INSTALLATION

Westinghouse 1.L. 41-337.4A
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KAB HIGH IMPEDANCE
BUS DIFFERENTIAL RELAY

CAUTION: Before putting relays into service, remove
all blocking which may have been inserted for the
purpose of securing the parts during shipment, make
sure that all moving parts operate freely, inspect
the contacts to see that they are clean and close
properly, and operate the relay to check the settings
and electrical connections.

APPLICATION

The type KAB relay is an instantaneous relay of
the high impedance type used for bus differential
protection.

* APPLICATION CONSIDERATIONS

The type KAB relay can be applied/for bus
protection in most cases where bushing™“typefct’s
are in use, and in metal-clad equipment™Wwhereyct’s
with toroidally wound cores have their, windings
completely distributed are employed. Dwgi 265C196
shows the external connection.

The following points should, beyconsidered or
should be known on any propeseditype 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 tapgeonnection cannot be avoid-
ed, the winding (segtion between the taps being
used must bey, fullydistributed and the high
voltage which mayappear at the full tapterminal

due taf . thed autostransformer action should be
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-
ednIf 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.

SUPERSEDES I.L. 41-337.4

*Denotes change from superseded issue.

The best location feor the juinction points is
equidistant from all ct’s.

The lead resistance ffrom the junction points to
the relay terminal§yis“mot critical.

A lockout zelay ‘Gentact is recommended to short
circuit the varistor following the relay operation
in order,to ‘prevent the varistor from overheating.

Te insure /a substantial margin of operation the
voltage-unit should not be set higher than Vg,
where Vi = the knee voltage value of the poorest
ct “which be connected to the relay. The knee
voltage is defined as the intersection of the
extension of the two straight line portions of the
saturation curve, ordinate and abscissa must
be same scale for each decade.

The maximum number of circuits which can be
connected to the relay or the minimum internal
fault current required to operate the relay can
be estimated from the following equation

Imin. = Xk +1IR +1y) N
where Ipjp, = minimum internal fault current, RMS.

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

Irp = Current in V-unit at setting voltage
VR (i.e. I = 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.

CONSTRUCTION

The relay consists of a high speed overvoltage

cylinder unit (V) a high speed overcurrent unit (IT),
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a voltage limiting suppressor (varistor), an adjust-
able reactor and capacitors for completing a tuned
circuit.

Overvoltage Unit V

The voltage unit is a product induction cylinder
type unit operating on the interaction between the
polarizing circuit flux and the operating circuit flux.

Mechanically, the voltage unit is composed of
four basic components: A die-cast aluminum frame,
an electromagnet, a moving element assembly, and
a molded bridge.

The frame serves as the mounting structure for
the magnetic core. The magnetic core which houses
the lower pin bearing is secured to the frame by a
locking nut. The bearing can be replaced, if neces-
sary, without having to remove the magnetic core
from the frame.

The electromagnet has two series-connected
polarizing coils mounted diameterically opposite one
another; two series-connectedoperating coils mounted
diametrically opposite one another; two magnetic
adjusting plugs; upper and lower adjusting plu
clips, and two locating pins. The locating pins
used to accurately position the lower pin bearin
which is threaded into the bridge. The electroma,
is secured to the frame by four mounting screw,

The moving element assembly consists 1
spring, contact carrying member, a an, aluminum

cylinder assembled to a molded hub w s the
shaft. The shaft has removable top bottom jewel
bearing. The shaft rides betw t ottom pin

bearing and the upper pin beari w he cylinder
rotating in an air gap formed(by t electromagnet
and the magnetic core.

The bridge is se&@ electromagnet and
g s.

sc In addition to holding

e bridge is used for mounting
ar ontact housing. The sta-
is held in position bya
spring type clamp. The spring adjuster is located on
the underside of the bridge and is attached to the

contacts closed, the electrical connec-
ti ade through the stationary contact housing

clamp, to the moving contact, through the spi
spring out to the spring adjuster clamp.

Overcurrent Unit (IT)

The instantaneous unit is a small a-c operated
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached ®is at-

tached to the magnetic core upon en@fgization of the
switch. When the switch clos t@g contacts
bridge two stationary contacN ng the trip
circuit.

A core screw acces %the top of the
switch provides the ad%ickup range.

The coil is t d the taps brought out to
a tap block. By of the Hi and Lo tap and the
adjustable cor p range of 16 to 1 may be
obtained.

Vari

istor is an non-linear voltage dependent
resisto onsists of four discs of electrical grade
si n carbide material mounted between cooling
a connected in series. They are assembled
integral mechanical assembly and should not
aken apart.

Reactor

The adjustable reactor is an air-gap type having
two iron screws which are used at the factory to
tune the circuit for maximum current at rated fre-
quency. This feature allows retuning of the circuit
in the event other parts of the circuit are replaced.

Indicating Contactor Switch Unit (ICS)

The indicating contactor switch is a small d-c
operated 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
contacts bridge two stationary contacts, completing
the trip circuit. Also during this operation two fin-
gers 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 pickup value of the switch.
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* OPERATION

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 and 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 dc offset component
of this voltage does not affect the relay @peration
by reason of the series tuned circuit as well™@s the
insensitivity of the voltage unit to dc.

In the case of an internal fault, thef'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 driye the fault current
the feeder ct secondaries. This high
voltage will appear at the ¢ebay té€rminals and will
be well above the pickup getting.

through

During severe internalygfaults the source ct
will saturate to limit ghe@RMS value of secondary
voltage. Howevemy, the, peak voltages of the wave
form could bé quite ‘high and overstress the insula-
tion. A vafristof'is gonnected internally to reduce
this voltage.“Eigufe 2 shows the electrical char-
acteristics of this'device.

The ovepvoltage 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
erest 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

*

from the typical staged faults. However, an ‘Over-
current unit is provided which may be confiected
in series with the wvaristor and will operatejon
current flow during severe internal fauldSvwhen®the
varistor conducts current to limit the seeondary
voltage. The application of overcurrent unit has no
effect on the operating speed of the voltage unit.

CHARACTERISTICS
Overvoltage Unit (V)

The range of pickup_of“the oOvervoltage unit is
adjustable from 75to 300 volts. The pickup is obtain-
ed by means of adjusting/the!spring windup.

Speed of operation i$ 2 cycles at twice pickup.
(sine wave testgvoltage).

Overcurrent Unit (1T)

The range'of the overcurrent unit is 3 to 48 am-
peres.BA tapds used to obtain this by use of two
settings (Hi and Lo). The Lo setting permits the
coremscrew to be adjusted over a 3 to 12 ampere
pange. 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-c'resistance
2.0 ampere tap — 0.15 ohms d-c resistance

¥ SETTING CALCULATIONS
1. SETTING VOLTAGE UNIT

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

Ip
VR:K (Rg +RL) —

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

Rg = dc 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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way lead for phase fault, two way
lead for phase to ground fault).

Ip = Maximum external fault current (RMS
amp.) contributed by the bus.

N

ct turn’s ratio.

K Margin factor

The margin factor is a modification number. It
varies with the reciprocal of the ct saturation
(Rg + R, ) Ip ]

N Vg

factor, i.e. [-

Figure 3 shows the margin factor curve, which
is based on the High Power Lab tests on the
KAB relay and considers a safety factor of 2.
The use of this curve is explained in the sample
calculation.

SETTING CURRENT UNIT

This unit is not intended for speed improvement.
The High Power Lab. test data shows that its
operation is always slower than the V-unit.
Therefore, the setting calculation for this unit
is rather simple. First, calculate the value of

(Rs + RL) (Il_\IFL), then from curves in Fig. 4

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

xample:

Assume a 6 circuit bus, for which the maxi

external 3-phase fault current is 60,00 p
ase to
the

rms, symmetrical, maximum extefnal

ground fault current is 45,000 am
0 peres
ss C400,

minimum internal fault current is 00 .
Assume the ct's ratios are 2(&
VK = 375 volts, secondarygWin resistance

d
Rg = 0.93 Q, and one wa@ resistance to
junction point Ry, = 1.07

SETTING OF V

a) for 3-phas tion

I
[(Rs i RL )V = [(0.93 + 1.07) «x
s 60000 | / 395
- 0.9

ig. 3 K > 0.76

_ I
Vi = K (Rg »RL)_NF_’

60000

450 =2

O

[(Rg + RL')II\IE] /VK =[(0.93 + 2 x 1.07) x
4

o

VR :> 0.76 (0.93 + 1.07) x
volts,

b) for phase to ground fault condition

4500
0

from Fig. 3 K 2 0.77

- VR > K (Rs 4 RN

7@

mum of (a) and (b), to prevent
om false pickup on external
minimum setting should be at
maximum 265 volts. This adjust-

made by varying the spring tension.
Routine Maintenance’’.

x 1.07) x 45000 . 265

Vo > 0.7
R= 400

volts.

i

S

e minimum fault current required to oper-
ate the relay at the setting of 265 volts.
Assume that from the ct saturation curve

Ie = 0.045 amp. at 265 volts. And from
figure 2b I, = 0.16 amp. at 265 volts. (RMS).
Imin, =X Iy +Ig + Iy) N

( 6 x 0.045 + 265
2600

+0.16) 400

0.532 x 400 = 213 amp.
SETTING OF CURRENT UNIT

. I 60000
Since (Rg + _F ~(0.93 + 1.07) x 82990 —300
(Rs +Rp,) S ( 200

for 3-phase fault.

45000 _
400

I
(Rg + Ry =(0.93 +2x 1.07) x 330

for phase to ground fault.

From Fig. 4, using the higher number of 330
the current unit setting is determined to be 42
amperes. (for RS + R, = 3Q). Set the over-

current unit at 45 amp.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration and heat. Mount
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the relay vertically by means of the two mounting
studs for the type F'T projection case or by means
of the four mounting holes on the flange for the semi-
flush type F'T 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 F'T 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.

RATINGS

Device Contindous

2504yolfsiac
300 volgs ac
(15¢8econds)

200 voltsvac

Overvoltage Unit (V)

Varistor

Overcurrent Unit (IT)

Lo Range 2.5 "Amps
T0WAmps (1 second)
Hi Range 10 Amps

2800Amps (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-c 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-c, and will carry this
current long enough to trip a breaker.

BURDEN

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 thegWaristor resistance plus
the parallel impedance, of th¢ unloaded feeder CTS.
The resistance of the WariStor can be calculated
from the volt-amperegeurvwe Figure 2.

ADJUSTMENTS & MAINTENANCE

The proper adjustments to insure correct opera-
tion of thisWmelay have been made at the factory.
Upon feceipt, of the relay, no customer adjustments,
other than those covered under ‘““‘SETTINGS’’ should
be ‘tequired.

ACCEPTANCE CHECK

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’’.

Overcurrent Unit (IT)

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

Indicator Contactor Switch (1CS)

Close the main relay contacts and pass suf-
ficient dc current through the trip circuit to close
the contacts of the ICS. This value of current should
be not greater than the particular ICS tap setting
being used.
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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.

ROUTINE MAINTENANCE

All relays should be inspected periodically 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#182A836H01 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 withfthe
capacitors since high voltages may be present with
the circuit energized.

Tuned Ci revit

If the capacitors, reactor, or ‘@¥ervoltage unit
have been replaced, it may be negessamygpto retune
the circuit. This can be accomplished using a
regulated ac voltage with good_sine,wave. Initially
set the adjustable reactor sgrewsgabout Y2 of their
total travel. The screwspmay' besadjusted without
loosening the spring nfits.

Apply 75 volts “a€ to 4terminals 6 and 8 and
adjust either screw for maXimum current as measured
by a milliammeter. This current should be less than
30 ma. The two screws should be positioned approxi-
mately equal feor the final adjustment.

After,_the above adjustment has been made it
may belnecessary to re-adjust the overvoltage unit
springaforithe desired operate voltage.

Overvoltage Unit (V)

1. The upper bearing screw should be scrgwed
down until there is approximately .025’’ 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 ghe_@evercurrent
unit is made with the moving“@entaet in the reset
position, i.e.,against the right side of the bridge.
Move in the left-hand stationarycontact until it
just touches the moving contact. Then back off
the stationary contact one turn for a gap of
approximately .030’’8§The ) ¢lamp holding the
stationary contact siéusing®need not be loosened
for the adjustmemt since the clamp utilizes a
spring-type actien “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 mowing®element assembly. The spring is
adjusted by placing a screwdriver or tool style
numb er 4774B180G01 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 (IT)

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 1/32’’ contact
wipe.

Indicating Contactor Switch (ICS)

The stationary contacts should be set for 3/64°’
contact gap. The bridging contact should make
simultaneously with both stationary contacts.

i
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Set the ICS on the 0.2 ampere tap and pass 0.2
ampere dc 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 dc through it!
The voltage should measure 175 volts ac + 10%. A
high resistance voltmeter should be used.

RENEWAL PARTS

Repair work can be done mostysatisfactorily at
the factory. However, interchangeablefyparts can be
furnished to the customerswhémare equipped for
doing repair work. When ordéringyparts, always give
the complete nameplate data.

INTERNAL(SCHEMATIC

| VARISTOR
CAPACITOR
~~  (REAR)
INDICATING | ADJUSTABLE
CONTACTOR TUNING REACTOR
SWITCH | CAPACITOR
| INSTANTANEOUS
OVERVOLTAGE
CYLINDER UNIT
|_ RESISTOR
INSTAN TANEOUS™____
OVERGURRENT
oNIT

— RED HANDLE

~ CHASSIS OPERATED
SHORTING SWITCH

[~ TERMINAL

FRONT VIEW

3494A87

* Fig. 1. Internal Schematic of KAB Relay.
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INSTALLATION

Westinghouse  1.L. 41-337.3F
OPERATION ¢ MAINTENANCE

INSTRUCTIOMNS

TYPES CA—16 and CA—26 PERCENTAGE DIFFERENTJAL
RELAYS FOR BUS AND TRANSFORMER PROTECTION

CAUTION Before putting relays into service, remove
all blocking which may have been inserted for the
purpose of securing the parts during shipment, make
sure that all moving parts operate freely, inspect the
contacts to seethat they are clean and close properly,
and operate the relay to check the settings and elec-
trical connections.

» APPLICATION

The current transformers should not saturate
when carrying the maximum external fault current.
This requirement is met if the burden impedance
Np\’c[_‘ — (Iext‘ﬁloo) RS COS GO’t

1.33 (Leyt.)

or

does not exceed

Vi Vel oyt —100) RcCos 60°
CA-16 applications and —2-CLT - ext, 'Rg

Ioxt.
for CA-26 applications
where Np = proportion of total ct turns 4 use.

Ve, = current transformer accuracydelass C
voltage.

[oxt. = maximum external fault _current “in
secondary RMS amperesf (Lethl ext. =
100 if max. external faultf culrent is
less than 100A)

Ry =current transformegsecendary winding
resistance, ohms.

For example, if the 400:5%ap ofR800:5 C400 current

transformers are used, N, =,400/800 = 0.50, if

I oxt, = 120A, Rg = 1.0fohmghe burden should not

exceed:
Np\'el — (Iext_ — 100) RS Cos 60° N
1,33 xt 0
0.50 x 400 — (120-100) x 1.0 x 0.866
1.33 x 120
= 1.14 ohms
CONTENTS

ThisW instruction leaflet epplies to the following
types of relays:

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

SUPERSEDES I.L. 41-337.3E

*Denotes change from superseded issve.

The CA-16 relay should4not hefitilized for transformer
differential applications sinee 4t"1s too sensitive for
overriding the inrushf Dikewise the CA-26 relay
should not be used for bits protection with the “‘four-
circuit bus’’ connectionswof Fig. 8. The CA-26 relay
is suitable for @embination bus-transformer applica-
tions. See ‘‘Connections’’.

CONSTRUCTION

The (type \@A-16 relay consists of an indicating
contaetor \\,8switch, autotransformer, three restraint
elementsypand an operating element. For applications
where, the CA-16 relay is subjected to shock such as
ondswinging 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.

Restraint Elements

Each restraint element consists of an “‘E’’ lami-
nated electromagnet with two primary coils and 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 manner so that
the combination of all fluxes produced by the elec-
tromagnetresults in out-of phase fluxes in the airgap.
The out-of-phase fluxes cause a contact open-
ing torque.

Operating Circuit

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

EFFECTIVE SEPTEMBER 1974



TYPES CA-16 AND CA-26 RELAYS

Fig. 2. Types CA-16 Relay (rear view)

Fig. 1. Types CA-16 Relay (front view)
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TYPES CA-16 AND CA-26 RELAYS

1.L. 41-337.3F

INTERNAL SCHEMATIC
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Fig. 3 Internal Schematic of the Type CA-16 Fus Relay
or CA-26 Transformer Relay.

laminated electromagnet with an auto-transformer
winding on its center leg. Two identical coils onthe
outer legs of the laminated structure are ceonneeted
to the secondary (tapped section) of the Auto-trans-
former winding in a manner so that the gombination
of all fluxes produced by the electromagnet, resuits
in out-of-phase fluxes in the air gaps The “Out-of-
phase air gap fluxes cause a contact ¢losingitorque.

Sensitive Fault Detector Circuit (where used)

The sensitive fault detector citguit consists of
an auto-transformer and a“edntactor switch. The con-
tactor switch is connectedWacross the secondary
(tapped section) of the aufo-transformer winding.

The contactor s#witeh,1s a small solenoid type
element. A cylindricad plunger rides up and down on
a vertical guitte rodin“the center of the solenoid coil.
The guideé rodgis fastened to the stationary core,
which in“turnf’scre#ws into the unit frame. A silver
disc is fastened t6 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
plungern, is free to move while the contact remains
stationary. Thus, a-c vibrations of, the plunger are
prevented from causing eontact bouncing. A Micarta
disc is fastened to the bottom of the guide rod by

INTERNAL SCHEMATIC
//'”77 + + da
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Eig, 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 current
to the contactor switch.

Indicating Contactor Switch Unit (ICS)

The d-c indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch closes, the moving contacts
bridge two stationary contacts, completing the trip
circuit. Also during this operation two fingers onthe
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 Instantaneous Trip Unit (11T)

Fault Detector (FD) — when used

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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Fig. 5. Internal Schematic of the Type CA-16 Bus 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, (for the IIT 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 swit@h
provides the adjustable pick-up range.

OPERATION

The types CA-16 and CA-26 rglays are induction
disc relays with four electromagnets mounted on two
discs that are fastened on agéommon" shaft. One of
the electromagnets is the opefating element while
the other three are restraint, elémeénts. The restraint
elements are energizéd frem the secondaries of cur-
rent transformers éonngcted #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 6f 5 amperes in at terminal 18 andout of
terminal 18, will produce a definite amount of re-
straining_torgue“(see Fig. 3.) Similarly, a current of
5 ampefes flowing in at terminal 16 and out of ter-
minalgl? “will produce an equal amount of torque. If
both ofythese currents flow at the same time with the

Fig. 6. Typical{Tiime " Curves of the CA-16 and CA-26 dif-
ferential ‘Relays
polarity asmindicated “above, their effect will be addi-
tive and theypwill*produce the same torque as though
10 amperesyweredflowing in terminal 16 and out of ter-
minal 17. Conwvérsely, if equal currents flow in these
two coilsy, but in opposite directions, their ampere
turfis will cancel and no torque will be produced. The
samel 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.

CHARACTERISTERICS
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-
tect 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-c componentof
asymmetrical short circuits. In the case of buses
located close to generating stations where the d-c
components decay slowly, the breakdown in ratio of
the current transformers will be much greater than

Py
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Fig. 7. Typical Burden Characteristic of the Operating
Circuit of the CA-16 and CA-26 Differential Re-
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.

CA-26 Transformer Relay

The type CA-26 transformer differerdpial relay in-
cludes an indicating instantaneous trip unitigseeFig.
4), which operates on internal faults.#The, inStanta-
neous unit should have a setting equal/fto the maxi-
mum rms symmetrical external fault*current. Such a
setting will prevent operatign of\the Instantaneous
unit when a current transformer ‘s, severely saturated
by the d-c component of an asymmetrical external
fault current.

Trip Circuit

The main contacts willgSafely close 30 amperes
at 250 volts d-c and4thé seal-in contacts of the in-
dicating contaeétor “switeh will safely carry thiscur-
rent long efifough teytrip a circuit breaker.

The 4ndicating ginstantaneous trip contacts will
safely closep304amperes at 250 volts d-c, and will
carry this current long enough to trip breaker.

The indicating contactor switch has two taps that
provide a“pick-up setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
efla screw connection.

DEYICE WUMBER CyART
87 - PERCENTAGE DIFFERENT IAL RELAY, TYPE GA-18
ICS - INDICATING CONTACTOR: SWITCH
oP. OPERATING COIL

(ROTTOM L.W. ELEMERT) n
- PAIRED RESTRAINT COIL e

(BOTTOM R.M. ELENENT) CA-18
- PAIRED RESTRAINT COIL ey

(TOP L.M.  ELEMENT)
- PAIAED RESTRAINT COIL
(ToP R.0. KLEMENT)
- AUXILIARY TRIPPING RELAY, TYPE WL

2 4w o=

187A424

¥ FigW8. External Schematic of the Type CA-16 Relays for
Three and Four Circuit Bus Protection

Tezip Circuit Constants

Indicating Contactor Switch (ICS)
0.2 ampere tap 6.5 ohms d-c resistance

2.0 ampere tap 0.15 ohms d-c resistance

ENERGY REQUIREMENTS

Burden of each restraint coil at 5 amperes

VOLT AMPERES POWER FACTOR

.75 N

Continuous Rating 14 amperes

1 second rating 460 amperes
Burden of operating circuit

VOLT AMPERES

Variable (See Fig. 7)

Continuous rating 8 amperes

1 second rating 280 amperes

CA16 CONNECTIONS

To determine the a-c connections, identify each
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EXTERNAL SCHEMATIC OF ONE SET OF TYPE CA-16 RELAYS
FOR THE PROTECTION OF A SIX CIRCUIT B89 WITH THREE FEEOER GROUPS
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* Fig. 9. External Schematic of the Type CA-16 Relays for
Protection of a Six Circuit Bus with Three Feeder
Groups
primary 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 eaeh
feeder group has less than 14 amperes load cufrent
(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 if
figure 9 is to be used.

Connect per Fig. 8 with three ‘Gpffourpbus “cir-
cuit.”” The term ‘‘circuit’”’ refers to_a“Seurce or to a
feeder group. For example, assume a bus consisting
of 2 sources and 6 feeders. Further, agssume that the
feeders are lumped into 2 feeder groups. The bus now
reduces to four circuits.

If the bus reduges to ‘mere than four circuits,
parallel source-circdiit CE’s or, source-and feeder-cir -
CT’s until only fourd€ircuifs remain. Then connect
these four sets of CT’s tafthe relays per Fig. 8. The
exception to this rule occurs when the application
consists of three feeder groups. Then, Fig. 9 applies.

With 3pfeeder groups and more than 3 sources,
parallel, source™CT’s until the application reduces
to 6 citcultsy then, connect to the relays per Fig. 9,

Rig. 10 shows the CA-26 relay connections for a
3gcircuit 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-
allelled to reduce the effective number of source {¢on-
nections to three. The ‘‘four-circuit bus’’ connee=
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 energizing the bus on fault.
Otherwise the connection considefationms, are as
described above for the CA-16.

SETTING CALCUIKATIONS

No calculations are required, todset the CA-16 and
CA-26 relays.

SETTING THE RELAY

No settings arg regquired on either the CA-16 or
the CA-26 main units.

Indicating ContactofpSwitch (ICS)

No ‘seftinghis required on the ICS unit except the
selection ‘ofi,the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in
front9ef thie tap block to the desired setting by means
of the connecting screw. When the relay energizes a
1250 250 volt d-c WL relay switch or equiva-
lent, use the 0.2 ampere tap; for 48 volt d-c applica-
tions set relay in 2 tap and use WL relay coil S#304-
€@209G01 or equivalent.

Indicating Instantaneous Trip (IIT)

Since the minimum and maximum markings on the
scale only indicate the working range of the core
screw must be adjusted to the value of pick-up de -
sired. The application of IIT unit is intended to get
faster operating speed for heavy internal faults. For
bus protection, it is recommended the IIT unit be set
higher than 50% of the maximum external fault cur-
rent contributed from the bus and with all circuits
in service. For transformer protection, apply IIT-unit
where internal fault current can exceed twice the
maximum total current flowing through the different-
ial zone for an symmetrical external fault, set IIT
unit at 50% external fault current or higher than
transformer inrush current depending on which is
greater.

INSTALLATION

The relays should be mounted on a switchboard
panel 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

P "
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* Fig. 10. External Schematic of the Tiype|CA-26 Relay for Transformer Protection and Bus Protection

the rear mounting stud or studs for projectienmount-
ing. Either a mounting stud or the mounbking “Serews
may be utilized for grounding the relay. The elec-
trical connections may be made diregtly/toe,the ter-
minals by means of screws for stecl panel/mounting
or to the terminal studs furnished withytherelay for
thick panel mounting. The“terminal iStuds may be
easily removed or inserted bygdoeking two nutsonthe
stud and then turning the préper nut’ with a wrench.

For detailed F'T case infemmation, refer tol.L.. 41-
076.
ADJUSTMENTS YAND MAINTENANCE

The proper adjustments to insure correct operation
of this relay<havegbeen/ made at the factory. Upon
receipt of ghe relay, no customer adjustments other
than thoge coffered®under ““SETTINGS” should be
required.

Acceptance Check

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

A, ‘Minimum Trip Current

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. Percentage Differential Characteristic

Apply 16 amperes to terminals 9 and 19 of the
CA-16 relay or 14 amperes to terminals 9 and 19 of
the CA-26 relay. The contacts should close when
the following operating current is applied to the
relay with connections of Fig. 11.

17.0 £ 7% amperes
38.0 + 7% amperes

CA-16
CA-26

Check each individual restraint winding by apply-
ing 50 amperes to each winding. Apply sufficient
operating current to the operating circuit until the
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. Time Curve_

Apply 20 amperes to terminals 12 and 13 of the re-
lays. The contacts should close in the following
times:
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Fig. 11. Diagram of Test Connections for the CA-16 and
CA-26 Relays

CA-16 52 + 5% Milliseconds

CA-26 72 + 5% Milliseconds

D.- Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tact of the ICS. This value of current should not be
greater than the particular ICStap setting being used.
The operation indicator target should drop freely.

The contact gap should be approximately .04%
inch between the bridging moving contact and the ad-
justable stationary contacts. The bridging moving
contact should touch both stationary contacts simulé
taneously.

* E. Indicating Instantaneous Unit (11T)-Whére supplied)
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o Fault 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 of adj@Stmentfof 1 to 4

and an accuracy within the limits of 10%:

The making of the contact§ and ¢arget indication
should occur at approximately, thie same instant.
Position the stationaryfcontactyfor a minimum of 1/32
inch wipe. The bridging moving contact should touch
both stationary contact$ simdltaneously. Apply suf -

% ficient current to operate“th® IIT. Fault detector unit

has no target.
F. Sensitive Fault Detector (where supplied)

Apply current, to terminals 14 and 15 of the re-
lay. The fault“detector should operate between the
limits of¢0.1T@2to 0. 158 amperes.

Fig. 120 Percentage Slope Curve of the CA-16 and CA-26
Relays with One Restraint Winding

Routine Maintenance

All contacts should be periodically cleaned.A con-
tact burnisher S#182A836H01 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 stlver and thus impairing the contact.

CALIBRATION

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

1. Contacts

Adjust the adjustable 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.

A
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Fig. 13. Percentage Slope Curve of the CA3l6 and CA-26
Relays with Six Restraint Windingshin Seties

2. Minimum Trip

The relay should be level for(this test. Minimum
trip current can best be determinedgpwith the perma-
nent magnet removed.

Adjust the spring tension“antil the relay just
closes its contacts withgthe fellowing current applied
to terminals 12 and 13 of the‘relay.

CA-16 0. 15 amperes

CA-26 1.25 amperes

3. Percentage Slope Characteristic

Connect therelay per the test circuit of Fig. 11.
Pass 20 amperes for the CA-16 and 14 amperes for
the CA-26 felay into terminals 9 and 19 of the relay.
Adjust the plug (when used) in the operating electro-
magnet,until the contacts just close with the following
eurtents into the operating circuit of the relays.

CA-16 29.4 to 34 amperes

CA-26 36 to 40 amperes

4. Time Curve_

Place the permanent magfiét on the relay and ap-
ply 20 amperes to terminals 4’2 and 13 of the relay.
Adjust the keeper of the ‘permament magnet until the
contacts just close ingthe,follewing times:

CA-16 52+ 5% milliseconds
CA-26 72 + 5% milliseconds

These timeés should be the average of 5 readings

5. Indidating Contactor Switch (ICS)

Close ‘the main relay contacts and pass sufficient
d-c eurrent through the trip circuit to close the con-
tactgyof 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 (I1IT)

The core screw must be adjusted to the value of
pick-up current desired. It is recommended that the
IIT be set to pick-up at a value of current that is
equal to the maximum rms symmetrical external fault
current to the relay.

7. Sensitive Fault Detector

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. Apply0. 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 stationary contacts. Now, screw upthe
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 part way out of the coil,
thus diminishing the spring pressure on the contacts.
By thus adjusting the core screw up or down the max-
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
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raising the Micarta disc until the plunger justpicks well as for six restraint elements connected i D
up electrically at the 0.15 ampere value. series.

Electrical Checkpoints RENEWAL PARTS

Repair work can be done most satisfactori
Figures 12 and 13 will aid in trouble shooting the factory. However, interchangeable parts can be

either the CA-16 or the CA-26 relays. These curves furnished to customers who are equipped forgdoing
show the operating current to trip the relay for dif- repair work. When ordering parts, ays give the

ferent restraint current for one restraint element as complete nameplate data. \

Sz
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INSTALLATION

Westinghouse  I.L. 41-337.3D
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPES CA—16 and CA—26 PERCENTAGE DIFFERENTIAL
RELAYS FOR BUS AND TRANSFORM

ER PROTECTION

ke

CAUTION Before putting relays into service, remove
all blocking which may have been inserted for the
purpose of securing the parts during shipment, make
sure that all moving parts operate freely, inspect the
contacts to see that they are clean and close properly,
and operate the relay to check the settings and elec-
trical connections.

APPLICATION

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

Np

Vi, = current  transformer

voltage

= proportion of total CT turns in use
10L. accuracy-class

The burden voltage is described as:

Case 1: Fault current maximum of 100A gms<inl CT
secondary — drop across 2-way leadypburden
and relays (CA-16 and CA-26 restraintagoil
burden is negligible).

Fault current greater than LOOA rmsiin CT
secondary — drop across 2-way lead burden
and relays plus:

(IgxT—100) Re

where

Case 2:

symmetrical
in secondary

Ipxt = max4qexterpal
faultr curgént
rms anmperes.

RcT #~€T Tesistance, ohms
For example,4if the 400/5 tap of 600/5
10,2000 wye-connected CT’s are used
Np £ 400/600 % 0.67. if IzxT = 100A, the
burden/ (excduiding CT resistance) should
not exceeds

NpVcL,/133 = (0.67 x 200)/133 = 1.0 ohms.
CONTENTS

This “imstruction leaflet applies to the following
typesSiof relays:

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

SUPERSEDES I.L. 41-337.3C

*Denotes change from superseded issve.

* The CA-16 relay ShOlﬁE\ﬂOt be utilized for transformer

differential appllcatlp sincedit is too sensitive for
overriding the 1nrush, Likewise the CA-26 relay
should not be used. fpr ‘bus. protection with the ‘“four-

’ ,?urcmt bus”’ connecﬁrons of Fig. 8. The CA-26 relay
\ 1s “guitable. foT. cozf'bmatlon bus-transformer applica-

tions. See “Co(:actlons”
CONSTRUCTION

The, type CA-16 relay consists of an indicating
contactor®y, switch, autotransformer, three restraint
elements, and an operating element. For applications
whepe 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.

Restraint Elements

Each restraint element consists of an ‘‘E’’ lami-
nated electromagnet with two primary coils and 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 manner so that
the combination of all fluxes produced by the elec-
tromagnetresults in out-of phase fluxes in the air gap.
The out-of-phase fluxes cause a contact open-
ing torque.

Operating Circuit

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

EFFECTIVE OCTOBER 1972
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Fig. 2. Typaes CA-16 Relay (rear view)

Fig. 1. Types CA-16 Relay (front view)
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INTERNAL SCHEMATIC
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Fig. 3. Internal Schematic of the Type CA-16 Bus Relay

laminated electromagnet with an auto-transformer
winding on its center leg. Two identical coils onthe
outer legs of the laminated structure are ‘cennected
to the secondary (tapped section) of the“3auto-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. Xhe out-of-
phase air gap fluxes cause a conta¢t closSing torque.

Sensitive Fault Detector Circujt, (Where used)

The sensitive fault deteetor“eircuit consists of
an auto-transformer and ageentaetér switch. The con-
tactor switch is connected ‘across the secondary
(tapped section) of _the“%auto-transformer winding.

The contactory switch/is a small solenoid type
element. A g¢ylindrical plunger rides up and down on
a vertical guidegod in the center of the solenoid coil.
The guide“tod isffastened to the stationary core,
which in turn “serews into the unit frame. A silver
disc is fastened to the moving plunger through a heli-
cal spring. JWhen 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 remains
stationary. Thus, a-c vibrations of, the plunger are
prevented from causing eontact bouncing. A Micarta
disc is fastened to the bottom of the guide rod by

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 values of current to limit the amount of current
to the contactor switch.

Indicating Contactor Switch Unit (ICS)

The d-c indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization ofthe
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
caseby a pushrod locatedat 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 Instantaneous Trip Unit (IIT)

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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Fig. 5. Internal Schematic of the Type CA-16 Bus 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“ef
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.

OPERATION

The types CA-16 and CA-26(relays) are induction
disc relays with four electromagnets®mounted on two
discs that are fastened on (a gommon shaft. One of
the electromagnets is the operating element while
the other three are gestraintdelements. The restraint
elements are energizedffromythe secondaries of cur-
rent transformers connectéd 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 19, “Will produce a definite amount of re-
straining “terque (see Fig. 3.) Similarly, a current of
5 amperes flowing in at terminal 16 and out of ter-
minaly, 17%will produce an equal amount of torque. If
Both%ef \these currents flow at the same time withthe

Fig. 6. Typical, Tiime Gdrves of the CA-16 and CA-26 dif-

ferential)Relay s

polaritysastindicated above, their effect will be addi-
tive andWhey Will produce the same torque as though
10 amperes were flowing in terminal 16 and out of ter-
minal 1%, Conversely, if equal currents flow in these
twaol coils, but in opposite directions, their ampere
turnswill cancel and no torque will be produced. The
same relationship applies for the paired coils of the
other two restraining units of the relay.

CHARACTERISTERICS
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-
tect 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 ratioto 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-c componentof
asymmetrical short circuits. In the case of buses
located close to generating stations where the d-c
components decay slowly, the breakdown in ratio of
the current transformers will be much greater than
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Fig. 7. Typical Burden Characteristic of the Operating
Circuit of the CA-16 and CA-26 Differential Re-
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.

CA-26 Transformer Relay

The type CA-26 transformer differential relay“in-
cludes an indicating instantaneous trip uniti¢see"Fig.
4), which operates on internal faults. The instanta-
neous unit should have a setting equal temthe maxi-
mum rms symmetrical externalgpfault, current. Such a
setting will prevent operationgofgthe“instantaneous
unit when a current transformenis severely saturated
by the d-c component of Jan asymmetrical external
fault current.

Trip Circuit

The main contadts 4will safely close 30 amperes
at 250 volts d-cWand thefseal-in contacts of the in-
dicating confactor switch will safely carry thiscur-
rent long enough'to trip a circuit breaker.

The indicatingd instantaneous trip contacts will
safely close 30 "amperes at 250 volts d-c, and will
carry this current long enough to trip breaker.

The indicating contactor switch has two taps that
provide a pick-up setting of 0.2 or 2 amperes. To
changé taps requires connecting the lead located in
fronthof the tap block to the desired setting by means
of a screw connection.

EXTEANAL SCHEMATIC OF ONE SET OF TYPE CA-16 RELAYS
FOR THE PROTECTION OF ‘A THREE AND FOUR CIRCUIT BUS
H ® ” THREE CilgVIT DO3
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Figsn®8. External Schematic of the Type CA-16 Relays for
Three and Four Circuit Bus Protection

Trip Circuit Constants

Indicating Contactor Switch (ICS)
0.2 ampere tap 6.5 ohms d-c resistance

2.0 ampere tap 0.15 ohms d-c resistance

ENERGY REQUIREMENTS

Burden of each restraint coil at 5 amperes

VOLT AMPEBES POWER FACTOR

.75 7

Continuous Rating 14 amperes

1 second rating 460 amperes
Burden of operating circuit

VOLT AMPERES

Variable (See Fig. 7)

Continuous rating 8 amperes

1 second rating 280 amperes

CA-16 CONNECTIONS

To determine the a-c connections, identify each
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Fig. 9. External Schematic of the Type CA-16 Relays for
Protection of a Six Circuit Bus with Three Feeder
Groups
primary 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 lumpya
number of feeders into a ‘‘feeder group’’ by parallel-
ing feeder CT’s, taking the precaution that g@ach
feeder group has less than 14 amperes load current
(restraint coil continuous rating). Also eacgh feeder
group should not contribute more thafy 10%, of jthe
total phase or ground-fault current for agpbus, fault if
figure 9 is to be used.

Connect per Fig. 8 with three 6r<four bus “cir-
cuit.”” The term ‘‘circuit’’ refersgto a source or to a
feeder group. For example, assume a bus consisting
of 2 sources and 6 feeders. Efirther, assume that the
feeders are lumped into 2 feeder groups. The bus now
reduces to four circuits.

If the bus redticesdto more than four circuits,
parallel source-circuiy@T’s Or source-and feeder-cir -
CT’s until only four cirettits remain. Then connect
these four sets of CT’s to the relays per Fig. 8. The
exception to this rule occurs when the application
consists of three feeder groups. Then, Fig. 9 applies.

With 3%feeder groups and more than 3 sources,
parallel, séurce CT’s until the application reduces
to 64circuits; then, connect to the relays per Fig. 9.

Fig. 10’ shows the CA-26 relay connections for a
3) ciréuit bus. Where additional circuits are present

% use the Fig. 9 connections; where there are more

than three sources the source CT’s should befpar-
allelled to reduce the effective number of sourceteon-
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 energizing theg®us on fault.
Otherwise the connection considerations are as
described above for the CA-16.

SETTING CALCULATIONS

No calculations are requiredpto set the CA-16 and
CA-26 relays.

SETTING, THE RELAY

No settings are gfequired on either the CA-16 or
the CA-26 main,units.

Indicating 'Contactor Switch (ICS)

No _setting “is required on the ICS unit except the
seleation of“the 0.2 or 2.0 ampere tap setting. This
selectiomyis made by connecting the lead located in
front ‘ofythe tap block to the desired setting by means
of the gonnecting screw. When the relay energizes a
125 or 250 volt d-¢c WL relay switch or equiva-
lent, use the 0.2 ampere tap; for 48 volt d-c applica-
tions set relay in 2 tap and use WL relay coil S#304-
C209GO01 or equivalent.

Indicating Instantaneous Trip (IIT)

Since the minimum and maximum markings on the
scale only indicate the working range of the core
screw must be adjusted to the value of pick-up de -
sired. It is recommended that the IIT be set to pick
up at a value of current that is equal to the max-
imum rms symmetrical external fault current to the
relay.

INSTALLATION

The relays should be mounted on a switchboard
panel 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 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 of screws for steel panel mounting
or to the terminal studs furnished withtherelay for
thick panel mounting. The terminal studs may be
easily removed or inserted by locking two nutsonthe
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Fig. 10. External Schematic of the Tiyype CA-26uRelay for Transformer Protection and Bus Protection

stud and then turning the proper nut with a “wrench.

For detailed F'T case information, refer tolL,. 41-
076.

ADJUSTMENTS AND, MAINTENANCE

The proper adjustments to, insureycorrect operation
of this relay have been ‘madevat the factory. Upon
receipt of the relay, no customer adjustments other
than those covered under 4SETTINGS’’ should be
required.

Acceptance Check

The following check is recommended to insure
that the relayfis ingproper working order.

A. Minimum Trip Current

Apply current to terminals 12 and 13 of the relay.
Thejrelay should operate as follows:

17 CA-16 0. 15 amperes * 5%,

2. CA-26 1.25 amperes * 5%

B. Percentage Differential Characteristic

*  Apply 16 amperes to terminals 9 and 19 of the
CA-16 relay or 14 amperes to terminals 9 and 19 of
the CA-26 relay. The contacts should close when
the following operating current is applied to the
relay with connections of Fig. 11.

CA-16

17.0 + 7% amperes

CA-26 38.0 t 7% amperes

Check each individual restraint winding by apply-
ing 50 amperes to each winding. Apply sufficient
operating current to the operating circuit until the
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. Time Curve

Apply 20 amperes to terminals 12 and 13 of the re- ‘
lays. The contacts should close in the following
times:
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Fig. 11. Diagram of Test Connections for the CA-16 and
CA-26 Relays

CA-16 52 + 5% Milliseconds

CA-26 72 + 5% Milliseconds

D.- Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tact of the ICS. This value of current should not be
greater than the particular ICStap 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 ads
justable stationary contacts. The bridging moving
contact should touch both stationary contacts_simul-
taneously.

E. Indicating Instantaneous Unit (IIT)-Where supplied)
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The core screw which is adjustable from the top
of the trip unit determines the piek-upyhvalue. The
trip unit has a nominal ratio of adjustment of 1 to 4
and an accuracy within the limits_of%0%.

The making of the contactsy@nd/target indication
should occur at approximately the same instant.
Position the stationary contact for a minimum of 1/32
inch wipe. The bridgingmoving contact should touch
both stationary contacts simultaneously. Apply suf -
ficient current to operate the IIT.

F. Sensitive Fault Detector (where supplied)

Apply current; to terminals 14 and 15 of the re-
lay. The fault) detector should operate between the
limits of 04142 to 0. 158 amperes.

Fig. 12. Percentage Slope Curve of the CA-16 and CA-26
Relays with One Restraint Winding

Routine Maintenance

All contacts should be periodically cleaned.A con-
tact burnisher S#182A836H01 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 disturbed. This. procedure 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 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 CAdl6 and,CA-26
Relays with Six Restraint Windingsiin Series

2. Minimum Trip

The relay should be level, for this test. Minimum
trip current can best be determined®™with the perma-
nent magnet removed.

Adjust the spring temsionuntil 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. Percentage Slope Characteristic

Connect the relay per the test circuit of Fig. 11.
Pass 20 amperes for the CA-16 and 14 amperes for
thé), CA-26 relay into terminals 9 and 19 of the re-
bay. WAdjust the plug in the operating electromagnet
until“the contacts just close with the following cur-
rents into the operating circuit of the relays.

CA-16 29.4 to 34 amperes

CA-26 36 to 40 amperes

4, Time Curve

Place the permanent magnet on the relay and ap-
ply 20 amperes to terminals®12/and 13 of the relay.
Adjust the keeper of the“permanent magnet until the
contacts just close ifi the following times:

CA-16 52+ 5% milliseconds
CA-26 72 *59% milliseconds

These_times should be the average of 5 readings

5. Indjicating Contactor Switch (ICS)

Clesethe main relay contacts and pass sufficient
d-c 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 (1IT)

The core screw must be adjusted to the value of
pick-up current desired. It is recommended that the
IIT be set to pick-up at a value of current that is
equal to the maximum rms symmetrical external fault
current to the relay.

7. Sensitive Fault Detector

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. Apply0. 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 stationary contacts. Now, screw upthe
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 part way out of the coil,
thus diminishing the spring pressure on the contacts.
By thus adjusting the core screw up or down the max-
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
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raising the Micarta disc until the plunger just p icks
up electrically at the 0.15 ampere value.

Electrical Checkpoints

Figures 12 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

well as for six restraint elements connected _i .

series.
RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to customers who are equipped for going
repair work. When ordering parts, Aalw. give the

complete nameplate data. \
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INSTALLATION

Westinghouse  I.L. 41-337s2¢€
OPERATION ¢ MAINTENANCE

INSTRUCTIONY

TYPES CA—16 and CA—26 PERCENTAGE DIFFERENTIAL
RELAYS FOR BUS AND TRANSFORMER PROTECTJION

CAUTION Before putting relays into service, remove
all blocking which may have been inserted for the
purpose of securing the parts during shipment, make
sure that all moving parts operate freely, inspect the
contacts to see that they are clean and close properly,
and operate the relay to check the settings and elec-
trical connections.

APPLICATION

The types CA-16 and CA-26 relays are used for
the differential protection of multi-circuit buses and
transformers respectively. The two relays differ in
their sensitivity and percentage differential characs
teristics. The following paragraphs describe the ap-
plication requirements.

1. The maximum external symmetrical fd4ult current
through the bus should not exceed 100 amperes
rms secondary current.

2. The current transformer burden @xternal®to the
CA-16 or CA-26relays shouldenot ‘exceed (NpVp))
/133 ohms. Where

NP = Proportion of total number‘ef CT turns in use
Ve = Current transformer “10Is accuracy class
voltage

For example, if the 400¢5 of a 600/5 multi-ratio
CT is used, Np, ='400/600 = 0.67. If this CThas
a 10L 200 rating, VCL: 200 and the external bur-
den should not'exceed

(NPVCI_.)/ 133)=4(0.67x 200)/ 133 = 1.0 ohms
In calculating the burden, use the two way lead
burden.

CONTENTS

This®)instruction leaflet applies to the following

SUPERSEDES I.L. 41-337.2B

*Denotes change from superseded issve.

types of relays:

CA- 16 Bus Differential Relay
CA-26 TransformerDifferential Relay

The bus relay“should not be utilized for transformer
differential applications.

CONSTRUCTION

Théwtype CA-16 relay consists of an indicating
contagtor 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.

Restraint Elements

Each restraint element consists of an ‘‘E’’ lami-
nated electromagnet with two primary coils and 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 manner so that
the combination of all fluxes produced by the elec-
tromagnetresults in out-of phase fluxes in the airgap.
The out-of-phase fluxes cause a contact open-
ing torque.

Operating Circuit

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

EFFECTIVE DECEMBER 1965
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TYPES CA-16 AND CA-26 RELAYS I.L. 4)5337.2C
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Fig. 3. Internal Schematic of the Type CA-16 Bus Relay

bus. The secondary winding of the auto-transférmer,
which is a tapped section of the winding, is ¢on -
nected to the operating element of the relay.

The operating element consists of amy‘‘E%, type
laminated electromagnet with an autostransformer
winding on its center leg. Two identieal(coils onthe
outer legs of the laminated structure ate connected
to the secondary (tapped section) ofythé auto-trans-
former winding in a manner sO thatjthe combination
of all fluxes produced byjthe “€lectromagnet results
in out-of-phase fluxes in“the,  air gap. The out-of-
phase air gap fluxes calise ascontact closing torque.

Sensitive Fault Detéctor Circuit (where used)

The sensitiveffault®detector circuit consists of
an auto-transformer and a contactor switch. The con-
tactor switch{'is @onnected across the secondary
(tapped section)dof the auto-transformer winding.

The contactor switch is a small solenoid type
element. A ‘eylindrical plunger rides up and down on
a vertical guide rod in the center of the solenoid coil.
Thewguide rod is fastened to the stationary core,
which in turn screws into the unit frame. A silver
disc 1s fastened to the moving plunger through a heli-
cal spring. When the coil is energized, the plunger

Figs#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 remains
stationary. Thus, a-c vibrations of, the plunger are
prevented from causing eontact bouncing. A Micarta
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 current
to the contactor switch.

Indicating Contactor Switch Unit (ICS)

The d-c indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch closes, the moving contacts
bridge two stationary contacts, completing the trip
circuit. Also during this operation two fingers on the
armature deflect a spring located on the front of the
switch, which allows the operation indicator target
to drop. The target is reset from the outside of the
case by a push rod locatedat the bottom of the cover.

The front spring, in addition to holding the target,
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Fig. 5. Internal Schematic of the Type CA-16 Bus Relay

with a Sensitive Fault Detector

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

Indicating Instantaneous Trip Unit (IIT)

The instantaneous trip unit is a small a-c operated
clapper type device. A magnetic armature, togwhich
leaf-spring mounted contacts are attached, is@t-
tracted to the magnetic core upon energizationyofsthe
switch. When the switch closes, the moving ‘@entacts
bridge two stationary contacts, completing the trip
circuit. Also during this operation{two fingers on
the armature deflect a spring locdted on“the front of
the switch which allows the operation indicator target
to drop. The target is reset ffom the outside of the
case by a push rod located at the bottom of the cover.

A core screw accgssible from the top of the switch
provides the adjustable fick-up range.

OPERATION

The types CA-16“and CA-26 relays are induction
disc relays with four electromagnets mounted on two
discs thatvare,fastened on a common shaft. One of
the eleétwomagnets is the operating element while
the other, three are restraint elements. The restraint
elementsyare energized from the secondaries of cur-

Fig. 6. Typical Time Curves of the CA-16 and CA-26 dif-
ferentiahRelays

rent transformers’ connected to the bus, and the
operatingycircuit 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 19 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 withthe
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.

CHARACTERISTERICS
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-
tect light internal faults on the bus being protected.
At the same time, however, its reduced sensitivity at

A
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Fig. 7. Typical Burden Characteristic of the Operating
Circuit of the CA-16 and CA-26 Differential Re-

lays

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 characteristicsf'are par-
ticularly advantageous when severe saturatiomyof cur-
rent transformers is caused by the d-c componentof
asymmetrical short circuits. In the case, ofibuses
located close to generating stations wherelthe d-c
components decay slowly, the breakdewn(in/ratio of
the current transformers will be much greater than
would ever be expected from a gonsideration of the
usual ratio curves of the currenfytransformers in-
volved.

The time of operation off theyrelays is shown in
Figure 6.

CA-26 Transformer Relay

The type ©£A-264%transformer differential relay in-
cludes an indicating instantaneous trip unit (see Fig.
4), which operates /6n internal faults. The instanta-
neous unit shoutld have a setting equal to the maxi-
mum rms symmetrical external fault current. Such a
setting will ﬁrevent operation of the instantaneous
unit gwhen a current transformer is severely saturated
by the d-c component of an asymmetrical external
fault“eurrent.

Trip Circuit

The main contacts will safely close 30 amperes

EXTERNAL 'SCHEMATIC OF ONE SET OF TYPE CA-18 RELAYS
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at 250 volts d-c and the seal-in contacts of the in-
dicating contactor switch will safely carry thiscur-
rent long enough to trip a circuit breaker.

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

The indicating contactor switch has two taps that
provide a pick-up setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Trip Circuit Constants

Indicating Contactor Switch (ICS)
0.2 ampere tap 6.5 ohms d-c resistance

2.0 ampere tap 0. 15 ohms d-c resistance

ENERGY REQUIREMENTS

Burden of each restraint coil at 5 amperes

VOLT AMPEBES POWER FACTOR

.15 T
Continuous Rating 14 amperes
1 second rating 460 amperes
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Fig. 9. External Schematic of the Type CA-16 Relays for
Protection of a Six Circuit Bus with Three Feeder
Groups

Burden of operating circuit
VOLT AMPERES

Variable (See Fig. 7)

Continuous rating 8 amperes

1 second rating 280 amperes
CONNECTIONS

To determine the a-c connections,,identify each
primary circuit as either a ‘‘source®or “féeder’: As
defined here, a feeder contributes only)a small por-
tion of the total fault-current centribution for a bus
fault. Otherwise, the circuitfis & 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 th@n 14 amperes load current
(restraint coil continuous rating). Also each feeder
group should not contribtite more than 10% of the
total phase or ground-fault current for a bus fault.

Connect per Fig. 8 with three or four bus “cir-
cuit.’’ Thegterm, ‘‘circuit’’ refers to a source or to a
feeder groupy For example, assume a bus consisting
of 2 sources™and 6 feeders. Further, assume that the
feedersyare 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-gif®
CT’s until only four circuits remain. Then connect
these four sets of CT’s to the relays per Fig. 8. The
exception to this rule occurs when the application
consists of three feeder groups. Then, Fig. 9 applies.

With 3 feeder groups and more thang8,sources,

parallel source CT’s until the application reduces
to 6 circuits; then, connect to the relays per Fig. 9,

SETTING CALCULATIONS

No calculations are required to set the CA-16 and
CA-26 relays.

SETTING THE RELAY

No settingspare required on either the CA-16 or
the CA-26 mainjunits.

Indicating Centactor Switch (ICS)

No Settinguis required on the ICS unit except the
selectionyof 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 thedesired setting by means
of the“connecting screw. When the relay energizes a
125 or 250 volt d-¢c WL relay switch or equiva-
lent, use the 0,2 ampere tap; for 48 volt d-c applica-
tions set relay in 2 tap and use WL relay coil S#304-
C209G01 or equivalent.

Indicating Instantaneous Trip (IIT)

Since the minimum and maximum markings on the
scale only indicate the working range of the core
screw must be adjusted to the value of pick-up de -
sired. It is recommended that the IIT be set to pick
up at a value of current that is equal to the max-
imum rms symmetrical external fault current to the
relay.

INSTALLATION

The relays should be mounted on a switchboard
panel 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 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 of screws for steel panel mounting
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87 - PERCENTAGE DIFFERENTIAL RELAY, TYPE CARC
1ICS - INDICATING ConTACT “SwITCH
0P - OPERATING Coit
R - ReSTRAINT Colb, IN
(BoxTom R.H., ECEMenT) TYPE
S - RESTRAINT Coil Ca-26
(Top L H. €LamENT) RELAY
T ~ RESTAINT Colu
(ToP RH. ELEMENT)
86 ~ RuxruARY TRIPPING RELAY, TYPE WL
%) USEhwHERE INTEANAL FALT CURRENT CAN
ExCEEDNTWICE THE MAXIMUM TOTAL CURRENT FlowiNng
TiroucrH THE DIFFERENTIAL ZonE FOR AN ExTErwAL FAULT.
SET PickuP EQuAL To MAXiMuM ToTAL CURRENT FLOWING
THRouGH THE ODIFFERENTIAL ZoME.

606B269

*Fig. 10. External Schematic of the Tgpe CA-26pRelay for Transformer Protection and Bus Protection

or to the terminal studs furnished withthekrelaydfor
thick panel mounting. The terminal #stuids may be
easily removed or inserted by locking two nutSonthe
stud and then turning the proper n#it"withe@ wrench.

For detailed F'T case informationy, refer tol.L.. 41-
076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to jinsure correct operation
of this relay have /€en made at the factory. Upon
receipt of the,relay,#no customer adjustments other
than those govered“wunder ‘“SETTINGS’’ should be
required.

Acceptance Check

The following check is recommended to insure
that the reldy is in proper working order.

AlMinimum Trip Current

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

1. CA-16 0.15 amperes * 59,

2. CA-26 1.25 amperes * 59,

B. Percentage Differential Characteristic

Apply 19 amperes to terminals 12 and 13 of the
CA- 16 relay or 38 amperes to terminals 12 and 13 of
the CA-26 relay. The contacts should open when the
following restraint current is applied to the relay
with connections of Fig. 11.

CA-16 16.5 * 5% amperes

CA-26 14.5 * 5% amperes

Check each individual restraint winding by apply-
ing 20 amperes to each winding. Apply sufficient
operating current to the operating circuit until the
contacts just close. The operating current should be:

CA-16 1.0 + 5% amperes

CA-26 3.5 + 5% amperes
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Fig. 11. Diagram of Test Connections for the CA-16 and
CA-26 Relays
C. Time Curve.

Apply 20 amperes to terminals 12 and 13 of the re-
lays. The contacts should close in the following
times:

CA-16 52 +59% Milliseconds

CA-26 72 *59% Milliseconds

D.- Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to close the ¢on-
tact of the ICS. This value of current should netr be
greater than the particular ICStap setting being used.
The operation indicator target should drop freely.

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

E. Indicating InstantaneocugUnit,(#IT)-Where supplied)

7
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)4 ~
- r
[+]
0 20 40 60 80 100
RESTRAINT CURRENT IN AMPERES
Curve 537958

The core screw which s adjustable from the top
of the trip unit determines the pick-up value. The
trip unit has a nominal ratie 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 wipé®Ehe) bridging moving contact should touch
both statienary contacts simultaneously. Apply suf -
ficienticurrent to operate the IIT.

Fig. 12. Percentage Slope Curve of the CA-16 and CA-26
Relays with One Restraint Winding

F. Sensitive Fault Detector (where supplied)

Apply current to terminals 14 and 15 of the re-
lay. The fault detector should operate between the
limits of 0.142 to 0. 158 amperes.

Routine Maintenance

All contacts should be periodically cleaned.A con-
tact burnisher S#182A836H01 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 disturbed. This procedure should
not be used until it is apparent that the relay is not
in proper working order. (See ‘‘Acceptance Check’’).

p o
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Fig. 13. Percentage Slope Curve of the CA-16 and CA-26
Relays with Six Restraint Windingslin Series

1. Contacts

Adjust the adjustable stop screw oh the upper
disc of the relay so that a ‘centaet_separation of
0.050 inch is obtained between the moving contact
and the stationary contacty Lock, the screw with the
nut provided for the purpose.

2. Minimum Trip

The relay should be level for this test. Minimum
trip current camybest{be/determined with the perma-
nent magnet £émoved.

Adjustd  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

3mPercentage Slope Characteristic

Connect the relay per the test circuit of Fig. 11.

Pass 19 amperes for the CA-16 and 38 amperes, for
the CA-26 relay into terminals 12 and 13_of,the/ re-
lay. Adjust the plug in the operatingfelectromagnet
until the contacts just close with the fellowing cur-
rents into the restraint circuits of the relays.

CA-16 16 to 17 amperes

CA-26 14,t0° 15 amperes
4. Time Curve_

Place the permanent‘magnet on the relay and ap-
ply 20 amperes 40 terminals 12 and 13 of the relay.
Adjust the keeper of,the permanent magnet until the
contacts just close,in the following times:

CA-16 52+ 5% milliseconds
CA-26 72 + 5% milliseconds
Theése times should be the average of 5 readings

57 Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
d-c 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 (1IT)

The core screw must be adjusted to the value of
pick-up current desired. It is recommended that the
IIT be set to pick-up at a value of current that is
equal to the maximum rms symmetrical external fault
current to the relay.

7. Sensitive Fault Detector

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. Apply0. 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 stationary contacts. Now, screw upthe
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 part way out of the coil,
thus diminishing the spring pressure on the contacts.
By thus adjusting the core screw up or down the max-
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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.

Electrical Checkpoints

Figures 12 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 currents for one restraint element as
well asfor six restraint elements connected in series.

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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INSTALLATION

Westinghouse I.L. 41-337.1p
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE CA-6 PERCENTAGE DIFFERENTIAL RELAY
FOR BUS AND TRANSFORMER PROTECTION

CAUTION Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during 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 dontri-
bution of all the paralleled feeders should{pot ex-
ceed 5% of the total phase or ground fault current,
with normal bus connections.)

A) GENERATING STATION BUSES/- FOUR

EQUIVALENT CIRCUITS QR 'LESS - DC
TIME CONSTANT OF40.6 CYCLES (0.01

Sec.) OR_MORE.

If the following requirements are met, the
CA-6 may be satisfactorily“applied:

1) The maximumy external fault current
through thegfbus should not exceed 100
symmetrical RMS secondary amperes.

2) Theé 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-

SUPERSEDES I.L. 41-337.1C

*Denotes change from superseded issue.

ever, consideration gmmist be given to the re-
straint coil connections.

Where mdre tham 4 equivalent circuits are
present, itmis rarély necessary to provide two
relays per phase. With little or no compromise
in thegproteetion scheme, one relay can handle
at least/8\equivalent bus circuits. (See “Con-
nections” for further discussion.)

€). SUBSTATIO! 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 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.

EFFECTIVE SEPTEMBER 1960
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Fig. 1. Type CA-6 Relay for Bus 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 shafty
Three of the electromagnets are restraining elements
with two separate restraining windings connected to
receive the secondary currents from the various cur-
rent transformers (Fig. 1 & 2). The fourthfelectto-
magnet is the operating element with" its 'winding
connected to receive the differential @r unbalance
current thru an auxiliary current transformer. Taps
are provided on this current transformer té control
the sensitivity of the relay.

The two induction discs arésmounted on a verti-
cal shaft. The lower bearing for the shaft is a steel
ballriding between concave,sapphire jewel surfaces.
A pin bearing is uséd ongthe “Upper end of the shaft.

The moving contaeét, 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 thruthe)spiral spring to the spring adjuster.

INDICATING” CONTACTOR SWITCH UNIT (ICS)

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

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 tothe 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, inaddition to holding the tar-
get, provides restraint for the armature and thus con-
trols the pickup value of the switch.

INDICATING INSTANTANEOUS TRIP UNIT (IIT)

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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A core screw accessiblePfrom the top of the
switch provides the adjustable, pickup range.

OPERATION

The CA46 relay has three restraining elements,
each with4#wo windings which are energized from the
secondaries 4of current transformers connected to
the bus. Thejelay 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

Fig. 4. Typical Differential Unit Time Curve.

torque as indicated in Fig. 3. Similarly, a current
of 5 amperes flowing in at terminal 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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low, corresponding to high percentage unbalance, at
high currents. The relay is made sensitive,at low
currents in order that it will detect light),intérnal
faults on the bus being protected. At the sanmieptime,
however, its reduced sensitivity at)the higher cur-
rents allows the various currentmtransformers in-
volved to depart from their true ratio to a large ex-
tent without causing false trippingpeffthe relay for
external faults.

The variable pepcentage ®€haracteristics are
particularly advantageousywhen severe saturation of
current transformersiis/ausegd by the d-c component
of asymmetrical short circuits. In the case of buses
located close to generating stations where the d-c
component decays slowly, the breakdown in ratio of
the current gransformers will be much greater than
would ever beje xpected from a consideration of the
usual ratig “eurves of the current transformers
involved:.

CHARACTERISTICS

There are no taps inside the relay case. Taps

controlling the sensitivity of the relay are incorpor-
ated in the external current transformer (see Fig. 11
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 inthe 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 onlyfor 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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Fig. 8.

External Schematic of Two Sets of Type CA-6 Relays for Six Circuit Bus Protection.
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Fig. 9. External Schematic of Two Sets of Type CA-6 Relays for Eight Circuit Bus Protection.
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120 voLTs, 60 CYCLES 240 VOLTS, 60 CYCLES
& CONMECTIONS WHEN TESTING S
WITHOUT CASE C/
[
ANMETER @ A ) AMMETER
—O—'
RES ISTANCE ! RESISTANCE
LOAD o | LOAD
CA-6_ RELAY
)" (FRONT M EW)
NOTE 13
A COMMON 240 v, 60 CYCLE
SOURCE CAN BE USED TO
~— SUPPLY BOTH OPERATING
: AND RESTRAINT CIRCUITS
—=J NOE_Z:_
WHEN SEPARATE SOURCES
@ ARE USED, THE VOLTAGES
SHOULD BE ESSENTIALLY
‘ IN PHASE.
1834a228
% Fig. 10. Diagram ofyT est Connections for the type CA-6 Relay.
capacity bus, it is difficult to keep the maximum in- To change taps requires connecting the lead located
ternal fault currents down to a 100 ampere value. in front of the tap block to the desired setting by
Thus, the instantaneous unit assures‘prompt tripping means of a screw connection.
at excessively high current vdluesy At the same TRIP CIRCUIT CONSTANT
time, the instantaneous unit should not have a set-
ting substantially lower than®t00 a@mperes (second- Indicating Contactor Switch (ICS)
ary) in order to avoid a possible“false operation for 0.2 ampere tap 6.5 ohms d-c resistance
external faults. The stronger/spiral control spring 2.0 ampere tap 0.15 ohms d-c resistance
1§ prov1d'ed' in ord_er that' the relay maybe given a * ENERGY REQUIREMENTS
higher minimumgtrip \setting, as noted under ¢“Ad-
justments and/Maintenanée”. Burden of each Restraint Coil at 5 amps,
VOLT AMPERES POWER FACTOR
TRIP CIRCUIT
- R .15 T
The main contacts will safely close 30 amperes . .
at 250 volts d-c and the seal-in contacts of the indi- Continuous Rating 10 Amperes
1 Second Rating 250 Amperes

cating contagtor switch will safely carry this current

long“enough to trip a circuit breaker. Burden of Operating Circuit

The \indicating instantaneous trip contacts will VOLT AMPERES
safely close 30 amperes at 250 volts d-c, and will
carry this current long enough to trip a breaker.

Variable See Fig. 5

The indicating contactor switch has two taps Continuous Rating 5 Amperes
that provide a pickup setting of 0.2 or 2 amperes. 1 Second Rating 150 Amperes
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FRONTVIEW

2-D-1488

Fig. 11. Internal Wiring Diagram of ‘the Auxiliary Current Transformer.

CONNECTIONS TABLE |
One relay per phase is normalljyrecommended for Total No. No. of Feeder
the protection of buses with up tes8 “€guivalent cir- Case of Eq. Ckts. Groups Connections
cuit” connections. An “equivalent ‘ircuit” is de- 1 3 0-2 Fig. 6
fined as major source or a groupleffeeder circuits. I 4 0-3 Fig. 6
The grouped feeder circuits’ faultontribution should I 5 0-1 Note 1
not exceed 5% of the total phase/or ground fault cur- IV 5 2-4 Fig. 7
rent, with normal bus connections. In paralleling v 6 0-1 Note 1
current transformers for the, feeder group or groups, VI 6 2-5 Fig. 7
the load current distribution should be examined to v 7 0-6 Note 1
insure that the 10 ampere continuous rating of the VIII 8 0-7 Note 1

relay restraint windings is not exceeded.
Note 1 -- Same as 4 circuit bus of Fig. 6 except

The recommended connections are outlined in parallel CT’s in pairs. (I set in parallel for 5 ckt.
Table I. bus, 2 for 6 ckt. bus, etc.)

10
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2-D-1487 l
Fig. 12. Outline & Drilling Plan of the Auxiliary Current Transformer.

In cases I, V, VII, and VIII of Table I, at least In case IV, with two feeder groups one of the
one pair of current transformeérs is paralleled. Al- restraint elements must be connected to 2 source
most complete restraint eancellation will occur on circuits. These 2 source circuits should be selected
an external faulty if“all but two of the circuits are so that they are the least likely to be left alone on
out of service andWif the remaining circuits have the bus and are not the two largest sources.
their current transformers paralleled. In selecting
the circuitsifto be paired, the following points Where the nature of the bus application is such
should be observed: 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 equivalent circuit
buses, using 2 relays per phase, are shown in Figs.
8 and 9, respectively.

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- Where there are more than 8 equivalent circuits,
formers. the connections in Fig. 9 should be employed by

n
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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 RELAY

BUS DIFFERENTIAL RELAY

The external current transformer taps are the
only setting required. Where the d-c 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
0-5 .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 CONTACTOR SWITCH (ICS)

No setting is requiredfon 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 conneeting screw. When the relay energizes a
type WL<relay switch, or equivalent, use the 0.2
ampereitap,

INDICATING INSTANTANEOUS TRIP (IIT)

The core screw must be adjusted to the value

12

of pick-up desired. It is recommended that a pickup
of 100 amperes be used.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a lgcation free from
dirt, moisture, excessive vibratien, “and seat. Mount
the relay vertically by meansef 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 mountingstud or the mounting
screws may be utilized forygrounding the relay. The
electrical connections may, be made directly to the
terminals by means ofWscrews for steel panel mount-
ing or to the terminalystuds furnished with the relay
for thick panel mounting. The terminal studs may be
easily removed“er 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.

They 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.

* ADJUSTMENTS AND MAINTENANCE

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

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order. Relays and
transformers of matching serial numbers should be
connected together. Use tight 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. Minimum Trip Current

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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1.L. 41-337.1D.

B. Torque Curves

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 isless than that of the bus differential
relay in order to compensate for the stronger spring
used on the transformer relay.

C. Indicating Contactor Switch (ICS)

Closethe mainrelay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should not be
greaterthanthe 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 contacttand/the

adjustable stationary contacts. The bridging mowing
contact should touch both stationary contacts“simul-
taneously.

D. Indicating Instantaneous Unit [(IIT)g—~ (Where

Supplied)

The core screw which isyadjustable from the

top of the trip unit determines,the“pickup value. The
trip unit has a nominal ratio ofadjustment of 1 to 4 and
an accuracy within the limits of{10%.

The making of thefcontacts and target indication
should occur aty approximately the same instant.
Position the st@tionany contact for a minimum of 1/32
inch wipe. The brfidging’moving contact should touch
both stationary,¢ontaéts simultaneously.

Apply sufficient current to operate the IIT. This
current should be applied with the external transform-
er excluded from the circuit.

RoutineyMaintenance

All contacts should be periodically cleaned. A
contact burnisher S#182A836H01 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 th2 contact.

CALIBRATION

Use the following procedure for calibrating the
relay if the relay has been taken apart‘for repairs or
the adjustments disturbed. /This. procedure should
not be used until it is apparent that the relay is not
in proper working order. (Seey‘“Acceptance Check”’).

1. Clearance — Adjust(thg toprbearing screw to have

approximately .002 t9),.006,inch clearance between it
and the shaft.

2. Contacts —fAdjust the stationary contact so that
1/4 inch coftact separation is obtained when the
moving contaet istheld in the maximum open position.

3. Minimum/ Trip — With operating current applied to
the external transformer, adjust the spring tension
untilytheyrelay just operates with following currents
in the 19 tap.:

I3 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
b) Transformer Differential Relay

16-1/2 *+ 5% amp.
15-1/2 + 5% amp.

5. Indicating Contactor Switch (ICS)

Closethe main relay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should be not
greater thanthe particular ICS tap setting being used.
The operation indicator target should drop freely.

6. Indicating Instantaneous Trip Unit (IIT)

The core screw must be adjusted to the value of
pickup current desired. It is recommended that the
IIT be set to pickup at 100 amperes. This setting
should be made withthe 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.

13
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Fig. 13. Outline & Drilling Plan 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 View). 1 - Top Rear Operating
Element. 2 - Stationary Contact. 3 - Moving Contact. 4 - Control Element. 2 - Bottom Rear Restraining Element.
Spring Assembly. 5 - Bottom Frént Restraining Element. 6 - Indicating
Contactor Switch (ICS).
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INSTALLATION

Westinghouse 1.L. 41-337.3B
OPERATION e MAINTENANCE

INSTRUCTI O NS

TYPES CA—16 and CA—26 PERCENTAGE DIFFERENTIAL
RELAYS FOR BUS AND TRANSFORMER PROTECTION

CAUTION Before putting relays into service, remove
all blocking which may have been inserted for the
purpose of securing the parts during shipment, make
sure that all moving parts operate freely, inspect the
contacts to seethat they are clean and close properly,
and operate the relay to check the settings and elec-
trical connections.

APPLICATION

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

Np = proportion of total CT turns in use

Vci, = current transformer 10L accuracy-class

voltage

The burden voltage is described as:

Case 1: Fault current maximum of 100A rmsyint CT
secondary — drop across 2-way lead burden
and relays (CA-16 and CA-26 restraint-coil
burden is negligible).

Fault current greater than 100A ftms 'in CT
secondary — drop across 2fway lead burden
and relays plus:

(IEXT —100) RoT
where

Case 2:

extérnal symmetrical
in secondary

IEXT = max.
fault curcrent

rms amperes.
RCT =.CTuesistance, ohms
For example, 4if jthe 400/5 tap of 600/5
10,200 “wye-eonnected CT’s are used
Np £ 400/600p= 0-67, if IpxT = 1004, the
butden £ (excluding CT resistance) should
not exceeds

NpVcL/133 = (0.67 x 200)/133 = 1.0 ohms.
CONTENTS

Thiswginstruction leaflet applies to the following
types, of relays:

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

SUPERSEDES I.L. 41-337.3A

*Denotes change from superseded issue.

The CA-1¢ relay should not be*utilized for transformer
differential applications. Dikewise the CA-26 relay
should not be used forgbusprotection with the ““four-
circuit bus’’ connections of/Fig. 8. The CA-26 relay
is suitable for combination bus-transformer applica-
tions. See ‘‘Conn€etions™.

CONSTRUCTION

The type CA-16 relay consists of an indicating
contaetor, “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.

Restraint Elements

Each restraint element consists of an ‘‘E’’ lami-
nated electromagnet with two primary coils and 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 manner so that
the combination of all fluxes produced by the elec-
tromagnetresults in out-of phase fluxes in the air gap.
The out-of-phase fluxes cause a contact open-
ing torque.

Operating Circuit

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

EFFECTIVE FEBRUARY 1969
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. Types CA-16 Relay (rear view)
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TYPES CA-16 AND CA-26 RELAYS

l.L. 41£337.3p

INTERNAL SCHEMATIC
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Fig. 3. Internal Schematic of the Type CA-16 Bus Relay Fig. 4. Internal Schematic of the Type CA-26 Transformer

laminated electromagnet with an auto-transformer
winding on its center leg. Two identical coils’omthe
outer legs of the laminated structure are gonnected
to the secondary (tapped section) of the gautestrans-
former winding in a manner so that the combinatien
of all fluxes produced by the electromaghiet results
in out-of-phase fluxes in the air gap. The\ out-of-
phase air gap fluxes cause a contactselosing torque.

Sensitive Fault Detector Circuit (wheregised)

The sensitive fault deteétorieircuit consists of
an auto-transformer and a contaetor switch. The con-
tactor switch is conne¢ted across the secondary
(tapped section) of theWauto-transformer winding.

The contacter, switeh is a small solenoid type
element. A cylindrieal plunger rides up and down on
a vertical guide rdd in“the center of the solenoid coil.
The guideWrod is fastened to the stationary core,
which in turn“scréws 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 W\conical-shaped stationary contacts. In this
positien) the helical spring is compressed and the
plunger is free to move while the contact remains
stationary. Thus, a-c vibrations of, the plunger are
prevented from causing eontact bouncing. A Micarta
disc is fastened to the bottom of the guide rod by

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 current
to the contactor switch.

Indicating Contactor Switch Unit (ICS)

The d-c indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch closes, the moving contacts
bridge two stationary contacts, completing the trip
circuit. Also during this operation two fingers on the
armature deflect a spring located on the front of the
switch, which allows the operation indicator target
to drop. The target is reset from the outside of the
case by a pushrod locatedat 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 Instantaneous Trip Unit (IIT)

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



TYPES CA-16 AND CA-26 RELAYS

SO MO WO BSBY |
AN
LEFT A G LES
(£.v.)
TRARSFORNER
r"(gon - F.¥.)

1e1cATIN

conTACTOR -mu\ - Fab. AUTO TRANSFORNER

(FrouT F.v))

TP LEFT W0 E1BOT — |
(Fovs)

WITH RECATIVE INSTAN-
TAREOUS POLARITIES AS
GNOWE. THE ANPERE
TURRS (N THE PAIRED
RESTRAINING COILS AOD
L)

TORQUE-

FRONT VIEW

-

=
i

®
o

OPERATING TIME IN MILLISECONDS

N

o

I

o
%

~

[

I
I

O
[
Il
I
I
|
|
I

JH i
° IEREEEE } %
20 40 60 80 700 120 0 160
OPERATING _CURRENTJIN__AMPERES

Curve 537956

187A434

Fig. 5. Internal Schematic of the Type CA-16 Bus Relay

with o 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 @n
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'coyer.

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

OPERATION

The types CA-16 and CA-26(relays are induction
disc relays with four electromagnets /mounted on two
discs that are fastened onga common shaft. One of
the electromagnets isfthe‘operating element while
the other three are péstraint elements. The restraint
elements are energizeddfrom the secondaries of cur-
rent transformers “@ennected to the bus, and the
operating circuit is eneérgized in accordance with the
current flowing in the differential connection of the
current transformers.

A currentiof 5 amperes in at terminal 18 and out of
terminal €19y, 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-
minalwl7, will produce an equal amount of torque. If
both of these currents flow at the same time with the

Fig. 6. TypicahTimé Curves of the CA-16 and CA-26 dif-
ferential ‘Relays

polarity“as indicated above, their effect will be addi-
tive and theywill produce the same torque as though
10 amperes,were flowing in terminal 16 and out of ter-
minaljl7. Conversely, if equal currents flow in these
twoncoils, but in opposite directions, their ampere
turns jwill cancel and no torque will be produced. The
same relationship applies for the paired coils of the
other two restraining units of the relay.

CHARACTERISTERICS
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-
tect 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-c componentof
asymmetrical short circuits. In the case of buses
located close to generating stations where the d-c
components decay slowly, the breakdown in ratio of
the current transformers will be much greater than
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Fig. 7. Typical Burden Characteristic of the Operating
Circuit of the CA-16 and CA-26 Differential Re-
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.

CA-26 Transformer Relay

The type CA-26 transformer differential“relay<in-
cludes an indicating instantaneous trip unitiy¢seewig.
4), which operates on internal faults. Thelinstanta-
neous unit should have a setting equal to,the maxi-
mum rms symmetrical external fault current. Such a
setting will prevent operation ofytheyinStantaneous
unit when a current transformer is severely saturated
by the d-c component of %an asymmetrical external
fault current.

Trip Circuit

The main contact$ will, safely close 30 amperes
at 250 volts d-épand)the seal-in contacts of the in-
dicating contactor “switch will safely carry thiscur-
rent long enoughdto trip”a circuit breaker.

The indicating dnstantaneous trip contacts will
safely close 30 “amperes at 250 volts d-c, and will
carry this current long enough to trip breaker.

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 located in
froentyof the tap block to the desired setting by means
of a screw connection.

EXTERNAL 'SCHEMATIC OF OME SET OF TYPE CA-18 RELAVS
FOR THE PROTECTION OF & THREE AND FOUR CIRCUIT BUS
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Fig. 8. ‘External Schematic of the Type CA-16 Relays for
Three and Four Circuit Bus Protection

Trip Circuit Constants

Indicating Contactor Switch (ICS)
0.2 ampere tap 6.5 ohms d-c resistance

2.0 ampere tap 0.15 ohms d-c resistance

ENERGY REQUIREMENTS

Burden of each restraint coil at 5 amperes

VOLT AMPEBES POWER FACTOR

6] T

Continuous Rating 14 amperes

1 second rating 460 amperes
Burden of operating circuit

VOLT AMPERES

Variable (See Fig. 7)

Continuous rating 8 amperes

1 second rating 280 amperes

CA-l CONNECTIONS

To determine the a-c connections, identify each
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Fig. 9. External Schematic of the Type CA-16 Relays for
Protection of a Six Circuit Bus with Three Feeder
Groups

primary circuit as either a ‘‘source’’ or ‘‘feeder’: As
defined here, a feeder contributes only a small por4
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 thatfeach
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 foryafbus-fault.

Connect per Fig. 8 with threeor. fourbus “cir-
cuit.’”’ The term ‘‘circuit’’ refers o a“seurce or to a
feeder group. For example, assume a‘bus consisting
of 2 sources and 6 feeders. Furthen,assume that the
feeders are lumped into 2 feéder groups. The bus now
reduces to four circuits’

If the bus reducesj,to ‘mere than four circuits,
parallel source-cir¢uit @T’s or source-and feeder-cir -
CT’s until only four<eircdits remain. Then connect
these four sets of CT'’s to the relays per Fig. 8. The
exception to this rule occurs when the application
consists of three feeder groups. Then, Fig. 9 applies.

With QWfeeder groups and more than 3 sources,
parallelgsource CT’s until the application reduces

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

Eig. 10 shows the CA-26 relay connections for a

3 circuit bus. Where additional circuits are present
use the Fig. 9 connections; where there arefmore
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 used with the £ A-26.
Otherwise the connection considerations are as
described above for the CA-16.

SETTING CALCULATIONS

No calculations are required t6" set the CA-16 and
CA-26 relays.

SETTING T™HE RELAY

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

Indicating Congacter Switch (ICS)

No'setting,is required on the ICS unit except the
selection“efgthe 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in
fronty of the tap block to the desired setting by means
of fhel connecting screw. When the relay energizes a
125wfor 250 volt d-¢ WL relay switch or equiva-
lent, use the 0.2 ampere tap; for 48 volt d-c applica-
tions set relay in 2 tap and use WL relay coil S#304-
C209G01 or equivalent.

Indicating Instantaneous Trip (IIT)

Since the minimum and maximum markings on the
scale only indicate the working range of the core
screw must be adjusted to the value of pick-up de-
sired. It is recommended that the IIT be set to pick
up at a value of current that is equal to the max-
imum rms symmetrical external fault current to the
relay.

INSTALLATION

The relays should be mounted on a switchboard
panel 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 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 of screws for steel panel mounting
or to the terminal studs furnished with therelay for
thick panel mounting. The terminal studs may be
easily removed or inserted by locking two nutsonthe
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Fig. 10. External Schematic of the Tiype CA-26 Relay for Transformer Protection and Bus Protection

stud and then turning the proper nut withja wrench.

For detailed F'T case information, referitol.Io. 41-
076.

ADJUSTMENTS ANDoMAINTENANCE

The proper adjustments to 4nsure correct operation
of this relay have been made atythe factory. Upon
receipt of the relay, nogeustomér adjustments other
than those covered under ‘““‘SETTINGS” should be
required.

Acceptance Chegk

The following check is recommended to insure
that the relayfis indproper working order.

A. Minimum Trip Current

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. Percentage Differential Characteristic

Apply 16 amperes to terminals 9 and 19 of the
CA-16 relay or 14 amperes 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. 11.

CA-16

17.0 + 7% amperes

CA-26 38.0 t 7% amperes
Check each individual restraint winding by apply-
ing 50 amperes to each winding. Apply sufficient
operating current to the operating circuit until the
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. Time Curve

Apply 20 amperes to terminals 12 and 13 of the re-
lays. The contacts should close in the following
times:




V'S ul pauLg

NOISIAIAd LNIWNYLSNI-AVI3YH

'f "N ‘NYVM3AN

NOILVYOdYO0D DJI1d1732373 F3SNOHONILSIM

.5!:’

UOI4234044 JoWIOysuDL | D}3Q -3hpy -2Ap 103 ADjay 97-yH 3dA| SYy4 jo dlPWIYSS |ouISEx]  °GY

e
-

POWER
TRARSFORMER _—<

L0SO80%

HIGH
SIDE

| NTER-
MEDIATE

LOW
SIDE

" ey

PHASE 2
(SAME AS PH.1)

o b8 OF

o g on
1 L] ]
E o7
12

PHASE 3
(SANE AS PH.1)

¢

|
i A
\
——f
]
S o] > 2 PR
_._tW\_[ .._/M_l o N K'
1{, 3 CURRENT <™ R > § T
S wek
~ 1 a7 La7 Sher
e w— 1] 0
P 2 )lig
- LJ"\If\ — 3
A op
m ’J,.NV\_L /l\ \
I 13
[ 3 %:
E_! g_r éj I Tnr
r - AUX’ CURRENT o f
BALANCE 14
CURRENT TRARS. 15
N
N‘f\'\;ﬂ,
—
N
T
A B ¢

OEVICE NUMBER CHART

87----PERCENTAGE DIFF. RELAY TYPE CA-26
OP-OPERATING COIL
R-PAIRED RESTRAINT COIL
(BDTTOM R.H.ELEM)
S-PAIRED RESTRAINT cOit | (4
(TOP L.H.ELEN
T-PAIRED RESTRAINT COIL
(TOP R.H. ELEM
1CS=INDICATING CONT" SW
VIT-INO- IAST.TRIP
86--~-AUX_TRIPPING RELAY TYPE WL

+-USE WHERE INTERNAL CURRENT)CAN
EXCEED TWICE TNE EXTERMAL FAULT
CURRENT>  SET PJICK-UP/EQUAL TO
MAXIMUM EXTERNAL FAULT CURRENT.

TYPE
CA-26

NEG.

SAVI3Y 92-VD ANV 91°VD S3dAL




INSTALLATION

Westinghouse I.L. 41-337.1D
OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

TYPE CA-6 PERCENTAGE DIFFERENTIAL RELAY
FOR BUS AND TRANSFORMER PROTECTION

CAUTION Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during 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 shouldénot ex-
ceed 5% of the total phase or ground fault current,
with normal bus connections.)

A) GENERATING STATION BUSES/- EOUR

EQUIVALENT CIRCUITS ORw LESS - DC
TIME CONSTANT OF, 0.6.CYCLES (0.01

Sec.) OR MORE.

If the following requirements are met, the
CA-6 may be satisfactorilypapplied:

1) The maximum external fault current
through thegbus“ashould 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-

SUPERSEDES I.L. 41-337.1C

*Denotes change from superseded issve.

ever, consideration jmust“be given to the re-
straint coil conneetions.

Where mere tham 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)\SUBSTATIO} 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 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.

EFFECTIVE SEPTEMBER 1960
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Fig. 1. Type CA-6 Relay for Bus 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 secondary currents from the various ¢ur=
rent transformers (Fig. 1 & 2). The fourth electro-
magnet is the operating element with 4its@winding
connected to receive the differentialfor unbalance
current thru an auxiliary current transfermer. Taps
are provided on this current transformer to control
the sensitivity of the relay.

The two induction discsfare mounted on a verti-
cal shaft. The lower bearingfor the shaft is a steel
ballriding between concave sapphire jewel surfaces.
A pin bearing is used on the®upper end of the shaft.

The moving contaet 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 thrusthe spiral spring to the spring adjuster.

INDICATING CONTACTOR SWITCH UNIT (ICS)

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

Figi2, Type CA-6 Relay for Transfarmer Protection,
With Indicating Instantaneous Trip in FT-32 Case.

leaf-spring mounted contacts are attached, is at-
tracted tothe 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, inaddition to holding the tar-
get, provides restraint for the armature and thus con-
trols the pickup value of the switch.

INDICATING INSTANTANEOUS TRIP UNIT (IIT)

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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Fig. 3. Typical Torque Curves of the Operating! & Re-

straint Coils.

A core screw accessiblegfrom, the top of the
switch provides the adjustableypickup range.

OPERATION

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'reldy has one operating electromagnet
energized through an external auxiliary current
transformers in accordance with the current flowing
in ghe differential connection of the current trans-
formers.

Refer to the internal schematic, Fiig. 1. A cur-
rent of 5 amperes in at terminal 18 and out of termi-
nal 19 will produce a definite amount of restraining

Fig. 4. Typical Differential Unit Time Curve.

torque as indicated in Fig. 3. Similarly, a current
of 5 amperes flowing in at terminal 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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Fig. 5. Typical Burden Characteristies of The Operating Coil Circuit

low, corresponding to high percentage unbalanceg 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 reduced sensitivity atthe higher cur-
rents allows the various currept™transformers in-
volved to depart from their true(ratio to a large ex-
tent without causing false tripping®oef the relay for
external faults.

The variable percentage characteristics are
particularly advantageous when severe saturation of
current transformersiis caused by the d-c component
of asymmetrical short circuits. In the case of buses
located close to generating stations where the d-c
component decays slowly, the breakdown in ratio of
the current {transformers will be much greater than
would ever, _be)expected from a consideration of the
usual  ratio “eurves of the current transformers
involved.

CHARACTERISTICS

There are no taps inside the relay case. Taps

controlling the sensitivity of the relay are incorpor-
ated in the external current transformer (see Fig. 11
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 inthe 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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Fig. 6. External Schematic of One Set of Type CA-6 Relays for Three and Four Circuit Bus Protection.
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PAIRED RESTRAINT COIL
(BOTTOM REAR ELEMENT)

PAIRED RESTRAINT COIL
(BOTTOM FRONT ELEMENT)

IN
\ TYPE
CA-6
RELAY

7

AUXILIARY TRIPPING RELAY, TYPE WL

) 183A190

Eig.“7. )External Schematic of One Set of Type CA-6 Relays for Protection of a Six Circuvit Bus With Three Feeder Groups.
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288884

Fig. 8. External Schematic of Two Sets of Type CA-6 Relays for Six Circuit Bus Protection.
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Fig. 9. External Schematic of Two Sets of Type CA-6 Relays for Eight Circuit Bus Protection.

SRS



TYPE CA-6 RELAY _1L. 41-337.1D

120 VOLTS, 60 CYCLES 240 vOLTS, 60 CYCLES

CONNECTIONS WHEN TESTING

ANMETER

RESLSTANCE
LOAD

WITHOUT CASE O(/
O
12
@ A ) AMMETER
|
O RESISTANCE
o | LOAD

CA=BRRELAY
#Z TRRONT N 1 EW)

NOTE 1}
A COMMON 240 V. 60 CYCLE
SOURCE CAN BE USED TO

SUPPLY B0TH OPERATING
AND RESTRAINT CIRCUITS

WHEN SEPARATE SOURCES
ARE USED, THE VOLTAGES
SHOULD BE ESSENTIALLY

IN PHASE.

183A228

% Fig. 10. Diagram of,Test Connections for the type CA-6 Relay.

capacity bus, it is difficult to keepgthe maximum in-
ternal fault currents down to,a 100 ampere value.
Thus, the instantaneous unit assuresiprompt tripping
at excessively high current,valuesy 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 strenger 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 contacts will safely close 30 amperes
at 250 volts d-c 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-c, 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 connection.

TRIP CIRCUIT CONSTANT

Indicating Contactor Switch (ICS)

0.2 ampere tap 6.5 ohms d-c resistance
2.0 ampere tap 0,15 ohms d-c resistance

ENERGY REQUIREMENTS
Burden of each Restraint Coil at 5 amps.
VOLT AMPERES POWER FACTOR
.15 1

Continuous Rating
1 Second Rating

10 Amperes
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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TAP PLATE
{ TTERMlNAL

5%

g“%\ »
b

232 F

207
197

182
—1820=

100

TRANSFORMER COIL

FRONT VIEW
2-D-1488

Fig. 11. Internal Wiring Diagramiof the Auxiliary Current Transformer.

CONNECTIONS TABLE |
One relay per phase is normally recommended for Total No. No. of Feeder
the protection of buses with up tos8v“equivalent cir- Case of Eq. Ckts. Groups Connections
cuit” connections. An “equivalent circuit” is de- I 3 0-2 Fig. 6
fined as major source or a greup, ofsféeder circuits. o 4 0-3 Fig. 6
The grouped feeder circuits’ fault’ contribution should I 5 o-1 Note 1
not exceed 5% of the totalyphase,or ground fault cur- v 5 9-4 Fig. 7
rent, with normal bus conneétions. In paralleling v 6 0-1 Note 1
current transformers, for'the feeder group or groups, VI 6 2-5 Fig. 7
the load current distribution should be examined to v 7 0-6 Note 1
insure that the 10 ampere continuous rating of the VIII 8 0-7 Note 1

relay restraint windings is not exceeded.

Note 1 -- Same as 4 circuit bus of Fig. 6 except
The recommended connections are outlined in parallel CT’s in pairs. (1 set in parallel for 5 ckt.
Table 1. bus, 2 for 6 ckt. bus, etc.)

10
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o

N

420Q,-32 SCREWS
4 TERMINALS

7
76 DIA.MTG.HOLE
4 HOLES

2
XYW S

2-D-1487

Fig. ]2. “Qutline & Drilling Plan of the Auxiliary Current Transformer.

In cases II, V, VI 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, ifiall but two of the circuits are
out of seryice and, if the remaining circuits have
their currént 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 equivalent circuit
buses, using 2 relays per phase, are shown in Figs.
8 and 9, respectively.

|

Where there are more than 8 equivalent circuits, i

the connections in Fig. 9 should be employed by

n
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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 RELAY

BUS DIFFERENTIAL RELAY

The external current transformer taps are the
only setting required. Where the d-c 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
0-5 .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 As wvaried by means of
the spring adjuster.

INDICATING CONTACTOQOR 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 block4o 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 (IIT)

The)core screw must be adjusted to the value

12

of pick-up desired. It is recommended that a pickup
of 100 amperes be used.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a locatiomwfree from
dirt, moisture, excessive vibrationy, and, héat. Mount
the relay vertically by means ofyptheffour mounting
holes on the flange for semisflush mounting or by
means of the rear mounting stid or'studs for projection
mounting. Either a mounting stud or the mounting
screws may be utilizedfor greunding the relay. The
electrical connections may%be made directly to the
terminals by means_of seérews for steel panel mount-
ing or to the terminal “Studs furnished with the relay
for thick panelymounting. The terminal studs may be
easily removed, orjinserted by locking two nuts on
the stud ‘andthen'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.

* ADJUSTMENTS AND MAINTENANCE

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.

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order. Relays and
transformers of matching serial numbers should be
connected together. Use tight 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. Minimum Trip Current

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 Curves

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 isless than that of the bus differential
relay in order to compensate for the stronger spring
used on the transformer relay.

C. Indicating Contactor Switch (ICS)

Closethe mainrelay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should not be
greaterthanthe particular ICS tap setting being useds
The operation indicator target should drop freely.

The contact gap should be approximately .047
inch between the bridging moving contacthand the

adjustable stationary contacts. The bridging moving
contact should touch both stationary contacts®simul-
taneously.

D. Indicating Instantaneous _Unit (IIT) — (Where

Supplied)

The core screw whigh isjadjustable from the
top of the trip unit determines, the“pickup value. The
trip unit has a nominal ratigfofadjustment of 1 to 4 and
an accuracy within the limits of 10%.

The making of the eontacts and target indication
should occur “at, approximately the same instant.
Position thesstationary contact for a minimum of 1/32
inch wiped Thefbridging moving contact should touch
both stationaty contacts simultaneously.

Apply sufficient current to operate the IIT. This
current should be applied with the external transform-
er excluded from the circuit.

R©Gutine Maintenance

All contacts should be periodically cleaned. A
contact burnisher S#182A836H01 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 contacts

CALIBRATION

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs or
the adjustments disturbed./ This, procedure should
not be used until it is apparent that the relay is not
in proper working order.,(Seey ‘‘Acceptance Check’?’).

1. Clearance — Adjust the top bearing screw to have

approximately .002%@,.006finch clearance between it
and the shaft.

2. Contacts &~ Adjust the stationary contact so that
1/4 inch contact separation is obtained when the
moving contaet is held in the maximum open position.

3. Minimum, Frip — With operating current applied to
the external transformer, adjust the spring tension
untilathe relay just operates with following currents
in the 19 tap.:

15 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
b) Transformer Differential Relay

16-1/2 + 5% amp.
15-1/2 + 5% amp.

5. Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should be not
greater thanthe particular ICS tap setting being used.
The operation indicator target should drop freely.

6. Indicating Instantaneous Trip Unit (IIT)

The core screw must be adjusted to the value of
pickup current desired. It is recommended that the
IIT 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.

13
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Fig. 13.

Outline & Drilling Plan 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 View). 1 . 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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