 1 . 

P ass 20 amperes for the CA- 16 and 14 amperes for 

the CA-26 rela,y into tenninals 9 and 19 of the re­

la,y. Adjust the plug in the op erating electromagnet 
until the contacts just close \1/ith the follo wing cur­

rents into the op erating circuit of the rel a.Ys. 

CA- 1 6  2 9 . 4  to 34 amperes 

CA-26 36 to 40 amperes 

4. T i me C urve 

Place the p ermanent magnet on the rel ay and ap­
ply 20 amp eres to terminals 1 2  and 13 of th e relay. 
Adjust the k eep er of the p ennanent magnet until the 
contacts just clo se in the following times: 

CA- 16 5 2 ± 5% milliseconds 

CA- 26 72 ± 5% milliseconds 

These times s hould be the average of 5 readings 

5. l n d  i c a t i n g  C o n ta c t o r  Sw itc h ( IC S )  

Close the main rela,y contacts and pass sufficient 
d-e current through the trip circ uit to close the con­
tacts of the res. This value of current should be not 
greater than the p artic ular ICS tap s etting being 
used . The op eration indicator target should drop 
freely. 

6. I n d i c a t i n g  I n sta n ta n eo u s  T r i p  U n it ( l i T ) 

The core screw must be adjusted to the value of 

pick-up current desired. It is recommended that the 
liT be set to pick-up at a v al ue of current that is 
e qual to the maximum rms symmetrical external fault 
current to the relay. 

7. S e n s it i v e  F a u lt D ete c t o r  

Loosen the lock nut at the top of the element and 
run the core screw down until it iS flush with the top 
of the lock nut. Back off the Micarta disc by loos en ­
ing the two lock nuts. Apply O.  15 amperes to tennin al s  
1 4  and 1 5 .  Operate the moving element by hand and 
allow the current to hold the moving contact disc 
against the st ationary contacts. Now, screw up the 
core screw slo wly. This causes the plunger to move 
up , compressing the spring until a point of maximum 

deflection is reached. Further upward motio n will 
c aus e the plunger to drop p art way out of the coil , 
thus diminishing the spring pres sure on the contacts. 
By thus adjusting the core screw up or down the max­
imum spring deflection for this value of curre nt may 

be found. Then lock the c ore screw in place. Next, 
adj ust the d e- energized position of the p l unger by 
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TYPES CA- 16 AND CA-26 R ELAYS-------------------------

raising the Micarta disc until th� plunger just p icks 

up electrically at the 0 . 15 ampere value. 

E l ec tr i c a l  C h e c k p o i n t s  

Figures 1 2  and 13 will aid in trouble shooting 

either the CA- 16 or the CA-26 relays. These curves 

show the operating current to trip the relay for dif­

ferent restraint current for one restraint element as 

1 0  

well as for six restraint elements connected in 

series. 

R E N E W A L  P A R T S  

Rep air 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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Westinghouse I . L. 4 1 -337. 2C 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCT IO N S  
T Y P E S  C A -1 6 a n d  C A - 2 6  P E R C E NT A G E  D I F F E R E N T I A L  

R E LAY S F O R  B U S  A N D  T R A N S F O R M E R  P R OT E CT I O N  

C A U T I O N  Before putting relays into servic e ,  remove 
all blocking which may have been inserted for the 
purpose of securing the p arts during shipment, make 
sure that all moving p arts operate fre ely, inspect the 
contacts to see that they are clean and c lose prop erly,  
and operate the relay to check the settings and elec­
trical connections. 

AP P L I CAT I O N  

The typ e s  CA- 16 and CA-26 relays are used for 
the differential protection of multi-circ uit buses and 
transformers resp ectively. The two relays d iffer in 
their sensitivity and p ercentage differential charac­
teristics. The following p aragraphs describ e the ap­
plic ation re quirements. 

1. The maximum external symmetrical fault current 
through the bus should not e xceed 100 amperes 
rms secondary current . 

2. The current transformer burden external to the 
CA- 16 or CA-26 relays should not e xceed (NpVcL) 
I 133 ohms. Where 

Np = Proportion of total number of CT turns in use 
V CL = Current transformer 10L accuracy c l ass 

voltage 

For example , if the 40015 of a 60015 multi- ratio 

C'l;' is used, Np = 400 I 600 = 0. 67. If this CT has 
a 10L 200 rating,  V CL = 200 and the external bur­
den should not exceed 

(Np VcL)I 133 = ( 0 . 67 x 200)I 133 = 1.0 ohms 

In calculating the burden, use the two way lead 
burden. 

CON T E N T S  

This instruction leaflet !.{)plies to the following 

SUPERSEDES I . L. 41-337. 26 

*Denotes change from superseded i ssue. 

typ es of relays: 

CA- 16 Bus Differential Relay 
CA-26 Transformer Differential Rel ay 

The bus relay should not be utilized for transformer 
differential app lic ations. 

CON S T R U C T I ON 

The type CA- 16 relay consists of an indicating 
contactor switch, autotransformer ,  three re straint 
elements,  and an operating el ement. For applications 
where the CA- 16 rel ay is subj ected to shock such as 
on swinging p anels , a se nsitive fault detector c ircuit 
is provided. 

The type CA- 26 (in addition to the components of 
the CA- 16 rel ay) also contains an indic ating instan­
taneous trip unit. The principal component p arts of 
the relay and their loc ation are shown in Figures 1 
to 5 .  

R e stra i n t  E l e m e n t s  

E ach restraint element consists o f  a n  "E" lami­

nated electromagnet with two primary c oils and a 
secondary coil on its center leg. Two identical c oils 
on the outer legs of the l aminated structure are con­
nected to the secondary winding in a m anner so that 
the combination of all fluxes produced by the elec­
tromagnet results in out-of phase fluxes in the air gap. 
The out-of-phase fluxes c ause a contact open­
ing tor que. 

O p e r at i n g  C i r c u i t  

The operating circuit consists of an auto-trans -
former and an operating element. The primary of the 
auto-transformer, which is the whole winding, is c on­

nected to receive the differential or unbalanced cur­
rent from the v arious transformers connected to the 
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TYP ES CA- 1 6  AND CA-26 R E L AYS -----------------------' · L_._4_1 ·_JJ_7_. 2c 

:!OTTC»4 RIGHT HANO EL 
( F . V . )  

IIOTE: 
WITII RELATIVE IIISTU­
TAMEOUS POLAR I T I E S  -'S 
SIIOWII. THE AMPERE 
TURIIS 1 M  THE PAIRED 
RESTRA IIIIIIG GOILS ADD 
TO PRODUCE MAXIMUM 
TOll QUE . 

INTERNAL SCHEMATIC 

BOTlllot LEFT HAHO ELDf:IIT 
( F . V . )  

TaP R liKT 11 .. 0 £lEM. 
( f . V . )  

- CII.�SS I S  OPERATED 
SHORTliiG SWITCH 

REO HAMOLE 

- TEST SWITCH 

CURREIIT TEST JACK 

- TERMINAL 

Fig. 3. Internal Schematic of the Type CA-1.6 B us Relay 

bus. The secondary winding of the auto-transformer, 

which is a tapped section of the w inding, is con ­

nected to the operating element of the relay. 

The operating element consists of an " E "  type 

laminated electromagnet with an auto-transformer 

winding on its c enter leg. Two identical coils on the 

outer legs of the laminated structure are connected 

to the secondary (tapped section) of the auto-trans­
former winding in a manner so that the combination 

of all fluxes produced by the electromagnet results 
in out-of-phase fluxes in the air gap. The out-of­

phase air gap fluxe s c ause a contact closing torque. 

S e n s i t i v e  F a u l t  D e tector  C i rc u i t  ( w h e re u s e d )  

The sensitive fault detector circuit c onsists of 

an auto-transformer and a contactor switch. The con­

tactor switch is connected across the secondary 

(tapped section) of the auto-transformer winding. 

The contactor switch is a small solenoid t yp e  

element. A cylindrical plunger rides up and down on 

a vertical guide rod in the center of the solenoid coil. 

The guide rod is fastened to the stationary core , 

which in turn screws into the unit frame. A silver 

disc is fastened to the moving plunger through a heli­

cal spring. When the coil is energized, the plunger 

BOTTOM R I GHT HAMO --­
HEMEIIT ( F. V . )  

INTERNAL SCHEMATIC 

I N O I CA T I M G  
COMTACTOR SWITCH

�
"-�1m . 

ICS �����------, 

CA-16 IC l iT 

c��u l_ 
TOP LEFT IIAIID 
ELEMEMT ( F. V . )  

NOTE: 
WITH RELATIVE INSTAN­
TANEOUS POLAR I T I ES AS 
SHOWN, THE .\MPERE 
TURNS I M TttE PAIREO 
RESTU I M I M G COILS 
ADO TO PRODUCE NAXI­
totUM TOROUE. 

BOTTOM LfFT ll.liiO 
ElEMENT ( F . V . )  

-....., AUTOTRAMSFORMER 

IMtliCATING 
INSTAIITAIIEOUS 
TR I J>  ATTACHMENT 

TOP RtUT,M.UD 
ELENEMT ( F . V . )  

CHASS I S  OPERATED 
SIIOitT IMG SWITCtt 

ltEO ttiNOLE 

TEST SWITCH 

CURRENT TEST JACK 

TERtotlllil 

Fig. 4. Internal Schematic of the Type CA-26 Transformer 
Relay 

moves upward carrying the silver disc which bridges 

three conical- shaped stationary contacts. In this 

position, the helical spring is compressed and the 

plunger is free to move while the contact remain s 
stationary. Thus, a-c vibrations oL the p lunger are 

prevented from causing contact bouncing. A Mic arta 

disc is fastened to the bottom of the guide rod by 
two small nuts. Its position determines the pick up 

current of the element. 

The auto-transformer is designed to saturate at 
high values of current to limit the amount of curren t  
to the contactor switch. 

I n d i c a t i n g  C on t a c t o r  S w itch  U n i t  ( I C S) 

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 e nergization of the 

switch. When the switch close s,  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,  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, 
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T YP E S  CA- 1 6  AND CA-26 R E LAYS------------------------
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UfT Mll,l ..... 
, .... ) 

187A434 
Fig. 5. Internal Schematic of the Type CA- 1 6  B us Relay 

with a Sens itive Fault Detector 

provides restraint for the armature and thus controls 
the pick-up value of the switch. 

I n d i c at i n g  I n s t a n t a n e o u s  T r i p  U n it ( l i T )  

The instantaneous trip unit is a small a-c operated 

cl apper 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 which allows the operation indic 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. 

A core screw accessible from the top of the switch 

provides the adjustable pick-up range. 

O P E RAT I O N  

The types CA- 16 and CA-2 6  relays are induction 

disc relays with four electromagnets mounted on two 

discs that are fastened on a common shaft. One of 

the elect romagnets is the op erating element while 

the other three are restraint elements. The re straint 

elements are energized from the secondaries of c ur-

4 

240 
200 

Ct2]6 
CA-<6 

i 80 
a 
� 40 

0 20 40 60 80 100 120 14 I 6C 
OPERATING CURRENT IN AMPERES 

Curve 537956 
Fig. 6. Typ ical Time Curves of the CA- 1 6  and CA-26 dif­

ferential Relays 

rent transformers connected to the bus ,  and the 

operating circuit is energized in accordance with the 

current flowing in the differential connection of the 

current transformers .  

A current of 5 amperes in at terminal 1 8  and out of 

terminal Hl will produce a definite amount of re­
straining torque (see Fig. 3 . )  Similarly , a current of 

5 amperes flowing in at terminal 16 and out of ter­

minal 17 will produce an equal amount of torque . If 

both of these currents flow at the same time with the 

polarity as indicated above, their effect will be addi­

tive and they will produce the same torque as though 
10 amperes were flowing in terminal 16 and out of ter­

minal 1 7. Conversely , if equal currents flo w  in these 

two coils,  but in opposite directions, their ampere 

turns will cancel and no torque will be produced. The 

s ame relationship applies for the paired coils of the 

other two restraining· units of the relay. 

C H AR AC T E R !  S T E R I  C S  

CA- 1 6  Bus R e l ay 

This relay has variable percentage characteristics 

which means that the operating coil current required 

to close the relay contacts, expressed in per cent of 

the total restraint current , v arie s with the magnitude 

of the restraint current. The relay sensitivity is high, 

corresponding to a low percentage ratio , at light cur ­

rents, and its sensitivity i s  low, corresponding to 

high percentage unbalance , at high currents .  The re ­

lay is made sensitive at low currents in order to de ­

teet light internal faults on the bus being protected . 

At the same time , however, its reduced sensitivity at 
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Fig. 7. Typ ical Burden Characteristic of the Operating 

C ircu it of the CA- 1 6  and CA-26 D ifferential R e­
lays 

the higher currents allows the various c urrent trans ­
formers involved to depart from their true ratio to a 
large extent without causing false tripping of the re­
lay for e xternal faults. 

The v ariable percentage characteristics are par­
ticularly advantageous when severe saturation of cur­
rent transformers is caused by the d-e c omponent of 
asymmetric al short circuits. In the c as e  of buses 
located close to generating stations where the d-e 
components decay slowly, the breakdown in ratio of 
the current transformers will be much greater than 
would ever be e xpected from a consideration of the 
usual ratio curves of the current transformers in­
volved. 

The time of operation of the relays is shown in 
Figure 6. 

C A - 2 6  T r a n sfor m e r  R e l ay 

The type CA- 26 transformer differential relay in­
cludes an indicating instantaneous trip unit ( se e  Fig. 
4) , which operates on internal faults. The instanta­
neous unit should have a s etting e qual to the maxi­
mum rms symmetrical external fault current. Such a 
s etting will prevent operation of the instantaneous 

unit when a current transformer is severely satur ate d 
by the d-e component of an asymmetrical external 
fault current. 

T r i p  C i r c u it 

The main contacts will safely close 30 ampere s 
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187A424 
Fig. 8. External Schemat ic of the Type CA- 1 6  Relays for 

Three and Four Circu it Bus Protection 

at 250 volts d-e and the seal-in contacts of the in­
dicating contactor switch will s afely car ry this c ur­
rent long enough to trip a circuit breaker. 

The indicating instantaneous trip contacts will 
safely close 30 amperes at 250 volts d-e, and will 
c arry this c urrent long enough to trip bre aker. 

The indic ating contactor switch has two taps that 
provide a pick- up setting of 0 .  2 or 2 amperes .  To 
change taps requires connecting the lead loc ated in 
front of the tap block to the desired setting by means 
of a screw c onnection. 

T r i p  C i rc u i t  C o n s ta n ts 

Indicating Contactor Switc h (ICS) 

0. 2 ampere tap 6 . 5  ohms d-e resistance 

2.0 ampere tap 0. 15 ohms d-e resistance 

E N E R G Y  R E Q U I R EM E N T S  

Burden of each restraint coil at 5 amperes 

VOLT AMP ERES POWER FACTOR 

. 75 . 7  

Continuous Rating 14 ampere s 

1 second rating 4 60  amp eres 
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187A425 
Fig. 9. External Schematic of the Type C A- 7 6  Relays for 

Protection of a Six Circuit B us w ith Three Feeder 
Groups 

Burden of operating circuit 

VOL T AMP ERES 

Variable (See Fig. 7) 

Continuous rating 8 amperes 

1 second rating 280 amperes 

C O N N E C T I ON S 

To determine the a-c connections , identify each 
primary circuit as either a "sourc e "  or "feeder ' !  As 
defined here , a feeder contriqutes only a small por­
tion of the total fault-current contribution for a bus 
fault. Otherwis e,  the circuit is a source. Next lump 
a number of feeders into a "feeder group " by p arallel­
ing feeder CT's,  taking the precaution that each 
feeder group has l es s  than 14 amperes load current 
(restraint coil continuous rating) . Also each feeder 
group should not contribute more than 10% of the 
total phase or ground-fault current for a bus fault. 

Connect per Fig. 8 with three or four bus " c ir ­
cuit. ' '  The term ' 'circuit' • refers t o  a source or t o  a 
feeder group. F or example , assume a bus c onsisting 
of 2 sources and 6 feeders. Further , assume that the 
feeders are lumped into 2 feeder groups .  The bus now 
reduces to four circuits . 

6 

If the bus reduces to more than four c irc uits , 
p arallel source-circuit CT's or source- and feeder-cir ­
CT's until only four circuits remain. Then connect 
these four sets of CT's to the rel ays p er Fig. 8. The 
exception to this rule occurs when the application 
consists of three feeder groups. Then, Fig. 9 applies . 

With 3 feeder group s and more than 3 sources,  
p arallel source CT's until the applic ation reduces 
to 6 circuits;  then, connect to the relays per Fig. 9 .  

S E T T I NG CAL C U LAT I O N S 

No calcul ations are re quired to set the CA- 16 and 
CA- 26 relays. 

S E T T I NG T H E  R E LAY 

No settings are required on either the CA- 16 o r  
the CA- 26 main units. 

I n d i c at i ng C o ntactor S w i tc h  ( I C S )  

N o  setting is required o n  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 i n  
front of the tap block to the desired setting by means 
of the connecting screw. When the relay e nergizes a 
125 or 250 volt d-e WL relay switch o r  e quiva­

lent ,  use the 0 .  2 ampere tap ;  for 48 volt d-e applic a ­
tions set relay i n  2 tap and use W L  relay c oil S1t304-
C 209G0 1 or e quival ent. 

I n d i c a t i n g  I n s t a n t a n e o u s  T r i p  ( l i T )  

Since the minimum and maximum mark ings on the 
scale only indicate the working range of the cor e 
screw must be adjusted to the value of p ick-up de ­
sired. It is recommended that the liT be s et to pick 
up at a value of current that is equal to the max ­

imum rms symmetric al external fault current to the 

relay. 

I N S TA L L AT I O N  

Th e relays should b e  mounted o n  a switchboard 

p anel or their e quivalent in a location fre e from dirt , 

moisture, excessive vibration , and heat. Mo unt the 
relay vertically by m eans of the four mounting hol e s  

o n  the flange for semi-flush mounting o r  by means of 
the rear mounting stud or studs for projection mount­
ing. Either a mounting stud or the mounting screws 
may be utilized for grounding the relay.  The elec­
trical connections may be made directly to the ter ­

minals by means o f  screws for steel p anel mounting 
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* Fig. 10. External Schematic of the Type CA-26 Relay for Transformer Protection and Bus Protection 

or to the terminal studs furnished with the relay fo r 
thick p anel mounting. The terminal studs may b e  
easily removed or inserted by locking two nuts o n  the 
stud and then turning the proper nut with a wrench. 

For detailed FT case information, refer to L L .  4 1-

076. 

A D J U S T M E N T S  A N D  M Al N T E N A N C  E 

The proper adjustments to insure correct operation 
of this relay have been made at the factory. Upon 
receipt of the relay, no customer adjustments other 
than those covered under "SETTINGS " should be 
required. 

A c ce pt a n c e  C h ec k  

The following check i s  recommended to insure 
that the relay is in proper working order. 

A. M i n i 111 um T r i p  C urr e n t  

Apply current to terminals 12 and 13 of  the relay. 
The relay should operate as follow s :  

1. CA- 16 0. 15 amperes ± 5% 

2. CA-26 1. 25 amperes ± 5% 

B .  P e r c e n ta g e  D ifferen t i a l  C h aracte r i st i c  

Apply 19 amperes to terminals 1 2  and 13 o f  the 
CA- 16 relay or 38 amperes to terminals 1 2  and 13 of 
the CA- 26 relay. The contacts should open when the 
following re straint current is applied to th e relay 
with connections of Fig. 1 1. 

CA- 1 6  16. 5 ± 5 %  amperes 

CA- 26 14. 5 ± 5% amperes 

Check e ach individual restraint winding by apply­

ing 20 amperes to each winding. Apply suffic ient 
op erating current to the op erating c ircuit until th e 
contacts just close.  The operating c urrent should be: 

CA- 16 1 . 0  ± 5% amp eres 

CA- 26 3 . 5  ± 5% amp eres 
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TYP ES CA- 1 6  AND CA-26 R E LAYS-----------------------

tUUTUCl 
liiD 

CA-ll Olt CA•21 UUT (FUIT ll£1) 

& ""'"" IUISTAIICE , ... 

187A426 
Fig. 1 1 .  Diagram of Test Connections for the CA- 1 6  one! 

CA-26 R elays 

C. T i m e  C urv e 

Apply 20 amperes to terminals 1 2  and 13 of the re­

lays. The contacts should close in the following 

times: 

CA- 16 52 ± 5% Milliseco nds 

Q:A-26 72 ± 5% Milliseconds 

D.- I n d i c at i n g  C o nta ctor S w i tc h  ( I C S )  

Close the main relay contacts and pass sufficient 

d-e current through the trip circuit to clo se the con­

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

greater than the particular ICS tap setting being used . 
The operation indicator target should drop freely. 

The contact gap should be approximately .047 
inch between the bridging moving contact and the ad­
justable stationary contacts. The bridging moving 

contact should touch both stationary contacts simul­
taneously. 

E .  I n d i c a t i ng I n s t a n ta n e o u s  U n it ( I I T ) -Where s u p p l i e d )  

The core screw which i s  adjustable from the top 

of the trip unit determines the pick-up value. The 

trip unit has a nominal ratio of adjustment of 1 to 4 

and an accuracy within the limits of 10%. 

The making of the contacts and target indic ation 

should occur at approximately the same instant. 
Position the stationary contact for a minimum of 1/3 2 

inch wipe.  The bridging moving contact should touch 

both stationary cont act s  simultaneously. Apply suf ­

ficient current to operate the liT. 

8 

32 

28 

24 
.. "' "' "' .. 
� 20 

;!'; 

1 6  

1 2  

8 

4 

1/ 

CA·26 I 
CA-16 

I 

20 40 60 80 
RESTRAINT CURRENT IN AMPERES 

v 

100 

Curve 537958 
Fig. 12. Percentage Slope Curve of the CA- 1 6  one! CA-26 

Relays with One Restraint Winding 

F .  Sen s i t i v e  F a u l t D etec to r  (wh ere s u p p l i e d ) 

Apply current to terminals 14 and 1 5  of the re­

lay. The fault detector should operate between the 

limits of 0.  142 to 0. 158 amperes. 

R o u t i n e  M a i nte n a n c e  

All contacts should be periodically cleaned.A con­
tact burnisher S# 182A836HO 1 is recommended for 

this purpose. The use of abrasive material for clean­

ing contacts is not recommended , bec ause of  the 

danger of embedding small p articles in the face of 

the soft silver and thus impairing the contact. 

C A L I B R A T I O N  

Use the following proc edure 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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TYPES CA- 1 6  AND CA-26 RELAYS 

64 

I 
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24 
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1/ 
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1---f-
4 8 1 2  16 2 0  2 4  

RESTRAINT CURRENT I N  AMPERES 

Curve 537959 
Fig. 13. Percentage Slope Curve of the CA- 1 6  and CA-26 

Relays with Six Restra int Windings in Series 

1. C o ntacts 

Adjust the adjustable stop screw o n  the upper 

disc of the relay so that a contact separation of 
0. 050 inch is obtained between the moving contact 

and the stationary contact. Lock the screw with the 
nut provided for the purpose.  

2 .  M i n i m um T r i p  

The relay should b e  level for this test. Minimum 

trip current can best be determined with the perma­

nent magnet removed. 

Adjust the spring tension until the relay just 
closes its contacts with the following current applied 

to terminals 12 and 13 of the relay. 

CA- 16 0 . 15 amperes 

CA- 26 1. 25 amperes 

3. P e r c e ntage S l o p e  C h aracte r i s t ic 

Connect the relay p er the test circuit of Fig .  1 1 . 

I .L. 41 ·337.2C 

Pass 19 amperes for the CA- 16 and 38 amperes for 

the CA-26 relay into terminals 1 2  and 13 of the re­

lay. Adjust the plug in the operating electromagnet 

until the contacts just clo se with the following cur ­

rent� into the restraint circuits of the relays. 

CA- 16 16 to 17 amperes 

CA- 26 14 to 15 amperes 

4 .  T i m e  C urve 

Place the p ermanent magnet on the rel ay and ap­

ply 20 amp eres to terminals 1 2  and 13 of the relay. 

Adjust the k eep er of the p ermanent magnet until the 

contacts j ust clo se in the following times: 

CA- 16 52 ± 5% milliseconds 

CA- 26 72 ± 5% milliseconds 

These times should be the average of 5 readings 

5 .  l n d  i c a t i n g  C o n ta c t o r  S w i t c h  ( IC S )  

Close the main relay contacts and pas s  sufficient 

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

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

greater than the p artic ular ICS tap s etting being 

used. The operation indicator target should drop 

freely. 

6. I n d i c a t i n g  I n sta n ta n eo u s T r i p  U n i t ( l i T )  

The core screw must be adjusted to the value of 

pick-up current desired. It is recommended that the 

liT be set to pick-up at a v al ue of current that i s  

e qual t o  the maximum rms symmetrical external fault 

current to the relay. 

7. S e n s it i v e  F a u l t D etector  

Loosen the lock nut at the top of the element and 

run the core screw down until it iS flush with the top 

of the lock nut. Back off the Micarta disc by loosen ­

ing the two lock nuts. Apply 0. 15 amperes to terminals 

14 and 15. Operate the moving element by hand and 

allow the current to hold the moving contact disc 

against the st ationary contacts. Now, screw up the 

core screw slowly. This causes the plunger to move 

up , compressing the spring until a point of maximum 

deflection is reached. Further upward motion will 

cause the plunger to drop p art way out of the coil , 

thus diminishing the spring pres sure on the contacts. 

By thus adjusting the core screw up or down the max-
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TYPES CA- 16 AND CA-26 R ELAYS------------------------

imum spring deflection for this value of current may 

be found. Then lock the core screw in place. Next, 
adjust the de- energized position of the plunger by 

raising the Micarta disc until the plunger just p icks 

up electrically at the 0. 15 ampere value. 

E l e c tr i ca l C h e c k p o i n t s  

Figures 12  and 13 will aid in  trouble shooting 

either the C A- 16 or the CA-26 relays. These curves 

show the operating current to trip the relay for dif-

TEI!MIMAL AIID MOUMTIIG DElli LS 

ferent restraint currents for one restraint element as 

well as for six restraint elements connected in series. 

R E N E W A L  P A R T S  

Rep air work can be done most satisfactorily at 
the factory. However, interchangeable p arts can be 

furnished to customers who are equipped for doing 

repair work. When ordering p arts , always give the 

complete nameplate data. 

PAICEL CUTOUT & O�ILL I M G  
FO� SEl41 FLUSH NTG. 

PIIEL DIU LLIIG OR CUTOUT FOil PltO.IECTIDI MTG. 
(FRDIT VIEW) 

57-D-7903 

Fig. 14. Outline and Dri l l ing for the CA- 1 6  and CA-26 Relays in FT -32 Case, 
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Westinghouse I . L. 41-337. 10  
I N STA L L ATI O N  • OPERATION • M A I N TEN A N CE 

INSTRUCTIONS 
TYPE CA-6 PERCENTAGE DIFFERENTIAL RELAY 

FOR BUS AND TRANSFORMER PROTECTION 

C A UT I 0 H Before putting relays into service,  re­

move all blocking which may have been inserted for 

the purpose of securing the parts during shipment, 

make sure that all moving parts operate freely, in· 

spect 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-6 percentage differential relay is 

usually applied for the differential protection of 

multi-circuit buses.  The application of the CA-6 

relays for bus differential protection may be divided 

into three categories. (In the following discussion 

an equivalent circuit is defined as a major source or 

a group of feeder circuits.  The fault current contri­

bution of all the paralleled feeders should not ex­

ceed 5% of the total phase or ground fault current , 

with normal bus connections . )  

A) GENERATING STATION BUSES - FOUR 

EQUIVALENT CIRCUITS OR LESS - DC 

TIME CONSTANT 0!<' 0 . 6  CYCLES (0.01 

Sec .)  OR MORE. 

If the following requirements are met , the 

CA-6 may be satisfactorily applied: 

1) The maximum external fault current 

through the bus should not exceed 100 

symmetrical RMS secondary amperes. 

2)  The magnetizing current of the current 

transformers carrying a total external 

fault current of 100 symmetrical second­

ary amperes should not exceed one sec­

ondary ampere . 

B) GENERATING STATION BUSES - MORE 

THAN FOUR EQUIVALENT CIRCUITS • DC 

TIME CONSTANT OF 0 . 6  CYCLES (0. 01 

Sec .)  OR MORE. 

The same requirements as in (A) apply. How-

S UPERSEDES I . L. 41 -337. 1C 
*Denotes ch an ge from superseded i ssue. 

ever, consideration must be given to the re­

straint coil connections. 

Where more than 4 e quivalent circuits are 

present , it is rarely necessary to provide two 

relays per phase.  With little or no compromise 

in the protection scheme , one relay can handle 

at least 8 equivalent bus circuits. (See "Con ­

nections" for further discussion . )  

C) SUBSTATIOr BUSES - DC TIME CONSTANT 

OF 0.6 CYCLES (0o01  Sec. )  O R  LESS. 

If the following requirements are met ,  the 

CA-6 may be satisfactorily applied: 

1) The maximum external fault current 

through the bus should not exceed 100 

symmetrical RMS secondary amperes .  

2)  The magnetizing current of the current 

transformers carrying a total external 

fault current of 100 symmetrical second­

ary amperes should not exceed ten sec­
ondary amperes. 

Where more than 4 equivalent circuits are 

present, it is rarely necessary to provide two 

relays per phase. With little or no compromise 

in the protection scheme, one relay can handle 

at least eight equivalent bus circuits. 

(See "Connections" for further discussion. ) 

A type CA-6 transformer relay is also available 

for 3 winding transformer protection. The standard 

bus relay should not be utilized for transformer dif­

ferential applications. 

CONSTRUCTION 

The type CA-6 relay consists of three restrain­

ing elements (two restraining windings per element) ,  

one operating element ,  and an indicating contactor 

switch. The type CA-6 transformer relay also con­

tains an indicating instantaneous trip unit. 
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TYP E CA-6 RELAY ________________________________________________________ ___ 

l iiLl i C A T I IIIi-­
COrtTACTOII :)WI TCti 

C:OILS ADO TO PROO\ICE 
IIAIIIIUII TOR(,liE. 

INTERNAl SCHEMATIC 

T O P  REAR H.E,.t.H f ( L 'I . )  

CI1A�S I S  OPEri:UI:.l> 
S111M f l 11 u SWI TI.:M 

R[l.l MU!JlE TEST SVYI TCI1 _j Curi:ri:Enf 1I: T .lA�� TERMI�AL 

l82A8 3 0  

Fig. 1 .  Type CA-6 R e lay for Bus Protection i n  Type 

FT-32 Case. 

The relay operates on the induction-disc princi­

ple and consists of four electromagnets operating on 

two discs which are fastened to the same shaft. 

Three of the electromagnets are restraining elements 

with two separate restraining windings connected to 

receive the s econdary currents from the various cur­

rent transformers (Fig. 1 & 2) .  The fourth electro­

magnet is the operating element with its winding 

connected to receive the differential or unbalance 

current thru an auxiliary current transformer. Taps 

are provided on this current transformer to control 

the sensitivity of the relay. 

The two induction discs are mounted on a verti­

cal shaft. The lower bearing for the shaft is a steel 

ball riding between concave sapphire j ewel surfaces. 

A pin bearing is used on the upper end of the shaft. 

The moving contact assembly is attached to a 

Micarta bushing on the disc shaft. When the moving 

contact strikes the stationary contact, the moving 

contact spring deflects to provide a wiping action. 
The electrical connection from the moving contact 

is made thru the spiral spring to the spring adjuster. 

INDICATING CONTACTOR SWITCH UNIT (ICS) 

The d-e indicating contactor switch is a small 

clapper type device.  A magnetic armature, to which 

2 

TOP FKOtH El.f)4ENT 
( F . � . )  

INTERNAL SCHEMATIC 

TOP REAR ELEMENT ( F . Y . )  

'---J---+---+--J--- 1 NO I CA f l  MG 

COnfACTOR Sifil fCH • 
I M O I C A T I N G ---- ICSJ I C�-�� I l l  

IMSTA n TArtEO\JS 
T R I P  AiTACIII4ENT 

- CI1AS S l S OPERATEO 1 sr 1 EO s PO 1 T'f I I ' SMOR T II 'i �  SWI TCtt 
A� s:,� T�l: AM�::E ru�"s r . - x- 7?--r- - -. - :- - ..::1 --�EO ML '/)L[ �� ���\��� ��0,:����1" 1•6 : '" -. l -- TEST SWI , n il  
IIAWI� TO�QIJE· L �- -· 1 1-& - ��� · ��- ��- _j ��:��::LTE� .- JACK 

<1 � \1 • 6 • 8 • 10 
FRONT V I EW 

l82A83l 

Fig. 2 .  Type CA-6 Relay for Transformer Protection, 

With Indicating Instantaneous Tr ip in FT-32 Case. 

leaf-spring mounted contacts are attached, is at­

tracted to the magnetic core upon energization of the 

switch. When the switch closes,  the moving con­

tacts bridge two stationary contact, completing the 

trip circuit . Also during this operation two fingers 

on the armature 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 tar­

get, provides restraint for the armature and thus con­

trols the pickup value of the switch. 

INDICATING INSTANTANEOUS TRIP UNIT (liT) 

The instantaneous trip unit is a small a-c oper­

ated clapper type device.  A magnetic armature ,  to 

which leaf-spring mounted contacts are attached,  is 

attracted to the magnetic core upon energization of 

the switch. When the switch closes, the moving con­

tacts bridge two stationary contacts completing the 

trip circuit. Also during the operation two fingers 

on the armature 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. 
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TY P E CA-6 R E LAY __________________________________________________________ I.L_._4_1-_3_37_. 1_o_ 
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Fig. 3 .  Typical Torque Curves o f  t h e  Operating & Re· 

straint Coils. 

* A core screw accessible from the top of the 

switch provides the adjustable pickup range.  

OP E R ATION 

The CA-6 relay has three restraining elements, 

each with two windings which are energized from the 

secondaries of current transformers connected to 

the bus. The relay has one operating electromagnet 

energized through an external auxiliary current 

transformers in accordance with the current flowing 

in the differential connection of the current trans­

formers. 

Refer to the internal schematic, Fig. 1 .  A cur­

rent of 5 amperes in at terminal 18 and out of termi­

nal 19 will produce a definite amount of restraining 

(/) 
(/) 
<( 
[]) 

w 
_J 
(.) 
� (.) 
0 
<.0 

(/) 
w 
_J 
0 
� 
0 

r-:::;: 
20., --

I I : . 
I 

l s l i  , It _, �· 

0o 20 4 0  60 80 
NET TORQUE IN CENTIMETER GRAMS 

Curve 2 3 5 4 96 

Fig. 4. Typical Differential Unit Time Curve. 

torque as indicated in Fig. 3. Similarly, a current 

of 5 amperes flowing in at termiRal 16 and out of 

terminal 17 will produce an equal amount of torque. 

If both of these currents flow at the same time with 

the polarity as indicated above, their effect will be 

additive and they will produce the same torque as 

though 10 amperes were flowing in one winding 

alone. Conversely, if equal currents flow in these 

two coils, but in opposite directions, their ampere 

turns will cancel and no torque will be produced. 

The same relationship applies for the other two re­

straining units of the relay. 

This relay has variable percentage character­

istics which means that the operating coil current 

required to close the relay contacts, expressed in 

percent of the total restraint current, varies with 

the magnitude of the restraint current. The relay 

sensitivity is high, corresponding to a low percent­

age ratio , at light currents,  and its sensitivity is 
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TYP E CA-6 R ELAY 
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Fig. 5. Typical B urden Characteristics of The Operating Coil C ircuit 

low, corresponding to high percentage unbalance ,  at 

high currents.  The relay is made sensitive at low 

currents in order that it will detect light internal 

faults on the bus being protected. At the same time, 

however, its reduc ed s ensitivity at the higher cur­

rent s allows the various current transformers in­

volved to depart from their true ratio to a large ex­

tent without causing false tripping of the relay for 

external faults. 

The variable percentage characteristics are 

particularly advantageous when severe saturation of 

current transformers is caused by the d-e component 

of asymmetrical short circuits.  In the case of buses 

located close to generating stations where the d-e 

component decays slowly, the breakdown in ratio of 

the current transformers will be much greater than 

would ever be e xpected from a consideration of the 

usual ratio curves of the current transformers 

involved. 

CHARACT E RISTICS 

There are no taps inside the relay case. Taps 

4 

controlling the sensitivity of the relay are incorpor­

ated in the external current transformer ( see Fig. 1 1  
for internal wiring. )  The tap markings are : 12 - 19 -

25 - 38.  These tap values, as indicated on the tor­

que curves of Fig. 3 ,  are the 60 cycle amperes re­

quired in the operating coil circuit to close the relay 

contacts against a 70 cmg. restraint torque. 

Time of operation of the relay is shown in Fig. 

4. To use this curve, determine the total restraining 

torque and substract this from the operating coil 

torque to determine the net torque in cmg, This 

curve applies only for a contact spacing of 1/4 inch. 

TRANSFORMER RELAY 

The type CA-6 transformer differential relay in­

cludes an indicating instantaneous trip unit (See 

Fig. 2) and has a stronger spiral control spring than 

the bus differential relay. The instantaneous trip 

unit is intended to operate on internal faults on the 

order of 100 amps.  ( secondary) or higher because,  

when a transformer bank is connected to  a high 
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TYP E CA-6 R E LAY _______________________________________________________ 1_. L_._4_1._33_� __ 1 o  

aus 

iUS 

87 
1 

R 87 THREE C I RCU I T  BUS 

+f8 

Io 
Aux-:-c. r. 
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� - - - - - - - - - - - - - - - - -TO C.  T . S --1 CONNECT I ONS SAME AS PH · 1  ..J1 

� - - - - - - - - - - - - - - - - -

FOUR C I RCU I T  BUS 

{::::r- - - - - - - - - - - - - - - - - - - - - - - - -, TO C . T. S  � CONNECT I ONS SAME AS PH · 1  
� - - - - - - - - - - - - - - - - - - - - - � TO C . T . S  � CONN ECT I ONS SAME AS PH· 1  

� - - - - - - - - - - - - - - - - - - _ _  ....J 
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POs . ---.---------------------
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87 - PERCENTAGE D I F FERENT IAL RELAY, TYPE CA-6 
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'----y-/ 
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NEG .  _ _,. _________ _ 

ICS  - I ND I CAT I N G  COMTACTOR SW I TCH 
OP - OPERAT I NG CO I L  

R - PA I RED RESTRA INT CO I L  
( TOP FRONT ELEMENT )  

S - PA I RED RESTRA I N T  CO I L  ( BOTTOM REAR ELEMENT )  
T - PA I RED RESTRA I NT CO I L  ( BOTTOM FRONT ELEMfNT )  

I K 
TYPE 
CA-6 
RELAY 

86 - AUX 1 L l4RY TR I PP ING RELAY , TYPE WL 

l83A l 8 9  

Fig. 6 .  External Schematic o f  O n e  Set o f  Type CA-6 Relays for Three and Four Circuit B us Protection. 
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T Y P E CA-6 R ELAY __________________________________________________________ __ 

BUS 
R 

SOURCE 

FEEDER GROUP 
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FEEDER GROUP 
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FEEDER GROUP 

TO C. T. S : =- =- .:I  CONNECT I ONS SAME AS PH . l  
{--r- -- - - - - - - - - - - - - -, 

� - - - - - - - - - - - - - - -� -- I 
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DC TR I P  BUS 

DEV I CE NUMBER CHART 

PH . 
1 

l p�. 
PH . 

3 

87 - PERCENTAGE D t FFERENT IAL  RELAY ,TYPE  CA-6 
ICS - I ND I CA T I N G  CONTACTOR S W I TCH 

OP - OPERAT ING  CO I L  
R - PA I RED RESTRA I NT CO I L  ( TOP FRONT ELENENT ) 
S - PA I RED RESTRA I N T  CO I L  ( BOTTOM REAR ELEMENT ) 
T - PA I RED RESTRA I NT CO I L  ( BOTTOM FRONT ELEt£HT ) 

I N  
TYPE 
CA-6 
RELAY 

86 - AUX I L IARY TR I PP I NG RELAY , TYPE WL 

1 83A l 90 

Fig. 7. External Schematic of One Set of Type CA-6 Relays for Protection of a Six Circuit B us With Three Feeder Groups. 
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T - PA I RED RESTRA I NT COI L  
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I N  
TYPE 
CA-6 
RELAY 

86 - AUX I L I ARY TR I PP I NG RELAY, TYPE WL 

NOTE - SUFF I X  I DENOTES RELAY N0. 1 
AND SUFF I X  li DENOTES RELAY N0·2 

Fig. 8. External Schematic of Two Sets of Type CA-6 Relays for Six Circuit B us Protection. 

288B844 
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87 - PERCEN TAGE D I FFEREN T I AL RELAY , 

ICS - I N D I CA T I Nu CON fACTOR SW I TCH 

OP - OPERA T I N u  CO I L  

R - PA I RED R ESTRA I N T  CO I L  
( TOP FRONT ELEMENT ) 
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( BOTTOM REAR ELEMEN T )  

T - PA I RED RESTRA I N T CO I L  
( BOTTOM FRONT ELEMEN T )  

PH. 
1 

TYPE CA-6 

IN 
TYPE 
CA-6 
RELAY 

86 - AUX I L I AI!¥ Til l PP I NG RELA Y ,  TYPE WL 
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288B84 5 

Fig. 9. External Schematic of Two Sets of Type CA-6 Relays for Eight Circuit B us Protection, 
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T Y P E CA-6 RELAY __________________________________________________________ I_. L_._4_1-_33_7_. 1_o 

120 WOLTS, 60 CYCLES 1� �OLTS 60 CYCLES 

;fCONNECT I ONS W�EN TESTIM� .$
-
/ I TIIOUT CASE 

RES lSTAIICE 
LOAD 

AUX .  
c .  T .  

CA-6 RELAY 
( FRONT V I EW)  

NOTE 1 ;  
A COMMON 2 �  V ,  60 CYCLE 
SOURCE CAN BE USED TO 
SUPPLY 80TII OPERAT I NG 
AND RESTRA I NT C I RCU I TS 

NOTE 2 : 
W�EN SEPARATE SOURCES 
ARE USED , T�E �OLTAGES 
SMOijLO if ESSEN T I ALLY 
I N  PHASE. 

l 83A228 

* Fig. JO. Diagram of Test Connections for the type CA-6 R elay, 

capacity bus,  it is difficult to keep the m aximum in­

ternal fault currents down to a 100 ampere value. 

Thus , the instantaneous unit assures prompt tripping 

at excessively high current values. At the same 

time , the instantaneous unit should not have a set­

ting substantially lower than 100 amperes ( second­

ary) in order to avoid a possible false operation for 

external faults. The stronger spiral control spring 

is provided in order that the relay maybe given a 

higher minimum trip setting , as noted under "Ad­

justments and Maintenance" .  

TRIP CIRCUIT 

The main contact� will safely close 30 amperes 

at 250 volts d-e and the seal-in contacts of the indi­

cating contactor switch will safely carry this current 
long enough to trip a circuit breaker. 

The indicating instantaneous trip contacts will 

safely close 30 amperes at 250 volts d-e, and will 

carry this current long enough to trip a breaker. 

The indicating contactor switch has two tap s  

that provide a pickup setting o f  0 . 2  o r  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 connectiono 

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 

EHE RGY REQU I R EME HTS 

Burden of each Restraint Coil at 5 amps. 

VOLT AMPERES 

. 75 

POWER FACTOR 

. 7  

Continuous Rating 1 0  Amperes 

1 Second Rating 250 Amperes 

Burden of Op erating Circuit 

VOLT AMPERES 

Variable See Fig. 5 

Continuous Rating 

1 Second Rating 
5 Amperes 

150 Amperes 
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T Y P E CA-6 RELAY ________________________________________________________ _ 

TE�MINAL 

R 

L __ _ _ __j 
T�AN S FORME:R COIL 

FRONT VIEW 
2-D-1488 

Fig. J l. Internal Wiring D iagram of the A uxiliary C urrent Transformer. 

CONNE CTIONS 

One relay per phase is normally recommended for 

the protection of buses with up to 8 "equivalent cir­

cuit" connections. An "equivalent circuit" is de­

fined as major source or a group of feeder circuits. 

The grouped feeder circuits• fault contribution should 

not exceed 5% of the total phase or ground fault cur­

rent , with normal bus connections. In paralleling 

current transformers for the feeder group or groups, 

the load current distribution should be examined to 

insure that the 1 0  ampere continuous rating of the 

relay restraint windings is not exceeded. 

The recommended connections are outlined in 

Table I. 

1 0  

TAB L E  I 

Total No. No. of Feeder 

Case of Eq. Ckts. Groups Connections 

I 3 Q-2 Fig. 6 

n 4 Q-3 Fig. 6 

III 5 0-1 Note 1 

IV 5 2-4 Fig. 7 

v 6 0-1 Note 1 

VI 6 2-5 Fig. 7 

vn 7 0-6 Note 1 

VIII 8 o-7 Note 1 

Not e 1 - - Same as 4 circuit bus of Fig. 6 except 
parallel CT's in pairs. (1 set in parallel for 5 ckt. 
bus, 2 for 6 ckt. bus, etc.) 
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T Y P E CA·6 R E LAY _________________________________________________________ I_. L_. _4_1·3_3_7._1_o 

0'1 
Nl-

TO P 

2-D- 1487 
Fig. 12. Outline & Drilling P lan ol the A uxiliary Current TransFormer. 

In cases Ill, V, VII, and VIII of Table I, at least 

one pair of current transformers is paralleled. Al­

most complete restraint cancellation will occur on 

an external fault, if all but two of the circuits are 

out of service and if the remaining circuits have 

their current transformers paralleled. In selecting 

the circuits to be paired, the following points 

should be observed: 

1)  Parallel circuits which are not likely to be 

left alone on the bus. 

2) Where sources are to be paired ,  parallel the 

smaller sources, if there are less than 8 

equivalent circuits .  

3) Avoid pairing the two largest sources.  

4) If feasible ,  parallel matched current trans­

formers. 

In case IV, with two feeder groups one of the 

restraint elements must be connected to 2 source 

circuits. These 2 source circuits should be selected 

so that they are the least likely to be left alone on 

the bus and are not the two largest sources. 

Where the nature of the bus application is such 

that nearly complete restraint cancellation is very 

likely to occur for cases III, V, VII, and VIII of 

Table I, two relays per phase should be employed to 

insure restraint under all possible external fault con­

ditions. Connections for 6 and 8 e quivalent circuit 

buses,  using 2 relays per phase, are shown in Figs. 

8 and 9, respectively. 

Where there are more than 8 e quivalent circuits, 

the connections in Fig. 9 should be employed by 

1 1  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE CA-6 RELAY ________________________________________________________ _ 

pairing current transformers in the same manner as 
outlined for single relay per phase applications. 

SETTING CALCULATIONS 

No calculations are required to set the CA-6 

relay. 

SETTING THE R E LAY 

BUS DIFFERENTIAL RELAY 

The external current transformer taps are the 

only setting required . Where the d-e time constant 

is 0 . 6  cycles or less and where the current trans­

former ratio error as a result of a-c saturation 

exceeds 5%. it is recommended that the No. 38 tap 

be used. In all other cases, the No .  19 tap is 

recommended . 

If the minimum internal fault current is greater 

than . 14 amperes, the pickup of the relay may be 

increased by means of the spring adjuster. The 

spring tension can be increased such that a maxi­

mum pickup of .4 amperes can be obtained. The 

pickup current is to be measured when only the 

operating circuit is energized. 

TRANSFORMER DIFFERENTIAL RELAY 

Set the external current transformer tap . The 

following settings are recommended for mismatch 

of the main current transformers : 

Percent t Minimum Minimum 

Mismatch Pickup Setting TaP 

o-5 .75 Amp . 19 

5- 10 1 . 00 Amp. 38 

1D- 15 1 . 25 Amp . 38 

t Includes error due to power transformer tap 

changing. 

The pickup of the relay is varied by means of 

the spring adjuster. 

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 

type WL relay switch , or equivalent, use the 0.2 

ampere tap. 

INDICATING INSTANTANEOUS TRIP (liT) 

The core screw must be adjusted to the value 

12  

o f  pick-up desired. It i s  recommended that a pickup 

of 100 amperes be used. 

I N S T  A L L A T I  O N  

Th e  relays should be mounted o n  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 s emi-flush mounting or by 

means of the rear mounting stud or studs for projection 

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 m eans of screws for steel panel mount­

ing or to the terminal studs furnished 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. 

The total resistance of the leads, connecting 

relay terminals 12 and 13 to the R terminals of the 

auxiliary current transformer, must not exceed 0.05 

ohm. 

* A D J U S T M E N T S  A N D M A I N T E N A N C E  

The proper adjustments to insure correct op era­

tion of this relay have been made at the factory. Upon 

receipt of the relay no customer adjustments, other 

than those covered under "SETTINGS" should be 

required.  

Acceptance C he c k  

The following check is recommended to insure 

that the relay is in proper working order. Relays and 

transform ers of matching serial numbers should be 

connected together. Use ti ght screw connections. No 

clip leads should be used. The total resistance of 

leads, connecting relay terminals 12 and 13 to the R 

terminals of the auxiliary current transformer, must 

not exceed 0.05 ohms. 

A. M i n i m u m  T r i p  C urrent 

Apply current to the primary of the external 

transformer. The relay should operate as follows on 

the 19 tap. 

1. Bus Differential Relay 

2. Transformer Differential Relay 

0. 145 ± 5% amp. 

1 .0  ± 5% amp. 
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B .  Torque C urve s 

Connect the relay as shown in the test circuit of 

figure 10 . Apply tap value current to the external 

transformer. The contacts should open when the fol­

lowing restraint current is applied to the relay. 

1. Bus Differential Relay 

16-1/ 2 ± 5% amperes 

2. Transformer Differential Relay 

15·1/2 ± 5% ampere 

Care should be taken not to overheat the relay 

and external transformer during the test. 

The restraint current of the transformer dif­

ferential relay is less than that of the bus differential 

relay in order to compensate for the stronger spring 

used on the transformer relay. 

C. I n d i c at i ng Contactor  S w i tc h  ( I C S) 

Closethe 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 should not be 

greater than the particular ICS tap setting being used. 

The operation indicator target should drop freely. 

The contact gap should be approximately .047 

inch between the bridging moving contact and the 

adjustable stationary contacts. The bridging moving 

contact should touch both stationary contacts simul­

taneously. 

D. I n d i c at ing I n st an tan eou s  U n i t  ( l i T )  - (Where 

S u p p l i e d )  

Tbe core screw which is  adjustable from the 

top of the trip unit determines the pickup value. The 

trip unit has a nominal ratio of adjustment of 1 to 4 and 

an accuracy within the limits of 10%. 

The making of the contacts and target indication 

should occur at approximately the same instant. 

Position the stationary contact for a minimum of 1/32 

inch wipe . The bridging moving contact should touch 

both stationary contacts simultaneously. 

Apply sufficient current to operate the liT. This 

cutt"ent should be applied with the external transform­

er excluded from the circuit. 

Rout i n e  M a intenance 

All contacts should be periodically cleaned. A 

contact burnisher S#182A836H0 1 is recommended for 

this purpose. The use of abrasive material for clean­

ing contacts is not recommend ed, because of the 

danger of embedding small particles in the face of 

the soft silver and thus impairing th� contact. 

C A L l  B R A T I O N  

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"). 

1. Clearanc e - Adjust the top bearing screw to have 
approximately .002 to .006 inch clearance between it 
and the shaft. 

2. Contacts - Adjust the stationary contact so that 

1/4 inch contact separation is obtained when the 

moving contact is held in the maximum open position. 

3.  Minimum Trip - With operating current applied to 

the external transformer, adjust the spring tension 

until the relay just operates with following currents 

in the 19 tap . :  

1 .  Bus Differential Relay 

2. Transformer Differential Relay 

0. 145 amp. 

1 .0 amp. 

4. Torque Check - Connect the relay per the test 

circuit of figure 10. Pass tap value current of the 

external transformer into the operating circuit of the 

relay. The contacts should open when the following 

restraint current is applied: 

a) Bus Differential Relay 16- 1/2 ± 5% amp. 

b) Transformer Differential Relay 15-1/2 ± 5% amp. 

5. 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 should be not 

gre ater than the particular ICS tap setting being used. 

The operation indicator target should drop freely. 

6, Indicating Instantaneous Trip Unit (liT) 

The core screw must be adjusted to the value of 

pickup current desired. It is recommended that the 

liT be set to pickup at 100 amperes. This setting 

should be made with the external transformer excluded 

from the test circuit. 

RENEWAL PARTS 

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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Fig. 13. O utline & Drilling P lan for the Type CA-6 Relay in the type FT-32 Case. 
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Fig. J4. Type CA-6 Relay Without Case (Front View). J - Top Front Restraining Fig. JS. Type CA-6 Relay Without Case (Rear View). J - Top Rear Operating 

Element. 2 - Stationary Contact. 3 - Moving Contact, 4 - Control Element, 2 - Bottom Rear Restraining Element. 

Spring Assembly. 5 - Bottom Front Restraining Element. 6 - Indicating 

Contactor Switch (ICS). 
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INSTALLATION 
Westinghouse I . L .  4 1 -337 .38 

• OPERATION • MAIN TENANCE 

INSTRUCT I O N S  
TYP ES CA-16 and CA -26 PERCENTAGE DIFFERE N TIAL 

R ELAYS F O R  B U S A N D  TRANSF ORMER P R OTECTIO N 

C A U T I O N  Before putting relays into service,  remove 
all blocking which may have been inserted for the 
purpose of securing the p arts during shipment, make 
sure that all moving p arts operate freely, inspect the 
contacts to see that they are clean and c lose properly ,  
and op erate the relay to  chec k  the settings and elec­
trical connections. 

A P P L I C A T I O N 

The current transformers should not saturate 
when carrying the maximum external symmetrical 
fault current (i . e. , exciting current should not exceed 
one secondary amp ere, rms). This requirement is met 
if the burden voltage does not ex ceed Np V cL/ 133 ,  
where: 

Np = proportion of total CT turns in use 
V CL = current transformer 10L accuracy-class 

voltage 

The burden voltage is described as : 
Case 1 :  Fault current maximum of 100A rms in CT 

secondary - drop across  2-way lead burden 
and relays (CA- 1 6 and CA- 2 6  restraint-coil 
burden is negligible).  

Case 2: Fault current greater than lOOA rms in  CT 
secondary - drop acro ss 2-way lead burden 
and relays plus: 

(!EXT - 100) ReT 

where !EXT = max .  external symmetrical 
fault current in s e c ondary 

rms amp eres.  

ReT = CT resistance,  ohms 

For example ,  if the 400/5 tap of 600/5 
10L 200 wye-connected CT' s  are used 
Np = 400/ 600 = 0 .  67; if !EXT = 100A, the 
burden (excluding CT resistance) should 
not exceed: 

Np VcL/ 133 = (0 . 67 x 200)/ 1 3 3  = 1 . 0  ohms. 

C O N T E N T S  

This instruction leaflet !.pplies to the following 
typ es of relays: 

CA- 16 Bus Differential Relay 
CA- 26 Transformer Differential Rel ay 

SUPERSEDES I . L .  4 l -337.3A 

*Denotes change from superseded i ssue.  

The CA- l� relay should not  be utilized for transformer 
differential applications. Likewise the O.A-26 relay 
should not be used for bus p rotection with the "four­
circuit bus" connections of Fig. 8 .  The CA-26 relay 
is suitabl e for combination bus-transform er applica­
tions. See "Connections" .  

C O N S T R U C T I O N 

The type CA- 16  relay consists of an indicating 
contactor switch ,  autotransformer,  three re straint 
el ements , and an operating el ement. For applic ations 
where the CA- 16  rel ay is subjected to shock such as 
on s winging p anels , a sensitive fault detector c ircuit 
is provided. 

The type C A- 26 (in addition to the components of 
the CA- 16  relay) also contains an indic ating instan­
taneous trip unit. The principal component p arts of 
the relay and their location are shown in Figures 1 
to 5 .  

R e s tra i n t  E l e m e n t s  

E ach restraint element consists o f  a n  • 'E " lami­
nated electromagnet with t wo primary c oils and a 
secondary c oil on its center leg. Two identical c oil s 
on the outer legs of the l am in ated structure are con­
nected to the secondary winding in a m anner so that 
the combination of all fluxes produced by the elec­
tromagnet results in out-of phase fluxes in the air gap. 
The out-of-phase fluxes c ause a contact open­
ing torque. 

O p e rat i ng C i r c u i t  

The op erating circuit consists of  an auto-trans -
former and an operating element. The primary of the 
auto-transformer, which is the whole winding, is c on­
nected to receive the differential or unbalanced cur­
rent from the various transformers connected to the 

bus. The s econdary winding of the  auto-transformer, 
which is a tapped section of the w inding, is con -
nected to the operating e lement of the relay. 

The operating element consists of an "E " type 

E F FECT I VE FE BR UAR Y 1 969  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



N 

Fig. 1. Types CA- 1 6  Relay (front view) Fig. 2. Typ'!s CA- 1 6  Relay (rear view) 
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MOTE; 
WITH REUTIYE IIISTAM­
TAIIEOUS POLAR IT IES  AS 
SHOWII. THE AMPERE 
TURIIS 1M THE PAIRED 
RESTRAIIIMG COILS ADO 
TO PRODUCE MAXIMtJM 
TOft QUE. 

INTERNAL SCHEMATIC 

SOTIIJol LEFT HMO ELDOT 
( F . V . )  

A.UTO TRAMSFORMER 

, CHASS IS  OPERATED 
SHORTIMG SWITCH 

- RED HAIIDLE 

- TEST SWITCH 

CURREIIT T£ST J.I.CK 

TERM I MAL 

1 8 5A4 19  
Fig. 3 .  Internal Schematic of the Type CA- 1. 6  B us Relay 

laminated electromagnet with an auto-transformer 

winding on its c enter leg. TWo identical coils on the 

outer legs of the laminated structure are connected 

to the second ary (tapped section) of the auto-trans­

former winding in a manner so that the c ombination 

of all fluxe s produced by the electromagnet results 

in out-of-phase fluxes in the air g ap. The out-of­

phase air gap fluxe s c ause a contact closing torque. 

S e n s i t i v e  F a u l t  D etector  C i rc u i t  (where u s e d )  

The sensitive fault detector circuit c onsists of 

an auto-transformer and a contactor switch. The c on­

tactor switch is connected across the secondary 

(tapped section) of the auto-transformer winding. 

The c ontactor switch is a small solenoid t yp e  

element. A cylindrical plunger rides up and down on 

a vertical guide rod in the center of the solenoid coil. 

The guide rod is fastened to the stationary core , 

which in turn screws into the un it fram e .  A silver 

disc is fastened to the moving plunger through a heli­

c al spring. When the coil is energize d ,  the plunger 

moves upward c arrying the silver disc whic h bridges 

three conical- shaped stationary contacts. In this 

position , the helic al spring is compre ssed and the 

plunger is free to move while the contact remain s 

stationary. Thus, a-c vibrations of. the p lunger are 

prevented from c ausing contact bouncing. A Micarta 

disc is fastened to the bottom of the guide rod by 

BOTTOf.I RIGHT IIA.ND 
HEMEMT ( F . V . )  

TOP LEFT MAllO 

ElEMEIIT { F . V . )  

MOTE: 
WITH RELATIVE I IISUN­
UMEOUS POLAR IT IES  AS 
SHOWll , THE AMPEIIE 
TURNS 1M TKE Po\JRED 
RESTRAIM IMG CDILS 
ADO TO PRODUCE MAXI· 
MUM TORQUE. 

INTERNAL SCHEMATIC 

AUTOTR.I.IISFORMER 

IIIDICATIIIG 
IIISUIIUIIEOUS 
TRIP ATUCHMEMT 

TOP itUT·IAID 

ELEMEIIT ( F . V . )  

- CHASSIS O�'ERATEO 
SHORTIMG SWITCH 

- TEST SWITCK 

CURRENT TEST JACK 

TERMINAL 

1 8 5A443 
Fig. 4. Internal Schematic of the Type CA-26 Trans former 

R e lay 

two small nuts. Its position determines the pick up 

current of the element. 

The auto-transformer is designed to saturate at 

high v alues of current to limit the amount of curren t  

to the contactor switch. 

I n d i c at i n g  Contactor  Sw itch U n it ( I C S) 

The d-e indicating contactor switch is a small 

clapper type device.  A m agnetic arm ature , to which 

leaf-spring mounted contacts are attached , is at­

tracted to the m agnetic core upon e nergization of the 

switch. When the s witch 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, which allows the operation indic 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 restraint for the armature and thus controls 

the pick-up v al ue of the s witch. 

I n d i c at i n g  I n sta ntaneou s T r i p  U n i t  ( l i T }  

The instantaneous trip unit is a small a-c operated 

clapper type devic e .  A magnetic armature , to which 

le af- spring mounted contacts are attached , is at­

tracted to the magnetic core upon energization of the 
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TYP ES CA- 1 6  AND CA-26 RELAYS-------------------------

lOTI: 
lfiTK I£UTIYE IISTAI· 
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187A434 
Fig. 5. Internal Schematic of the Type CA- 1 6  B us Relay 

with a Sensitive Fault Detector 

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 which allows the operation indic ator target 

to drop. The target is reset from the outside of the 

case by a push rod loc ated at the bottom of the cover. 

A core screw accessible from the top of the switch 
provides the adjustable pick-up range. 

O P E R A T I O N  

The types CA- 16 and CA- 26 relays are induction 

disc relays with four electromagnets mounted on two 

discs that are fastened on a common shaft. One of 

the elect romagnets is the op erating element while 

the other three are restraint elements. The re straint 

elements are energized from the secondaries of c ur­

rent transformers connected to the bus ,  and the 

operating circuit is energized in accordance with the 

current flowing in the differential connection of the 

current transformers . 

A current of 5 amperes in at terminal 1 8  and out of 

term inal 19 will produce a definite amount of re­

straining torque (see Fig. 3 . ) Similarly, a current of 

5 ampere s flowing in at terminal 16 and out of ter­

minal 17 will produce an e qual amount of torque . If 

both of these currents flow at the same time with the 

4 
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Curve 5379 56 
Fig. 6. Typ ical Time Curves of the CA- 1 6  and CA-26 dif­

ferential Relays 

polarity as indicated above, their effect will be addi­

tive and they will produce the same torque as though 
10 amperes were flowing in terminal 16 and out of ter­

minal 1 7. Conversely, if e qual currents flo w  in these 

two coils, but in opposite directions, their ampere 

turns will cancel and no torque will be produced . The 

same relationship applies for the p aired coils of the 

other two restraining units of the relay. 

C H A R A C T E R !  S T E R I  C S  

CA- 1 6  Bus Relay 

This relay has variable percentage characteristics 

which means that the operating coil current required 

to close the relay contacts, expressed in per c ent of 

the total re straint current , v aries with the m agnitude 
of the restraint current. The relay sensitivity is high, 

corresponding to a low percentage ratio , at light c ur­

rents, and its sensitivity is  low, corresponding to 

high percentage unbal ance ,  at high currents. The re ­

lay is made sensitive at low currents in order to de ­

teet light internal faults on the bus being protected . 

At the same time, however, its reduced sensitivity at 

the higher currents allows the various c urrent trans­

formers involved to depart from their true ratio to a 

large extent without causing false tripping of the re­

lay for external faults. 

The variable percent age characteristics are par­

ticularly advantageous when severe saturation of cur­

rent transformers i s  caused by the d-e c omponent of 
asymmetrical short circuits. In the cas e  of buses 

located close to generating stations where the d-e 

components decay slowly, the breakdown in ratio of 

the current transformers will be much greater than 
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OPERATING CURRENT IN AMPERES 

Curve 537957 
Fig. 7. Typical B urden C haracteristic of the Operating 

Circuit of the CA- 1 6  and CA-26 D ifferential R e­
lays 

would ever be expected from a consideration of the 

usual ratio curves  of the current transformers in­

volved. 

The time of operation of the relays is shown in 

Figure 6. 

C A- 2 6  T r a n sfor m e r  R e l ay 

The type CA- 26 transformer differential relay in­
cludes an indicating instantaneous trip unit (see Fig. 

4) , which operates on internal faults. The instanta­

neous unit should have a setting e qual to the maxi­

mum rms symmetrical external fault current. Such a 

setting will prevent operation of the instantaneous 

unit when a current transformer is severely saturated 

by the d-e component of an asymmetrical external 
fault current. 

T r i p  C ir c u i t  

The main contacts will safeiy close 3 0  ampere s 

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

dicating contactor switch will s afely carry this c ur­

rent long enough to trip a circuit bre aker. 

The indicating instantaneous trip contacts will 

safely close 30 amperes at 250 volts d-e, and will 

carry this current long enough to trip breaker. 

The indic ating contactor switch has two tap s  that 

provide a pick-up setting of 0 .  2 or 2 ampere s .  To 

change taps requires connecting the lead located in 
front of the tap block to the desired setting by means 

of a screw connection. 

EXTEit •. U 'SCHEMAliC Of OlE 'SET Of TYP'£ CA-10 JfElATS 

FOit THE PROTECT lOt Of • TMIU: AID fOUl Ct ftC\11 T IUS R 1 .fl TMIIE cgf!t T •• 
to;"l""t-______:�;.;, 

... 
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187A424 
Fig. 8. External Schematic of the Type CA-1 6  Relays for 

Three and Four Circu it B u s  Protection 

T r i p  C i r c u i t  C o n s t a nts 

Indi.cating Contactor Switch (ICS) 

0. 2 ampere tap 

2.0 ampere tap 

6.5  ohms d-e resistance 

0. 15 ohms d-e resistance 

E N E R G Y  R E Q U I R E M E N T S  

Burden of each restraint coil at 5 amperes 

VOLT AMPERES 

. 75 

Continuous Rating 

1 second rating 

Burden of operating circuit 

POWER FACTOR 

. 7  

14 amperes 

4 60  amperes 

VOLT AMPERES 

Variable (See Fig. 7) 

Continuous rating 8 amperes 

1 second rating 280 amperes 

C O N N E C T I O N S  

To determine the a-c connections , identify each 
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187A42 5 
Fig. 9. External Schematic of the Type CA- 1 6  Relays for 

Protection of a Six Circuit B us w ith Three Feeder 
Groups 

primary circuit as either a " sourc e" or "feeder • :  As 

defined here , a feeder contributes only a small por­
tion of the total fault-current contribution for a bus 

fault. Otherwise, the circuit is a source. Next lump 

a number of feeders into a "feeder group " by p arallel­

ing feeder CT's ,  taking the precaution that each 

feeder group has less than 14 amperes load current 

(restraint coil continuous rating). Also each feeder 

group should not contribute more than 10% of the 
total phase or ground-fault current for a bus fault. 

Connect per Fig. 8 with three or four bus " c ir­
cuit. " The term "circuit" refers to  a source or to  a 

feeder group. F or example , assume a bus consisting 

of 2 sources and 6 feeders. Further , assume that the 

feeders are lumped into 2 feeder groups .  The bus now 

reduces to four circuits . 

If the bus reduces to more than four circuits , 

parallel source-circuit CT's or source- and feeder-cir -

CT' s  until only four circuits remain. Then connect 

these four sets of CT's  to the rel ays p er Fig. 8. The 

exception to this rule occurs when the application 

consists of three feeder groups. Then , Fig. 9 applies. 

With 3 feeder group s and more than 3 sources ,  

parallel source CT's  until the applic ation reduces 

to 6 circuits;  then, connect to the relays per Fig. 9. 

Fig. 10 sho w s  the CA-26 relay connections for a 

6 

3 circuit bus. Where additional circuits are present 

use the Fig. 9 connections; where there are more 

than three sources the source CT' s  should be par­

alleled to reduce the effective number of source con­

nections to three. The "four-circuit bus" connec­

tions of Fig. 8 must not be us ed with the CA-26 . 

Otherwise the connection considerations are as 

described above for the CA- 16.  

S E T T I N G C A L C U L A T I O N S  

No calcul ations are required to set the CA- 16 and 

CA-26 relays.  

S E T T I N G  T H E  R E L A Y  

No settings are required on either the CA- 16 or 

the CA- 26 main units. 

I n d i c a t i ng C o ntactor  Sw i tc h  ( I C S )  

No setting i s  required on the res unit except the 

selection of the 0. 2 or 2. 0 ampere tap setting. This 

selection is made by connecting the le ad located i n  
front of the tap block to the desired setting b y  means 

of the connecting screw. When the relay energizes a 

125 or 250 volt d-e WL relay switch o r  equiva­

lent ,  use the 0 . 2  ampere tap ;  for 48 volt d-e applica­

tions set relay in 2 tap and use WL relay coil S1t304-

C 209G0 1 or e quivalent. 

I n d i c a t i n g  I n s t a n t a n e o u s  T r i p  ( l i T )  

Since the minimum and maximum markings o n  the 

scale only indicate the working range of the core 
screw must be adjusted to the value of pick-up d e ­

sired. It is recommended that the liT be set to pick 

up at a value of current that is equal to the max ­

imum rms symmetrical e xternal fault current t o  the 

relay. 

I N S T A L L A T I O N  

The relays should be mounted on a switchboard 

panel or their e quivalent 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 projection mount­
ing. Either a mounting stud or the mounting screws 

may be utilized for grounding the relay. The elec­

trical connections may be made directly to the ter ­

minals by means o f  screws for steel p anel mounting 

or to the terminal studs furnished with the relay fo r 

thick p anel mounting. The terminal studs may be  

easily removed or  inserted by locking two nuts on the 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



, ,  

T YP ES CA- 1 6  AND CA-26 R E LAYS _____________________ __:•.::·L::..· .:..4 1:..:-:.:::33::7.::.3�B 

' 2 ' 2 3 
N 
¥ 
� 

12 " ., T ., • 

87 T'f 
¥ 
\' 

"'-LJX. CURia NT 
BkU.Wt.l TR,..NSF. 

.lll ,. 
•¥ 
1"\' 

07 TO 

OEVIC.E. NvMeER CH,.._!t.,. 
87 . PERC.INT,..,. .. OIFFI.IUNTH ... I.. R.tu-.."1') T'YPI Ck·t' 

1(� - INDI<:.A.TI� Co. HT....C.T Sw1TC�} 
0 p - OPi.IU.T\NG. Colt.. 

R - RESTR ... !NT C.:OIL IN 
(�rToM lie.�.  EL.EMEt-.�T� T'l'PI 

� • Rli'STRI>JNT Con. C.._-2:� ("Tb� L 1-1. liU.Ml.NT) R.ELJo..'( 
T - R!ST"'-1!-.IT Cou,. 

(ToP R. H. ELCMI""'T) 
8(, • ,&...u-.t\.lAR'f Tllt.IPPINti REU...'(, TYPS W I.. 

+ U�E W�otERl IN'n.Rt-llo.L. F .... uL.T Cult:Rf.NT c .... N 
£,;c.e:Eo TwtC:.l T\.1! MA)(I MlJM ToTAL <...v�RENT FLowl"'O. THt!ouGt-t TH-E OIF�E.R.ENTJAL ZoNE. Foiit AN EXTER.,..,.-:tL FAut..T. 
SET P1ct(uP EQUJIU ... To MAXI "-".VM ToTJIIL Cu.Cf:E.NT F"LOW tt>J6 THi:OUCiH HtE 01FFER..£NTI"'L. Z:OAJG.• 

606B269 
Fig. 10. External Schematic o f  the Type CA-26 Relay for Transformer Protection and Bus Protection 

stud and then turning the proper 'lut with a wrench. 

For detailed FT case information, refer to L L .  4 1-

076. 

A D J U S T M E N T S  A N D  M AI N T E N A N C E  

The proper adjustments to insure correct operation 

of this relay have been made at the factory. Upon 

receipt of the relay,  no customer adjustments other 
than those covered under "SETTINGS" should be 

required. 

Ac c e pt a n c e  C h ec k  

The following check i s  recommended t o  insure 

that the relay is in proper working order. 

A. M i n i "' u m  T r i p  C urrent 

Apply current to terminals 12 and 13 of the relay. 

The relay should operate as follows :  

1. CA- 16 0.  15 amperes ± 5% 

2. CA-26 1. 25 amperes ± 5% 

* 

B .  P e rcentage D iffere n t i a l C h ar a cte r i st ic 

Apply 16 amperes to terminals 9 and 19 of the 

CA- 16 rel ay or 14 amp eres to terminals 9 and 19 of 

the CA-26 relay. The contacts should open when the 

following operating current is applied to the relay 

with connections of Fig. 1 1 .  

CA- 1 6  1 7 . 0  ± 7o/c amp eres 

CA- 26 38.0 i: 7o/c amp eres 

Check each individual restraint winding by apply 

ing 50 amperes to each winding. Apply sufficient 
operating current to the operating circuit until th e 
contacts just close.  The operating current should be:  

CA- 16 3 .9  to 5 . 1 Amperes 
* 

CA- 26 1 5 . 8  to 18 . 2 Amperes 

C. T i me C urve 

Apply 20 amperes to terminals 12  and 13 of the re­

lays. The contacts should close in the following 

times: 
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I N ST A L L ATI O N  
Westinghouse I . L. 41-337. 1 D  

• OPE R A T I O N  • M A I N T E N A N C E  

INSTRUCTION S 
TYPE CA-6 PERCENTAGE DIFFERENTIAL RELAY 

FOR BUS AND TRANSFORMER PROTECTION 

C A UT I O N  Before putting relays into service ,  re­

move all blocking which may have been inserted for 

the purpose of securing the parts during shipment, 

make sure that all moving parts operate freely, in­

spect the contacts to see that they are clean and 

close properly, and operate the relay to check the 

settings and electrical connections . 

APP LICATION 

The type CA-6 percentage differential relay is 

usually applied for the differential protection of 

multi-circuit buses.  The application of the CA-6 

relays for bus differential protection may be rti vided 

into three categories. (In the following discussion 

an equivalent circuit is defined as a major source or 

a group of feeder circuits .  The fault current contri­

bution of all the paralleled feeders should not ex­

ceed 5% of the total phase or ground fault current , 

with normal bus connections. ) 

A) GENERATING STATION BUSES • FOU R 

EOUIV ALENT CIRCUITS OR LESS • DC 

TIME CONSTANT 01<" 0 . 6  CYCLES (0. 01  

Sec . )  O R  MORE. 

If the following requirements are met, the 

CA-6 may be satisfactorily applied: 

1) The maximum external fault current 

through the bus should not exceed 100 

symmetrical RMS secondary amperes. 

2) The magnetizing current of the current 

transformers carrying a total external 

fault current of 100 symmetrical second­

ary amperes should not exceed one sec-

ondary ampere. 

B) GENERATING STATION BUSES • MORE 

THAN FOUR EQUIVALENT CIRCUITS • DC 

TIME CONSTANT OF 0 . 6  CYCLES (0 .01  

Sec. )  OR MORE. 

The same requirements as in (A) apply. How-

S UPERSEDES I . L. 41-337. 1C 
*Denotes ch an ge from superseded i ssue. 

ever, consideration must be given to the re­

straint coil connections. 

Where more than 4 equivalent circuits are 

present , it is rarely necessary to provide two 

relays per phase.  With little or no compromise 

in the protection scheme, one relay can handle 

at least 8 equivalent bus circuits. (See "Con ­

nections" for further discussion. )  

C )  SUBSTATIOr BUSES - DC TIME CONSTANT 

OF 0 . 6  CYCLES (0.01  Sec .)  OR LESS. 

If the following requirements are met ,  the 

CA-6 may be satisfactorily applied: 

1) The maximum external fault current 

through the bus should not exceed 100 

symmetrical RMS secondary amperes. 

2) The magnetizing current of the current 

transformers carrying a total external 

fault current of 100 symmetrical second­

ary amperes should not exceed ten sec­
ondary amperes. 

Where more than 4 equivalent circuits are 

present, it is rarely necessary to provide two 

relays per phase. With little or no compromise 

in the protection scheme, one relay can handle 

at least eight equivalent bus circuits. 

(See "Connections" for further discussion. )  

A type CA-6 transformer relay i s  also available 

for 3 winding transformer protection. The standard 

bus relay should not be utilized for transformer dif­

ferential applications. 

CONSTRUCTION 

The type CA-6 relay consists of three restrain­

ing elements (two restraining windings per element), 

one operating element , and an indicating contactor 

switch. The type CA-6 transformer relay also con­

tains an indicating instantaneous trip unit. 
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T Y P E CA·6 R ELAY ________________________________________________________ ___ 

fOP f�Orl T tltMt.llf 
( F . I' . )  

I NTERNAL SCHEMATIC 

FRONT V I EW 

TOP I!EAR E.Li:)tl:. " f  ( f . Y , ) 

- c�OTrOM FROtH E.LENE." T 
( F . L )  

CnA�SIS OPE.KATtU 
SnOrtf i ii " SwiTI.:n 

RELi nAruJU 

-TEST �Y¥1TCI1 

�J CuRillllf IT: T �AI.� 

,.-fERMIIIAL 

, l82A830 

Fig. 1 .  Type CA-6 Relay for B u s  Protection in  Type 

FT-32 Case. 

The relay operates on the induction-disc princi· 

ple and consists of four electromagnets operating on 

two discs which are fastened to the same shaft . 

Three of the electromagnets are restraining elements 

with two separate restraining windings connected to 

receive the s econdary currents from the various cur­

rent transformers (Fig. 1 & 2).  The fourth electro­

magnet is the operating element with its winding 

connected to receive the differential or unbalance 

current thru an auxiliary current transformer. Taps 

are provided on this current transformer to control 

the sensitivity of the relay. 

The two induction discs are mounted on a verti­

cal shaft. The lower bearing for the shaft is a steel 

ball riding between concave sapphire j ewel surfaces . 

A pin bearing is used on the upper end of the shaft. 

The moving contact assembly is attach ed to a 

Micarta bushing on the disc shaft. When the moving 

contact strikes the stationary contact, the moving 

contact spring deflects to provide a wiping action. 

The electrical connection from the moving contact 

is made thru the spiral spring to the spring adjuster. 

INDICATING CONTACTOR SWITCH UNIT (ICS) 

The d-e indicating contactor switch is a small 

clapper type device. A magnetic armature, to which 

2 

INTERNAl SCHEMATIC 

FRONT V I EW 

l 8 2A 8 3 l  i 

Fig. 2. Type CA-6 Relay for Transformer Protection, 

With Indicating Instantaneous Trip in FT-32 Case. 

leaf-spring mounted contacts are attached, is at­

tracted to the magnetic core upon energization of the 

switch . When the switch closes, the moving con­

tacts bridge two stationary contact, completing the 

trip circuit. Also during this operation two fingers 

on the armature 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 tar­

get, provides restraint for the armature and thus con­

trols the pickup value of the switch. 

INDICATING INSTANTANEOUS TRIP UNIT (liT) 

The instantaneous trip unit is a small a-c oper­

ated clapper type device. A magnetic armature, to 

which leaf-spring mounted contacts are attached,  is 

attracted to the magnetic core upon energization of 

the switch. When the switch closes, the moving con­

tacts bridge two stationary contacts completing the 

trip circuit. Also during the operation two fingers 

on the armature 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. 
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TYP E CA-6 R E LAY _________________________________________________________ 1_. L_._4_1·_33_7_. 1 __ D 

Curve 2 3 5 4 1 2  

Fig. 3 .  Typical Torque Curves o f  the Operating & Re­

straint Coils. 

A core screw accessible from the top of the 

switch provides the adjustable pickup range .  

OP ERATION 

The CA-6 relay has three restraining elements, 

each with two windings which are energized from the 

secondaries of current transformers connected to 

the bus. The relay has one operating electromagnet 

energized through an external auxiliary current 

transformers in accordance with the current flowing 

in the differential connection of the current trans­

formers. 

Refer to the internal schematic, Fig. 1.  A cur­

rent of 5 amperes in at terminal 18 and out of termi­

nal 19 will produce a definite amount of restraining 

(/) 
(/) 
<t 
(J) 

w 
...J 
u 
>­
u 

0 
<.0 

(/) 
w 
...J 
u 
>­
u 

Curve 2 3 5496 

Fig. 4. Typical Differential Unit Time Curve. 

torque as indicated in Fig. 3. Similarly, a current 

of 5 amperes flowing in at termiRal 16 and out of 

terminal 17 will produce an equal amount of torque. 

If both of these currents flow at the same time with 

the polarity as indicated above, their effect will be 

additive and they will produce the same torque as 

though 10 amperes were flowing in one winding 

alone. Conversely, if equal currents flow in these 

two coils,  but in opposite directions, their ampere 

turns will cancel and no torque will be produced. 

The same relationship applies for the other two re­

straining units of the relay. 

This relay has variable percentage character­

istics which means that the operating coil current 

required to close the relay contacts, expressed in 

percent of the total restraint current,  varies with 

the magnitude of the restraint current. The relay 

sensitivity is high, corresponding to a low percent­

age ratio , at light currents,  and its sensitivity is 
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TYP E CA-6 R ELAY 

Curve 246086 

F ig. 5. Typical B urden Characteristics of The Operating Coil C irc uit 

low, corresponding to high percentage unbalance ,  at 
high currents.  The relay is made sensitive at low 

currents in order that it will detect light internal 

faults on the bus being protected. At the same time, 

however, its reduc ed sensitivity at the higher cur­

rent s allows the various current transformers in­

volved to depart from their true ratio to a large ex­

tent without causing false tripping of the relay for 

external faults .  

The variable percentage characteristics are 

particularly advantageous when severe saturation of 

current transformers is caused by the d-e component 

of asymmetrical short circuits .  In the case of buses 

located close to generating stations where the d-e 

component decays slowly, the breakdown in ratio of 

the current transformers will b e  much greater than 

would ever be e xpected from a consideration of the 

usual ratio curves of the current transformers 

involved. 

CHARACT E RISTICS 

There are no taps inside the relay case .  Tap s  

4 

controlling the sensitivity of the relay are incorpor­

ated in the external current transformer (see Fig. 1 1  

for internal wiring. )  The tap markings are:  1 2  - 19 -

25 - 38. These tap values ,  as indicated on the tor­

que curves of Fig. 3 , are the 60 cycle amperes re­

quired in the operating coil circuit to close the relay 

contacts against a 70 cmg. restraint torque.  

Time of operation of the relay is shown in Fig. 

4. To use this curve, determine the total restraining 

torque and substract this from the operating coil 

torque to determine the net torque in cmg. This 

curve applies only for a contact spacing of 1/4 inch. 

TRANSFORMER RELAY 

The type CA-6 transformer differential relay in­

cludes an indicating instantaneous trip unit (See 

Fig. 2) and has a stronger spiral control spring than 

the bus differential relay. The instantaneous trip 

unit is intended to operate on internal faults on the 

order of 100 amps.  ( secondary) or higher because, 

when a transformer bank is connected to a high 
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TYP E CA-6 R ELAY _______________________________________________________ I_. L_. _4 1-·3_3_� __ 1 o 

BUS 

iUS 

87 
1 R 87 THREE C I RCU I T  BUS 

+fB 

FOUR C I RCU I T  BUS 

PH - 1  

�� - - - - - - - - - - - - - - - - - - - - - - - -. 
TO C . T . S  � CONNECT I ONS SAME AS PH · 1  

� - - - - - - - - - - - - - - - - - - � - - � 
TO C . T . S  � CONNECT I ONS SA�E AS PH- 1  ---i..- - - - - - - - - - - - - - - - - - - _ _  ...J 

DC TR I P  BUS POS . ---.---------------------
DEV I CE NUMBER CHART 

PH . 1  

87 - PERCENTAGE D I F FEREN T I Al. REl.AY, TYPE CA-6 

r r  
'----y---./ 

TO 
BREAKER 

TR I P  
CO I LS 

N EG. --_.---------------------

ICS - I ND I CAT I NG COKTACTOR SWI TCH 
OP - OPERATI N G  CO I L  

R - PA I RED RESTRA I NT CO I L  
( TOP FRON T El.ENEN T )  

S - PA I RED RESTRA I NT CO I L  
( BOTTOM REAR ELEMENT )  

T - PA I RED RESTRA I NT CO I L  
( BOTTOM FRONT ELEI'IfNT )  

I N  
TYPE 
CA-6 
RELAY 

86 - AUX I L lARY TR I PP I NG RELAY , TYPE WL 

l83Al89 

Fig. 6.  External Schematic of One Set of Type CA-6 Relays for Three and Four Circuit B us Protection. 
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T Y P E CA-6 R ELAY ________________________________________________________ _ 

BUS 
R 

SOURCE 

R 67 OP 
FEEDER GROUP +fS 

s 87 
SOU RCE 3 

s 87 PH. 
FEEDER GROUP 1 

SOURCE 

FEEDER GROUP 

TO C. T . s{Q ��-=-CONNECT I ONS SAME AS PH · 1  = � �= J p�, -----1 I PH . 
TO C .  T. S : = = -,  CONNECT! OMS SAME AS PH- 1  3 

� - - - - - - - - - - - - - - -l 

DC TR I P  BUS 

DEV I CE NUMBER CHART 

87 - PERCENTAGE D t F FERENT IAL  RELAY ,TYPE  CA-6 
ICS - I ND I CAT I NG  CONTACTOR SWI TCH 

OP - OPERA T I N G  CO I L  
R - PA I RED RESTRA I NT CO I L  ( TOP FRONT ELEMENT) 
S - PA I RED RESTRA I NT CO I L  ( BOTTOM REAR ELEMENT ) 
T - PA I RED RESTRA I NT CO I L  ( BOTTOM FRONT ELEMENT ) 

86 - AUX I L IARY TR I PP I NG RELAY , 

I N  
TYPE 
CA-6 
RELAY 

TY PE WL 

l 8 3A l 90 

Fig, 7. External Schematic of One Set of Type CA-6 Relays for Protection of a Six Circuit B us With Three Feeder Groups. 
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TYPE CA-6 RE LAY ______________________________________________________ � __ I . L_._4_1-_J_J7_. t __ o 

BUS 

AUX. C .  T. 

___,--- - - - - - - - - - - - - - - - - - - - - - ,  
TO  C .  T . S  { ::...::.3 CONIIECT I OiiS SAME AS Plio l 

TO c. r. s { � �-=--=--�--=-
_

-
COHNECT IOiiS So\�E A5 Pli· l

- = -=-� �-=--=-= 
DC TR I P  tli.IS 

I 
.L a& T 
I 
I 
I 

� 
DEV I CE MU�8ER ChART 

PH . 
1 

j p�. Plio 
3 

Plio 
2 

Plio 
3 

'---y-----/ 
TO 

BREAKER 
TR I P  
CO I LS 

87 - PERCENTAGE D I FFERENT IAL RELAY, TYPE CA-6 
I CS - I ND ICAT I NG CONTACTOR S� I TCii 
OP - OPERATING CO I L  
R - PA I R ED RESTRA INT CO I L  

( TOP FRONT ELEMENT) 
S - PA I RED RESTRA I NT CO I L  

( BOT TOM REAR ELEMENT)  
T - PA I RED REStRA I NT  CO I L  

( BOTTOM FRONT ELENENT ) 

IN 
TYPE 
CA-6 
RELAY 

86 - AUX I L I ARY TR I PP I NG RELAY, TYPE WL 

NOTE - SUFF I X  I DEMOTES RELAY N0. 1 
AND SUFF I X  JI DEMOTES RELAY M0· 2  

Fig. 8 .  External Schematic of Two Sets of Type CA-6 Relays for Six Circuit B us Protection. 

288B844 
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T Y P E CA-6 R E LAY ________________________________________________________ ___ 

DC TR I P  BUS 
POS. -+------------

I 

r 
--L 86 T 
I 
I 
I 

� 
'----y--/ 

TO 
Pll. PH. BREAKER 

2 J TR I P  
C O l  LS 

�G· -�-------------

DE V I CE NUMBER CHART 

87 - PERCEN TAGE D I FFEREN T I AL RELAY , TYPE CA-6 

ICS - I M D I CA T I N u CONTACTOR SW I TCH 

OP - OPERA T I N G  CO I L  

R - PA I RED R ESTRA I N T  CO I L  ( TOP FRONT ELEMENT ) 
S - PA I RED RESTRA I N T  CO I L  ( BOTTOM REAR ELEMENT ) 
T - PA I RED RESTRA I N T  CO I L  ( BOTTOM FRONT ELEMENT ) 

lM 
TYPE 
CA-6 
RELAY 

86 - AiJX I L I AI!Y Til l PP I N G  RELAY , TYPE WL 

NOTE - SU F F I X  I DENOTES RELAY NO. I 
AND SUFF I X  JI DENOTES RELAY N0· 2 

Fig. 9. External Schematic of Two Sets of Type CA-6 Relays for Eight Circuit B us Protection. 

288B84 5  1 
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T Y P E CA-6 RELAY ________________________________________________________ �· ��-· L_._4_1 ._33_7�. 1�D 

120 �OLTS , 60 CYCLES 1�0 �OLTS 60 CYCLES 

�CONNECT I ONS WHEN TEST I N �  s-/1 TiiOUT CASE 

RESlSTAIICE 
LOAD 

AUX .  
c.  T. 

CA-6 RELAY 
( FRONT HEW) 

NOTE 1 ;  
A COMMON � �  V .  6 0  CYCLE 
SOURCE CAN SE USED TO 
SUPPLY SOTil OPERAT I Na 
AND RESTRA I N T  C I RCU I TS 

NOTE 2 :  
WilEN SEPARATE SOURCES 
ARE USED , THE VOLTAaES 
SMO¥LD if ESSENT I ALLY 
I N  PHASE. 

l 83A228 

* Fig. 10. Diagram of Test Connections for the type CA-6 R elay. 

capacity bus,  it is difficult to keep the maximum in­

ternal fault currents down to a 100 ampere value. 

Thus, the instantaneous unit assures prompt tripping 

at excessively high current values. At the same 

time , the instantaneous unit should not have a set­

ting substantially lower than 100 amperes (second­

ary) in order to avoid a possible false operation for 

external faults. The stronger spiral control spring 

is provided in order that the relay maybe given a 

higher minimum trip setting , as noted under "Ad­

justments and Maintenance " .  

TRIP CIRCUIT 

The main contactE will safely close 30 amperes 

at 250 volts d-e and the seal-in contacts of the indi­

cating contactor switch will safely carry this current 
long enough to trip a circuit breaker. 

The indicating instantaneous trip contacts will 

safely close 30 amperes at 250 volts d-e, and will 

carry this current long enough to trip a breaker. 

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 connectiono 

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 

E N E RGY REQU I REMENTS 

Burden of each Restraint Coil at 5 amps. 

VOLT AMPERES 

. 75 

POWER FACTOR 

. 7  

Continuous Rating 1 0  Amperes 

1 Second Rating 250 Amperes 

Burden of Operating Circuit 

VOLT AMPERES 

Variable See Fig. 5 

Continuous Rating 

1 Second Rating 

5 Amperes 

150 Amperes 
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TYP E CA-6 R ELAY ________________________________________________________ _ 

TERMINAL 

R 

L_._ _ _ ____,_ --- - _j 
T�AN S FORMER COIL 

fRONT VIEW 
2-D-1488 

Fig. 1 1 . Internal Wiring Diagram of the Auxiliary Current Transformer. 

CONN ECTIONS 

One relay per phase is normally recommended for 

the protection of buses with up to 8 "equivalent cir­

cuit" connections. An "equivalent circuit" is de­

fined as major source or a group of feeder circuits. 

The grouped feeder circuits '  fault contribution should 

not exceed 5% of the total phase or ground fault cur­

rent , with normal bus connections. In paralleling 

current transformers for the feeder group or groups, 

the load current distribution should be examined to 

insure that the 10 ampere continuous rating of the 

relay restraint windings is not exceeded. 

The recommended connections are outlined in 

Table I. 

1 0  

TAB L E  I 

Total No. No. of Feeder 

Case of Eq. Ckts. Groups Connections 

I 3 0-2 Fig. 6 

II 4 Q-3 Fig. 6 

III 5 0-1  Note 1 

IV 5 2-4 Fig. 7 

v 6 0-1 Note 1 

VI 6 2-5 Fig. 7 

VII 7 0-6 Note 1 

VIII 8 0-7 Note 1 

Not e 1 - - Same as 4 circuit bus of Fig. 6 except 
parallel CT's in pairs. (1 set in parallel for 5 ckt. 
bus, 2 for 6 ckt. bus, etc.) 
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T Y P E  CA-6 RE LAY ____________________________________________ �-----------• ·_L_. _4 1_-3_3_7._1_o 

TO P 

4 H OL£S 

2-D- 1487 
F ig. 12. Outline & Drilling P lan of the A ux iliary Current Transformer. 

In cases Ill, V, VII, and VIII of Table I, at least 

one pair of current transformers is paralleled. Al­

most complete restraint cancellation will occur on 

an external fault , if all but two of the circuits are 

out of service and if the remaining circuits have 

their current transformers paralleled. In selecting 

the circuits to be paired, the following points 

should be observed: 

1) Parallel circuits which are not likely to be 

left alone on the bus. 

2) Where sources are to be paired, parallel the 

smaller sources, if there are less than 8 

equivalent circuits .  

3) Avoid pairing the two largest sources. 

4)  If feasible, parallel matched current trans­

formers. 

In case IV, with two feeder groups one of the 

restraint elements must be connected to 2 source 

circuits.  These 2 source circuits should be selected 

so that they are the least likely to be left alone on 

the bus and are not the two largest sources. 

Where the nature of the bus application is such 

that nearly complete restraint cancellation is very 

likely to occur for cases Ill, V, VII, and VIII of 

Table I, two relays per phase should be employed to 

insure restraint under all possible external fault con­

ditions. Connections for 6 and 8 equivalent circuit 

buses, using 2 relays per phase, are shown in Figs. 

8 and 9, respectively. 

Where there are more than 8 equivalent circuits, 

the connections in Fig. 9 should be employed by 
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TYPE CA-6 R ELAY __________________________________________________________ _ 

pa1rmg current transformers in the same manner as 

outlined for single relay per phase applications. 

SETTING CALCULATIONS 

No calculations are required to set the CA-6 

relay. 

SETTING THE R ELAY 

BUS DIFFERENTIAL RELAY 

The external current transformer taps are the 

only setting required. Where the d-e time constant 

is 0.6 cycles or less and where the current trans­

former ratio error as a result of a-c saturation 

exceeds 5%, it is recommended that the No. 38 tap 

be used. In all other cases, the No . 19  tap is 

recommended. 

If the minimum internal fault current is greater 

than . 14 amperes, the pickup of the relay may be 

increased by means of the spring adjuster. The 

spring tension can be increased such that a maxi­

mum pickup of .4 amperes can be obtained. The 

pickup current is to be measured when only the 

operating circuit is energized. 

TRANSFORMER DIFFERENTIAL RELAY 

Set the external current transformer tap . The 

following settings are recommended for mismatch 

of the main current transformers : 

Percent t Minimum Minimum 

Mismatch Pickup Setting Tap 

D-5 . 75 Amp . 19  

5- 10 1 . 00 Amp, 38 

10-15 1 . 25 Amp , 38 

t Includes error due to power transformer tap 

changing. 

The pickup of the relay is varied by means of 

the spring adjuster. 

INDICATING CONT ACTOR 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 

type WL relay switch, or equivalent, use the 0 . 2  

ampere tap. 

INDICATING INSTANTANEOUS TRIP (liT) 

The core screw must be adjusted to the value 

12  

o f  pick-up desired. It i s  recommended that a pickup 

of 100 amperes be used. 

I N S T A L L A T I O N  

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 projection 

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 panel mount­

ing or to the terminal studs furnished 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. 

The total resistance of the leads, connecting 

relay terminals 1 2  and 1 3  to the R terminals of the 

auxiliary current transformer, must not exceed 0.05 

ohm. 

* A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adjustments to insure correct op era­

tion of this relay have been made at the factory. Upon 

receipt of the relay no customer adjustments, other 

than those covered under "SETTINGS" should be 

required. 

A c c eptance C he c k  

The following check is recommended t o  insure 

that the relay is in proper working order. Relays and 

transform ers of matching serial numbers should be 

connected together. Use ti ght screw connections. No 

clip leads should be used. The total resistance of 

leads, connecting relay terminals 12 and 13 to the R 

terminals of the auxiliary current transform er , must 

not exceed 0.05 ohms. 

A. M i n i m u m  T r i p  C urrent 

Apply current to the primary of the external 

transformer. The relay should operate as follows on 

the 19 tap. 

1. Bus Differential Relay 

2. Transformer Differential Relay 

0. 145 ± 5% amp. 

1 . 0  ± 5% amp. 
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T Y P E  CA-6 R ELAY __________________________________________________________ �•·�L�· �41�-3�3�7.�1 D 

B .  T or q u e  C urve s 

Connect the relay as shown in the test circuit of 

figure 10 . Apply tap value current to the external 

transformer. The contacts should open when the fol­

lowing restraint current is applied to the relay. 

1.  Bus Differential Relay 

16-1/ 2 ± 5% amperes 

2. Transformer Differential Relay 

15- 1/2 ± 5% ampere 

Care should be taken not to overheat the relay 

and external transformer during the test. 

The restraint current of the transformer dif­

ferential relay is less than that of the bus differential 

relay in order to compensate for the stronger spring 

used on the transformer relay. 

C. I n d i c at i ng Contactor  S w i tc h  ( I C S) 

Closethe 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 should not be 

greater than the particular ICS tap setting being used.  

The operation indicator target should drop freely. 

The contact gap should be approximately .047 

inch between the bridging moving contact and the 

adjustable stationary contacts. The bridging moving 

contact should touch both stationary contacts simul­

taneously, 

D. I n d i c at i ng I n stan tan eou s  U n i t  ( l i T )  - (Where  

S u pp l i ed)  

The core screw which is adjustable from the 

top of the trip unit determines the pickup value. The 

trip unit has a nominal ratio of adjustment of 1 to 4 and 

an accuracy within the limits of 10%. 

The making of the contacts and target indication 

should occur at approximately the same instant. 

Position the stationary contact for a minimum of 1/32 

inch wipe . The bridging moving contact should touch 

both stationary contacts simultaneously. 

Apply sufficient current to operate the liT. This 

cu!t'ent should be applied with the external transform­

er excluded from the circuit. 

R o u t i n e  M a inten ance 

All contacts shoul d be periodically cleaned. A 

contact burnish er S#182A836H0 1 is recommended for 

this purpose. The use of abrasive material for clean­

ing contacts is not recommend ed, because of the 

danger of embedding small particl es in the face of 

the soft silver and thus impairing the contact. 

C A L l  B R A T I O N  

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"). 

1 .  Cl earance - Adjust the top bearing screw to have 
approximately .002 to .006 inch clearance between it 
and the shaft. 

2. Contacts - Adjust the stationary contact so that 

1/4 inch contact separation is obtained when the 

moving contact is held in the maximum open position. 

3. Minimum Trip - With operating current applied to 

the external transformer, adjust the spring tension 

until the relay just operates with following currents 

in the 19 tap . :  
1 .  Bus Differential Relay 0. 145 amp. 
2. Transformer Differential Relay 1.0 amp. 

4. Torque Check - Connect the relay per the test 

circuit of figure 10. Pass tap value current of the 

external transformer into the operating circuit of the 

relay. The contacts should open when the following 

restraint current is applied: 

a) Bus Differential Relay 16- 1/2 ± 5% amp. 

b) Transformer Differential Relay 15- 1/2 ± 5% amp. 

5. 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 should be not 

greater than the particular ICS tap setting being used. 

The operation indicator target should drop freely. 

6, Indicating Instantaneous Trip Unit (liT) 

The core screw must be adjusted to the value of 

pickup current desired. It is recommended that the 

liT be set to pickup at 100 amperes. This setting 

should be made with the external transformer excluded 

from the test circuit. 

RENEWAL PARTS 

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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TYPE CA-6 RELAY --------------------------------------------------------
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Fig. 13. O utline & Drilling P lan for the Type CA-6 Relay in the type FT-32 Case. 
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Fig. 14. Type CA -6 Relay Without Case (Front View}. 1 • Top Front Restraining Fig. 15. Type CA-6 Relay Without Case (Rear Vie"'}. 

Element. 2 • Stationary Contact. 3 • Moving Contact. 4 • Control 

Spring A ssembly. 5 • Bottom Front Restraining Element. 6 • Indicating 

Contactor Switch (ICS}. 

E lement. 2 • Bottom Rear Restra in ing Element. 
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