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The Type CAP15A and Type CAP15B relays consist of one three-phase unit, with one rotor mounted on a
shaft. The contact assembly consists of two electrically separate contacts, one normally-open and one
normally-closed. The normally closed contacts are held closed, when the relay is not energized, by means
of two spiral springs which also complete the control circuit to the moving contacts.

APPLICATION

The CAP15A relay is a three-phase induction-cylinder power directional relay. Its principal application
is to perform the directional duties in directional overcurrent scheme. The recommended A-C external wiring
connection for the Type CAP15A relay are shown in Figure 9, connection A. Nith this connection the relay
has maximum torque on a balanced three-phase condition when the line current lags itsunity power factor po-
sition by 40 degrees in the tripping direction. On a zero voltage phase-to-phase fault just beyond the
relay terminals, the relay has maximum torque when the current laas its unity power factor position by 70
degrees in the tripping direction. Figure 2 demonstrates the directional characteristics of the preferred
connection (60 degree connection). The 30 degree and 90 degree connections are also shown in Figure 9,
with the corresponding angle of maximum torque for balanced conditions.

If the relay is used in an application where there is the possibility of a momentary reversal of power
immediately following the clearing of a fault, and if the overcurrent relay contacts have closed, it is
necessary to provide directional control to prevent false tripping. In the case of time-delay overcurrent
relays, this may be done by allowing the overcurrent relays to operate only if the fault is in the pro-
tected direction. If the overcurrent relay is instantaneous in operation, discriminating control may be
obtained by using the right-hand contact to contrel a Type HGA auxiliary relay as shown in Figure 3.

If both directional contacts are used and if a momentary reversal of power immediately following the
clearing of a fault is not possible, it is still advisable to use some method of directional control.
This is evident because when a fault is removed, sufficient energy will be stored in the deflected contact
to causz rebound to the other contact. If only one contact is being used, the stored energy in the other
contact may be substantially eliminated by reversing the contact barrel and its sleeve in the contact hol-
der thereby using the back end ‘as a solid stop. This is done by loosening the screw that locks the barrier
in place, remove the barrel and sleeve, unscrew the sleeve from the barrel, insert the sleeve into the con-
tact support from the inside and screw the barrel into it from the outside with the contact pointing cut.
When the stop is located where desired, lock in position by tightening the screw. It has been found ad-
visable to remove the corresponding moving contact finger as well.

The Tyre CAP15B relay is a general purpose reverse power relay. This relay measures true watts and is
practically unaffected by the reactive component of power. Because this relay is a high speed relay, it
should always be used with a suitable timing relay in order to prevent undesired operations during system
disturbances which cause momentary power reversals. An application of the CAP15B is shown in Figure 13.

RATINGS
12CAP15A(-)A

The 12CAP15A(-)A relays are available at voltage ratings of 115, 130, 208 and 230 volts. The current
circuits are continuously rated at five amperes with frequencies available at 25, 35, 50 and 60 hertz.
The targets and holding coils are available at 0.2 and 1.0 amperes d-c rating.

12CAP15B(-)A

The 12CAP15B(-)A relays are available at voltage ratings of 115, 208, and 230 volts. The current
circuits are continuously rated at five amperes with frequencies available at 25, 50 and 60 hertz. The
targets and holding coils are available at 0.2 and 1.0 ampere d-c¢ rating.

These instructions do not purport to cover all details or variations in equipment nor to provide for
every possible cantingency to be met in connection with installation, operation or maintenance. Should
further information be desired or should particular problems arise which are not covered sufficiently for
the purchaser's purposes, the matter should be referred to the General Electric Company.

To the extent required the products described herein meet applicable ANSI, IEEE and NEMA standards;
but no such assurance is given with respect to local codes and ordinances because they vary greatly.
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CONTACT RATINGS

The contacts of both types of CAP relays can momentarily carry 30 amperes for voltages not exceeding
250 volts. However, the contacts do not have an interrupting rating. Therefore, the trip circuit must
be opened by some other means.

Each stationary contact, Figure 6, is mounted on a flat spiral spring (F) backed up by a thin dia-
phragm (C). These are both mounted in a slightly inclined tube (A). A stainless steel ball (B) is
placed into the tube before the diaphragm is assembled. When the moving contact hits the stationary
contact, the energy of the former is imparted to the latter and thence to the ball, which is free to roll
up the inclined tube. Thus, the moving contacts come to rest with substantially no rebound or vibration.
To change the stationary contact brush, remove the contact barrel and sleeve as a complete unit after
loosening the screw at the front of the contact block. Unscrew the cap (E). The contact brush can then
be removed.

SHORT TIME RATINGS

The current coils of all the CAP relays have a one second rating of 220 amperes. To determine the
current that can be applied for more than one second, the following ¢ ation can be used.

I2t = K K = 2202 = 48400/1 second
I = <% I = Applied current
t = Time in seconds

POTENTIAL COIL RATINGS

The potential coils of all the CAP relays are continuously rated at their nameplate voltage value.

TARGET AND HOLDING COILS

The rating for the target and holding coil are given in the following table I

TABLE I
AMPERES A.C. OR D.C.
FUNCTION 1 AMP 0.2 AMP
Coil Resistance 0.25 ohm D.C. 7.0 ohm D.C.
Tripping Duty 30 5
Carry Continuous 1.25% 0.5

*Determined by the control spring rating.

The 0.2 ampere coil is for use with trip coils that operate on currents ranging from 0.2 ampere to
one ampere at the minimum control voltage. If this coil is used with trip coils that take one ampere or
more, there is a possibility that the seven ohms resistance will reduce the tripping current to a low

value and then the breaker will not trip. This coil can safely carry tripping currents as high as five
amperes .

The one ampere coil should be used with trip coils provided the tripping current does not exceed 30
amperes at the maximum voltage. If the tripping current exceeds 30 amperes, an auxiliary relay must be
used to control the trip-coil circuit. It must be connected in such a manner that the tripping current
does not pass through the contacts or the target and holding coil of the protective relay.

When it is desirable to adopt one type of relay as standard to be used anywhere on a system, relays
with the one ampere coil should be chosen. These relays should also be used when it is impossible to
obtain trip coil data, but attention is called to the fact that the target may not operate if used with
trip coils taking less than one ampere.
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OPERATING CHARACTERISTICS

The phase angle and time characteristics of the 60 cycle relay are shown in Figures 1, 1A and 2 with
the recommended connections.

BURDENS
CURRENT

The burden imposed by each current coil at five amperes is given in the table below. With standard
connections, one of the three current transformers supplies two current coils in series so that the burden
on that transformer will be twice the amount given below. The other two current transformers will each
supply one current coil and will have a burden as given in the following table:

TYPE CAP15A

Frequency Volt Amps Watts P. F.

60 0.40 0.20 0.50

50 0.35 0.20 0.57

25 0.60 0.55 0.92
TYPE CAP15B

60 3.6 1.8 0.50

50 3.2 1.8 0.57

25 2.6 2.4 0.92

POTENTIAL

The potential burdens per relay circuit (studs 13-14, 15-16, 17-18 and 19-20) are listed in the
following table.

Relay Frequency Volt Amps Watts P. F.
CAP15A 60 5.3 1.60 0.30
50 6.2 2.15 0.35
25 3.5 1.85 0.53
CAP158B 60 4.7 2.35 0.50
50 5.8 2.89 0.50
25 3.5 1.85 0.53
CONSTRUCTION

The stator has eight Taminated magnetic poles projecting inward and arranged symmetrically around a
central magnetic core. The poles are fitted with current and potential coils. In the annular air gap
between the coils and the central core, is the cylindrical part of the cup-like aluminum rotor, which

turns freely in the air gap. The central core is fixed to the stator frame and the aluminum cup rotates
carrying the moving contacts.

This construction provides a higher torque and a lower rotor inertia than the induction disk construc-
tion, and makes the relay faster and more sensitive than the disk-type relays.

The CAP relays are contained in an S2 drawout case providing a means to remove the relay from the
circuitry without disconnecting any wiring.

The outline and panel drilling diagram is shown in Figure 15.
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RECEIVING, HANDLING AND STORAGE

These relays, when not included as a part of a control panel, will be shipped in cartons designed to
protect them against damage. Immediately upon receipt of a relay, examine it for any damage sustained in
transit. If injury or damage resulting from rough handling is evident, file a damage claim at once with
the transportation company and promptly notify the nearest General Electric Apparatus Sales Office.

Reasonable care should be exercised in unpacking the relay in order that none of the parts are injured
or the adjustments disturbed.

If the relays are not to be installed immediately, they should be stored in their original cartons
in a place that is free from moisture, dust and metallic chips. Foreign matter collected on the outside
of the case may find its way inside when the cover is removed and cause trouble in the operation of the
relay.

PERIODIC CHECKS AND ROUTINE MAINTENANCE

In view of the vital role of protective relays in the operation of a power system, it is important
that a periodic test program be followed. It is recognized that the interval between periodic checks will
vary depending upon environment, type of relay and the user's experience with periodic testing. Until the
user has accumulated enough experience to select the test interval best suited to his individual require-
ments, it is suggested that the points listed under INSTALLATION PROCEDURE be checked at an interval of
from one to two years.

CONTACT CLEANING

For cleaning relay contacts, a flexible burnishing tool should be used. This consists of a flexible
strip of metal with an etched-roughened surface resembling in effect a superfine file. The polishing action
is so delicate that no scratches are left, yet it will clean off any corrosion thoroughly and rapidly. Its
flexibility insures the cleaning of the actual points of contact. Do not use knives, files, abrasive paper
or cloth of any kind to clean relay contacts.

POWER REQUIREMENTS - GENERAL

A11 alternating current operated devices are affected by frequency. Since non-sinusoidal waveforms
can be analyzed as a fundamental frequency plus harmonics of the fundamental frequency, it follows that
alternating current devices (relays) will be affected by the applied waveform.

Therefore, in order to properly test alternating current relays it is essential to use a sine wave
of current and/or voltage. The purity of the sine wave (i.e., its freedom from harmonics) cannot be ex-
pressed as a finite number for any particular relay; however, any relay using tuned circuits, R-L or RC
networks, or saturating electromagnets (such as time-overcurrent relays) would be essentially affected
by non-sinusoidal wave forms.

Similarly, relays requiring d-ccontrol power should be tested usingd-c and not full wave rectified
power. Unless the rectified supply is well filtered, many relays will not operate properly due to the
dips in the rectified power. Zener diodes, for example. can turn off during these dips. As a general
rule, the d-c source should not contain more than 5 percent ripple.

ELECTRICAL TESTS

DRAWOUT RELAYS GENERAL

Since all drawout relays in service operate in their cases,it is recommended that they be tested in
their cases or an equivalent steel case. In this way any magnetic effects of the enclosure will be ac-
curately duplicated during testing. A relay may be tested without removing it from the panel by using a
12XLA13A test plug. This plug makes connections only with the relay and does not disturb any shorting
bars in the cases. Of course, the 12XLA12A test plug may alsoc be used. Although this test plug allows
greater testing flexibility, it also requires C T shorting jumpers and the exercise of greater care since
connections are made to both the relay and the external circuitry.
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A1l alternating current operated devices are affected by frequency. Since non-sinusoidal waveforms
can be analyzed as a fundamental frequency plus harmonics of the fundamental frequency, it follows that
alternating current devices (relays) will be affected by the applied waveforms.

Therefore, in order to properly test alternating current relays it is essential to use a sine wave of
current and/or voltage. The purity of the sine wave (i.e., its freedom from harmonics) cannot be expressed
as a finite number for any particular relay; however, any relay using tuned circuits, R-L or RC networks,
or saturatinagelectromagnets (such as time overcurrent relays) would be especially affected by non-sinus-
oidal wave forms.

Similarly, relays requiring d-c control power should be tested using d-cand not full wave rectified
power. Unless the rectified supply is well filtered, many relays will not operate properly due to the
dips in the rectified power. Zener diodes, for example, can turn off during these dips. As a general
rule thed-c source should not contain more than 5 percent ripple.

ACCEPTANCE TESTS

When received, the relays should be given a visual inspection to determine if any of the relay parts
have been damaged in shipment.

Check the nameplate for the proper model of the relay and for the proper ratings as ordered on the
requisition.

Check the fingers and shorting bars in the relay and case according to the internal connections
diagram. Use Figure 4 for the 12CAP15A(-)A relay and Figure 5 for the 12CAP15B(-)A relay.

A1l electrical checks should be performed in the relay's case in a leveled position.
If it becomes necessary to readjust or check the calibration of the relay, refer to the section
on SERVICING.
LOCATION
These relays should be installed in a location that is clean and dry, free from excessive vibration
and well lighted to facilitate inspection and testing.
MOUNTING
These relays should be mounted on a vertical surface by means of mounting studs or screws. One of
the mounting studs or screws should be permanently grounded by a conductor not less than No. 12 B&S gage
copper wire or its equivalent. The outline and panel drilling diagrams are shown in Figure 14.
CONNECTIONS
The internal connection diagrams are shown in Figures 4 and 5. The external connections diagrams
are shown in Figures 9, 11, 12 and 13.
INSTALLATION TESTS

Upon installing the relay, it is necessary to know (1)} that the voltages and currents go to the
proper relay terminals, and (2) that none of the relay coils is open-circuited.

Item (1) may be checked easily by means of a phase-angle meter. Determination of the angle between
a current and the three voltages and between a voltage and the other two currents gives all the information
necessary for a complete vector diagram. The vector diagram plus a knowledge of the direction of power
flow will immediately indicate whether or not the connections are correct.

The above test may be made with a wattmeter but the method is somewhat more involved than the phase-
angle meter test.
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Item (2) may be checked by noting that torque is available and in the correct direction upon removal
of two of the three currents. Each of the three current combinations should be tested in turn. When

making these tests, the phase angle of the currents should be considerably different from the angle of
zero torque,

CAUTION: Every circuit in the drawout case has an auxiliary brush; this is the short one in the case
{not on the cradie) which the connection plug or test plug should engage first. On every current
circuit or other circuit with a shorting bar, make sure these auxiliary brushes are bent high enough
to engage the connection plug or test before the main brushes in the case do, as otherwise the CT
secondary circuit may be opened (where one brush touches the shorting bar) before the circuit is com-
pleted from the plug to the other main brush. See Figure 15,

OPERATION

In analyzing various connections to the Type CAP15A relay, it is convenient to consider the magnet
as a group of eight wattmeter type units acting upon a single rotor, a combination of each coil and an
adjacent coil being assumed to be one element.

0f course, extraneous torques are developed by combinations of coils which are not adjacent. However,
the torque of an adjacent pair of poles is largely relative to that of any other pair. For instance, the
torque produced by the interaction between coils B and H {part "a," Figure 7) is approximately 15 percent
of that produced by coil combinations A-H, while the toroue produced by combination C-H is about two per-
cent, a negligible amount. The torques of alternate poles (e.g., A-C or B-H) being appreciable, the con-
nections are arranged so that their torques balance out substantially to zero, a factory adjustment being
provided for more accurate balance of the current torques. (See CURRENT BIAS ADJUSTMENT). Referring to
the currents in part "a," Figure 7, it can be seen that the torque produced by the interaction between
coils A and G is balanced by the equal and opposite torque of combination E-G is balanced by that of com-
bination C-E.

Part "a" of Figure 7 shows schematically the currents and voltages applied to the eight coils with
connections as in Figure 9, connection A. For clarity one current coil and its adjacent potential coils
are isolated in part "b," Figure 7. It is observed that I3 acts with E1-2 and E2-3, the resulting torque
being equivalent to the reaction of I3 with the vector difference of E1.2 and E2.3 (difference because
the potential coils are on opposite sides of the current coil). The vector relations are also shown in
part "b." Part "c" and "d" show corresponding coil and vector relations for the other two currents, 12
and I1. It is noted {part "e" of Figure 7) that the two remaining coil combinations produce equal and
opposite torques.

Considering a potential coil and its adjacent current coil, this combination would have maximum
torque when the current leads the voltage by 20 degrees. With the connections of part "a" of figure 7,
it is seen that I3 will lead E1-2 - E2-3, by 20 degrees when I3 lagsits phase-to-neutral voltage by 40
degrees. Thus, with these connections, maximum torque (balanced three-phase conditions) is obtained
when a current lags itsphase-to-neutral voltage by 40 degrees.

ADJUSTMENTS
CUP_AND STATOR

These relays are properly adjusted at the factory to obtain the desired characteristic and it is
advisable not to disturb these adjustments. If for any reason it becomes necessary to remove the contact
plate and rotor, the following procedure must be followed:

1. Remove the cradle from the case.

2. Remove the two screws holding the top inner block to the cradle and tilt the block up and back
so that it is possible to work on the top of the relay.

3. Disconnect the four leads which

C go to the contact plate i i
Tmer Brocke end ar Jeads which p at the terminals in the upper and lower

ends out through the holes in the mounting plate.

4. Remove the two screws which secure the top bearing plate.
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5. The contact plate is secured to the stator by means of three screws. The screws are located on
the right-hand and left-hand sides in the front and at the middle at the rear. Remove the three
SCrews.

6. The shaft rotor and top bearing plate will now 1ift out of the stator as the contact plate is raised.

7. The rotor may be removed from the shaft by loosening the two set screws which fit into V-holes
in the shaft.

The two stator castings are permanently fastened together with the laminations clamped between them,
and the faces of the poles and the cylindrical surfaces on these castings are then machined true about
the same axis. To preserve this alignment, the large rivets in the corners should never be removed.

Use care in handling the rotor while it is out of the relay, and see that the air gap and rotor are
kept clean.

In reassembly, the rotor will go into the air gap easily without forcing, if the parts are held in
proper alignment.

The lower-jewel bearing should be screwed all the way in until its head engages the end of the

threaded core. The upper bearing should be adjusted to allow about 1/64 inch to 1/32 inch end play to
the shaft.

To check the clearance between the iron core and the inside of the rotor cup, press down on the
contact arm near the shaft and thus depress the spring-mounted jewel until the cup strikes the iron. The
shaft should move about 1/16 inch.

The lower jewel may be tested for fractures by exploring its surface with a fine needle. If replaced
with a new jewel a new pivot should be screwed into the end of the shaft at the same time.

ACCEPTANCE TESTS

The contact gap may be adjusted by loosening slightly the same screw at the front of the contact
block as mentioned previously. The screw should be loose enough only to allow the contact barrel to ro-
tate in its sleeve.

The time curves of Figure 1-1A were taken with a contact gap of 0.018 inch. This gap may be obtained
in the following manner: With the right-hand contact tube or barrel secured in place, turn the left-hand

barrel in the opposite direction approximately 210 degrees or 0.6 revolutions from contact closing.Tighten
the screw which secures the barrel.

Each moving contact may be removed by loosening the screw which secures it to the contact arm and
sliding it from under the screw head.

HOLDING COILS

The Tocation of each holding coil may be adjusted by Toosening the mounting screw and sliding the
coil either to the left or the right in a groove provided for that purpose. The holding coils are located
in the factory so that there is a gap of about(.055 inch between the pole pieces and the armature. The 0.055
inch is equivalent to 1-5/8 turns of the contact barrel.

CONTROL AND LEAD-IN SPRING

The control and lead-in springs are adjusted in the factory to close the right-hand contact when the
relay is de-energized. The closing spring torque is equivalent to about 45 degrees motion of the spring
adjusting ring located just under the top bearing plate. The tension of the control spring may be changed
by loosening the hexagonal screw located at the rear of the adjusting-ring to the desired position.

CLUTCH - 12CAP15B(-)A

The clutch adjusting screw should be tightened as much as possible so that the clutch does not slip.
JLUTCH-12CAP15A(-)A

Connect the relay per Figure 8A. Apply rated voltage and current to the relay and set the phase anale
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meter for O degrees. The clutch should slip between 7.5 and 10 amperes. Adjust the screw and locknut
located on the right side, front view of the moving contact assembly 1f the clutch slip is not as listed
above. Clutch slip is considered acceptable if the cup assembly makes one or more revolutions. This can
be determined by visually noting the movement of the u-shaped pin located at the top of the cup shaft.

SERVICING
12CAP15A(-)A

MECHANICAL ADJUSTMENTS

The clutch can be checked by connecting the relay per Figure 8A, current and voltage. With rated

voltage applied, increase the current until the clutch begins to slip; this should occur between 7.5 and
10 amperes.

Check the end play which is the upper end play of the cup and movina contact assembly. This should
be between 1/64 inch and 1/32 inch.

The contact gap with the relay de-energized should be 0.016-0.020 inch.
The holding coil gap should be approximately 0.055 inch (+) 0.005 inch.

Cornect studs 1 and 11 to a variable d-Csource. Close the left contact and the target should operate
as follows.

Target Rating - Amps Operating Current - Or Less
0.20 0.17 amps
1.00 0.85 amps

POLARITY TESTS

Complete polarity tests are made in the factory and these may be checked by connecting terminals A
and C together, connecting terminals B and D through a resistor {20 ohms) and apply rated voltage to ter-
minals C and D. With these connections, the left-hand contact (front view) should close in each of the
following eight checks:

TABLE II
Current Coil | Potential Coil

A B C | D
3 4 19 20
3 4 14 13
4 6 17 18
4 6 20 10
7 8 15 16
7 8 18 17
9 10 13 | 14
9 10 16 |15

PHASE ANGLE TESTS

Connect the relay to an external circuit according to that shown in Figure 8A. With this connection,
the polyphase phase angle of the relay can be checked. The angle of maximum torque with the 8A connections
should be 40 degrees lead (+) five degrees. Pickup should be less than 0.025 amperes at rated voltaas and
frequency at the angle of maximum torque.

If a phase shifter, phase-angle meter is not available, the 12CAP15A(-)A can be rechecked or recali-
brated as follows:

(a) Return the control spring to its neutral {centered between the contacts) by Toosening the hex
stud at the top rear of the unit, and turning the control spring adjuster to accomplish the
centering.

10
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(b) Connect the current circuit only as shown in Figure 8A. Short the potential circuits at the
relay case terminals.

{c) Set the three-phase currents, balanced at 30 amperes. The moving contact should stay at its
previously set neutral position or could possibly have a slight opening bias, which is accep-
table. A slight adjustment of the resistors at the rear of the relay will correct for the
current bias if it is not correct.

Increasing the resistance of the upper resistor will tend to open the left contact. Increasing the
resistance of the lower resistor will tend to open the right-hand contact. Cross adjust the two resistors
until the moving contact remains at the neutral position or with a slight opening bias. Do not leave the
current on for any length of time because it will overheat the unit and result in erroneous bias conditions.

Remove the current from the relay and connect the potential circuit as shown in Figure 8A. With
rated three-phase voltage applied (at rated frequency) the unit should have a stight opening bias. The
core of the relay must be adjusted if this test fails. The core consists of an‘inner stator protruding
through the base plate of the unit and secured with a locknut. The end of the core has a jewel bearing
that supports the cup with minimum friction. Loosen the locknut slightly and turn the jewel screw
(sTotted head) to remove the potential bias. Then hold the jewel screw and lock the locknut.

Cross adjust the current and potential bias adjustments until both tests are acceptable.

The final test is to wind the control spring from its neutral position towards the opening direction.
A spring windup of approximately 3/16 inch along the periphery of the spring windup adjuster is sufficient.
Lock the spring adjuster in this position.

HI-POTENTIAL TESTS

Hipot all studs to case (ground) and between circuits at two times rated voltage plus 1,000 volts
for one minute.

SERVICING
12CAP15B(-)A

MECHANICAL ADJUSTMENTS

1. The vertical end play of the shaft should be between 1/64 inch and 1/32 inch.

2. The clearance between (a) the back of the silver contact mounted on the flat spiral in either contact
barrel and (b) the diaphragm behind it, should be 0.004 inch to 0.009 inch. This wipe should be mea-
sured by moving contact arm over until it just touches the stationary contact to be measured. Then,
holding contact arm in this position, rotate barrel until the back of contact touches diaphragm.
Rotating barrel 45 degrees corresponds to0.004 inch while 105 degrees is the equivalent of 0.009 inch.

3. Contact gap should be 0.018 inch. This should be adjusted in the following manner: While the contact
arm is parallel to the sides of the relay, turn the contact barrels until both contacts are just made
(use neon lamp). Tighten the clamping screw, locking the right-hand contact barrel. Back off the
left-hand contact barrel 0.57 revolution (210 degrees) and tighten its clamping screw.

4, The holding coil gaps should be 0.055 inch which should be set with a gauge.

5. Control Spring Preliminary Adjustment - With the relay de-energized, the control springs should be
at their neutral positions thus holding the contact arm approximately in the middle of travel so
that both contacts are open.

6. Clutch Adjustment - Turn the clutch screw all the way in and lock.

POLARITY TESTS
Complete polarity tests are made in the factory and these may be checked by connecting terminals A

and C together, connecting terminals B and D through a resistor (20 ohms) and apply rated voltage to ter-

minals C and D. With these connections, the left-hand contact (front view) should close in each of the
following eight checks:

11



PHAS

GEI-12083

Current Coil Potential Coil
A B C D
3 4 19 20
3 4 14 13
5 6 17 18
5 6 20 19
7 8 15 16
7 8 18 17
9 10 13 14
9 10 16 15

E AMGLE TESTS

(i.e
ohms

when

CORE

Connect the relay per Figure 8A for the current circuits and Figure 8B for the potential circuits.
Adjust the four variable resistors so that the left contacts just close at 120 degrees and 300 degrees
.» maximum torque at 30 degrees lead). A1l resistors should be adjusted to have approximately the same
. Use rated voltage and frequency, and five amperes,

With the above connections and adjustment, the relay is at unity power factor on a three-phase basis
the phase-angle meter reads 30 degrees.

ADJUSTMENT

Jjust
tart

PICK

With zero current in the current coils and rated voltage and freouency across the potential coils, ad-

the position of the relay core until the moving contact will remain in between the two stationary con-
s without touching either.

UP_ ADJUSTMENT

for

With 0.025 ampere in each current coil, rated voltage on each potential coil, and the phase angle set
30 degrees (maximum torque angle), adjust the upper control spring by turning the adjusting ring in a

counterclockwise direction until the left contact will just close.

HOLD

ING COIL CHECK (WHEN USED)

A11 checks should be made with the relay stator de-eneraized. To test the right rear holding coil,

close the left contact by hand and run rated holding-coil current through this circuit (Studs 1-11). The

hold
arm

2-12
tact

TARG

ing coil should hold the left contact closed. To check the left rear holding coil, hold the contact
so that the right contacts are just closed. Apply rated holdina-coil current to this circuit {Studs

). It should be possible to feel a pull on the contact arm in the direction to close the right con-
s still more.

ET CHECK (WHEN USED)

shou

Make

HI-P

Connect Studs 1 and 11 to a variable source of d-c power. The currents required to trip the target

1d be equal to or less than the value listed below.
Target Rating - Amps Operating Current - Amps
1.0 0.85 or less
0.2 N0.17 or less

Operate the target a few times. The target should not drop due to 1ight shock of the relay cradie.
sure the target can be easily reset with the relay in the case and the cover on tightly.

OTENTIAL TEST

Tist

Hipot the relay circuit at two times rated relay voltage plus 1,000 volts, 60 Hz for one minute as
ed below.

12



GEI-12083

1. A1l studs to case {ground)

2. Between all combinations of circuits.

RENEWAL PARTS

It is recommended that sufficient quantities of renewal parts be carried in stock to enable the
prompt replacement of any that are worn, broken or damaged.

When ordering renewal parts, address the nearest Sales Office of the General Electric Company,

specify quantity required, name of the part wanted, and the complete model number of the relay for which
the part is required.

13
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20

10

GEI-12083

50

ONE CYCLE
DEAD PHASE TO PHASE FAULT
\\/ {
THREE PHASE FAULT 0.5 OHMS RESISTANCH
10 20 30 40
AMPERES

Figure-1 (0362A0611-0). AVERAGE OPERATING TIME CHARACTERISTICS
OF THE TYPE CAP15A(-)A RELAY

14



GEI-12083

i =ik A : ; w 3 il
e I H h ._.ﬂ 1
b t i}
2 T ¢ ik B
ningil T HH o H !
: i gl i T
| it ] w._ .w, H e
. o a4 T#H [ I -1 CRINRERNRN LRIRA FASES
T itiinH f : i i i
i H ST He i 4 faisiis e
B IR H T £l FH Y - ; 3
i RO R TH] ..“ : H4; - ! s o oA H F 8 4% 13
Y AR i o e R 5 T H - T
R : A : 2} S : Jatizasatiee: 1 tel
R e T T itk i fr I i jeete 1ok Easts FEEie st e T HiH £ 1
T WuEgNaL ganes gRaae aauyy ol s g T T . 3 T 2 T
1 H e w1 H ¥ it A.Ar HE H J It T H
s et Mphitpi:d 11411 11 ST et as L 2 G ToReT Rtg s ahN % H w :
SH 2 SIS EeEsE 1T EARER] JARSE SNEN e ST IR pae IRFYT 1SR IETR AR 32l T - HT 3 1 £
1 e R t.h =i _Q.Im..L HHHE o ficihy | .n fijts:
TR et I i SEESETRSE] (RS IEHRAAO QAR E ddhst 20d ofehe e T i 1 Hal
H U TEiH T H -— - 13 4 - 3 sgalh nlueR jus H 4hd )
115 Sh8s Snbs 8 ol Py H 1ald R i y\ﬁ. 3 mbY
O HO v R HHT ?..A.“.dv\l, i1 1A - sy i ekt ddfagtadnhd 1 H-
HEHH L T IA St O R T A
2 H 1% 1 REES 335 A sifdages) FHH SO
L i e Rl R il
] H f T { st apoistends inrassegsaIpELs assastagaasnn
fiiaIk! | e A : g il e i
238 S 1T 1 [ s asneans gy 1 T 2 andsas H
HeA R HHHEHH T <O Praiiiigl HEHH B SR H H BEAN=Et 33)

{HiH serEaataeatzgiiny fEstnghali s . 8 : 2 AHIEH A R Y w
T t i i At (W] B id5 BitH i ATE 00 T H O H
111344 i 28 ady: mang: ! : & i 1H &8 Batess 3 ]
e &_ i ¥ Ewm — | 1 st tiseded _ tiastt Hrnlu e
HE G 1X Y on i ot H i : T HRT §EEE jrbacise
A H TSR e () - .MS La i 324 HE £ s Bise sashaRei b
B3T3 45S BHEER ISHER H0ESt [Racd penyi i i D-.TM < | FIEEEER o] i FHE th it T
e i in HHA - _.._H e Z i 8 55T pest HH T

T a 3 9w n 09 Tt T ‘ T 2R PR ngas says SEaa H TTH ]
JJ AHITHH Nc_d.ﬂpm OB pJEREE sl £ HHHh T t HEH siiiy i
A,VA : H ‘. T :.AHV;.E: e ﬂu H H 1 : i i .,4

R [ ET. Y ) N fae [3aahgiate dedianints - Bhsachan tibia Hige shio Bpnt temsieds Ay ale
5 8 spus snkaa kot 0Rp,t._Eie : 1 - + fadt 2 :
- REt cizisizal asdl| SR bt i1 H et 1] 1 B8 d§aRa S22 ik H H L HH
sapbopasfh e H [y 1 N ] -+ O H KA LHH T -4+t 13 i Be thrtd
BH T T T 8 7 : i TETH B SSBEEISIEE T
' T, A3 4 H B / T 1 HHTH Ty
F \} ; H a2
i laalid HiEd R e P o b dEsadsdisaddingd plzads i1 HiH H
1 4 e T oTH [L, ¥ ] Hi H
HH1 fiis ; i H is i 1 il
Ho T 1 Hastagnespiandn THH < £58
+ - HHH i 4+ RS 8. s . - 2
apgs ahd Hi T NES ERNERAE P TH H 9 gy “tlxl.\x H o
R [ ! T T R I a8 aad e N R
Eissnganineat xnis steutbolas safet Fipy sEER saea day s Raaks LHRNE. HHi Ho 188 T i gasits
&3} 1535 t SEstaisasd d b e A PR ] e LTH
i AR | ; . e et
H HifH sgEaRsss| i T 1 T HIiHt sakel R
i HHETH s HHE J 1 SpEeaanns shEtH b T 5: i
] S £ b aE Raaasgepsesnass HEH
i T it e R
1 L i LT
tdnden & T u mrm ] dést T g
;
i i 1 o i HH
I 222)

Q
SW-3WiL

3FT - AMPERES

OF THE TYPE CAP15B(-)A RELAY

Figure 1A (0257A8580-0). AVERAGE OPERATING TIME CHARACTERISTICS
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GEI-12083

11 1L L TO TRIP
aln r i > ColL
DIRECTIONAL HGA

RELAY

- i
{NSTANTANEOUS

OVERCURRENT
RELAY

W +
DIRECTIONAL HGA
RELAY

* Figure 3 (0362A0607 [1]) CIRCUIT DIAGRAM OF A TYPE CAP RELAY
OPERATING WITH A TYPE HGA DELAY
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—

* Figure 4 (K-6174667 [4]) INTERNAL CONNECTIONS DIAGRAM OF THE CAP15A RELAY
{ FRONT VIEW)
* Revised since last issue
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{K-6154196 [3]) INTERNAL CONNECTIONS DIAGRAM OF THE CAP158 RELAY



GEI-12083

RS

AR

|

A-INCLINED TUBE
B-STAINLESS STEEL BALL

C- DIAPHRAM

G- CONTACT

\\M

l
D-SPACER
E-CAP
F-FLAT SPIRAL SPRING

Figure 6 K-6077069 [4]) STATIONARY CONTACT ASSEMBLY
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(b)

~E1-2 12 ~E3.1

{ci

~Ey-2 3 2

Figure 7 (K-6178877-3). SCHEMATIC DIAGRAMS OF THE CAP15A RELAY
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» ’
1 CURRENT ADJUSTING
RHEOSTATSN\ .
100 OHM )
PHASE SH|FTER POTENT |OMETER {//
(WHEN USED)
3 2
———o\ -0 7 3
13 14 ; ;
|0
17 ViB
—55 VR . o
0 VIS PHASE ANGLE METER OR WATIMETER

3 2 1 READS ANGLE BETWEEN I3 1 & Ep_3
EURRENT I3 _4REPRESENTS CURRENT

I, IN FIG.1 OF K-6154162
(A)  CAP15A TEST CONNECTIONS

3
14% 20 16
5 113 TO_PHASE ANGLE METER
19 15
17
1

(B} CAP15B POTENTIAL CUNNECTIONS
CURRENT CONNECTIONS SAME AS (A} ABOVE

Figure 8 (K-6154165-4). LABORATORY TESTING DIAGRAM FOR THE
CAP15A AND CAP15B RELAYS
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MAX, TORQUE OCCURS DIRECTION OF
CON- POTENT | AL POTENTIAL CONNECTIONS (BALANCED 36 CONDITIONS| POWER FLow o
NEC-| connecTion | CONNECTIONS TRANSFORMER WHEN A CURRENT LAGS 1T9 CLOSE TRIP
T1ON 0 C.T. SEE FIG.5 PHASE~TO-NEUTRAL VOLTAGH CONTACTS
NO. INTERCONNECTION | CONNECT {ONS BY DEG. (TERMINALS (1-11)
OF RELAY TO POTENTIAL L.H., CONTACTS
TERMINALS TRANSFORMERS FRONT VIEW
50 & 60 CYC. | 25 cyc.
2 IN OPEN DELTA
& | 60 DEG. F1G.1 OR 3 IN Y-Y FIG.2 40 DEG. 30 DEG. ARROW Y
(SEE NOTE 1) Fie-1
2 N OPEN DELTA PHASE 1-g)
90 DEG. ARROW ¥
B F1G.1 OR 3 IN Y-Y F1G.3 PHASE 2-f) FIG.3| 70 DEG. 60 DEG.
(QUADRATURE) (SEE NOTE 1) PHASE 3-e) F16.1
2 IN OPEN DELTA PHASE 1-e)
¢ (ABSAgEﬁi) FIG.1 OR 3 IN Y-Y F1G.3 PHASE 2-d) FIG.3| 10 DEG. 0 DEG. ARROW X
{SEE NOTE 1) PHASE 3-f) Fl6.1
90 DEG. Y-y ARROW X
P | (quabraTurg) FlG-1 (SEE NOTE 2] F16.4 70 DEG. 60 DEG. FIG.1
NOTE 3
2 IN OPEN DELTA ARROW Y
£ | 90 DEG. FIG.1 FiG.2 70 DEG. 60 DEG.
(QUADRATURE ] {SEE NOTE 1] FiG.1
NOTE 1: POTENTIAL COILS CONNECTED TO DELTA VOLTAGES.
NOTE 2+ POTENTIAL COILS CONNECTED TO WYE VOLTAGES.
NOTE 3: CURRENT FROM WYE SIDE OF POWER TRANSFORMER. POTENTIAL FROM DELTA SIDE. WYE SIDE LEADING DELTA SIDE BY 30°.

FOR CONNECTION OF TYPE CAP15B8 RELAY SEE K-6154163.

3

FiG.1
1
2 19 16
18
20 15
3 1 17
M 14
FI1G.4

FIG.2
1
2
3
Hy
X1
3 2

POTENTIAL TRANSFORMERS

CONNECTED

IN OPEN DELTA
FiG.5

NOTE:

ALL CONNECTIONS SHOWN

FOR PHASE SEQUENCE 1-2-3.

FOR PHASE SEQUENCE 3-2-1
INTERCHANGE CONNECTION FROM
PHASE 1 AND 3 IN BOTH THE
CURRENT AND POTENTIAL CIRCUITS.

FIG.3

POTENTIAL TRANSFORMERS

CONNECTED

IN Y=Y

Figure 9 (0264B0406 Sh.1 [1] & Sh.2 [2]) EXTERNAL CONNECTIONS FOR THE CAP15A RELAY
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g
CURRENT ADJUSTING
3 /k RMEOSTAT —
2

PHASE SMIFTER

mEERET
S i

PHASE ANGLE
METER OR
WATT METER

100 OnuM
POTENTIOMETER

A
SOURCE
CURRENT ADUUSTING
RMEOSTAT  ~—— |
i _ o - o
by wd B
p 1% 15 18 19
3 A
13 16 17 20
- -+ + “
6
100 Om
POTENTIONETER i
7
8
10
9

Figure 10 (K-6154164 [2]) EXTERNAL CONNECTION TESTING DIAGRAMS FOR THE
CAP15A AND CAP15B RELAYS
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PHASE SEQUENCE 1-2-3
A-C BUS .
2
FOR PHASE SEQUENCE 2
OR PHA ]
OPPOSITE TO THAT 4) , 0-=C BUS
INDICATED, INTERCHANG
R AND B
52 / EER 1@1_@1
R =C Nt
H %;fﬁf;? %1 7 3 5 2 > 3 12L§1&
1 1 l -
E"‘ E“ E—‘ 61 61 61 JL'51—3‘1"“‘51-2“!" TT51-1 H
1111 s 4 6
In
FUSES é
125 y D 1250 v IOC
50 OHMS | 100 OHMS |
1 NFD 1 MFD
1-
) - -
22 NS 61X
i§%>\\\\\ ] 4 4 4 6]
> WOUND SHADING COILS
NOTE:

POWER DIRECTIONAL RELAY OPERATES
WHEN POWER FLOWS
OF ARROW.

NOTE: TEST EACH PHASE OF POWER
IN DIRECTION DIRECTIONAL RELAY
SEPARATELY TO INSURE

EXTERNAL CONNECTIONS PROPER DIRECTION OF TORQUE

Figure 11 (K-6154168 [5]) EXTERNAL CONNECTIONS OF THE CAP15A RELAY FOR
DIRECTIONAL OVERCURRENT PROTECTION
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1
A.C. BUS PNASE SEQUENCE 1-2-3
2
SEE NOTE
3
521 522
H
D-C.CONTROL BUS

+

1 .9_ -]
2%51 -§- ?L_
i 52-2 52-1 52-1
67x2 - T
i 14
12 6 jg u:l 'Y L
&7
11
52-2

OPPOSITE TO THAT INDICATE
INTERCHANGE R & B.

31-1 ' & 81
(J * I J (I
NOTE: FOR PHASE SEQUENCE D<::f 6 5 5 9 10

Figure 12 (K-6154166 [4]) EXTERNAL CONNECTIONS OF THE CAP15A RELAY FOR BALANCE-POWER PROTECTION
OF TWO PARALLEL INCOMING LINES. NON-AUTOMATIC FOR SINGLE LINE OPERATION
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PHASE L1ST OF DEVICES
SEQUENCE DEW 1GE NOJ DE VICE TYPE T ESCRIPTION |
) -2-3 67 CAP158 POWER RELAY
62 TAV5IM TTVE OVERVOLTAGE RECAY
3 2 1
(+)_D.C. CONTROL B%S
57
1
> 62
7831
=62 =
2f 2
A 52
a
22
1 e
5. ¢ )
,Hlﬂ » &L 6L
X1 o FOR PHASE SEQUECE 3-2-1
67 | INTERCHANGE:
RgB
RELAY 3 74
TRIES LA
POWEF 3"\"‘8"‘_’"—’—' o
FLOW IN |
THI'S M1 ¢ X1 17T B T 1_}_67
DIRECTION >€ 67 | FY
Y 1 1 5
™ T 61 561 ¢
| A 13 2 16 “
= <62
g 14 ©
. 1 Ll
SOURCE

Figure 13 (0127A9459-3). EXTERNAL CONNECTIONS FOR THE CAP15B RELAY WHEN

USED TO PROTECT AN ALTERNATOR
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CONNECTING PLUG MAIN BRUSH CONNECTING BLOCK

AUXILIARY BRUSH TERMINAL BLOCK
SHORTING BAR

NOTE: AFTER ENGAGING AUXILIARY BRUSH, CONNECTING PLUG
TRAVELS Y4 INCH BEFORE ENGAGING THE MAIN BRUSH ON
THE TERMINAL BLOCK

Figure 14 (8025039). CROSS SECTIONAL VIEW OF THE CASE AND CRADLE
BLOCKS SHOWING THE SHORTING BAR
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PANEL LOCATION

(2) 5/16-18 STUDS
6 625 SEMLﬁE§USH SUS;SCE 10-32 / FOR SURFACE MTG.
— A . .
168MM — ™ L] —| [ STUDS
I O o shy ! 1917 1513 11
/f——ﬁ\ | OO0O0O0O0
| ONONORONGE.
201816 14 12
|
|
10.312 | »-<4> 10-32 X 3/8 STUD
261MM | MTG. SCREWS NUMBERING
| 9 7 5 3 1
+ GLASS | OOOOOOOOOO
N/
0) O 108 €6 4 2
1 "'i
1125 _ gl | 75 BACK VIEW
PIMM 19MM
i 6.187 3~°I - CUTOUTS MAY REPLACE
Al 157MM 76MM ::DRILLED HOLES
. ]
+
PAL ! 00000, .1}
b 1 4 OO0 875
2. 781 | 5.000| s/8 DRILL 1 T g LESMM
1e/7MM 2 HOLES Al :
71MM ¢ @) — {_46MM
—_—(‘t—: _____ B L 15MM fé_ 350 _
5.56 cuThuT 10.000 4 5¢ "I i 247MM
142'MM ; ) ESTMM 11‘;?4‘{ (}Gd‘{}{:}
Far N k 1 468
4 ] Y A | 3
| j OO OO 37§MM !
+ : 250
2.843 }-—
218 g, 7eM o / i a— . 300
SMM - 2.29 -  12MM
S.687 133MM (TYPICAL)
144MM PANEL
—3/4 DRILL
20 HOLES

PANEL DRILLING

FOR SEMI-FLUSH MOUNTING

TYPICAL DI

FRONT VIEW

M,

INCHES
MM

* Revised since last

12/92 (200) GENERAL ELECTRIC METER AND CONTROL BUSINESS DEPT., MALVERN, PA 19355

CA

1 9MM

heetlf ——

PANEL DRILLING
FOR SURFACE MOUNTING

VIEW SHOWING ASSEMBLY OF HARDWARE
FOR SURFACE MTG. ON STEEL PANELS

* Figure 15

issue

CAP15A AND CAP15B RELAYS

(k-6209272 [71) OUTLINE AND PANEL DRILLING FOR THE

FRONT VIEW

5/16-18 STUD

UL T
Lo Ll
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