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SECTION 1—Introduction

These instructions provide the maintenance procedures
and describe the operation of the 800 thru 2000 amp frame
size type AKR low voltage power circuit breakers listed in
Table 1.

The proper use, care, and maintenance of these break-
ers is a prime safety consideration for the protection of
personnel, as well as a means of minimizing equipment
damage when faults occur. Persons who apply, use, and
service these breakers will acquire the knowledge they
need by gaining the information contained in these instruc-
tions.

1.1 INSPECTION AND MAINTENANCE

Breakers should be cared for under a systematic main-
tenance program. Taking each breaker out of service
periodically forinspection and maintenance is an excellent
means of establishing high service reliability. It is good
policy to have one or more spare breakerstoinstallin place
of breakers requiring maintenance. Keeping a stock of
recommended renewal parts will insure that maintenance
work can be done quickly.

How frequently an individual breaker should be_in-
spected will depend on the circumstances of its dse. it
would be well to inspect any breaker at least once a year. If
itis frequently operated, operated under severe load condi-
tions, or installed in an area of high humidity or aydusty,
dirty atmosphere, inspections should be moresoftenyin-
spections might be monthly under adverse conditions.

Always inspect the breaker after a shogt=CircuitsCurrent
has been interrupted.

SAFETY PRECAUTION

BEFORE INSPECTING OR BEGINNING ANY
MAINTENANCE WORK ON THE BREAKER, IT
MUST BE DISCONNECTED FROM ALL VOLT-
AGE SOURCESHB0TH POWER AND CON-
TROL. AND BE IN THE "OPEN" POSITION

1 A\ {

A basic inspection should consist of the following:

a. Visual Check — Look for dirt, grease or other forei -
material on any breaker parts. Check instilating surfac.
for conditions that could degrade insulating /properties
(cracks, overheating, etc.). Also check for loose hardware
and components on the breaker and the compartment'’s
bottom, loose or damaged control wiring and similar prob-
lem areas.

b. Operation — Observe, a few close-open operations
using the operating or maintenance’handle. If a breaker is
seldom operated such thatiit,remains open or closed for a
period of six months or more, it is recommended that ar-
rangements be made to opensand close it several times in
succession.

c. Interlocks —;Duringsthe Operational check verify the
safety interlocks areproperly working.

d. Arc Chutes and Contacts — Inspect the condition of
the arc chutes/and,contacts. Look for excessive burning or
breakage. Check the amount of contact depression or
wipe.

€. Accessories — Verify that the various accessories are
working properly.

f.“The performance of the solid-state current trip devices
may be checked with a suitable test set. Check elec-
tromechanical devices for positive trip in accordance with
the instructions in their Maintenance Manual, GEI 86157.

1.2 RENEWAL PARTS

The AKR breakers contain a variety of parts and as-
semblies. Many of these are available as replacement
parts when the need arises. See publication GEF 4527,
Renewal Parts, for a complete listing of these parts.



TABLE 1 BREAKER MODELS

MOUNTING TYPE

DRAWOUT
FRAME SIZE BREAKER SUB- DEEP FUSED
(AMPERES) DESIGNATION AKD$ l, AKD-8 | STRUCTURE STATIONARY|ESCUTCHEON|BREAKER
AKR-(*)A 30, 30H X
800 AKR-(*)B 30, 30H X X
AC AKR-(*)D 30, 30H X X | X
AKR-(*)S 30, 30H X
AKR-(*)A 50, 50H X
1600 AKR-(*)B 50, 50H X X
AC AKR-(*)D 50, SOH X X X
AKR-(*)S 50, 50H X
AKRT-(*)A 50, 50H X
2000 AKRT-(*)B 50, 50H X X
AC AKRT-(*)D 50, 50H X X X
AKRT-(*)S 50, 50H X
AKR-2A 30 X
800 AKR-2B 30 X X
DC AKR-2D 30 X X X
AKR-2S 30 X
AKR-2A-50 X
2000 AKR-2B-50 X X
DC AKR-2D-50 X X X
AKR-2S-50 X
AKRU-(*)A 30 X X
800 AKRU-(*)B 30 X X X
AKRU-(*)D 30 X X X X
AKRU-(*)A 50 X X
1600 AKRU-(*)B 50 X X X
AKRU-(*)D 50 X X X
(*) - This digit dentifies the tnp device type as follows:
- EC (DC only)
- ECS
- SST 50/60 Hertz Only

Zo0nan

- Microversa Tnp
- Non-automatc. In addition, all non-automatc 250VDC breaker types carry the suffix letter D after the frame number, e.g. AKR-NB-50D




SECTION 2—General Description

Type AKR low-voltage power circuit breakers are used
for controlling and protecting power circuits in the low-
voltage range (usually up to 600 volts). In serving this
function, they are a means of safely switching loads and
automatically clearing circuits when abnormal conditions
occur. Among these conditions, the more common are
short circuits and sustained overloads and under voltages.

The type AKR breakers are of the “quick-make, quick-
break description, having the feature of storing energy in a
closing spring for quick release in closing. In closing, some
energy is transferred to an opening spring to be used
subsequently for fast tripping.

Knowledge of how the breaker is designed and how it
operates will enable the owner to make proper use of the
breaker and to avoid mistakes in its operation. Specific
directions on adjustments and maintenance procedures
will be treated later.

The three main functional components of a breaker are
its mechanism, an assembly comprising the conductive
members, and the interrupter.

The mechanism unit is designed to receive energy, store
it, and later (when called upon to do so) deliver it to close
the breaker’s contacts. It must be able to reverse its com-
mitment to close the breaker at any point upon the activa-
tion of an automatic trip device (i.e., be “Trip-Free”).4Fi:
nally, it also must be able to trip open a closed breaker
quickly enough to minimize arc erosion and in such a
manner as to effect proper arc transfer to the arc‘tunner.

The current-carrying members of the breakergare as-
sembled on the back frame, which provides the'mechani-
cal support required and also the insulating " structure
needed. The conductive members are the studs for exter-
nal connections, movable and stationary ‘contact sets,
pivots for the movable contacts, and provision formounting
the current transtormers.

The interrupter components are, in‘addition to the arcing
contacts, the arc runners mounted“on the back base and
the removable arc quencher assemblies.

In addition to these basic components, a breaker may be
equipped with any combination of many accessones and
interlocking devices. Breakers'may also differ in a vanety
of areas as shown in'Table 1hA brief description of these
areas is given below.

2.1 FRAME SIZE

The breakers are available in 5 frame sizes — 800 am-
peres A.C(AKR 30'30H, AKRU 30), 1600 amperes A.C.
(AKR 607"60H, AKRU 50), 2000 amperes AC (AKRT
50/50H), 800 amperes D.C. (AKR 30) and 2000 amperes
D.C(AKR 50).

FIG. "— Manually Operated AKR-4A-50-1

These values represent the maximum continuous cur-
fent capability of the respective frames. However, each

breaker carries a specific ratingwhich is determined by the .~

current sensor ampere rating or top setting of the trip
device with which it is equipped.

2.2 OPERATION

There are Manual and Electrical breaker models. The
Manual breaker, shown in Fig. 1, has an operating handle
which is used to manually charge the mechanism closing
spring.

The Electric breaker, shown in Fig. 2, contains an elec-
tric motor which charges the mechanism closing spring.
External control power is required to energize this motor
and its control circuit. A nameplate indicates what voltage
1s required by the motor circuit.

2.3 FUSED/NON FUSED

Fused breakers are identified as either AKRU 30 (800
ampere frame size) or AKRU 50 (1600 ampere frame size).
A fused breaker 1s shown in Fig. 3. They are not inter-
changeable with Non-Fused breakers, since they require
deeper compartments for their fuses.

kS



FIG. 2 — Electrically Operated AKR-5B-30 FIG. 3 — Fused Breaker AKRU-6D-30

SECONDARY
DISCONNECTS

PRIMARY
DISCONNECTS

FIG. 4 — Drawout Breaker



SECTION 2—General Description (Cont.)

24 MOUNTING

Type AKR breakers are designed for either drawout or
stationary mounting. Drawout breakers (See Fig. 4) are
equipped with features which make them easy to install in
or withdraw from their associated switchgear equipment.
These features are a racking mechanism (which facilitates
inserting and withdrawing the breaker unit) and primary
and control power disconnects which connect and part
automatically. Interlocking devices are included.

Stationary breakers are designed to be mounted on a
framework or panel, with mechanical fasteners being used
to secure the breaker frame and make power connections.
If control power connections are needed, a suitable termi-
nal board is supplied.

The mounting type is identified by the second middle
digit in the breaker's nameplate designation as follows:

AKR-5 ( f )-30
Mounting type code letter per Table 2

TABLE 2 MOUNTING TYPE CODES

Breaker Type

Code
Letter Drawout Stationary
A AKD-5 _
AKD-6
B Substructure -
AKD-8 -
Substructure —
S — X

- !

195 A 34811
FIG. 5 — CERAMIC ARC CHUTES

2.5 TRIP DEVICE

There are 4 types of solid-state, direct=acting, self-
powered trip device systems associated with ’AKR break-
ers. These systems are for AC applications only. For DC
applications an electro-mechanical system is available.

The trip device system is identified by the first middle
digit in the breaker's nameplate designation as follows:

AKR-( f)_B-SO

Trip device code'number per Table 3

TABLE 3 TRIP DEVICE CODES

CODE TRIP
NUMBER DEVICE APPLICATION
2 - EC DC
3 Power,Sensor’ AC
4 ECS AC
5 SST AC
6 Microversa Trip AC

'‘PowertSensor devices are discontinued. See publications
GEK-7309 and'GEK-7301 for detailed servicing procedures

2.6% MODEL NUMBER

Type AKR breakers (see Table 2) exist as either nomodel .
number of “-1” versions. For example AKR-5A-30H or
AKR-5A-30H-1.

The difference between these models is their arc chute
construction. The arc chutes in the no model number break-
ers have a two piece porcelain frame and use 2 arc chute
retainers, see Fig. 5. The “-1" breaker arc chutes have aone
piece molded polyester glass frame and 1 arc chute re-
tainer, see Fig. 6.

All AKRT50H breakers use only molded arc chutes.

. R
Ly R

- Irw

755[/)09 Pl
FIG. 6 — MOLDED ARC CHUTES




27 SHORT CIRCUIT RATINGS

Short circuit ratings vary with the applied system vol-
tage. On 240 VAC systems they are also dependent upon
whether the overcurrent trip device contains an instan-
taneous trip element. See Table 4.

TABLE 4 — BREAKER INTERRUPTION RATINGS

3¢ INTERRUPTION RATING
RATED KA RMS SYMMETRICAL
FRAME MAXIMUM WITH |
SIZE BREAKER VOLTAGE INSTANTANEOUS | INSTANTANEOUS SHORT
(AMPERES) TYPE (60 HZ AC) TRIP TRIP TIME
635
AKR 30 508 30 30 30
800 254 42
AC 635
AKR 30H 508 42 42 42
254
635 42 42
AKR 50 508 50 50 50
1600 254 65
AC 635 50 50 50
AKR 50H 508
254 65 65 65
635
AKR 50H-1 508 65 65 65
254
. 635 50 50 50
AKRT 50 508 65 65 65
2000 254
AC 635
AKRT 50H 508 65 65 65
254
800 AKRU 30 600 200 200 -
1600 AKRU 50 600
800 DC AKR 30 300vDC 25! . 25
2000 DC AKR 50 300 vDC 507 50

‘With 40-800 Amp Trip Coils
With 200-2000 Amp Trip/(Coils
3Consult Factory For, Application Data




SECTION 3—Storage

It is recommended that the breaker be put into service
immediately in its permanent location. If this is not possi-
ble, the following precautions must be taken to insure the
proper storage of the breaker:

1. The breaker should be carefully protected against
condensation, preferably by storing it in a warm dry room,
since water absorption has an adverse effect on the insula-
tion parts. Circuit breakers for outdoor switchgear should
be stored in the equipment only when power is available
and the heaters are in operation to prevent condensation.

2. The breaker should be stored in a clean location free
from corrosive gases or fumes. Particular care should be
taken to protect the equipment from moisture and cement
dust, as this combination has a very corrosive effect on
many parts.

CAUTION: IF THE BREAKER IS STORED FOR
ANY LENGTH OF TIME, IT SHOULD BE INSPECTED
PERIODICALLY TO SEE THAT RUSTING HAS NOT
STARTED AND TO ASSURE GOOD MECHANICAL
CONDITION. SHOULD THE BREAKER BE STORED
UNDER UNFAVORABLE ATMOSPHERIC CONDI-
TIONS, IT SHOULD BE CLEANED AND DRIED OUT
BEFORE BEING PLACED IN SERVICE.

SECTION 4—
Drawout Breaker Interchangeability

In general, drawout breakers of the sametype and rating
are interchangeable in their equipment compartments;
drawout breakers of different frameysizesyare not inter-
changeable. To prevent insertingsthe wrong type breaker
into a drawout compartment, suitable “‘rejection hardware”
is affixed to each breaker and.ts‘compartment. Figure 7
shows a typical rejection bracket which aligns with a rejec-
tion pin in the drawout¢ail (Fig. 8) When the wrong type
breaker is inserted int6 a compartment the bracket and pin
do not mate. preventing the breaker from seating itseltf into
the drawout rails.

There 1s one exception to the above Breakers of the
same frame size having different short circuit ratings may
be interchanged in gne direction onty

a. An AKR-30H can be inserted into an AKR-30 compart-
ment(

b. An AKR:50H can be inserted into an AKR-50 compart-
ment.

c. An_AKR-50H-1 can be inserted into an AKR-50 and
AKR-50H compartment.

d. An,AKRT-50H can be inserted into an AKRT-50 com-
partment.

10

The rejection hardware prevents the converse“of a.
thru d. above.

A detailed description of the rejection pinand.bracket
combinations used is given in Installation\manual, GEI
86150.

TYPICAL REJECTION BRACKET

FIG. 7 — DRAWOUT BREAKER
REJECTION SYSTEM

FRONTOF _ __|
COMPARTMENT

FRONT

PIN IN SLOT

POSITION A

RAIL

PIN

RIGHT SIDE

FIG. 8 INSERTING THE BREAKER



SECTION 5—Breaker Operation

A breaker may be equipped to operate either manually
or electrically. Both types of operation result in the same
fast-closing movement as far as the contact action is
concerned. The variation is in the way energy is stored in
the closing spring, and how it is released.

5.1 MANUAL CLOSING

Manually operated AKR breakers are constructed with
front-mounted handles. Handle operation resets the
mechanism and fully charges the closing spring. A com-

plete charge is accomplished in either cranking the han- -

dle through one cycle (135-degree swing) or three cycles
(50-degree swing). Manually operated breakers manufac-
tured after July, 1984 can only be charged by cranking
the handle through one cycle. The CLOSE button
mounted on the escutcheon, is used to manually close
the breaker contacts and the TRIP button is used to open
them.

If equipped with a closing solenoid, a manual breaker
may be closed remotely by a control switch or relay.
Before this can be done, however, the closing spring has
to be charged by hand. The closing solenoid is an op;
tional accessory and is not supplied unless specified in
the breaker order.

CONTROL
SOURCE

r———"

T

d1

M HOH

5.2 ELECTRICAL CLOSING

On electrically operated breakers the closing springs are
charged by a gear motor. With the springs, discharged,
voltage applied to the control circuit will energizeithe motor
through the “G” switch contacts — see Figy9. The motor,
through the gear reduction output crank, compresses the
closing springs until they are fully charged. As this fully
charged position is reached, mechanically operated
switches “F" and “G" reverse their,shown position, the “G"
switch deenergizing the motor/andsthe “F"” switch estab-
lishing a circuit to the “X%relay. At the same time, a
mechanical prop is positioned‘to prevent the discharge of
the fully charged closing/spring.

With the closing spring. propped fully-charged, the
breaker is ready for closing. This may be accomplished
electrically by depressing the closing switch on the breaker
(if so equipped) orby,a remote closing switch. Operation of
the closing switch energizes the “X" relay, which in turn
energizes the,closing solenoid. This removes the prop,
releasing the closing springs to close the breaker.

As the closingrelay is energized, it energizes anti-pump
relay “W:. Ifithe closing switch is maintained closed, the
anti-pump relay will remain picked-up to prevent a second
closing, operation on the breaker in the event it is tripped
open automatically. The closing impulse must be released
and reapplied before a second closing operation can
occur.

The closing springs on electrically operated breakers
can be manually charged. The breakers can also be man-
ually closed. Refer to Section 5.4 for this procedure.

FU
TRIP LEGEND
CC — CLOSING SOLENOID
F—CUTOFF SWITCH, CLOSED
WHEN CLOSING SPRING IS
FULLY CHARGED.
N G — CUTOFF SWITCH OPEN WHEN
CLOSING SPRING IS
FULLY CHARGED
L— AUXILIARY SWITCH
M — CHARGING MOTOR
PB — CLOSE PUSHBUTTONON
BREAKER ESCUTHEON.
OPTIONAL.
TC — SHUNT TRIP DEVICE
TC W — ANTI-PUMP RELAY

X — CONTROL RELAY

FIG. 9 — ELEMENTARY DIAGRAM FOR ELECTRICALLY OPERATED DRAWOUT BREAKER.
CONTACT POSITIONS ARE SHOWN WITH BREAKER OPEN AND CLOSING SPRINGS DISCHARGED.

11



5.2.1 ALTERNATE CONTROL CIRCUIT

Later production breakers use the electrical control
circuit shown in Fig. 9A for all control voltages except
250 volts D.C. which uses the circuit shown in Fig. 9.
This alternate control circuit eliminates the X-relay and
CC switch shown in Fig. 9.

The motor is energized through the ‘G’ cutoff switch
and the K-relay contact. The motor is deenergized when
the ‘G’ cutoff switch changes state which occurs when
the closing spring is fully charged.

With the closing spring propped fully-charged, the
breaker is ready for closing. This may be accomplished
electrically by depressing the closing switch on the

1

breaker (if so equipped) or by a remote closing switch.
Operation of the closing switch energizes the,K-relay.
which in turn energizes the closing solenoid. This
removes the prop, releasing the closing springs to close
the breaker. The ‘F’ cutoff switch is only installed on
breakers using D.C. control voltage.

The anti-pump function is obtained through the nor-
mally closed K-relay contact inhe_motor circuit. If a
close signal is maintained afterthe breaker has tripped
open automatically, the K-relayyis energized preventing
the motor from charging the"¢losing spring. The closing
signal must be removed for approximately 1.3 to 2.0
seconds to allow the clesing spring to charge.

LEGEND

CC'— CLOSING SOLENOID
F — CUTOFF SWITCH, CLOSED
WHEN CLOSING SPRING IS
FULLY CHARGED (D.C. ONLY)
G — CUTOFF SWITCH, OPEN
WHEN CLOSING SPRING IS
FULLY CHARGED.
L — AUXILIARY SWITCH
M — CHARGING MOTOR
PB — CLOSE PUSHBUTTON ON
BREAKER ESCUTCHEON.
OPTIONAL
TC — SHUNT TRIP DEVICE

K — ANTI-PUMP RELAY

FIG. 9A. ALTERNATE ELEMENTARY DIAGRAM. CONTACT POSITIONS ARE
SHOWN BREAKER OPEN AND CLOSING SPRINGS DISCHARGED.

12



5.3 MECAHNISM OPERATION

Figure 10 shows the mechanism components in the
Closed, Tripped and Reset positions. The closing spring
is shown in the charged position in all of these details.

Closed Position — As shown in Fig. 10A, the movable
contacts are held against the stationary contacts by the
toggle linkage. The toggle linkage is held in position
through the engagement of its cam rollers, item no. 5,
with the prop, item no. 2 and the secondary latchl/trip
latch, item nos. 14 & 11.

Tripped Position — The mechanism goes from the
Closed position to the Tripped position, shown in Fig.
10B, when the trip shaft, item no. 10, is rotated by either
the manual trip button or one of the other trip devices.
The trip latch, item no. 11 is assembled to the trip shaft.
When the trip shaft rotates, the trip latch disengages
from the secondary latch roller. The secondary latch
pivots, resulting in the collapse of the toggle linkage.
This collapse along with the opening spring, item no. 15,
causes the breaker contacts to open.

Reset Position — The mechanism is shown in Fig.
10C. The cam, item no. 3, which is assembled to the cam
shaft, item no. 4, is rotated by the charging motor,
manual operating handle, or maintenance handle. The
cam engages the cam roller and partially extends the
toggle linkage. This allows the secondary latch to pivot
against the front frame as shown leaving a gap between
the trip latch and secondary latch roller. The secondary
latch is now in a position to engage with bothéthe top
latch and cam roller.

The breaker closes when the closingWspring
discharges and rotates the cam against the cam rolier.
The toggle linkage is fully extended, pivoting the secon-
dary latch from the front frame and engaging it with the
trip latch and cam roller as shown in Fig. 10A.

When the breaker is closed and_the ‘¢€losing spring
discharged, the upper cam roller is supported by the cam
rather than the prop. This is theyposition the mechanism
must be in to check contact adjustment’refer to Sectior

FIG. 10A CLOSED

12 13 5 24 3
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| 3 s o g S W)

10N 14,5

2. Prop 11. Trip Latch

3. Cam 12. Insulated Coupling
4. Camshaft 13. Main Shaft

5. Cam Roller 14. Secondary Latch
10. Trip Shaft 15. Opening Spring

5.4 CHARGING USING THE MAINTENANCE
HANDLE

The closing spring on electrically operated breakers can
be manually charged by using the maintenance handle
(568B386G1) as shown in Fig. 11. The triangular socket in
the maintenance handle mates with the mechanism’s
camshaft extension on the front right side of the breaker.
Using the knob on the handle, it will probably be necessary
to align this socket to fit on the end of the shaft.

FIG. 11 — MAINTENANCE HANDLE
INSTALLED ON CAMSHAFT EXTENSION

13



SECTION 5—Breaker Operatlon (Cont ) ‘

i

IR -

FIG. 12 — ROLLER ENGAGED WITH CLOSING PROP

There is a ratchet assembly attached to the camshaft Rotate the camshaft using the maintenance handle until
extension. This ratchet is normally driven by the breaker’'s the ratchet assembly's roller engages with the prop. Do not
gear motor. A roller on this ratchet engages with a prop drive the roller against the prop with undo force. The
when the closing spring is fully charged and drivenfover breaker can now be closed by removing the prop from the <~
center, see Fig. 12. This holds the closing springyin/a roller. This is done by manually activating the closing
charged condition. solenoid's armature. Push the solenoid’'s armature into its

windings. See Fig. 13.

pUSH ARMATURE ASM INTO SOLENOlD CORE
PR

FIG 13— MANUAL OPERATION OF CLOSING SOLENOID

14



SECTION 6—Interlocks

AKR breakers are equipped with safety interlock devices
that are required by Industry Standards and Certifying Au-
thorities. Interlock devices for special applications are also
available as options. The standard interlock devices de-
scribed below are used only on drawout breakers. Station-
ary breakers have no required interlocks.

6.1 RACKING MECHANISM INTERLOCK

The function of the racking mechanism interlock is to
prevent the breaker from moving from its CONNECTED
position before it is in the OPEN position.

The racking mechanismdrive shaftis located behind the
RACKING SCREW cover shown in Fig. 14. This cover
must be slid to the right to gain access to the drive shaft.
When the breaker is in the CLOSED position, a link en-
gages the RACKING SCREW cover preventing it from
being opened. This link is driven by the motion of the
OPEN/CLOSED indicator as shown in Fig. 15.

The TRIP button also engages with the RACKING
SCREW cover in both the OPEN and CLOSED positions;
Theretfore, the TRIP button must be pushed in before the
cover can be opened. This will open the breakef if it was
closed and also remove the OPEN/CLOSED linkage dis-
cussed above.

When the RACKING SCREW cover is open it halds the
TRIP button in. This keeps the breaker trip-free so a
mechanism closing cycle will not cause contact movement
especially wnen the breaker is being rackedsin or out.

FIG. 14-A — RACKING SCREW

N
|

.~ @ e
2. e

FIG. 14-B
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SECTION 6—Interlocks (Cont.)

Huacng
2 DAY batanya

{ ‘
F RACKING
€ serew

FIG. 15
RACKING SCREW COVER INTERLOCK
CLOSED POSITION

6.2 POSITIVE INTERLOCK

The function of the positive interlock is to keep,the
breaker trip-free while itis being racked in or out between
the CONNECTED and TEST positions.

The positive interlock is located on the breaker's left side
as shown in Fig. 16. As the breaker moves between the
CONNECTED and TEST positions, the positivedinterlock
engages with a ramp cam located in the breaker compart-
ment. This camraises the interlock’s lever assembly caus-
ing the trip shaft to move and preventingthe triplatch from
engaging with the secondary latch assembly roller. The
breaker 1s held trip-free and cannot beiclosed during this
interval.

6.3 CLOSING SPRINGINTERLOCK

The function of the closing, spring interlock is to dis-
charge the closing spnng as)the breaker 1s being racked
out of its housing This elminates the hazard of a com-
pletely charged breaker being discharged after the breaker
is removed from its compartment

The ope€ration of the closing spring interiock 1s shown in
Fig. 17,The, racking mechanism arms and the crank are
conneCtedto.a common shaft. As the breaker 1s racked out
a pimattached to the crank moves through the slot in the
linkage. The iinkage 1s connectedto a lever whichengages
witha,pin on the closing solenoid armature inkage. When
the, racking mecharsm approaches the DISCONNECT

16

FIG:\16— POSITIVE INTERLOCK

position, the crank’s pin reaches the end of the slot in the
linkage.“Continued motion of the racking mechanism
causes the linkage to rotate the lever which moves the
closing solenoid armature forward. The armature linkage
then releases the prop, discharging the closing spring.

The Closing Spring interlock should be adjusted to
cause the closing spring to discharge when the racking
mechanism is a minimum of 1 and a maximum of 2%
turns short of the fully racked out position. In this position
the racking handle can no longer be turned. If adjustmentis
required, use the linkage adjusting screws shown in
Fig. 17.

Note — undue force on the racking handle at the fully
racked out position will cause the lever to move past the
pin on the armature linkage. This will bind up the overall
interlock. Under these conditions, continued application
of this force will deform the linkage assembly. A later
lever design (shown in Fig. 17) includes a stop which pre-
vents the lever from moving past the pin. When the pin is
against this stop, undue force may still deform the link-
age assembly.



204

RACKING MECHANISM
ARM

Breaker Racked In — Lever And Armature
Linkage Pin Not Engaged

ADJUSTING
SCREWS

Breaker Being Racked Out —
Lever Activates Armature Linkage

FIG. 177 — CLOSING SPRING INTERLOCK

6.4 DISCONNECT POSITION INTERLOCK

The function of the Disconnect Position Interlock is to
block the RACKING SCREW caver open when the racking
mechanism is in the DISCONNECTED position. When the
cover is held open, the TRIP button is depressed. The
mechanism is held trip-free and there is no contact arm
movement when the closing spring is discharged by the
Closing Spring interlock.

The operation of this interlockfis)shown in Fig. 18. A
crank, which is attached to the racking mechanism shatt, is
connected to the blocking platethrough a link. As the shaft
turns, the blocking platefotates; holding the cover open in
the DISCONNECTED, position, but allowing it to close in
the TEST and CONNEGCTED positions.

. )
FIG. 18 -
DISCONNECT POSITION INTERLOCK

CRANK gl

6.5 PADLOCKS

Provisions are made in all breakers to use padlocks to
prevent the breaker from being closed. For non Type B or D
breakers the padlock shackle goes through the TRIP but-
ton hole and out the slot in the side of the escutcheon. For
Type B or D breakers the padlock shackle goes through the
TRIP button hole and out the RACKING SCREW cover
hole in the deep escutcheon. In either case, the shackle
holds the TRIP button in keeping the mechanism trip-free.

17



SECTION 6—Interlocks (Cont.)

6.6 KEY INTERLOCK-STATIONARY
BREAKER

The function of the Key Interlock is to prevent an open
breaker from being closed when the lock bolt is extended
and its key is removed.

The operation of this interlock is shown in Fig. 19. When
thebreakeris in the OPEN position, the end plate assembly
on the main shaft pivots the lever counter-clockwise. This
removes the pin on the lever from blocking the lock bolt.
Extending the lock bolt rotates the linkage which moves the
trip shaft, preventing the mechanism from closing the
breaker. :

Lock

End Plate
Pin

Lock Bolt
Pin

Lever

onhwb

6.7 OPTIONAL INTERLOCKS

The optional interlocks are key interlocks anddoorinter-
locks. Ondrawoutbreakers, thesedevices are mounted in
the equipment and are part ofithe bréaker enclosure. Pad-
locks may be used to lock the “inner” house in the “discon-
nected” position.

When the breaker is in*the [CLOSED position, the
flywheel assembly is away from the lever. The lever is
spring loaded and rotates clockwise causingits pin to block
the lock bolt extension.

FIG. 19 =.KEY INTERLOCK—STATIONARY BREAKERS

SECTION 7—aBreaker Maintenance

SAFETY PRECAUTION

WARNING: BEFORE INSPECTING OR BEGIN-
NING ANYO\MAINTENANCE WORK ON THE
BREAKER, IT MUST BE DISCONNECTED FROM
ALL"VOLTAGE SOURCES, BOTH POWER AND
CONTROL, AND THE BREAKER MUST BE IN THE
“OREN" POSITION.

18

7.1 LUBRICATION

In general, the circuit breaker requires moderate
lubrication. The majority of the factory lubricated bear-
ing points and sliding surfaces are accessible for inspec-
tion and if necessary, cleaning and relubricating. The on-
ly lubricant used on the breaker for both electrical and
mechanical areas is General Electric specification -
D50HD38 (Mobilgrease 28).



SECTION 7—Breaker Maintenance (Cont.)

The areas requiring lubrication are:

1. Contacts — A thin film on the stationary and
movable contact assembly pivot surfaces. Refer to
Section 8.

2. Racking Mechanism — The drive threads, jamb
nut/trunnion interface, thrust washer/collar interface,
and the shaft support bearings. Refer to Section
7.13.

3. Manual Operating Handle — Lubricate the two pivot
areas associated with the adjustment linkage. Also,
the handle, mounting shaft/support bushing inter-
face. Refer to Section 7.2.

4. Flux Shifter — Lubricate pivoting and sliding sur-
faces of the reset linkage. Refer to Section 10.3.

5. Switchette — Lubricate the activator lever surface
that contacts the switchette button.

6. Mechanism — All accessible bearing and sliding sur-
faces that have been factory lubricated.

7. Primary Disconnects — Lubricate the finger contact
surface just prior to installing in switchgear or
lubricate and then cover the disconnect assembly to
protect from dust, dirt, etc. Refer to Section 7.5

Before lubricating, remove any hardened grease,or.dirt
from the latch and bearing surfaces. After lubricating,
remove all excess lubricant of dirt:or dust. The, use of
cotton waste to wipe bearing surfaces should,be “avoid-
ed. The cotton ravelings may become entangled,under
the bearing surfaces and destroy the surface of the bear-

ing.

7.2 MANUAL HANDLE ADJUSTMENT

On manually-operated AKR breakersysthe closing
springs may be charged either by a single 135 degree
clockwise handle stroke or up to four multiple strokes of
lesser swing. The following adjustment procedures should
be performed using the single-stroke method. By so doing,
proper muiti-stroke operation ‘issassured.

There are two handle adjustment linkage designs in use.
The adjustment linkage/connects the handle assembly to
the chain drive mechanismwhich turns the cam shaft. The
length of this linkage provides the handle adjustment.

If the link istoo long; the handle stroke cannotextend the
closing spring enough for it to go over center. In this event,
use the maintenance handle to complete the spring charg-
ing. The breaker can then be closed and opened prepara-
tory to further/shoertening of the link.

If the link isitoo short, one-stroke charging is not possi-
ble. However, more than one stroke will charge the
SPrings:

Theoriginal linkage design used a double-ended stud in
thelinkage center. A hex sectionin this stud allowed adjust-
ing with an open-end wrench. When looking down on the
breaker, turning the wrench clockwise iengthens the link.
The opposite motion shortens it. The range of adjustment
s 300 degrees. In the confined space available, each
wrench stroke imparts 15 degrees movement. The best
setting is approximately mid-range.

The present design is shown in Fig. 20. This linkage is
assembled together on a threaded stud. Adjustment is
accomplished by removing the upper linkage assembly
from the handle assembly and changing the linkage length
by turning the upper linkage up or down the threaded stud.

REMOVE THIS %
HARDWARE

\ :

' q il -
. THREADED \‘i/, .

STUD
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FIG. 20 — MANUAL HANDLE ADJUSTMENT
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SECTION 7—Breaker Maintenance (Cont.) '

7.3 DRAWOUT MECHANISM POSITION

Maintenance or inspection should be conducted with the
breaker on a workbench. The drawout mechanism mustbe
placed in the CONNECT position. This will deactivate the
various interlocks which would otherwise prevent the
mechanism or contacts from closing. Engage the racking
handle with the racking shaft and turn clockwise until it
stops.

Remember, before installing the breaker back into its
compartment, the drawout mechanism must be returned to
the DISCONNECT position.

7.4 SLOW CLOSING THE BREAKER

Closing the breaker slowly, while observing the action of
the mechanism and contacts, is a good way of judging the
correctness of mechanical and contact relationships.
Some of the maintenance procedures described later will
involve operating the breaker in this manner. The proce-
dure for slow closing is given below.

The closing spring must be isolated from the
mechanism's camshaft. This is done by disconnecting the
lower spring assembly from the mating camshaft linkage.
Remove the hex-head bolt as shown in Fig. 21. Remove
this bolt only with the mechanism in the DISCHARGED
position and the spring at its minimum extension.

Remove the hex-headbolt only, do notremave orlloosen
the slotted head screw shown in Fig. 21. Removal of the
slotted head will cause the closing spring to become dis-
engaged from the camshatft with considerable.force. Verify
that this screw remains tightened during the slow close
operation.

After the bolt is removed, use,the maintenance handle
to rotate the ratchet assembly’s toller onto the closing
prop (see Charging Using The Maintenance Handle, sec-
tion 5.4). At this point, the closing prop must be removed
by either pushing the CLOSE button on Manual breakers,
or pushing the closing, solenoid armature on electric
breakers (see Fig. 13)aWhen the closing prop is removed,
continue turning,the “camshaft. The contacts and
mechanism is in itsyfully closed position, the cam will
support the cam roller(refer to Fig. 10 & section 5.3) and
the contacts will develop maximum depression.

Push the, TRIP button to release the mechanism and
open(ithe contacts.

CAUTION — The mechanism and contacts will open

with,normal speed and force.

When replacing the hex-head bolt, tum the camshaft
with the maintenance handle to align the mating holes in
the lower spring assembly and camshaft linkage.

FIG. 21 — SLOW CLOSING—LOWER SPRING ASM HARDWARE



SECTION 7—Breaker Maintenance (Cont.)

7.5 PRIMARY DISCONNECTS

Primary disconnects are found only on drawout break-
ers. They provide the flexible connection between the
breaker's line and load terminals and the equipment’s line
and load terminals.

The 800 ampere breakers use four primarygdisconnect
fingers per phase. The 1600 and 2000 ampere breakers
use eight fingers per phase. Fig. 22 shows a'line and load
end disconnect assembly. The line end disconnects on
fusible breakers have the spring pointing downwards,
otherwise they are identical.

FIG. 22 — PRIMARY DISCONNECT
ASSEMBLY

FIG;, 24 — PARTIAL PRIMARY DISCONNECT

ASM

FIG. 23 — PARTIAL PRIMARY DISCONNECT
ASM

) SPACER —
'HOLE FORWARD

FIG. 25 — PARTIAL PRIMARY DISCONNECT
ASM
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SECTION 7—Breaker Maintenance (Cont.)

7.5.1 REPLACEMENT

Figs. 22, 23, 24, and 25 show the primary disconnect
assembly breakdown. Refer to these illustrations when
replacing the disconnects. Note the following details:

Fig. 25 — The position of the spacer in the breaker stud.
The hole in the spacer must be positioned as
shown so it will align with the holes in the clip.

Fig. 24 — The engagement of the fingers with the re-
tainer. Also the location of the ‘bowtie’ spacers in
the fingers, both upper and lower.

Fig. 22 & 23 — The position of the upper and lower
retainers and, again, the ‘bowtie’ spacers.

7.5.2 ADJUSTMENT

The primary disconnect assembly is factory adjusted to
apply a force of 85-105 pounds on a 1/2 thick copper bar
inserted between the upper and lower fingers. After instal-
lation of the disconnect assembly this force range is ob-
tained by tightening the locknuts to set the dimension
shown in Fig. 26. Note that this dimension is measured
between the top of the retainer and the underside of the
washer. Also note that no bar is inserted between the
fingers when setting this dimension.

7.6 AUXILIARY SWITCH

All electrically operated breakers and manual breakers
having shunt trips are supplied with auxiliary switches.
Depending upon the requirements of the breaker's applica-
tion, the switch may contain from two to six stages. Usually,
each stage has one “A” contact and one “B" contact. “A’
contacts are opened or closed as the breaker is opened. or
closed. “B" contacts are the reverse of this.

The auxiliary switch is mounted on the upper side of the
mechanism frame as shown in Fig. 27. A crank‘on the main
shaft operates the switch through an adjustable link which
connects it to the switch crank.

FIG. 26 —PRIMARY FINGER ADJUSTMENT

_ 2 &
S SH

FIG. 27 — AUXILIARY SWITCH LINKAGE

7.6.1 REPLACEMENT

The switch®may be dismounted by removing the two
bolts which fasten it to the mechanism frame.

The replacement switch should have its crank shaft set
so that, the‘arrow head on the end of the shaft points as
shown intFig. 28 when the breaker is open.

If ‘ayswitch is added to a breaker having none, the ad-
justing link will also have to be installed. This is connected
to the pin on the crank which is attached to the main shaft.
It'is secured by means of a cotter pin.

ARROW HEAD

FIG. 28 — AUXILIARY SWITCH—
CRANK SHAFT POSITION

7.6.2 ADJUSTMENT

If the adjustabile link is installed, its length should be set,
before installing, at 6 38 inches, between pin centers.

After installing a new switch, its operation should be
checked. Viewing the switch from above, the contacts
toward the front of the breaker are normally the “B™ con
tacts. Even if a special switch is used, it is always the case
that the first two stages nearest the crank have the “B”
contacts to the front, and the “A” contacts towards the
back. “A" contacts are closed when the breaker is closed.
“B" contacts are closed when the breaker is open.



Jo check the setting, arrange the breaker for “slow-
close” as described in Section 7.4. Through the use of a
continuity tester, observe the position of the breaker con-
tacts when the switch’s LI-LIC “A” contacts touch. At this
point the breaker’s arcing contacts must be within .250” &

& of closing.

Adjustment is made by disconnecting the upper end of
the adjustable link and varying its length as required.

7.7 SHUNT TRIP

The shunt trip device opens the breaker when its coil is
energized. An “A” auxiliary switch, which is closed only
when the breaker is closed, is in series with the device
coil. Connections are made to the external tripping source
through secondary disconnects on drawout breakers, or to
the auxiliary switch and terminal board on stationary
breakers.

The shunt trip is mounted to the underside of the
breaker front frame as shown in Fig. 29. A second shunt
trip may also be mounted to the frame (see Fig. 30) if a se-
;:_ond7%ndervoltage device isn't already installed, see Sec-

ion 7.8.

7.71 REPLACEMENT

If it is necessary to replace or add one of these devices,
the easiest procedure is to remove the mounting bracket,
shown in Fig. 29, from the breaker frame and remove the
device from the bracket. If a replacement or new device is
ordered, a mounting bracket will be supplied with the
device.

If a second shunt trip is added, this is mounted by
means of an additional bracket as shown in Fig£30. This
additional bracket is fastened by two of the hex head bolts
used to fasten the buffer assembly to the breaker frame.

7.7.2 ADJUSTMENT

When these devices are installed or replaced, their
positive ability to trip the breaker must be"demonstrated.
This is done by placing a 1/32-inch,shim between the ar-
mature and magnet of the device andimanually operating
the armature to trip the breaker.

If the shunt trip is not successful imythis test, check the
mounting fasteners to make sure,they are reasonably
tight. If they are, then bend the'trip paddle on the trip shaft
to slightly reduce the distance between the trip arm of the
device and the trip paddlegand recheck tor positive trip. If
this bending is necessary, be fcareful that it is not over-

done. Verify that there,is'a,.030"-.060" gap between the #, 060

trip arm and the trip paddle with the breaker closed. This
gap is necessary toprevent nuisance tripping.

7.8 UNDERVOLTAGE DEVICE

The undervoltage deivce trips the breaker when its coil
is de-energized. The leads of the coil are connected direct-
ly to secondary disconnects or to a terminal board. Under
nomal conditions, the coil remains energized and the
breaker_ may\be closed.

“Drop-out” of the armature, with resultant breaker tripp-
ing, occurs when the voltage is reduced to less than 60
percent of the rated voltage. An open armature will render
the breaker incapable of closing. The armature *picks up”
and allows closing, if the voltage is 85 percent or more of
its nominal value. Refer to Table 23, Section 14 for the ac-
tual drop out and pick up voltage ranges.

FIG. 29 — SHUNT TRIP AND
UNDERVOLTAGE MOUNTING

If the breaker is‘disconnected, and for some reason the
breaker is to beyoperated manually, the undervoltage
device may be'tied orwired down so that it will not cause
tripping.

The underyoltage device is mounted to the underside of
the breaker(front frame as shown in Fig. 29. A second
undervoltage may also be mounted to the frame (see Fig.
31)rif,a second shunt trip isn’t already installed, see Sec-
tionyZ.7.

if a second undervoltage device is added, a new buffer
assembly block will be supplied. This is required for
clearance, in this case, the buffer assembly must be taken
off, disassembled, and remounted together with the
number two undervoltage device. Before disassembling the
original buffer, carefully measure the distance between the
faces of the threaded members as shown in Fig. 31, and set
this dimension carefully on the new assembly. Refer to the
breaker wiring diagram for the coil lead connections.

7.8.1 REPLACEMENT

If it is necessary to replace or add one of these devices,
the easiest procedure is to remove the mounting bracket
shown in Fig. 29, from the breaker frame and remove the
device from the bracket. If a replacement or new device is

ordered, a mounting bracket will be supplied with the
device.

BREAKER
TRIP SHAFT FRONT FRAME

2ND SHUNT TRIP
MTG BRACKET

_____ - )
RIGHT
HAND
BUFFER
UFFER ASSEMBLY
SM
MTG
HARDWARE

FIG. 30 — 2ND SHUNT TRIP INSTALLATION
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FIG. 31 — 2ND UNDERVOLTAGE DEVICE

7.82 OPERATIONAL CHECK

When the undervoltage device is used as part of afshut
down circuit which opens the breaker by deenergizing, the
coil, the following operational check should be made. 1tiis
recommended that this check be performed every 12°mon-
ths or every 1750 operations for AKR 30 breakers'and 500
operations for AKR 50 / AKRT 50 breakers.

1. Check the trip latch engagement as described in Sec-
tion 7.15. Trip Latch Adjustment.
2 Check the torque required on the trip shaft to trip the

closed breaker. The value must be 24 inch-Ounces max-
imum.

3. Check the response time required t0'go from zero volts
across the urdervaitage coll to the breaker contacts open-
ing. This time should be 20 t0.50 milliseconds.

If steps 1 and 2 above are acCeptable, but the response
time is too high, refer to Section,7.8.3.

7.83 ADJUSTMENTS

it is recommended'that the following checks be made at
the intervals given in Section 782

1. Hold the armature against the magnet as shown in
Fig. 32A and check the following:

a.  The rivet can tum freely.

b. There,is\no binding between the armature pivot and
the shading rfing.

c. Theresis a .001 to .010 inch clearance between the
rivet and armature as shown in Fig. 32A.  This
measurement should be made at the outer edge of
the armature where its constant radius is closest to
the rivet.
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PICKUP
ADJUSTMENT

FIG.32A —UNDERVOLTAGE DEVICE

If excessive clearance or binding exists, loosen the
screws holding/the magnet assembly to the frame and
move the'magnetiup or down as necessary. Tighten the
screws to 27 to¥32 in-Ibs.

2. The airgap between the armature and magnet with the
undervoltage device de-energized should be 25 inches.
Checkthe gap by inserting a 201 + .005 diameter gage
between the armature and magnet as shown in Fig. 32B. If
necessary reset the air gap adjusting plate so that the gage
pin fits. Tighten the adjusting plate screw to 9 to 11 inches
and cover it with RTV. ‘

3. Check the pick up voltage level with the undervoltage
device mounted on the breaker. Refer to Table 23 for the
allowable voltage ranges. The voltage measurements
should be made at the breaker’s secondary disconnects
and with the undervoltage coil energized. The coil should
also be close to room temperature (approx. 20-24°C) when
taking voltage measurements. The coil resistaince will in-
crease asits temperature increases and will change the ac-
tual pick up level.

If necessary, the pick up level is changed by using the
adjustment screw shown in Fig. 32A. Remove the locking
wire, tum the screw clockwise to raise the pick up level and
counterclockwise to lower. Once the pick up level is set, in-
stall the locking wire. Allow the.coil to cool and then
recheck the pick up level with 3 quick measurements.

OPEN GAP
ADJUSTMENT

.201 = 005 DIA

FIG.328 — OPENGAPCHECK N

A

[



'‘When adjusting the pick up level on instantaneous dc
undervoltage devices, set the gap between the armature
and magnet to .030 inches using the adjustment screw as
shown in Fig. 32C. After setting the pick up level, use this
same adjustment screw to obtain the drop out setting.
Cover the adjustment screw locknut with RTV.

4. When this device is installed or replaced, its positive
ability to trip the breaker must be demonstrated.

CLOSED
GAP

ADJUSTMENT
FIG. 32C — CLOSED GAP CHECK

Undervoltage devices trip the breaker when the armature
opens. This causes an extension on the armature to strike
the paddle on the trip shaft. An extension of the other end
of the armature. When the armature is released, this exten-
sion stops against a stop which is factory set. To check
positive trip, the armature should be held down, the end of'a
1/32-inch diameter wire should be inserted against the stop,
and the armature released. If this trips the breaker; the/set-
ting is correct. The place to insert the wire is shown'in Fig.
32D. Note that only the tip of the wire is to be against the
stop.

If the undervoltage device does not have positive tripping
ability, the adjustment screw of the trip paddle assembly on
the trip shaft may be tumed in incrementsof half tums until
the check is successful.

When the undervoltage device is €losed and the breaker
mechanism is reset, there must be,clearance between the
trip paddie and the device armature.

7.9 STATIC TIME-DEEAY'UNDERVOLTAGE

The static time-delay undervoltage system consists of a
time-delay unit which“eontrols an instantaneous under-
voltage device. The time-delay unit is separately mounted
in the switchgear, and theundervoltage device is mounted
on the breaker. Table 5 lists the catalog numbers available.

INSERT WIRE
GAGE

ARMATURE

FIG. 32D — POSITIVE TRIP CHECK

If the a<, control voltage is any voltage other than
208/240Viac, a control power transformer (also remotely
mounted with respect to the breaker) must be used. This
must have a minimum rating of 100 volt-amperes.

When installed, the voltage to be monitored is connected
across terminals No. 1 and No. 2 of the static delay box.
The coil of the tripping unit is connected across terminals
No. 4 and No. 5 of the static box through the secondary
disconnects of the breaker. The secondary disconnects to
be used will be shown on the breaker wiring diagram.

No more than one undervoltage tripping device should
be used in conjunction with one static time-delay unit.

The static time-delay undervoltage can also be fumished
with a thermotector control unit. Overheating of motor win-
dings causes the thermotector, imbedded in the motor win-
dings, to open. This de-energizes the undervoltage device
on the breaker and drops the motor load.

7.9.1 ADJUSTMENTS

Iin the event the system fails, the following checks are
recommended to determine whether the undervoltage
device on the breaker of the static time delay unit is the
faulty component.

1. Check input voltages across terminals 1 and 2 on the
static box. See Table 5 for these values.

2. Check output voltages on terminals 4 and 5 with the
undervoltage device connected. See Table 5 for values.

TABLE S TIME-DELAY UNITS

CONTROL APPROXIMATE STEADY STATE | NOMINAL DC COIL
VOLTAGE DC OPERATING VOLTAGE RESISTANCE
TERMINALS TERMINALS (OHMS)
CAT)NO. 182 445 @ 25°C
TAKYUVT-1 Qo 125 vDC 50 440
TAKYUVT-2 250VDC 100 1600
TAKYUVT-3 G =4 208/240 VAC 110/125 1600
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3. Check resistance of the disconnected undervoltage
device. See Table 5 for values.

See instruction Sheet GEH4545 for more detailed infor-
mation, including schematic diagrams and circuit descrip-
tion.

The undervoltage device must be calibrated through the
time-delay unit after the device pick up has been adjusted.
A .008 inch minimum closed gap must exist between the ar-
mature and magnet as shown in Fig. 32C. Refer to Section
7.8.3 and Table 24.

7.10 ELECTRIC LOCKOUT DEVICE

The electric lockout device utilizes an undervoltage
device to keep the breaker from resetting its mechanism if
the breaker is open and the undervoltage device coil is not
energized. The breaker thus cannot be closed unless
voltage is on the coil. Once the breaker is closed, loss of
voltage will not trip the breaker because, in the closed posi-
tion, a mechanical link is used to hold down the armature of
the device. See Fig. 33. This arrangement provides a
means of electrically interlocking two breakers so that they
cannot be closed at the same time. Each undervoltage coil
may be wired in series with a “B” auxiliary switch contact
on the other breaker for cross-interlock purposes.

On each breaker having an electric lockout, an arrange-
ment is made which will allow breaker closing with the coil
de-energized. This is provided to allow “start-up” on “dead”
systems. Figure 34 shows this device. The push slide
shown is located in the opening in the lower part/©f the
escutcheon. This breaker door must be opened, to'gain
access to it.

MAIN SHAFT
(BREAKER CLOSED)

FIG. 34 — ELECTRIC LOCKOUT BY-PASS

P
T

!
ey
i
S

N »
SN TO
o8 . DEFEAT

LOCKOUT

O

(O 48D
v a e DY

FIG. 33 — ELECTRIGLOCKOUT DEVICE

71 BELL ALABM

This device is usedito give a remote indication of the
breaker's having tripped open through the action of one of
its automatic protective devices. It will not be activated by
manual tripping or the action of the shunt trip. A remotely
mounted protectiverelay energizing the shunt trip will there-
fore not resultjin the remote alarm action.

The bell,alarm circuit may be tumed off by pushing in the
manualtrip orby energizing the shunt trip. In the latter case,
a normally ‘open contact of the bell alarm switch must be
wired in‘parallel with the “A” auxiliary switch contact in the
shunt-trip circuit. Closing the breaker will also tum off the
alarm.

Jhe bell alarm device may be equipped with a lockout
link which will lock the breaker open until the bell alam
device is reset.

The bell alamm is not a standard device and is supplied
only when specified on the breaker order.

711.1  OPERATION

Referring to Fig. 35: the bell alarm mechanism is ac-
tivated by a crank which is assembled to the breaker's main
shaft. When the breaker opens, a pin attached to this crank
moves the alarm link against the switch and locklever (if
provided). This activates the switch contacts. It also moves
the locklever adjustment screw against the trip shaft paddie
keeping the breaker trip free.

LOCKLEVER
UPPER LATCH
ADJUSTMENT
SCREW
SIOE LATCH
LATCH ENGAGEMENT . =
POINT R NV

FIG. 35 — BELL ALARM DETAILS
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The mechanism is reset by disengaging the side latch
link from the upper latch link or by closing the breaker if a
locklever is not provided. The side latch link, is activated
only by pushing the TRIP button or operating the shunt trip.

A slide attachment on the TRIP button shaft moves
against the side latch link when the TRIP button is pushed.
This slide attachment is factory adjusted to activate the
side latch before the breaker is tripped. A second arm on
the shunt trip also activates the side latch link when the
shunt trip is energized.

7.11.2 ADJUSTMENTS

If a breaker is equipped with a bell alarm/lockout device
originally, all the adjustments are made at the time of
assembly. Switch operation is controlled by means of
shims of insulating material placed between the switch
body and the bracket to which it Is fastened. The adjust-
ment screw is positioned so that when the locklever is in its
activated position, it holds the breaker mechanism latch in
the tripped position.

Check that TRIP button shaft and shunt trip operations,
besides tripping the breaker, displace the side latch and
prevent the bell alarm switch from operating. The other trip
devices and interlocks must activate the bell alarm when
they open the breaker.

The bracket assembled to the TRIP button shaft must be
adjusted so that it will displace the side latch“when or
before the shaft opens the breaker. Maintain ‘a,.030%nch
minimum gap between the bracket and the sidejlatch,when
the breaker is closed. A .187 inch depressionofithe TRIP
button must not trip the breaker, but a .375 inch/must trip

the breaker and disilace the side latch|
- v >

W RELAY

X-RELAY
OR
K-RELAY

o A3 gt

is shown in Fig. A

FIG. 36A — ELECTRICAL CONTROL COMPONENTS

7.11.3 REPLACEMENT

The bell alarm Is mounted on the right hand'side of the
breaker at the rear of front frame. It isllocated under the
mechanism’s main shaft.

The bell alarm is removed by passing it through a cutout
in the rear bend of the front frame, slipping it between the
front frame and trip shaft and out through the bottom of the
breaker as follows:

1. Remove the 4 bell alamn mounting screws from the
bottom of the front frame:

2. If the crank which!Is/part-of the main shaft has a bell
alarm activating pin assembled to both sides, remove these
pins.

3. Insert the flat of the maintenance handle between the
top of the left'hand side buffer block and the end plate
assembly. This should eliminate any Interference from the
main shaftsduring,the bell alarm removal.

4. The trip'shaft must be moved to allow the bell alarm to
fit beteen It:and the front frame. Remove the retaining ring
holding the,right hand trip shaft bearing to the mechanism
frame,, Slide the bearing from the frame and along the trip
shaft. There will now be enough trip shaft movement to slip
the bell alam past.

5 1nstall the replacement bell alarm in reverse order.

6. Check the adjustments given in Section 7.112

A bell alarm with a lockout assembly or a bell alarm in-
stalled on a 2000 amp frame (AKRT 50/50H) breaker may not
work with the above procedure. If this is the case, the
breaker front and back frame will have to be seperated.

7.12 ELECTRICAL CONTROL COMPONENTS

The operation of the electrical control components is
described in Section 5.2. The location of these components

A UL

CHARGING
MOTOR

G SWITCH

3N\ Y & T

F SWITCH
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7.121 COMPONENT REPLACEMENT

To gain access to the electrical control components,
the breaker’s front escutcheon must be removed. Type B
and D breakers require that both the deep molded escut-
cheon and the shallow steel escutcheon be removed.
Before removing the front escutcheon on Type A or B
breakers, a supporting block should be placed under the
front frame to keep if from tlipping forward.

Referring to Fig. 36A, the X-relay or K-relay and F and G
switches are mounted on the same bracket. This mounting
bracket is fastened to the right-hand mechanism side frame
by two hex-head 1/4-20 screws. Removing these screws
allows the bracket to be pulled forward from between the
mechanism side plates. The W-elay must also be un-
fastened from the left side frame to allow enough freedom
for all the devices and the wiring hamess to be taken from
between the side frames. With the bracket removed, in-
dividual devices can be replaced easily.

The closing solenoid is mounted by means of mounting
bracket to the bottom of the breaker frame. The most con-
venient way to take off the solenoid is to remove the moun-
ting bracket and then disconnect the solenoid from the
bracket. The pin connecting the armature to the closing
link must also be removed.

The charging motor is secured through three spacers to
the mechanism frame. The front mounting bolt is accessi-
ble using a socket and universal joint through the opening
in the side of the breaker’s frame. The upper rear mounting
bolt is accessible using a socket and universal joint over
the top of the frame. The lower rear mounting bolt,is ac-
cessible using a socket and universal joint throughithe
opening in the frame's side by the buffer assembly:Slow:
close the breaker to move the flywheel assembly out/of the
way.

The ratchet on the camshaft is removed by driving out
the roll pin which fastens it to the camshaft. “Before this
can be done, the charging motor must be removed and the
closing spring arranged for “slow-<closing” as described
earlier. Tum the camshaft, using the‘maintenance handle,
until the roll pin is well started, tum the camshaft to gain
enough space for the roll pin to clear the breaker frame.
Before removing the ratchet note“the position of the
ratchet's roller or mark the ratchet'sthub and the camshaft.

When replacing the satchet, ‘bessure it is oriented with
respect to the camshaft as, it was originally and not displac-
ed 180 degrees. Align the mark made on the hub with the
mark on the camshaft or. position the roller as it was. If the
ratchet is dispiaced 180 degrees, the holes in the ratchet’s
hub will not completely line up with the holes in the cam-
shaft.

The driving‘pawl! I1s assembled to the charging motor's
drive pin as{shown in Fig. 36B. To replace the driving pawl:

1. Removeithe charging motor.

2. Remove the retaining ring from the drive pin. Slip off
the components.

3nWipe off any grease or dirt from the drive pin. DO NOT
LUBRICATE.

4..Install the components as shown.
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1. RETAINER RING 4. SPRING WASHER

2 WASHER4010” 5. WASHER .032"
3. PAWL ASM 6. MOTOR DRIVE PIN

FIG. 36B(—/DRIVING PAWL ASSEMBLY DETAILS

The,holding pawl pivots on a pin which is assembled to
the mechanism frame. Refer to Fig. 36C. To replace the
holding pawl:

1¢Remove the front escutcheon for accessibility.

23Using the maintenance handle, rotate the ratchet
enough’to disengage the holding pawl.

3. Remove the retaining ring and washer from the pivot
pin.

4. While holding the spring pressure from the holding
pawl, remove the existing pawl and slip on the new pawil.

5. Install the washer and retaining ring.

6. Verify that the holding paw! engages a minimum of 4
ratchet laminations.

7. Verify that the holding paw! pivot pin is perpendicular
to the mechanism frame. The hardware which assembles
the pivot pin to the frame must be torqued to 250 in-lbs
minimum. [f this hardware must be retightened, add LOC-
TITE 290 to the shaft threads.

8. Install the front escutcheon. Tighten the escutcheon
hardware to 80 = 10 in-lbs.
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1. MECHANISM FRAME
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3. SPRING

4. WASHER .032"

FIG. 36C — HOLDING PAWL ASSEMBLY DETAILS
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7.12.2 F AND G SWITCH ADJUSTMENT

For proper electrical operation, the F and G mechani-
cally operated switches must operate at the proper point in
the closing cycle. If these switches are to be replaced,
measure the distance between the tip of the switch button
and the bracket on which they are mounted. When the new
switch is mounted, duplicate the measured dimension,
then check for proper operation.

When a normal closing operation occurs, the ratchet
usually comes to a stop with an arbitrarily designated
ratchet tooth No. 1, Fig. 37, engaged by the holding pawil.
This tooth is the one which is in line with an imaginary
line passing through the centers of the camshaft (2) and
the rivet opposite the roller on the ratchet assembly. It is
matter of no concern if the action stops on a different
tooth, but it is important to positively identify tooth No. 1
by the method described.

To check the switch action, after tooth No. 1 has been
identified, turn the camshaft with the maintenance handle
and count the teeth as they pass the holding pawl. By using
a continuity tester, observe when the switches operate as
the ratchet turns. The normally open F switch on the left will
close, and the G switch will open.

Electrical breakers should operate the switches while
moving from tooth No. 10 to tooth No. 11.

if this check shows that an adjustment is needed, the
switch to be corrected can be moved closer to or farther
away from the paddle which operates the switches. A very
thin open-end 5/8-inch wrench will be needed to Joosen or
tighten the nuts which fasten the switches to the bracket.

7.13 DRAWOUT MECHANISM

The drawout mechanism shown in Fig. 38 moves the
breaker through the DISCONNECTED, TEST, and CON-
NECTED positions. Fig. 39 shows how the" drawout
mechanism is mounted to the breaker!

As the racking handie is turned, theinternally threaded
trunnion moves on the screw, threads, rotating the hex
shaft, on the ends of which are fastened the arms which
engage the fixed pins in the drawout’enclosure.

The trunnion travels between the two jamb nuts on the
end of the screw, and thesadjustment sleeve, which stops
the trunnion movement atéthe other extreme point of its
travel. The trunniondis _against the jamb nuts when the
breaker i1s fully facked out and against the sleeve when
fully racked in{

The racking mechanism is adjusted at the factory as-
sembly operation so'that the action is stopped in either
direction at the precisely correct point. The jamb nuts are
set so that whenythe trunnion 1s against them the relation
betweenythe arms and the equipment pins they engage is
shownun Fig 38 The length of the sleeve, which is free to
slide on the'threaded shatt, 1s controlied by the amount of
thread'engagement between the sleeve and its collar. This
length 1s adjusted to stop the trunnion when the distance
between the ends of the equipment and breaker studs is
1032 to .218". After this adjustment is made, the sleeve
and its collar are locked together by the set screw.

FIG. 37 — LOCATION OF RATCHET TOOTH
NO. 1

WRMNNY
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LUBRICATION

JAMB NUTSW
TRUNNION

FIG. 39 — RACKING MECHANISM INSTALLED
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7.14 BUFFER ASSEMBLY

When the breaker is closed, the energy in the closing When the breaker is opened, the end plate assembly is
spring is transferred to the main shaft through the driven against the opposite end of the buffer assembly.
mechanism. The main shaft then drives the contacts  The buffer is a stop absorbing the opening energy of the
closed. The end plate assembly on each end of the main mechanism. See Fig. 41.
shaft is driven against the buffer assembly shown in Fig.

40. This prevents the mechanism from overdriving the
contacts.

FIG. 41 — BUFFER/END PLATE RELATIONSHIP—BREAKER OPEN

K}



SECTION 7—Breaker Maintenance (Cont.) NEOPRENE WASHERS

7.14.1 BUFFER ADJUSTMENT

Referring to Fig. 40, with the breaker closed and the
mechanism not reset, a .005” min. clearance must exist
between the end plate assembly and the buffer nut as
shown. This dimension is factory set. It can be reset by
tightening the buffer nut. Hold the nut with a
screwdriver and tighten using a socket on the bolt head
opposite the nut. When tightening this assembly don’t
over compress the neoprene washers by overtightening
the assembly. These washers absorb the breaker open-
ing shock.

Referring to Fig. 41, with the breaker open, a .040”
maximum clearance can exist between either of the end
plate assemblies and the buffer bolt heads as shown. |f
a larger clearance exists, close it up by unscrewing the
buffer assembly involved.

WASHERS

Fig. 42 shows a buffer assembly prior to being installed
in a breaker. The dimensions given establish the number of ) SR
spacers that are used. 73

7.15 TRIP LATCH ADJUSTMENT I 1.93 ]

The reset position of the trip latch is set by the adjust-

ment screw shown in Fig. 43. The adjustment is correct if
three and one-half turns of the adjustment screw causes a FIG. 42 — BUFFER ASSEMBLY

closed breaker to trip. If this check is made, the screw must
then be set back, or unscrewed, three and one-half turns.

ADJUSTMENT Sttt
SCREW

FIG. 43 — TRIP LATCH ADJUSTMENT
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SECTION 8—Contact Maintenance

Breakers subjected to frequent interruption of high cur-
rents may eventually require replacement of their contacts.
The general rule for determining need of replacement is
the loss of one-half or more of the mass of the contact tip
material. Roughening or light pitting of the contact surface
does notindicate loss of ability to carry orinterrupt current.

When contacts are replaced, they must be adjusted to
ensure that the proper amount of force is developed be-
tween the movable and stationary contacts when the
breaker is closed. This is called the “wipe” adjustment.
“Wipe" is the distance through which the stationary con-
tacts move when the breaker closes. It is measured bet-
ween the point of contact on a stationary contact when the
breaker is open, and the position of the same point when
the breaker is closed. The actual wiping motion is greater
because the contacts over-travel. “Wiping” imparts a slid-
ing or “scrubbing” action to the contacts.

The wipe adjustment influences proper arc transfer dur-
ing interruption of fault currents. “Transfer” of the arc is its
forced sequential movement from the intermediate con-
tacts to the arcing contacts to the arc runner and finally to
the arc quencher where itis dissipated and extinguished. It
is recommended that contact wipe be checked periodically
during normal maintenance inspections.

CAUTION: BEFORE DOING ANY OF THE, FOL-
LOWING CONTACT ADJUSTMENTSFAND “RE-
PLACEMENT WORK, MECHANICALLY »DIS-
CONNECT THE CLOSING SPRING»FROM THE
MECHANISM CAM SHAFT AS DESCRIBED UN-
DER SLOW CLOSING THE BREAKER; SECTION
7.4

8.1 ARC CHUTE REMOVAL
AND INSPECTION

There are two types of arc chute construction used on
the 800 thru 2000 ampere breakers. They are the ceramic
type shown in Fig. 5 and the molded type shown in Fig. 6.
The ceramic type uses a two piece¢porcelain frame to
enclose its intemal parts. The molded type uses a one
piece, glass-filled polyester frame:

The 800 ampere arc chute.is‘different from the 1600 and
2000 ampere arc chutefwhich'are identical. Therefore, the
800 ampere arc chute cannot be interchanged with the
160072000 ampere arc chute. Also note that a breaker must
have either all ceramicor all molded type arc chutes install-
ed, do not intermixyon the same breaker.

The arc chutes are held in place by retainers secured by
bolts throughithe mechanism frame. The ceramic type
uses twofretainers and the molded type uses only one. To
remove the'arc chutes:

1.Loesen"and back off the retainer bolt locking nut from
the mechanism frame. They do not have to be removed.

2 Loosen the retainer bolts until the retainer(s) can be
removed.

3-With the retainer(s) removed, lift the arc chutes off for
inspection.

Inspect each arc chute for excessive buming and erosion
of the arc plates and arc runner. Also look for fractures,
damage to the liner material used in the molded arc chute
and damage to the insulation material used in both arc
chutes. Check for any missing parts.

To install the arc chutes:
1. Replace the arc chutes over each pole unit.

2 Locate the retainer(s).

3. Tighten the retainer bolts until the arc chutes are
secure. There may be some side to side motion of the arc -
chutes, but there must not be any front to back motion.
Torque the retainer bolts to 30 in-lbs for the molded type arc
chutes and 60 to 100 in-lbs for the ceramic type. Do not
over tighten.

4. Tighten the locknuts against the mechanism frame
with 150 to 175 in-Ibs torque.



SECTION 8—Contact Maintenance (Cont.)

8.2 CONTACT ADJUSTMENT —
AKR 30/30H & AKRU 30

The contact structure of the AKR 30 and the AKRU 30
breakers is slightly different from the AKR 30H. Referring to
Fig. 44 A & B, both structures use one moveable contact GONTACT WIPE
arm, and two stationary arcing contacts. However, the ADJUST GAP AT | F - ADJUSTMENT
AKR/AKRU 30 uses three stationary main contacts and the ~ MEASUREMENT I_ D SCREW

AKR 30H uses four. 0'28 ':T.gz?)'

The following wipe adjustment procedure is applicable 1

to all AKR-30 types:
1. Open the breaker, remove arc quenchers.

2. Slow-close the breaker. The cam roller must be sup- } O UPPER CONTACT
ported by the cam and not the prop. Refer to section 5.3.
PIVOT

3. Select one pole and, using a flat or wire feeler gage,  gyp m—- 4TS _‘—m
i

measure the gap between the top contact and its pivot stud -
as shown in Fig. 45. As necessary, adjust the gap to 0.060
+ 0.020 inch by tuming the wipe adjustment nut shown in
Fig. 46. FIG.\45 = WIPE ADJUSTMENT 800 AMP
4. Once the gap dimension is set, verify that the torque CONTACT STRUCTURE
required to just tum the adjustment nut is greater than 40
in-bs. If less torque is required, carefully add LOCTITE 220
to the adjustment nut threads. Wipe off any excess LOC-
TITE. Once the LOCTITE is set, recheck the torque valve.

5. Repeat above procedure on the other pole units.
6. Trip the breaker.

pte—= 0.250° MEASUREMENT POINT

B WIPE ADJUSTMENT NUTE

¥ RETAINER
COUPLING PIN

SPRING
g PIVOT PIN

FIG. 46 — WIPE ADJUSTMENT NUT—800 AMP CONTACT STRUCTURE
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83 CONTACT ADJUSTMENT —
AKR 50/50H & AKRU 50

The contact structure shown in Fig. 47 is used by all
AKRS50 breaker types. This structure uses two movable
contact aqms. Each arm acts against a stationary arcing, a
stationary intermediate and three stationary mains.

The following procedure is used to perform the wipe ad-
justment.

1. Open the breaker, remove arc quenchers.

2. Arrange the breaker for slow-closing. The cam roller
must be supported by the cam and not the prop. Refer to
Section 5.3.

3. Select one pole of the breaker and place a thin sheet or
strip of tough insulating material, such as mylar, over the
stationary arcing and intermediate contacts. This strip
should be about two inches wide and must prevent the arc-
ing and intermediate contacts from making contact when
the breaker is closed.

4. Using the ratcheting-maintenance handle, slow-close
the breaker with the insulation held in place. Examine the
insulation to make sure it “over-hangs” below the in-
termediate contacts, but not enough to cover the main con-
tacts.

e ARC
RUNNER

STATIONARY INTERMEDIATE
CONTACTS

~

-~

F'( STATIONARY MAIN
s CONTACTS

; MOVABLE ARCING
CONTACT

5. Attach a continuity checker (bell-set, lighty=or ohm-
meter) between the upper and lower stud. The checker
should indicate continuity exists.

6. Facing the breaker, tum the wipe adjustment stud
shown in Fig. 47 clockwise until the chiecker indicates that
the main contacts are separated:

7. Tum the stud counterclockwise until the main con-
tacts just touch.

8. From this point, advance ‘the stud counterclockwise
270 degrees. This will be 4-1/2flats.

9. Once the adjustment isscomplete, verify that the torque
required to just tum the ‘adjustment nut is greater than 40
in-lbs. If less torque is,required, carefully add LOCTITE 220
to the adjustment nut threads. Wipe off any excess LOC-
TITE Once the LOCTITE is set, recheck the torque valve.

10. Trip the'breaker, remove the insulating strips.

114Repeat'the above procedure on the other two poles.

FIG. 47 — 1600 AMP CONTACT STRUCTURE



8.4 CONTACT ADJUSTMENT—
AKRT 50/50H

The contact structure shown in Fig. 48 is used by all
AKRT 50 breaker types. This structure is similar to the AKR
50 structure. There are two movable contact arms, each
acting against single stationary arcing and intermediate
contacts and four (not three) stationary mains.

There are two designs used to connect the movable
contact arms to the insulated link. This results in two con-
tact adjustment procedures depending on which design
the breaker has.

In the original design the two movable contact arms are
pin-coupled to a metal driving link whose opposite end is
threaded and screws directly into the insulating link. This
arrangement omits the wrench-operated wipe adjustment
stud provided on the AKR-30 and -50 frames. Instead, wipe
is adjusted by detaching the driving link from the movable
contact arms and then rotating it with respect to the insulat-
ing link.

On the AKRT-50 the proper amount of contact wipe
exists if, on a closed breaker, all of the stationary main
contacts have moved away from their stops. This condition
can be checked visually by removing the arc quenchers,
closing the breaker and verifying that all eight stationary
main contacts are “lifted off” their stops. Should wipe ad-
justment appear necessary, proceed as follows:

STATIONARY
INTERMEDIATE
CONTACTS

MOVABLE
ARCING

ADJUSTMENT
NUT

1. Open the breaker.
2. Arrange the breaker for slow-closing.

3. Selecting one pole, drift out the coupling pin and
detach the driving link from the movable contact arms.

4. Screw the driving link completely into the insulating
link.

5. Back out the drivingllink two'and one-half turns. Ex-
ceed this by whatever amount is necessary to properly
position the link within the“movable contact arms.

6. Install the coupling pin and retainer rings.
7. Using the “maintenance handle, slow-close the

- breaker and observe that all eight stationary main contacts

move away,fromitheir stops. If this condition is not
achieved, openithe breaker, again remove the coupling pin
and back outithe driving link an additional half turn.

8. Reassemble, reclose the breaker and recheck wipe.
9. Repeat the above procedure on the other two poles.

In the existing design, the metal driving link uses the
samevadjustment as the AKR 50. To perform the wipe
adjustment on this design follow the procedure forthe AKR
50, Section 8.3.

'STATIONARY
ARCING
CONTACTS

FIG. 48 — 2000 AMP CONTACT STRUCTURE
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SECTION 8—Contact Maintenance (Cont.)

8.5 STATIONARY CONTACT
IDENTIFICATION

The stationary arcing, intermediate, and main contacts
each have a different function during current conduction
and current interruption. For this reason, these contacts
are made using different material compositions. Also, the
different functions require that the contacts be replaced in
configurations shown in Figs. 44, 47 or 48.

Fig. 49 shows the stationary contacts and how they
differ from one another. The 800 amp main and arcing
contacts are rectangular, but the arcing contacts have
two of their corners notched. The 1600/2000 amp main
and intermediate contacts are rectangular, but the main
contacts have two of their corners notched. The inter-
mediate contacts have all four corners notched.

1600/2000 AMP
MAIN

1600/2000AMP
INTERMEDIATE

800 AMP ARCING

FIG. 49 — STATIONARY CONTACT CONFIGURATION



CONTACT REPLACEMENT —
AKR 30/30H & AKRU 30

Refer to Stationary Contact Identification, Section 8.5
before replacing any stationary contacts.

The stationary contacts are held in place by the contact
springs which pivot the contacts against the contact stop,
refer to Fig. 45. To replace contacts:

1. Remove the arc runner. It is secured by two screws
into the base and one screw into the contact stop.

2. Release each contact spring by holding the contact,
extending the spring, and removing it from the contact.
The end pieces on each spring have a small hole for inser-
ting a spring puller. A suitable puller can be fashioned by
forming a hook on the end of a length of .062" diameter
steel wire.

A spring puller is available for this use and may be
ordered under Cat. No. 286A8168G1.

3. Clean off the existing lubrication on the stud’s pivot
area. Replace with a small amount of DS50HD38 (MOBIL
28) before installing new contacts.

4. Torque the upper arc runner mounting screws to 45
=+ 5in-lbs. Torque the lower screw to 3540 in-lbs.

The movable contacts are removed as follows, referring
to Fig. 46.

1. Using a right angle tru-arc pliers, remove the tru-arc
retainer on the coupling pin. Drift out the coupling pin.

2. Remove the pivot pin hardware and spring from one
side of the pivot pin. Carefully remove the pivet,pin.

3. Slip out the contact arm.

8.6

8.7 CONTACT REPLACEMENT —

AKR 50/50H, AKRU 50 & AKRT'§0/50H

Refer to Stationary Contact Identification;:Section 8.5,
before replacing any stationary contacts.

The stationary intermediate and main contacts are
replaced just like the stationary contacts on the 800
ampere breakers. Refer to steps 2 &8 in Section 8.6

Referring to Fig. 50, the stationary arcing contacts are
replaced as follows:

1. Remove the arc_runner and the flat insulation
assembled undemeath theyarc runner. It is secured with
four screws. When removing the lower screws, use care
not to damage or misplace the insulating washer found
under each of these screws, see Fig. 50A.

2. Removethe, arcing contact pivot. Clean off the ex-
istinﬁ lubrication found on the %ivot area. Replace with
D50HD38 (MOBIL 28), see Fig. 50B.

3. Remove the Insulating spacers, contact pin and arc-
ing{Contacts, see Fig. 50C.

4. Reassemble the reverse of above. Make sure that the

insulating spacersandinsulatingwashers are properly in-
stalled.“Torque the arc runner hardware to 45 + 5 in-lbs.

The movable contacts are removed in a similar manner
as the 800 ampere breaker movable contacts. Refer to
Section 86. When removing the pivot pin from a 2000
ampere (AKRT 50/50H) contact assembly, the pivot pin
from the opposite contact assembly must be slightly
removed. This provides enough clearance to completely
remove the pivot pin.

4. Place a thin film of D50HD38 lubrication on the pivot
surfaces of the new arm. Clean any existing lubrication
from the pivot pin and place a small améunt.ef D50HD38
on it.

the pivot spnn% and hardware Tighten'the pivot pin hard- :
ware to 90 = 5in-lb

5. Install the new arm, insert the pivot pin, and replace ; :

INSULATING
WASHER

FIG. 50A — ARC RUNNER
STATIONARY CONTACT — 1600/200 AMP
REPLACEMENT CONTACT STRUCTURE
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SECTION 8—Contact Maintenance (Cont.)

SPACERS

INSULATING \ﬁ >

FIG. 50B — ARC RUNNER REMOVED FIG. 50C — ARCING CONTACT
PIVOT REMOVED
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SECTION 9—Fused Breakers

There are two types of fused breakers; AKRU 30, 800
ampere frame and AKRU 50, 1600 ampere frame. Except
for the open fuse lockout device and the integrally-
mounted fuses on the upper studs, the AKRU-30 and -50
breakers are identical to the unfused AKR-30 and -50
models. Overcurrent trip devices are the same for both
types.

9.1 FUSE SIZES AND MOUNTING

Table 6 lists the range of fuse sizes available for these
breakers. The Class L fuses are mounted as shown in Fig.
51. Otherthanthe 800A size, which has a single mounting
hole per tang, each L fuse tang has two holes sized for
one-half inch bolts.

Class J fuses rated 300 thru 600A have one mounting
hole per tang. The 300, 350 and 400A sizes require copper
adapter bars per Fig. 52.

FIG. 51 — TYPICAL MOUNTING CLASS L
FUSES

9.2 SPECIAL 2500A FUSE FOR,AKRU-50

This fuse provides a melting time-current characteristic
that coordinates with 1600A trip devices. Compared physi-
cally with a 2500A NEMA Class L fuse, the special fuse is
more compact (shorter); its tangs.are specially configured
and offset to achieve thetrequiréd pole-to-pole fuse spac-
ing; a special primary disconnect‘assembly mounts directly
on the outboard tang of thefuse» Considering their unique
mounting provisions, when replacing these fuses the fol-
lowing procedure should be.adhered to (Refer to Fig. 53):

a) Remove the'primary disconnect assembly from the
fuse tang, accomplished by first loosening the two keys
via their holding screw and pulling them upward and out.
After the keys areremoved, pull the disconnect assembly
off the end ofithe fuse tang.

NOTE: This removal does not disturb the
disconnect's clamping force adjustment.

b) Remove the upper barrier.

c) Detach the inboard end of the fuse by removing the
two /2 inch - 13 bolts. A ratchet and socket with a short
extension will be requied.

d) Remove the heat sink.
e) Remove the fuse.

f) Install the new fuse by reversing the disassembly
procedure. Ensure that the mating faces of the fuse and
heat sink are clean.

ADAPTER BARS (COPPER)

FIG. 52 — 300 THRU 600 AMP CLASS J
FUSE MOUNTING
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SECTION 9—Fused Breakers (Cont.)

1. Special 2500A Fuse
2. Disconnect Key
3. Heat Sink

FIG. 53 AKRU 50 WITH SPECIAL
2500 AMP FUSE

4. Upper Barrier

5. Primary Disconnect

CAUTION: WHEN REPLACING THE FUSE'IN_THE
LEFT POLE (FRONT VIEW) OF THE BREAKER,
NOTE PARTICULARLY THAT THIS FUSE IS
MOUNTED DIFFERENTLY THAN THE OTHER TWO
FUSES. AS SHOWN IN FIG. 54, FOR THIS PHASE
THE FUSE IS ROTATED 180 DEGREES ABOUT
ITS AXIS SO THAT ITS INBOARD TANG IS
POSITIONED BENEATHATHEWBREAKER STUD.
THIS TANG IS OFFSET WITH, RESPECT TO THE
OPPOSITE END SO THAT'ROTATING THE FUSE
DOES NOT ALTER THE ROSITION OF THE PRI-
MARY DISCONNECT:

FRONT OF BREAKER FOR THIS POLE ONLY,

FUSE FANGS FUSE IS ROTATED 180
BREAKER  pQOSITIONED,ON TOP TO POSITION TANG
STUD OF BREAKER STUD BENEATH BREAKER STUD
o AR
t
Do O2 |80 09
1TANGl§)LT; 2500A. FUSE
HOLES CAT. NO.
INWSE GF9F2500 AK
® ® ® ® ® ®

\
PRIMARY DISCONNECT ASSEMBLY (SEE FIG. 13)
MOUNTS DIRECTLY ON OUTBOARD FUSE TANG

FIG. 54

AKRU 50—2500A FUSE TANG POSITIONS
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TABLE 6
FUSES FOR AKRU BREAKERS
NEMA Gould Shawmut
Fuse Breaker Cat. Nos.
Class Type Ampere
600V, AKRU- Rating
60 Hz 30 11 50 Fuse Limiter
[ 300° A4J 300 -
- 350° A4J 350 —
J - 400° A4J 400 -
f 450 A4J 450 -
j 500 A4J 500 -
600 A4 600 —
| 800 A4BY 800 A4BX 800
: 1000 A4BY 1000BG A4BX 1000BG
L ; 1200 A4BY 1200BG A4BX 12008G
v 1600 A4BY 1600BG A4BX 1600BG
- 2000 A4BY 2000BG A4BX 20008G
Special - ! j 2500 — A4BX 2500GE

*Mounting adapter required — see Fig 52



SECTION 9—Fused Breakers (Cont.)

9.3 OPEN FUSE LOCKOUT DEVICE

This device automatically trips the fuse breaker if one of
the fuses opens. When this happens, the breaker is locked
open until the reset button of the phase involved is pushed.
The breaker should not be reclosed, of course, until the
opened fuse is replaced.

Type D breakers use the Open Fuse Lockout (OFLO)
shown in Fig. 55. Type A and B breakers use the OFLO
shown in Fig. 56. Both OFLO’s work on the same design.
When the fuse opens, the resulting open circuit voltage
activates the OFLO’'s phase solenoid when the voltage
level reaches approximately 90 VAC. The solenoid’'s arma-
ture then drives a tripping rod against a trip paddle which is
attached to the trip shaft. This causes the breaker to open.
The armature also drives the reset button forward indicat-
ing what phase is involved. The reset button linkage also
holds the tripping rod against the trip paddle. The button
must be pushed in to release the tripping rod.

9.3.1 TYPE A AND B BREAKER OFLO
ADJUSTMENT

To adjust the Type A and B breaker OFLO (Refer to Fig
56):

a) Back off tripping rod so that it will not hit the trip
paddle when a solenoid is activated.

b) Using the maintenance handle, close the ‘breaker.

c) Manually close the Left pole armature. Screw.tripping
rod forward until it moves the trip paddie enough toyopen
the breaker. Add two full turns.

d) Close the breaker.

e) Manually close the Left pole“armature/again. The
breaker must open and the reset button pop out. In this
condition close the breaker, it should trip-free.

f) Reset the OFLO, the breakermust now be able to
close.

g) Repeat for Center and Left poles.

h) Check for a .125" minimum clearance between trip-
ping rod and trip paddle with,the OFLO reset. Check for
.032" minimum overtravehafter tripping rod trips breaker.

i) Hold tripping rod in position and tighten its locknut.

FIG. 55— TYPE D BREAKER OFLO DEVICE

9.3.2 TYPE D BREAKER OFLO
ADJUSTMENT

To adjust the Type D breaker OFLO:

a) Withthe breaker in the CHARGED position and the
OFLO reset, adjust the dimension between the end of the
tripping rod and the trip paddle to .062"-.093".

b) With the OFLO energized, the breaker must TRIP
and the RESET button must move forward to the front
plate. In this condition, the breaker must be held trip-free.

43



SECTION 9—Fused Breakers (Cont.)

. f
[ ii
TRIP - —J!
PADDLE ¥ S
]
TRIPPING
ROD
SOLENOD —— ——— L =77 |
ARMATURE RESET
BUTTON

FIG. 56A-~DETAILS

GENERAL GH ELECTRIC
FUSED LOW VOLTAGE POWER CIRCUIT SREAKER B

.

* packine
19 seaew.

FIG. 56B—INSTALLED TYPE A OR B BREAKER OFLO DEVICE
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SECTION 10—Type SST Overcurrent Trip Device

The SST is a solid-state, direct-acting, self-powered trip
device system. The SST system consists of the SST pro-
grammer unit, current sensors, and a flux shifter trip de-
vice. Fig. 57 shows a block diagram of the system.

10.1  PROGRAMMER UNIT

Fig. 58 shows a typical SST programmer unit. The pro-
grammer unit provides the comparison basis for overcur-
rent detection and delivers the energy necessary to trip the
breaker. It contains the electronic circuitry for the various
trip elements. Their associated pickup and time delay ad-
justments (set-points) are located on the face plate. De-
pending on the application, programmer units may be
equipped with various combinations of Long Time, Short
Time, Instantaneous and Ground Fault trip elements. See
Table 7 for available ratings, settings and trip characteris-
tics. Adjustments are made by removing the clear cover
over the face plate, unscrewing (counter-clockwise) the
set-point knob, moving the set-point along the slot to the
new setting, and screwing the set-point knob in. Once all
adjustments are made, install the clear cover to the face
plate.

The SST programmer units can be optionally equipped
with trip indicators (targets). These are pop-:out,) me-
chanically-resettable plungers located across‘the top of
the programmer’s front. Units with a ground fault element
employ three targets: from left to right, the first isfor over-
load, the second for short circuit (actuated bythe)short time
and instantaneous elements) and the thirdfor ground fauit.
The latter is omitted on units without ground ‘fault.

“FLUX SHIFT"*
TRIP COIL

REGULA
“VET‘D
POWER SUPPLY

— T
:

PROGRAMMER UNIT

e e e e e - - e ———— -

FIG. 57 — SST BLOCK DIAGRAM

Each target pops out when its associated trip element
operates to trip the breaker. After a trip, the popped target
must be reset by hand. However, neglecting to reset does
not affect normal operation of any trip element or prevent
the breaker from being reclosed.

The programmer unit is mounted to the lower right of the
breaker as shown in Fig. 59. The bracket attached to the
top of the programmer, see Fig. 58, engages with a bracket
mounted to the underside of the breaker’s front frame.

TABLE,Z’SST TRIP CHARACTERISTICS

X =eip Rating SST PROGRAMMER ADJUSTMENT RANGE (Set Points)
in Amperes
F «Sensor Tap Long Time Short Time GROUND FAULT
rame
Breaker Sze [ - ""G§-——- Instantaneous
Type (Amperes) Sendor Pickup (=L) Time Pickup Time Pickup Pickup Time
Ampere Delay Delay Delay
Taps Multiple ) Band (® Multiple Band Multiple ) Mumple) Band
of X (Seconds) ofL (Seconds) ofL of X (Seconds)
100, 150. 225, 300 3,4,5, 4,5, .6,
AKR-30 800 -or-— 6.8,10(L) .8.1.0,
300, 400, 600, 800 1.2(X)
Maximum Maximum Maximum
6,.7.8 22 —or— 0.35 4,5,6, 0.30
300, 400, 600, 800 9,10, 8,10,12 (L) |.25, .3, .4,
AKR-50 | 1600 —or- L1(x) |!mermed. | g5 | Inerhed 5.6, | [ntermed.
600, 800, 1200, 1600 2.25, 2.5, : 7(X) o
Minimum 3,4(L) | Minimum Minimum
0.095 0.065
800, 1200, .2,.25, .3,
AKRT-50 | 2000 1600, 2000 4, .5,
6 (X)

@ Pickup tolerance 1s ¢ 9%
@ Pickup tolevrance is = 10%

@ Time delay shown at 600% of long time pickup setting (6L), at lower limit of band.
(@ Time delay shown at lower limit of band.
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SECTION 10—Type SST Overcurrent Trip Device (Cont.)
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FIG. 58 — SST PROGRAMMER

A

FIG. 59 — AKR-5B-30
10:2 CURRENT SENSORS

The SST system uses two types of current sensors, -
phase sensor and a neutral sensor. Fig. 60 shows a phase
sensor. Fig. 61 shows the neutral sensors available. The
current sensor supplies the power and signal inputs
necessary to operate the trip system. Each sensor has four
taps which provide field adjustment of the trip device's
continuous ampere rating.

The SST Ground Fau't trip element operates on the
principle that the instantaneous values of current in the
three conductors (four on 4-wire systems) add to zero
unless ground current exists. On SST's equipped with
Ground Fault, the ground trip signal is developed by con-
necting each phase sensor in series with a companion
primary winding on a ground differential transformer
mounted in the programmer unit. Its secondary output is
zero so long as there is not ground current.

Application of the Ground Fault element on 4-wire sys-
tems with neutral grounded at the transformer requires the
additional, separately mounted neutral sensor (Fig. 61)
inserted in the neutral conductor; its secondary is con-
nected to a fourth primary winding on the ground differen-
tial transformer. See Fig. 70. This “fourth-wire” neutral
sensor 1s an electrical duplicate of the phase sensor, in-
cluding taps. Therefore, when taps are changed on the
phase sensors, those on the neutral sensor must be cor-
respondingly positioned.

When used. the neutral sensor is separately mounted ir
the bus or cable compartment of the switchgear. in draw

out construction, its output is automatically connected to
the breaker via secondary disconnect blocks. See Fig. 62.



FIG. 60 — SST PHASE SENSOR
WITH TAP BOARD

300 - 800 A

100 - 3004

FIG. 61 — SST NEUTRAL SENSORS

REARQVIEW -
AKR -50

BREAKEPR-
MOUNTED

EQUIPMENT -
MOUNTED

SMORTING
STRAP

FIG. 62 — NEUTRAL SENSOR
SECONDARY DISCONNECT
BLOCKS
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10.2.1 REPLACEMENT OF CURRENT
SENSORS

Referring to Fig. 63, replacement of individual SST
current sensors is accomplished as follows:

a) Disconnect the breaker harness from the tap ter-
minal board, removing cable ties as necessary. Un-
fasten the terminal board from the breaker base.

b) At the rear of the breaker, remove the two Allen
head screws to separate the stud connector from the
contact pivot block.

c) Loosen the clamping bolt and remove the stud
connector. Lift out the sensor and its tap terminal
board.

The sensor may be prevented from slipping off the
sensor stud by adjacent accessories. If this exists,
the sensor stud must be removed from the breaker
base. The stud assembly is secured to the base with
four bolts which are accessible from the rear of the
breaker.

1. Flux shift Trip Device
2. Allen-head Screws

3. Stud Connector

4. Current Sensor

FIG.

d) When replacing the stud connector, tighten/the
Allen head screws to 250 + 10 in-Ibs. (Tighten the
clamping bolt as follows:

AKR 30/30H — 120 = 10 in-Ibs
AKR 50/50H — 470 = 10 in-lbs
AKRT 50/50H — 470 = 10 in-lbs

10.3 FLUX SHIFT TRIP(DEVICE

The Flux Shift Trip device\is “a low-energy, elec-
tromagnetic device which, lupon receipt of a trip
signal from the programmer unit, trips the breaker by
actuating the trip shaft:

The mounting arrangement of this component is ii-
lustrated in Figs/64and 65. An electromagnetic ac-
tuator located on\the tunderside of the front frame is
coupled to thesbreaker’s trip shaft via a trip rod driven
by the actuator arm. The actuator is a solenoid whose
armaturenis “spring-loaded and held in its normal
(Reset) position'by a permanent magnet. In this state
the spring is compressed.

S. Tap Terminal Board
6. Programmer Unit
7. Clamp Bolt
8. Sensor Stud

63 — AKR-5A-30 BREAKER WITH SST TRIP DEVICE



So long as the actuator remains in the Reset posi-
tion, the breaker can be closed and opened normally
at will. However, when a closed breaker receives a
trip signal from the programmer unit, the actuator is

energized and its solenoid flux opposes the magnet,
allowing the spring to release the armature; this

drives the trip rod against the trip shaft paddle, tripp-
ing the breaker.

As the breaker opens, the actuator arm-is returned
to its normal (Reset) position via linkage driven by a
crank on the breaker’s main shaft. The permanent
magnet again holds the armature captive in readiness
for the next trip signal.

The trip device requires only one adjustment — the
trip rod length. As shown in Fig. 66, the clearance
between the trip rod and the trip shaft paddle is gaged
by a 0.125 inch diameter rod. Adjust gap to 0.125 inch
+ 0.015inch. To adjust, open the breaker and restore
the breaker mechanism to its Reset position. Loosen
the jamb nut, rotate the adjuster end until the proper
gap is attained, then retighten the jamb nut to35 + 5
in-lbs.

The actuator is a sealed, factory-set device and re-
quires no maintenance or field adjustment. In case of
malfunction, the complete actuator unit should be
replaced. When making the electrical connector to
the replacement unit, it is recommended that the brea
ker harness be cut at some convenient point and thé
new actuator leads solder-spliced thereto.

The preferred method is to remove the flux shifter
leads from the AMP connector using the AMPiextrac-
tion tool, Cat. No. 305183 as follows:

CRANK
(cLoBEEAKE () ) weser —
LINKAGE \
MAIN
SHAFT
TRIP @
ROD (\ (@
\ ®
- M~
TRIP ARM
PADDLE
- P o
SIDE ACTUATOR FRONT -
VIEW ¢ b VIEW 5

1. Remove the flux shifter leads from the harness.

2. Referring to the cabling diagrams in Section 10.5,
the flux shifter leads are RED ip point B and BLACK in
point E.

3. Insert the extractor tool over the, female pin.
When the extractor tool bottoms out, depress the
plunger and force the wire/sockeét assembly out of the
connector.

4. No tool is required tominsert the wire/socket
assembly into the conngctor. dnsert the assembly un-
til it snaps into place.

5. Verify all sockets arejinserted to the same depth.

CAUTION: /N_THE'EVENT THAT THE SST TRIP DE-
VICE MUST BENRENDERED INOPERATIVE TO
ALLOW THE\BREAKER TO CARRY CURRENT
WITHOUT BENEFIT OF OVERCURRENT PROTEC-
TION, THE RECOMMENDED METHOD IS TO
SHORIEN.THE TRIP ROD BY TURNING ITS AD-
JUSTERNEND FULLY CLOCKWISE. THIS PRE-
VENTSACTUATION OF THE TRIP SHAFT PADDLE.

FIG. 64 — FLUX SHIFT TRIP DEVICE AND OPERATING LINKAGES
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SECTION 10—Type SST Overcurrent Trip Device (Cont.)

Bottom view Top view

1. Actuator 4. Trip shaft

2. Trip rod adjuster end 5. Actuator arm
3. Trip paddle 6. Reset linkage

FIG. 65.—=FLUX SHIFT TRIP DEVICE COMPONENTS

TRIR)PADDLE IN
“MECHANISM RESET
POSITION

TRIP ROO N
"RESET”
POSITION
IR T]
ADJUSTER JAM NUT
END
D12%" Dia
ROD

FIG. 66 — TRIP ROD ADJUSTMENT



104 TROUBLESHOOTING

When malfunctioning is suspected the first step in
troubleshooting is to examine the circuit breaker and its
power system for abnormal conditions such as:

a) Breaker tripping in proper response to overcurrents
or incipient ground faults.

b) Breaker remaining in a trip-free state due to
mechanical interference along its trip shaft.

¢) Inadvertent shunt trip activations.

WARNING: DO NOT CHANGE TAPS ON THE
CURRENT SENSORS OR ADJUST THE PRO-
GRAMMER UNIT SET KNOBS WHILE THE
BREAKER IS CARRYING CURRENT.

Once it has been established that the circuit breaker
can be operated and closed normally from the test posi-
tion, attention can be directed to the trip device proper.
Testing is performed by either of two methods.

1. Conduct high-current, single-phase tests on the
breaker using a high current-low voltage test set.

NOTE: For these single-phase tests, special con-
nections must be employed for SST breakers
equipped with Ground Fault. Any single-phase in-
put to the ground differential transformer will
generate an unwanted “ground fault” output
signal which will trip the breaker. This can be
nullified either by

a) testing two poles of the breaker in series,for

semgnat & LECTRIC

mrece ne Wt O
carcrea @

- e
o

b) using the Ground Fault Defeat Cable as shown

in Fig. 71. This special test cable energizes.all the

primary windings of the differential {transformer in

a self-cancelling, series-parallel connection so

that its secondary output is always zero.

2. Test the components to the SST system using por-
table Test Set Type TAK-TS1 (Fig. 67)‘or TAK-TS2.

The applicable test procedures are detailed in in-
struction Book GEK-64454 and are summarized in Sec-
tion 10.4.1.

The TAK-TS1 and TAK/TS2 Test Sets are portable in-
struments designedyfor field checking the time-current

- characteristics and pickup calibration of the SST's

various trip elements. / It can verify the ability of the
Flux-Shift TripfDevice to trip the breaker and, in addi-
tion, includesimeans for.continuity checking the phase
sensors. AsTAK-TS1 Test Set Is shown in Fig. 67.

The, time-current characteristics for the SST Trip
Device ‘are‘given in curves GES6033, GES6034 and
GES-6035.

FIG. 67 — SST/ECS TEST SET, CAT. NO. TAK-TS1
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SECTION 10—Type SST Overcurrent Trip Device (Cont.)

10.4.1 SST TEST SET

The TAK-TS1 and TAK-TS2 Test Sets are portable in-
struments designed for field-checking the time-current
characteristics and pickup calibration of the SST's
various trip elements. it can verify the ability of the
Flux-Shift Trip, Device to trip the breaker and, in addi-
tion, includes means for continuity checking the phase
sensors. A TAK-TS1 Test Set is shown in Fig. 67. The
TAK-TS2 functions identically to and supersedes the
TAK-TS1 device. The TAK-TS2 can also test the Ver-
saTrip Mod 2 trip device.

WARNING: BEFORE CONNECTING THE TEST SET
TO THE BREAKER TRIP DEVICE SYSTEM, EN-
SURE THAT THE CIRCUIT BREAKER IS COM-
PLETELY DISCONNECTED FROM ITS POWER
SOURCE. ON DRAWOUT EQUIPMENT, RACK THE
BREAKER TO ITS DISCONNECTED POSITION.
VERIFY THAT THE BREAKER IS TRIPPED.

Either of two test modes may be employed:

“A” — Programmer Unit Only. These tests are con-
ducted with the programmer unit disconnected from the
breaker. During test, the unit can remain attached to the
breaker or may be completely removed from it.

CAUTION: NEVER DISENGAGE THE HARNESS
CONNECTOR FROM THE PROGRAMMER UNIT
ON ABREAKER THAT IS ENERGIZED AND CARRY-
ING LOAD CURRENT. THIS WILL OPEN-CIRCUIT
THE CURRENT SENSORS, ALLOWING DANGER-
OUS AND DAMAGING VOLTAGES TO DEVELOP:

Test scope:

1. Verity the time-current characteristics and pickup
calibration of the various trip elements,

2. Verity operation of the SST target indicators on pro-
grammer units so equipped.

“B" — Complete Trip DevicesSystem? For these tests,

the programmer unit must be mounted on the breaker and
connected to its wiring harness.

Test scope:

1. All “A” tests préviously described, plus provision for
optionally switching the” programmer’s output to activate
the Flux-Shift Tnp'Bevice and verity its operation by physi-
cally tnpping the breaker.

2. Check phase sensor continuity.

Inthe event thatdny component ofthe SST system does
not performiwithin the limits prescribed in test instructions
GEK-64454, it should be replaced.
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10.4.2 RESISTANCE VALUES

For use in troubleshooting, the Common to Tap resist-
ance for SST current sensors is given in Table 8. These
values apply to both phase and neutral sensors.

TABLE 8 — SENSOR RESISTANCE VALUES

Resistance in Ohms

Ampere between COMMON

TAP and TAP Terminals
100 22— 26
150 3.3— 39
225 51— 58
300 68— 7.8
300 53— 6.1
400 72— 8.2
600 108 — 124
800 14.6 — 16.9
600 64— 7.6
800 8.8 — 104
1200 13.5— 158
1600 194 — 228
800 10.2 — 124
1200 158 — 19.2
1600 22.0 — 26.7

2000 28.5 — 347 |

Thecoil resistance ofthe SST/ECS Flux shifterdevice is
approximately 16 ohms.



10.4.3 FALSE TRIPPING—BREAKERS
EQUIPPED WITH GROUND FAULT

When nuisance tripping occurs on breakers equipped
withthe Ground Faulttrip element, a probable cause s the
existence of a false “ground” signal. As indicated by the
cabling diagram of Fig. 69, each phase sensor is con-
nected in a series with a primary winding on the Ground
Fault differential transformer. Under no-fault conditions on
3-wire load circuits, the currents in these three windings
add to zero and no ground signal is developed. This current
sum will be zero only if all three sensors have the same
electrical characteristics. If one sensor differs from the
others (i.e., different rating or wrong tap setting), the dif-
ferential transformer can produce output sufficient to trip
the breaker. Similarly, discontinuity between any sensor
and the programmer unit can cause a false trip signal.

If nuisance tripping is encountered on any breaker
whose SST components have previously demonstrated
satisfactory performance via the TAK-TS1 Test Set, the
sensors and their connections should be closely
scrutinized. After disconnecting the breaker from all power
sources,

a) Check that all phase sensors are the same type (am-
pere range).

b) Ensure that the tap settings on all 3-phase sensors
are identical.

10.5 SST CABLING DIAGRAMS

c) Verify that the harness connections to the sensors
meet the polarity constraints indicated by the cabling dia-
gram, i.e., white wire to COMMON, black wire¢o TAP.

d) On Ground Fault breakers serving 4=wire loads,
check that the neutral sensor is properly connected (see
cabling diagram Fig. 70). In particular,

(1) Verity that the neutral sensor has the same rating
and tap setting as the phase sensors.

(2) Check continuity between theé neutral sensor and its
equipment-mounted secondary ‘disconnect block. Also
check for continuity from ghe ‘breaker-mounted neutral
secondary disconnectblockthrough to the female harness
connector (terminals L and, N).

(3) If the breaker's lower studs connect to the supply
source, then the neutral sensor must have its LOAD end
connected to the'source.

(4) Ensure ghatthe neutral conductor is carrying only
that neutral current associated with the breaker’s load cur-
rent (neutral,not shared with other loads).

e), Ifthe preceding steps failtoidentify the problem, then
the sensor resistances should be measured. Since the
phase and neutral sensors are electrically identical, their
tap-to-tap resistance should closely agree. See Table 8.
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FIG. 68 — CABLING DIAGRAM — SST WITHOUT GROUND FAULT



SECTION 10—Type SST Overcurrent Trip Device

A B  #C
A 4B o FLUX SHIFT PROG Y MER
* TRIP DEVICE —————5
~, — r=
BACKFRAME I"? )- )" _;@4,_«_3...(«\/.«) :
T et s M T Mo ey
gy |, | LT
oM
SENsOR | N> j——IHITE <27 :
”:__é'\ ! sack | | o del 31
|IA TAP j— WHITE oot :
I ¢ B | 0 I
v e L L el T3
Nt | watE | !
1 Ho -o--<(--ﬂ--. :
i \__BLAack | X
' 'cqz [ BLACK _o__<(__°____:3 |
Ll _dcl ] L ’
AR !
HARNESS N |
CONNECTOR. €}o- I
(AMP 201298-1) i
LOAD T'—-——-"
PROGRAMMER
CONNECTOR
(AMP 201297-1)

FIG. 69 — CABLING DIAGRAM — SST WITH
GROUND FAULT ON\3-WIRE LOAD

L &

(¢]
h]
D
<8
i
<
m
2

FLUX SHIFT
TRPDEVICE  __YNT
N [’ — _r 1
B

__)_I | BED {01 <etote (48v. dc) :
s8N ot cetot-aoscr |
! E| ANODE) I
} WHITE \(_?_. i
} m
} BLACK | e .8- 3 1
1 WHITE |
; <3 |
|
\ } BLACK ¢ (....3. 3 :

| WHITE
l E-o A < T i
\ K |
c 3 | BLACK o4~ (—-<>——-—3 {
| |

WHITE L
t © ’((“”0'; :
|
BLACK N |
5 G "
—-——kd |
y N -
HARNESS . PROGRAMMER
EQUIPMENT —MOUNTED 1 oo eouar, CONNECTOR
NEUTRAL SENSOR ~/ ~ (AMP 201297-1)

4-WIRE LOAD

FIG. 70 — CABLING DIAGRAM — SST WITH
GROUND FAULT ON 4-WIRE LOAD



BREAKER
HARNESS GROUND FAULT DEFEAT CABLE PROGRAMMER

CONNECTOR CAT. NJO\- TGFD r .l" f'.'.T_ —
r"'l ’B Py~ ; r=1 |
CURRENT ! o4 :(_E 1 E_< ! |
SENSORS 0—'—<| :A 11 AHé—rOI |
A | ! FANY. SST
¢ ' G—EOH-I |' : 0% |(_PROGRAMMER
o8 ST el NGHEUND FALLT
F -
me%«' i\ A< : ELEMENT
vof o el ps**ﬁr_B |
s E: DD P n "r‘\l okl ¢ |
Wemm-] I Ni l
M 11 M
neutraL | o< € M oo <etre | |
s e e o i 09 = 4 S
L2 - L T {
MALE FEMALE
END END L

FIG. 71 — CABLING DIAGRAM WITH.GROUND FAULT DEFEAT
CABLE INSERTED BETWEEN BREAKER HARNESS AND SST
PROGRAMMER UNIT — FOR“‘USE DURING SINGLE-PHASE,
HIGH CURRENT — LOW VOLTAGE TESTING



SECTION 11—Type ECS Overcurrent Trip Device

The ECS is a solid-state, direct-acting, self-powered
trip device system. The ECS system consists of the
ECS programmer unit shown in Fig. 72, current sensors,
and a flux shifter trip device. Fig. 73 shows a block
diagram of the system.

The ECS trip system essentially duplicates the SST
trip system described in Section 10 except for the
following:

1. Programmer units are limited to combinations of
Long Time, Short Time and instantaneous trip elements
only. The Ground Fault element is not available.

2. Phase sensors are not tapped. As listed in Table 9,
each sensor has only a single ampere rating. A different
sensor is available for each of the tabulated ampere
ratings, which span the same range as SST, see Fig. 74.

3. Neutral sensors are not required because there is
no Ground Fault function.

In all other respects the ECS Trip device system
operates and can be treated identically to SST. This in-
cludes circuitry, size, construction, component loca-
tion, programmer unit set points, performance
characteristics, operating range, quality, reliability and
the flux shift trip device. Use the same troubleshooting
and test procedures for single-phase, high current-low
voltage tests or those employing the TAK-TS1 or TAK-
TS2 Test Sets. The Ground Fault test procedures, of
course, do not apply. ECS phase sensor resistance
values are given in Table 10.

The time-current characteristics for the ECS“trip
device are given in curve GES«%032.
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FIG*73 — ECS BLOCK DIAGRAM
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FIG. 72 — ECS PROGRAMMER UNIT

FIG 74 — ECS CURRENT SENSOR



TABLE 9
ECS TRIP CHARACTERISTICS

X = Trip Rating ECS PROGRAMMER ADJUSTMENT RANGE (Set Points)
in Amperes
=Sensor Rating Long Time Short Time
Breaker F;?z':‘ Instantaneous
Pickup (=L)| Time Pickup Time Pickup
Type (Amperes) ASI::;.:;: é Delay ® Delay
Rating ( Mu tiple) Band (3 Multiple) Band @ Multiple)
of X (Seconds) of L (Seconds) of L
100, 150, 225, 3,4,5,
AKR-30 800 300, 400, 6,8,10(L)
600, 800 Maximum Maximum
22 —or— 0.35
300, 400, 600, | .6,.7,.8, |Intermed. Intermed: 4,5,6,
AKR-50 | 1600 1800 3200,1600 | 9,10, | 10 175,2, 4] 021 | 810, 12(L)
11(X) [Minimum [ 2925 25 “|\Minimum
4 3,4 (L) 0.095 )
AKRT-50 2000 800, 1200,
1600, 2000
@ Pickup tolerance is + 9% @ Time delay shown at 600%0f long time pickup setting (6L), at
@ Pickup tolerance is + 10% lower limit of band.

(@ Time delay shown at,lower limit of band.

TABLE 10— SENSOR RESISTANCE VALUES

Ampere Resistance In Ohms

Rating between Terminals
100 30— 34
150 44— 50
225 48— 5.6
300 64— 7.2
400 67— 78
600 64— 76
800 8.8 —10.4
1200 13.5— 158
1600 19.4 — 2238
2000 29.5 — 34.5

11.1 ECS CABLING DIAGRAM
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SECTION 12—MicroVersaTrip™ Trip Device

The MicroVersaTrip is a solid-state, direct-acting,
self-powered trip device system. The MicroVersaTrip
system consists of the MicroVersaTrip programmer,
current sensors, and a flux shifter trip device. Fig. 76
shows a block diagram of the system.

12.1 PROGRAMMER UNIT

Fig. 77 shows a typical MicroVersaTrip programmer
unit. Like the SST and ECS units, the MicroVersaTrip
provides the comparison basis for overcurrent detection
and delivers the energy necessary to trip the breaker. It
contains a programmable microelectronic processor
which incorporates nine adjustable time-current func-
tions, three mechanical fault indicators (local and
remote), a long-time pickup LED indicator (local and
remote) and a zone selective interlocking function. All
adjustable programmer functions are automatic and
self-contained requiring no external relaying, power
supply or accessories. See Table 11 for trip functions
available and Table 12 for trip function characteristics. A
detailed description of each trip function is given in
publication GEA 10265 and GEH 4657.
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FIG. 76
MICROVERSATRIP BLOCK DIAGRAM
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12.1.1 FAULT TRIP INDICATORS

The optional fault trip indicators are similar to the SST
indicators. They are mechanical pop-out type for identify-
ing overload or short circuit over-currents faults when
breakers are ordered without integral ground fault protec-
tion. They are also availableyto identify overload, short
circuit and ground fault trips for,breakers supplied with
integral ground fault protection:

Each target pops outiwhen’its associated trip element
operates to trip the breakeryAfter a trip, the popped target
must be reset by hand\However, neglecting to reset does
not affect normal operation of any trip element or prevent
the breaker from\being closed.

12.1.2 REMOTE FAULT INDICATION

Remotefaultfindication is available in the form of a
mechanical contact which may be incorporated directly
intoithe“customer's control circuitry. This is a Normally
opeén contact which is activated when its associated target
popsyout. When the target is reset, the contact is returned
to.its open position. Each contact is rated 0.25 amp at 125
VDG and 1.0 amp (10 amp in rush) at 120 VAC.

GROUND
FART
FAULT TRIP ANNUNCIATOR

@ VersaTrip =~

P YO ST SOICATIR  Seng W

FIG.77
MICROVERSATRIP PROGRAMMER
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The remote fault indication switch leads are brought
out the bottom of the MicroVersaTrip programmer as
shown in Fig. 78. This switch lead harness is plugged
into the mating connector on the breaker, see Fig. 79.

The switch leads are brought out from the breaker
through the Programmer Secondary Disconnect shown
in Fig. 80. The zone selective interlocking function wir-
ing is also brought out through this disconnect. See
Figs. 95 and 96 for the remote fault indication and zone
selective interlocking cable diagrams.

ovea

L

rrrrr

REMOTE FAULT
INDICATION
CONNECTOR

FIG. 78 MICROVERSATRIP W/REMOTE
FAULT INDICATION HARNESS

FIG. 79 PROGRAMMER
SECONDARY CONNECTOR

REMOTE FAULT INDICATION
DISCONNECT

FIG, 800 REMOTE FAULT INDICATOR
DISCONNECT

12.1%3)MICROVERSATRIP™ INSTALLATION

The programmer mounts to the upper left of the breaker
asyshown in Fig. 81. It mounts to the bracket assembly
shown in Fig. 82. Referring to Fig. 82, the guide pins mate
with the holes on either side of the programmer connector.
They provide the necessary alignment for the connector
engagement. The locking lever engages with the pin which
is assembled to the programmer frame and secures the pro-
grammer to the mounting bracket

There are two programmer mounting designs in use. The
difference in the designs is in the operation of the locking
lever, see Fig. 82.

Installation using each design Is as follows:

a. Insert the guide pins into the holes and push on the pro-
grammer, engaging the connectors.

b. Original design—push In the locking lever, securing the
programmer.

Later design—the locking lever is released, securing

the programmer.

c. Verify that the locking lever did engage the programmer
pin.

d. Connect remote fault indication harness, If equipped,
see Fig. 80.
To remove the programmer:

a. Disconnect the remote fault Iindication harness, if
equipped.

b. Original designs—push In locking lever, which will

release the programmer pin. While holding the locking lever
in, remove the programmer.

c. Later design—pull out locking lever, which will release
the programmer pin. Remove the programmer.
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SECTION 12—MicroVersaTrip™ Trip Device (Cont.)

12.2 CURRENT SENSORS

The current sensors supply the power and signal in-
put necessary to operate the trip system. Like the SST
system, the MicroVersaTrip uses a phase and neutral
sensor.

Fig. 83 shows the phase sensors. Tapped and fixed
phase sensors are available. The tapped sensors provide
field adjustment of the trip device's continuous ampere
rating. See Section 12.5 for cabling diagrams.

FIG. 81 — AKR-6D-30

kocking
Lever

The tapped and fixed phase sensors have apolarity as
sociated with their windings. Their COMMON terminal is the
right hand terminal as shown in Fig. 83. A white wire with a
ring terminal will be connected to this COMMON terminal.
All phase sensors must be correctly wired for the program-
mer summing circuit to function properly.

The tapped or fixed phase sensors are available with
an additional winding. This,winding is brought out to
separate flag terminals rather‘thansthe screw terminals.
These phase sensors are used when the hi-level instan-
taneous MicroVersaTrip option (:H’-option) is required.
Fig. 84 shows an ‘H'-option phase sensor. When the ‘H'-
option phase sensor is installed, there are four leads
connected to it; two flag,terminal connections (additional
winding) and twocrew terminal connections (ampere
rating). There is no polarity associated with the flag ter-
minals. Fig. 94.shows the connections for the additional
‘H'-option windings.

Fig. 85'showsthe neutral sensor. The neutral sensor is
required when'iptegral ground fault protection is used on
single phase-three wire or three phase-four wire systems.
it is_inserted into the neutral conductor and therefore is
separately ' mounted in the cable or bus compartment.

The outputs of the phase sensors and neutral sensor are
connected to a programmer circuit which sums these val-
ues.The total value will remain zero as long as there is no
ground current flowing. See cable diagram in Fig. 91.

The neutral sensor is an electrical duplicate of the phase
sensor, including taps. Therefore, when taps are charged
on the phase sensors, those on the neutral sensor must be
correspondingly positioned.

ONLIVU3JO0 3U0i38
@AWHYUDOU TIVASW §
NOWINND

FIG. 82 — MICROVERSATRIP™ MOUNTING BRACKET

60



TABLE 11 TRIP FUNCTIONS AVAILABLE

Optional Features
BASIC FUNCTIONS ADD TO BASIC FUNCTIONS
STD.or-SorHorM| L | T | Gor-GR | Al1-or-A2-or-A3-or-A | 21-0r-Z2-0¢-Z |
o Adjustable Current Setting X)) X§ XX
o Adj Long-Time Pickup X| X| X | X
LONG e Adj Long-Time Delay X X{X{X
TIME ¢ Long-Time Timing Light XIXIxlXx
o Remote Long-Time Timing Light X
o Adj Short-Time Pickup X| X | X
SHORT o Adj Short-Time Delay X1 X1 X
TIME o Short-Time Pt Switch(D X
INSTANTA- | e Adj Instantanenus Pickup X | X
NEOUS o Adj High Range Instarmaneaus X
¢ Adj Ground Fault Pickup ’
GROUND —1PH, 2W—3PH, 3/4-W X
FAULT —Ground Return X
® Adj Ground Fault Delay X jaX
® Trip Indication Targets
—Overioad & Short Circuit
OTHER —local only X
FUNCTIONS —local and remote X
—OIL, S/C and Ground Fault
—local only@ X
—Ilocal and remote X
® Zone Selective Interlock
—Ground Fault® X X
—Short Time®D X | X
1 Short-Time Delay is required
2 Standard when Ground Fault specified
3 Ground Fault required
TABLE 12 MICROVERSATRIP™ TRIP CHARACTERISTICS
‘ Long-Time Short-time ‘ Ground Feult
Current Adjustable
Setting Instartanecus Pickup
(0.9] x) (Multiple. | Pickup Pickup Pickup Short-time| (Multiple
Fixed Tapped |of Sénsor|\(Miftiple | Deley | (Multiple  Delay (Multiple " ot Sensor | Delay
Maxirum | Sensars  Sensors | CUrremt) |of Current D@ |otCurrent ® of Sensor (0] Current (V)]
Frame Rating Rating) Rating) ](Seconds) | Rating) (Seconds) Rating) (Seconds) Rating) (Seconds)
Size (Amps) Sensor C,{',',,"',')' Rating (X) © © x) x)
100. 150)
100, 150, 225,/300 |<S. 6,.7. .8. .9, 25,5 15,2 25, 0.10, 15,2, 25, .2, .25, .3, |0.10, 0.22,
AKR-30 6800 225, 300, or 8. 85 9,] 1.0.1.1 10. 21 3.4,5,7, 022, 3,4,6,8, 0.4 .35, 4, 45, 0.36
400, 800, 3007400 | 985 1.0 € 9 (C) 0.36 10 (X) .5, .6 (X)
800 800. 600 (X)
300;:400,
300. 400, 600, 800
AKR-50 1600 600, 600 or - - - - -
12001800 4800, 800
1200. 1600
800. 1200. 600, 1200
AKRT-50| 2000 [1600. 2000 1600, 2000 - - - - " -
1200. 1600, 1200, 1600 2, .22, .24,
AKR-75 | 3200 |2000. 3200 2000, 3200 - - - - 26, .28, .30, -
.34, .37 (X)
1800, 2000, 1600, 2000 15,2, 25,3, 2, 22, .24,
AKR-100 4000 3000, 4000 3000, 4000 - - - 4,5,7,.9(X) - .26, .28, 3 (X) -

1 Time delay shown at 600% ol ampere setting at lower kmit
2'Time\Celsy shown at lower kmit of each band

Al piciayp tolesnces are = 10%

Ground Faull pioup not 10 exceed 1200 amperes.

ol each band
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SECTION 12—MicroVersaTrip™ Trip Device (Cont.)

TAPPED

COMMON
TERMINAL

FIG. 83 — MICROVERSATRIP™ PHASE FIG: 85 — TYPICAL NEUTRAL SENSOR
SENSORS

SPECIAL WINDIN
CONNECTIONS G

AMES Kt LAYy,
COMNNE T 7 g

FIG484"— ‘H’-Option Phase Sensor
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A BREAKER MOUNTED — RIGHT SIDE

B "EQUIPMENT MOUNTED

FIG:*86 — NEUTRAL SENSOR SECONDARY
DISCONNECT

Since the neutral sensor is mounted/separately
from the breaker, a disconnect means is required to
connect its output to the breaker. Figi 86 shows the
breaker and equipment mounted 4th wire secondary
disconnect used with the MicroVersaTrip“system.

12.21 REPLACEMENT OF CURRENT
SENSORS

Referring to Fig. 87, replacement of MicroVersaTrip cur-
rent sensors is accomplishedias follows:

a) Disconnect the programmer hamess from the ter-
minal board, removing cable ties as necessary.

b) At the rear fo the breaker, remove the two Allen head
screws to separate the stud connector from the contact
pivot block.

c) Loosen theiclamping bolt and remove the stud con-
nector. Liftsout.thessensor and its tap terminal board.

The(sensor may be prevented from slipping off the sen-
sor stud\by,adjacent accessories. If this exists, the sensor
stud must be’'removed from the breaker base. The stud
assembly:is secured to the base with four bolts which are
accessible from the rear of the breaker.

d) When replacing the stud connector, tighten the Allen
head screw to 250 + 10 in-lbs. Tighten the clamping bolt
as, follows:

AKR 30/30H 120 + 10 in-lbs
AKR 50/50H 470 = 10 in-lbs
AKRT 50/50H 470 + 10 in-lbs

e) When replacing the programmer harness to the
phase sensors verify that the winding polarity is maintain-
ed, white wire with ring terminal to COMMON terminal
(right hand terminal, see Fig. 83).



SECTION 12—MicroVersaTrip™ Trip Device (Cont.)

123 FLUX SHIFTER TRIP DEVICE

The only difference between the MicroVersaTrip and
SST flux shifter trip devices is the solenoid winding. Refer
to Section 10.3 for details.

When replacing a MicroVersaTrip flux shifter, AMP ex-
traction tool Cat. No. 455822-2 is required to remove the
socket leads from the AMP connector.

124 TROUBLESHOOTING

When malfunctionion is suspected, the first step in
troubleshooting is to examine the circuit breaker and its
power system for abnormal conditions such as:

a) Breaker tripping in proper response to overcurrents or
incipient ground faults.

b) Breaker remaining in a trip-free state due to
mechanical maintenance along its trip shaft.

¢) inadvertent shunt trip activations.

WARNING: DO NOT CHANGE TAPS ON THE CUR-
RENT SENSORS OR ADJUST THE PROGRAMMER
UNIT SET KNOBS WHILE THE BREAKER IS CAR-
RYING CURRENT.

PROGRAMMER

PROGRAMMER
HARNESS

Once it has been established that the circuit,breake¢
can be opened and closed normally from the testipositior,
attention can be directed to the trip device proper. Testing
is performed by either of two methods:

1. Conduct high-current, single-phasey tests on the
breaker using a high current-low voltage test set.

NOTE: Forthese single-phase.tests, special connec-
tions must be employed forMicroVersaTrip breakers
equipped with Ground Fault. Any single-phase input
to the programmer circuit willhgenerate an unwanted
“ground fault” output” signal which will trip the
breaker. This can be nullified either by

a) Using the Ground'Fault Defeat Cable as shown in
Fig. 93. This special test cable energizes the pro-
grammer circuit in & self-cancelling, series-parallel
connectionsso. that its output is always zero.

2 Test, the components of the MicroVersaTrip system
using portable Test Set Type TVTS1 (Fig. 88). The ap-
plicable test procedures are detailed in instruction Book
GEK64464.

The time-current characteristics for the MicroVersaTrip
Trip Device are given in curves GES6195 and GES-6199.

' T, SENSOR
o

FIG. 87 — MICROVERSATRIP COMPONENT



FIG. 88 TEST SET, CAT. NO. TVTS1

12.4.1 RESISTANCE VALUES

For use in troubleshooting the MicroVersaTrip
current sensors, the resistance of the tapped and fixed
windings is given in Tables 13 and 14 respectively.

TABLE 13— TAPPED SENSOR RESISTANCE
VALUES

Resistance in Ohms

Ampere Between Common

Tap and Tap Terminals
100 7.0-8.2
150 10-12
225 15-18
300 20-24
300 20-24
400 27-32
600 42-50
800 58-68
600 42-50
800 53-68
1200 93-109
1600 130,154
800 7488
1200 116-136
1600 162-180
2000 210-246

TABLE 14 — FI‘)\(EDEgENSOR RESISTANCE

VALU

Ampere l Resistance in Ohms

Rating | Between Terminals
100 6778
150 10-12
225 1517
300 20-24
400 27-32
600. ; 42-50
800 | 58-68
1200 : 92.108
1600 i 128-151
2000 ? 207-243

Thexcoil resistance of the MicroVersaTrlp flux shifter
device Is approximately 7 ohms.

SECTION 12—MicroVersaTrip™
Trip Device (Cont.)

12.4.2 FALSE TRIPPING—BREAKERS
EQUIPPED WITH GROUND FAULT

When nuisance tripping occurs on breakers equipped
with the Ground Fault trip element, a probable cause is
the existence of a false “ground’’ssignal. As indicated by
the cabling diagram of Figy 90, each phase sensor is
connected to summing circuitry,in the programmer. Un-
der no-fault conditions’ on\3-wire load circuits, the
currents in this circuitry (add to zero and no ground
signal is developed. This current sum will be zero only if
all three sensors<4have)the same electrical charac-
teristics. If one sensoruditfers from the others (i.e., dif-
ferent rating or wrong tap setting), the circuitry can
produce output sufficient to trip the breaker. Similarly,
discontinuity between any sensor and the programmer
unit can cause a false trip signal.

If nuisance tripping is encountered on any breaker
whose_ MicroVersaTrip components have previously
demonstrated satisfactory performance via the TVTS1
Test Set,, the sensors and their connections should be
Closelysscrutinized. After disconnecting the breaker from
all power sources.

a) Check that all phase sensors are the same type (am-
pere range).

b) Ensure that the tap settings on all 3-phase sensors
are identical.

c) Verify that the harness connections to the sensors
meet the polarity constraints indicated by the cabling
diagram.

d) On Ground Fault breakers serving 4-wire loads,
check that the neutral sensor is properly connected (see
cabling diagram Fig. 91). In particular,

(1) Verify that the neutral sensor has the same rating
and tap setting as the phase sensors.

(2) Check continuity between the neutral sensor and its
equipment-mounted secondary disconnect block. Also
check for continuity from the breaker-mounted neutral
secondary disconnect block through to the female harness
connector.

(3) If The breaker's lower studs connect to the supply
source, then the neutral sensor must have its LOAD end
connected to the source. See Fig. 92.

(4) Ensure that the neutral conductor is carrying only
that neutral current associated with the breaker’s load cur-
rent (neutral not shared with other loads).

e) Ifthe preceding steps fail toidentify the problem, then
the sensor resistances should be measured. Since the
phase and neutral sensors are electrically identical, their
tap-to-tap resistances should closely agree. See Tables 13
and 14.
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SECTION 12—MicroVersaTrip™ Trip Device (Cont.)
12.5 CABLING DIAGRAMS
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SECTION 12—MicroVersaTrip™ Trip Device (Cont.)
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SECTION 13—EC Trip Device

Type EC overcurrent trip devices are magnetically
operated, using a series coil or single conductor, and an
associated magnetic structure to provide tripping force.

There are three basic characteristics: long time delay,
short time delay and instantaneous, which can be used in
various combinations to suit the application.

AKR breakers with EC Trips are for use on DC system
voltages. One EC trip device is mounted per breaker pole.
This device contains its functional adjustments.

FIG. 97 EC-2A TRIP DEVICE

The standard EC trip device for breaker frames up *
2000 amps is the type EC-2A, see Fig. 97. An optional tr,,
device for these frames is the type EC-1, see Fig. 98.

Trip characteristics are for the EC devices are given in
Table 15.

The time-current characteristics for the EC trip devices
are given in the following curves:

GES-6000 EC-1
GES-6010 EC-2/2A 1A-3

GES-6011 EC-2/2A 1B3
GES-6012 EC-2/2A{1C3

FIG. 98 EC-! TRIP DEVICE

TABLE 15,EC DEVICE TRIP CHARACTERISTICS

THp Long Time Short Time instamaneoua
Device Pickup O Oelay < Pickup Delay () Pickup
(1A) MAX —ady 15-28 sec
o 40X,
econ | o (1B) INTER —ad) 7518 sac e12x,
, o 915X or
(1C) MIN —ad 33-8 2 sec 80-250%x @
(1A) MAX =30 sec (2A) MAX.=—.23 sec.
or 2-8X or
N T Ay 1181 INTER —15 sec o (28) INTER — 15 sec High Set
; ‘ o 10X o wo 1o 15X,
(1C) MIN —5S sec (2C) MIN.— .07 sec. Non-Adjustable
(2AA) MAX.— .20 sec
(188) MAX —4 S sec 2-3X, or 4-9X,
Ecp oA or Mo (288) INTER — 13 sec. 612X
- 11CC) MIN —2 sec 4-10X or 915X or
(2CC) MIN — 07 sec. 80-250% x @

1 X'= Trip,device ampere rating If tnp devices are set above 100° lor IYOVAhON D/TOBEs. SUCh 84TUNGS GO NOL INCTEAse the breaker's CONDNLOUS Curment ratng.

2pA! lower fimit of band at 6 tmes prchup sefting
3 Atiower 'mit of band at 2'7 iMes PCkup seftmg
4 Low-set instantanecus Not availadie n COMONEoON wioh 10N bme CeWy
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SECTION 13—EC Trip Device (Cont.)

FIG. 89 OVERCURRENT TRIPPING DEVICE — EC-2A
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13.1 SERIES OVERCURRENT TRIPPING
DEVICE EC-2A

The Type EC-2A overcurrent tripping device is available in
three forms:

1. Dual overcurrent trip, with long-time delay and high-set in-
stantaneous tripping.

2. Low-set instantaneous tripping.

3. High-set instantaneous tripping.

The dual trip has adjustable long-time and instantaneous
pick-up settings and adjustable time settings. Both forms of in-
stantaneous trip have adjustable pick-up settings.

ADJUSTMENT NOTE

Before attempting any checks or adjustments on breaker with
EC trip devices, the breaker mechanism and trip latch should be
checked to assure their proper functioning so that the breaker
trip shaft is free of high friction loads. The trip latch of the
breaker should also be checked for proper trip latch engage-
ment. See Section 7.15

Refer to Fig. 99 for the discussions given below.

13.1.1 LONG TIME-DELAY AND HIGH-SET
INSTANTANEOUS TRIPPING

By means of the adjustment knob (3), which can be manipu-
lated by hand, the current pick-up point can be varied from 80
to 160 percent of the series coil rating. The indicator and a cal-
ibration plate (2) on the front of the case provide a means of
indicating the pick-up point setting in terms of percentage of coil
rating. The calibration plate is indexed at percentage settings of
80, 100, 120, 140, and 160.

As in the case of the EC-1 over-current trip, the long-time de-
lay tripping feature can be supplied with any one, of three
time-current characteristics which correspond to thej3NEMA
standards maximum, intermediate and minimum long-time delay
operating bands. These are identified as 1A, 1B and /iC ¢char-
acteristics, respectively. Approximate tripping time for each of
these, in the same order are 30, 15, and 5 seconds at 600 per-
cent of the pick-up value of current. (See’ time-current charac-
teristic curves).

The tripping time may be varied within the limits’shown on the
characteristic curves by tumning the time adjustment screw (4).
Tuming in a clockwise direction increasesythe tripping time;
counterclockwise motion decreases it. The dashpot arm (8) is
indexed at four points, MIN-1/3-2/3:MAX. as indicated in Fig.
100. When the index mark on’the’connecting link (9) lines up
with a mark on the dashpot arm; the approximate tripping time
as shown by the charactenistic ‘curve is indicated. The 1A and
1B charactenstic devices are shipped with this setting at the 2/3
mark and the 1C characteristic at the 1/3 mark. The standard
charactenstic curves are plotted at these same settings.

Time values are inversely proportional to the effective length
of the dashpot am. Therefore, the linkage setting that gives the
shortest ime value 1s,the one at which dimension “A", Fig. 99,
is greatest. The time adjustment screw (4) may be tumed by in-
serting a Rhillips head screwdriver through the hole in the front
of the case. i) 1s desired to relate the linkage setting to the
index ¢narks on the linkage it will be necessary to remove the
case. Thus may be done by removing the two mounting screws,
one‘ont@ach side of the case. which may be taken off without
disturbing the tnp unit itself.
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13.1.2 INSTANTANEOUS LOW-SET TRIPPIN‘G

The low-set instantaneous pick-up point may bevaried\by the
adjustment knob (3). The calibration in this case usually ranc ™
from 80 percent to 250 percent of the series coil rating, with .
calibration plate indexed at values of 80, 100, 150, 200, and 250
percent of the rating.

13.1.3 INSTANTANEOUS HIGH-SET TRIPPING

The high-set instantaneous pick-up value may have one of
the following three ranges: 4 to 9 times coil rating; 6 to 12 times
coil rating or 9 to 15 time coil rating. The pick-up setting may be
varied by tuming the instantaneous pick-up adjusting screw
(12).

Three calibration marks (15) will appear on the operating arm
(14) and the value of these calibration marks will be indicated
by stampings on the @ammn as follows: (4X - 6.5X - 9X) or (6X -
9X - 12X) or (9X - 42X -“15X).

At the factory, the pick-up point has been set at the name-
plate value of the instantaneous trip current. (Usually expressed
in times the ampere rating of the trip coil). The variation in pick-
up setting is accomplished by varying the tensile force on the
instantaneous spring (5). Tuming the adjustment screw changes
the position ofithe movable nut (11) on the screw. The spring is
anchored, to) this movable nut so that when the position of the
aut,is‘changed, there is a corresponding change in the spring
load;, As the spring is tightened, the pick-up point is increased.

Thetop edge of the movable nut (11) serves as an index
pointer and should be lined up with the center of the desired cal-
ibration mark (15) to obtain the proper instantaneous trip setting.

The trip screw (6) on the end of the armature (7) should be
set so that it does not contact the trip paddie on the trip sh
until the air gap between armature and pole piece is reduced ..
3/32.in. or less, measured at the rivet in the pole piece. Also,
the armature must have a minimum of 1/32 in. of travel beyond
the point in its motion at which the breaker is tripped.

Replacement of the EC-2A device is accomplished by the
same procedure described for the EC-1 series trip device; how-
ever, in some cases, when replacing an EC-1 device with an
EC-2A it will be necessary to replace the trip paddies on the trip
shaft with ones which are slightly longer. When required these
will be provided with the replacement trip units.

NOTE: Pick-up settings on the calibration plate of the EC-2A
device are calibrated for the specific device. When replacing
covers, replace on associated device.
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13.2 SERIES OVERCURRENT TRIPPING
DEVICE EC-1

Each series overcurrent tripping device is enclosed in a
molded case and mounted by screws and a bracket to the lower
part of the pole unit base.

Refer to Fig. 101 for the discussions below.

13.2.1 SHORT TIME-DELAY TRIPPING

The amature (7) is restrained by calibrating spring (8). After
the magnetic force produced by an overcurrent condition over-

I
st 9
o
/ S
.I O 'E ; N
of \.\ rg
2 VN [F s 6
e § 5
(o] /'C\‘
RS 4
3 ()
Left Side View Showing

Short Time Delay Mechanism

comes this restraining force, the armature movement is‘further
retarded by an escapement mechanism which produces an in-
verse time delay characteristic. The mechanism(is shown on
Fig. 101.

13.22 LONG TIME-DELAY TRIPPING

The armature (10) is restrained by the calibration spring (11).
After the magnetic force produced by an overcurrent condition
overcomes this restraining force, the,armature movement is fur-
ther retarded by the flow of silicone oil"in a dashpot, which pro-
duces an inverse time delay characteristic. The mechanism is
shown on Fig. 101.
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i

Right Side View Showing
Long Time Delay Mechanism

Front View Showing
Mounting Bracket

1. Senes Coil 8. S.T.D. Calibration Spring 15. Plunger

2. Magnet 9. Trip Paddle Adjusting Screw 16. Cylinder

3. Pallet 10. L.T.D. Armature 17. Calibration Plate
4, Pinion 11. LT.D. or Low-set Inst. Calibration Spring 18. Trip Paddle

5x, Escape Wheel 12. Inst. Trip Spring (High Set) 19. Trip Arm

6. Driving Segment 13. Spring Holder 20. Clamping Bracket
7. S.T.D. Amature 14. Calibration Clamp Nut

FIG. 101 SERIES OVERCURRENT TRIPPING DEVICE EC-1
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13.2.3 INSTANTANEOUS TRIPPING

(a) Adjustable instantaneous tripping takes place after the
magnetic force produced by an overcurrent condition, over-
comes the restraining force of the calibration spring which can
be adjusted by the calibration clamp nut (14).

(b) Non-adjustable instantaneous tripping takes place after
the magnetic force produced by an overcurrent condition over-
comes the restraining force of a non-adjustable spring.

13.24 EC-1 ADJUSTMENTS

Before attempting any checks or adjustments on breaker with
EC trip devices, the breaker mechanism and trip latch should be
checked to assure their proper functioning so that the breaker
trip shaft is free of high friction loads. The trip latch of the
breaker should also be checked for proper trip latch engage-
ment. See Section 7.15

EC-1 Devices may have their pick-up settings varied by
changing the positions of the sliding calibration plates on the
front of each device. The clamping nut holding the plate must
be loosened to make the change, and then retightened.

It a new device is installed, the adjusting screw on the tripping
arm must be set to give 1/32nd of an inch overtravel in tripping.
The method for making this check is demonstrated in Figure
102. The rod shown is used for pushing the armature of device
closed. If this is done with the device mounted on a closed
breaker, it will simulate the action which occurs when the device
reacts to an overload condition.

FIG. 102 CHECKING TRAVEL DISTANCE OF
SERIES'OVERCURRENT TRIPPING
DEVICE.
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13.3 POSITIVE TRIP ADJUSTMENT

Before attempting any checks or adjustments on breaker wi*-
EC trip devices, the breaker mechanism and trip atch,should
checked to assure their proper functioning so that the breake..
trip shaft is free of high friction loads. The ‘trip _latch of the
breaker should also be checked for proper trip latch engage-
ment. See Section 7.15

In addition to the pick-up settings and time-delay adjustments
already described, overcurrent trip devices must be adjusted for
positive tripping. This adjustment is made at the factory on new
breakers, but must be made in‘the field when the breaker mech-
anism or the overcurrent trip devices have been replaced.

Positive tripping is achieved/when adjustment screw (9) Fig-
ure 101 is in such a position thatsit will always carry the trip pad-
die on the trip shaft beyond the point of tripping the mechanism,
when the armature closes,against the magnet.

In order to make the adjustment, first unscrew trip screws (9),
Figure 101, untilit will,not trip the breaker even though the ar-
mature is pushed against the magnet. Then, holding the arma-
ture in the, closed position, advance the screw until it just trips
the breaker.WAfter this point has been reached, advance the
screw, two additional full tums. This will give an overtravel of 1/
16 oftan inch)and will make sure that activation of the device will
always trip, the breaker.

Adjustment screw (9), Figure 101 can best be manipulated by
an extended 1/4 inch hex socket wrench.



SECTION 13—EC Trip Device (Cont.)

13.4 REVERSE CURRENT TRIPPING DEVICE

The device is enclosed in a molded case and is mounted on
the right pole base similar to the series overcurrent tripping
device.

The reverse current tripping device (see Fig. 103) consists of
a series coll (2) with an jron core mounted between two pole
pieces (9), also a potential coll (7) connected across a constant
source of voltage and mounted around a rotary-type armature
(10). Calibration spring (6) determines the armature pick-up
when a reversal of current occurs.

As long as the flow of current through the breaker is in the

normal direction, the magnetic flux of the series coil and the
magnetic flux of the potential coil produce a torque which tends
to rotate the armature counterclockwise. The calibration spring
also tends to rotate the armature in the same direction. This
torque causes the armature to rest against the stop screw (12)
attached to a bearing plate on the right side ofithe device.

If the current through the series_coil (2) is reversed, the ar-
mature (10) tends to move in the clockwise direction against the
restraint of the calibration spring,(6). When the current reversal
exceeds the calibration setting, thetarmature revolves clockwise
causing the trip rod (3) to move upward engaging the trip paddie
(1), thereby tripping the breaker.
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1® A e ...J_J 8. Calibration Nut
_ 9 9. Pole Pieces
M & = 10. Armature
. (X 11.  Counter Weight
o LS 7 'Y? 12.  Stop Screw
ot o IR e 13.  Mounting Screw
og 1 ax s 14. Screw
I
° ? o ‘%ﬁ:l}! %0 h
N
cqe
08w
Eromies —se
'}t
n....“—

FIG. 103 ED-1 REVERSE CURRENT TRIPPING DEVICE
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13.4.1 ADJUSTMENTS

The only adjustment to be made on the reverse current de-
vice is to make sure that the trip rod has a minimum overtravel
of 1/32 in. beyond the point of tripping the breaker. This adjust-
ment should have to be made only when an old device is being
replaced by a new one.

The new device will be factory adjusted so that the top end of
the trip rod (3) will extend 1/2 in. above the top of the device
case, and no additional adjustments of the trip rod should be re-
quired. To obtain the proper 1/32 in. overtravel, close the
breaker and proceed as follows:

1. Loosen the locking nut. (2B).

2. Manually lift the trip rod and vary the position of the ad-
justing nut (2A), this establishing the position of the adjusting
nut where the breaker is just tripped.

NOTE: Be sure to keep clear of moving breaker parts when
tripping the breakers.

3. With this position of the adjusting nut established, advance
the adjusting nut upward one and one-half tumns.

4. Tighten the locking nut and the minimum 1/32-in. over-
travel of the trip rod should be obtained.

13.4.2 REPLACEMENT

After removing the wiring for the potential coil the reverse cur-
rent device can be removed and replaced by following the pro-
cedure outlined for replacing the series overcurrent device. See
Section 13.6. For wiring, see Fig. 103.

13.5 SWITCHETTE FEATURE

The switchette is operated by the long-time delay function. its
purpose is to provide a set of contacts that will close before@n
overload occurs. This device will not trip the breaker omyover:
load it will trip on instantaneous only.

The switchette feature is available only in type EC-1 devices.

The switchette is used in one pole and EC-1 trips,in the other
poles. For the alarm to be effective in indicating theyoverioad
before the other poles trip the breaker, the device must have
less time delay than the other two poles; thistis. accomplished
by using a lower characteristic on the alarm device than the
other poles or setting the alarm devicés long, time setting at
80%.
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13.6 TRIP DEVICE REPLACEMENT

Overcurrent devices on AKR30 & AKRS0 breakers may be
dismounted by removing the fastening hardware_atthe rear ~
the breaker and withdrawing the device. EC deyices, after bei.,_
unfastened as shown in Figures 104 and 105,.and having the
clamps on the case in the front removed, may be lowered clear
of the breaker. You do not have to separate frames on these
breakers.

FIG. 105 DISCONNECTING EC FRAME



~ "SECTION 14—Electrical Characteristics

TABLE 16 CHARGING AND CLOSING OPERATING CURRENTS

B MOTOR ANTI-PUMP CONTROL CLOSING
E Current (Amps) RELAY “W" RELAY “X" SOLENOID =
= g - g Rated-Amps g Rated Amps % Rated Amps e
H s §-£ 2 g' (“F g‘&\‘é :’:— E Inrush | Sealed EE Inrush | Sealed i' E Inrush | Sealed § o
S ] © £ £ o
25 | & > N =5 | Open [ Closed | & | Open | Closed | 4= &, /”Open | Closed | = «
48V DC 38-56 40 10 38 .063 .063 30 4.1 4.1 38 6.2 5.2 15A
125V DC 100-140 27 5 85 024 .024 90 1.05 1.05 100 1.75 1.75 6A
250V DC 200-280 13 3 170 .015 .015 180 .53 .53 200 .88 .88 6A
120V 60 .090 .052 1.0 . .14 2.6 .35 6A
120V 50 104-127 25 5 95 .090 .052 95 1.0 A5 98 22 .29 6A
120V 25 .047 032 6.85 127 1.1 A7 6A
208V 60 .050 .029 .45 .063 1.5 .19 6A
208V 50 180-220 15 35 175 .050 029 175 55 083 177 1.2 .16 6A
208V 25 .032 .018 3.86 .76 .60 .08 6A
250V 60 .064 .036 .50 .07 1.3 A7 6A
250V 50 208-254 12 3 190 .064 .036 190 .50 .08 196 1.1 15 6A
250V 25 .035 023 342 64 54 .08 6A
TABLE 17 TABLE 19
BELL ALARM CONTACT AUXILIARY SWITCH
RATING CONTACT RATINGS
Bell Alarm Contact Auxlliary Switch
Control Rating (amperes) Control Interrupting Ratings
ntrol
Voltage inrush | €oMin- Voltage {Ampares)®
uous Non-
inductive
1 25 2 5 25 Inductive
Dc | 250 | 09 | 0@ 5 48 25 —
C 125 11 6.3
60 Hz | 320 | 30 Uy 250 2 18
Ac
480 7 3 115 75 50
Ac 240 50 25
480 25 12
0] Limil?‘d to I|ZOA cont‘mugus sr‘a\ning of
switch on all breakers and to contin-
TABLE"18 uous rating of #16 wire on drawout
AUXILIARY.SWITCH breakers.
CONTACT.SEQUENCE
TABLE 20
;‘ cs Auziliery Switch Position CHARGING TIMES
! Main e B
' Comacts Contact Contact Nominal Time
, Voltage (sec.)
“ or Open Closed 120vDC 10
| Tnpped 250vVDC :
\ 120VA8
L C | 208VA 0.09

77



TABLE 21 SHUNT TRIP AND UNDERVOLTAGE DEVICE OPERATING CURRENTS

-~

B SHUNT TRIP UNDER VOLTAGE
E > Current Current
S8 § (Amps) (Amps)
<8 g £ Operating Inrush Sealed Operating Inrush Seasled
§ u Voitage range Open Closed Voitage range Open Closed
24 DC 14 30 8.3 8.3 .38 .38
48 DC 28 60 45 4.5 SEE 19 .19
125 DC 70 140 2.0 20 TABLE .08 .08
250 DC 140 280 1.0 1.0 23 .04 .04
70 60 59 132 —_ - N/A N/A
120 60 95 127 12.3 10.8 .66 .24
120 50 95 127 7.6 6.7 .75 .25
120 25 95 127 4.7 4.1 .31 .10
208 60 175 220 3.2 2.6 .51 A7
208 50 175 220 3.8 3.1 .30 .10
208 25 175 220 21 1.9 14 .05
240 60 190 254 39 34 .37 12
240 50 190 254 4.7 41 34 1M
240 40 190 254 5.8 51 N/A N/A
240 25 190 254 21 %9 .16 .06
380 50 315 410 29 2.6 22 08
480 60 380 508 3.4 31 .23 08
480 50 380 508 7.5 7.3 A7 06
480 25 380 508 35 33 1 05
575 60 475 625 28 25 .16 .06
575 50 475 625 51 4.7 .14 06
575 25 475 625 31 3.0 10 05
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TABLE 22 COIL RESISTANCE—DC OHMS @ 25°C

Nominal Control Anti-Pump Control Shunt
Voitage Frequency Hz Relay "W Relgy “X" Trip Undervoltage
24V DC N/A N/A 3 64
48V 0] 802 12 1 240
125V oC 5000 119 64 1600
250V oC 16400 476 260 6700
120V 60 450 54 39 254
120V 450 75 7.15 33
120V 25 1450 75 254 146
208V 60 1450 216 254 64
208V 50 1450 300 254 146
208V 25 3900 300 64 580
240V 60 1450 300 254 100
240V 1450 300 254 146
240V 25 6000 300 64 580
380V S0 NA NA 64 370
480V 60 NA NA 64 370
480V 50 NA NA 32 580
480V 25 NA NA 100 1600
575V 60 NA NA 100 580
575V 50 NA N:A 64 918
575V 25 NA N/A 146 3200




TABLE 23 INSTANTANEOUS UNDERVOLTAGE DEVICE SETTINGS

PICK UP VOLTAGE RANGE

CoIL
RATING UVR ONLY MECHANISM RESET PRANGE)

24 VDC 18- 20 16 - 20 7-83

48 VDC 36 - 41 32- 41 14,- 17
125 VvDC 106 - 110 104 - 110 38- 43
155 VDC 109 - 132 101 - 132 47 -93
250 VDC 212 - 221 209 - 221 75 - 85
120 VAC 102 - 106 100 - 106 36- 72
208 VAC 156 - 176 136 - 176 62-125
240 VAC 206 - 212 200 - 212 72- 144
380 VAC 285 - 323 247 - 328 114 - 223
480 VAC 360 - 408 312,408 144 - 288
575 VAC 431- 488 374 - 488 173 - 345

TABLE 24 TIME-DELAY UNDERVOLKTAGE DEVICE SETTINGS

N "OVRONLY VECHANISM RESET DROP OUT
VOLTAGE vDC NO PICK UP PICK UP

125 VDC 77 - 85 50 90 - 95 MINIMUM

2028*;’3 J,’?&C 125 - 140 90 160 - 165 POSSIBLE
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SECTION 1—Introduction

These instructions provide the maintenance procedures
and describe the operation of the 800 thru 2000 amp frame
size type AKR low voltage power circuit breakers listed in
Table 1.

The proper use, care, and maintenance of these break-
ers is a prime safety consideration for the protection of
personnel, as well as a means of minimizing equipment
damage when faults occur. Persons who apply, use, and
service these breakers will acquire the knowledge they
need by gaining the information contained in these instruc-
tions.

1.1 INSPECTION AND MAINTENANCE

Breakers should be cared for under a systematic main-
tenance program. Taking each breaker out of service
periodically for inspection and maintenance is an excellent
means of establishing high service reliability. It is good
policy to have one or more spare breakerstoinstall in place
of breakers requiring maintenance. Keeping a stock of
recommended renewal parts will insure that maintenance
work can be done quickly.

How frequently an individual breaker should be in-
spected will depend on the circumstances of its use. it
wouldbewelltoinspect any breaker atleast once a yeat. If
itis frequently operated, operatedunder severe load condi-
tions, or installed in an area of high humidity or a dusty,
dirty atmosphere, inspections should be more oftenmin-
spections might be monthly under adverse conditions:

Always inspect the breaker after a short-circuit current
has been interrupted.

SAFETY PRECAUTION

BEFORE INSPECTING OR BEGINNING ANY
MAINTENANCE WORK ON THE BREAKER, IT
MUST BE DISCONNECTED FROM ALL VOLT-
AGE SOURCES, BOIH POWER AND CON-
TROL, AND BE IN THE “OPEN” POSITION.

A basic inspection should consist of the following:

a. Visual Check — Look for dirt, grease or other foreign
material on any breaker parts. Check insulating surfaces
for conditions that could degrade insulating ‘properties
(cracks, overheating, etc.). Also check for loose hardware
and components on the bottom of the breaker compart-
ment. Loose or damaged control wiring aid similar
problem areas should also be checked.

b. Operation — Observe a few clese-open operations
using the operating or maintenancehandle. If a breaker is
seldom operated such that it remains‘@pen or closed for a
period of six months or more, it is‘ecommended that it be
opened and closed severalitimes._in succession.

c. Interlocks — During the Operational check verify the
safety interlocks are properly working.

d. Arc Chutes and Centacts — Inspect the condition of
the arc chutes and contacts. Look for excessive burning or
breakage. €heck thel amount of contact depression or
wipe when theybreaker is closed.

e. Actessories — Verify that the various accessories are
working properly.

f. Theperformance of the solid-state current trip devices
mayybe checked with a suitable test set. Check elec-
tremechanical devices for positive trip in accordance with
the/instructions in their Maintenance Manual, GEI 86157.

1.2 RENEWAL PARTS

The AKR breakers contain a variety of parts and as-
semblies. Many of these are available as replacement
parts when the need arises. See publication GEF 4527,
Renewal Parts, for a complete listing of these parts.



TABLE 1 BREAKER MODELS

MOUNTING TYPE
DRAWOUT
FRAME SIZE BREAKER SUB- DEEP ED
(AMPERES) DESIGNATION AKD-5 | AKD-8 | STRUCTURE | STATIONARY ([ESCUTCHE BREAKER
AKR-(")A 30, 30H X
800 AKR-(*)B 30, 30H X X .
AC AKR-(*)D 30, 30H, 30L X X X
AKR-(*)S 30, 30H X
AKR-(")A 50, 50H X
1600 AKR-(*)B 50, 50H X X
AC AKR-(*)D 50, 50H X X X
AKR-(*)S 50, 50H
AKRT-(*)A 50, 50H X
2000 AKRT-(*)B 50, 50H X X
AC AKRT-(*)D 50, 50H X X X
AKRT-(*)S 50, 50H X
AKR-2A 30 X
800 AKR-2B 30 X
bC AKR-2D 30 X
AKR-2S 30 X
AKR-2A 50
2000 AKR-2B 50 X
bC AKR-2D 50 X
AKR-2S 50 X
AKRU-("A 30 X
800 AKRU-(*)B 30 X X
AKRU-(*)D 30 S X X
AKRU-(")A 50 X
1600 AKRU-(*)B 50 X X
AKRU-(*)D 50 X X X
(*) - This digit identifies the trip d@pe as follows:
2 - EC (DC only)
4 -ECS
5-8ST 0/60 Hertz Only
6 — MicroVersaiTri
N — Non-aut i In ition, all non-automatic 250VDC breaker types
carry t D after the frame number, e.g. AKR-NB-50D
7 - RMS-9
9 - MVT-PLUS T-PM




SECTION 2—General Description

Type AKR low-voltage power circuit breakers are used
for controlling and protecting power circuits in the low-
voltage range (usually up to 600 volts). In serving this
function, they are a means of safely switching loads and
automatically clearing circuits when abnormal conditions
occur. Among these conditions, the more common are
short circuits and sustained overloads and under voltages.

The type AKR breakers are of the “quick-make, quick-
break description, having the feature of storing energy in a
closing spring for quick release in closing. In closing, some
energy is transferred to an opening spring to be used
subsequently for fast tripping.

Knowledge of how the breaker is designed and how it
operates will enable the ownerto make proper use of the
breaker and to avoid mistakes in its operation. Specific
directions on adjustments and maintenance procedures
will be treated later.

The three main functional components of a breaker are
its mechanism, an assembly comprising the conductive
members, and the interrupter.

The mechanism unitis designed to receive energy, store
it, and later (when called upon to do so) deliver it to close
the breaker! contacts. It must be able to reverse its com-
mitment to close the breaker at any point upon the activa-
tion of an automatic trip device (i.e., be “Trip-Free”). Fi-
nally, it also must be able to trip open a closed breaker
quickly enough to minimize arc erosion and in such a
manner as to effect proper arc transfer to the arc runner:

The current-carrying members of the breaker are as:
sembled on the back frame, which provides the mgchani-
cal support required and also the insulating structure
needed. The conductive members are the studs*for exter-
nal connections, movable and stationary contact)sets,

pivots for the movable contacts, and provisionformetnting
the current transformers.

The interrupter components are, in additionto the arcing
contacts, the arc runners mounted on,the,back base and
the removable arc quencher assemblies:

In addition to these basic compenentsya breaker may be
equipped with any combination offmany accessories and
interlocking devices. Bredkers'may also differ in a variety
of areas as shown in Table T%A brief description of these
areas is given below;

An outline drawing is available for each breakerframe size
showingcriticaldimensions. Thedrawingnumberappears on
the breaker nameplate and can be obtained from GE.

2.1 FRAME,SIZE

The bregakers are available in 5 frame sizes — 800
ampere§ A.Cr(AKR 30/30H, 30L, AKRU 30), 1600
amperes A.C. (AKR 50/50H, AKRU 500), 2000 am-
peres A.C(AKRT 50/50H), 800 amperes D.C. (AKR
30),and2000 amperes D.C. (AKR 50).

FIG. 1%— Manually Operated AKR-4A-50-1

dhhese,values represent the maximum continuous cur-
fent capability of the respective frames. However, each
breaker carries a specific rating which is determined by the
current sensor ampere rating or maximum setting of the
trip device with which it is equipped.

2.2 OPERATION

There are Manual and Electrical breaker models. The
Manual breaker, shown in Fig. 1, has an operating handle
which is used to manually charge the mechanism closing
spring.

The Electric breaker, shown in Fig. 2, contains an elec-
tric motor which charges the mechanism closing spring.
External control power is required to energize this motor
and its control circuit. A nameplate indicates what voltage
is required by the motor circuit and trip and close coils.

2.3 FUSED/NON FUSED

Fused breakers are identified as either AKRU 30 (800
ampere frame size) or AKRU 50 (1600 ampere frame size).
A fused breaker is shown in Fig. 3. They are not inter-
changeable with Non-Fused breakers, since they require
deeper compartments for their fuses.

B



FIG. 2 — Electrically Operated AKR-7D-30 FIG. 3 — Fused Breaker AKRU-6D-30

SECONDARY
DISCONNECTS

PRIMARY
DISCONNECTS

RACKING
MECHANISM

FIG. 4 — Drawout Breaker



SECTION 2—General Description (Cont.)

2.4 MOUNTING

Type AKR breakers are designed for either drawout or
stationary mounting. Drawout breakers (See Fig. 4) are
equipped with features which make them easy to install in
or withdraw from their associated switchgear equipment.
These features are a racking mechanism (which facilitates
inserting and withdrawing the breaker unit) and primary
and control power disconnects which connect and part
automatically. Interlocking devices are included.

Stationary breakers are designed to be mounted on a
framework or panel, with mechanical fasteners being used
to secure the breaker frame and make power connections.
If control power connections are needed, a suitable termi-
nal board is supplied.

The mounting type is identified by the second middle
digit in the breaker’s nameplate designation as follows:

AKR-5 (t )-30
Mounting type code letter per Table 2

TABLE 2 MOUNTING TYPE CODES

Code Breaker Type
Letter Drawout Stationary
A AKD-5 —
AKD-6
Substructure —
D AKD-8 —
Substructure -
S — X

2.5 TRIP DEVICE

There are several types of solid-state, direct-acting, self-
powered trip device systems associated with@AKR
breakers. These systems are for AC applications only.
For DC applications an electro-mechanical system is
available.

The trip device system is identified byathe first middle
digit in the breaker nameplate designation as follows:

AKR-( f_)!i-so
Trip device code number per Table 3

TABLE 3 TRIP DEVICE CODES
CODE NUMBER TRIP,DEVICE APPLICATION
2 EC DC
3 Power Sensor’ AC
4 ECS AC
5 SST AC
6 MicroVersaTrip AC
7 RMS-9 AC
9 MVT-PLUS or AC
MVT-PM

'"For Power Sensor devices. See publications GEK-7309 and
GEK:7301%erdetailed servicing procedures.

26, MODEL NUMBER

Type AKR breakers (see Table 2) existas either no model
number or “-1” versions. For example AKR-5A-30H or
AKR-5A-30H-1.

The difference between these models is their arc chute
construction. The arc chutes in the no model number break-
ers have a two piece porcelain frame and use 2 arc chute
retainers, see Fig. 5. The “-1" breaker arc chutes have a one
piece molded polyester glass frame and 1 arc chute re-
tainer, see Fig. 6.

All AKRT50H breakers use only molded arc chutes.

FIG. 5 — CERAMIC ARC CHUTES

FIG. 6 — MOLDED ARC CHUTES



2.7 SHORT CIRCUIT RATINGS

Short circuit ratings vary with the applied system vol-
tage. On 240 VAC systems they are also dependent upon
whether the overcurrent trip device contains an instan-

taneous trip element. See Table 4.

TABLE 4 BREAKER INTERRUPTION RATINGS

35 INTERRUPTION RATING
RATED KA RMS SYMMETRICAL
FRAME MAXIMUM WITH WITHOUT
SIZE BREAKER VOLTAGE | INSTANTANEOUS | INSTANTANEOUS | SHORT
(AMPERES) TYPE (60 HZ AC) TRIP TRIP TIME
635
AKR 30 508 30 80 30
254 42
635
ioco AKR 30H 508 42 42 42
254 50
635 50 50 50
AKR 30L 508
2 65 65 65
635 a2 42 a2
AKR 50 508 50
254 65 50 50
635 50 50 50
1600
AKR 50H 508
AC > 65 65 65
635
AKR 50H-1 508 65 65 65
54
635 50 50 50
AKRT 50 508
AC 635
ARKT 50H 508 65 65 65
254
800 AKRU.30 600
1600 AKRU50 600 200 200 o
800 DC AKR'30 300VDC 251 ] 25
2000 DC AKR 50 300VDC 50° 50

'With 40-800 Amp Trip Coil§
2With 200-2000 Amp Ttip Cails
3Consult Factory F@r Application Data




SECTION 3.0—Storage, Safety,
Maintenance

It is recommended that the breaker be put into service
immediately in its permanent location. If this is not possi-
ble, the following precautions must be taken to insure the
proper storage of the breaker:

1. The breaker should be carefully protected against
condensation, preferably by storing it in a warm dry room,
since water absorption has an adverse effect on the insula-
tion parts. Circuit breakers for outdoor switchgear should
be stored in the equipment only when power is available
and the compartment heaters are in operation to prevent
condensation.

2. The breaker shouldbe stored in aclean location free
from corrosive gases or fumes. Particular care should be
taken to protect the equipment from moisture and cement
dust, as this combination has a very corrosive effect on
many parts.

CAUTION: [/F THE BREAKER IS STORED FOR
ANY LENGTH OF TIME, IT SHOULD BE INSPECTED
PERIODICALLY TO SEE THAT RUSTING HAS NOT
STARTED AND TO ASSURE GOOD MECHANICAL
CONDITION. SHOULD THE BREAKER BE STORED
UNDER UNFAVORABLE ATMOSPHERIC CONDI-
TIONS, IT SHOULD BE CLEANED AND DRIED OUT
BEFORE BEING PLACED IN SERVICE.

10

3.1 Safety

Each usermust maintain a safety program for the,protec-
tion of personnel, as well as other equipment, frofm the
potential hazards associated with electrical equipment.

The following requirements are intended to augment the
user’'s safety program, but NOT supplantgthe user’s
responsibility for devising a complete safety program.
The following basic industry practiced,safety require-
ments are applicable to all major“electrical equipment
such as switchgear or switchboardS.” General Electric
neither condones nor assumes any, responsibility for prac-
tices which deviate from the following:

1. ALLCONDUCTORS MUSTBE ASSUMED TO BE ENER-
GIZEDUNLESSTHEIRPOLENTIALHASBEEN MEASURED
AS GROUND AND SUITABLE GROUNDING CONDUC-
TORS HAVE BEEN<APPLIED TO PREVENT ENERGIZING.
Many accidents have ‘been caused by back feeds from a
wide variety of sources.

2. Althoughtinterlecks to reduce some of the risks are
provided, theindividual's actions while performing service or
maintenanee,are essential to prevent accidents. Each
persen’s knewledge; his mentalawareness; andhas planned
and executed actions often determine if an accident will
oceur. Themostimportant method of avoiding accidents is
for, allfassociated personnel to carefully apply a thorough
understanding of the specific equipment from the viewpoints
of it’s purpose, it's construction, it's operation and the
sitdations which could be hazardous.

All personnel associated with installation, operation and
maintenance of electrical equipment, such as power circuit
breakers and other power handling equipment, must be
thoroughly instructed, with periodic retraining, regarding
power equipment in general as well as the particular model
of equipment with which they are working. Instruction
books, actual devices and appropriate safety and mainte-
nance practices suchas OSHA publications, National Electric
Safety Code (ANSI C2), The National Electrical Code, and
NFPA 7 0B Electrical Equipment Maintenance must be
closely studied and followed. During actual work, supervi-
sion should audit practices to assuie conformance.

3. Excellentmaintenanceis essential for reliability and safety
of any electrical equipment. Industry publications of recom-
menced maintenance practices such as ANSI/NFPA 70B,
Electrical Equipment Maintenance, should be carefully stud-
ied and applied in each user’s formation of planned
maintenance.



3.2 Maintenance

Both long and short term maintenance of all electrical
equipment is essential for reliability and safety. Mainte-
nance programs must be tuned to the specific application,
well planned and carried out consistent with both industry
experience and manufacturer’srecommendations. Local
environment must always be considered in such pro-
grams, including such variables as ambienttemperatures,
extreme moisture, number of operations, corrosive atmo-
sphere or major insect problems and any other unusual or
abusive condition of the application.

One of the critical service activities, sometimesneglected,
involves the calibration of various control devices. These
monitor conditions in the primary and secondary circuits,
sometimesinitiating emergency correctiveaction such as
opening or closing circuit breakers. Inview ofthevitalrole
of these devices, it is important that a periodic test
program be followed. As was outlined above, itis recog-
nized that the interval between periodic checks will vary
depending upon environment, the type of device and the
user’s experience. Itisthe General Electric recommenda-
tionthat, untiltheuserhas accumulated enoughexperience
to select a test interval better suited to his individual
requirements, all significant calibrations be checked atan
interval of one to two years.

To accomplish this, some items, such as “EC” direct
operating trip systems for low voltage breakers, must be
tested with primary current injection. Others gan be
adequately tested using test sets. Specific calibration
instructions on particular devices typically aréyprovided
by supplied instruction books.

Instruction books supplied by manufacttrers®address
components that would normally require Service or main-
tenanceduring the useful life of the equipment#However,
they can notinclude every possible partthat could require
attention, particularly over a very long service period or
under adverse environments. Maintenance personnel
must be alert to deterioration gf any part of the supplied
switchgear, taking actions; asipécessary to restore it to
serviceable status.

Industry publications of recommended maintenance prac-
tices such as ANSI/NFPA 70B, Electrical Equipment
Maintenance, should becarefully studied and applied in
each user’s formatien of ptanned maintenance.

Some users may require additional assistance from Gen-
eral Electric ‘inythe planning and performance of
maintenancé. )T he» General Electric Company can be
contractedto/either undertake maintenance or to provide
technicahassistance such as the latest publications.

Theyperformance and safety of this equipment may be
compromised by the modification of supplied parts or their
replacement by non identical substitutes. All such design
changes must be qualified to ANSI/IEEE Standard C37.59.

The, user should methodically keep written maintenance
tecords as an aid in future service planning and equipment
reliability improvement. Unusual experiences should be
promptly communicated to the General Electric Company.

10A



5.2.1 ALTERNATE CONTROL CIRCUIT USED

A second type of electrical control is shown in Fig. 9A
for all control voltages except 250 volts D.C. which uses
the circuit shown in Fig. 9. This alternate control circuit
eliminates the X-relay and CC switch shown in Fig. 9.

The motor is energized through the “G” cutoff switch
and the K-relay contact. The motor is deenergized when
the “G” cutoff switch changes state which occurs when
the closing spring is fully charged.

With the closing spring propped fully-charged, the
breaker is ready for closing. This may be accomplished
electrically by closing the “PB” switch on the breaker (if so

TRIP

AN
I4

-4 L
1

TC

equipped) or by aremote closing switch. Operationffthe
closing switch energizes the K-relay, which in turniener-
gizes the closing solenoid “CC”. This removesithe prop,
releasingtheclosingspringstoclosethebreaker. The“F”
cutoff switch is only installed on breakers using”D.C.
control voltage.

The anti-pump function is obtained through the nor-
mally closed K-relay contact in thesmotor circuit. If a
close signal is maintained after the bfeaker has tripped
open automatically, the K-relay“is, eneigized preventing
the motor from charging the clesingispring. The closing
signal must be removed for approximately 1.3 to 2.0
seconds to allow the closing’spring to charge.

LEGEND

€C — CLOSING SOLENOID
F*— CUTOFF SWITCH, CLOSED
WHEN CLOSING SPRING IS
FULLY CHARGED (D.C. ONLY)
G — CUTOFF SWITCH, OPEN
WHEN CLOSING SPRING IS
FULLY CHARGED.
L — AUXILIARY SWITCH
M — CHARGING MOTOR
PB — CLOSE PUSHBUTTON ON
BREAKER ESCUTCHEON.
OPTIONAL
TC — SHUNT TRIP DEVICE
K — ANTI-PUMP RELAY

FIG. 9A. ALTERNATE ELEMENTARY DIAGRAM. CONTACT POSITIONS ARE
SHOWN BREAKER OPEN AND CLOSING SPRINGS DISCHARGED.

TYP #183L712 “B” SERIES

12



53 MECHANISM OPERATION

Figures 10A, 10B and 10C show the mechanism com-
ponents in the Closed, Tripped and Reset positions. The
closing spring is in the charged position for all of these
details.

Closed Position — As shown in Fig. 10A, the movable
contacts are pushed against the stationary contacts by
the toggle linkage. The toggle linkage is held in position
through the engagement of its cam rollers, item no. 5, with
the prop, itemno. 2 and the secondary latch/rolleritem #6
and secondary latch #14 and trip latch #11.

Tripped Position — The mechanism goes from the
Closed position to the Tripped position, shown in Fig.
10B, when the trip shaft, item no. 10, is rotated by either
the manual trip button or one of the other trip devices.
The trip latch, item no. 11 is assembled to the trip shaft.
When the trip shaft rotates, the trip latch disengages
from the secondary latch roller. The secondary latch
pivots, resulting in the collapse of the toggle linkage.
This collapse along with the opening spring, item no. 15,
shown in Fig. 10 C, causes the breaker contacts to open.

Reset Position — The mechanism is shown in Fig.
10C. The closing cam, item no. 3, which is assembled to
the cam shaft, item no. 4, isrotated by the chargingmotor,
manual operating handle, or maintenance handle. The
cam engages the cam roller and partially extends the
toggle linkage. This allows the secondary latchitem 14 t@
pivot against the front frame as shown leaving amgap
between the trip latch and secondary latch roller. The
secondary latch is now in a position to engage with both
the trip latch and cam roller.

The breaker closes when the closing spring/discharges
and rotates the camitem #3 against the cam roller item #5.
The toggle linkage is fully extended, pivetingthé secon-
dary latch from the front frame and engagingit with the
trip latch and cam roller as shown inyFigal10A.

When the breaker is closed and the“glosing spring
discharged, the upper cam rolleritemi#5 is supported by
the cam rather than the prop,__This is the position the
mechanism must be in to chegk contact adjustment, refer
to Section 8.

FIG. 10A CLOSED

14 5 4 3

FIG. 10C RESET
2. Prop 11. Trip Latch
3. Cam 12. Insulated Coupling
4. Camshaft 13. Main Shaft
5. Cam Roller 14. Secondary Latch
6. Secondary Latch Roller 15. Opening Spring
10. Trip Shaft

5.4 CHARGING USING THE MAINTENANCE
HANDLE

The closing spring on electrically operated breakers can
be manually charged by using the maintenance handle
(568B386G1) as shown in Fig. 11. The triangular socket in
the maintenance handle mates with the mechanism cam-
shaft extension on the front right side of the breaker.
Using the knob on the handle, it will be necessary to align
this socket to fit on the end of the shaft when the handle
is positioned as shown.

FIG. 11 — MAINTENANCE HANDLE
INSTALLED ON CAMSHAFT EXTENSION

13
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There is a ratchet assembly attached to the camshaft
extension. This ratchet is normally driven by the breaker’s
gear motor. A roller on this ratchet engages with a prop
when the closing spring is fully charged and driven over
center, see Fig. 12. This holds the closing spring inva
charged condition.

14

FIG. 12 — ROLLER ENGAGED WITH'CLOSING PROP

FIG. 13 — MANUAL OPERATION OF CLOSING SOLENOID

Rotate,the camshaft using the maintenance handle until
the ratehet assembly roller engages with the prop. Do not
drive the roller against the prop with undo force. The
breaker can now be closed by removing the prop from the
roller. This is done by manually activating the closing
solenoid armature by pushing the solenoid armature into
its windings. See Fig. 13.



SECTION 6—Interlocks

AKR breakers are equipped with safety interlock devices
that are required by Industry Standards and Certifying Au-
thorities. Interlock devices for special applications are also
available as options. The standard interlock devices de-
scribed below are used only on drawout breakers. Station-
ary breakers have no required interlocks.

Caution must be taken to ensure that any interlock lever is
not bent and caused to not function. All interlocks should be
operated to confirm that they function as required.

6.1 RACKING MECHANISM INTERLOCK

The function of the racking mechanism interlock is to
prevent the breaker from moving from the CONNECTED
position before the breaker is in the OPEN position.

The racking mechanism drive shaft is located behind
the RACKING SCREW cover shown in Fig. 14A. This
cover must be slid to the right to gain access to the drive _
shaft as shown in Fig. 14B. When the RACKING SCREW FIG. 14A — RACKING SCREW
cover preventing it from being opened. This link is driven
by the motion of the OPEN/CLOSED indicatorasshown in
Fig. 15.

CAUTION! Prior to moving rack screw cover over to attach
racking wrench push the manual trip button aboye the.cover.
This will ensure that the breaker is open. Also read breaker
position flag to confirm that breaker is open.

Compartment door should be closed and'latched” when
racking a breaker from the connect positiont

The TRIP button also engages” withithe/RACKING
SCREW cover in both the OPEN an@ CROSED positions.
Therefore, the TRIP button must be‘pushed in before the
cover can be opened. This will apen the breaker if it was
closed and also depress the®OPEN/CLOSED linkage
discussed above.

When the RACKING SCREW cover is open it holds the
TRIP button in. Thisykeeps the breaker trip-free so a
mechanism closing cycleWwill not cause contact movement
especially whenfthe breaker is being racked in or out.

CAUTION! Use only the proper racking mechanism
wrench for racking the breaker in or out, otherwise the
trip-free interlock.,feature may not function.

FIG. 14B
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SECTION 6—Interlocks (Cont.)

FIG. 15
RACKING SCREW COVER INTERLOCK
CLOSED POSITION

6.2 POSITIVE INTERLOCK

The function of the positive interlock is to keep the
breaker trip-free while it is being racked in or out between
the CONNECTED and TEST positions.

The positive interlock is located onthe breaker leftside
as shown in Fig. 16. As the breaker moves betweenthe
CONNECTED and TEST positions, the positive interlock
engages with a ramp cam located in the breaker compart
ment. This cam raises the interlock lever assembly'caus-
ing the trip shaft to rotate and prevent the trip latchyfrom
engaging with the secondary latch assembly“teller. The
breaker is held trip-free and cannot be closedyduring this
interval.

6.3 CLOSING SPRING INTERLOCK

The function of the closingfspring interlock is to dis-
charge the closing springfas the'breaker is being racked
out of its housing. Thisfeliminatesthe hazard of a com-
pletely chargedbreaker being diseharged after the breaker
is removed from its compartment.

The operation of the closing spring interlock is shown in
the two pictures for Figi17. The racking mechanism arms
and the crank ake connected to a common shaft. Asthe
breaker is rackediout a pin attached to the crank moves
through asslotitint he mechanism linkage. The linkage is
connected to a’lever which engages with a pin on the
closingmsolenoid armature linkage. When the racking
mechanism approaches the DISCONNECT position, the

16
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FIG, 16— POSITIVE INTERLOCK

crank, pindteaches the end of the slot in the linkage.
Continted motion of the racking mechanism causes the
linkage torotate the lever which moves the closing sole-
noid armatureforward. Thearmature linkagethenreleases
the/prop, discharging the closing spring.

Ihe Closing Spring interlock should be adjusted to
cause the closing spring to discharge when the racking
mechanism is a minimum of 1 and a maximum of 2%
turns short of the fully racked out position. In this position
the racking handle can no longer be turned. If adjustment is
required, use the linkage adjusting screws shown in
Fig. 17.

Note: — Undue force on the racking handle at the fully
racked out position will cause the lever to move past the
pin on the armature linkage. This will bind up the overall
interlock. Under these conditions, continued application
of this force will deform the linkage assembly.



BACKING MECHANISM
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Breaker Racked In — Lever And Armature

Linkage Pin Not Engaged

ADJUSTING
SCREWS

gm— wM’
Breaker Being Racked Out —
Lever Activates Armature Linkage

FIG."17 — CLOSING SPRING INTERLOCK

6.4 DISCONNECT POSITION INTERLOCK

The function of the Disconnect Position Interlockyis to
block the RACKING SCREW cover open when the‘tacking
mechanism is in the DISCONNECTED position. When the
cover is held open, the TRIP button isfdepressed. The
mechanism is held trip-free and there isyno contact arm
movement when the closing spring is discharged by the
Closing Spring interlock.

The operation of this interlock is shown in Fig. 18. A
crank, which is attached to the gacking mechanism shaft, is
connected to the blockingyplate through a link. As the shaft
turns, the blocking plate rotates; holding the cover open in
the DISCONNECTED pgsitionpbut allowing it to close in
the TEST and CONNECTED»positions.

FIG. 18
DISCONNECT POSITION INTERLOCK

6.5 PADLOCKS

Provisions are made on all breakers to use padlocks to
prevent the breaker form being closed. For all breakers
except Type B or D the padlock shackle goes through the
TRIP button hole and out the slot in the side of the
escutcheon. For Type B or D breakers the padlock
shackle goes through the TRIP button hole and out the
RACKING SCREW coverhole in the deep escutcheon. In
either case, the shackle holds the TRIP button in keeping
the mechanism trip-free.

17



SECTION 6—Interlocks (Cont.)

6.6 KEY INTERLOCK-STATIONARY
BREAKER

The function of the Key Interlock is to prevent an open
breaker from being closed when the lock bolt is extended
and its key is removed.

The operation of this interlock is shown in Fig. 19. When
the breaker is in the OPEN position, the end plate assem-
bly item #2 on the main shaft pivots the lever item #6
counter-clockwise. This removes the pin item #3 on the
lever from blocking the lock bolt. Extending the lock bolt
rotates the linkage which moves the trip shaft, preventing
the mechanism from closing the breaker.

Lock

End Plate
Pin

Lock Bolt
Pin

Lever

ok wn

When the breaker is in the CLOSED position;‘thefly-
wheel assembly item #2 is away from the lever item #6.
The lever is spring loaded and rotates clockwise causing
its pin to block the lock bolt extension.

6.7 OPTIONAL INTERLOCKS

The optional interlocks arékey'interlocks and door inter-
locks. On drawout breakers, these devices are mounted in
the equipment and are partef the breaker enclosure.

FIG. 19— KEY INTERLOCK—STATIONARY BREAKERS

SECTION 7—Breaker, Maintenance

SAFETY PRECAUTION

WARNING: BEFORE INSPECTING OR BEGIN-
NING ANY™MAINTENANCE WORK ON THE
BREAKERuIT MUST BE DISCONNECTED FROM
ALL_VOLTAGE SOURCES, BOTH POWER AND
CONIROL, AND THE BREAKER MUST BE IN THE
"“OREN. POSITION.
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7.1 LUBRICATION

In general, the circuit breaker requires moderate
lubrication. The majority of the factory lubricated bear-
ing points and sliding surfaces are accessible for inspec-
tion and if necessary, cleaning and relubricating. The on-
ly lubricant used on the breaker for both electrical and
mechanical areas is General Electric specification
D50HD38 (D6A15AI Mobilgrease 28 or 32).
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The areas requiring lubrication are:

1. Contacts Pivots — A thin film on the stationary
and movable contact assembly pivot surfaces. Refer
to Section 8. Do not lubricate the contact tips.

2. Racking Mechanism — The drive threads, jamb
nut/trunnion interface, thrust washer/collar interface,
and the shaft support bearings. Refer to Section
7.13.

3. Manual Operating Handle — Lubricate the two pivot
areas associated with the adjustment linkage. Also,
the handle, mounting shaft/support bushing inter-
face. Refer to Section 7.2.

4. Flux Shifter — Lubricate pivoting and sliding sur-
faces of the reset linkage. Refer to Section 10.3.

5. Switchette — Lubricate the activator lever surface
that contacts the switchette button.

6. Mechanism — All accessible bearing and sliding sur-
faces that have been factory lubricated.

7. Primary Disconnects — Lubricate the finger contact
surface just prior to installing in switchgear or
lubricate and then cover the disconnect assembly to
protect from dust, dirt, etc. Refer to Section 7.5

Before lubricating, remove any hardened greasemordirt
from the latch and bearing surfaces. After lubricating,
remove all excess lubricant to stop accumulationef dirt or
dust. The use of cotton waste to wipe bearingysurfaces
should be avoided. The cotton ravelings may become
entangled under the bearing surfaces andédestroy the
surface of the bearing.

7.2 MANUAL HANDLE ADJUSTMENT

The adjustment linkage connects the handle assembly to
the chain drive mechanism which turns the cam shaft. The
length of this linkage provides the handle adjustment.

If the link istoo long, the handle stroke cannotextendthe
closing spring enough fordtto ge'over center. In this event,
use the maintenance handlete,complete the spring charg-
ing. The breaker can then'be, closed and opened prepara-
tory to further shortening of the link.

If the link is too shorty,charging is not possible.

The original linkagedesign used a double-ended stud in
the linkage cepter. Alhex section in this stud allowed adjust-
ing with an openzend wrench. When looking down on the
breaker, turning the wrench clockwise lengthens the link.
The opposite motion shortens it. The range of adjustment
is 300 degrees. In the confined space available, each
wrenchistroke imparts 15 degrees movement. The best
setting,isiapproximately mid-range.

Thetpresent design is shown in Fig. 20. This linkage is
assembled together on a threaded stud. Adjustment is
accomplished by removing the upper linkage assembly
fram the handle assembly and changing the linkage length
by turning the upper linkage up or down the threaded stud.

. B )
REMOVE THIS
SHARDWARE

UPPER LINKAGEF |
ASSEMBLY

N

FIG. 20 — MANUAL HANDLE ADJUSTMENT
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7.3 DRAWOUT MECHANISM POSITION

Maintenance or inspection should be conducted with the
breaker on a workbench. The drawout mechanism must be
placed in the CONNECT position. This will deactivate the
various interlocks which would otherwise prevent the
mechanism or contacts from closing. Engage the racking
handle with the racking shaft and turn clockwise until it
stops.

Remember, before installing the breaker back into its
compartment, the drawout mechanism must be returned to
the DISCONNECT position.

7.4 SLOW CLOSING THE BREAKER

Closing the breaker slowly, while observing the action of
the mechanism and contacts, is a good way of judging the
correctness of mechanical and contact relationships.
Some of the maintenance procedures described later will
involve operating the breaker in this manner. The proce-
dure for slow closing is given below.

The closing spring must be isolated from the
mechanism camshaft. This is done by disconnecting the
lower spring assembly from the mating camshaft linkage.
Remove the hex-head bolt as shown in Fig. 21. Remove
this bolt only with the mechanism in the DISCHARGED
position and the spring at its minimum extension.

REMOVE
THIS
BOLT

DO NOT
A 00SEN
il THIS SCREW

Remove the hex-head boltonly, do notremoveer loosen
the slotted head screw shown in Fig. 21. Removal of the
slotted head will cause the closing spring to become dis-
engagedfromthe camshaft with considerable farce. Verify
that this screw remains tightened duking the slow close
operation.

After the bolt is removed, use the maintenance handle
to rotate the ratchet assemblyaroller, onto the closing
prop (see Charging Using The Maintenance Handle, sec-
tion 5.4). At this point, the elosing prop must be removed
by either pushing the CLOSEbutton on Manual breakers,
or pushing the closing“solenoid armature on electric
breakers (see Fig. 13).4#Whenthe closing prop is removed,
continue turning the 'camshaft. When the contacts and
mechanism are ingthe*fully closed position, the cam will
support the camfroller(refer to Fig. 10 & section 5.3) and
the contactSywill’develop maximum depression.

Push the TRIPybutton to release the mechanism and
open theteentacts.

CAUTION, — The mechanism and contacts will open

with'nermal’ speed and force.

When replacing the hex-head bolt, turn the camshaft
withpthe'maintenance handle to align the mating holes in
thellower spring assembly and camshaft linkage.

FIG. 21 — SLOW CLOSING—LOWER SPRING ASM HARDWARE
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7.5 PRIMARY DISCONNECTS

Primary disconnects are found only on drawout break-
ers. They provide the flexible connection between the
breaker line and load terminals and the equipment line
and load terminals.

The 800 ampere breakers with the exception of AKR
30L use four primary disconnect fingers per terminal.
The 1600 amp, 2000 amp and AKR 30L"breakers use
eight fingers per terminal. Fig. 22 shows a line and
load end disconnect assembly. The line end discon-
nects on fusible breakers have the spring pointing
downwards, otherwise the aré’identical.

FIG. 22 — PRIMARY DISCONNECT
ASSEMBLY

“BOW-TIE”
SPACERS

FlG: 24 — PARTIAL PRIMARY DISCONNECT
ASM

FIG. 23 — PARTIAL PRIMARY DISCONNECT
ASM

WISPACER —
HOLE ’FORWAHD

RETAINER

FIG. 25 — PARTIAL PRIMARY DISCONNECT
ASM
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7.5.1 REPLACEMENT

Figs. 22, 23, 24, and 25 show the primary disconnect
assembly breakdown. Refer to these illustrations when
replacing the disconnects. Note the following details:

Fig. 25 — The position of the spacer in the breaker stud.
The hole in the spacer must be positioned as
shown so it will align with the holes in the clip.

Fig. 24 — The engagement of the fingers with the re-
tainer. Also the location of the ‘bowtie’ spacers in
the fingers, both upper and lower.

Fig. 22 & 23 — The position of the upper and lower
retainers and, again, the ‘bowtie’ spacers.

7.5.2 ADJUSTMENT

The primary disconnect assembly is factory adjusted to
apply a force of 85-105 pounds on a 1/2 thick copper bar
inserted between the upper and lower fingers. After instal-
lation of the disconnect assembly this force range is ob-
tained by tightening the locknuts to set the dimension
shown in Fig. 26 .766” to .797” Note that this dimension
is measured between the top of the retainer and the
underside of the washer. Alsonote that no baris inserted
between the fingers when setting this dimension.

FIG. 26 — PRIMARY FINGER ADJUSTMENT

7.6 AUXILIARY SWITCH

All electrically operated breakers’and manual breakers
having shunt trips are supplied“with”auxiliary switches.
Depending upon the requirements of the breaker's applica-
tion, the switch may contain from two to six stages. Usually,
each stage has one “A™eontact'and one “B” contact. “A”
contacts are opened or closedas the breaker is opened or
closed. “B” contacts are the reverse of this.

The auxiliary switch isgnounted on the upper side of the
mechanism frame as shownin Fig. 27. A crank on the main
shaft operateg,theiswitch through an adjustable link which
connects it to the'switch crank. The switch can be a GE
type “SB-42™ar Electro Switch Type “101”.

22
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Ui : g
§

LINKAGE

FIG. 27 — AUXILIARY SWITCH

7.6.1 REPLACEMENT

Either switch.type may be dismounted by removing the
two bolt screwswhich fasten it to the mechanism frame.
The GE=SB-12 replacement switch should have its
crank shaftyiset'so that the arrow head on the end of the

shaft points as shown in Fig. 28A when the breaker is
open.

The Electro Switch replacement should have its crank
shaft'set so that the horizontal line on the end of the shaft
is'as shown in Fig. 28B when the breaker is open.

ARROW HEAD

o

FIG. 28A — GE SB-12 FIG. 28B — ELECTRO
CRANK SHAFT POSITION SWITCH CRANK SHAFT

If a switch is added to a breaker having none, the ad-
justing link will also have to be installed. This is connected
to the pin on the crank which is attached to the main shaft.
It is secured by means of a cotter pin.

7.6.2 ADJUSTMENT
GE SB-12

If a new adjustable link is installed, its length should be
set, beforeinstalling, at 6.375 inches, between pin centers.

After installing a new switch, its operation should be
checked. Viewing the switch from above, the contacts
toward the front of the breaker are normally the “B” con-
tacts. Even if a special switch is used, it is always the case
that the first two stages nearest the crank have the “B”
contacts to the front, and the “A” contacts towards the
back. “A” contacts are closed when the breaker is closed.
“B” contacts are closed when the breaker is open.



To check the setting, arrange the breaker for “slow-
close” as described in Section 7.4. Through the use of a
continuity tester, observe the position of the breaker con-
tacts when the switch “A” contacts touch. Atthis point the
breaker’s arcing contacts must be within .250" to .500" of
closing.

Adjustment is made by disconnecting the upper end of
the adjustable link and varying its length as required.

ELECTROSWITCH TYPE 101

Adjustment is the same as the GE SB12 except that
when the switch “A” contacts touch, the breaker arcing
contacts must be within 0 to .250 inches of closing.

7.7 SHUNT TRIP

The shunt trip device opens the breaker when its coil is
energized. An “A” auxiliary switch, which is closed only
when the breaker is closed, is in series with the device
coil. Connections are made to the external tripping source
through secondary disconnects on drawout breakers, or to
the terminal board on stationary breakers.

The shunt trip is mounted on the underside of the
breaker front frame as shown in Fig. 29. A second shunt
trip may also be mounted to the frame (see Fig. 30) if a se-
cond undervoltage device isn't already installed, see Sec-
tion 7.8.

7.71 REPLACEMENT

If it is necessary to replace or add one of these devices,
the easiest procedure is to remove the mounting bracket,
shown in Fig. 29, from the breaker frame and removeithe
device from the bracket. If a replacement or new/device is
ordered, a mounting bracket will be suppliegd with the
device.

If a second shunt trip is added, this is mounted by
means of an additional bracket as shown in“Eig.30. This
additional bracket is fastened by two of the hex head bolts
used to fasten the buffer assembly to the breaker frame.
7.7.2 ADJUSTMENT

When these devices are installed omgr€placed, their
positive ability to trip the breaker, mustibe demonstrated.
This is done by placing a 1/32inchyshim between the ar-
mature and magnet of the deviceyand‘manually operating
the armature to trip the breaker.

If the shunt trip is not suceessful in this test, check the
mounting fasteners tomake“sture they are reasonably
tight. If they-are, then bend the trip paddle on the trip shaft
to slightly reduce. theydistance between the trip arm of the
device and the ifip paddle, and recheck for positive trip. If
this bending s nec¢essary, be careful that it is not over-
done. Verify that theré'is a .030"-.050” gap between the
triparmandthetripipaddle withthe breaker closed. Agap
greater than .050" is permitted and may sometimes be
necessary in order to prevent nuisance tripping. Re-verify
positive,trip as a'final check.

7.8 @UNDERVOLTAGE DEVICE

Tihe undervoltage device trips the breaker whenits coil
is ‘'de-energized. The leads of the coil are connected
directly to secondary disconnects or to a terminal board.
Under normal conditions, the coil remains energized and
the'breaker may be closed.

Dropout of the armature, with resultant breaker trip-
ping, occurs when the voltage is reduced to a value
between 30% and 60% of the coil rating. An open
armature will render the breaker incapable of closing. The

FIG. 29{—/SHUNT TRIP AND
UNDERVOLTAGE MOUNTING

armature will “pick up?™and allow closing if the applied

voltage is 85%.0r mere of the coil rating. It may also pick

up at a lower voltage. Refer to table 25 for pickup and

dropout ranges.

The armature of the undervoltage device may be tied
closed inaorder to permit breaker operation during main-
tenance:

The undervoltage device is mounted to the underside of
theybreaker front frame as shown in Fig. 29.

A second undervoltage may also be mounted to the
frame (see Fig. 31) if a second shunt trip isn’t already
installed, see Section 7.7.

If a second undervoltage device is added, a new buffer
assembly Block will be supplied. This is required for
clearance, in this case, the buffer assembly must be taken
off, disassembled, and remounted together with the
number two undervoltage device. Before disassembling the
original buffer, carefully measure the distance between the
faces of the threaded members as shown in Fig. 31, and set
this dimension carefully on the new assembly. Refer to the
breaker wiring diagram' for the coil lead connections.

7.8.1 REPLACEMENT

Toreplace an undervoltage device, remove the mount-
ing bracket(shown in fig. 29) from the breakerframe and
remove the device from the bracket. Re-install in reverse
order, noting wire routing and securing means.

Set the gap between the trip paddle and device arma-
ture to approximately 0.030 inch as a starting point, then
proceed with the operational check (7.8.2).

BREAKER
TRIP SHAFT FRONT FRAME

2ND SHUNT TRIP
MTG,BRACKET
A

PADDLE RIGHT

HAND
BUFFER
ASSEMBLY

HARDWARE

FIG. 30 — 2ND SHUNT TRIP INSTALLATION
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E FIG. 31 — 2ND
UNDERVOLTAGE DEVICE

7.8.2 OPERATIONAL CHECK
(BREAKER WITH UV DEVICE INSTALLED)

Check the pickup and dropout values at room tempera-
ture. See table 25.

Check the positive trip ability as follows: With the
armature closed, close the breaker. Insert a 0.032 + .005
inch shim (wire gage or flat stock) against the armature
open stop (see Fig. 32D) and release the armature. The
breaker must trip.

7.8.3 ADJUSTMENTS

If the operational checks (7.8.2) indicate that adjust-
ments are necessary, these procedures shoild befollowed:
First verify trip latch engagement as described in sec-
tion 7.15, and verify that the trip shaft tofque required to
trip a closed breaker is no greater thany24 ingh-ounces.
Then proceed as follows:
PICKUP VOLTAGE:

The pickup level is changed by, turningthe adjustment
screw shown in Fig. 32A. The screw,s secured by either
a locking wire or a jam nutipsidethe frame. Devices with
a jam nut require remaval ofythe device to make this
adjustment. The pickup yoltage at room temperature
(approx. 20-24°C) shouldbe 85% or less of coil rating and
should be measured at the secondary disconnects with
the coil energized. Note: “On DC devices set the gap
between the armature and magnet initially to 0.030 inch
using the closed gap adjustment screw shown in Fig. 32C
before making'pickup adjustments.

Be sure to'seeure the pickup adjustment screw with the
jam nut orfeckwire.
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DROPOUT VOLTAGE:

On AC devices the dropout level will fall within the
required limits (30% to 60% of the coil rating) if the pickup
is set properly. On DC devices, the dropoutilevel imay
need independent adjustment. This is accomplished
afterthe pickup level has been established per the above
procedure. If required, use the closed gap adjustment
screw shown in Fig. 32C to obtain the dropout setting. A
gap must remain between the armaturesand magnet on
DC devices to prevent sealinghin Upon loss of voltage.
Secure the adjustment screw withithe‘/@cknut and apply
RTV to the locknut.

POSITIVE TRIP:

Check positive trip ability,pems?.8.2. Adjust the trip
paddle screw if necessany to assure positive trip. Withthe
undervoltage device closedy(picked up), and the mecha-
nism reset, there must be clearance between the trip
paddle and the deviceaarmature. If clearance adjustment
is necessary, rezvetify positive trip ability.

SHADING RING

| S —e

FIG.32A —
UNDERVOLTAGE DEVICE

7.8.4 FACTORY SETTINGS

This section covers certain factory settings as an aid to
trouble shooting. They are for reference only, and are not
intended to be field adjusted. They should not be consid-
ered criteria for acceptance or rejection.
ARMATURE LOCATING RIVET:

The rivet shown in figure 32A serves as a locater for the
armature. A clearance of 0.001 t0 0.010 inch should exist
between the rivet and armature as shown in fig. 32A. The
rivet should be able to turn freely.

ARMATURE OPEN GAP:

The air gap between the armature and the magnet with
the device de-energized should be approximately 0.250
inches. This is,checked by inserting a 0.201 + .005 inch
diameter gage pin between the armature and magnet as
shown in Fig. 32B.



OPEN GAP
ADJUSTMENT

.201 = 005 DIA

FIG. 32B — OPEN GAP CHECK PIN

CLOSED
% GAP

ADJUSTMENT
FIG.32C — CLOSED GAP CHECK

79 STATIC TIME-DELAY UNDERVOLTAGE

The static time-delay undervoltage system'consists of a
time-delay unit which controls an instantaneous under-
voltage device. The time-delay unit js separatély mounted
in the switchgear and the undervoltageydevieefis mounted
on the breaker. Table 5 lists the catalog numbers available.

If the a-c control voltage isjany veltage other than
208/240V ac, a control power transfermer (also remotely
mounted with respect to the breaker) must be used. This
must have a minimum rating of,100,volt-amperes.

ST0P
INSERT WIRE
GAGE

ARMATURE

FIG. 32D — POSITIVE TRIP CHECK

When'ipstalled, the voltage to be monitored is connected
across terminals No. 1 and No. 2 of the static delay box.
The coilof the tripping unit is connected across terminals
No.“4,and No. 5 of the static box through the secondary
disconnects of the breaker. The secondary disconnects to
be‘used will be shown on the breaker wiring diagram.

No more than one undervoltage tripping device should
be used in conjunction with one static time-delay unit.

The static time-delay undervoltage can also be furnished
with a thermotector control unit. Overheating of motor win-
dings causes the thermotector, imbedded in the motor win-
dings, to open. This de-energizes the undervoltage device
on the breaker and drops the motor load.

7.9.1 ADJUSTMENTS

In the event the system fails, the following checks are
recommended to determine whether the undervoltage
device on the breaker of the static time delay unit is the
faulty component.

1. Check input voltages across terminals 1 and 2 on the
static box. See Table 5 for these values.

2. Check output voltages on terminals 4 and 5 with the
undervoltage device connected. See Table 5 for values.

TABLE 5 TIME-DELAY UNITS

CONTROL APPROXIMATE STEADY STATE NOMINAL DC COIL
VOLTAGE DC OPERATING VOLTAGE RESISTANCE
TERMINALS TERMINALS (OHMS)
CAT. NO. 1&2 4&5 @ 25°C
TAKYUVT-1 125 VDC 50 440
TAKYUNVT:2 250VDC 100 1600
TAKYUVT-3 208/240 VAC 110/125 1600
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3. Check resistance of the disconnected undervoltage
device. See Table 5 for values.

See instruction Sheet GEH-4545 for more detailed infor-
mation, including schematic diagrams and circuit descrip-
tion.

The undervoltage device must be calibrated through the
time-delay unit after the device pick up has been adjusted.
A .008 inch minimum closed gap must exist between the ar-
mature and magnet as shown in Fig. 32C. Refer to Section
7.8.3 and Table 24.

7.10 ELECTRIC LOCKOUT DEVICE

The electric lockout device utilizes an undervoltage
device to keep the breaker from resetting its mechanism if
the breaker is open and the undervoltage device coil is not
energized. The breaker thus cannot be closed unless
voltage is on the.coil. Once the breaker is closed, loss-of
voltage will not trip the breaker because, in the closed posi-
tion, a mechanical link is used to hold down the armature of
the device. See Fig. 33. This arrangement provides a
means of electrically interlocking two breakers so that they
cannot be closed at the same time. Each undervoltage coil
may be wired in series with a “B” auxiliary switch contact
on the other breaker for cross-interlock purposes.

On each breaker having an electric lockout, an arrange-
ment is made which will allow breaker closing with the coil
de-energized. This is provided to allow “start-up” on “dead”
systems. Figure 34 shows this device. The push slide
shown is located in the opening in the lower part of the
escutcheon. This breaker door must be opened to.gain
access to it.

MAIN SHAFT
(BREAKER CLOSED)

\/’\;

i l HOLD=IN
. LINK

UV DEVICE
FIG. 34 — ELECTRIC LOCKOUT BY-PASS
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FIG. 33 — ELECTRIC LOCKOUT DEVICE

7.1 BELL ALARM

This device is usedto give a remote indication of the
breaker having trippedyopen:through the action!of one of
its automatic prote€tive devices. It will not be activated by
manual tripping or the action of the shunt trip. A remotely
mounted protective relay energizing the shunt trip will there-
fore not result'in the remote alarm action.

The bellalarm,gircuit may be turned off by pushing in the
manualtrip onby energizing the shunt trip. In the latter case,
a normallyyopen contact of the bell alarm switch must be
wirediin parallel with the “A” auxiliary switch contact in the
shunt-tripycircuit. Closing the breaker will also turn off the
alarm.

Thesbell alarm device may be equipped with a lockout
link which will lock the breaker open until the bell alarm
device is reset.

The bell alarm is not a standard device and is supplied
only when specified on the breaker order.

7111 OPERATION

Referring to Fig. 35: the bell alarm mechanism is ac-
tivated by a crank which is assembled to the breaker’s main
shaft. When the breaker opens, a pin attached to this crank
moves the alarm link against the switch and locklever (if
provided). This activates the switch contacts. It also moves
the locklever adjustment screw against the trip shaft paddle
keeping the breaker trip free.

SWITCH
LOCKLEVER

ALARM LINK

UPPER LATCH

ADJUSTMENT
SCREW

SIDE LATCH

LATCH ENGAGEMENT
POINT

FIG. 35 — BELL ALARM DETAILS
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The mechanism is reset by disengaging the side latch
link from the upper latch link or by closing the breaker if a
locklever is not provided. The side latch link, is activated
only by pushing the TRIP button or operating the shunt trip.

A slide attachment on the TRIP button shaft moves
against the side latch link when the TRIP button is pushed.
This slide attachment is factory adjusted to activate the
side latch before the breaker is tripped. A second arm on
the shunt trip also activates the side latch link when the
shunt trip is energized.

7412 ADJUSTMENTS

If a breaker is equipped with a bell alarm/lockout device
originally, all the adjustments are made at the time of
assembly. Switch operation is controlled by means of
shims of insulating material placed between the switch
body and the bracket to which it is fastened. The adjust-
ment screw is positioned so that when the locklever is in its
activated position, it holds the breaker mechanism latch in
the tripped position.

Check that TRIP button shaft and shunt trip operations,
besides tripping the breaker, displace the side latch and
prevent the bell alarm switch from operating. The other trip
devices and interlocks must activate the bell alarm when
they open the breaker.

The bracket assembled to the TRIP button shaft must be
adjusted so that it will displace the side latch®when or
before the shaft opens the breaker. Maintaina,.030yinch
minimum gap between the bracket and the side. lateh, when
the breaker is closed. A .187 inch depression ofithe TRIP
button must not trip the breaker, but a .375'inch /depres-
sion must trip the breaker and displace'the side latch.

W RELAY

X-RELAY

7.11.3 REPLACEMENT

The bell alarm is mounted on the right"hand“side of the
breaker at the rear of front frame. It is\located under the
mechanism main shaft.

The bell alarm is removed by passing it through a cutout
in the rear bend of the front frame, slipping it between the
front frame and trip shaft and out through the bottom of the
breaker as follows:

1. Remove the 4 bell alarm mounting screws from the
bottom of the front frame:

2. If the crank which(is part,of the main shaft has a bell
alarm activating pin assembled to both sides, remove these
pins.

3. Insert the flat'af the maintenance handle between the
top of the left¢hand ‘side buffer block and the end plate
assembly. This shotld eliminate any interference from the
main shaftsduring,the bell alarm removal.

4. The frip/shaft must be moved to allow the bell alarm to
fit beteen itland the front frame. Remove the retaining ring
holding, the,right hand trip shaft bearing to the mechanism
frame._Slide the bearing from the frame and along the trip
shaft. There will now be enough trip shaft movement to slip
the bell alarm past.

5Suinstall the replacement bell alarm in reverse order.

6. Check the adjustments given in Section 7.11.2

A bell alarm with a lockout assembly or a bell alarm in-
stalled on a 2000 amp frame (AKRT 50/50H) breaker may not
work with the above procedure. If this is the case, the
breaker front and back frame will have to be seperated.

712 ELECTRICAL CONTROL COMPONENTS
The operation of the electrical control components is

described in Section 5.2. The location of these components

is shown in Fig. 36A.

CHARGING
MOTOR

G SWITCH

F SWITCH

FIG. 36A — ELECTRICAL CONTROL COMPONENTS
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7121 COMPONENT REPLACEMENT

To gain access to the electrical control components,
the breaker’s front escutcheon must be removed. Type B
and D breakers require that both the deep molded escut-
cheon and the shallow steel escutcheon be removed.
Before removing the front escutcheon on Type A or B
breakers, a supporting block should be placed under the
front frame to keep if from tipping forward.

Referring to Fig. 36A, the X-relay or K-relay and F and G
switches are mounted on the same bracket. This mounting
bracket is fastened to the right-hand mechanism side frame
by two hex-head 1/4-20 screws. Removing these screws
allows the bracket to be pulled forward from between the
mechanism side plates. The W-relay must also be un-
fastened from the left side frame to allow enough freedom
for all the devices and the wiring harness to be taken from
between the side frames. With the bracket removed, in-
dividual devices can be replaced easily.

The closing solenoid is mounted by means of mounting
bracket to the bottom of the breaker frame. The most con-
venient way to take off the solenoid is to remove the moun-
ting bracket and then disconnect the solenoid from the
bracket. The pin connecting the armature to the closing
link must also be removed.

The charging motor is secured through three spacers to
the mechanism frame. The front mounting bolt is accessi-
ble using a socket and universal joint through the opening
in the side of the breaker frame. The upperrear mounting
bolt is accessible using a socket and universal joint over
the top of the frame. The lower rear mounting bolt iSkac-
cessible using a socket and universal joint through the
opening in the frame side by the buffer assembly. Slow:
close the breaker to move the flywheel assembly out offthe
way.

The ratchet on the camshaft is removedyby driving out
the roll pin which fastens it to the camshaft. \Before this
can be done, the charging motor must be removedand the
closing spring arranged for “slow-closing” “as, described
earlier. Turn the camshaft, using the maintenance handle,
until the roll pin is well situated, turnghe camshaft to gain
enough space for the roll pin to clearthe breaker frame.
Before removing the ratchet notegthe™position of the
ratchet roller or mark the ratchet hub and the camshaft.

When replacing the ratehetpbe sare it is oriented with
respect to the camshaft as it was originally and not displac-
ed 180 degrees. Alignthe mark made on the hub with the
mark on the camshaft or pasitign the roller as it was. If the
ratchet is displaced 180 degrees, the holes in the ratchet
hub will not completely line up with the holes in the cam-
shaft.

The driving pawl! is assembled to the charging motor
drive pin as shewan in Fig. 36B. To replace the driving pawl:

1. Remoyexthe,charging motor.

2. Remove, the retaining ring from the drive pin. Slip off
the components.

3. Wipe,0ff any grease or dirt from the drive pin. DO NOT
LUBRICATE.

4, Install the components as shown.
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1. RETAINER RING
2. WASHER .010% 5. WASHER .032”
3. PAWL ASM 6. MOTOR DRIVE PIN

FIG. 36B — (DRIVING PAWL ASSEMBLY DETAILS

4. SPRING WASHER

The helding pawl*pivots on a pin which is assembled to
the mechanism*frame. Refer to Fig. 36C. To replace the
holdingpawl:

1. Removegthe front escutcheon for accessibility.

2. Using the maintenance handle, rotate the ratchet
enough, to"disengage the holding pawl.

3 Remove the retaining ring and washer from the pivot
pin.

4. While holding the spring pressure from the holding
pawl, remove the existing pawl and slip on the new pawil.

5. Install the washer and retaining ring.

6. Verify that the holding pawl engages a minimum of 4
ratchet laminations.

7. Verify that the holding pawl pivot pin is perpendicular
to the mechanism frame. The hardware which assembles
the pivot pin to the frame must be torqued to 250 in-Ibs
minimum. If this hardware must be retightened, add LOC-
TITE 290 to the shaft threads.

8. Install the front escutcheon. Tighten the escutcheon
hardware to 80 + 10 in-Ibs.

1
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!
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H\Dm I
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PV

1. MECHANISM FRAME
2. PIVOT PIN

3. SPRING

4. WASHER .032"

FIG. 36C — HOLDING PAWL ASSEMBLY DETAILS

5. PAWL ASM
6. WASHER .010"
7. RETAINING RING
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7.12.2 F AND G SWITCH ADJUSTMENT

For proper electrical operation, the F and G mechani-
cally operated switches must operate atthe proper pointin
the closing cycle. If these switches are to be replaced,
measure the distance between the tip of the switch button
and the bracket on which they are mounted. When the new
switch is mounted, duplicate the measured dimension,
then check for proper operation.

When a normal closing operation occurs, the ratchet
usually comes to a stop with an arbitrarily designated
ratchet tooth No. 1, Fig. 37, engaged by the holding pawl.
This tooth is the one which is in line with an imaginary
line passing through the centers of the camshaft and the
rivet opposite the roller on the ratchet assembly. Itis a
matter of no concern if the action stops on a different
tooth, but it is important to positively identify tooth No. 1
by the method described.

To check the switch action, after tooth No. 1 has been
identified, turn the camshaft with the maintenance handle
and count the teeth asthey pass the holding pawl. By using
a continuity tester, observe when the switches operate as
the ratchet turns. The normally open F switch on the left will
close, and the G switch will open.

Electrical breakers should operate the switches while
moving from tooth No. 10 to tooth No. 11.

If this check shows that an adjustment is needed, the
switch to be corrected can be moved closer to or farther
away from the paddle which operates the switchesgA very
thin open-end 5/8-inch wrench will be needed todoosen or
tighten the nuts which fasten the switches to theybracket.

7.13 DRAWOUT MECHANISM

The drawout mechanism shown in Fig. 38 moves the
breaker through the DISCONNECTED, TEST, and CON-
NECTED positions. Fig. 39 shows how the drawout
mechanism is mounted to the breaker.

As the racking handle is turned, the iaternally threaded
trunnion moves on the screwythreads, rotating the hex
shaft, on the ends of which are'fastened the arms which
engage the fixed pins in the drawout’enclosure.

The trunnion travels between the two jamb nuts on the
end of the screw, and the"adjustment sleeve, which stops
the trunnion movementiatfthe other extreme point of its
travel. The trunnion‘is, against the jamb nuts when the
breaker is fully facked out and against the sleeve when
fully racked in{

The racking meehanism is adjusted at the factory as-
sembly operation so“that the action is stopped in either
direction at the precisely correct point. The jamb nuts are
set so that whenithe trunnion is against them the relation
betweenithe arms and the equipment pins they engage is
showmin, Fig. 38. The length of the sleeve, which is free to
slide onythe‘threaded shaft, is controlled by the amount of
thread'engagement between the sleeve and its collar. This
length is adjusted to stop the trunnion when the distance
between the ends of the equipment and breaker studs is
032" to .218". After this adjustment is made, the sleeve
and its collar are locked together by the set screw.

NO. 1 TOOTH

FIG. 37 — LQCATION OF RATCHET TOOTH
NO. 1
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7.14 BUFFER ASSEMBLY

When the breaker is closed, the energy in the closing When the breaker is opened, the endplaté’assembly is
spring is transferred to the main shaft through the driven against the opposite end of the bffer assembly.
mechanism. The main shaft then drives the contacts The buffer is a stop absorbing the opening energy of the
closed. The end plate assembly on each end of the main mechanism. See Fig. 41.
shaft is driven against the buffer assembly shown in Fig.

40. This prevents the mechanism from overdriving the
contacts.

END PLATE
BUFFER

.005 MIN.

END PLATE

H

FIG. 41 — BFFER/END PLATE RELATIONSHIP—BEAKER OPEN
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SECTION 7—Breaker Maintenance (Cont) NEOPRENE WASHERS

7.14.1 BUFFER ADJUSTMENT

Referring to Fig. 40, with the breaker closed and the
mechanism not reset, a .005" clearance must exist be-
tween the end plate assembly and the buffer nutas shown.
This dimension is factory set. It can be reset by tightening
the buffer nut. Hold the nut with a screwdriver and tighten
using a socket on the bolt head opposite the nut. When
tightening this assembly don’t over compress the neo-
prene washers by overtightening the assembly. These
washers absorb the breaker opening shock.

WASHERS

Referring to Fig. 41, with the breaker open, a .040"
maximum clearance can exist between either of the end
plate assemblies and the buffer bolt heads as shown. If
a larger clearance exists, close it up by unscrewing the
buffer assembly involved.

Fig. 42 shows a buffer assembly prior to being installed
in a breaker. The dimensions given establish the number of
spacers that are used.

7.15 TRIP LATCH ADJUSTMENT

The reset position of the trip latch is set by the adjust- 1.93 ]
ment screw shown in Fig. 43. The adjustment is correct if
three and one-half turns of the adjustment screw causes a FIG. 42 — BUFFER ASSEMBLY

closed breaker to trip. If this check is made, the screw must
then be set back, or unscrewed, three and one-half turns.

/ADJUSTMENT'
SCREW

FIG. 43 — TRIP LATCH ADJUSTMENT
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SECTION 8—Contact Maintenance

Breakers subjected to frequent interruption of high cur-
rents may eventually require replacement of their contacts.
The general rule for determining need of replacement is
the loss of one-half or more of the mass of the contact tip
material. Roughening or light pitting of the contact surface
does notindicate loss of ability to carry or interrupt current.

When contacts are replaced, they must be adjusted to
ensure that the proper amount of force is developed be-
tween the movable and stationary contacts when the
breaker is closed. This is called the “wipe” adjustment.
“Wipe” is the distance through which the stationary con-
tacts move when the breaker closes. It is measured bet-
ween the point of contact on a stationary contact when the
breaker is open, and the position of the same point when
the breaker is closed. The actual wiping motion is greater
because the contacts over-travel. “Wiping” imparts a slid-
ing or “scrubbing’” action to the contacts.

The wipe adjustment influences proper arc transfer dur-
ing interruption of fault currents. “Transfer” of the arc is its
forced sequential movement from the intermediate con-
tacts to the arcing contacts to the arc runner and finally to
the arc quencher whereitis dissipated and extinguished. It
is recommended that contact wipe be checked periodically
during normal maintenance inspections.

CAUTION: BEFORE DOING ANY OF THE,FOL-
LOWING CONTACT ADJUSTMENTSFAND “RE-
PLACEMENT WORK, MECHANICALLY ®DIS-
CONNECT THE CLOSING SPRINGvFROM THE
MECHANISM CAM SHAFT AS DESCRIBED UN-
DER SLOW CLOSING THE BREAKER# SECTION
7.4

8.1 ARC CHUTE REMOVAL
AND INSPECTION

There are two types of arc chute construction used
on the 800 thru 2000 ampere breakers. They are the
ceramic type shown in Fig. 5 and the molded type
shown in Fig. 6. The ceramic type uses a two piece
porcelain frame to enclose itssinternal parts. The molded
type uses a one piece, glass-filled, polyester frame.

Arc chutes should not'be interchanged between
frame sizes or interrupting ratings.

The arc chutes are*hgld in place by retainers se-
cured by bolts through'the mechanism frame. The
ceramic type uses tworetainers and the molded type
uses only oneq

To remove the anc chutes:

1. Loosen, and,back off the retainer bolt locking nut
from the mechanism frame. They do not have to be
remoyved.

2. Loosen the retainer bolts until the retainer(s) can
Besxremoved.

3pWith the retainer(s) removed, lift the arc chutes
off for inspection.

Inspect each arc chute for excessive burning and
erosion of the arc plates and arc runner. Also look for
fractures, damage to the liner material used in the
molded arc chute and damage to the insulation
material used in both arc chutes. Check for any
missing parts.

To install the arc chutes:
1. Replace the arc chutes over each pole unit.
2. Locate the retainer(s).

3. Tighten the retainer bolts until the arc chutes are
secure. There may be some side to side motion of the
arc chutes, but there must not be any front to back
motion. Torque the retainer bolts to 30 in-lbs for the
molded type arc chutes and 60 to 100 in-Ibs for the
ceramic type. Do not over tighten.

4. Tighten the locknuts against the mechanism
frame with 150 to 175 in-Ibs torque.
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SECTION 8—Contact Maintenance (Cont.)

8.2 CONTACT ADJUSTMENT —
AKR 30/30H & AKRU 30

The contact structure of the AKR 30 and the AKRU 30
breakers is slightly different from the AKR 30H. Referring to
Fig. 44 A & B, both structures use one moveable contact

arm, and two stationary arcing contacts. However, the ADJUST GAP AT | | \U\ w]

CONTAET WIPE
ADJUSTMENT
SCREW

AKR/AKRU 30 uses three stationary main contacts and the MEASUREMENT

AKR 30H uses four. o132,
The following wipe adjustment procedure is applicable

to all AKR-30/30H & AKRU-30.
1. Open the breaker, remove arc quenchers.

2. Slow-close the breaker. The cam roller must be sup- f UPPER CONTACT
ported by the cam and not the prop. Refer to section 5.3.

3. Select one pole and, using a flat or wire feeler gage, &M m
measure the gap between the top contact and its pivot stud ~

as shown in Fig. 45. As necessary, adjust the gap to 0.060

+ 0.020 inch by turning the wipe adjustment nut shown in

Fig. 45 & 46. FIG. 45 —WIRE ADJUSTMENT 800A EXCEPT
4. Once the gap dimension is set, verify that the torque AKR 30L, AMP CONTACT STRUCTURE

required to just turn the adjustment nut is greater than 40
in-lbs. If less torque is required, carefully add LOCTITE
220 or 290 to the adjustment nut threads. Wipe off any
excess LOCTITE. Once the LOCTITE is set, recheck the
torque (value up to 40 in.-Ibs.) but do not break loose.

0.250” MEASUREMENT POINT

5. Repeat above procedure on the other pole units.
6. Trip the breaker.

FIG. 46 — WIPE ADJUSTMENT NUT—800 AMP CONTACT STRUCTURE
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CONTACT
SPRING ,

4 STATIONARY ARCING
CONFACT

;
=l STATIONARY MAIN
CONTACT

MOVABLE
CONTACT
ARM

‘ ARC RUNNER

-

¥

STATIONARY ARCING
CONTACT

FIG. 44B — AKR 30H
800 AMP CONTACT STRUCTURES
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SECTION 8—Contact Maintenance (Cont.)

8.3 CONTACT ADJUSTMENT —
AKR30L, AKR50/50H & AKRU 50

The contact breaker shown in Fig. 47 is used by
AKR30L and all AKR50 breaker types. This structure
uses two movable contact arms. Each arm acts
against a stationary arcing, a stationary intermediate
and three stationary mains.

The following procedure is used to perform the wipe
adjustment.

1. Open the breaker, remove arc quenchers.
2. Arrange the breaker for slow-closing.

3. Select one pole of the breaker and place a thin
sheet or strip of tough insulating material, such as
mylar, over the stationary arcing and intermediate
contacts. This strip should be about two inches wide
and must prevent the arcing and intermediate contacts
from making contact when the breaker is closed.

4. Using the ratcheting maintenance handle, slow-
close the breaker with the insulation held in place.
Examine the insulation to make sure it “over-hangs”
below the intermediate contacts, but not enough to
cover the main contacts.

e
BUNNER

STATIONARY MAIN
CONTACTS

MOQVABLE ARCING
CONTACT

5. Attach a continuity checker (bell-set, light, or ohm-
meter) between the upper and lower stud. The checker
should indicate continuity exists.

6. Facing the breaker, turn the wipg™adjustment stud
shown in Fig. 47 clockwise until the,cheeker indicates that
the main contacts are separated.

7. Turn the stud counter-clockwiseyuntil the main con-
tacts just touch.

8. From this point, advance the stud counter-clockwise
270 degrees. This will be 44142 flats:.

9. Once the adjustment’isicomplete, verify that the torque
required to just turn thé adjustment nut is greater than 40
in-lbs. Iflesstorque ismequired, carefullyadd LOCTITE 220
or 290 to the adjustmentihut threads. Wipe off any excess
LOCTITE. Once,the (LOCTITE is set, recheck the torque
valve.

10. Trip the br&aker, remove the insulating strips.
11. Repeat the,above procedure on the other two poles.

FIG. 47 — 1600 AMP CONTACT STRUCTURE
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8.4 CONTACT ADJUSTMENT—
AKRT 50/50H

The contact structure shown in Fig. 48 is used by all
AKRT 50 breaker types. This structure is similar to the AKR
50 structure. There are two movable contact arms, each
acting against single stationary arcing and intermediate
contacts and four stationary mains.

There are two designs used to connect the movable
contact arms to the insulated link. This results in two con-
tact adjustment procedures depending on which design
the breaker has.

In the original design the two movable contact arms are
pin-coupled to a metal driving link whose opposite end is
threaded and screws directly into the insulating link. This
arrangement omits the wrench-operated wipe adjustment
stud provided on the AKR-30 and -50 frames. Instead, wipe
is adjusted by detaching the driving link from the movable
contact arms and then rotating it with respect to the insulat-
ing link.

On the AKRT-50 the proper amount of contact wipe
exists if, on a closed breaker, all of the stationary main
contacts have moved away from their stops. This condition
can be checked visually by removing the arc quenchers,
closing the breaker and verifying that all eight stationary
main contacts are “lifted off’ their stops. Should wipe ad-
justment appear necessary, proceed as follows:

STATIONARY
INTERMEDIATE

CONTACTS

STATIONARY,
MAIN
CONTACTS

MOVABLE
ARGCING
CONTACIS

WIPE
ADJUSTMENT
NUT

1. Open the breaker.
2. Arrange the breaker for slow-closing.

3. Selecting one pole, drift out the coupling pin and
detach the driving link from the movable contact arms.

4. Screw the driving link completely“into the insulating
link.

5. Back out the drivingilink"twosand one-half turns. Ex-
ceed this by whatever amount is necessary to properly
position the link withingtheimovable contact arms.

6. Install the coupling pip and retainer rings.

7. Using the amaintemance handle, slow-close the
breaker and observeithat all eight stationary main contacts
move away,fromatheir stops. If this condition is not
achieved, opengthe breaker, again remove the coupling pin
and backgoutthetdriving link an additional half turn.

8( Reassemble, reclose the breaker and recheck wipe.
9. Repeat the above procedure on the other two poles.

In_thetexisting design, the metal driving link uses the
samepadjustment as the AKR 50. To perform the wipe
adjustment on this design follow the procedure for the AKR
50, Section 8.3.

STATIONARY
ARCING
g CONTACTS

FIG. 48 — 2000 AMP CONTACT STRUCTURE
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8.5 STATIONARY CONTACT
IDENTIFICATION

The stationary arcing, intermediate, and main
contacts each have a different function during current
conduction and current interruption. For this reason,
these contacts are made using different material
compositions. Also, the different functions require
that the contacts be replaced in configurations shown
in Figs. 44, 47 and 48.

Fig. 49 shows the stationary contacts and how they
differ from one another. The AKR 30 and 30H main
and arcing contacts are rectangular, but the arcing
contacts have two of their corners notched. The AKR
30L, AKR 50, AKR 50H, AKRT 50 and AKRT 50H main
and intermediate contacts are rectangular, but the
main contacts have two of their corners notched. The
intermediate contacts have all four corners notched.

AKR 30L AND oA
1600/2000 AMP /-
MAIN

AKR 30L AND
1600/2000AMP
INTERMEDIATE

FIG. 49 — STATIONARY CONTACT CONFIGURATION
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8.6 CONTACT REPLACEMENT—
AKR 30/30H/30L & AKRU 30

Refer to Stationary Contact Identification, Section 8.5
before replacing any stationary contacts.

The stationary contacts are held in place by the contact
springs which pivot the contacts against the contact stop,
refer to Fig. 45. To replace contacts: .

1. Remove the arc runner. It is secured by two screws
into the base and one screw into the contact stop.

2. Release each contact spring by holding the contact,
extending the spring, and removing it from the contact. The
end pieces on each spring have a small hole for inserting a
spring puller. A suitable puller can be fashioned by forming
ahook on the end of a length of .062" diameter steel wire.

A spring puller is available for this use and may be
ordered under Cat. No. 286A8168G1.

3. Clean off the existing lubrication on the stud’s pivot
area. Replace with a small amount of D50HD38 (MOBIL
28) before installing new contacts.

4. Torque the upper arc runner mounting screws to 45
+ 5in-Ibs. Torque the lower screw to 35-40 in-lbs.

The movable contacts are removed as follows, referring
to Fig. 46.

1. Using a right angle tru-arc pliers, remove the tru-arc
retainer on the coupling pin. Drift out the coupling pin.

2. Remove the pivot pin hardware and spring fromfone
side of the pivot pin. Carefully remove the pivotspin.

3. Slip out the contact arm.

4. Place a thin film of D50HD38 lubrication onithe pivot
surfaces of the new arm. Clean any existingtdlubrication
from the pivot pin and place a small amoyhtyof D50OHD38
on it.

5. Install the new arm, insert the pivot’ pingand replace
the pivot spnn% and hardware. Tighten thelpivot pin hard-
ware to 90 + 5 in-lbs.

6. Install the coupling pin andatru-arciretainer.

7. Make the contact adjustment as'per section #8.2.

8.7 CONTACT REPLACEMENT— AKR\30L,
AKR 50/50H, AKRU 50 & AKRT 560

Refer to Stationary Contact Identification, Section 8.5,
before replacing any stationary contacts.

The stationary intermediate and (mainfcontacts are
replaced just like the stationary contacts on the 800
ampere breakers. Refer to steps 2 & 3 in Section 8.6

Referring to Fig. 50A, 50B & 50C, the stationary arcing
contacts are replaced as follows.

1. Remove the are, runpér and the flat insulation
assembled underneath the aresfunner. It is secured with
four screws. When remeving,the lower screws, use care
not to damage or misplacerthe insulating washer found
under each of these screws, see Fig. 50A.

2. Remove the Arcing contact pivot. Clean off the exist-
ing lubricatiomyfound” on the pivot area. Replace with
D50HD38 (MOBI,28), see Fig. 50B.

3. Remoyve the insulating spacers, contact pin and arc-
ing _contacts, see Fig. 50C.

43Reassemble the reverse of above. Make sure that the
insulating’spacers and insulating washers are properly in-
stalled.) Torque the arc runner hardware to 45 + 5 in-lbs.

The movable contacts are removed in a similar manner
as®the 800 ampere breaker movable contacts. Refer to
Section 8.6. When rempoving the pivot pin from a 2000
ampere (AKRT 50/50H) contact assembly, the pivot pin
from the opposite contact assembly must be slightly
removed. This provides enough clearance to completely
remove the pivot pin.

INSULATING
WASHER

INSULATING
WASHER

ARC RUNNER

FIG. 50D —

STATIONARY CONTACT —1600/2000 AMP
REPLACEMENT CONTACT STRUCTURE
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INSULATING
SPACERS

FIG. 50B — ARC RUNNER REMOVED FIG. 50C — ARCING CONTACT
PIVOT REMOVED
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SECTION 9—Fused Breakers

There are two types of fused breakers; AKRU 30, 800
ampere frame and AKRU 50, 1600 ampere frame. Except
for the open fuse lockout device and the integrally-
mounted fuses on the upper studs, the AKRU-30 and -50
breakers are identical to the unfused AKR-30 and -50
models. Overcurrent trip devices are the same for both

types.

9.1 FUSE SIZES AND MOUNTING

Table 6 lists the range of fuse sizes available for these
breakers. The Class L fuses are mounted as shown in Fig.
51. Other than the 800A size, which has a single mounting
hole per tang, each Class L fuse tang has two holes sized
for one-half inch diameter bolts.

Class J fuses rated 300 thru 600A have one mounting
hole per tang. The 300, 350 and 400A sizes require copper
adapter bars per Fig. 52.

All 2-13 fuse mounting bolts should be torqued to 200-
350in.-Ib. The %s-11 bolts which attach the C shaped fuse
adapters to the breaker studs should be torqued to 300-
525 in.-lb.

FIG. 51 — TYPICAL MOUNTING CLASS L
FUSES

9.2 SPECIAL 2500A FUSE FOR AKRU-50

This fuse provides a melting time-current characteristic
that coordinates with 1600A trip devices. Compared physi-
cally with a 2500A NEMA Class L fuse, the special fuse is
more compact (shorter); itstangsare specially configured
and offset to achieve the required pole-to-pole fuse spac-
ing; a special primary discopnectassembly mounts directly
on the outboard tang ofthe fuse. Considering their unique
mounting provisions/whenreplacing these fuses the fol-
lowing procedure should,be adhered to (Refer to Fig. 53):

a) Remove the primary disconnect assembly from the
fuse tang, aceamplished by first loosening the two keys
via their holding serew and pulling them upward and out.
After the keysiare removed, pull the disconnect assembly
off the end of the fuse tang.

NOTE: This removal does not disturb the
disconnect’s clamping force adjustment.

by=Remove the upper barrier.

c)Wetach the inboard end of the fuse by removing the
twaf1/2 inch — 13 bolts. A ratchet and socket with a short
extension will be requied.

d) Remove the heat sink.
e) Remove the fuse.

f) Install the new fuse by reversing the disassembly
procedure. Ensure that the mating faces of the fuse and
heat sink are clean.

ADAPTER BARS (COPPER)

FIG. 52 — 300 THRU 600 AMP CLASS J
FUSE MOUNTING
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SECTION 9—Fused Breakers (Cont.)

1. Special 2500A Fuse
2. Disconnect Key
3. Heat Sink

FIG. 53 AKRU 50 WITH SPECIAL
2500 AMP FUSE

4. Upper Barrier
5. Primary Disconnect

CAUTION: WHEN REPLACING THE FUSE IN THE
LEFT POLE (FRONT VIEW) OF THE BREAKER,
NOTE PARTICULARLY THAT THIS FUSE IS
MOUNTED DIFFERENTLY THAN THE OTHER TWO
FUSES. AS SHOWN IN FIG. 54, FOR THIS PHASE
THE FUSE IS ROTATED 180 DEGREES ABOUT
ITS AXIS SO THAT ITS INBOARD TANG IS
POSITIONED BENEATH THE BREAKER STUD.
THIS TANG IS OFFSET WITH RESPECT TO THE
OPPOSITE END SO THAT ROTATING THE FUSE
DOES NOT ALTER THE POSITION OF THE PRI-
MARY DISCONNECT.

FRONT OF BREAKER /FOR'THIS POLE ONLY,

FUSE TANGS FUSE IS ROTATED 180°
BREAKER  pOS|TIONED ON TOP TO POSITION TANG
STUD OF BREAKER STUR BENEATH BREAKER STUD
RS MR J |
I7
1TANG BOLT. 2500A, FUSE
HOLES €AT. NO.
IN USE GFR9F2500 AK
@@ ® ® ® ®

PRIMARY DISCONNECT ASSEMBLY (SEE FIG.53)
MOUNTS DIRECTLY ON OUTBOARD FUSE TANG

FIG. 54

AKRU 50—2500A FUSE TANG POSITIONS

TABLE 6
FUSES FOR AKRU BREAKERS
NEMA Gould Shawmut
Fuse Breaker Cat. Nos.
Class Type Ampere
600V AKRU- Rating -
60 Hz 30 50 Fuse Limiter
A — 300* A4J 300 —
— 350~ A4J 350 —
J — 400~ A4J 400 —
i 450 Ad4J 450 -
500 A4J 500 —
600 A4J 600 —
800 A4BY 800 A4BX 800
1000 A4BY 1000BG A4BX 1000BG
L v 1200 A4BY 1200BG A4BX 1200BG
1600 A4BY 1600BG A4BX 1600BG
— 2000 A4BY 2000BG A4BX 2000BG
Special — " 2500 — A4BX 2500GE

®Mounting adapter required — see Fig. 52
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SECTION 9—Fused Breakers (Cont.)

9.3 OPEN FUSE LOCKOUT DEVICE

This device automatically trips the fuse breaker if one of
the fuses opens. When this happens, the breaker is locked
open until the reset button of the phase involved is pushed.
The breaker should not be reclosed, of course, until the
opened fuse is replaced.

Type D breakers use the Open Fuse Lockout (OFLO)
shown in Fig. 55. Type A and B breakers use the OFLO
shown in Fig. 56A & 56B. Both OFLO’s work on the same
design. When the fuse opens, the resulting open circuit
voltage activates the OFLO phase solenoid when the
voltage levelreaches approximately 90 VAC (the functional
test in the factory is accomplished using 120VAC). The
solenoid armature then drives a tripping rod against a trip
paddle which is attached to the trip shaft. Thiscauses the
breakerto open. The armature alsodrives the reset button
forward indicating what phase is involved. The reset
button linkage also holds the tripping rod against the trip
paddle. The button must be pushed in to release the
tripping rod.

9.3.1 TYPE A AND B BREAKER OFLO
ADJUSTMENT

To adjust the Type A and B breaker OFLO (Refer ta Fig
56A):

a) Back off tripping rod so that it will notthitshe trip
paddle when a solenoid is activated.

b) Using the maintenance handle, close’the breaker.

c) Manually close the Left pole armature’. Screw tripping
rod forward until it moves the trip paddle enough to open
the breaker. Add two full additiepal turns.

d) Close the breaker.

e) Manually close the Leftépolenarmature again. The
breaker must open and the_reset button pop out. In this
condition close the breaker, it should trip-free.

f) Reset the OFLO, the breaker must now be able to
close.

g) Repeat fop,Center‘and Left poles.

h) Check for a 425" minimum clearance between trip-
ning rod and4rip’paddle with the OFLO reset. Check for
.032” minimum overtravel after tripping rod trips breaker.

i) Hold tripping rod in position and tighten its locknut.

FIG. 55— TYPE D BREAKER OFLO DEVICE

9.3.2 TYPE D BREAKER OFLO
ADJUSTMENT

To adjust the Type D breaker OFLO:

a) With the breaker in the CLOSED position and the
OFLO reset, adjust the dimension between the end of the
tripping rod and the trip paddle to .100" - .140".

b) With the OFLO energized, the breaker must TRIP
and the RESET button must move forward to the front
plate. In this condition, the breaker must be held trip-free.
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SECTION 9—Fused Breakers (Cont.)

TRIP
PADDLE
TRIPPING
ROD
SOLENOID

ARMATURE RESET

FIG. 56A—DETAILS

: %Kﬁl ‘

Y § @
GENERAL D ELECTRIC

FUSED LOW VOLTAGE POWER CIRCUIT BRERKER
35088 BATI2AE0~S

L AKRUREAIOnL

1s9¢4304
R RARVLL, LN

FIG. 56B—INSTALLED TYPE A OR B BREAKER OFLO DEVICE
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SECTION 10—Type SST Overcurrent Trip Device

The SST is a solid-state, direct-acting, self-powered trip
device system. The SST system consists of the SST pro-
grammer unit, current sensors, and a flux shifter trip de-
vice. Fig. 57 shows a block diagram of the system.

10.1 PROGRAMMER UNIT

Fig. 58 shows a typical SST programmer unit. The pro-
grammer unit provides the comparison basis for overcur-
rent detection and delivers the energy necessary to trip the
breaker. It contains the electronic circuitry for the various
trip elements. Their associated pickup and time delay ad-
justments (set-points) are focated on the face plate. De-
pending on the application, programmer units may be
equipped with various combinations of Long Time, Short
Time, Instantaneous and Ground Fault trip elements. See
Table 7 for available ratings, settings and trip characteris-
tics. Adjustments are made by removing the clear cover
over the face plate, unscrewing (counter-clockwise) the
set-point knob, moving the set-point along the slot to the
new setting, and screwing the set-point knob in. Once all
adjustments are made, install the clear cover to the face
plate.

The SST programmer units can be optionally equipped
with trip indicators (targets). These are pop-out) me-
chanically-resettable plungers located acrossithestop of
the programmer’s front. Units with a groundfaultelement
employ three targets: from left to right, the firstisfor over-
load, the second for short circuit (actuated by the,short time
and instantaneous elements) and the third forground fault.
The latter is omitted on units without greundifault.

s r-mote)-- :
|
SFLUX SHIFT” 10
) TRIP COIL |l LS I
' l
| I
! g
@— OVERLOAD
: toncTime | 1] | TARGET
________ — DELAY |
|
I |, 1 |
L LOGIC %— 'i(m PICKUL":E I
NEUTRAL F: ORI Al pickup DELAY HBL
|
| ° ’ ~|~ SHORT
meT | OIFFERENTIAL INSTANTANEOUS 1‘%%’5?
| TRANSFORMER PICKUP * ll
(2 | L @Hoomo
| grounp FauLT | T | | TARGET
PICKUP & DELAY |
I REGULATED |
i 48 VOC '
POWER SUPPLY 1
L PROGRAMMER UNIT |

FIG. 57 — SST BLOCK DIAGRAM

Each target pops out when its associated trip element
operates to trip the breaker. After a trip, the popped target
must be reset by hand. However, neglecting to reset does
not affect normal operation of any trip element or prevent
the breaker from being reclosed.

The programmer unit is mounted to the lower right of the
breaker as shown in Fig. 59. The bracket attached to the
topofthe programmer, see Fig. 58, engages with a bracket
mounted to the underside of the breaker’s front frame.

TABLE.7 SST TRIP CHARACTERISTICS

X &@fip Riting SST PROGRAMMER ADJUSTMENT RANGE (Set Points)
in"Amperes
F =Sensor Tap Long Time Short Time GROUND FAULT
rame
Breaker Size [TV " "YT - Instantaneous
Type (Amperes) Sefisor Pickup (=L) g:;:; Pickup g‘)irlr;; Pickup Pickup &T:;
( A;\a;;esre ) (Multiple) Band (Multiple) Band Multiple ) Multiple) Band (3
of X (Seconds) of L (Seconds) of L of X (Seconds)
100, 150, 225, 300 3,4,5, 4, .5, .6,
AKR-30 800 —-or- 6,8,10 (L) 8,1.0,
300, 400, 600, 800 1.2 (X)
Maximum Maximum Maximum
6, .1, 8, 22 —or— 0.35 4,5,6, 0.30
300, 400, 600, 800 9, 1.0, 8,10, 12 (L) | .25, .3, 4,
AKR50 | 1600 Zor— L1(x) | Intermed |75 o Intermed. 5.6, | [ntermed.
600, 800, 1200, 1600 2.25,2.5, ) (X O
Minimum 3,4 (L) | Minimum X Minimum
4 0.095 0.065
800, 1200, .2, .25, .3,
AKRT-50 | 2000 1600, 2000 4,.5,
.6 (X)

@ Pickup tolerance is + 9%
(@ Pickup tolerance is +. 10%

@ Time delay shown at 600% of long time pickup setting (6L),at lower limit of band.
@ Time delay shown at lower limit of band.
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SECTION 10—Type SST Overcurrent Trip Device (Cont.)

MOUNTING

BRACKET
~~
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FIG. 58 — SST PROGRAMMER

FIG. 59 — AKR-5B-30
10.2/ " CURRENT SENSORS

ThesSST system uses two types of current sensors, a
phase sensor and a neutral sensor. Fig. 60 shows a phase
sensor. Fig. 61 shows the neutral sensors available. The
current sensor supplies the power and signal inputs
necessary to operate the trip system. Each sensorhas four
taps which provide field adjustment of the trip device's
continuous ampere rating.

The SST Ground Fault trip element operates on the
principle that the instantaneous values of current in the
three conductors (four on 4-wire systems) add to zero
unless ground current exists. On SST's equipped with
Ground Fault, the ground trip signal is developed by con-
necting each phase sensor in series with a companion
primary winding on a ground differential transformer
mounted in the programmer unit. Its secondary output is
zero so long as there is not ground current.

Application of the Ground Fault element on 4-wire sys-
tems with neutral grounded at the transformer requires the
additional, separately mounted neutral sensor (Fig. 61)
inserted in the neutral conductor; its secondary is con-
nected to a fourth primary winding on the ground differen-
tial transformer. See Fig. 70. This “fourth-wire” neutral
sensor is an electrical duplicate of the phase sensor, in-
cluding taps. Therefore, when taps are changed on the
phase sensors, those on the neutral sensor must be cor-
respondingly positioned.

When used, the neutral sensor is separately mounted in
the bus or cable compartment of the switchgear. In draw-
out construction, its output is automatically connected to
the breaker via secondary disconnect blocks. See Fig. 62.



FIG. 60 — SST PHASE SENSOR
WITH TAP BOARD

600- 1600 A

300-800 A

100 - 300A

FIG. 61 — SST NEUTRAL SENSORS

REARUVIEW 5
AKR -50

BREAKEF-
MOUNTED

EQUIPMENT -
MOUNTED

SHORTING
STRAP

FIG. 62 — NEUTRAL SENSOR
SECONDARY DISCONNECT
BLOCKS
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10.2.1 REPLACEMENT OF CURRENT
SENSORS

Referring to Fig. 63, replacement of individual SST
current sensors is accomplished as follows:

a) Disconnect the breaker harness from the tap ter-
minal board, removing cable ties as necessary. Un-
fasten the terminal board from the breaker base.

b) At the rear of the breaker, remove the two Allen
head screws to separate the stud connector from the
contact pivot block.

c) Loosen the clamping bolt and remove the stud
connector. Lift out the sensor and its tap terminal
board.

The sensor may be prevented from slipping off the
sensor stud by adjacent accessories. If this exists,
the sensor stud must be removed from the breaker
base. The stud assembly is secured to the base with
four bolts which are accessible from the rear of the
breaker.

. Flux shift Trip Device
Allen-head Screws

. Stud Connector

. Current Sensor

1
2.
3
4

d) When replacing the stud connector, tighten the
Allen head screws to 250 = 10 in-Ibs. Tightenfthe
clamping bolt as follows:

AKR 30/30H/30L — 120 = 10 in-Ibs
AKR 50/50H — 470 = 10 in-lbs
AKRT 50/50H — 470 + 10 in-lbs

10.3 FLUX SHIFT TRIP DEVICE

The Flux Shift Trip device isfa‘lew-energy, electro-
magnetic device which, uponireceipt of a trip signal
from the programmer unit,4ripsithe breaker by actuat-
ing the trip shaft.

The mounting arrangementfof this component is
illustrated in Figs. 64 and®5. An electromagnetic
actuator located on the,underside of the front frame is
coupled to the breaker's trip shaft via a trip rod driven
by the actuator arm. The actuator is a solenoid whose
armature is spring-leaded and held in its normal
(Reset) position bya permanent magnet. In this state
the spring,isteempressed. ‘

. Tap Terminal Board
Programmer Unit
Clamp Bolt

Sensor Stud

[eoREN Ner IS )

FIG. 63 — AKR-5A-30 BREAKER WITH SST TRIP DEVICE
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So long as the actuator remains in the Reset posi-
tion, the breaker can be closed and opened normally
at will. However, when a closed breaker receives a
trip signal from the programmer unit, the actuator is
energized and its solenoid flux opposes the magnet,
allowing the spring to release the armature; this

drives the trip rod against the trip shaft paddle, tripp-
ing the breaker.

As the breaker opens, the actuator arm-is returned
to its normal (Reset) position via linkage driven by a
crank on the breaker's main shaft. The permanent
magnet again holds the armature captive in readiness
for the next trip signal.

The trip device requires only one adjustment — the
trip rod length. As shown in Fig. 66, the clearance
between the trip rod and the trip shaft paddle is gaged
by a 0.109inch diameter rod. Adjust gap to 0.109inch
+ 0.031inch. To adjust, open the breaker and restore
the breaker mechanism to its Reset position. Loosen
the jam nut, rotate the adjuster end until the proper
gap is attained, then retighten the jamb nutto 35 + 5
in-lbs.

The actuator is a sealed, factory-set device and re-
quires no maintenance or field adjustment. In case of
malfunction, the complete actuator unit should be
replaced. When making the electrical connector to
the replacement unit, it is recommended that the brea
ker harness be cut at some convenient point and'the
new actuator leads solder-spliced together.

The preferred method is to remove thedflux shifter
leads from the AMP connector using the,AMP extrac-
tion tool, Cat. No. 305183 as follows:

1. Remove the flux shifter leads from the harness.

2. Referring to the cabling diagrams in Section 10.5,
the flux shifter leads are RED for point B.and BLACK for
point E.

3. Insert the extractor tool over ‘theg4female pin.
When the extractor tool bottoms out, depress the
plunger and force the wire/socket assembly out of the
connector.

4. No tool is requiredsto_insert the wire/socket
assembly into the conpector. Insert the assembly un-
til it snaps into place.

5. Verify all socketsare inserted to the same depth.

CAUTION: N, THESEEVENT THAT THE SST TRIP DE-
VICE MUST BE, RENDERED INOPERATIVE TO
ALLOW_THE BREAKER TO CARRY CURRENT
WITHOURBENEFIT OF OVERCURRENT PROTEC-
TION; THE"RECOMMENDED METHOD IS TO
SHORTEN THE TRIP ROD BY TURNING ITS AD-
JUSTER END FULLY CLOCKWISE. THIS PRE-
VENTS ACTUATION OF THE TRIP SHAFT PADDLE.

O W
CRANK .'_]'v —————
BREAKER
(cLOSED POSITION) O TR ACE /
MAIN
SHAFT
© ©
TRIP
ROD & o)
\ 5
0 I ,_JJ g‘l —f L
— -y
B arm
TRIP
PADDLE .} o
.
SIDE ACTUATOR FRONT -
VIEW g ; VIEW o

FIG. 64 — FLUX SHIFT TRIP DEVICE AND OPERATING LINKAGES
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SECTION 10—Type SST Overcurrent Trip Device (Cont.)

Bottom view Top view

4. Trip shaft

5. Actuator arm
6. Reset linkage

1. Actuator
2. Trip rod adjusternfend
3. Trip paddle

FIG. 65 — FEUX SHIFT TRIP DEVICE COMPONENTS

TRIP PAODLE IN @
"MECHANISM \RESET
POSITION

TRIP ROD IN

"RESET"
POSITION

ADJUSTER JAMNUT
END

0.109 £ .031 Dia.
rod

FIG. 66— TRIP ROD ADJUSTMENT
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104 TROUBLESHOOTING

When malfunctioning is suspected the first step in
troubleshooting is to examine the circuit breaker and its
power system for abnormal conditions such as:

a) Breaker tripping in proper response to overcurrents
or incipient ground faults.

b) Breaker remaining in a trip-free state due to
mechanical interference along its trip shaft.

c) Inadvertent shunt trip activations.

WARNING: DO NOT CHANGE TAPS ON THE
CURRENT SENSORS OR ADJUST THE PRO-
GRAMMER UNIT SET KNOBS WHILE THE
BREAKER IS CARRYING CURRENT.

Once it has been established that the circuit breaker
can be operated and closed normally from the test posi-
tion, attention can be directed to the trip device proper.
Testing is performed by either of two methods.

1. Conduct high-current, single-phase tests on the
breaker using a high current-low voltage test set.

NOTE: For these single-phase tests, special con-
nections must be.employed for SST breakers
equipped with Ground Fault. Any single-phase in-
put to the ground differential transformer will
generate an unwanted ‘“‘ground fault” output
signal which will trip the breaker. This can be
nullified either by

a) testing two poles of the breaker in series§ or

b) using the Ground Fault Defeat Cable as 'shown
in Fig. 71. This special test cable energizes4all the
primary windings of the differential transformer in
a self-cancelling, series-parallel ‘¢onnection so
that its secondary output is always zero.

2. Test the components to the SST system using por-
table Test Set Type TAK-TS1 (Fig. 674yor TAK-TS2.

The applicable test pro€edures are detailed in in-
struction Book GEK-64454"and are summarized in Sec-
tion 10.4.1.

The TAK-TS1 and TAK-TS2 Test Sets are portable in-
struments designed for field checking the time-current
characteristics andWpickup calibration of the SST'’s
various trip elements)” It can verify the ability of the
Flux-Shift Trip"Bevice to trip the breaker and, in addi-
tion, includes means for.continuity checking the phase
sensors. /A TAK-TS1 Test Set is shown in Fig. 67.

The time-current characteristics for the SST Trip
Device, are,given in curves GES-6033, GES-6034 and
GES-6035;

FIG. 67 — SST/ECS TEST SET, CAT. NO. TAK-TS1
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SECTION 10—Type SST Overcurrent Trip Device (Cont.)

10.4.1 SST TEST SET

The TAK-TS1 and TAK-TS2 Test Sets are portable in-
struments designed for field-checking the time-current
characteristics and pickup calibration of the SST’s
various trip elements. It can verify the ability of the
Flux-Shift Trip, Device to trip the breaker and, in addi-
tion, includes means for continuity checking the phase
sensors. A TAK-TS1 Test Set is shown in Fig. 67. The
TAK-TS2 functions identically to and supersedes the
TAK-TS1 device. The TAK-TS2 can also test the Ver-
saTrip Mod 2 trip device.

WARNING: BEFORE CONNECTING THE TEST SET
TO THE BREAKER TRIP DEVICE SYSTEM, EN-
SURE THAT THE CIRCUIT BREAKER IS COM-
PLETELY DISCONNECTED FROM ITS POWER
SOURCE. ON DRAWOUT EQUIPMENT, RACK THE
BREAKER TO ITS DISCONNECTED POSITION.
VERIFY THAT THE BREAKER IS TRIPPED.

Either of two test modes may be employed:

“A” — Programmer Unit Only. These tests are con-
ducted with the programmer unit disconnected from the
breaker. During test, the unit can remain attached to the
breaker or may be completely removed from it.

CAUTION: NEVER DISENGAGE THE HARNESS
CONNECTOR FROM THE PROGRAMMER UNIT
ONABREAKER THAT IS ENERGIZED AND CARRY-
ING LOAD CURRENT. THIS WILL OPEN-CIRCUIL
THE CURRENT SENSORS, ALLOWING DANGER-
OUS AND DAMAGING VOLTAGES TO DEVELOR:

Test scope:

1. Verify the time-current characteristics and piekup
calibration of the various trip elements.

2. Verify operation of the SST target indicatorsyon pro-
grammer units so equipped.

“B” — Complete Trip Device System: Forthese tests,

the programmer unit must be mounted on the breaker and
connected to its wiring harness.

Test scope:

1. All “A” tests previously described, plus provision for
optionally switching thefprogrammer’s output to activate
the Flux-Shift Trip Device,and vefify its operation by physi-
cally tripping the breaker.

2. Check phase sensor continuity.

Inthe eventthat any component of the SST system does
not perform within, the limits prescribed in test instructions
GEK-64454, itishould be replaced.
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10.4.2 RESISTANCE VALUES

For use in troubleshooting, the Common to Tap resist-
ance for SST current sensors is given in Table 8. These
values apply to both phase and neutral sensorst

TABLE 8 — SENSOR RESISTANCE VALUES

Resistance in Ohms

Ampere between COMMON

TAP and TAP /Terminals
100 22— 26
150 33— 39
225 51— 5.8
300 68— 7.8
300 53— 6.1
400 72— 82
600 108 — 124
800 14.6 — 16.9
600 64— 76
800 88— 104
1200 13.56— 158
1600 19.4 — 228
800 102 — 124
1200 15.8 — 19.2
1600 22.0 — 26.7
2000 285 — 347

The coil resistance ofthe SST/ECS Flux shifter device is
approximately 16 ohms.




10.4.3 FALSE TRIPPING—BREAKERS
EQUIPPED WITH GROUND FAULT

When nuisance tripping occurs on breakers equipped
with the Ground Fault trip element, a probable cause is the
existence of a false “ground” signal. As indicated by the
cabling diagram of Fig. 69, each phase sensor is con-
nected in a series with a primary winding on the Ground
Fault differential transformer. Under no-fault conditions on
3-wire load circuits, the currents in these three windings
addto zero and no ground signal is developed. This current
sum will be zero only if all three sensors have the same
electrical characteristics. If one sensor differs from the
others (i.e., different rating or wrong tap setting), the dif-
ferential transformer can produce output sufficient to trip
the breaker. Similarly, discontinuity between any sensor
and the programmer unit can cause a false trip signal.

If nuisance tripping is encountered on any breaker
whose SST components have previously demonstrated
satisfactory performance via the TAK-TS1 Test Set, the
sensors and their connections should be closely
scrutinized. After disconnectingthe breaker from all power
sources,

a) Checkthat all phase sensors are the same type (am-
pere range).

b) Ensure that the tap settings on all 3-phase sensors
are identical.

10.5 SST CABLING DIAGRAMS

c) Verify that the harness connections to,the /sensors
meet the polarity constraints indicated by the,cabling dia-
gram, i.e., white wire to COMMON, black wire to TAP.

d) On Ground Fault breakers serving 4-wire loads,
check that the neutral sensor is properly connected (see
cabling diagram Fig. 70). In particular,

(1) Verify that the neutralfsensor has the same rating
and tap setting as the phase'sensors.

(2) Check continuity between the neutral sensor and its
equipment-mounted secondary disconnect block. Also
check for continuity, from the breaker-mounted neutral
secondary disconnectblock through to the female harness
connector (terminals L and N).

(3) If the breaker’s lower studs connect to the supply
source, thenthe neutral sensor must have its LOAD encl
connected'to,thetsource.

(4)nEnsure that the neutral conductor is carrying only
that neutral current associated with the breaker’s load cur-
rent (neutral not shared with other loads).

e), If the preceding steps fail to identify the problem, then
the sensor resistances should be measured. Since the
phase and neutral sensors are electrically identical, their
tap-to-tap resistance should closely agree. See Table 8.
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FIG. 68 — CABLING DIAGRAM — SST WITHOUT GROUND FAULT
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FIG. 69 — CABLING DIAGRAM — SST WITH
GROUND FAULT ON=3-WIRE LOAD
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HIGH CURRENT — LOW/VOLTAGE TESTING
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SECTION 11—Type ECS Overcurrent Trip Device

The ECS is a solid-state, direct-acting, self-powered
trip device system. The ECS system consists of the
ECS programmer unit shown in Fig. 72, current sensors,
and a flux shifter trip device. Fig. 73 shows a block
diagram of the system.

The ECS trip system essentially duplicates the SST
trip system described in Section 10 except for the
following:

1. Programmer units are limited fo combinations of
Long Time, Short Time and instantaneous trip elements
only. The Ground Fault element is not available.

2. Phase sensors are not tapped. As listed in Table 9,
each sensorhas only a single ampere rating. A different
sensor is available for each of the tabulated ampere
ratings, which span the same range as SST, see Fig. 74.

3. Neutral sensors are not required because there is
no Ground Fault function.

In all other respects the ECS Trip device system
operates and can be treated identically to SST. This in-
cludes circuitry, size, construction, component loca-
tion, programmer unit set points, performance
characteristics, operating range, quality, reliability and
the flux shift trip device. Use the same troubleshooting
and test procedures for single-phase, high current-low
voltage tests or those employing the TAK-TS1 or TAKx
TS2 Test Sets. The Ground Fault test procedures, ©f
course, do not apply. ECS phase-sensor resistance
values are given in Table 10.

The time-current characteristics for the ECSgtrip
device are given in curve GES 6032.

]
M — N
“FLUX SHIFT" I souiD
) ————— TRIP STATE |
0 coiL | SWITCH T i
|
I |
——_——— e |
CURRENT - |
SENSOR |
CMT\ | oo L0GICE | LONG TIME tonG TiMe || I
= “OR" PICKUP DELAY [
l ‘ |
SHORT TIME I
] PICKUP -
i DELAY ]
: 3 |
INSTANTANEOUS |
| PICKUP ™ |
|
| REGULATED [
wwc — F |
I POWER SUPPLY
L PROGRAMMER UNIT |

FIG, 73"— ECS BLOCK DIAGRAM
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FIG. 72 — ECS PROGRAMMER UNIT

FIG 74 — ECS CURRENT SENSOR



TABLE 9
ECS TRIP CHARACTERISTICS

X = Trip Rating ECS PROGRAMMER ADJUSTMENT RANGE (Set Points)
in Amperes
F =Sensor Rating Long Time Short Time
Breaker gi’:ele ————————— Instantaneous
Type (Amperes) ASensor Pickup (=L) g:l:; Pickup I’)I:;:; Pickup
R?f:;: ( Multiple ) Band () (Mu]tiple) Band (@) ( Multiple )
of X (Seconds) of L (Seconds) of L
100, 150, 225, 3,4,5,
AKR-30 800 300, 400, 6, 8,10 (L)
600, 800 Maximum Maximum
22 —or— 0435
300, 400, 600, 6,.7, 8 Intermed. Intermed. 4,5, 6,
AKR-50 | 1600 1g09 "1200,1600 | 9,10, | 10 175,20 921 | 8 10,12(L)
1.1(X) |Minimum | 225 25 “{yMifimum
4 3,4(L) 0.095
AKRT-50 2000 800, 1200,
1600, 2000

(D Pickup tolerance is + 9%

(@ Pickup tolerance is +. 10%

lower limit of band:
@ Time delay shown'at lower limit of band.

TABLE 10— SENSOR RESISTANCE VALUES

Ampere
Rating
100
150
225
300
400
600
800
1200
1600
2000

Resistance in Ohms
between Terminals

30— 34
44— 50
48 — 56
64— 7.2
67— 7.8
64— 7.6
8.8 — 10.4
13.5 — 158
19.4 —22.8
29.56 — 345

11.1 ECS CABLING DIAGRAM
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FIG. 75. CABLING DIAGRAM FOR ECS TRIP
DEVICE

@ Time delay shown at 600% of long time pickup setting (6L), at




SECTION 12—MicroVersaTrip™ Trip Device

The MicroVersaTrip is a solid-state, direct-acting,
self-powered trip device system. The MicroVersaTrip
system consists of the MicroVersaTrip programmer,
current sensors, and a flux shifter trip device. Fig. 76
shows a block diagram of the system.

12.1 PROGRAMMER UNIT

Fig. 77 shows a typical MicroVersaTrip programmer
unit. Like the SST and ECS units, the MicroVersaTrip
provides the comparison basis for overcurrent detection
and delivers the energy necessary to trip the breaker. It
contains a programmable microelectronic processor
which incorporates nine adjustable time-current func-
tions, three mechanical fault indicators (local and
remote), a long-time pickup LED indicator (local and
remote) and a zone selective interlocking function. All
adjustable programmer functions are automatic and
self-contained requiring no external relaying, power
supply or accessories. See Table 11 for trip functions
available and Table 12 for trip function characteristics. A
detailed description of each trip function is given in
publication GEA 10265 and GEH 4657.

&

PROGRAMMER UNIT ——I
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| N ] CIRCUITRY

r
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I
I
-

PIGKUP & . I
DELAY

| f |
65%'#@ Sl EGULATED

I 22 |45 voC |
$3 |[POWER SUPPLY

LN _ _=—0——_ _

FIG. 76
MICROVERSATRIP BLOCK DIAGRAM
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OVERLOAD
TARGET

GROUND
TARGET

SHORT
—*-‘CIRCUIT
TARGET

12.1.1 FAULT TRIP INDICATORS

The optional fault trip indicators are similar to the SST
indicators. They are mechanical pop-out type for identify-
ing overload or short circuit over-curfents faults when
breakers are ordered without integral ground fault protec-
tion. They are also available to identifysOverload, short
circuit and ground fault trips forsbreakers supplied with
integral ground fault protection.

Each target pops out whenyits ‘associated trip element
operates to trip the breaker. Aftena trip, the popped target
must be reset by hand. However, neglecting to reset does
not affect normal operatiomof any trip element or prevent
the breaker from beingyclosed.

12.1.2 REMQTE FAULT INDICATION

Remote faultVindication is available in the form of a
mechanjeal contactrwhich may be incorporated directly
into the ‘eustomer’'s control circuitry. This is a Normally
open contactiwhich is activated when its associated target
pops aut.“When the target is reset, the contact is returned
to its‘epen position. Each contactis rated 0.25 amp at 125
VDEyandyl.0 amp (10 amp in rush) at 120 VAC.

aven " swomt

GROUND
Loa0 CIRCWY FALRY

FAULT TRIP ANNUNCIATOR

T 1O AESET MOCATOR. Senai Ba. Lol

FIG. 77
MICROVERSATRIP PROGRAMMER



The remote fault indication switch leads are brought
out the bottom of the MicroVersaTrip programmer as
shown in Fig. 78. This switch lead harness is plugged
into the mating connector on the breaker, see Fig. 79.

The switch leads are brought out from the breaker
through the Programmer Secondary Disconnect shown
in Fig. 80. The zone selective interlocking function wir-
ing is also brought out through this disconnect. See
Figs. 95 and 96 for the remote fault indication and zone
selective interlocking cable diagrams.

oven oA GROUND
LoAD g FAULT
FAULT TRIP ANNUNCIATOR

REMOTE FAULT
INDICATION
CONNECTOR

FIG. 78 MICROVERSATRIP W/REMOTE
FAULT INDICATION HARNESS

FIG. 79 PROGRAMMER
SECONDARY CONNECTOR

REMOTE FAULT INDICATION
DISCONNECT

FIG."80 REMOTE FAULT INDICATOR
DISCONNECT

12}443 MICROVERSATRIP™ INSTALLATION

The programmer mounts to the upper left of the breaker
as shown in Fig. 81. It mounts to the bracket assembly
shown in Fig. 82. Referring to Fig. 82, the guide pins mate
with the holes on either side of the programmer connector.
They provide the necessary alignment for the connector
engagement. The locking lever engages with the pin which
is assembled to the programmer frame and secures the pro-
grammer to the mounting bracket

There are two programmer mounting designs in use. The
difference in the designs is in the operation of the locking
lever, see Fig. 82.

Installation using each design is as follows:
a. Insert the guide pins into the holes and push on the pro-
grammer, engaging the connectors.

b. Original design—push in the locking lever, securing the
programmer.

Later design—the locking lever is released, securing

the programmer.

c. Verify that the locking lever did engage the programmer
pin.

d. Connect remote fault indication harness, if equipped,
see Fig. 80.
To remove the programmer:

a. Disconnect the remote fault indication harness, if
equipped.

b. Original designs—push in locking lever, which will

release the programmer pin. While holding the locking lever
in, remove the programmer.

c. Later design—pull out locking lever, which will release
the programmer pin. Remove the programmer.
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SECTION 12—MicroVersaTrip™ Trip Device (Cont.)

12.2 CURRENT SENSORS

The current sensors supply the power and signal in-
put necessary to operate the trip system. Like the SST
system, the MicroVersaTrip uses a phase and neutral
sensor.

Fig. 83 shows the phase sensors. Tapped and fixed
phase sensors are available. The tapped sensors provide
field adjustment of the trip device’s continuous ampere
rating. See Section 12.5 for cabling diagrams.

o e

FIG. 81 — AKR-6D-30

Locking

Lever

The tapped and fixed phase sensors have a polarity as:
sociated with their windings. Their COMMON terminalis the
right hand terminal as shown in Fig. 83. A white wireiwith'a
ring terminal will be connected to this COMMON terminal.
All phase sensors must be correctly wired for the program-
mer summing circuit to function properly.

The tapped or fixed phase sensorsfaresavailable with
an additional winding. This winding“is”brought out to
separate flag terminals rather than the sérew terminals.
These phase sensors are used when the hi-level instan-
taneous MicroVersaTrip option (‘H’-option) is required.
Fig. 84 shows an ‘H’-option phase sensor. When the ‘H’-
option phase sensor is installed,, there are four leads
connected to it; two flag terminalconnections (additional
winding) and two screw terminal connections (ampere
rating). There is no polarity associated with the flag ter-
minals. Fig. 94 showsythe ‘¢onnections for the additional
‘H’-option windings.

Fig. 85 shows the neutral sensor. The neutral sensoris
required when integral ground fault protection is used on
single phase-three wire or three phase-four wire systems.
It is inserted into the neutral conductor and therefore is
separately ‘mounted in the cable or bus compartment.

The outputs of the phase sensors and neutral sensor are
connected to a programmer circuit which sums these val-
ues:. The total value will remain zero as long as there is no
groundr’current flowing. See cable diagram in Fig. 91.

The neutral sensor is an electrical duplicate of the phase
sensor, including taps. Therefore, when taps are charged
on the phase sensors, those on the neutral sensor must be
correspondingly positioned.

T--BANY3INE
ONUNVHIA0 3n038

JANAYEOO0UA TIVASNL
NOWNYD

FIG. 82 — MICROVERSATRIP® RMS-9 AND
POWER LEADER MOUNTING BRACKET
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TABLE 11 TRIP FUNCTIONS AVAILABLE

Optional Features

BASIC FUNCTIONS

ADD TO BASIC FUNCTIONS

STD,-or-S-or-H-or-M

G-or-GR

A1-or-A2-

pr-A3-or-A

Z1-or-Z2-or-Z

e Adjustable Current Setting

X X X

o Adj Long-Time Pickup

LONG

e Adj Long-Time Delay

TIME

e Long-Time Timing Light

X[ X X]|X

X X X
X X X
X X X

® Remote Long-Time Timing Light

e Adj Short-Time Pickup

x

SHORT

® Adj Short-Time Delay

x
x| X
x|

TIME

o Short-Time It Switch(@

INSTANTA-

e Adj Instantaneous Pickup

NEOUS

e Adj High Range Instantaneous

GROUND
FAULT

e Adj Ground Fault Pickup
—1PH, 2-W—3PH, 3/4-W
—Ground Return,

e Adj Ground Fault Delay

OTHER
FUNCTIONS

o Trip Indication Targets
—Overload & Short Circuit
—local only
—local and remote
—OlL, S/C and Ground Fault
—local only®
—local and remote

e Zone Selective Interlock
—Ground Fault®®
—Short Time®

1 Short-Time Delay is required
2 Standard when Ground Fault specified
3 Ground Fault required

TABLE 12 MICROVERSATRIP™ TRIP CHARACTERISTICS

Long-Time Short-time Ground Fault
Currént Adjustable
Setting Instantaneous Plckup
(X) (X) (Multiple_| (Pickup Pickup Pickup Short-time| (Multiple
Fixed Tapped Jof Sensor | (Multiple Delay (Multiple Delay (Multiple 12t of Sensor Delay
Maximum | Sensors Sensors 4| Current) |of Current of Current () of Sensor Current
Frame Rating Rating) Rating) |(Seconds)| Rating) (Seconds) Rating) (Seconds) Rating) (Seconds)
Size | (Amps) Sensor &‘;{;;‘)‘ Rating ) (%] (©) (X) X)
100, 150,
100, 150, 225, 300 /| .5, .6, .7, .8,.9, 2.5, 5, 1.5, 2, 25, 0.10, 15,2, 25, 2,.25,.3, [0.10, 0.22,
AKR-30 800 225, 300, or 8, 85 9, 10, 1.1 10, 21 3,4,5,7, 0.22, 3,4,6,8, 0.4 .35, .4, 45, 0.36
400, 600f 3004400 | .95, 1.0 (©) 9 (C) 0.36 10 (X) 5, .6 (X)
800 600, 800 X)
300, 400,
300{400, 600, 800
AKR-50 1600 600, 800 or
1200, 1600 600, 800
1200, 1600
800, 1200, 800, 1200
AKRT-50 2000 |1600, 2000 1600, 2000
1200, 1600, 1200, 1600 2,.22, .24,
AKR-75 3200 2000, 3200 2000, 3200 .26, .28, .30,
.34, 37 (X)
1600, 2000, 1600, 2000 15,2,25,3, 2, .22, 24,
AKR-100 | 4000 [3000, 4000 3000, 4000 4,5,7,9 (X) 26, .28, .3 (X)

1 Time delay shown at 600% of ampere setting at lower limit of each band.
2 Time delay shown at lower limit of each band.

All pickup tolerances are = 10%

Ground Fault pickup not to exceed 1200 amperes.

C = current setting
X = sensor current

61



SECTION 12—MicroVersaTrip™ Trip Device (Cont.)

TAPPED

COMMON
TERMINAL

FIG. 83 — MICROVERSATRIP™ PHASE
SENSORS

SPECIAL WINDING
CONNECTIONS

AMPERE RATING
CONNECTIONS

FIG. 84 - ‘H’-OPTION PHASE SENSOR
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FIG. 85 — TYPICAL NEUTRAL SENSOR



A BREAKER MOUNTED — RIGHT SIDE

B EQUIPMENT MOUNTED

FIG. 86 — NEUTRAL SENSOR SECONDARY
DISCONNECT

Since the neutral sensor is mounted separately
from the breaker, a disconnect meansmis‘required to
connect its output to the breaker. Fig. 86yshows the
breaker and equipment mounted 4th*wire secondary
disconnect used with the MicroVersaTrip system.

12.2.1 REPLACEMENT OF CURRENT
SENSORS

Referring to Fig. 87, replacement of MicroVersaTrip cur-
rent sensors is accomplishedyas follows:

a) Disconnect the programmer harness from the ter-
minal board, removiag cable ties as necessary.

b) At the rear ofythe breaker, remove the two Allen head
screws to separate thefstud connector from the contact
pivot block.

c) Loosen,thexclamping bolt and remove the stud con-
nector. Lift gutthe sensor and its tap terminal board.

The'sensoigmay be prevented from slipping off the sen-
sor stud bysadjacent accessories. If this exists, the sensor
studemust be removed from the breaker base. The stud
assembly is secured to the base with four bolts which are
accessible from the rear of the breaker.

d) When replacing the stud connector, tighten the
Allen head screw to 250 + 10 in-Ibs. Tighten the
Cclamping bolt as follows:

AKR 30/30H 120+ 10 in-Ibs
AKR 50/50H 470+ 10 in-lbs
AKRT 50/50H 470 = 10 in-lbs
AKR 30L 470+ 10 in-lbs
e) When replacing the programmer harness to the
phase sensors verify that the winding polarity is

maintained, white wire with ring terminal to COMMON
terminal (right hand terminal, see Fig. 83).
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SECTION 12—MicroVersaTrip™ Trip Device (Cont.)

123 FLUX SHIFTER TRIP DEVICE

The only difference between the MicroVersaTrip and
SST flux shifter trip devices is the solenoid winding. Refer
to Section 10.3 for details.

When replacing a MicroVersaTrip flux shifter, AMP ex-
traction tool Cat. No. 455822-2 is required to remove the
socket leads from the AMP connector.

124 TROUBLESHOOTING

When malfunctionion is suspected, the first step in
troubleshooting is to examine the circuit breaker and its
power system for abnormal conditions such as:

a) Breaker tripping in proper response to overcurrents or
incipient ground faults.

b) Breaker remaining in a ftrip-free state due to
mechanical maintenance along its trip shaft.

c) Inadvertent shunt trip activations.

WARNING: DO NOT CHANGE TAPS ON THE CUR-
RENT SENSORS OR ADJUST THE PROGRAMMER
UNIT SET KNOBS WHILE THE BREAKER IS CAR-
RYING CURRENT.

PROGRAMMER

PROGRAMMER B
HARNESS

FIG. 87A — MICROVERSATRIP®
COMPRONENT WITH TAPPED SENSORS
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Once it has been established that the circuitgoreaker
can be opened and closed normally from the test position,
attention can be directed to the trip device proper.“Testing
is performed by either of two methods:

1. Conduct high-current, single-phase test$ on the
breaker using a high current-low voltage test set.

NOTE: Forthese single-phasedestsysSpecial connec-
tions must be employed for MicroV.ersaTrip breakers
equipped with Ground Fault. Any.single-phase input
to the programmer circuit will generate an unwanted
“ground fault” output signal\which will trip the
breaker. This can be nullifiedyeither by

a) Using the Ground Fault\Defeat Cable as shown in
Fig. 93. This special test cable energizes the pro-
grammer circuit in“ayself-cancelling, series-parallel
connection so thatits output is always zero.

2. Test theleomponents of the MicroVersaTrip system
using portable), Test“Set Type TVTS1 (Fig. 88). The ap-
plicable gest procedures are detailed in instruction Book
GEK-64464

The time:current characteristics for the MicroVersaTrip
Trip Device are given in curves GES-6195 and GES-6199.

FIG. 87B — RMS-9, EPIC MICROVERSATRIP®
AND MVT-PLUS OR MVT-PM COMPONENTS
WITH FIXED SENSORS



FIG. 88 TEST SET, CAT. NO. TVTS1

12.4.1 RESISTANCE VALUES

For use in troubleshooting the MicroVersaTrip
current sensors, the resistance of the tapped and fixed
windings is given in Tables 13 and 14 respectively.

™

TABLE 13— TAPPED SENSORRESISTANCE
VALUES

Resistance in Ohms

Ampere Between Common

Tap and Tap Terminals
100 7.0-8.2
150 10-12
225 15-18
300 20-24
300 20-24
400 27-32
600 42-50
800 58-68
600 42-50
800 53-68
1200 93-109
1600 130-154
800 74:88
1200 116-136
1600 1625190
2000 210:246

TABLE 14 — FIXED"SENSOR RESISTANCE
VALUES

Ampere Resistance in Ohms

Rating Between Terminals
100 6.7-7.8
150 10-12
225 15-17
300 20-24
400 27-32
600 42-50
800 58-68
1200 92-108
1600 129-151
2000 207-243

The’ coil resistance of the MicroVersaTrip flux shifter
device is approximately 7 ohms.

SECTION 12—MicroVersaTrip*
Trip Device (Cont.)

12.4.2 FALSE TRIPPING—BREAKERS
EQUIPPED WITH GROUND FAULT

When nuisance tripping occurs on breakers equipped
with the Ground Fault trip eléement, a probable cause is
the existence of a falsediground” signal. As indicated by
the cabling diagram of Fig. 90¢ each phase sensor is
connected to summingg@ircuitry in the programmer. Un-
der no-fault conditions/ onr 3-wire load circuits, the
currents in this circuitty_add to zero and no ground
signal is developed. This current sum will be zero only if
all three sensorsyhave the same electrical charac-
teristics. If oné“sensor differs from the others (i.e., dif-
ferent ratingilor wrong tap setting), the circuitry can
produce outputisufficient to trip the breaker. Similarly,
discontinuity ‘between any sensor and the programmer
unit{€an cause a false trip signal.

If nuisance tripping is encountered on any breaker
whose _‘MicroVersaTrip components have previously
demonstrated satisfactory performance via the TVTS1
Test Set, the sensors and their connections should be
closely scrutinized. After disconnecting the breaker from
all power sources.

a) Check that all phase sensors are the same type (am-
pere range).

b) Ensure that the tap settings on all 3-phase sensors
are identical.

c) Verify that the harness connections to the sensors
meet the polarity constraints indicated by the cabling
diagram.

d) On Ground Fault breakers serving 4-wire loads,
check that the neutral sensor is properly connected (see
cabling diagram Fig. 91). In particular,

(1) Verify that the neutral sensor has the same rating
and tap setting as the phase sensors.

(2) Check continuity between the neutral sensor and its
equipment-mounted secondary disconnect block. Also
check for continuity from the breaker-mounted neutral
secondary disconnect block through to the female harness
connector.

(3) If The breaker’s lower studs connect to the supply
source, then the neutral sensor must have its LOAD end
connected to the source. See Fig. 92.

(4) Ensure that the neutral conductor is carrying only
that neutral current associated with the breaker’s load cur-
rent (neutral not shared with other loads).

e) If the preceding steps fail toidentify the problem, then
the sensor resistances should be measured. Since the
phase and neutral sensors are electrically identical, their
tap-to-tap resistances should closely agree. See Tables 13
and 14.
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SECTION 12—MicroVersaTrip™ Trip Device (Cont.)
12.5 CABLING DIAGRAMS
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SECTION 12—MicroVersaTrip” & RMS-9 & Epic MicroVersaTrip” Device (Cont.)
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FIG. 93. CABLING DIAGRAM WITH"GROUND FAULT DEFEAT
MODULE INSERTED BETWEEN BREAKER HARNESS AND
MICROVERSATRIP PROGRAMMER UNIT—FOR USE
DURING SINGLE-PHASE, HIGH CURRENT—LOW
VOLTAGE TESTING.
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SECTION 13—RMS-9 & Epic MicroVersaTrip®

The RMS-9/Epic MicroVersaTrip® is a solid-state, di-
rect-acting, self-powered trip device system. The RMS-9
system consists of the RMS-9 programmer, current sen-
sors, and a flux shifter trip device. Fig. 97 shows a block
diagram of the system.

13.1 PROGRAMMER UNIT

Fig. 98 shows a typical RMS-9/Epic MicroVersaTrip®
programmer unit. Like the MicroVersaTrip®, the RMS-9
Epic MicroVersaTrip® provides the comparison basis for
overcurrent detection and delivers the energy necessary
to trip the breaker. It contains a programmable micro-
electronic processor which incorporates nine adjustable
time-current functions, three mechanical fault indicators
(local and remote), along-time pickup LED indicator (local
andremote)and a,zone selective interlocking function. All
adjustable programmer functions are automatic and self-
contained requiring no external relaying, power supply or
accessories. See Table 15 for trip functions available and
Table 16 for trip function characteristics. A detailed
description of each trip function is given in publication
GEK97367.
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FIG. 97 — RMS-9 BLOCK DIAGRAM
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13.1.1 FAULT TRIP INDICATORS

The optional fault trip indicators are similar to jthe
MicroVersaTrip® indicators. They are mechanicalspop-
out type for identifying overload or short circuit
over-currents faults when breakers are ordered without
integral ground fault protection. They are also availableto
identify overload, short circuit and gfound fault trips for
breakers supplied with integralgroundfault protection.

Each target pops out when itsgassogiated trip element
operatesto trip thebreaker. Afteratrip, the poppedtarget
must beresetbyhand. Howeverjneglectingtoreset does
not affect normal operation ofianytrip element or prevent
the breaker from being closed.
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FIG. 98 — RMS-9 & EPIC
MICROVERSATRIP® PROGRAMMER



SECTION 13—RMS-9 & Epic MicroVersaTrip® (Cont.)

L xﬁ_‘,j

FIG. 99 — PROGRAMMER SECONDARY
CONNECTOR EPIC MICROVERSATRIP®

13.1.2 RMS-9 & EPIC MICROVERSATRIP®
INSTALLATION

The programmer mounts to the upper left of thé'breaker,
as shown in Fig. 100. It mounts to the bracket.assembly
shown in Fig. 82. Referring to Fig. 82, the guide pins mate
with the hole on either side of the programmer<¢onnegtor.
They provide the necessary alignment for the,conpector
engagement. Thelockinglever engages with the'pin which
is assembled to the programmer frameand secures the
programmer to the mounting bracket.

Installation is as follows:

a. Insert the guide pins into the holes and push on the
programmer, engaging the cofnectors.

b. Thelocking lever is released; securing the program-
mer.

c. Verify that the logkingjleyer did engage the program-
mer pin.

To remove thelprogrammer:

a. Pull out lockinglever, which will release the program-
mer pin. Remove the programmer.

13.2 CURRENT SENSORS

The current sensors supply the power and signal input
necessary to operate the trip system. Aike the
MicroVersaTrip®, the RMS-9 and Epic MicroVersaTrip®
uses a phase and neutral sensor. Fig. 101 shows the
phase sensors. See Section 13.5 for cabling diagrams.

FIG. 100 — AKR-7D-30

The fixed phase sensors have a polarity associated with
their windings. Their COMMON terminal is the right hand
terminal as shown in Fig. 101. A white wire with a terminal
will be connected to this COMMON terminal. All phase
sensors must be correctly wired for the programmer
summing circuit to function properly.

The phase sensors are available with an additional
winding. This winding is brought out to separate flag
terminals. These phase sensors are used when the hi-
level instantaneous RMS-9 option (‘H’-option) is required.
Fig. 102 shows an ‘H’-option phase sensor. When the
‘H’-option phase sensor is installed, there are four leads
connected to it. There is no polarity associated with the
special winding connection. Fig. 102 shows the connec-
tions for the additional ‘H’-option windings.
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SECTION 13—RMS-9 & Epic MicroVersaTrip®

TABLE 11 TRIP FUNCTIONS AVAILABLE

Optional Features
BASIC FUNCTIONS ADD TO BASIC FUNCTIONS
STD,-or-S-or-H-or-M | L T | G-or-GR | A1-qr-A2-or-A3<or-A_| Z1-or-Z2-or-Z
® Adjustable Current Setting X| X | X | X
® Adj Long-Time Pickup X X X X
LONG ® AdjLong-Time Delay X X X X
TIME ® Long-Time Timing Light X X X X
® Remote Long-Time Timing Light X
® Adj Short-Time Pickup X X X
SHORT ® Adj Short-Time Delay X X X
TIME ® Short-Time 12t Switch@® X
INSTANTA- ® Adj Instantaneous Pickup X X
NEOUS e Adj High Range Instantaneous X
e Adj Ground Fault Pickup
GROUND —1PH, 22-W—3PH, 3/4-W X
FAULT —Ground Return X
® Adj Ground Fault Delay X X
® Trip Indication Targets
—Overload & Short Circuit
OTHER —Ilocal only X
FUNCTIONS —local and remote X
—OJL, S/C and Ground Fault
—local only® X
—local and remote X
® Zone Selective Interlock
—Ground Fault® X X
—Short Time® X | X

1 Short-Time Delay is required
2 Standard when Ground Fault specified
3 Ground Fault required

TABLE 12 — RMS-9 AND EPIC MICROVERSATRIP® CHARACTERISTICS

Long-Time Short-Time Adjustable Adjustable Ground Fault
Current Instantan- Instantan- High Range
Setting eous eous Instantan- Triple Pickup
(Muit. Pick up Pick Up Pick Up eous Selective (Muit.
of (Mult. Pick up w/o ST with ST (Muit. of Trip of
Sensor Rating of. (Mult. of (Mult. of (Mult. of Frame Fixed High Sensor
Max. Rating Plug Current Current Rating Rating Short-time® Range Amp Delay Delay @
Frame Amp (Amps) Amps) Setting) (Delay@ | Setting) Detay | Plug Amps) | Rlug Amps) Rating) Instantaneous | Rating) | w/ 12T | w/o I2T
Size Rating () (X) (C) (Sec.) (C) (Sec.) (X) (X) (H) [ORO) (S) (Sec.) (Sec.)
150, 5,6} Fixed at 24, .2,.25,
AKR-30 . .7, .8, 1.0 of 4.9, 15,2 35, 15,235, .3,.35, 10, .21,
AKR-30H 800 ggg' .9, 495, Current 9.8, 7,9,10 7,9,10,13 46,810 NA .4, 45, .35
10,1.1 Setting 20 12T inzi 15 .5, .6 44 at
.40 200%
.5, .64 Fixed at 24, 1.5, 2.0, -2,.25, | of pick
800, 7, .8, 1.0 of 4.9, 2.5, 3.0 12T 15,2,3,5, 15,2,3,5, .3, .35, up at .10, .21,
KR- 16 e 4,.6,.8,1. NA pa
AKR-50 0 | 1600 | 9,95 | Curent | 9.8, | 4050, | oute | 7.8.10 | 7,9.10,13 | & &10 4,45, | ower | 35
1.0,1.1 | Setting 20 7.0,9.0 .10, 15 5,6 limit
.21, of
5, .6, Fixed at 2.4, 35 .2, .25, band
7,.8, 1.0 of 4.9, 15,2,3,5, 15,2,3,5, .3,.35, .10, .21,
AKRT-50 2008 2000 .9, .95, Current 9.8, 7,9,10 7,9,10,13 4.6,.8,1.0 NA 4, 45, .35
1.0,1.1 | Setting 20 15 5,.6
@ Time delayshown @ Time delay shown at X = Rating plug amps ® Triple selective trip ® Time delay shown X = Rating plug amps
at 600% of cur- lower limit of each S = Sensor amp rating is standard when at lower limit of S = Sensor amp rating T
reats, setting at band. Allpickuptol- C = Current setting long-time/short- eachband. Ground C = Current setting
lower limit of band. erances are £+10%. timeonlyisrequired. fault pick up not to H = Short-time rating

exceed 1200 amps.
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FIG. 101 — RMS-9 PHASE SENSORS

FIG. 102 — ‘H’-OPTION PHASE SENSOR

FIG. 103 — TYPICAL NEUTRAL SENSOR

Fig. 903 shaws the neutral sensor. The neutral sensor
is reguirediwhen integral ground fault protection is used
onsingle,phase-three wire or three phase-four wire sys-
tems. Itisinserted into the neutral conductorandtherefore
isiseparately mounted in the cable or bus compartment.

The outputs of the phase sensors and neutral sensor
are connected to a programmer circuit which sums these
values. The total value will remain zero as long as there is
no ground current flowing. See cable diagramin Fig. 107.

Theneutral sensorisan electrical duplicate ofthe phase
sensor. Therefore, when phase sensors are charged the
neutral sensor must be correspondingly changed.
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SECTION 14—MicroVersaTrip® Plus and MicroVersaTrip® PM Trip Units

The MVT-Plus/MVT-PM is a solid-state direct-acting
self-powered trip device system. The system consists of
the MVT-Plus/MVT-PM programmer, current sensors and
a flux shifter trip device. Figure 110 shows location of
features on programmer. See user manual GEH-5891A.

14.1 TRIP UNIT

MicroVersaTrip® Plus Trip Unit

MicroVersaTrip® Plus trip units utilize a digital, LCD
display with a four-button keypad to provide local set-up
and readout of trip settings. A 3-phase ammeter and trip
indicators are standard, as is a clear plastic cover with
provisions for sealing to allow tamper resistant installa-
tion. The trip unit digitally measures the current waveform
in each phase to determine the true RMS value of the
current, regardless of the waveshape. MicroVersaTrip®
Plus trip units provide accurate, predictable overload and
short circuit protection for distribution systems that in-
cludeacanddcvariable speed drives, rectifiers, induction
heating, and other loads that cause high harmonic distor-
tion as well as standard circuit. They provide maximum
breaker-to-breaker selectivity and custom load protec-
tion. Short time and ground fault functions include the
flexibility of coordination with or without an I°t ramp and
are also available with high range instantaneous.

MicroVersaTrip® PM Trip Unit

The MicroVersaTrip® PM trip unit adds powermanage-
ment system capability, advanced metering, and protective
relays to the basic functions of the MicroVersaTrip®Plus.
MicroVersaTrip® PM trip units communicate directly on
the GE POWER LEADER™ communications bus¢

FUMCTION SELECT

VALLE ENTER

FIG. 110

Power Requirements

A small amount of power is necessary to energize the
liquid crystal display (LCD) during setup, for viewing
breaker status, and formeteringdisplays. MicroVersaTrip®
PM trip units require external 24 Vdc control power for
operation. The four sources of such power are the
following.

e Flow of current — Breaker current sensors provide
sufficient power to energize the LCD when at least
20% of the sensor’s ampere rating is flowing.

e 24Vdc control power-BreakerswithMicroVersaTrip®
PM trip units are supplied with external 24 Vdc power
that, whenever present, energizes the LCD. Some
breaker models that are configured for MicroVeraTrip
Plus trip units may be optionally equipped to accept
an external 24 Vdc supply.

e MicroVersaTrip Test Kit — The MicroVersaTrip® Test
Kit, Cat No. TVRMS, contains a 24 Vdc power supply.
The LCD is energized whenever the test kit jack is
plugged into the test receptacle on the rating plug.

e MicroVersaTrip battery pack — The portable
MicroVersaTrip® battery pack containsa24 Vdc power
source and a jack. The LCD is energized when the
jack is plugged into the rating plug test receptacle.
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SECTION 14—MicroVersaTrip® Plus and MicroVersaTrip® PM Trip Units

14.2 TESTING

Testing of MicroVersaTrip® Plus and MicroVersaTrip®
PM trip units may be performed with the trip unit installed
in the circuit breaker, the rating plug installed in the trip
unit, and the breaker carrying current. The test set catalog
number is TVRMS. The test set plugs into the test socket
of the rating plug.

Test set TVRMS may also be used for MicroVersaTrip®
RMS-9 and Epic MicroVersaTrip® trip units. Refer to the
Maintenance and Troubleshooting section for additional
details.

14.3 PRODUCT STRUCTURE

MicroVersaTrip®* PlusandMicroVersaTrip® PM trip units
are removable. Figures 111 and 112 contain front and
rear views of a MicroVersaTrip PM trip unit.

Figure 112 shows the 36-pin plug that connects either
trip unitto the circuit breaker and equipment circuity. This
plug is called the trip unit disconnect.

CAUTION: Removal of a trip unit fromits breaker must be
performed with the breaker in the OPEN or TRIPPED
position. Draw-out breakers should be racked out first.

CAUTION: Do notattempt to operate the breaker without
its assigned trip unit. Installation of an incorrect trip &nit
may result in unsafe operation of the breaker.

CAUTION: Removal of the rating plug while the breaker
is carrying current reduces the breaker’s current-carrying
capacity to approximately 25% of the current¥sensor
rating. This may result in undesired tripping.

NOTE: Trip units as received may have seitings,that are
undesirable for the specific application? “Emsure that
settings are appropriately adjusted before energizing.
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SECTION 14—MicroVersaTrip ™ Plus and MicroVersaTrip™ PM Trip Units

14.4 TRIP UNIT REMOVAL AND REPLACEMENT

The programmer mounts to the upper left of the breaker
as shown in Fig. 115. It mounts to the bracket assembly
shownin Fig. 82. Guide pins on the bracket mate with the
holes on either side of the programmer connector. They
provide the necessary alignment for the connector en-
gagement. Thelocking lever engages with the pin which
is assembled to the programmer frame and secures the
programmer to the mounting bracket. When a trip unitis
replaced, the locking arm snaps back into place to indi-
cate proper alignment.

WARNING: Always de-energize Type AKR circuit break-
ers before attempting to remove or replace the trip unit.
Because of the exposed location of the trip unit, failure to
observe this warning may result in equipment damage or
personal injury, including death.

FIG. 113 PROGRAMMER SECONDARY
CONNECTOR

Socket
Class
No.
5
Zone
Zone 6 Inputs
Selective
Interlock 7
Zone
8 Outputs
11
12 Homnet
9 Spare
10 VvC
MV -PM
1 VB
4 VA
2 24 Ret
3 +24VDC

NOTE LOCATION OF PIN #1

N

g

'-\_i_[m)

FIG. 114 PROGRAMMER SECONDARY
CONNECTOR PIN LOCATIONS FOR ZONE
SELECTIVE INTERLOCK AND MVT-PM
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SECTION 14—MicroVersaTrip® Plus and MicroVersaTrip® PM Trip Units

FIG. 115

14.5 PHASE CURRENT SENSORS

The current sensors supply the power and signakinput
necessary to operate the trip system Fig. 116 showsthe
fixed phase sensors available. The sensors have afpolar-
ity associated with their windings. The common terminatl
of the sensor is the right hand terminal. A whiteswire.with
a push-on terminal will be connected to this cofhmon
terminal. Allphasesensors mustbe correctly wiredfor the
programmer summing circuitry to function preperly.

80

TARRED

COMMON
TERMINAL

FIG. 116

The'fixed phase sensors are available with an additional
winding. This winding is brought out to separate flag
terminals. These phase sensors are used when the hi-
level instantaneous (‘H’-option) is required. Fig. 117
shows an ‘H’-option phase sensor. When the ‘H’-option
phase sensor is installed, there are four leads connected
to it. There is no polarity associated with the ‘H’-option
windings.

FIG. 117 ‘H’-OPTION PHASE SENSOR



SECTION 14—MicroVersaTrip® Plus and MicroVersaTrip® PM Trip Units

14.6 NEUTRAL CURRENT SENSORS

CAUTION: Neutral current sensors are required for three-
phase, four-wire systems. When the trip unitis connected
to a three-phase, three-wire system, the neutral sensor
terminals are left open. Do not short any neural current
sensor terminals in a three-phase, three-wire system, as
this could result in damage to or malfunction of the
electrical system.

Fig. 118 shows the neutral sensor. The neural sensor is
required when integral ground fault protection isused on
single phase-three wire or three phase-four wire systems.
It is inserted into the neutral conductor and therefore is
separately mounted in the cable or bus compartment.

The outputs of the phase sensors and neutral sensor
are connected to a programmer circuit which sums these
values. The total value will remainzeroas long as there is
no ground current flowing.

Theneutral sensoris an electricalduplicate ofthe phase
sensor. Therefore, when phase sensors are changed, the
neutral sensor must be correspondingly be changed.

FIG. 118 TYPICAL NEUTRAL SENSOR

14.7 RATING PLUG REMOVAL AND'RE-
PLACEMENT

CAUTION: Removal of the rating plug while the breaker
is carrying current reduces the breaker’s cugrent-carrying
capacity to approximately 25% _.of the current sensor
rating.

Interchangeable rating plugsiare removed with a Rating
Plug Extractor, Catalog Ne™IRTOOL. (Suitable equiva-
lents are commercially available as “integrated circuit
(DIP) extractors.”) Grasp thegating plug tabs with the
extractor and pull the plugieut. Be sure to grab the tabs
and not the front covenef the rating plug, or the plug may
be damaged.

Rejection features are provided on all rating plugs to
prevent application mismatches. Never force a rating
plug into,place. Refer to Table 16 to find the appropriate
rating plugsyforieach sensor rating and breaker frame.

If @replacement rating plug has a different rating than
the plug,that was removed, follow the appropriate setup
procedure GEH-5891A to enter the new rating.

Bonotattempttousearating plug from a Spectra RMS
breaker or a MicroVersaTrip® Plus or MicroVersaTrip®
PMTrip Unit.

TABLE 16
Sensor Plug Breaker
Cat. No. Rating, Amps| Rating Frames
TR4B150 150
TR4B200 200 AKR30
TR4B225 400 225 AKR30H,
TR4B250 250 AKR30L
TR4B300 300
TR4B400 400
TR8B300 300
TR8B400 400
TR8B450 450 Kﬁgggh
TR8B500 800 500 ’
AKR50S,
TR8B600 600 AKR50H
TR8B700 700
TR8B800 800
TR16B600 600
TR16B800 800
TR16B1000 1600 1000 AKR50,
TR16B1100 1100 AKR50H
TR16B1200 1200
TR16B1600 1600
TR20B750 750
TR20B800 800
TR20B1000 1000
TR20B1200 2000 1200 AKRT50H
TR20B1500 1500
TR20B1600 1600
TR20B2000 2000
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SECTION 14—MicroVersaTrip® Plus and MicroVersaTrip® PM Trip Units

14.8 TRIP UNIT FUNCTIONS

MicroVersaTrip® Plus and MicroVersaTrip® PM trip units
have specific standard and optional functions. All trip
units share a series of interchangeable rating plugs. The
standard functions for both types of trip unit are as
follows:

* Protection
— Long-time protection
— Instantaneous protection
e Status
— Trip target
e Metering display
— Phase current (selectable among phases)

The optional functions available on both types of trip
unit are as follows:

¢ Adjustable protection

- Switchable instantaneous and ground-fault
protection

— High-range (fixed) instantaneous overcurrent
protection

— Short-time protection, with or without I?T
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— Ground-fault protection, with or without I°T

— Zone-selective interlock, with ground fault only
or with both ground fault and short time

Additional optional functions available only with PM
style trip units are as follows. PM style'trip units require
the presence of external control power.

e Configurations

— Communication and metering

— Communication and protective relaying

— Communication, metering, and protective relaying
e Metering and protectivesrelaying functions

- Voltage

— Energy, (kWh/MWHh)

— Real power, (KW/MW)

~ Total,power (KVA/MVA)

- Erequency(Hz)

— Protective relays (undervoltage, overvoltage,
voltage unbalance, current unbalance, and
power reversal)

o



SECTION 14—MicroVersaTrip® Plus and MicroVersaTrip® PM Trip Units
14.9 TROUBLE-SHOOTING GUIDE

The following guide is provided for trouble-shooting and

isolating common problems.

It does not cover every

possible condition. Contact the Customer Support at
800-843-3742 if the problem is not resolved by these

procedures.

Symptom

Possible Cause

Corrective Action

1. The trip unit display
is blank.

2. The trip unit display
flashes.

3. The trip unit display
flashes ERR.

4. The trip indication
target will not clear.

5. Unit does not com-
municate with the
Monitor, POWER
LEADER Distribution
Software, or FPU.

6. Current readings are
incorrect.

7. Voltage readings are
incorrect.

8. kW legend is flashing.

9. Qverloadtarget is
flashing by itself.

Line current is below 20%
of S (MicroVersaTrip Plus).

External 24 Vdc is absent
(MicroVersTrip® PM).

Can occur on Plus style trip
units when load current
fluctuates near 20% of S.

The built-in self test has
detected an error.

Trip unit is not in status
mode.

Commnet wirésyare ‘shorted
or improperly connected.

FPU version'is lower than 2.0

Tripunitladdress incorrect.

Rating'plug value was
defined incorrectly.

Potential transformer (PT)
primary voltage was defined
incorrectly.

PT connection was defined
incorrectly.

Total power metering.

Test Kit-initiated trip indication.

At least 20% of the ‘eufrent sensor rating, S, must
be flowing througmithe breaker to activate the
display. If notapowerthe trip unit with the Test
Kit or externalbattery pack.

Check thatithe control power supply is present
and operational.

Power thestrip unit with the Test Kit or external
batteryipack.

Replace the trip unit.

Press FUNCTION until STATUS is displayed. Press
SELECT and VALUE together to clear the target.

Locate and repair the short or the incorrect con-
nection.

Update FPU to version 2.0 or higher.

Check that address assigned to trip unit agrees
with address at host.

Read the X value from the rating plug name
plate and enter this with the rating plug current
set point procedure. Do not enter the sensor
rating, S.

Read the PT ordinary rating from the PT name
plate and enter this value with the PT primary
voltage procedure.

With the PT connection procedure, enter VL-N for
a wye-connected PT primary or VL-L fora
delta-connected PT.

Indicates that the total power is metered in kVA.

Clear target as indicated above (Symptom 4).
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TABLE 23 SHUNT TRIP AND UNDERVOLTAGE DEVICE OPERATING CURRENTS

§ SHUNT TRIP UNDER VOLTAGE
§ > Current Current
‘r: E’ g . (Amps) (Amps)

'_E= E §I Operating Inrush Sealed Operating Inrush Sealed
2 « Voltage range Open Closed Voltage range Open Closed
24 DC 14 30 8.3 8.3 .38 .38
48 DC 28 60 45 45 SEE "9 .19
125 DC 70 140 2.0 2.0 TABLE 08 .08
250 DC 140 280 1.0 1.0 25 04 04
70 60 59 132 — — N/A N/A
120 60 95 127 12.3 10.8 ° .66 24
120 50 95 127 7.6 6.7 ¢ Q 75 25
120 25 95 127 4.7 4.1 %5 31 10
208 60 175 220 3.2 2.6 S % 51 A7
208 50 175 220 3.8 3.1 = £ .30 .10
208 25 175 220 2.1 1.9 g g 14 .05
240 60 190 254 39 34 S . 37 12
240 50 190 254 47 41 < .34 A1
240 40 190 254 5.8 5.1 29 N/A N/A
240 25 190 254 2.1 09 % o .16 .06
380 50 315 410 2.9 2.6 ox 22 .08
480 60 380 508 34 3 =9 23 08
480 50 380 508 75 7.3 . 17 .06
480 25 380 508 3.5 3.3 é 3 11 .05
575 60 475 625 2.8 2.5 £ 8 16 .06
575 50 475 625 51 47 ao 14 .06
575 25 475 625 3.1 3.0 .10 .05
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TABLE 24 COIL RESISTANCE—DC OHMS @ 25°C

Nominal Control AntiPump Control Shunt
Voltage Frequency Hz Relay "W’ Relay "X Trip Undervoitage
24V DC N/A N/A 3 64
48V DE 802 12 11 240
125V DC 5000 119 64 1600
250V DC 16400 476 260 6700
120V 60 450 54 3.9 25.4
120V 50 450 75 7.15 33
120V 25 1450 75 254 146
208V 60 1450 216 254 64
208V 50 1450 300 25.4 146
208V 25 3900 300 64 580
240V 60 1450 300 254 100
240V 50 1450 300 25.4 146
240V 25 6000 300 64 580
380V 50 N/A N/A 64 370
480V 60 N/A N/A 64 370
480V 50 N/A N/A 32 580
480V 25 N/A N/A 100 1600
575V 60 N/A N/A 100 580
575V 50 N/A N/A 64 918
575V 25 N/A N/A 146 3200




TABLE 25 INSTANTANEOUS UNDERVOLTAGE DEVICE SETTINGS

ColL MAXIMUM DROP OUZ.
RATING PICKUP VOLTAGE RANGE
24 VDC 20 7-14
48 VDC 41 14-29
125 VDC 106 38-75
155 VDC 132 47-93
250 VDC 213 75-150
120 VDC 102 36-72
208 VDC 177 62-125
240 VDC 204 72-144
380 VDC 323 114-228
480 VDC 408 144-288
575 VDC 489 173-345
TABLE 26 TIME-DELAY UNDERVOLTAGE DEVICE SETTINGS
DELAY PICK UP RANGE UVR INSTALLED DROP OUT
UNIT UVR ONLY MECHANISM RESET
RANGE
VOLTAGE vDC NO/PICK UP PICK UP
125 VDC 77-85 50 90 - 95 INIMUM
250 VDC
2081240 VAC 125 - 140 90 160 - 165 POSSIBLE
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the matter shoulg be referred to the GE Company.

These instructionsfdo ngt purport to cover all details or variations in equipment nor to provide for every possible
contingency to be n 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,

GE Electrical Distribution & Control

General Electric Company
41 Woodford Ave., Plainville, CT 06062

GEK-644530 0596 PSA © 1996 General Electric Company
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SECTION 1—Introduction

These instructions provide the maintenance procedures
and describe the operation of the 800 thru 2000 amp frame
size type AKR low voltage power circuit breakers listed in
Table 1.

The proper use, care, and maintenance of these break-
ers is a prime safety consideration for the protection of
personr.el, as well as a means of minimizing equipment
damage when faults occur. Persons who apply, use, and
service these breakers will acquire the knowledge they
need by gaining the information contained in these instruc-
tions.

1.1 INSPECTION AND MAINTENANCE

Breakers should be cared for under a systematic main-
tenance program. Taking each breaker out of service
periodically for inspection and maintenance is an excellent
means of establishing high service reliability. It is good
policy to have one or more spare breakers to install in place
of breakers requiring maintenance. Keeping a stock of
recommended renewal parts will insure that maintenance
work can be done quickly.

How frequently an individual breaker should be in-
spected will depend on the circumstances of its use. It
would be well to inspect any breaker at least once a year{f
itis frequently operated, operated under severe load condi-
tions, or installed in an area of high humidity or a dustyj
dirty atmosphere, inspections should be more oftep™in-
spections might be monthly under adverse conditionss

Always inspect the breaker after a short-circuit current
has been interrupted.

SAFETY PRECAUTION

BEFORE INSPECTING, ORWBEGINNING ANY
MAINTENANCE WORK ON,THE BREAKER, IT
MUST BE DISCONNECTED FROM ALL VOLT-
AGE SOURCES, BOTH POWER AND CON-
TROL, AND BE IN THE “OPEN" POSITION.

A basic inspection should consist of the following:

a. Visual Check — Look for dirt, grease or othemforeign
material on any breaker parts. Check insulating surfaces
for conditions that could degrade insulating preperties
(cracks, overheating, etc.). Also check for loose hardware
and components on the bottom of the breaker compart-
ment. Loose or damaged control wiring aAd similar
problem areas should also be checked.

b. Operation — Observe a feWw, close-open operations
using the operating or maintenance‘handle. If a breaker is
seldom operated such that it remains open or closed for a
period of six months or more, itisfecommended that it be
opened and closed severaltimesyin succession.

c. Interlocks — During theyOperational check verify the
safety interlocks are properly working.

d. Arc Chutes and Contacts — Inspect the condition of
the arc chutes and contacts. Look for excessive burning or
breakage. @heck’ the J/amount of contact depression or
wipe when the ‘breaker is closed.

e. Acgessories — Verify that the various accessories are
working ,properly:

f. The performance of the solid-state current trip devices
may“be checked with a suitable test set. Check elec-
tremechanical devices for positive trip in accordance with
the jinstructions in their Maintenance Manual, GEI 86157.

1.2 RENEWAL PARTS

The AKR breakers contain a variety of parts and as-
semblies. Many of these are available as replacement
parts when the need arises. See publication GEF 4527,
Renewal Parts, for a complete listing of these parts.



TABLE 1 BREAKER MODELS

MOUNTING TYPE

DRAWOUT
FRAME SIZE BREAKER SUB- DEEP
(AMPERES) | DESIGNATION AKD-5 AKD-8 | STRUCTURE|STATIONARY|ESCUTCHEON|BREAKER
AKR-(*)A 30, 30H X
800 AKR-(*)B 30, 30H
AC AKR-(*)D 30, 30H L J
AKR-(*)S 30, 30H
AKR-(*)A 50, 50H
1600 AKR-(*)B 50, 50H
AC AKR-(*)D 50, 50H
AKR-(*)S 50, 50H
AKRT-(*)A 50, 50H
2000 AKRT-(*)B 50, 50H
AC AKRT-(*)D 50, 50H
AKRT-(*)S 50, 50H
AKR-2A 30
800 AKR-2B 30
DC AKR-2D 30
AKR-2S 30
AKR-2A-50
2000 AKR-2B-50
DC AKR-2D-50
AKR-2S-50
AKRU-(*)A 30 X
800 AKRU-(*)B 30 X
AKRU-(*)D 30 X
AKRU-(*)A 50 X
1600 AKRU-(*)B 50 X
AKRU-(*)D 50 X

(*) - This digit identifies the trip device type a:

2 - EC (DC only)

4 - ECS
5 - SST

6 - MicroVersa Trip

N - Non-automatic. In additio

7 - RMS-9

9 - MVT-PLUS or MVT-PM

Q>®

=8

omatic 250VDC breaker types carry the suffix letter D after the frame number, e.g. AKR-NB-50D




SECTION 2—General Description

Type AKR low-voltage power circuit breakers are used
for controlling and protecting power circuits in the low-
voltage range (usually up to 600 volts). In serving this
function, they are a means of safely switching loads and
automatically clearing circuits when abnormal conditions
occur. Among these conditions, the more common are
short circuits and sustained overloads and under voltages.

The type AKR breakers are of the “quick-make, quick-
break description, having the feature of storing energy in a
closing spring for quick release in closing. In closing, some
energy is transferred to an opening spring to be used
subsequently for fast tripping.

Knowledge of how the breaker is designed and how it
operates will enable the owner to make proper use of the
breaker and to avoid mistakes in its operation. Specific
directions on adjustments and maintenance procedures
will be treated later.

The three main functional components of a breaker are
its mechanism, an assembly comprising the conductive
members, and the interrupter.

The mechanism unitis designed to receive energy, store
it, and later (when called upon to do so) deliver it to close
the breaker! contacts. It must be able to reverse its com-
mitment to close the breaker at any point upon the activa-
tion of an automatic trip device (i.e., be “Trip-Free”). Fi-
nally, it also must be able to trip open a closed breaker
quickly enough to minimize arc erosion and in such.a
manner as to effect proper arc transfer to the arc runper.

The current-carrying members of the breaker are, as-
sembled on the back frame, which provides the meChani-
cal support required and also the insulating structure
needed. The conductive members are the studs'for exter-
nal connections, movable and stationary, contact sets,
pivots for the movable contacts, and provisionfer moetnting
the current transformers.

The interrupter components are, in additionte the arcing
contacts, the arc runners mounted opsthe back base and
the removable arc quencher assemblies:

In additionto these basic componentsa breaker may be
equipped with any combination offmany accessories and
interlocking devices. Breakets may.dlso differ in a variety
of areas as shown in Table 1. Avbrief description of these
areas is given below,

An outline drawing is available for each breaker frame size
showingcriticaldimensions. Thedrawingnumberappears on
the breaker nameplate and can be obtained from GE.

2.1 FRAME'SIZE

The breakers,are available in 5 frame sizes — 800 am-
peres A.Cy(AKR' 30/30H, AKRU 30), 1600 amperes A.C.
(AKR 60/50H, AKRU 50), 2000 amperes AC (AKRT
50/50H)800 amperes D.C. (AKR 30) and 2000 amperes
D.Cy(AKR»50).

FIG, 1 = Manually Operated AKR-4A-50-1

Thesevalues represent the maximum continuous cur-
rent capability of the respective frames. However, each
breaker carries a specific rating which is determined by the
current sensor ampere rating or maximum setting of the
trip device with which it is equipped.

2.2 OPERATION

There are Manual and Electrical breaker models. The
Manual breaker, shown in Fig. 1, has an operating handle
which is used to manually charge the mechanism closing
spring.

The Electric breaker, shown in Fig. 2, contains an elec-
tric motor which charges the mechanism closing spring.
External control power is required to energize this motor
and its control circuit. A nameplate indicates what voltage
is required by the motor circuit and trip and close coils.

2.3 FUSED/NON FUSED

Fused breakers are identified as either AKRU 30 (800
ampere frame size) or AKRU 50 (1600 ampere frame size).
A fused breaker is shown in Fig. 3. They are not inter-
changeable with Non-Fused breakers, since they require
deeper compartments for their fuses.

A



FIG. 2 — Electrically Operated AKR-7D-30 FIG. 3 — Fused Breaker AKRU-6D-30

_ SECONDARY
i, B DISCONNECTS

PRIMARY
DISCONNECTS

RACKING
MECHANISM

FIG. 4 — Drawout Breaker



SECTION 2—General Description (Cont.)

2.4 MOUNTING

Type AKR breakers are designed for either drawout or
stationary mounting. Drawout breakers (See Fig. 4) are
equipped with features which make them easy to install in
or withdraw from their associated switchgear equipment.
These features are a racking mechanism (which facilitates
inserting and withdrawing the breaker unit) and primary
and control power disconnects which connect and part
automatically. Interlocking devices are included.

Stationary breakers are designed to be mounted on a
framework or panel, with mechanical fasteners being used
to secure the breaker frame and make power connections.
If control power connections are needed, a suitable termi-
nal board is supplied.

The mounting type is identified by the second middle
digit in the breaker’'s nameplate designation as follows:

AKR-5 (A )-30
Mounting type code letter per Table 2

TABLE 2 MOUNTING TYPE CODES

Code Breaker Type .
Letter Drawout Stationary
A AKD-5 _
AKD-6
Substructure —
D AKD-8 —
Substructure -
S E— X

2.5 TRIP DEVICE

There are several types of solid-state, direct-acting, self-
powered trip device systems associated with®wAKR
breakers. These systems are for AC applications only.
For DC applications an electro-mechanical gsystem is
available.

The trip device system is identified by the first middle
digit in the breaker nameplate designation as follows:

AKR-( L)E-SO
Trip device codeihumber per Table 3

TABLE 3 TRIP DEVICE CODES
CODE NUMBER TRIP'DEVICE APPLICATION
2 EC DC
3 Power Sensor’ AC
4 ECS AC
5 SST AC
6 MicroVersaTrip AC
7 RMS-9 AC
9 MVT-PLUS or AC
MVT-PM

'For PewenSensor devices. See publications GEK-7309 and
GEK47301 fordetailed servicing procedures.

26 MODEL NUMBER

Type AKR breakers (see Table 2) existas eithernomodel
number or “-1” versions. For example AKR-5A-30H or
AKR-5A-30H-1. )

The difference between these models is their arc chute
construction. The arc chutes in the no model number break-
ers have a two piece porcelain frame and use 2 arc chute
retainers, see Fig. 5. The “-1" breaker arc chutes have aone
piece molded polyester glass frame and 1 arc chute re-
tainer, see Fig. 6.

All AKRT50H breakers use only molded arc chutes.

FIG.'5 — CERAMIC ARC CHUTES

FIG. 6 — MOLDED ARC CHUTES



2.7 SHORT CIRCUIT RATINGS

Short circuit ratings vary with the applied system vol-
tage. On 240 VAC systems they are also dependent upon
whether the overcurrent trip device contains an instan-
taneous trip element. See Table 4.

C)O

TABLE 4 — BREAKER INTERRUPTION RATINGS ¢
34 INTERRUPTION RATI
RATED KA RMS SYMMETRICAL
FRAME MAXIMUM WITH WIT
SIZE BREAKER VOLTAGE INSTANTANEOUS | INST, us SHORT
(AMPERES) TYPE (60 HZ AC) TRIP TIME
635
AKR 30 508 30 30 30
800 254 42
AC 635
AKR 30H 508 42 42 42
254 50
635 42 42
AKR 50 508 50 50
1600 254
AC 635 0 50 50
AKR 50H 508 65 65 65
AKR 50H-1 65 65 65
50 50 50
AKRT 50 65 65 65
2000
AC
AKRT 50H 65 65 65
800 AKRU 30 200 200 —
1600 AKRU 50
800 DC AKR 30 f 300VDC 25 . 25
2000 DC 300 VDC 502 50

'With 40-800 Amp Trip Coils
2With 200-2000 Amp Trj

3Consult Factory l@ Data




SECTION 3.0—Storage, Safety,
Maintenance

It is recommended that the breaker be put into service
immediately in its permanent location. If this is not possi-
ble, the following precautions must be taken to insure the
proper storage of the breaker:

1. The breaker should be carefully protected against
condensation, preferably by storing it in a warm dry room,
since water absorption has an adverse effect ontheinsula-
tion parts. Circuit breakers for outdoor switchgear should
be stored in the equipment only when power is available
and the compartment heaters are in operation to prevent
condensation.

2. The breaker should be stored in a clean location free
from corrosive gases or fumes. Particular care should be
taken to protect the equipment from moisture and cement
dust, as this combination has a very corrosive effect on
many parts.

CAUTION: /F THE BREAKER IS STORED FOR
ANY LENGTH OF TIME, IT SHOULD BE INSPECTED
PERIODICALLY TO SEE THAT RUSTING HAS NOT
STARTED AND TO ASSURE GOOD MECHANICAL
CONDITION. SHOULD THE BREAKER BE STORED
UNDER UNFAVORABLE ATMOSPHERIC CONDI-
TIONS, IT SHOULD BE CLEANED AND DRIED OUT
BEFORE BEING PLACED IN SERVICE.

10

3.1 Safety

Each user must maintain a safety program for thesprotec*
tion of personnel, as well as other equipment, fromithe
potential hazards associated with electrical equipment.

The following requirements are intended to augment the
user’'s safety program, but NOT supplant the user’'s
responsibility for devising a complete safety program.
The following basic industry practicedmsafety require-
ments are applicable to all majer electrical equipment
such as switchgear or switchboards.  General Electric
neither condones nor assumesfanyiresponsibility for prac-
tices which deviate from the following:

1. ALLCONDUCTORS MUSTBE ASSUMED TO BE ENER-
GIZED UNLESS THEIRPOTENTIALHAS BEEN MEASURED
AS GROUND AND SUITABLE GROUNDING CONDUC-
TORS HAVE BEEN ARPLIED TO PREVENT ENERGIZING.
Many accidents have been caused by back feeds from a
wide variety of sources:

2. Althoughyinterloeks to reduce some of the risks are
provided, the individual’s actions while performing service or
maintenanceware, essential to prevent accidents. Each
person’s knowledge; his mentalawareness; and has planned
and executed actions often determine if an accident will
occur, Themostimportant method of avoiding accidents is
fomall associated personnel to carefully apply a thorough
understanding ofthe specific equipment fromthe viewpoints
of(it's’ purpose, it's construction, it's operation and the
situations which could be hazardous.

All personnel associated with installation, operation and
maintenance of electrical equipment, such as power circuit
breakers and other power handling equipment, must be
thoroughly instructed, with periodic retraining, regarding
power equipment in general as well as the particular model
of equipment with which they are working. Instruction
books, actual devices and appropriate safety and mainte-
nance practices suchas OSHApublications, National Electric
Safety Code (ANSI C2), The National Electrical Code, and
NFPA 7 OB Electrical Equipment Maintenance must be
closely studied and followed. During actual work, supervi-
sion should audit practices to assui'e conformance.

3. Excellentmaintenanceis essential forreliability and safety
of any electrical equipment. Industry publications of recom-
menced maintenance practices such as ANSI/NFPA 70B,
Electrical Equipment Maintenance, should be carefully stud-
ied and applied in each user’'s formation of planned
maintenance.



3.2 Maintenance

Both long and short term maintenance of all electrical
equipment is essential for reliability and safety. Mainte-
nance programs must be tuned to the specific application,
well planned and carried out consistent with both industry
experience and manufacturer’s recommendations. Local
environment must always be considered in such pro-
grams, including suchvariables as ambienttemperatures,
extreme moisture, number of operations, corrosive atmo-
sphere or majorinsect problems and any other unusual or
abusive condition of the application.

One ofthecritical service activities, sometimes neglected,
involves the calibration of various control devices. These
monitor conditions in the primary and secondary circuits,
sometimes initiating emergency correctiveaction suchas
opening or closingcircuit breakers. Inview ofthevitalrole
of these devices, it is important that a periodic test
program be followed. As was outlined above, it is recog-
nized that the interval between periodic checks will vary
depending upon environment, the type of device and the
user’s experience. Itisthe General Electric recommenda-
tionthat, untiltheuserhasaccumulated enough experience
to select a test interval better suited to his individual
requirements, all significant calibrations be checkedatan
interval of one to two years.

To accomplish this, some items, such as “EC” diregt
operating trip systems for low voltage breakers, must be
tested with primary current injection. Othersécan| be
adequately tested using test sets. Specific éalibration
instructions on particular devices typically are provided
by supplied instruction books.

Instruction books supplied by manufaCturers®address
components that would normally requireservice or main-
tenance during the useful life of the equipment. However,
they can notinclude every possible part that could require
attention, particularly over a very long service period or
under adverse environments. Maintenance personnel
must be alert to deteriorationfof any part of the supplied
switchgear, taking actiofs, asfmecessary to restore it to
serviceable status.

Industry publications offrecommended maintenance prac-
tices such as ANSI/NFPA/70B, Electrical Equipment
Maintenance, shouldbe carefully studied and applied in
each user’s formation of planned maintenance.

Some users may require additional assistance from Gen-
eral Electrictin the planning and performance of
maintenapcel, The General Electric Company can be
contracted 10 either undertake maintenance or to provide
technical assistance such as the latest publications.

The,performance and safety of this equipment may be
compromised by the modification of supplied parts or their
replacement by non identical substitutes. All such design
changes must be qualified to ANSI/IEEE Standard C37.59.

The user should methodically keep written maintenance
records as an aid in future service planning and equipment
reliability improvement. Unusual experiences should be
promptly communicated to the General Electric Company.
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SECTION 4—
Drawout Breaker Interchangeability

In general, drawout breakers of the same type and rating
are interchangeable in their equipment compartments;
drawout breakers of different frame sizes are not inter-
changeable. To prevent inserting the wrong type breaker
into a drawout compartment, suitable “rejection hardware”
is affixed to each breaker and its compartment. Figure 7
shows a typical rejection bracket which aligns with a rejec-
tion pin in the drawout rail (Fig. 8). When the wrong type
breaker is inserted into a compartment the bracket and pin
prevent the breaker from seating itself into the drawout
rails.

There is one exception to the above. Breakers of the
same frame size having different short circuit ratings may
be interchanged in one direction only:

a. An AKR-30H can be inserted into an AKR-30 compart-
ment.
b. An AKR-50H can be inserted into an AKR-50 compart-
ment.
. An AKR-50H-1 can be inserted into an AKR-50 and
AKR-50H compartment.
d. An AKRT-50H can be inserted into an AKRT-50 com-
partment.

o

The rejection hardware prevents the converse of a.
thru d. above.

A detailed description of the rejection pin and bracket

combinations used is given in Installation manualyh GEl
86150.
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TYPICAL REJECTION BRACKET
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SECTION 14—MicroVersaTrip® Plus and MicroVersaTrip® PM Trip Units

14.9 TROUBLE-SHOOTING GUIDE

The following guide is provided for trouble-shooting and

isolating common problems.
possible condition.

It does not cover every

Contact the Customer Support at

800-843-3742 if the problem is not resolved by these
procedures.

Symptom

Possible Cause

Corrective Action

1.

The trip unit display
is blank.

. The trip unit display

flashes.

. The trip unit display

flashes ERR.

. The trip indication

target will not clear.

. Unit does not com-

municate with the
Monitor, POWER
LEADER Distribution
Software, or FPU.

. Current readings are

incorrect.

. Voltage readings are

incorrect.

. kW legend is flashing.

. Ovérload target is

flashing by itself.

Line current is below 20%
of S (MicroVersaTrip Plus).

External 24 Vdc is absent
(MicroVersTrip® PM).

Canoccur on Plus style trip
units when load current
fluctuates near 20% of S.

The built-in self test has
detected an error.

Trip unit is not in status
mode.

Commnet wires,are'shorted
or improperly connected.

FPU version (is lowerthan 2.0

Trip unit @ddress incorrect.

Ratingyplug value was
defined incorrectly.

Potential transformer (PT)
primary voltage was defined
incorrectly.

PT connection was defined
incorrectly.

Total power metering.

Test Kit-initiated trip indication.

At least 20% of the current'sensor rating, S, must
be flowing throughythe'breaker to activate the
display. If notgpowerthe trip unit with the Test
Kit or external battery pack.

Check that'the control power supply is present
and operational,

Power the. trip unit with the Test Kit or external
batteryypack.

Replace the trip unit.

Press FUNCTION until STATUS is displayed. Press
SELECT and VALUE together to clear the target.

Locate and repair the short or the incorrect con-
nection.

Update FPU to version 2.0 or higher.

Check that address assigned to trip unit agrees
with address at host.

Read the X value from the rating plug name
plate and enter this with the rating plug current
set point procedure. Do not enter the sensor
rating, S.

Read the PT ordinary rating from the PT name
plate and enter this value with the PT primary
voltage procedure.

With the PT connection procedure, enter VL-N for
a wye-connected PT primary or VL-L fora
delta-connected PT.

Indicates that the total power is metered in kVA.

Clear target as indicated above (Symptom 4).
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SECTION 15—EC Trip Device

Type EC overcurrent trip devices are magnetically The standard EC trip device for breaker frames Upst0
operat_ed, using a series coil or smgle_cond_uct'or, and an 2000 amps is the type EC-2A, see Fig.119. An @ptiorial trip
associated magnetic structure to provide tripping force. device for these frames is the type EC-1, see Figu120.

There are three basic characteristics: long time delay, Trip characteristics are for the EC devices are given in
short time delay and instantaneous, which can be usedin ~ Tgple 17.
various combinations to suit the application. The time-current characteristics for_the EC trip devices

AKR breakers with EC Trips are for use on DC system are given in the following curves:
voltages. One EC trip device is mounted per breaker pole. GES-6000 EC-1
This device contains its functional adjustments. GES-6010 EC-2/2A 1A-3

GES-6011 EC-2/2A 1B-3
GES-6012 EC-2/2A 1C-3

FIG. 119 — EC-2A TRIP DEVICE FIG. 120 — EC-1 TRIP DEVICE

TABLE 17AEC DEVICE TRIP CHARACTERISTICS

Trip Long Time Short Time Inatantaneous
Device Pickup ©) Delay @ Pickup Delay ©)] Pickup
(1A) MAX —adj. 15-38 sec.
or 4-9X%,
oo 8‘(’;‘ ?8:;“)" (1B) INTER.—adj. 7.5-18 sec. 6-12X,
Yy 4 or 9-15X or
(1C) MIN.—adj. 3.3-8.2 sec. 80-250%X @
(1A) MAX.—30 sec. (2A) MAX.— .23 sec.
o or 2-5X, or
Eo bR (1B) INTER—15 sec. 37X or (2B) INTER—.15 sec. High Set
= or 4-10X or up to 15X,
(1C) MIN.—5 sec. (2C) MIN.—.07 sec. Non-Adjustable
(2AA) MAX.—.20 sec.
y (1BB) MAX.—4.5 sec. 2-5X, or 4-9X,
o8 B?Jfg:f’)x or 37X or (2BB) INTER.—.13 sec. 6-12X,
e (1CC) MIN.—2 sec. 4-10X or 9-15X or
(2CC) MIN.—.07 sec. 80-250% X @

1 X=Trip device“ampere rating. If trip devices are set above 100% for coordination purposes, such settings do not increase the breaker's continuous current rating.

2 Atgowenilimit,of band at 6 times pickup setting.
3 At lower limit of band at 2'2 times pickup setting.
4CLow-set instantaneous. Not available in combination with long time delay.
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SECTION 15—EC Trip Device (Cont.)

FIG.121 OVERCURRENT TRIPPING DEVICE — EC-2A

85



SECTION 15—EC Trip Device (Cont.)

15.1 SERIES OVERCURRENT TRIPPING
DEVICE EC-2A

The Type EC-2A overcurrent tripping device is available in
three forms:

1. Dual overcurrent trip, with long-time delay and high-set in-
stantaneous tripping.

2. Low-set instantaneous tripping.

3. High-set instantaneous tripping.

The dual trip has adjustable long-time and instantaneous
pick-up settings and adjustable time settings. Both forms of in-
stantaneous trip have adjustable pick-up settings.

ADJUSTMENT NOTE

Before attempting any checks or adjustments on breaker with
EC trip devices, the breaker mechanism and trip latch should be
checked to assure their proper functioning so that the breaker
trip shaft is free of high friction loads. The trip latch of the
breaker should also be checked for proper trip latch engage-
ment. See Section 7.15

Refer to Fig. 121 for the discussions given below.

15.1.1 LONG TIME-DELAY AND HIGH-SET
INSTANTANEOUS TRIPPING

By means of the adjustment knob (3), which can be manipu-
lated by hand, the current pick-up point can be varied from 80
to 160 percent of the series coil rating. The indicator and a cal-
ibration plate (2) on the front of the case provide a means of
indicating the pick-up point setting in terms of percentage of coil
rating. The calibration plate is indexed at percentage settings-of
80, 100, 120, 140, and 160.

As in the case of the EC-1 over-current trip, the long-time_de-
lay tripping feature can be supplied with any one of’three
time-current characteristics which correspond to the "NEMA
standards maximum, intermediate and minimum longstime delay
operating bands. These are identified as 1A, 1B and 1C char-
acteristics, respectively. Approximate tripping time, forseach of
these, in the same order are 30, 15, and 5 seconds at600 per-
cent of the pick-up value of current. (Seejtime-current charac-
teristic curves).

The tripping time may be varied withinhe limits’shown on the
characteristic curves by turning the time,adjustment screw (4).
Turning in a clockwise direction increases®the tripping time;
counterclockwise motion decreases it4 The dashpot arm (8) is
indexed at four points, MIN-1/3:2/3:MAX, as indicated in Fig.
122. When the index mark’on thedeonnecting link (9) lines up
with a mark on the dashpot arm, the “approximate tripping time
as shown by the characteristic curve is indicated. The 1A and
1B characteristic devices are shipped with this setting at the 2/3
mark and the 1C characteristic at the 1/3 mark. The standard
characteristic curves are plotted at these same settings.

Time values are inversely proportional to the effective length
of the dashpot armj Therefore, the linkage setting that gives the

shortest time value,is, the one at which dimension “A”, Fig.121,

is greatest. &he time adjustment screw (4) may be turned by in-
serting a Phillips head screwdriver through the hole in the front
of the case; it is desired to relate the linkage setting to the
indexamarks on the linkage it will be necessary to remove the
caselhis‘may be done by removing the two mounting screws,
onewon‘each side of the case, which may be taken off without
disturbing the trip unit itself.
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15.1.2 INSTANTANEOUS LOW-SET TRIPPING

The low-set instantaneous pick-up point may be varied by the
adjustment knob (3). The calibration in this case usuallyfanges
from 80 percent to 250 percent of the series coil rating, with the
calibration plate indexed at values of 80, 100, 150, 200, and 250
percent of the rating.

156.1.3 INSTANTANEOUS_ HIGH-SET TRIPPING

The high-set instantaneous pick-upivalte may have one of
the following three ranges: 4 to 94imes coil rating; 6 to 12 times
coil rating or 9 to 15 time coil ratingd The"pick-up setting may be
varied by turning the instantaneous¢#pick-up adjusting screw
(12).

Three calibration marks (15),will' appear on the operating arm
(14) and the value of theseycalibration marks will be indicated
by stampings on the arm as follows: (4X - 6.5X - 9X) or (6X -
9X - 12X) or (9X - 42X - 16X).

At the factory, the/pick-up point has been set at the name-
plate value ofthe instantaneous trip current. (Usually expressed
in times the ampete rating of the trip coil). The variation in pick-
up settingais. accomplished by varying the tensile force on the
instantanequs spring (5). Turning the adjustment screw changes
the position ofithe movable nut (11) on the screw. The spring is
anchered to,this movable nut so that when the position of the
nut istehanged, there is a corresponding change in the spring
loadyAs the spring is tightened, the pick-up point is increased.

The|top edge of the movable nut (11) serves as an index
pointer and should be lined up with the center of the desired cal-
ibration mark (15) to obtain the proper instantaneous trip setting.

The trip screw (6) on the end of the armature (7) should be
set so that it does not contact the trip paddle on the trip shaft
until the air gap between armature and pole piece is reduced to
3/32 in. or less, measured at the rivet in the pole piece. Also,
the armature must have a minimum of 1/32 in. of travel beyond
the point in its motion at which the breaker is tripped.

Replacement of the EC-2A device is accomplished by the
same procedure described for the EC-1 series trip device; how-
ever, in some cases, when replacing an EC-1 device with an
EC-2A it will be necessary to replace the trip paddles on the trip
shaft with ones which are slightly longer. When required these
will be provided with the replacement trip units.

NOTE: Pick-up settings on the calibration plate of the EC-2A
device are calibrated for the specific device. When replacing
covers, replace on associated device.

|

)

FIG. 122 — TIME-ADJUSTMENT INDEXING



SECTION 15—EC Trip Device (Cont.)

15.2 SERIES OVERCURRENT TRIPPING
DEVICE EC-1

Each series overcurrent tripping device is enclosed in a
molded case and mounted by screws and a bracket to the lower
part of the pole unit base.

Refer to Fig. 123 for the discussions below.

15.2.1 SHORT TIME-DELAY TRIPPING

The armature (7) is restrained by calibrating spring (8). After
the magnetic force produced by an overcurrent condition over-

Left Side View Showing
Short Time Delay Mechanism

comes this restraining force, the armature movement)is further
retarded by an escapement mechanism which preduces an in-
verse time delay characteristic. The mechanismyis shown on
Fig. 123

15.2.2 LONG TIME-DELAY TRIPPING

The armature (10) is restrained by the calibration spring (11).
After the magnetic force produéed_ by an overcurrent condition
overcomes this restrainingiforcegthe armature movement is fur-
ther retarded by the flow of silicon€®oil in a dashpot, which prn-
duces an inverse time delay, characteristic. The mechanism is
shown on Fig. 123

Right Side View Showing
Long Time Delay Mechanism

Front View Showing
Mounting Bracket

1. Series Coil 8. S.T.D. Calibration Spring 15. Plunger

2. Magnet 9. Trip Paddle Adjusting Screw 16. Cylinder

8. Pallet 10. L.T.D. Armature 17. Calibration Plate
4. Pinion 11. L.T.D. or Low-set Inst. Calibration Spring 18. Trip Paddle

5. Escape Wheel 12. Inst. Trip Spring (High Set) 19. Trip Arm

6. Driving Segment 13. Spring Holder 20. Clamping Bracket
7.

S.T.D. Armature 14. Calibration Clamp Nut

FIG. 123 — SERIES OVERCURRENT TRIPPING DEVICE EDC-1
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SECTION 15—EC Trip Device (Cont.)

15.2.3 INSTANTANEOUS TRIPPING

(a) Adjustable instantaneous tripping takes place after the
magnetic force produced by an overcurrent condition, over-
comes the restraining force of the calibration spring which can
be adjusted by the calibration clamp nut (14).

(b) Non-adjustable instantaneous tripping takes place after
the magnetic force produced by an overcurrent condition over-
comes the restraining force of a non-adjustable spring.

156.2.4 EC-1 ADJUSTMENTS

Before attempting any checks or adjustments on breaker with
EC trip devices, the breaker mechanism and trip latch should be
checked to assure their proper functioning so that the breaker
trip shaft is free of high friction loads. The trip latch of the
breaker should also be checked for proper trip latch engage-
ment. See Section 7.15

EC-1 Devices may have their pick-up settings varied by
changing the positions of the sliding calibration plates on the
front of each device. The clamping nut holding the plate must
be loosened to make the change, and then retightened.

If a new device is installed, the adjusting screw on the tripping
arm must be set to give 1/32nd of an inch overtravel in tripping.
The method for making this check is demonstrated in Figure
124. The rod shown is used for pushing the armature of device
closed. If this is done with the device mounted on a closed
breaker, it will simulate the action which occurs when the device
reacts to an overload condition.

FIG. 124 CHECKING TRAVEL DISTANCE OF
SERIES OVERCURRENT TRIPPING
DEVICE.
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15.3 POSITIVE TRIP ADJUSTMENT

Before attempting any checks or adjustments on{breaker with
EC trip devices, the breaker mechanism and trip latchishould be
checked to assure their proper functioning so that the breaker
trip shaft is free of high friction loads. The trip latch of the
breaker should also be checked for proper trip latch engage-
ment. See Section 7.15

In addition to the pick-up settings and,time-delay adjustments
already described, overcurrent trip devicessmust be adjusted for
positive tripping. This adjustmentgsSymadeyat the factory on new
breakers, but must be made in the field\when the breaker mech-
anism or the overcurrent trip devices have been replaced.

Positive tripping is achiéved when adjustment screw (9) Fig-
ure 124 is in such a positien thatsit will always carry the trip pad-
dle on the trip shaft beyondthe point of tripping the mechanism,
when the armature closes against the magnet.

In order to,make the adjustment, first unscrew trip screws (9),
Figure 124, until it willgnot trip the breaker even though the ar-
mature is pushed“against the magnet. Then, holding the arma-
ture in‘4hevclosed position, advance the screw until it just trips
the breakem, After this point has been reached, advance the
screw 4wo additional full turns. This will give an overtravel of 1/
16 of an inchand will make sure that activation of the device will
alwaysitrip the breaker.

Adjustment screw (9), Figure 123 can best be manipulated by
an‘extended 1/4 inch hex socket wrench.



SECTION 15—EC Trip Device (Cont.)

15.4 REVERSE CURRENT TRIPPING DEVICE

The device is enclosed in a molded case and is mounted on
the right pole base similar to the series overcurrent tripping
device.

The reverse current tripping device (see Fig. 125) consists of
a series coil (2) with an jron core mounted between two pole
pieces (9), also a potential coil (7) connected across a constant
source of voltage and mounted around a rotary-type armature
(10). Calibration spring (6) determines the armature pick-up
when a reversal of current occurs.

As long as the flow of current through the breaker is in the

normal direction, the magnetic flux of the seriesicoil @and the
magnetic flux of the potential coil produce a torquewhich tends
to rotate the armature counterclockwise. The)calibration spring
also tends to rotate the armature in the same™direction. This
torque causes the armature to rest against the stop screw (12)
attached to a bearing plate on the right side of the device.

If the current through the series_coil (2) is reversed, the ar-
mature (10) tends to move in the/clockwise direction against the
restraint of the calibration spring (6). When the current reversal
exceeds the calibration setting, the armature revolves clockwise
causing the trip rod (3) to moveyupward engaging the trip paddle
(1), thereby tripping the breaker.

T
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FIG. 125 ED-1 REVERSE CURRENT TRIPPING DEVICE
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SECTION 15—EC Trip Device (Cont.)

15.4.1 ADJUSTMENTS

The only adjustment to be made on the reverse current de-
vice is to make sure that the trip rod has a minimum overtravel
of 1/32 in. beyond the point of tripping the breaker. This adjust-
ment should have to be made only when an old device is being
replaced by a new one.

The new device will be factory adjusted so that the top end of
the trip rod (3) will extend 1/2 in. above the top of the device
case, and no additional adjustments of the trip rod should be re-
quired. To obtain the proper 1/32 in. overtravel, close the
breaker and proceed as follows:

1. Loosen the locking nut. (2B).

2. Manually lift the trip rod and vary the position of the ad-
justing nut (2A), this establishing the position of the adjusting
nut where the breaker is just tripped.

NOTE: Be sure to keep clear of moving breaker parts when
tripping the breakers.

3. With this position of the adjusting nut established, advance
the adjusting nut upward one and one-half turns.

4. Tighten the locking nut and the minimum 1/32-in. over-
travel of the trip rod should be obtained.

15.4.2 REPLACEMENT

After removing the wiring for the potential coil the reverse cur-
rent device can be removed and replaced by following the pro-
cedure outlined for replacing the series overcurrent device. See
Section 15.6. For wiring, see Fig. 125.

156.5 SWITCHETTE FEATURE

The switchette is operated by the long-time delay function. Its
purpose is to provide a set of contacts that will close before an
overload occurs. This device will not trip the breaker on over-
load it will trip on instantaneous only.

The switchette feature is available only in type EC=1 devices.

The switchette is used in one pole and EC-1 trips,in the other
poles. For the alarm to be effective in indicating theyoverload
before the other poles trip the breaker, thefdevice must have
less time delay than the other two poles;_thishis accomplished
by using a lower characteristic on the/alarmy,device than the
other poles or setting the alarm devices long time setting at
80%.
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15.6 TRIP DEVICE REPLACEMENT

Overcurrent devices on AKR30 & AKR50 breakers may be
dismounted by removing the fastening hardware at thesrear of
the breaker and withdrawing the device. EC devices, after being
unfastened as shown in Figures 126 and 127, and having the
clamps on the case in the front removed, may be lowered clear
of the breaker. You do not have to separate, frames on these
breakers.

FIG. 127 DISCONNECTING EC FRAME



SECTION 16—Electrical Characteristics

TABLE 18 — Charging and Closing Operating Currents
B MOTOR ANTI-PUMP CONTROL CLOSING
3 Current (Amps) RELAY “W” RELAY “X" SOLENOID =
(] — — —_—
T o g ® 2z Rated-Amps = Rated Amps = Rated Amps =
€ o L LF =) . Q§ S a S a [ " L_v
ES = = B o 25 | inrush | Sealed | =5 | inrush | Seatled | = 3 | inrush ¢ sealed W
S5 o S S W« | F £3 ] £3 29
z> u >« Ea | Open | Closed | € & Open | Closed | = pen | Closed | *
48V DC 38-56 40 10 38 063 .063 30 4.1 41 3 2 5.2 15A
125V DC 100-140 27 85 024 .024 90 1.05 1.05 00 1.75 1.75 6A
250V DC 200-280 13 170 .015 .015 180 53 .88 .88 6A
120V 60 .090 .052 1.0 2.6 .35 6A
120V 50 104-127 25 5 95 .090 .052 95 1.0 2.2 .29 6A
120V 25 047 032 11 17 6A
208V 60 050 .029 15 .19 6A
208V 50 180-220 15 35 175 .050 .029 175 . 177 1.2 .16 6A
208V 25 032 .018 .76 .60 .08 6A
250V 60 .064 .036 .07 1.3 A7 6A
250V 50 208-254 12 3 190 .064 .036 .08 196 1.1 .15 6A
250V 25 .035 .02 64 54 .08 6A
Table 19-Bell Alarm \ Table 21-Auxiliary Switch
Contact Rating Contact Rating
Bell Alarm Contact Auxiliary Switch
i Interrupting Rati
sglr;:.o; Rating (ampere:s) Control n e::::p:?es)% ngs
9 inrush Contin- Voltage o
uous on Inductive
125 25 25 Inductive
De 250 | 0.9 0. 48 25 =
Dc 125 11 .
60 Hz. | 120 39 ! 250 2 1.8
Ac
480 7. 3 115 75 50
Ac 240 50 25

\ 480 25 12
® Limited to 20A continuous rating of
switch on all breakers and to 5A contin-
uous rating of #16 wire on drawout

breakers.

Table 22
y Switch Position Charging Times
in “a” “p"

nta ontact Contact Nominal Time
Voltage (sec.) @

Ope 48VDC 1.5

or Open Closed 125vDC
Tripped 250VDC 1.0
D 4 120VAC 1.5
208VAC 0.09
Closed Closed Open 240VAG 13

@ Closing spring charging times are
typical values. The maximum
permitted is 5 seconds.

91



TABLE 23 SHUNT TRIP AND UNDERVOLTAGE DEVICE OPERATING CURRENTS

g SHUNT TRIP UNDER VOLTAGE
e e
-E s é’.:’:‘ Operating Inrush Sealed Inrush d
E > o Operating
2 uw Voltage range Open Closed Voltage range Open Closed
24 DC 14 30 8.3 8.3 38 4 38
48 DC 28 60 45 45 SEE 19 19
125 DC 70 140 2.0 2.0 TABLE .08
250 DC 140 280 1.0 1.0 25 . 04
70 60 59 132 — — /A N/A
120 60 95 127 12.3 10.8 66 24
120 50 95 127 7.6 6.7 GG 75 25
120 25 95 127 47 4.1 3 .31 .10
208 60 175 220 3.2 26 S 51 17
208 50 175 220 38 3.1 < £ 30 10
208 25 75 220 2.1 19 § 14 05
240 60 190 254 3.9 3. S g 37 12
240 50 190 254 47 5o 34 11
240 40 190 254 5.8 23 N/A N/A
240 25 190 254 2.1 2o 16 06
380 50 315 410 2.9 ox 22 08
480 60 380 508 3.4 =9 23 08
480 50 380 508 ) 17 .06
480 25 380 508 é. 3 RE 05
575 60 475 625 < 8 16 .06
575 50 475 625 e 14 .06
575 25 475 625 10 .05
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TABLE 24 COIL

ANCE—DC OHMS @ 25°C

Nominal Control Anti-Pump Control Shunt
Voitage Frequency ﬁz "W Relay “X" Trip Undervoltage
24V DC N/A N/A 3 64
48V 802 12 11 240
125V D 5000 119 64 1600
250V DC 16400 476 260 6700
120V 450 54 39 254
120V 0 450 75 7.15 33
120V 5 1450 75 254 146
2 60 1450 216 254 64
8V, 50 1450 300 254 146
2 25 3900 300 64 580
240V 60 1450 300 25.4 100
240V 50 1450 300 25.4 146
240v 25 6000 300 64 580
380V 50 N/A N/A 64 370
480V 60 N/A N/A 64 370
480V 50 N/A N/A 32 580
480V 25 N/A N/A 100 1600
575V 60 N/A N/A 100 580
575V 50 N/A N/A 64 918
575V 25 N/A N/A 146 3200




TABLE 25 INSTANTANEOUS UNDERVOLTAGE DEVICE SETTINGS

O_

ColL MAXIMUM DROP OU
RATING PICKUP VOLTAGE RANGEQ
24 VDC 20 7-14
48 VDC 41
125 VDC 106
155 VDC 132
250 VDC 213
120 VDC 102
208 VDC 177
240 VDC 204
380 VDC 323 114-228
480 VDC 408 144-288
575 VDC 489 173-345
TABLE 26 TIME-DELAY UNDERV DEVICE SETTINGS
T VR ONLY ¥ CHANISM RESET DROP OUT
VOLTAGE vDC ICK UP PICK UP
125 VDC 77 -85 50 90 - 95 INIMUM
o eR 9% 160 - 165 POSSIBLE

125 - 140 ?
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These instruc% purport to cover all details or variations in equipment nor to provide for every possible
contingency to be 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 bsrefcrred to the GE Company.

GE Electrical Distribution & Control

General Electric Company
41 Woodford Ave., Plainville, CT 06062

GEK-64459C 0693 PSA © 1993 General Electric Company



SECTION 5—Breaker Operation

A breaker may be equipped to operate either manually
or electrically. Both types of operation result in the same
fast-closing movement as far as the contact action is
concerned. The variation is in the way energy is stored in
the closing spring, and how it is released.

5.1 MANUAL CLOSING

Manually operated AKR breakers are constructed with
front-mounted handles. Handle operation resets the
mechanism and fully charges the closing spring. A com-
plete charge is accomplished by cranking the handle
through one cycle (135-degree swing). The CLOSE but-
tonmountedonthe escutcheon, isusedto manually close
the breaker contacts and the TRIP button is used to open
them.

If equipped with a closing solenoid, a manual breaker
may be closed remotely by a control switch or relay.
Before this can be done, however, the closing spring has
to be charged by hand. The closing solenoid is an op-
tional accessory and is not supplied unless specified in
the breaker order.

REMQTE
CLOSE

__1l,._
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5.2 ELECTRICAL CLOSING

On electrically operated breakers the closing springs are
charged by a gear motor. With the springsydiseharged,
voltage applied to the control circuit will energize the motor
through the “G” switch contacts — see Eig. 9/ The motor,
through the gear reduction output crank, compresses the
closing springs until they are fully charged. As this fully
charged position is reached, mechanically operated
switches “F and “G" reverse their shown position, the “G”
switch deenergizing the motor and the “F" switch estab-
lishing a circuit to the X" relay//At the same time, a
mechanical prop is positioned, to“prevent the discharge of
the fully charged closing Spring:

With the closing,spring/propped fully-charged, the
breaker is ready for clesing. This may be accomplished
electrically by depressing the closing switch “PB” on the
breaker (if so equippéd) or by a remote closing switch.
Operation ofgthe closing switch energizes the “X” relay,
which in turn energizes the closing solenoid “CC”. This
removes the prop, releasing the closing springs to close
the breaker

As theelosing solenoid is energized, it energizes anti-
pump_relay “W”. If the closing switch is maintained
closed,“the anti-pump relay will remain picked-up to
prevent a second closing operation on the breaker in the
eventit is tripped open automatically. The closing im-
pulse must be released and reapplied before a second
closing operation can occur.

The closing springs on electrically operated breakers
can be manually charged. The breakers can also be man-
ually closed. Refer to Section 5.4 for this procedure.

FU
TRIP LEGEND
CC — CLOSING SOLENOID
F — CUTOFF SWITCH, CLOSED
WHEN CLOSING SPRING IS
FULLY CHARGED.
L G — CUTOFF SWITCH. OPEN WHEN
CLOSING SPRING IS
FULLY CHARGED
L — AUXILIARY SWITCH
M — CHARGING MOTOR
PB — CLOSE PUSHBUTTON ON
BREAKER ESCUTHEON,
OPTIONAL.
TC — SHUNT TRIP DEVICE
TC W — ANTI-PUMP RELAY

X — CONTROL RELAY

FIG. 9 — ELEMENTARY DIAGRAM FOR ELECTRICALLY OPERATED DRAWOUT BREAKER.
CONTACT POSITIONS ARE SHOWN WITH BREAKER OPEN AND CLOSING SPRINGS DISCHARGED.
TYP #183L712 “R” SERIES
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5.2.1 ALTERNATE CONTROL CIRCUIT USED

A second type of electrical control is shown in Fig. 9A
for all control voltages except 250 volts D.C. which uses
the circuit shown in Fig. 9. This alternate control circuit
eliminates the X-relay and CC switch shown in Fig. 9.

The motor is energized through the “G” cutoff switch

and the K-relay contact. The motor is deenergized when -

the “G” cutoff switch changes state which occurs when
the closing spring is fully charged.

With the closing spring propped fully-charged, the |

breaker is ready for closing. This may be accomplished
electrically by closing the “PB” switch on the breaker (if so

i—_“--:*\ | TRIP

N
4

CON

4 L
D N

{K TC

equipped) or by aremote closing switch. Operation gf the

. closing switch energizes the K-relay, which in turn,ener-

gizes the closing solenoid “CC”. This removes the prop,
releasing the closing springs to closethe breakerylhe*F”
cutoff switch is only installed on breakers using D.C.
control voltage.

The anti-pump function is obtained through the nor-
mally closed K-relay contact in thefmotor circuit. If a
close signal is maintained aftentheibreaker has tripped
open automatically, the K-relay is\energized preventing
the motor from charging the clésing spring. The closing
signal must be removed forlapproximately 1.3 to 2.0
seconds to allow the closing spring to charge.

LEGEND

CC — CLOSING SOLENOID
F — CUTOFF SWITCH, CLOSED
WHEN CLOSING SPRING IS
FULLY CHARGED (D.C. ONLY)
G — CUTOFF SWITCH, OPEN
WHEN CLOSING SPRING IS
FULLY CHARGED.
L — AUXILIARY SWITCH
M — CHARGING MOTOR
PB — CLOSE PUSHBUTTON ON
BREAKER ESCUTCHEON.
OPTIONAL
TC — SHUNT TRIP DEVICE
K — ANTI-PUMP RELAY

FIG. 9A. ALTERNATE ELEMENTARY DIAGRAM. CONTACT POSITIONS ARE
SHOWN BREAKER OPEN AND CLOSING SPRINGS DISCHARGED.
TYP #183L712 “B” SERIES

12



53 MECHANISM OPERATION

Figures 10A, 10B and 10C show the mechanism com-
ponents in the Closed, Tripped and Reset positions. The
closing spring is in the charged position for all of these
details.

Closed Position — As shown in Fig. 10A, the movable
contacts are pushed against the stationary contacts by
the toggle linkage. The toggle linkage is held in position
through the engagement of its cam rollers, item no. 5, with
the prop, item no. 2 and the secondary latch/rolleritem #6:
and secondary latch #14 and trip latch #11.

Tripped Position — The mechanism goes from the
Closed position to the Tripped position, shown in Fig.
10B, when the trip shaft, item no. 10, is rotated by either
the manual trip button or one of the other trip devices.
The trip latch, item no. 11 is assembled to the trip shaft.
When the trip shaft rotates, the trip latch disengages
from the secondary latch roller. The secondary latch
pivots, resulting in the collapse of the toggle linkage.
This collapse along with the opening spring, item no. 15,
shown in Fig. 10 C, causes the breaker contacts to open.

Reset Position — The mechanism is shown in Fig.
10C. The closing cam, item no. 3, which is assembled to
the cam shaft, itemno. 4, is rotated by the charging motor,
manual operating handle, or maintenance handle. The
cam engages the cam roller and partially extends the
toggle linkage. This allows the secondary latch item 14 t@
pivot against the front frame as shown leaving asgap
between the trip latch and secondary latch roller. The
secondary latch is now in a position to engage with both
the trip latch and cam roller.

The breaker closes when the closing springfdischarges
androtates the camitem #3 against the camroller item #5.
The toggle linkage is fully extended, piveting'the secon-
dary latch from the front frame and engaging@jit with the
trip latch and cam roller as shown inyFignl0A.

When the breaker is closed and the“elosing spring
discharged, the upper cam rollenitem#5 is supported by
the cam rather than the prop, This is the position the
mechanism must be in to chegk contact adjustment, refer
‘to Section 8.

FIG. 10A CLOSED

10 N 14_ 5

14 5 4 3

FIG. 10C RESET
2. Prop 11. Trip Latch
3. Cam 12. Insulated Coupling
4. Camshaft 13. Main Shaft
5. Cam Roller 14. Secondary Latch
6. Secondary Latch Roller 15. Opening Spring
10. Trip Shaft

5.4 CHARGING USING THE MAINTENANCE
HANDLE

The closing spring on electrically operated breakers can
be manually charged by using the maintenance handle
(568B386G1) as shownin Fig. 11. The triangular socket in
the maintenance handle mates with the mechanism cam-
shaft extension on the front right side of the breaker.
Using the knob on the handle, it will be necessary to align
this socket to fit on the end of the shaft when the handle
is positioned as shown.

FIG. 11 — MAINTENANCE HANDLE
INSTALLED ON CAMSHAFT EXTENSION

13



SECTION 5—Breaker Operation (Cont.)

There is a ratchet assembly attached to the camshaft
extension. This ratchet is normally driven by the breaker’s
gear motor. A roller on this ratchet engages with a prop
when the closing spring is fully charged and driven over
center, see Fig. 12. This holds the closing spring inYa
charged condition.

14

FIG. 12 — ROLLER ENGAGEE WITH\CLOSING PROP

H ARMATURE ASM INTO SOLENQID CORE
R R, S

FIG. 13 — MANUAL OPERATION OF CLOSING SOLENOID

Rotate the camshaft using the maintenance handle until
the ratehet assembly roller engages with the prop. Do not
drive the roller against the prop with undo force. The
breaker can now be closed by removing the prop from the
roller. This is done by manually activating the closing
solenoid armature by pushing the solenoid armature into
its windings. See Fig. 13.

)



SECTION 6—Interlocks

AKR breakers are equipped with safety interlock devices
that are required by Industry Standards and Certifying Au-
thorities. Interlock devices for special applications are also
available as options. The standard interlock devices de-
scribed below are used only on drawout breakers. Station-
ary breakers have no required interlocks.

Caution must be taken to ensure that any interlock lever is
not bent and caused to not function. All interlocks should be
operated to confirm that they function as required.

6.1 RACKING MECHANISM INTERLOCK

The function of the racking mechanism interlock is to
prevent the breaker from moving from the CONNECTED
position before the breaker is in the OPEN position.

The racking mechanism drive shaft is located behind
the RACKING SCREW cover shown in Fig. 14A. This

cover must be slid to the right to gain access to the drive _

shaft as shown in Fig. 14B. When the RACKING SCREW FIG. 14A — RACKING SCREW
cover preventing it from being opened. This link is driven

by the motion of the OPEN/CLOSED indicatorasshownin

Fig. 15.

CAUTION! Prior to moving rack screw cover over 4o attach
racking wrench push the manual trip button above the,coyer.
This will ensure that the breaker is open. Also read breaker
position flag to confirm that breaker is open.

Compartment door should be closed and latchedywhen
racking a breaker from the connect position.

The TRIP button also engages wwith{the RACKING
SCREW cover in both the OPEN and CROSED positions.
Therefore, the TRIP button must begushedyin before the
cover can be opened. This will open the breaker if it was
closed and also depress the OPEN/CLOSED linkage
discussed above.

When the RACKING SCREW cover is open it holds the
TRIP button in. Thishkeeps the breaker trip-free so a
mechanism closing£ycletwill'nét cause contact movement
especially when the breakeris being racked in or out.

CAUTION! Use only,dhe proper racking mechanism
wrench for racking the breaker in or out, otherwise the
trip-free interlock feature may not function.

FIG. 14B

15



SECTION 6—Interlocks (Cont.)

FIG. 15
RACKING SCREW COVER INTERLOCK
CLOSED POSITION

6.2 POSITIVE INTERLOCK

The function of the positive interlock is to keep the
breaker trip-free while it is being racked in or out between
the CONNECTED and TEST positions.

The positive interlock is located on the breaker left'side
as shown in Fig. 16. As the breaker moves between, the
CONNECTED and TEST positions, the positive interloek
engages with a ramp cam located in the breaker compart-
ment. This cam raises the interlock lever assembly caus-
ing the trip shaft to rotate and prevent the trip latch®¥rom
engaging with the secondary latch assembly, roller. The
breaker is held trip-free and cannot be closed during this
interval.

6.3 CLOSING SPRING INTERLOCK

The function of the closinggspring®interlock is to dis-
charge the closing spring as(thefbreaker is being racked
out of its housing. This eliminates‘the hazard of a com-
pletely charged breaker beingdischarged after the breaker
is removed from itsgcompartment.

The operation of the closing spring interlock is shown in
the two pictures for Fig. 17. The racking mechanism arms
and the crankqare connected to a common shaft. As the
breaker is racked out a pin attached to the crank moves
through a slot tint he mechanism linkage. The linkage is
connectedute a lever which engages with a pin on the
closing selenoid armature linkage. When the racking
mechanism)approaches the DISCONNECT position, the

16

B>

POS!TIVE/

INTERLOCK ",

&

FIG:6= POSITIVE INTERLOCK

crank pin reaches the end of the slot in the linkage.
Continued'motion of the racking mechanism causes the
linkage to rotate the lever which moves the closing sole-
noidarmatureforward. The armature linkage thenreleases
the,prop, discharging the closing spring.

The Closing Spring interlock should be adjusted to
cause the closing spring to discharge when the racking
mechanism is a minimum of 1 and a maximum of 2%
turns short of the fully racked out position. In this position
the racking handle can no longer be turned. If adjustment is
required, use the linkage adjusting screws shown in
Fig. 17.

Note: — Undue force on the racking handle at the fully
racked out position will cause the lever to move past the
pin on the armature linkage. This will bind up the overall
interlock. Under these conditions, continued application
of this force will deform the linkage assembly.



Breaker Racked In — Lever And Armature
Linkage Pin Not Engaged

ADJUSTING |
SCREWS

Breaker Being Racked Out —
Lever Activates Armature Linkage

FIG. 17 — CLOSING SPRING INTERLOCK

6.4 DISCONNECT POSITION INTERLOCK

The function of the Disconnect Position Interleckis to
block the RACKING SCREW cover open when the racking
mechanism is in the DISCONNECTED position,When the
cover is held open, the TRIP button is depressed. The
mechanism is held trip-free and there is'no contact arm
movement when the closing spring is discharged by the
Closing Spring interlock.

The operation of this interlock is shown in Fig. 18. A
crank, which is attached to the ra€king mechanism shaft, is
connected to the blocking plate thfough a link. As the shaft
turns, the blocking plate rotates; helding the cover open in
the DISCONNECTED position,‘but allowing it to close in
the TEST and CONNECTED pesitions.

RACKING SCREW

FIG. 18
DISCONNECT POSITION INTERLOCK

6.5 PADLOCKS

Provisions are made on all breakers to use padlocks to
prevent the breaker form being closed. For all breakers
except Type B or D the padlock shackle goes through the
TRIP button hole and out the slot in the side of the
escutcheon. For Type B or D breakers the padlock
shackle goes through the TRIP button hole and out the
RACKING SCREW coverhole in the deep escutcheon. In
either case, the shackle holds the TRIP button in keeping
the mechanism trip-free.

17



SECTION 6—Interlocks (Cont.)

6.6 KEY INTERLOCK-STATIONARY
BREAKER

The function of the Key Interlock is to prevent an open
breaker from being closed when the lock bolt is extended
and its key is removed.

The operation of this interlock is shownin Fig. 19. When
the breaker is in the OPEN position, the end plate assem-
bly item #2 on the main shaft pivots the lever item #6
counter-clockwise. This removes the pin item #3 on the
lever from blocking the lock bolt. Extending the lock bolt
rotates the linkage which moves the trip shaft, preventing
the mechanism from closing the breaker.

Lock

End Plate
Pin

Lock Bolt
Pin

Lever

oA~

When the breaker is in the CLOSED positionythe fly-
wheel assembly item #2 is away from the lever item #6.
The lever is spring loaded and rotates clockwise causing
its pin to block the lock bolt extension.

6.7 OPTIONAL INTERLOCKS

The optional interlocks are keyiinterlocks and door inter-
locks. On drawout breakers, these devices are mounted in
the equipment and are parhof the breaker enclosure.

FIG. #9,—KEY INTERLOCK—STATIONARY BREAKERS

SECTION 7—Breaker "Maintenance

SAFETY PRECAUTION

WARNING:"\BEFORE INSPECTING OR BEGIN-
NING ANYSMAINTENANCE WORK ON THE
BREAKER T MUST BE DISCONNECTED FROM
ALL VOLTAGE SOURCES, BOTH POWER AND
CONTROL, AND THE BREAKER MUST BE IN THE
“@QREN" POSITION.

18

7.1 LUBRICATION

In general, the circuit breaker requires moderate
lubrication. The majority of the factory lubricated bear-
ing points and sliding surfaces are accessible for inspec-
tion and if necessary, cleaning and relubricating. The on-
ly lubricant used on the breaker for both electrical and
mechanical areas is General Electric specification
D50HD38 (D6A15AI Mobilgrease 28 or 32).



SECTION 7—Breaker Maintenance (Cont.)

The areas requiring lubrication are:

1. Contacts Pivots — A thin film on the stationary
and movable contact assembly pivot surfaces. Refer
to Section 8. Do not lubricate the contact tips.

2. Racking Mechanism — The drive threads, jamb
nut/trunnion interface, thrust washer/collar interface,
and the shaft support bearings. Refer to Section
7.13.

3. Manual Operating Handle — Lubricate the two pivot
areas associated with the adjustment linkage. Also,
the handle, mounting shaft/support bushing inter-
face. Refer to Section 7.2.

4. Flux Shifter — Lubricate pivoting and sliding sur-
faces of the reset linkage. Refer to Section 10.3.

5. Switchette — Lubricate the activator lever surface
that contacts the switchette button.

6. Mechanism — All accessible bearing and sliding sur-
faces that have been factory lubricated.

7. Primary Disconnects — Lubricate the finger contact
surface just prior to installing in switchgear or
lubricate and then cover the disconnect assembly to
protect from dust, dirt, etc. Refer to Section 7.5

Before lubricating, remove any hardened greasesor, dirt
from the latch and bearing surfaces. After lubricating,
remove all excess lubricant to stop accumulationef dirt or
dust. The use of cotton waste to wipe bearingysurfaces
should be avoided. The cotton ravelings may become
entangled under the bearing surfaces andfdestroy the
surface of the bearing.

7.2 MANUAL HANDLE ADJUSTMENT

The adjustment linkage connects the handle assembly to
the chain drive mechanism which turns the cam shaft. The
length of this linkage provides the handle adjustment.

If the link istoo long, the handle stroke cannotextend the
closing spring enough foritto'ge’over center. In this event,
use the maintenance handlete cémplete the spring charg-
ing. The breaker can thef'be, closed and opened prepara-
tory to further shortening of the link.

If the link is too shorty, charging is not possible.

The original linkage'désign used a double-ended stud in
the linkage center. Ahex sectionin this stud allowed adjust-
ing with an openzend wrench. When looking down on the
breaker, térning the wrench clockwise lengthens the link.
The gppositeé’ motion shortens it. The range of adjustment
is 300, ‘degrees. In the confined space available, each
wrenchiystroke imparts 15 degrees movement. The best
settingyisiapproximately mid-range.

Thelpresent design is shown in Fig. 20. This linkage is
assembled together on a threaded stud. Adjustment is
accomplished by removing the upper linkage assembly
from the handle assembly and changing the linkage length
By turning the upper linkage up ordown the threaded stud.

s e —q
REMOVE THIS :

“ HARDWARE

UPPER LINKAGE} '
ASSEMBLY _

AN
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SECTION 7—Breaker Maintenance (Cont.)

7.3 DRAWOUT MECHANISM POSITION

Maintenance or inspection should be conducted withthe
breaker on aworkbench. The drawout mechanism must be
placed in the CONNECT position. This will deactivate the
various interlocks which would otherwise prevent the
mechanism or contacts from closing. Engage the racking
handle with the racking shaft and turn clockwise until it
stops.

Remember, before installing the breaker back into its
compartment, the drawout mechanism must be returned to
the DISCONNECT position.

7.4 SLOW CLOSING THE BREAKER

Closingthe breaker slowly, while observing the action of
the mechanism and contacts, is a good way of judging the
correctness of mechanical and contact relationships.
Some of the maintenance procedures described later will
involve operating the breaker in this manner. The proce-
dure for slow closing is given below.

The closing spring must be isolated from the
mechanism camshaft. Thisis done by disconnecting the
lower spring assembly from the mating camshaft linkage.
Remove the hex-head bolt as shown in Fig. 21. Remove
this bolt only with the mechanism in the DISCHARGED
position and the spring at its minimum extension.

REMOVE
THIS
BOLT

Remove the hex-head bolt only, do not removeier loosen
the slotted head screw shown in Fig. 21. Removal of the
slotted head will cause the closing spring to become dis-
engaged from the camshaft with considerable farce. Verify
that this screw remains tightened during the slow close
operation.

After the bolt is removed, use the maintenance handle
to rotate the ratchet assemblyaroller, onto the closing
prop (see Charging Using The Maintenance Handle, sec-
tion 5.4). At this point, the closing prop must be removed
by either pushing the CLOSEhutton on Manual breakers,
or pushing the closing™solenoid armature on electric
breakers (see Fig. 13).4Whenthe closing prop is removed,
continue turning the'camshaft. When the.contacts and
mechanism are ingthefully closed position, the cam will
support the camfrollen(refer to Fig. 10 & section 5.3) and
the contactSywill’develop maximum depression.

Push the TRIPybutton to release the mechanism and
open the'contacts.

CAUTION,— The mechanism and contacts will open

with nermal speed and force.

When replacing the hex-head bolt, turn the camshaft
withithe'maintenance handle to align the mating holes in
theflower spring assembly and camshaft linkage.

FIG. 21 — SLOW CLOSING—LOWER SPRING ASM HARDWARE
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SECTION 7—Breaker Maintenance (Cont.)

7.5 PRIMARY DISCONNECTS The 800 ampere breakers use four primary disconnect

Primary disconnects are found only on drawout break- fingers perterminal. The 1600 and 2000 ampere breakers
ers. They provide the flexible connection between the use eight fingers per terminal. Fig. 22 shows a line and
breaker line and load terminals and the equipment line load end disconnect assembly. The line end disconnects
and load terminals. on fusible breakers have the spring pointing downwards,

otherwise they are identical.

CBOW-TIE™
SPACERS

FIG. 22 — PRIMARY DISCONNECT FIG. 23 — PARTIAL PRIMARY DISCONNECT
ASSEMBLY ASM

P SFACER —
FIOLE FORWARD
"BOW-TIE" OLE 290
SEACCRS I RETAINER

FIG\24 — PARTIAL PRIMARY DISCONNECT FIG. 25 — PARTIAL PRIMARY DISCONNECT
ASM ASM
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SECTION 7—Breaker Maintenance (Cont. )

7.5.1 REPLACEMENT

Figs. 22, 23, 24, and 25 show the primary disconnect
assembly breakdown. Refer to these illustrations when
replacing the disconnects. Note the following details:

Fig. 25 — The position of the spacer in the breaker stud.
The hole in the spacer must be positioned as
shown so it will align with the holes in the clip.

Fig. 24 — The engagement of the fingers with the re-
tainer. Also the location of the ‘bowtie’ spacers in
the fingers, both upper and lower.

Fig. 22 & 23 — The position of the upper and lower
retainers and, again, the ‘bowtie’ spacers.

7.5.2 ADJUSTMENT

The primary disconnect assembly is factory adjusted to
apply a force of 85-105 pounds on a 1/2 thick copper bar
inserted between the upper and lower fingers. Afterinstal-
lation of the disconnect assembly this force range is ob-
tained by tightening the locknuts to set the dimension
shown in Fig. 26 .766” to .797” Note that this dimension
is measured between the top of the retainer and the
underside of the washer. Also note that no bar is inserted
between the fingers when setting this dimension.

FIG. 26 — PRIMARY FINGER ADJUSTMENT

7.6 AUXILIARY SWITCH

All electrically operated breakers'and manual breakers
having shunt trips are supplied ‘with” auxiliary switches.
Depending upon the reqéirements,of the breaker’s applica-
tion, the switch may containfrom two to six stages. Usually,
each stage has one “A™e@ntact’and one “B” contact. “A”
contacts are opened or closedas the breaker is opened or
closed. “B” contacts are the reverse of this.

The auxiliary switch isémounted on the upper side of the
mechanism frame as shown in Fig. 27. A crank on the main
shaft operatesithe‘switch through an adjustable link which
connects it,to the switch crank. The switch can be a GE
type “SB-92" 6rElectro Switch Type “101”.

22

FIG 27 — AUXILIARY SWITCH LINKAGE

7.6.1 REPLACEMENT

Either switch,type may be dismounted by removing the
two bolt screws which fasten it to the mechanism frame.

The GE®SB-12 replacement switch should have its
crank shaftiset so that the arrow head on the end of the
shaft points as shown in Fig. 28A when the breaker is
open.

Tihe Electro Switch replacement should have its crank
shaft'set so that the horizontal line on the end of the shaft
is as shown in Fig. 28B when the breaker is open.

ARROW HEAD

FIG. 28A — GE SB-12
CRANK SHAFT POSITION

FIG. 28B — ELECTRO
SWITCH CRANK SHAFT

If a switch is added to a breaker having none, the ad-
justing link will also have to be installed. This is connected
to the pin on the crank which is attached to the main shaft.
It is secured by means of a cotter pin.

7.6.2 ADJUSTMENT
GE SB-12

If a new adjustable link is installed, its length should be
set, beforeinstalling,at6.375inches, between pin centers.

After installing a new switch, its operation should be
checked. Viewing the switch from above, the contacts
toward the front of the breaker are normally the “B” con-
tacts. Even if a special switch is used, it is always the case
that the first two stages nearest the crank have the “B”
contacts to the front, and the “A” contacts towards the
back. “A” contacts are closed when the breaker is closed.
“B” contacts are closed when the breaker is open.



To check the setting, arrange the breaker for “slow-
close” as described in Section 7.4. Through the use of a
continuity tester, observe the position of the breaker con-
tacts when the switch “A” contacts touch. Atthis point the
breaker’sarcing contacts must be within .250" to .500" of
closing.

Adjustment is made by disconnecting the upper end of
the adjustable link and varying its length as required.

ELECTROSWITCH TYPE 101

Adjustment is the same as the GE SB12 except that
when the switch “A” contacts touch, the breaker arcing
contacts must be within 0 to .250 inches of closing.

7.7 SHUNT TRIP

The shunt trip device opens the breaker when its coil is
energized. An “A” auxiliary switch, which is closed only
when the breaker is closed, is in series with the device
coil. Connections are made to the external tripping source
through secondary disconnects on drawout breakers, or to
the terminal board on stationary breakers.

The shunt trip is mounted on the underside of the
breaker front frame as shown in Fig. 29. A second shunt
trip may also be mounted to the frame (see Fig. 30) if a se-
cond %ndervoltage device isn't already installed, see Sec-
tion 7.8.

7.71 REPLACEMENT

If it is necessary to replace or add one of these devices,
the easiest procedure is to remove the mounting bracket,
shown in Fig. 29, from the breaker frame and remove the
device from the bracket. If a replacement or newdevice is
ordered, a mounting bracket will be supplied with’ the
device.

If a second shunt trip is added, this is maunted by
means of an additional bracket as shown ip#Rig. 30. This
additional bracket is fastened by two of thelhex head bolts
used to fasten the buffer assembly to the,breaker frame.
7.7.2 ADJUSTMENT

When these devices are installed omgreplaced, their
positive ability to trip the breaker mustibe demonstrated.
This is done by placing a 1/32.inchishim between the ar-
mature and magnet of the deviceyand‘manually operating
the armature to trip the breakér.

If the shunt trip is not suceessful in this test, check the
mounting fasteners to make“sdre they are reasonably
tight. If they-are, then bendith@ trip paddle on the trip shaft
to slightly reduce thexdistance between the trip arm of the
device and the trip paddle, and recheck for positive trip. If
this bending is negessary, be careful that it is not over-
done. Verify thatftherglis a .030”-.050" gap between the
trip arm and the trip\paddle with the breakerclosed. Agap
greater than .050" is permitted and may sometimes be
necessary in order to prevent nuisance tripping. Re-verify
positive trip as a‘final check.

78 JNDERVOLTAGE DEVICE

The undervoltage device trips the breaker when its coil
is de-energized. The leads of the coil are connected
direCtly to secondary disconnects or to a terminal board.
Undernormal conditions, the coil remains energized and
thebreaker may be closed.

Dropout of the armature, with resultant breaker trip-
ping, occurs when the voltage is reduced to a value
between 30% and 60% of the coil rating. An open
armature will render the breakerincapable of closing. The

FIG. 29 — SHUNT TRIP AND
UNDERVOLTAGE MOUNTING

armature will “pick up®and allow closing if the applied

voltage is 85% or mere/of the coil rating. It may also pick

up at a lower(voltage. Refer to table 25 for pickup and

dropout ranges.

The arpnature of the undervoltage device may be tied
closéd in‘order to permit breaker operation during main-
tenance:

he undervoltage device is mounted to the underside of
theybreaker front frame as shown in Fig. 29.

A second undervoltage may also be mounted to the
frame (see Fig. 31) if a second shunt trip isn’'t already
installed, see Section 7.7.

If a second undervoltage device is added, a new buffer
assembly Block will be supplied. This is required for
clearance, in this case, the buffer assembly must be taken
off, disassembled, and remounted together with the
number two undervoltage device. Before disassembling the
original buffer, carefully measure the distance between the
faces of the threaded members as shown in Fig. 31, and set
this dimension carefully on the new assembly. Refer to the
breaker wiring diagram for the coil lead connections.

7.8.1 REPLACEMENT

Toreplace an undervoltage device, remove the mount-
ing bracket (shown in fig. 29) from the breaker frame and
remove the device from the bracket. Re-install in reverse
order, noting wire routing and securing means.

Set the gap between the trip paddle and device arma-
ture to approximately 0.030 inch as a starting point, then
proceed with the operational check (7.8.2).

BREAKER
TRIP SHAFT FRONT FRAME

2ND SHUNT TRIP
MTG,BRACKET ___

RIGHT
HAND
BUFFER
ASSEMBLY

HARDWARE

FIG. 30 — 2ND SHUNT TRIP INSTALLATION
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x‘q’)"; i O

]

MAINTAIN
THIS
DIMENSION

O

MODIFIED
BUFFER
ASM

“\\BUFFER
ASM

MTG
HARDWARE

FIG. 31 — 2ND
UNDERVOLTAGE DEVICE

7.8.2 OPERATIONAL CHECK
(BREAKER WITH UV DEVICE INSTALLED)

Check the pickup and dropout values atroom tempera-
ture. See table 25.

Check the positive trip ability as follows: With the
armature closed, close the breaker. Insert a 0.032 + .005
inch shim (wire gage or flat stock) against the armature
open stop (see Fig. 32D) and release the armature. “The
breaker must trip.

7.8.3 ADJUSTMENTS

If the operational checks (7.8.2) indicate that adjust-
mentsarenecessary, these procedures should befollowed:
First verify trip latch engagement as describedin sec-
tion 7.15, and verify that the trip shaft torque required to
trip a closed breaker is no greater than.24 inch-ounces.
Then proceed as follows:
PICKUP VOLTAGE:

The pickup level is changed by turping'the adjustment
screw shown in Fig. 32A. The gcrew.is secured by either
a locking wire or a jam nutdnsidethe frame. Devices with
a jam nut require removal ‘of, the*device to make this
adjustment. The pickup voltage at room temperature
(approx. 20-24°C) shouldbe 85% or less of coil rating and
should be measured atthe secondary disconnects with
the coil energized. Note:“On DC devices set the gap
between the armature and magnet initially to 0.030 inch
using the closed gap adjustment screw shown in Fig. 32C
before makingpickup adjustments.

Be sure to'séeure the pickup adjustment screw with the
jam nut ofleckwire.
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DROPOUT VOLTAGE:

On AC devices the dropout level will fall within the
required limits (30% to 60% of the coil rating) if the'pickup
is set properly. On DC devices, the dropout level may
need independent adjustment. This is accomplished
after the pickup level has been established per the above
procedure. If required, use the closed gap adjustment
screw shown in Fig. 32C to obtain the dropout’setting. A
gap must remain between the armature,and magnet on
DC devices to prevent sealingyin upén loss of voltage.
Secure the adjustment screw witlithedocknut and apply
RTV to the locknut.

POSITIVE TRIP:

Check positive trip ability, per#.8.2. Adjust the trip
paddle screw if necessary to assure positive trip. Withthe
undervoltage device closed,(picked up), and the mecha-
nism reset, there mustibe clearance between the trip
paddle and the device.armature. If clearance adjustment
is necessary, re-verify positive trip ability.

PICK UP

~ — Pt ADJUSTMENT

&RNET

\i
MAGNET.
ARMATURE :] ?J_”
.010"
SHADING RING

) HOLDING
SCREWS

FIG. 32A —
UNDERVOLTAGE DEVICE

L

7.8.4 FACTORY SETTINGS

This section covers certain factory settings as an aid to
trouble shooting. They are for reference only, and are not
intended to be field adjusted. They should not be consid-
ered criteria for acceptance or rejection.
ARMATURE LOCATING RIVET:

Therivet shown in figure 32A serves as a locater for the
armature. A clearance of 0.001 to0 0.010 inch should exist
between the rivet and armature as shown in fig. 32A. The
rivet should be able to turn freely.

ARMATURE OPEN GAP:

The air gap between the armature and the magnet with
the device de-energized should be approximately 0.250
inches. This is,checked by inserting a 0.201 = .005 inch
diameter gage pin between the armature and magnet as
shown in Fig. 32B.



OPEN GAP
ADJUSTMENT

.201 + 005 DIA
PIN

CLOSED
GAP

ADJUSTMENT
FIG.32C — CLOSED GAP CHECK

7.9 STATIC TIME-DELAY UNDERVOLTAGE

The static time-delay undervoltage system copsists of a
time-delay unit which controls an instaptaneous” under-
voltage device. The time-delay unit isyseparately mounted
in the switchgear and the undervoltage“device®is mounted
on the breaker. Table 5 lists the catalog numbers available.

If the a-c control voltage is any voltage other than
208/240V ac, a control power transformier (also remotely
mounted with respect to the breaker)imust be used. This
must have a minimum rating of“1@0volt-amperes.

INSERT WIRE
GAGE

ARMATURE

FIG.,32D — POSITIVE TRIP CHECK

When installed, the voltage to be monitored is connected
across,terminals No. 1 and No. 2 of the static delay box.
The,coil'of the tripping unit is connected across terminals
No. 4%and No. 5 of the static box through the secondary
disconnects of the breaker. The secondary disconnects to
be used will be shown on the breaker wiring diagram.

No more than one undervoltage tripping device should
be used in conjunction with one static time-delay unit.

The static time-delay undervoltage can also be furnished
with a thermotector control unit. Overheating of motor win-
dings causes the thermotector, imbedded in the motor win-
dings, to open. This de-energizes the undervoltage device
on the breaker and drops the motor load.

7.9.1 ADJUSTMENTS

In the event the system fails, the following checks are
recommended to determine whether the undervoltage
device on the breaker of the static time delay unit is the
faulty component.

1. Check input voltages across terminals 1 and 2 on the
static box. See Table 5 for these values.

2. Check output voltages on terminals 4 and 5 with the
undervoltage device connected. See Table 5 for values.

TABLE 5 TIME-DELAY UNITS

CONTROL APPROXIMATE STEADY STATE NOMINAL DC COIL
VOLTAGE DC OPERATING VOLTAGE RESISTANCE
TERMINALS TERMINALS (OHMS)
CAT. NO. 1&2 4&5 @ 25°C
TAKYUVIT -1 125 VDC 50 440
TAKYUVT-2 250VDC 100 1600
TAKYUVT-3 208/240 VAC 110/125 1600
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3. Check resistance of the disconnected undervoltage
device. See Table 5 for values.

See instruction Sheet GEH-4545 for more detailed infor-
mation, including schematic diagrams and circuit descrip-
tion.

The undervoltage device must be calibrated through the
time-delay unit after the device pick up has been adjusted.
A .008 inch minimum closed gap must exist between the ar-
mature and magnet as shown in Fig. 32C. Refer to Section
7.8.3 and Table 24.

7.10 ELECTRIC LOCKOUT DEVICE

The electric lockout device utilizes an undervoltage
device to keep the breaker from resetting its mechanism if
the breaker is open and the undervoltage device coil is not
energized. The breaker thus cannot be closed unless
voltage is on the.coil. Once the breaker is closed, loss-of
voltage will not trip the breaker because, in the closed posi-
tion, a mechanical link is used to hold down the armature of
the device. See Fig. 33. This arrangement provides a
means of electrically interlocking two breakers so that they
cannot be closed at the same time. Each undervoltage coil
may be wired in series with a “B” auxiliary switch contact
on the other breaker for cross-interlock purposes.

On each breaker having an electric lockout, an arrange-
ment is made which will allow breaker closing with the coil
de-energized. This is provided to allow “start-up’’ on “dead”
systems. Figure 34 shows this device. The push slide
shown is located in the opening in the lower part of{the
escutcheon. This breaker door must be opened tQ,gain
access to it.

MAIN SHAFT
(BREAKER CLOSED)

uv DEVICE
FIG. 34 — ELECTRIC LOCKOUT BY-PASS

26

PUSH
INTO
DEFEAT
LOCKOUT

FIG. 33 — ELECTRIC LOQCKOUT DEVICE

711 BELL ALARM

This device is used to%give a remote indication of the
breaker having tripped, open.through the action'of one of
its automatic protéctive devices. It will not be activated by
manual trippingor the action of the shunt trip. A remotely
mounted pratectiverelay energizing the shunt trip will there-
fore not resultyin‘the remote alarm action.

The bell alarm)circuit may be turned off by pushing in the
manualitrip‘er. by energizing the shunt trip. In the latter case,
a normally, open contact of the bell alarm switch must be
wireéd\in parallel with the “A” auxiliary switch contact in the
shunt-trip, circuit. Closing the breaker will also turn off the
alarm;

JIhe bell alarm device may be equipped with a lockout
link which will lock the breaker open until the bell alarm
device is reset.

The bell alarm is not a standard device and is supplied
only when specified on the breaker order.

7111 OPERATION

Referring to Fig. 35: the bell alarm mechanism is ac-
tivated by a crank which is assembled to the breaker’s main
shaft. When the breaker opens, a pin attached to this crank
moves the alarm link against the switch and locklever (if
provided). This activates the switch contacts. It also moves
the locklever adjustment screw against the trip shaft paddle
keeping the breaker trip free.

SWITCH
LOCKLEVER

ALARM LINK

UPPER LATCH

ADJUSTMENT
SCREW

SIDE LATCH

LATCH ENGAGEMENT
POINT

FIG. 35 — BELL ALARM DETAILS
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The mechanism is reset by disengaging the side latch
link from the upper latch link or by closing the breaker if a
locklever is not provided. The side latch link, is activated
only by pushing the TRIP button or operating the shunt trip.

A slide attachment on the TRIP button shaft moves
against the side latch link when the TRIP button is pushed.
This slide attachment is factory adjusted to activate the
side latch before the breaker is tripped. A second arm on
the shunt trip also activates the side latch link when the
shunt trip is energized.

7112 ADJUSTMENTS

If a breaker is equipped with a bell alarm/lockout device
originally, all the adjustments are made at the time of
assembly. Switch operation is controlled by means of
shims of insulating material placed between the switch
body and the bracket to which it is fastened. The adjust-
ment screw is positioned so that when the locklever is in its
activated position, it holds the breaker mechanism latch in
the tripped position.

Check that TRIP button shaft and shunt trip operations,
besides tripping the breaker, displace the side latch and
prevent the bell alarm switch from operating. The other trip
devices and interlocks must activate the bell alarm when
they open the breaker.

The bracket assembled to the TRIP button shaft must be
adjusted so that it will displace the side latch“whén or
before the shaft opens the breaker. Maintain ay030inch
minimum gap between the bracket and the side lateh,when
the breaker is closed. A .187 inch depression ofithe TRIP
button must not trip the breaker, but a .375%n¢h depres-
sion must trip the breaker and displaceshe side'latch.

W RELAY -

X-RELAY

%

7113 REPLACEMENT

The bell alarm is mounted on the rightdvandside of the
breaker at the rear of front frame. It is located under the
mechanism main shaft.

The bell alarm is removed by passing it through a cutout
in the rear bend of the front frame, slipping it between the
front frame and trip shaft and out through the bottom of the
breaker as follows:

1. Remove the 4 bell alarm“mounting screws from the
bottom of the front frame,

2. If the crank which is patt,of the main shaft has a bell
alarm activating pin assembled to both sides, remove these
pins.

3. Insert the flat‘ef. the Imaintenance handle between the
top of the left jnand side buffer block and the end plate
assembly. This shotild eliminate any interference from the
main shaft during,the bell alarm removal.

4. The trip shaft must be moved to allow the bell alarm to
fit beteen it and'the front frame. Remove the retaining ring
holding,the,right hand trip shaft bearing to the mechanism
ffame. Slide the bearing from the frame and along the trip
shaft. There will now be enough trip shaft movement to slip
the bellalarm past.

5AaInstall the replacement bell alarm in reverse order.

6. Check the adjustments given in Section 7.11.2

A bell alarm with a lockout assembly or a bell alarm in-
stalled on a 2000 amp frame (AKRT 50/50H) breaker may not
work with the above procedure. If this is the case, the
breaker front and back frame will have to be seperated.

712 ELECTRICAL CONTROL COMPONENTS

The operation of the electrical control components is
described in Section 5.2. The location of these components
is shown in Fig. 36A.

CHARGING
MOTOR

G SWITCH

F SWITCH

1 7 RS

FIG. 36A — ELECTRICAL CONTROL COMPONENTS
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7121 COMPONENT REPLACEMENT

To gain access to the electrical control components,
the breaker’s front escutcheon must be removed. Type B
and D breakers require that both the deep molded escut-
cheon and the shallow steel escutcheon be removed.
Before removing the front escutcheon on Type A or B
breakers, a supporting block should be placed under the
front frame to keep if from tipping forward.

Referring to Fig. 36A, the X-relay or K-relay and F and G
switches are mounted on the same bracket. This mounting
bracket is fastened to the right-hand mechanism side frame
by two hex-head 1/4-20 screws. Removing these screws
allows the bracket to be pulled forward from between the
mechanism side plates. The W-elay must also be un-
fastened from the left side frame to allow enough freedom
for all the devices and the wiring harness to be taken from
between the side frames. With the bracket removed, in-
dividual devices can be replaced easily.

The closing solenoid is mounted by means of mounting
bracket to the bottom of the breaker frame. The most con-
venient way to take off the solenoid is to remove the moun-
ting bracket and then disconnect the solenoid from the
bracket. The pin connecting the armature to the closing
link must also be removed.

The charging motor is secured through three spacers to
the mechanism frame. The front mounting bolt is accessi-
ble using a socket and universal joint through the opening
in the side of the breaker frame. The upper rear mounting
bolt is accessible using a socket and universal joint over
the top of the frame. The lower rear mounting bolt is,ac-
cessible using a socket and universal joint through the
opening in the frame side by the buffer assembly. #Slow-
close the breaker to move the flywheel assembly out of the
way.

The ratchet on the camshaft is removed, by 'driving out
the roll pin which fastens it to the camshaftyBefore this
can be done, the charging motor must be removed,and the
closing spring arranged for “slow-closing™%as described
earlier. Turn the camshaft, using the maintenance handle,
until the roll pin is well situated, turnsthe camshaft to gain
enough space for the roll pin to clear thebreaker frame.
Before removing the ratchet note, thesposition of the
ratchet roller or mark the ratchet hdb and the camshaft.

When replacing the ratchety beusure it is oriented with
respect to the camshaft@as it was@riginally and not displac-
ed 180 degrees. Alignithe mark made on the hub with the
mark on the camshaft orpesition the roller as it was. If the
ratchet is displaced 180 degrees, the holes in the ratchet
hub will not completely line up with the holes in the cam-
shaft.

The driving pawl is assembled to the charging motor
drive pin as sliewnin Fig. 36B. Toreplace the driving pawl:

1. Remove, the charging motor.

2. Remove the'retaining ring from the drive pin. Slip off
the components.

3..Wipeoff any grease or dirt from the drive pin. DO NOT
LUBRICATE.

4."Install the components as shown.
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1. RETAINER RING
2. WASHER .010% 5. WASHER .032"
3. PAWL ASM 6. MOTOR DRIVE PIN

FIG. 36B — DRIVING PAWL ASSEMBLY DETAILS

4. SPRING WASHER

The helding‘pawbpivots on a pin which is assembled to
the mechanismaframe. Refer to Fig. 36C. To replace the
holdingpawl:

1. Removeythe front escutcheon for accessibility.

2. Using the maintenance handle, rotate the ratchet
enough te disengage the holding pawil.

3. Remove the retaining ring and washer from the pivot

pin.

4. While holding the spring pressure from the holding
pawl, remove the existing pawl and slip on the new pawl.

5. Install the washer and retaining ring.

6. Verify that the holding pawl engages a minimum of 4
ratchet laminations.

7. Verify that the holding pawl pivot pin is perpendicular
to the mechanism frame. The hardware which assembles
the pivot pin to the frame must be torqued to 250 in-lbs
minimum. [f this hardware must be retightened, add LOC-
TITE 290 to the shaft threads.

8. Install the front escutcheon. Tighten the escutcheon
hardware to 80 + 10 in-Ibs.
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1. MECHANISM FRAME 5. PAWL ASM
2. PIVOT PIN 6. WASHER .010”
3. SPRING 7. RETAINING RING

4. WASHER .032"
FIG. 36C — HOLDING PAWL ASSEMBLY DETAILS



7.12.2 F AND G SWITCH ADJUSTMENT

For proper electrical operation, the F and G mechani-
cally operated switches must operate at the proper point in
the closing cycle. If these switches are to be replaced,
measure the distance between the tip of the switch button
and the bracket on which they are mounted. When the new
switch is mounted, duplicate the measured dimension,
then check for proper operation.

When a normal closing operation occurs, the ratchet
usually comes to a stop with an arbitrarily designated
ratchet tooth No. 1, Fig. 37, engaged by the holding pawl.
This tooth is the one which is in line with an imaginary
line passing through the centers of the camshaft and the
rivet opposite the roller on the ratchet assembly. Itis a
matter of no concern if the action stops on a different
tooth, but it is important to positively identify tooth No. 1
by the method described.

To check the switch action, after tooth No. 1 has been
identified, turn the camshaft with the maintenance handle
and count the teeth asthey passthe holdingpawl. By using
a continuity tester, observe when the switches operate as
the ratchet turns. The normally open F switch on the left will
close, and the G switch will open.

Electrical breakers should operate the switches while
moving from tooth No. 10 to tooth No. 11.

If this check shows that an adjustment is needed, the
switch to be corrected can be moved closer to or farther
away from the paddle which operates the switches, Awery
thin open-end 5/8-inch wrench will be needed to |[eosen) or
tighten the nuts which fasten the switches to thé'bragket.

7.13 DRAWOUT MECHANISM

The drawout mechanism shown in Fig. 38 moves the
breaker through the DISCONNECTED, TEST{and CON-
NECTED positions. Fig. 39 shows how the“drawout
mechanism is mounted to the breaker.

As the racking handle is turned, the internally threaded
trunnion moves on the screw jthreads, rotating the hex
shaft, on the ends of which are‘fastened the arms which
engage the fixed pins in the drawoutienclosure.

The trunnion travels between the two jamb nuts on the
end of the screw, and thefadjustment sleeve, which stops
the trunnion movement athe) other extreme point of its
travel. The trunnien isyagainst the jamb nuts when the
breaker is fully yacked outyand against the sleeve when
fully racked in;

The racking mechanism is adjusted at the factory as-
sembly operation so that the action is stopped in either
direction at the precisely correct point. The jamb nuts are
set so that when4he trunnion is against them the relation
betweenthe arms and the equipment pins they engage is
shownlin,Fig. 38. The length of the sleeve, which is free to
slide,on‘the threaded shaft, is controlled by the amount of
thread engagement between the sleeve and its collar. This
length is adjusted to stop the trunnion when the distance
between the ends of the equipment and breaker studs is
082" to .218". After this adjustment is made, the sleeve
and its collar are locked together by the set screw.

—-NO. 1 TO®TH

FIG. 37 — LOCATION OF RATCHET TOOTH
NO. 1
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7.14 BUFFER ASSEMBLY

When the breaker is closed, the energy in the closing When the breaker is opened, the end plate assembly is
spring is transferred to the main shaft through the driven against the opposite end of the buffer assembly.
mechanism. The main shaft then drives the contacts = The buffer is a stop absorbing the opening energy of the
closed. The end plate assembly on each end of the main mechanism. See Fig. 41.
shaft is driven against the buffer assembly shown in Fig.

40. This prevents the mechanism from overdriving the
contacts.

END PLATE

.005 MIN.

o

FIG. 41 — BUFFER/END PLATE RELATIONSHIP—BREAKER OPEN
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7.14.1 BUFFER ADJUSTMENT

Referring to Fig. 40, with the breaker closed and the WASHERS
mechanism not reset, a .005" clearance must exist be- : D
tween theend plateassembly and the buffer nutas shown. ' o
This dimension is factory set. It can bereset by tightening
the buffer nut. Hold the nut with a screwdriver and tighten
using a socket on the bolt head opposite the nut. When
tightening this assembly don’t over compress the neo-
prene washers by overtightening the assembly. These
washers absorb the breaker opening shock.

Referring to Fig. 41, with the breaker open, a .040”
maximum clearance can exist between either of the end
plate assemblies and the buffer bolt heads as shown. If
a larger clearance exists, close it up by unscrewing the
buffer assembly involved.

Fig. 42 shows a buffer assembly prior to being installed
in a breaker. The dimensions given establish the number of
spacers that are used.

7.15 TRIP LATCH ADJUSTMENT

The reset position of the trip latch is set by the adjust- i~ 1.93 ]
ment screw shown in Fig. 43. The adjustment is correct if
three and one-half turns of the adjustment screw causes a FIG. 42 — BUFFER ASSEMBLY

closed breaker to trip. If this check is made, the screw must
then be set back, or unscrewed, three and one-half turns.

FIG. 43 — TRIP LATCH ADJUSTMENT
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Breakers subjected to frequent interruption of high cur-
rentsmay eventually require replacement of their contacts.
The general rule for determining need of replacement is
the loss of one-half or more of the mass of the contact tip
material. Roughening or light pitting of the contact surface
does notindicate loss of ability to carry orinterrupt current.

When contacts are replaced, they must be adjusted to
ensure that the proper amount of force is developed be-
tween the movable and stationary contacts when the
breaker is closed. This is called the “wipe” adjustment.
“Wipe is the distance through which the stationary con-
tacts move when the breaker closes. It is measured bet-
ween the point of contact on a stationary contact when the
breaker is open, and the position of the same point when
the breaker is closed. The actual wiping motion is greater
because the contacts over-travel. “Wiping” imparts a slid-
ing or ‘“‘scrubbing’ action to the contacts.

The wipe adjustment influences proper arc transfer dur-
ing interruption of fault currents. “Transfer” of the arc is its
forced sequential movement from the intermediate con-
tacts to the arcing contacts to the arc runner and finally to
the arc quencher where it is dissipated and extinguished. It
is recommended that contact wipe be checked periodically
during normal maintenance inspections.

CAUTION: BEFORE DOING ANY OF THEWROL-:
LOWING CONTACT ADJUSTMENT AND. RE-
PLACEMENT WORK, MECHANICALLY 'DIS-
CONNECT THE CLOSING SPRINGgEROM’ THE
MECHANISM CAM SHAFT AS,DESCRIBED UN-
DER SLOW CLOSING THE BREAKER, SECTION
7.4

8.1 ARC CHUTE REMOVAL
AND INSPECTION

There are two types of arc chute construction used on
the 800 thru 2000 ampere breakers. They are the ceramic
type shown in Fig. 5 and the molded type shown in Fig. 6.
The ceramic type uses a two piece percelain frame to
enclose its internal parts. Thegmolded type uses a one
piece, glass-filled polyester frames

The 800 ampere arc chutehis différent from the 1600 and
2000 ampere arc chute, whiech are identical. Therefore, the
800 ampere arc chute(cannatr be interchanged with the
1600/2000 ampere arcichute. 4Also note that a breaker must
have either all ceramic oRall molded type arc chutes install-
ed, do not intermix'op, the same breaker.

The arc chutes argheld in place by retainers secured by
bolts through the mechanism frame. The ceramic type
uses two retainerstand the molded type uses only one.

Togemave the“arc chutes:
1. Leosen and back off the retainer bolt locking nut from
the, mechanism frame. They do not have to be removed.

2nLoosen the retainer bolts until the retainer(s) can be
removed.

3.'With the retainer(s) removed, lift the arc chutes off for
iAspection.

Inspect each arc chute forexcessive burning and erosion
of the arc plates and arc runner. Also look for fractures,
damage to the liner material used in the molded arc chute
and damage to the insulation material used in both arc
chutes. Check for any missing parts.

To install the arc chutes:
1. Replace the arc chutes over each pole unit.

2. Locate the retainer(s).

3. Tighten the retainer bolts until the arc chutes are
secure. There may be some side to side motion of the arc
chutes, but there must not be any front to back motion.
Torque the retainer bolts to 30 in-lbs for the molded type arc
chutes and 60 to 100 in-lbs for the ceramic type. Do not
over tighten.

4. Tighten the locknuts against the mechanism frame
with 150 to 175 in-lbs torque.

33



SECTION 8—Contact Maintenance (Cont.)

8.2 CONTACT ADJUSTMENT —
AKR 30/30H & AKRU 30

The contact structure of the AKR 30 and the AKRU 30
breakers is slightly different from the AKR 30H. Referring to

Fig. 44 A & B, both structures use one moveable contact /&\ CONPACT WIPE
arm, and two stationary arcing contacts. However, the ADJUST GAP AT | ——— ADJUSTMENT
AKR/AKRU 30 uses three stationary main contacts and the MEASUREMENT SCREW
AKR 30H uses four. 060 = 020"

The following wipe adjustment procedure is applicable l

to all AKR-30/30H & AKRU-30.
1. Open the breaker, remove arc quenchers.

2. Slow-close the breaker. The cam roller must be sup- 4 UPPER CONTACT

ported by the cam and not the prop. Refer to section 5.3.
PIVOT

3. Select one pole and, using a flat or wire feeler gage, STUD m

measure the gap between the top contact and its pivot stud -
as shown in Fig. 45. As necessary, adjust the gap to 0.060
+ 0.020 inch by turning the wipe adjustment nut shown in
Fig. 45 & 46. FIG.45% WIPE ADJUSTMENT 800 AMP

4. Once the gap dimension is set, verify that the torque CONTACT STRUCTURE
required to just turn the adjustment nut is greater than 40
in-Ibs. If less torque is required, carefully add LOCTITE
220 or 290 to the adjustment nut threads. Wipe off any
excess LOCTITE. Once the LOCTITE is set, recheck the
torque (value up to 40 in.-Ibs.) but do not break loose.

0.250” MEASUREMENT POINT

5. Repeat above procedure on the other pole units.
6. Trip the breaker.

" RETAINER
QUPLING PIN§

FIG. 46 — WIPE ADJUSTMENT NUT—800 AMP CONTACT STRUCTURE
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B

CONTACT
SPRING

| STATIONARY ARCING
CONTAET

ol STATIONARY MAIN
CONTACT

MOVABLE
CONTACT
ARM

STATIONARY ARCINGES
CONTACT

: , : STATIONARY MAIN
MOVABLE ; ; PN B CONTACT
B CONTACT - ‘ - ~
ARM

FIG. 44B — AKR 30H
800 AMP CONTACT STRUCTURES
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83 CONTACT ADJUSTMENT —
AKR 50/50H & AKRU 50

The contact structure shown in Fig. 47 is used by all
AKRS0 breaker types. This structure uses two movable
contact arms. Each arm acts against a stationary arcing, a
stationary intermediate and three stationary mains.

The following procedure is used to perform the wipe ad-
justment.

1. Open the breaker, remove arc quenchers.
2. Arrange the breaker for slow-closing.

3. Selectone pole of the breaker and place a thin sheet
or strip of tough insulating material, such as mylar, over the
stationary arcing and intermediate contacts. This strip
should be about two inches wide and must prevent the
arcing and intermediate contacts from making contact
when the breaker is closed.

4. Using the ratcheting-maintenance handle, slow-close
the breaker with the insulation held in place. Examine the
insulation to make sure it “over-hangs” below the in-
termediate contacts, but not enough to cover the main con-
tacts.

STATIONARY MAIN
CONTACTS

MOVABLE ARCING
CONTACT

5. Attach a continuity checker (bell-set, light, or ohm-
meter) between the upper and lower stud. The checker
should indicate continuity exists.

6. Facing the breaker, turn the wipe_adjustment stud
shown in Fig. 47 clockwise until the checker indicates that
the main contacts are separated.

7. Turn the stud counter-clo¢kwise, until the main con-
tacts just touch.

8. From this point, advance‘the stud counter-clockwise
270 degrees. This will be 451/2 flats.

9. Once the adjustmentis,complete, verify that the torque
required to just turn the adjustment nut is greater than 40
in-Ibs. If less torquéfisirequired, carefully add LOCTITE 220
or 290 to the adjustmentnut threads. Wipe offany excess
LOCTITE. Once the LOCTITE is set, recheck the torque
valve.

10. Tripthe br&aker, remove the insulating strips.
11. Repeat the above procedure on the other two poles.

FIG. 47 — 1600 AMP CONTACT STRUCTURE
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8.4 CONTACT ADJUSTMENT—
AKRT 50/50H

The contact structure shown in Fig. 48 is used by all
AKRT 50breakertypes. This structure is similar to the AKR
50 structure. There are two movable contact arms, each
acting against single stationary arcing and intermediate
contacts and four stationary mains.

There are two designs used to connect the movable
contact arms to the insulated link. This results in two con-
tact adjustment procedures depending on which design
the breaker has.

In the original design the two movable contact arms are
pin-coupled to a metal driving link whose opposite end is
threaded and screws directly into the insulating link. This
arrangement omits the wrench-operated wipe adjustment
stud provided onthe AKR-30 and-50 frames. Instead, wipe
is adjusted by detaching the driving link from the movable
contact arms and then rotating it with respect to the insulat-
ing link.

On the AKRT-50 the proper amount of contact wipe
exists if, on a closed breaker, all of the stationary main
contacts have moved away from their stops. This condition
can be checked visually by removing the arc quenchers,
closing the breaker and verifying that all eight stationary
main contacts are “lifted off” their stops. Should wipe ad-
justment appear necessary, proceed as follows:

STATIONARY
INTERMEDIATE

CONFACTS

STATIONARY
MAIN
CONTAGTS

MOVABLE
ARCING
CONTJACTS

WIPE
ADJUSTMENT
NUT

1. Open the breaker.
2. Arrange the breaker for slow-closing.

3. Selecting one pole, drift out the coupling pin and
detach the driving link from the movable contact arms.

4. Screw the driving link completely into the insulating
link.

5. Back out the driving link two_and one-half turns. Ex-
ceed this by whatever amountyis necessary to properly
position the link within the moevable contact arms.

6. Install the coupling pin.and retainer rings.

7. Using the maintenance handle, slow-close the
breaker and obsenve thatall eight stationary main contacts
move away from their stops. If this condition is not
achieved, open the breaker, again remove the coupling pin
and back olt the driving link an additional half turn.

8. Reassemble, reclose the breaker and recheck wipe.
9. Repeatithe above procedure on the other two poles.

Inithe "existing design, the metal driving link uses the
same adjustment as the AKR 50. To perform the wipe
adjustment on this design follow the procedure for the AKR
50, Section 8.3.

STATIONARY
ARCING
CONTACTS

FIG. 48 — 2000 AMP CONTACT STRUCTURE
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SECTION 8—Contact Maintenance (Cont.)

8.5 STATIONARY CONTACT
IDENTIFICATION

The stationary arcing, intermediate, and main contacts
each have a different function during current conduction
and current interruption. For this reason, these contacts
are made using different material compositions. Also, the
different functions require that the contacts be replaced in
configurations shown in Figs. 44, 47 or 48.

Fig. 49 shows the stationary contacts and how they
differ from one another. The 800 amp main and arcing
contacts are rectangular, but the arcing contacts have
two of their corners notched. The 1600/2000 amp main
and intermediate contacts are rectangular, but the main
contacts have two of their corners notched. The inter-
mediate contacts have all four corners notched.

1600/2000 AMP
MAIN

1600/2000AMP
INTERMEDIATE

FIG. 49 — STATIONARY CONTACT CONFIGURATION
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8.6 CONTACT REPLACEMENT—
AKR 30/30H & AKRU 30

Refer to Stationary Contact Identification, Section 8.5
before replacing any stationary contacts.

The stationary contacts are held in place by the contact
springs which pivot the contacts against the contact stop,
refer to Fig. 45. To replace contacts:

1. Remove the arc runner. It is secured by two screws
into the base and one screw into the contact stop.

2. Release each contact spring by holding the contact,
extending the spring, and removing it from the contact. The
end pieces on each spring have a small hole for inserting a
spring puller. A suitable puller can be fashioned by forming
a hook on the end of a length of .062"” diameter steel wire.

A spring puller is available for this use and may be
ordered under Cat. No. 286A8168GH1.

3. Clean off the existing lubrication on the stud’'s pivot
area. Replace with a small amount of DSOHD38 (MOBIL
28) before installing new contacts.

4. Torque the upper arc runner mounting screws to 45
+ 5 in-Ibs. Torque the lower screw to 35-40 in-Ibs.

The movable contacts are removed as follows, referring
to Fig. 46.

1. Using a right angle tru-arc pliers, remove the tru-arc
retainer on the coupling pin. Drift out the coupling pin.

2. Remove the pivot pin hardware and spring from gne
side of the pivot pin. Carefully remove the pivotpin.

3. Slip out the contact arm.

4. Place a thin film of D5SOHD38 lubricatiomyon‘the pivot

surfaces of the new arm. Clean any existing lubrication
from the pivot pin and place a small amouptiof DSOHD38
on it.

5. Install the new arm, insert the pivet pin,“and replace

the pivot spring and hardware. Tightenthe pivot pin hard-
ware to 90 = 5 in-Ibs.

6. Install the coupling pin and tgu-arc retainer.
7. Make the contact adjustment as‘per section #8.2.

8.7 CONTACT REPLACEMENT—
AKR 50/50H, AKRU 50 & AKRT"50/50H

Refer to Stationary Contact Identification, Se¢tion 8.5,
before replacing any stationary contacts.

The stationary intermediate and main €ontacts are
replaced just like the stationary contacts/on the 800
ampere breakers. Refer to steps 2 & 3 in Section 8.6

Referring to Fig. 50A, 50B & 50C, thestationary arcing
contacts are replaced as follows.

1. Remove the arcgrunnerf and the flat insulation
assembled underneath theyarcardnner. It is secured with
four screws. When removingithe lower screws, use care
not to damage or misplacexthe insulating washer found
under each of these,screws, see Fig. 50A.

2. Remove th&yArcingicontact pivot. Clean off the exist-
ing lubricationgfoundson the pivot area. Replace with
D50HD38 (MOBILW28), see Fig. 50B.

3. Remove the,insulating spacers, contact pin and arc-
ing contacts; see Fig. 50C.

4. Reassemble the reverse of above. Make sure that the
insulating spacers and insulating washers are properly in-
stalledm Torque the arc runner hardware to 45 + 5 in-Ibs.

TheY¥movable contacts are removed in a similar manner
as the 800 ampere breaker movable contacts. Refer to
Section 8.6. When removing the pivot pin from a 2000
ampere (AKRT 50/50H) contact assembly, the pivot pin
from the opposite contact assembly must be slightly
removed. This provides enough clearance to completely
remove the pivot pin.

INSULATING
WASHER

INSULATING
WASHER

LA -
oY
i

L/} ;

ARC RUNNER

FIG. 50D —

STATIONARY CONTACT —1600/2000 AMP
REPLACEMENT CONTACT STRUCTURE
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SECTION 8—Contact Maintenance (Cont.)

INSULATING
SPACERS

FIG. 50B — ARC RUNNER REMOVED FIG. 50C — ARCING CONTACT
PIVOT REMOVED
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SECTION 9—Fused Breakers

There are two types of fused breakers; AKRU 30, 800
ampere frame and AKRU 50, 1600 ampere frame. Except
for the open fuse lockout device and the integrally-
mounted fuses on the upper studs, the AKRU-30 and -50
breakers are identical to the unfused AKR-30 and -50
models. Overcurrent trip devices are the same for both
types.

9.1 FUSE SIZES AND MOUNTING

Table 6 lists the range of fuse sizes available for these
breakers. The Class L fuses are mounted as shown in Fig.
51. Other than the 800A size, which has a single mounting
hole pertang, eachClass L fusetanghas two holes sized
for one-half inch diameter bolts.

Class J fuses rated 300 thru 600A have one mounting
hole per tang. The 300, 350 and 400A sizes require copper
adapter bars per Fig. 52.

All ¥2-13 fuse mounting bolts should be torqued to 200-
350in.-Ib. The %s-11 bolts which attach the C shaped fuse
adapters to the breaker studs should be torqued to 300-
525 in.-Ib.

FIG. 51 — TYPICAL MOUNTING CLASS L
FUSES

9.2 SPECIAL 2500A FUSE FOR\AKRU-50

This fuse provides a melting time-current characteristic
that coordinates with 1600A trip devicesgCompared physi-
cally with a 2500A NEMA Class, L fuse, the special fuse is
more compact (shorter); its tangssare specially configured
and offset to achieve thérequifed pole-to-pole fuse spac-
ing; a special primary disconnect'assembly mounts directly
on the outboard tang ofithenfuse. Considering their unique
mounting provisions, when replacing these fuses the fol-
lowing procedure should befadhered to (Refer to Fig. 53):

a) Remove the'primary disconnect assembly from the
fuse tang, accomplished by first loosening the two keys
via their holding screw and pulling them upward and out.
After the keys areremoved, pull the disconnect assembly
off the end ,0fthe fuse tang.

NOTE: ‘This removal does not disturb the
discennect’s clamping force adjustment.

b), Rémove the upper barrier.

¢) Detach the inboard end of the fuse by removing the
two1/2 inch — 13 bolts. A ratchet and socket with a short
extension will be requied.

d) Remove the heat sink.
e) Remove the fuse.

f) Install the new fuse by reversing the disassembly
procedure. Ensure that the mating faces of the fuse and
heat sink are clean.

ADAPTER BARS (COPPER)

FIG. 52 — 300 THRU 600 AMP CLASS J
FUSE MOUNTING
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SECTION 9—Fused Breakers (Cont.)
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. Special 2500A Fuse
. Disconnect Key
. Heat Sink

4. Upper Barrier
5. Primary Disconnect

FIG. 53 AKRU 50 WITH SPECIAL
2500 AMP FUSE

CAUTION: WHEN REPLACING THE FUSE IN THE
LEFT POLE (FRONT VIEW) OF THE BREAKER,;
NOTE PARTICULARLY THAT THIS FUSE_IS
MOUNTED DIFFERENTLY THAN THE OTHER TWO
FUSES. AS SHOWN IN FIG. 54, FOR THIS PHASE
THE FUSE IS ROTATED 180 DEGREES/ABOUT
ITS AXIS SO THAT ITS INBOARD TANG)IS
POSITIONED BENEATH THE BREAKER "STUD.
THIS TANG IS OFFSET WITH RESPECT TO THE
OPPOSITE END SO THAT ROTATING THE FUSE
DOES NOT ALTER THE POSITION OF THE PRI-
MARY DISCONNECT.

FRONT OF BREAKER JFOR THIS POLE ONLY,

FUSE TANGS FUSE IS ROTATED 180"
BREAKER  pOSITIONED ON TOP TO POSITION TANG
STUD OF BREAKER STUD BENEATH BREAKER STUD
ST A 0909 \\\\\\“\5\%
e S8 L ONEC J
TTANG BOLT: 2500A. FUSE
HOLES. CAT. NO.
IN USE GFI9F2500 AK
O ® ® ® ®

\
PRIMARY DISCONNECT ASSEMBLY (SEE FIG. 53)
MOUNTS DIRECTLY ON OUTBOARD FUSE TANG

FIG. 54
AKRU 50—2500A FUSE TANG POSITIONS

TABLE 6
FUSES FOR AKRU BREAKERS
NEMA Gould Shawmut
Fuse Breaker Cat. Nos.
Class Type Ampere
600V AKRU- Rating L
60 Hz 30 50 Fuse Limiter
A — 300 A4J 300 —
— 350* A4J 350 —
J — 400* A4J 400 —
A 450 A4J 450 -
500 A4J 500 —
600 A4J 600 —
800 A4BY 800 A4BX 800
1000 A4BY 1000BG A4BX 1000BG
L 1200 A4BY 1200BG A4BX 1200BG
v 1600 A4BY 1600BG A4BX 1600BG
_ 2000 A4BY 2000BG A4BX 2000BG
Special — \" 2500 - A4BX 2500GE

*“Mounting adapter required — see Fig. 52



SECTION 9—Fused Breakers (Cont.)

9.3 OPEN FUSE LOCKOUT DEVICE

This device automatically trips the fuse breaker if one of
the fuses opens. When this happens, the breaker is locked
open until the reset button of the phase involved is pushed.
The breaker should not be reclosed, of course, until the
opened fuse is replaced.

Type D breakers use the Open Fuse Lockout (OFLO)
shown in Fig. 55. Type A and B breakers use the OFLO
shown in Fig. 56A & 56B. Both OFLO’s work on the same
design. When the fuse opens, the resulting open circuit
voltage activates the OFLO phase solenoid when the
voltagelevelreaches approximately 90 VAC (the functional
test in the factory is accomplished using 120VAC). The
solenoid armature then drives a tripping rod against a trip
paddle which is attached to the trip shaft. This causes the
breakerto open. The armaturealsodrives thereset button
forward indicating what phase is involved. The reset
button linkage also holds the tripping rod against the trip
paddle. The button must be pushed in to release the
tripping rod.

9.3.1 TYPE A AND B BREAKER OFLO
ADJUSTMENT

To adjust the Type A and B breaker OFLO (Refer to'Fig
56A):

a) Back off tripping rod so that it will not ‘hit, the trip
paddle when a solenoid is activated.

b) Using the maintenance handle, closesthe breaker.

¢) Manually close the Left pole armature”Screw tripping
rod forward until it moves the trip paddle enodgh to open
the breaker. Add two full additional turns.

d) Close the breaker.

e) Manually close the Leftypole“armature again. The
breaker must open and the resetybutton pop out. In this
condition close the breakerf it should trip-free.

f) Reset the OFLO, the,breaker must now be able to
close.

g) Repeat forCenter and’Left poles.

h) Check fara .125” minimum clearance between trip-
ping rod and tripgpaddie with the OFLO reset. Check for
.032” minimum overtravel after tripping rod trips breaker.

i) Hold tripping rod in position and tighten its locknut.

FIG. 55— TYPE D BREAKER OFLO DEVICE

9.3.2 TYPE D BREAKER OFLO
ADJUSTMENT

To adjust the Type D breaker OFLO:

a) With the breaker in the CLOSED position and the
OFLO reset, adjust the dimension between the end of the
tripping rod and the trip paddle to .100" — .140".

b) With the OFLO energized, the breaker must TRIP
and the RESET button must move forward to the front
plate. In this condition, the breaker must be held trip-free.
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SECTION 9—Fused Breakers (Cont.)

TRIP
PADDLE
TRIPPING
ROD
SOLENOID

ARMATURE RESET
BUTTON

FIG. 56A—DETAILS

¥

E A 1 "
GENERAL G5 RLECTRIC
FUSED

VOLTASE POWER CIBCUST BREAKER
[ ERECTN

AKREmSASTOmL

13384364
il

¥

FIG. 56B—INSTALLED TYPE A OR B BREAKER OFLO DEVICE

44



SECTION 10—Type SST Overcurrent Trip Device

The SST is a solid-state, direct-acting, self-powered trip
device system. The SST system consists of the SST pro-
grammer unit, current sensors, and a flux shifter trip de-
vice. Fig. 57 shows a block diagram of the system.

10.1 PROGRAMMER UNIT

Fig. 58 shows a typical SST programmer unit. The pro-
grammer unit provides the comparison basis for overcur-
rent detection and delivers the energy necessary to trip the
breaker. It contains the electronic circuitry for the various
trip elements. Their associated pickup and time delay ad-
justments (set-points) are located on the face plate. De-
pending on the application, programmer units may be
equipped with various combinations of Long Time, Short
Time, Instantaneous and Ground Fault trip elements. See
Table 7 for available ratings, settings and trip characteris-
tics. Adjustments are made by removing the clear cover
over the face plate, unscrewing (counter-clockwise) the
set-point knob, moving the set-point along the slot to the
new setting, and screwing the set-point knob in. Once all
adjustments are made, install the clear cover to the face
plate.

The SST programmer units can be optionally £quipped
with trip indicators (targets). These are pop-out{ me-
chanically-resettable plungers located across theftop of
the programmer’s front. Units with a ground fauit element
employ three targets: from left to right, the fisstis fosover-
load, the second for short circuit (actuated by the'short time
and instantaneous elements) and the thirdfor@round fault.
The latter is omitted on units without ground, fault.

(

SOLID
STATE
SWITCH

TRIP COIL

g) “FLUX SHIFT”

OVERLOAD
TARGET

LONG TIME 1
DELAY

™ I

1

LONG SHORT TIME
TIME PICKUP & T

RICKUP DELAY
| SHORT
Teimcuir
1 o] | TARGET

S !
|

DIFFERENTIAL INSTANTANEOUS
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1 @— K F—
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GROUND FAULT i
PICKUP & DELAY

|
} |
|
PROGRAMMER UNIT |

ad

LOGIC
“QOR""

fan N S

WHEN
USED

REGULATED
48 YDC
POWER'SUPPLY

T T T T T T T TaET
-

FIG. 57 — SST BLOCK DIAGRAM

Each target pops out when its associated trip element
operates to trip the breaker. After a trip, the popped target
must be reset by hand. However, neglecting to reset does
not affect normal operation of any trip element or prevent
the breaker from being reclosed.

The programmer unit is mounted to the lower right of the
breaker as shown in Fig. 59. The bracket attached to the
top of the programmer, see Fig. 58, engages with a bracket
mounted to the underside of the breaker’s front frame.

TABLE7 SST TRIP CHARACTERISTICS

X = Trip Ratifg SST PROGRAMMER ADJUSTMENT RANGE (Set Points)
ingA mperes
P = Sensor, Tap Long Time Short Time GROUND FAULT
rame
Breaker Size ||~ W2 T~ Instantaneous
Type | (Amperes) Sensor Pickup (=L)[  Time Pickup Time Pickup Pickup Time
Ampere ) Delay Delay Delay
Taps (Mulliple) Band (Multiple) Band @ (Multiple) (Multiple) Band @
of X (Seconds) of L (Seconds) of L of X (Seconds)
100, 150, 225, 300 3,4,5, 4, 5, .6,
AKR-30 800 —or— 6,8,10 (L) .8, 1.0,
300, 400, 600, 800 1.2 (X)
Maximum Maximum Maximum
.6, .7, .8, 22 —or— 0.35 4, 5, 6, 0.30
300, 400, 600, 800 9, 1.0, 8,10, 12 (L) | .25, .3, .4,
AKR50 o 1600 —or— 11(X) I"‘el'g‘“‘- 175, 2, I“‘S"z"led' 5, .6, I"B"’l'ggd'
600, 800, 1200, 1600 225,25, ) 7(X) o
Minimum 3,4 (L) | Minimum Minimum
4 0.095 0.065
800, 1200, .2, .25, .3,
AKRT-50 | 2000 1600, 2000 4, .5,
.6 (X)

(@ Pickup tolerance is + 9%
@ Pickup tolerance is + 10%

@ Time delay shown at 600% of long time pickup setting (6L), at lower limit of band.
@ Time delay shown at lower limit of band.
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SECTION 10—Type SST Overcurrent Trip Device (Cont.)

MOUNTING
BRACKET
™~
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FIG. 58 — SST PROGRAMMER

i

FIG. 59 — AKR-5B-30
10.2° CURRENT SENSORS

The SST system uses two types of current sensors, a
phase sensor and a neutral sensor. Fig. 60 shows a phase
sensor. Fig. 61 shows the neutral sensors available. The
current sensor supplies the power and signal inputs
necessary to operate the trip system. Each sensor has four
taps which provide field adjustment of the trip device’s
continuous ampere rating.

The SST Ground Fault trip element operates on the
principle that the instantaneous values of current in the
three conductors (four on 4-wire systems) add to zero
unless ground current exists. On SST’s equipped with
Ground Fault, the ground trip signal is developed by con-
necting each phase sensor in series with a companion
primary winding on a ground differential transformer
mounted in the programmer unit. Its secondary output is
zero so long as there is not ground current.

Application of the Ground Fault element on 4-wire sys-
tems with neutral grounded at the transformer requires the
additional, separately mounted neutral sensor (Fig. 61)
inserted in the neutral conductor; its secondary is con-
nected to a fourth primary winding on the ground differen-
tial transformer. See Fig. 70. This “fourth-wire” neutral
sensor is an electrical duplicate of the phase sensor, in-
cluding taps. Therefore, when taps are changed on the
phase sensors, those on the neutral sensor must be cor-
respondingly positioned.

When used, the neutral sensor is separately mounted in
the bus or cable compartment of the switchgear. In draw-
out construction, its output is automatically connected to
the breaker via secondary disconnect blocks. See Fig. 62.



FIG. 60 — SST PHASE SENSOR
WITH TAP BOARD

600 - 1600 A

300-800 A

100 - 300 A

FIG. 61 — SST NEUTRAL SENSORS

REARMVIEW
AKR -50

BREAKEF -
MOUNTED

EQUIPMENT -
MOUNTED

\

SHORTING
STRAP

FIG. 62 — NEUTRAL SENSOR
SECONDARY DISCONNECT
BLOCKS
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10.2.1 REPLACEMENT OF CURRENT
SENSORS

Referring to Fig. 63, replacement of individual SST
current sensors is accomplished as follows:

a) Disconnect the breaker harness from the tap ter-
minal board, removing cable ties as necessary. Un-
fasten the terminal board from the breaker base.

b) At the rear of the breaker, remove the two Allen
head screws to separate the stud connector from the
contact pivot block.

c) Loosen the clamping bolt and remove the stud
connector. Lift out the sensor and its tap terminal
board.

The sensor may be prevented from slipping off the
sensor stud by adjacent accessories. If this exists,
the sensor stud must be removed from the breaker
base. The stud assembly is secured to the base with
four bolts which are accessible from the rear of the
breaker.

. Flux shift Trip Device
. Allen-head Screws
Stud Connector
Current Sensor

1
2
3.
4

d) When replacing the stud connector, tightenythe
Allen head screws to 250 + 10 in-lbs. Tighten dhe
clamping bolt as follows:

AKR 30/30H — 120 = 10 in-Ibs
AKR 50/50H — 470 = 10 in-Ibs
AKRT 50/50H — 470 = 10 in-lbs

10.3 FLUX SHIFT TRIP DEVICE

The Flux Shift Trip device is“ay,loW-energy, elec-
tromagnetic device which, gpon receipt of a trip
signal from the programmer unit, trips the breaker by
actuating the trip shaft.

The mounting arrangément of this component is il-
lustrated in Figs. 64 and,65An electromagnetic ac-
tuator located on the\underside of the front frame is
coupled to the breaker's,trip shaft via a trip rod driven
by the actuator arm{ The actuatoris a solenoid whose
armature isi\spring-loaded and held in its normal
(Reset) positioniby a'permanent magnet. In this state
the spring,is compressed.

5. Tap Terminal Board
6. Programmer Unit
7. Clamp Bolt

8. Sensor Stud

FIG. 63 — AKR-5A-30 BREAKER WITH SST TRIP DEVICE
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So long as the actuator remains in the Reset posi-
tion, the breaker can be closed and opened normally
at will. However, when a closed breaker receives a
trip signal from the programmer unit, the actuator is

energized and its solenoid flux opposes the magnet,
allowing the spring to release the armature; this

drives the trip rod against the trip shaft paddle, tripp-
ing the breaker.

As the breaker opens, the actuator arm-is returned
to its normal (Reset) position via linkage driven by a
crank on the breaker’s main shaft. The permanent
magnet again holds the armature captive in readiness
for the next trip signal.

The trip device requires only one adjustment — the
trip rod length. As shown in Fig. 66, the clearance
between the trip rod and the trip shaft paddle is gaged
by a 0.109inch diameter rod. Adjust gap to 0.109inch
+ 0.031inch. To adjust, open the breaker and restore
the breaker mechanism to its Reset position. Loosen
the jam nut, rotate the adjuster end until the proper
gap is attained, then retighten the jamb nutto 35 £ §
in-1bs.

The actuator is a sealed, factory-set device and re-
quires no maintenance or field adjustment. In case of
malfunction, the complete actuator unit should be
replaced. When making the electrical connector to
the replacement unit, it is recommended that the brea
ker harness be cut at some convenient point andghe
new actuator leads solder-spliced together.

The preferred method is to remove the flux shifter
leads from the AMP connector using the;,AMB€xtrac-
tion tool, Cat. No. 305183 as follows:

9

1. Remove the flux shifter leads from the harness.

2. Referring to the cabling diagrams in Section 10.5,
the flux shifter leads are RED for point B.and BLACK for
point E.

3. Insert the extractor tool over the female pin.
When the extractor tool bottoms out, depress the
plunger and force the wire/socket assembly out of the
connector.

4. No tool is requiredgto insert the wire/socket
assembly into the conpector! Insert the assembly un-
til it snaps into place.

5. Verify all sockets™are inserted to the same depth.

CAUTION: IN.THE.EVENT THAT THE SST TRIP DE-
VICE MUST BE,ZRENDERED INOPERATIVE TO
ALLOW THE BREAKER TO CARRY CURRENT
WITHQUTWBENEFIT OF OVERCURRENT PROTEC-
TION;) THE"RECOMMENDED METHOD IS TO
SHORTENSTHE TRIP ROD BY TURNING ITS AD-
JUSTER, END FULLY CLOCKWISE. THIS PRE-
VENTS ACTUATION OF THE TRIP SHAFT PADDLE.

—

CRANK
BREAKER
(cLoSEG#Es TIoN) O LTS&EEE { \
MAIN
SHAFT
TRIP 9 = “ :
ROD Q& ® —
\ A
=, _—
N —J ’
[ ARM
TRIP
PADDLE:
e p o
SIDE ACTUATOR FRONT _
VIEW g . VIEW o)

FIG. 64 — FLUX SHIFT TRIP DEVICE AND OPERATING LINKAGES
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5
Bottom view Top view

1. Actuator 4. Trip shaft
2. Trip rod adjuster end 5. Actuator arm
3. Trip paddle 6. Reset linkage

FIG. 65 — FLUX SHIFT TRIP DEVICE COMPONENTS
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104 TROUBLESHOOTING

When malfunctioning is suspected the first step in
troubleshooting is to examine the circuit breaker and its
power system for abnormal conditions such as:

a) Breaker tripping in proper response to overcurrents
or incipient ground faults.

b) Breaker remaining in a trip-free state due to
mechanical interference along its trip shaft.

c) Inadvertent shunt trip activations.

WARNING: DO NOT CHANGE TAPS ON THE
CURRENT SENSORS OR ADJUST THE PRO-
GRAMMER UNIT SET KNOBS WHILE THE
BREAKER IS CARRYING CURRENT.

Once it has been established that the circuit breaker
can be operated and closed normally from the test posi-
tion, attention can be directed to the trip device proper.
Testing is performed by either of two methods.

1. Conduct high-current, single-phase tests on the
breaker using a high current-low voltage test set.

NOTE: For these single-phase tests, special con-
nections must be.employed for SST breakers
equipped with Ground Fault. Any single-phase in-
put to the ground differential transformer will
generate an unwanted ‘ground fault” output
signal which will trip the breaker. This can be
nullified either by

a) testing two poles of the breaker in seriesj or.

b) using the Ground Fault Defeat Cable as'shown

in Fig. 71. This special test cable energizessall the

primary windings of the differential transformer in

a self-cancelling, series-parallel ‘¢onnection so

that its secondary output is always zero.

2. Test the components to the SST system using por-
table Test Set Type TAK-TS1 (Fig. 64por TAK-TS2.

The applicable test pro€edures are detailed in in-
struction Book GEK-64454“and are summarized in Sec-
tion 10.4.1.

The TAK-TS1 and TAK-TS2 Test Sets are portable in-
struments designed for field checking the time-current
characteristics andWpickup calibration of the SST’s
various trip elements)” It can verify the ability of the
Flux-Shift Trip"Bevi€e to trip the breaker and, in addi-
tion, includes means for.continuity checking the phase
sensors. (A TAK-TS1 Test Set is shown in Fig. 67.

The time-current characteristics for the SST Trip
Device, are,given in curves GES-6033, GES-6034 and
GES-60365:

FIG. 67 — SST/ECS TEST SET, CAT. NO. TAK-TS1
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SECTION 10—Type SST Overcurrent Trip Device (Cont.)

10.4.1 SST TEST SET

The TAK-TS1 and TAK-TS2 Test Sets are portable in-
struments designed for field-checking the time-current
characteristics and pickup calibration of the SST’s
various trip elements. It can verify the ability of the
Flux-Shift Trip, Device to trip the breaker and, in addi-
tion, includes means for continuity checking the phase
sensors. A TAK-TS1 Test Set is shown in Fig. 67. The
TAK-TS2 functions identically to and supersedes the
TAK-TS1 device. The TAK-TS2 can also test the Ver-
saTrip Mod 2 trip device.

WARNING: BEFORE CONNECTING THE TEST SET
TO THE BREAKER TRIP DEVICE SYSTEM, EN-
SURE THAT THE CIRCUIT BREAKER IS COM-
PLETELY DISCONNECTED FROM ITS POWER
SOURCE. ON DRAWOUT EQUIPMENT, RACK THE
BREAKER TO ITS DISCONNECTED POSITION.
VERIFY THAT THE BREAKER IS TRIPPED.

Either of two test modes may be employed:

“A” — Programmer Unit Only. These tests are con-
ducted with the programmer unit disconnected from the
breaker. During test, the unit can remain attached to the
breaker or may be completely removed from it.

CAUTION: NEVER DISENGAGE THE HARNESS
CONNECTOR FROM THE PROGRAMMER UNIT
ONABREAKER THAT IS ENERGIZED AND CARRY-
ING LOAD CURRENT. THIS WILL OPEN-CIRCUIL
THE CURRENT SENSORS, ALLOWING DANGER-
OUS AND DAMAGING VOLTAGES TO DEVELORP;

Test scope:

1. Verify the time-current characteristics and piekup
calibration of the various trip elements.

2. Verify operation of the SST target indicators,on pro-
grammer units so equipped.

“B” — Complete Trip Device System: Forthese tests,

the programmer unit must be mounted on the breaker and
connected to its wiring harness.

Test scope:

1. All “A” tests previously described, plus provision for
optionally switching thefprogrammer’s output to activate
the Flux-Shift Trip Device and verify its operation by physi-
cally tripping the breaker.

2. Check phase sensor continuity.

In the event that any camponent of the SST system does
not perform within the limits prescribed in test instructions
GEK-64454, itpshould be replaced.
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10.4.2 RESISTANCE VALUES

For use in troubleshooting, the Common to Tap resist-
ance for SST current sensors is given in Table 8. These
values apply to both phase and neutral sensorsy

TABLE 8 — SENSOR RESISTANCE VALUES

Resistancein Ohms

Ampere between COMMON

TAP and"TAP Terminals
100 22 — 26
150 33 — 39
225 51— 58
300 68— 7.8
300 53— 6.1
400 72 — 8.2
600 10.8 — 124
800 146 — 16.9
600 64— 76
800 88 —10.4
1200 13.5 — 15.8
1600 19.4 — 228
800 10.2 — 124
1200 15.8 — 19.2
1600 22.0 — 26.7
2000 285 — 34.7

The coil resistance of the SST/ECS Flux shifter deviceis
approximately 16 ohms.



10.4.3 FALSE TRIPPING—BREAKERS
EQUIPPED WITH GROUND FAULT

When nuisance tripping occurs on breakers equipped
with the Ground Fault trip element, a probable cause is the
existence of a false “‘ground” signal. As indicated by the
cabling diagram of Fig. 69, each phase sensor is con-
nected in a series with a primary winding on the Ground
Fault differential transformer. Under no-fault conditions on
3-wire load circuits, the currents in these three windings
addto zero and no ground signalis developed. This current
sum will be zero only if all three sensors have the same
electrical characteristics. If one sensor differs from the
others (i.e., different rating or wrong tap setting), the dif-
ferential transformer can produce output sufficient to trip
the breaker. Similarly, discontinuity between any sensor
and the programmer unit can cause a false trip signal.

If nuisance tripping is encountered on any breaker
whose SST components have previously demonstrated
satisfactory performance via the TAK-TS1 Test Set, the
sensors and their connections should be closely
scrutinized. After disconnecting the breaker from all power
sources,

a) Check that all phase sensors are the same type (am-
pere range).

b) Ensure that the tap settings on all 3-phase sensors
are identical.

10.5 SST CABLING DIAGRAMS

c) Verify that the harness connections te the sensors
meet the polarity constraints indicated by the‘eabling dia-
gram, i.e., white wire to COMMON, black wire to TAP.

d) On Ground Fault breakers serving 4-wire loads,
check that the neutral sensor is properly connected (see
cabling diagram Fig. 70). In particulary

(1) Verify that the neutralfsensor has the same rating
and tap setting as the phasessensors.

(2) Check continuity between the neutral sensor and its
equipment-mounted secondary disconnect block. Also
check for continuity fram the breaker-mounted neutral
secondary disconnectblo€k through to the female harness:
connector (termifals Liand N).

(3) If the breaker’s lower studs connect to the supply
source, theritthe nettral sensor must have its LOAD encl
connectedsto theysource.

(4), Ensure that the neutral conductor is carrying only
that neutraletrrent associated with the breaker’s load cur-
rent (Reutral not shared with other loads).

e) Ifthe preceding steps fail to identify the problem, then
the ‘sensor resistances should be measured. Since the
phase and neutral sensors are electrically identical, their
tap-to-tap resistance should closely agree. See Table 8.
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FIG. 68 — CABLING DIAGRAM — SST WITHOUT GROUND FAULT
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SECTION 10—Type SST Overcurrent Trip Device
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SECTION 11—Type ECS Overcurrent Trip Device

The ECS is a solid-state, direct-acting, self-powered
trip device system. The ECS system consists of the
ECS programmer unit shown in Fig. 72, current sensors,
and a flux shifter trip device. Fig. 73 shows a block
diagram of the system.

The ECS trip system essentially duplicates the SST
trip system described in Section 10 except for the
following:

1. Programmer units are limited fo combinations of
Long Time, Short Time and instantaneous trip elements
only. The Ground Fault element is not available.

2. Phase sensors are not tapped. As listed in Table 9,
each sensor has only a single ampere rating. A different
sensor is available for each of the tabulated ampere
ratings, which span the same range as SST, see Fig. 74.

3. Neutral sensors are not required because there is
no Ground Fault function.

in all other respects the ECS Trip device system
operates and can be treated identically to SST. This in-
cludes circuitry, size, construction, component loca-
tion, programmer unit set points, performance
characteristics, operating range, quality, reliability and
the flux shift trip device. Use the same troubleshooting
and test procedures for single-phase, high current-low
voltage tests or those employing the TAK-TS1 or TAK,
TS2 Test Sets. The Ground Fault test procedures, of
course, do not apply. ECS phase-sensor resistance
values are given in Table 10.

The time-current characteristics for the ECSgtrip
device are given in curve GES 6022.

9
M — N
“FLUX SHIFT" | SOLID.
)— ———= e STATE ), | |
coit I SWITCH i
}
| |
—_—— e e I
CURRENT — I
SENSOR L\ | |
| LOGIC LONG TIME LONG TIME
Coe) 17 or7 [T Pickue DELAY ™1
| T {
! SHORT TIME |
| PICKUP |
[ DELAY {
: N |
INSTANTANEOUS !
: PICKUP ™ |
| REGULATED ] |
48 ¥DC |
] POWER SUPPLY
L PROGRAMMER UNIT |

FIG, 73"— ECS BLOCK DIAGRAM
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FIG. 72 — ECS PROGRAMMER UNIT

FIG 74 — ECS CURRENT SENSOR



TABLE 9

ECS TRIP CHARACTERISTICS

X = Trip Rating ECS PROGRAMMER ADJUSTMENT RANGE (Set Points)
in Amperes
F =Sensor Rating Long Time Short Time
Breaker é?;:e _______ Instantaneous
Type (Amperes) ASensor Pickup (=L) g:l:; Pickup I')I‘;{:; Pickup
Rating ( Multiple) Band (3) (Multiple) Band (@) (Multiple)
of X (Seconds) of L (Seconds) of L
100, 150, 225, 3,4,5,
AKR-30 800 300, 400, 6,8, 10 (L)
600, 800 Maximum Maximum
22 —or— 035
300, 400, 600, 6, .7, .8, Intermed. Intermed. 4,5,6,
AKR-50 | 1600 1800 1900,1600 | 9,10, | 10 1.75, 2§ 0:21 | 8 10, 12/(L)
11(X) [Minimum | 225 25 yMinimum
4 3,4(L) 0.095
AKRT-50 2000 800, 1200,
1600, 2000

(@ Pickup tolerance is +. 9%
(@ Pickup tolerance is + 10%

@ Time delay shown at 600% of Tong time pickup setting (6L), at

lower limit of band)

(® Time delay shown'at lower limit of band.

TABLE 10 —SENSOR RESISTANCE VALUES

11.1 ECS CABLING DIAGRAM

Ampere Resistance in Ohms
Rating between Terminals

100 3.0— 34
150 44— 50
225 48 — 56
300 64— 7.2
400 67— 7.8
600 64— 76
800 8.8 — 104
1200 13.5 — 15.8
1600 19.4 — 228
2000 295 — 345
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SECTION 12—MicroVersaTrip™ Trip Device

The MicroVersaTrip is a solid-state, direct-acting,
self-powered trip device system. The MicroVersaTrip
system consists of the MicroVersaTrip programmer,
current sensors, and a flux shifter trip device. Fig. 76
shows a block diagram of the system.

12.1  PROGRAMMER UNIT

Fig. 77 shows a typical MicroVersaTrip programmer
unit. Like the SST and ECS units, the MicroVersaTrip
provides the comparison basis for overcurrent detection
and delivers the energy necessary to trip the breaker. It
contains a programmable microelectronic processor
which incorporates nine adjustable time-current func-
tions, three mechanical fault indicators (local and
remote), a long-time pickup LED indicator (local and
remote) and a zone selective interlocking function. All
adjustable programmer functions are automatic and
self-contained requiring no external relaying, power
supply or accessories. See Table 11 for trip functions
available and Table 12 for trip function characteristics. A
detailed description of each trip function is given in
publication GEA 10265 and GEH 4657.
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12.1.1 FAULT TRIP INDICATORS

The optional fault trip indicators are similar to the SST
indicators. They are mechanical pop-out type fobridentify-
ing overload or short circuit over-cusrents faults when
breakers are ordered without integral'gretind fault protec-
tion. They are also available to identify_overload, short
circuit and ground fault trips for,breakers supplied with
integral ground fault protection/

Each target pops out when,its ‘associated trip element
operates to trip the breaker. Aftena trip, the popped target
must be reset by hand. However, neglecting to reset does
not affect normal operationyof any trip element or prevent
the breaker from being\closed.

12.1.2 REMOTE FAULT INDICATION

Remote faultlindication is available in the form of a
mechanical contactywhich may be incorporated directly
into the “eustemer’s control circuitry. This is a Normally
open centactiwhich is activated when its associated target
pops outWhem'the target is reset, the contact is returned
to its @pen position. Each contact is rated 0.25 amp at 125
VDG, andy1.0 amp (10 amp in rush) at 120 VAC.

cincurt FART

TRIP. ANNUNCIATOR

PUSH 1O RESET NOIGATOR . Seow No. .5,

£
INBTARTAKEOUS
PICXUS

FIG. 77
MICROVERSATRIP PROGRAMMER



The remote fault indication switch leads are brought
out the bottom of the MicroVersaTrip programmer as
shown in Fig. 78. This switch lead harness is plugged
into the mating connector on the breaker, see Fig. 79.

The switch leads are brought out from the breaker
through the Programmer Secondary Disconnect shown
in Fig. 80. The zone selective interlocking function wir-
ing is also brought out through this disconnect. See
Figs. 95 and 96 for the remote fault indication and zone
selective interlocking cable diagrams.

oven- SHomt GROUND
£0AD CIRCUT
FAULYT TRIP ANNUNCIATOR

REMOTE FAULT
INDICATION
CONNECTOR

FIG. 78 MICROVERSATRIP W/REMOTE
FAULT INDICATION HARNESS

FIG. 79 PROGRAMMER
SECONDARY CONNECTOR

4 e

g

REMOTE FAULT INDICATION
DISCONNECT

FIG. 80 REMOTE FAULT INDICATOR
DISCONNECT

12.%3 MICROVERSATRIP™ INSTALLATION

The programmer mounts to the upper left of the breaker
as shown in Fig. 81. It mounts to the bracket assembly
shown in Fig. 82. Referring to Fig. 82, the guide pins mate
with the holes on either side of the programmer connector.
They provide the necessary alignment for the connector
engagement. The locking lever engages with the pin which
is assembled to the programmer frame and secures the pro-
grammer to the mounting bracket

There are two programmer mounting designs in use. The
difference in the designs is in the operation of the locking
lever, see Fig. 82.

Installation using each design is as follows:

a. Insert the guide pins into the holes and push on the pro-
grammer, engaging the connectors.

b. Original design—push in the locking lever, securing the

programmer.
Later design—the locking lever is released, securing

the programmer.

c. Verify that the locking lever did engage the programmer
pin.

d. Connect remote fault indication harness, if equipped,
see Fig. 80.
To remove the programmer:

a. Disconnect the remote fault indication harness, if
equipped.

b. Original designs—push in locking lever, which will

release the programmer pin. While holding the locking lever
in, remove the programmer.

c. Later design—pull out locking lever, which will release
the programmer pin. Remove the programmer.
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SECTION 12—MicroVersaTrip™ Trip Device (Cont.)

12.2 CURRENT SENSORS

The current sensors supply the power and signal in-
put necessary to operate the trip system. Like the SST
system, the MicroVersaTrip uses a phase and neutral
Sensor.

Fig. 83 shows the phase sensors. Tapped and fixed
phase sensors are available. The tapped sensors provide
field adjustment of the trip device's continuous ampere
rating. See Section 12.5 for cabling diagrams.

FIG. 81 — AKR-6D-30

Locking

Lever

The tapped and fixed phase sensors have a polarity‘as;
sociated with their windings. Their COMMON terminal is the
right hand terminal as shown in Fig. 83. A white wirgwith a
ring terminal will be connected to this COMMON terminal.
All phase sensors must be correctly wired for the program-
mer summing circuit to function properly.

The tapped or fixed phase sensorgfare,available with
an additional winding. This windingais brought out to
separate flag terminals rather than‘the screw terminals.
These phase sensors are used when the hi-level instan-
taneous MicroVersaTrip option (‘H’-option) is required.
Fig. 84 shows an ‘H’-option phase,sensor. When the ‘H’-
option phase sensor is installed, there are four leads
connected to it; two flag terminal connections (additional
winding) and two screw terminal connections (ampere
rating). There is no p6larity associated with the flag ter-
minals. Fig. 94 shows,thexconnections for the additional
‘H’-option windings.

Fig. 85 showsthe neutral sensor. The neutral sensor is
required when integral ground fault protection is used on
single phase-three wire or three phase-four wire systems.
It is insertediinto the neutral conductor and therefore is
separatelyi)mounted in the cable or bus compartment.

The outputs of the phase sensors and neutral sensor are
conneetedto a programmer circuit which sums these val-
ues./Thetotal value will remain zero as long as there is no
ground/current flowing. See cable diagram in Fig. 91.

The neutral sensor is an electrical duplicate of the phase
sensor, including taps. Therefore, when taps are charged
on the phase sensors, those on the neutral sensor must be
correspondingly positioned.

T-RANRYIUS
HRIINHIL0 330138

FANWYHOOUd TIVASN
NOWNND

FIG. 82 — MICROVERSATRIP® RMS-9 AND
POWER LEADER MOUNTING BRACKET
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TABLE 11 TRIP FUNCTIONS AVAILABLE

Optional Features

BASIC FUNCTIONS

ADD TO BASIC FUNCTIONS

STD,-or-S-or-H1or-M

G-or-GR | A1-gr-A2-or-A3-or-A

Z21-pr-22:pr-Z2

® Adjustable Current Setting

X X X

® Adj Long-Time Pickup

LONG

® AdjLong-Time Delay

TIME

® Long-Time Timing Light

X[ X|Xx|Xx

X X X
X X X
X X X

® Remote Long-Time Timing Light

® Adj Short-Time Pickup

x
x
x

SHORT

® Adj Short-Time Delay

x
>
x

TIME

® Short-Time 12t Switch@

INSTANTA-

® Adj Instantaneous Pickup

NEOUS

® Adj High Range Instantaneous

GROUND
FAULT

e Adj Ground Fault Pickup
—1PH, 2-W—3PH, 3/4-W
—Ground Return,

® Adj Ground Fault Delay

OTHER
FUNCTIONS

® Trip Indication Targets
—Overload & Short Circuit
—local only
—Ilocal and remote
—OIL, S/C and Ground Fault
—local only@
—Ilocal and remote

® Zone Selective Interlock
—Ground Fault®
—Short Time®D

1 Short-Time Delay is required
2 Standard when Ground Fault specified
3 Ground Fault required

TABLE 12 MICROVERSATRIP™ TRIP CHARACTERISTICS

Long-Time Short-time Ground Fault
Current Adjustable
Setting Instantaneous Pickup
(X) (X) (Multipley|. Pickup Pickup Pickup Short-time| (Multiple
Fixed Tapped |(of'Sensor | (Multiple Delay (Multiple Delay (Multiple I’t of Sensor Delay
Maximum | Sensors Sensors 4\ CurrentJjof Current of Current () of Sensor Current
Frame Rating Rating) Rating) [(Seconds)| Rating) (Seconds) Rating) (Seconds) Rating) (Seconds)
Size | (Amps) | Sensor CurrentRating, (x) (© © ) )
100, 150,
100, 150, 225,300 |5, 6, .7, .8, .9, 25,5, 15,2 25, 0.10, 1.5,2,2.5, 2, .25, .3, [0.10,0.22,
AKR-30 800 225, 300, or 8, 85 .9,] 1.0 1.1 10, 21 3,4,5 7, 0.22, 3,4,6,8, 0.4 .35, .4, 45, 0.36
400, 600, 300, 400 95, 1.0 (C) 9 (C) 0.36 10 (X) .5, .6 (X)
800 600, 800 (X)
300, 400,
300,400, 600, 800
AKR-50 1600 600, 800 or
1200, 16000 600, 800
1200, 1600
800, 1200, 800, 1200
AKRT-50( 2000 |1600, 2000 1600, 2000
1200, 1600, 1200, 1600 2, 22, .24,
AKR-75 3200 |2000, 3200 2000, 3200 .26, .28, .30,
.34, .37 (X)
1600, 2000, 1600, 2000 15,2 25, 3, 2, 22, 24,
AKR-100 4000 3000, 4000 3000, 4000 4,5,7,9 (X) .26, .28, .3 (X)

1ylime delay shown at 600% of ampere setting at lower limit of each bard.
2 Time delay shown at lower limit of each band.

All pickup tolerances are = 10%

Ground Fault pickup not to exceed 1200 amperes.

C = current setting
X = sensor current
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SECTION 12—MicroVersaTrip™ Trip Device (Cont.)

500 BOD  12h0  1HOB GO
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FIG. 83 — MICROVERSATRIP™ PHASE
SENSORS

SPECIAL WINDING
CONNECTIONS

AMPERE RATING
CONNECTIONS

FIG, 84— ‘H’-OPTION PHASE SENSOR
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FIG. 85 — TYPICAL NEUTRAL SENSOR



A BREAKER MOUNTED — RIGHT SIDE

B EQUIPMENT MOUNTED

FIG. 86 — NEUTRAL SENSOR SECONDARY
DISCONNECT

Since the neutral sensor is mounted(separately
from the breaker, a disconnect meansgis required to
connect its output to the breaker. Fig. 86 shows the
breaker and equipment mounted 4th wiresSecondary
disconnect used with the MicroVersaTrip system.

12.21 REPLACEMENT OF CURRENT
SENSORS

Referring to Fig. 87, replacementof MicroVersaTrip cur-
rent sensors is accomplished as, follows:

a) Disconnect the programmer harness from the ter-
minal board, removingycabledies as necessary.

b) At the rear of the breaker, remove the two Allen head
screws to separate thesstud connector from the contact
pivot block.

c) Loosenghe clamping bolt and remove the stud con-
nector. Lift out'the sensor and its tap terminal board.

The'sensorimay be prevented from slipping off the sen-
sor stud'by ‘adjacent accessories. If this exists, the sensor
stud mustibe removed from the breaker base. The stud
assembly is secured to the base with four bolts which are
dccessible from the rear of the breaker.

d) When replacing the stud connector, tighten the Allen
head screw to 250 = 10 in-lbs. Tighten the clamping bolt
as follows:

AKR 30/30H 120
AKR 50/50H 470 + 10 in-lbs
AKRT 50/50H 470 = 10 in-lbs

e) When replacing the programmer harness to the
phase sensors verify that the winding polarity is maintain-
ed, white wire with ring terminal to COMMON terminal
(right hand terminal, see Fig. 83).

10 in-Ibs

H+ I+ 4+
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SECTION 12—MicroVersaTrip™ Trip Device (Cont.)

123 FLUX SHIFTER TRIP DEVICE

The only difference between the MicroVersaTrip and
SST flux shifter trip devices is the solenoid winding. Refer
to Section 10.3 for details.

When replacing a MicroVersaTrip flux shifter, AMP ex-
traction tool Cat. No. 4565822-2 is required to remove the
socket leads from the AMP connector.

124 TROUBLESHOOTING

When malfunctionion is suspected, the first step in
troubleshooting is to examine the circuit breaker and its
power system for abnormal conditions such as:

a) Breaker tripping in proper response to overcurrents or
incipient ground faults.

b) Breaker remaining in a trip-free state due to
mechanical maintenance along its trip shaft.

¢) Inadvertent shunt trip activations.

WARNING: DO NOT CHANGE TAPS ON THE CUR-
RENT SENSORS OR ADJUST THE PROGRAMMER
UNIT SET KNOBS WHILE THE BREAKER IS CAR-
RYING CURRENT.

PROGRAMMER

FLUX
SHIFTER

PROGRAMMER
HARNESS

EIG.'87A — MICROVERSATRIP®
COMPONENT WITH TAPPED SENSORS
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Once it has been established that the circuit®breaker
can be opened and closed normally from the test position,
attention can be directed to the trip device properaesting
is performed by either of two methods:

1. Conduct high-current, single-phase tests on the
breaker using a high current-low voltage test set.

NOTE: For these single-phaseytests; special connec-
tions must be employed for MicroVefsaTrip breakers
equipped with Ground Fault#Any Single-phase input
to the programmer circuit will generate an unwanted
“ground fault” output Signalwhich will trip the
breaker. This can be pullified either by

a) Using the GroundskaultiBefeat Cable as shown in
Fig. 93. This special test cable energizes the pro-
grammer circuit inia_self-cancelling, series-parallel
connection softhat.itsYoutput is always zero.

2. Test theycomponents of the MicroVersaTrip system
using portable Test Set Type TVTS1 (Fig. 88). The ap-
plicablentest procedures are detailed in instruction Book
GEK-64464.

The'time-current characteristics for the MicroVersaTrip
Trip4Device are given in curves GES6195 and GES-6199.

FIG. 87B — RMS-9, EPIC MICROVERSATRIP®
AND MVT-PLUS OR MVT-PM COMPONENTS
WITH FIXED SENSORS



FIG. 88 TEST SET, CAT. NO. TVTS1

12.4.1 RESISTANCE VALUES

For use in troubleshooting the MicroVersaTrip™
current sensors, the resistance of the tapped and fixed
windings is given in Tables 13 and 14 respectively.

TABLE 13— TAPPED SENSORRESISTANCE
VALUES

Resistance in Ohms

Ampere Between Common

Tap and Tap Terminals
100 7.0-8.2
150 10-12
225 15-18
300 20-24
300 20-24
400 27-32
600 42-50
800 58-68
600 42-50
800 53-68
1200 93-109
1600 180-154
800 74:88
1200 116-136
1600 1622190
2000 210,246

TABLE 14 — FIXED’SENSOR RESISTANCE
VALUES

Ampere Resistance in Ohms

Rating Between Terminals
100 6.7-7.8
150 10-12
225 15-17
300 20-24
400 27-32
600 42-50
800 58-68
1200 92-108
1600 129-151
2000 207-243

The» coil resistance of the MicroVersaTrip flux shifter
device is approximately 7 ohms.

SECTION 12—MicroVersaTrip™"
Trip Device (Cont.)

12.4.2 FALSE TRIPPING—BREAKERS
EQUIPPED WITH GROUND FAULT

When nuisance tripping occurs on breakers equipped
with the Ground Fault trip element, a probable cause is
the existence of a false Sground” signal. As indicated by
the cabling diagram of Fig. 90,4/€ach phase sensor is
connected to summing_gircuitey in the programmer. Un-
der no-fault conditions /on,, 3-wire load circuits, the
currents in this circuitny add to zero and no ground
signal is developed. This‘current sum will be zero only if
all three sensorsyhave’ the same electrical charac-
teristics. If onessensor differs from the others (i.e., dif-
ferent ratingy'or wreng tap setting), the circuitry can
produce outputysufficient to trip the breaker. Similarly,
discontindity between any sensor and the programmer
unit&€an cause a false trip signal.

If nuisance tripping is encountered on any breaker
whaese “MicroVersaTrip components have previously
demonstrated satisfactory performance via the TVTS1
Test Set, the sensors and their connections should be
closely scrutinized. After disconnecting the breaker from
all power sources.

a) Check that all phase sensors are the same type (am-
pere range).

b) Ensure that the tap settings on all 3-phase sensors
are identical.

c) Verify that the harness connections to the sensors
meet the polarity constraints indicated by the cabling
diagram.

d) On Ground Fault breakers serving 4-wire loads,
check that the neutral sensor is properly connected (see
cabling diagram Fig. 91). In particular,

(1) Verify that the neutral sensor has the same rating
and tap setting as the phase sensors.

(2) Check continuity between the neutral sensor and its
equipment-mounted secondary disconnect block. Also
check for continuity from the breaker-mounted neutral
secondary disconnect block through to the female harness
connector.

(3) If The breaker’s lower studs connect to the supply
source, then the neutral sensor must have its LOAD end
connected to the source. See Fig. 92.

(4) Ensure that the neutral conductor is carrying only
thatneutral current associated with the breaker’s load cur-
rent (neutral not shared with other loads).

e) Ifthe preceding steps fail toidentify the problem, then
the sensor resistances should be measured. Since the
phase and neutral sensors are electrically identical, their
tap-to-tap resistances should closely agree. See Tables 13
and 14.
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SECTION 12—MicroVersaTrip™ Trip Device (Cont.)
12.5 CABLING DIAGRAMS
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SECTION 12—MicroVersaTrip™ & RMS-9 & Epic MicroVersaTrip™ Device (Cont.)
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SECTION 13—RMS-9 & Epic MicroVersaTrip®

The RMS-9/Epic MicroVersaTrip® is a solid-state, di-
rect-acting, self-powered trip device system. TheRMS-9
system consists of the RMS-9 programmer, current sen-
sors, and a flux shifter trip device. Fig. 97 shows a block
diagram of the system.

13.1 PROGRAMMER UNIT

Fig. 98 shows a typical RMS-9/Epic MicroVersaTrip®
programmer unit. Like the MicroVersaTrip®, the RMS-9
Epic MicroVersaTrip® provides the comparison basis for
overcurrent detection and delivers the energy necessary
to trip the breaker. It contains a programmable micro-
electronic processor which incorporates nine adjustable
time-current functions, three mechanical fault indicators
(local and remote), along-time pickup LED indicator (local
andremote) and a,zone selective interlocking function. All
adjustable programmer functions are automatic and self-
contained requiring no external relaying, power supply or
accessories. See Table 15 for trip functions available and
Table 16 for trip function characteristics. A detailed
description of each trip function is given in publication
GEK97367.

XFMR

IGNAL

— GROUND
AMPLIFIER |FAULT

RASRATING PLUG

: TER
¥ AMPLIFIER uP

o8 W :
RB>RATING PLUG

i v

FACE PLATE
SWITCHES

AMPLIFIER

--A

RCS _
__RATING PLUG

=0

COMPARATOR
I0C TRIP

OMPOSITE

INST
SWITCH

SHIFTER

FIG. 97 — RMS-9 BLOCK DIAGRAM

70

13.1.1 FAULT TRIP INDICATORS

The optional fault trip indicators are similar to)the
MicroVersaTrip® indicators. They are mechanicalpop-
out type for identifying overload or short circuit
over-currents faults when breakers are ordered without
integral groundfault protection. Theyare also available to
identify overload, short circuit and ground fault trips for
breakers supplied with integraliground fault protection.

Each target pops out when itssassogiated trip element
operatesto trip thebreaker. Afteratrip, the poppedtarget
mustberesetby hand. However,neglectingtoresetdoes
not affect normal operation ofiany trip element or prevent
the breaker from being Clesed!

.
(- gvenord

®
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SHORT CIRCUIT  GROUND FARY

CURRENT SETTING

X

SHORT TIME OELAY
PN T OUT

ARTIG MU
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FIG. 98 — RMS-9 & EPIC
MICROVERSATRIP® PROGRAMMER



SECTION 13—RMS-9 & Epic MicroVersaTrip® (Cont.)

FIG. 99 — PROGRAMMER SECONDARY
CONNECTOR EPIC MICROVERSATRIP®

13.1.2 RMS-9 & EPIC MICROVERSATRIP®
INSTALLATION

The programmer mounts to the upper left of thefreaker
as shown in Fig. 100. It mounts to the bracket@ssembly
shown in Fig. 82. Referring to Fig. 82, the guide ping'mate
with the hole on either side of the programmer cennector.
They provide the necessary alignment for theaconnector
engagement. Thelocking lever engages withithe pin,which
is assembled to the programmer frame and Secures the
programmer to the mounting bracket.

Installation is as follows:

a. Insert the guide pins into theyholes,and push on the
programmer, engaging the connectors.

b. Thelocking lever is released, securing the program-
mer.

c. Verify that the loekinglever did engage the program-
mer pin.

To remove the‘programmer:

a. Pullout lockinglever, which will release the program-
mer pin. Remove the programmer.

13.2 CURRENT SENSORS

The current sensors supply the power and signal’ input
necessary to operate the trip system, Like the
MicroVersaTrip®, the RMS-9 and Epic MicroVersaTrip®
uses a phase and neutral sensor. Fig. 101 shows the
phase sensors. See Section 13.5 for cabling diagrams.

FIG. 100 — AKR-7D-30

The fixed phase sensors have a polarity associated with
their windings. Their COMMON terminal is the right hand
terminal as shown in Fig. 101. A white wire with a terminal
will be connected to this COMMON terminal. All phase
sensors must be correctly wired for the programmer
summing circuit to function properly.

The phase sensors are available with an additional
winding. This winding is brought out to separate flag
terminals. These phase sensors are used when the hi-
levelinstantaneous RMS-9 option (‘H’-option) is required.
Fig. 102 shows an ‘H’-option phase sensor. When the
‘H’-option phase sensor is installed, there are four leads
connected to it. Thereis no polarity associated with the
special winding connection. Fig. 102 shows the connec-
tions for the additional ‘H’-option windings.

7



SECTION 13—RMS-9 & Epic MicroVersaTrip®

TABLE 11 TRIP FUNCTIONS AVAILABLE

Optional Features
BASIC FUNCTIONS ADD TO BASIC FUNCTIONS
STD.-or-S-or-H-or-M T | G-or-GR | A1-gr-A2-or-A3-or-A | Z1-or-Z2-or-Z
® Adjustable Current Setting X X X X
® Adj Long-Time Pickup X X X X
LONG e Adj Long-Time Delay X X X X
TIME ® Long-Time Timing Light X |1 X X X
e Remote Long-Time Timing Light X
® Adj Short-Time Pickup X X X
SHORT ® Adj Short-Time Delay X X
TIME ® Short-Time 12t Switch(D
INSTANTA- ® Adj Instantaneous Pickup X | X
NEOUS ® Adj High Range Instantaneous X
* Adj Ground Fault Pickup
GROUND —1PH, 2-W—3PH, 3/4-W
FAULT —Ground Return X
e Adj Ground Fault Delay l X
e Trip Indication Targets I
—Overload & Short Circuit
OTHER —local only X
FUNCTIONS —Ilocal and remote X
—OIL, S/C and Ground Fault
—local only® X
—local and remote X
® Zone Selective Interlock
—Ground Fault® X X
—Short Time® X X

1 Short-Time Delay is required
2 Standard when Ground Fault specified
3 Ground Fault required

TABLE 12 — RMS-9 AND'EPIC MICROVERSATRIP® CHARACTERISTICS

Long-Time Short-Time Adjustable Adjustable Ground Fault
Current Instantan- Instantan- High Range
Setting eous eous Instantan- Triple Pickup
(Muit. Pickdlip Pick Up Pick Up eous Selective (Muit.
of (Mult. Pick up w/o ST with ST (Mult. of Trip of
Sensor Rating of (Mult. of (Mult. of (Mult. of Frame Fixed High Sensor
Max. Rating Plug Current Current Rating Rating Short-time: Range Amp Delay Delay &
Frame Amp (Amps) Amps) Setting) |Delay:: | Setting) Delay | Plug Amps) | Plug Amps) Rating) Instantaneous | Rating) w/ 12T | w/ol2T
Size Rating (S) (X) ©) (Sec.) (C) (Sec.) (X) (X) (H) R (S) (Sec.) (Sec.)
AKR-30 150, .57,' .g, F;xgdfa! 5‘9“ 1.5,2,3,5 15,2,3,5 § .25’
- 7,.8 0o .9, 5,2,3,5, .3, .35, 10, .21,
AkR-3oH | 890 | 20871 g 05 Wpcurrent | o3, 7,910 | 7.9,10,13 | & 810 NA 4, 25, 35
1.0, 1.1 Setting 20 12T in:t 15 .5,.6 44 at
40 200%
5, 6, Fixed at 2.4, 1.5, 2.0, .2, .25, of pick
N 800, 2748, 1.0 of 4.9, 25, 3.0, 12T 15,2,3,5, 15,2,3,5, .3, .35, up at 10, .21,
AKR-50 1600 1600 .9,7.95, Current 9.8, 4.0,5.0, out:2 7,9,10 7,9,10,13 46,8,1.0 NA .4, .45, loF\)/ver .35
1.0,1.1 | Setting 20 7.0,9.0 .10, 15 :5,.6 limit
.21, of
.5, 6, Fixed at 24, 35 .2,.25, band
7.8, 1.0 of 4.9, 1.5,2,3,5, 15,2,3,5, .3,.35, 10, .21,
AKRT-50 2000 2000 .9, .95, Current 9.8, 7,9,10 7,9,10,13 4, 6,.8,1.0 NA .4, .45, .35
1.0,11 Setting 20 15 .5,.6

@ Time,délay, shown
at 600% of“cur-
rents ‘setting at
lowerlimitofband.
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@ Time delay shown at
lower limit of each

X = Rating plug amps
S = Sensor amp rating

® Triple selective trip
is standard when

band. All pick up tol-
erances are +10%.

C = Current setting

long-time/short-
time onlyisrequired.

® Time delay shown
at lower limit of
eachband. Ground
fault pick up not to
exceed 1200 amps.

X = Rating plug amps
S = Sensor amp rating

C = Current setting
H = Short-time rating

i,

&



FIG. 101 — RMS-9 PHASE SENSORS

FIG. 102 — ‘H’-OPTION PHASE SENSOR

FIG. 103 -~ TYRICAL NEUTRAL SENSOR

Fig. 108 shoews the neutral sensor. The neutral sensor
is requiredwhen integral ground fault protection is used
on singleyphase-three wire or three phase-four wire sys-
temsy ltisinsertedinto the neutral conductorandtherefore
iS'separately mounted in the cable or bus compartment.

The outputs of the phase sensors and neutral sensor
areconnected to a programmer circuit which sums these
values. The total value will remain zero as long as there is
no ground current flowing. See cable diagram in Fig. 107.

Theneutral sensoris anelectrical duplicate of the phase
sensor. Therefore, when phase sensors are charged the
neutral sensor must be correspondingly changed.
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SECTION 13—RMS-9 & Epic MicroVersaTrip® Device (Cont.)
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Sincetheneutralsensoris mounted separately fromthe
breaker, a disconnect means is required to connect its
output to the breaker. Fig. 86 shows the breaker and
equipment mounted 4th wire secondary disconnect used
with the RMS-9 system.

13.2.1 REPLACEMENT OF CURRENT SENSORS

Referring to Fig. 87B, replacement of RMS-9 & Epic
MicroVersaTrip current sensors is accomplished by the
same procedure as the MicroVersaTrip® current sensors.

13.3 FLUX SHIFTER TRIP DEVICE

The only difference between the RMS-9/Epic
MicroVersaTrip® and SST flux shifter trip devices is the
solenoid winding. Refer to Section 10.3 for details.

When replacing a RMS-9/Epic MicroVersaTrip® flux
shifter, AMP extractiontool Cat. No. 455822-2 is required
to remove the socket leads from the AMP connector.

13.4 TROUBLESHOOTING

When malfunctioning is suspected, the first step in
troubleshooting is to examine the circuit breaker and its
power system for abnormal conditions such as:

a) Breaker tripping in proper response to overcurrents
or incipient ground faults.

b) Breaker remaining in a trip-free state due toyme-
chanical maintenance along its trip shaft.

c) Inadvertent shunt trip activations.

WARNING: Do not adjust the programmer unit set
knobs while the breaker is carrying current.

Once it has been established that tHe,cireuit breaker
canbe opened and closed normally from thetest position,
attention can be directed to the tripievice proper. Test-
ing is performed by either of two methods:

1. Conduct high-current, single-phase tests on the
breaker using a high current-lowivoltage test set.

NOTE: Forthese single phase tests, special connec-
tions must be emploeyediforRMS-9 breakers equipped
with Ground Fadlt. AnySsingle-phase input to the
programmer circuit will generate an unwanted “ground
fault” output signalswhi¢h will trip the breaker. This
can be nullified eitheriby

a) Using the Ground Fault Defeat Cable as shown in
Fig. 93. ,This special test cable energizes the pro-
grammer ‘¢ircuit in a self-cancelling, series-parallel
connection . So that its output is always zero.

2. Test the components of the RMS-9 system, using
portable Test Set Type. The applicable test procedures
are detailed in instruction Book GEK-97367.

The time-current characteristics for the RMS-9 & Epic
MicroVersaTrip® Device are given in curves GES-6229
and GES-6228.

FIG. 104 — TEST SET, CAT. NO. TVRMS
13.4.1 RESISTANCE VALUES

For use in troubleshooting the RMS-9 current sensors,
the resistance of the fixed windings is given in Table 15.

TABLE 15 — FIXED SENSOR

RESISTANCE VALUES
Ampere Resistance in Ohms
Rating Between Terminals
150 10-12
400 27-32
800 58-68
1600 129-151
2000 207-243

The coil resistance of the RMS-9 & Epic MicroVersaTrip®
device is approximately 7 ohms.



13.4.2 FALSE TRIPPING — BREAKERS
EQUIPPED WITH GROUND FAULT

When nuisance tripping occurs on breakers equipped
with the Ground Fault tip element, a probable cause is the
existence of a false “ground” signal. As indicated by the
cabling diagram of Fig. 106, each phase sensor is con-
nected to summing circuitry in the programmer. Under
no-fault conditions on 3-wireload circuits, the currentsin
this circuitry add to zero and no ground signal is devel-
oped. This currentsum willbe zero only if allthree sensors
have the same electrical characteristics. |f one sensor
differs from the others (i.e., different rating) the circuity
can produce output sufficient to trip the breaker. Simi-
larly, discontinuity between any sensor and the
programmer unit can cause a false trip signal.

If nuisance tripping is encountered on any breaker
whose RMS-9 or Epic MicroVersaTrip components have
previously demonstrated satisfactory performance via
the Test Set, the sensors and their connections should be
closely scrutinized. After disconnecting the breakerfrom
all power sources.

a) Check that all phase sensors are the same type
(ampere range).

¢) Verify that the harness connections to the sensors
meet the polarity constraints indicted by the cabling
diagram.

d) On Ground Fault breakers serving 4-wiredloads,
check that the neutral sensor is properly connected (see
cabling diagram Fig. 107). In particular,

(1) Verify that the neutral sensor has the same rating as
the phase sensors.

(2) Check continuity between the neutraksensor and its
equipment-mounted secondary disconnect block. Also
check for continuity from the jbreaker-mounted neutral
secondary disconnect block through to the female har-
ness connector.

(3) If the breaker’s lower studs.connect to the supply
source, then the neutral gensor must have its LOAD end
connected to the saurce,, See Fig. 108.

(4) Ensure that'the neutral conductor is carrying only
that neutral cdrrent’associated with the breaker load
current (neutral net shared with other loads).

3) If the preceding steps fail to identify the problem,
then the sensor resistances should be measured. Since
the phase and néutral sensors are electrically identical,
their tap=<tO-tap resistances should closely agree. See
Table s,

13.5 CABLING DIAGRAMS
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SECTION 14—MicroVersaTrip® Plus and MicroVersaTrip® PM Trip Units

The MVT-Plus/MVT-PM is a solid-state direct-acting
self-powered trip device system. The system consists of
the MVT-Plus/MVT-PM programmer, current sensors and
a flux shifter trip device. Figure 110 shows location of
features on programmer. See user manual GEH-5891A.

14.1 TRIP UNIT

MicroVersaTrip® Plus Trip Unit

MicroVersaTrip® Plus trip units utilize a digital, LCD
display with a four-button keypad to provide local set-up
and readout of trip settings. A 3-phase ammeterand trip
indicators are standard, as is a clear plastic cover with
provisions for sealing to allow tamper resistant installa-
tion. The trip unit digitally measures the current waveform
in each phase to determine the true RMS value of the
current, regardless of the waveshape. MicroVersaTrip®
Plus trip units provide accurate, predictable overload and
short circuit protection for distribution systems that in-
cludeacanddc variable speed drives, rectifiers, induction
heating, and other loads that cause high harmonic distor-
tion as well as standard circuit. They provide maximum
breaker-to-breaker selectivity and custom load protec-
tion. Short time and ground fault functions include the
flexibility of coordination with or without an I?t ramp and
are also available with high range instantaneous.

MicroVersaTrip® PM Trip Unit

The MicroVersaTrip® PM trip unit adds power manage-
ment system capability, advanced metering, and pretective
relays to the basic functions of the MicroVersaTirip*Rlus.
MicroVersaTrip® PM trip units communicate direetly on
the GE POWER LEADER™ communications bus.

FIG. 110

Power Requirements

A small amount of power is necessary to energize the
liquid crystal display (LCD) during setup, for viewing
breakerstatus, andformeteringdisplays. MicroVersaTrip®
PM trip units require external 24 Vdc control power for
operation. The four sources of such power are the
following.

e Flow of current — Breaker current sensors provide
sufficient power to energize the LCD when at least
20% of the sensor’s ampere rating is flowing.

e 24Vdc control power—Breakers with MicroVersaTrip®
PM trip units are supplied with external 24 Vdc power
that, whenever present, energizes the LCD. Some
breaker models that are configured for MicroVeraTrip
Plus trip units may be optionally equipped to accept
an external 24 Vdc supply.

e MicroVersaTrip Test Kit — The MicroVersaTrip® Test
Kit, Cat No. TVRMS, contains a 24 Vdc power supply.
The LCD is energized whenever the test kit jack is
plugged into the test receptacle on the rating plug.

e MicroVersaTrip battery pack - The portable
MicroVersaTrip® battery pack containsa24 Vdc power
source and a jack. The LCD is energized when the
jack is plugged into the rating plug test receptacle.
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SECTION 14—MicroVersaTrip® Plus and MicroVersaTrip® PM Trip Units

14.2 TESTING

Testing of MicroVersaTrip® Plus and MicroVersaTrip®
PM trip units may be performed with the trip unit installed
in the circuit breaker, the rating plug installed in the trip
unit, and the breaker carrying current. Thetestsetcatalog
numberis TVRMS. The test set plugs into the test socket
of the rating plug.

Test set TVRMS may also be used for MicroVersaTrip®
RMS-9 and Epic MicroVersaTrip® trip units. Refer to the
Maintenance and Troubleshooting section for additional

details.  roncronseeor
14.3 PRODUCT STRUCTURE --

MicroVersaTrip®Plus and MicroVersaTrip® PM trip units
are removable. Figures 111 and 112 contain front and
rear views of a MicroVersaTrip PM trip unit.

Figure 112 shows the 36-pin plug that connects either
trip unitto the circuit breaker and equipment circuity. This
plug is called the trip unit disconnect.

CAUTION: Removalof a trip unit from its breaker must be FIG. 111 — FRONT VIEW OF

performed with the breaker in the OPEN or TRIPPED ®

position. Draw-out breakers should be racked out first. MICROVERSATRIP® PM TRIP UNIT
CAUTION: Donotattemptto operate the breaker without
its assigned trip unit. Installation of an incorrect trip dnit ; .
may result in unsafe operation of the breaker. A 9 P

CAUTION

IIPONTANT ING TRUGTIONS 10 BNSURE
PHOPEN FROSALMAREA PUNCTION

CAUTION: Removal of the rating plug while the breaker
is carrying current reduces the breaker’s current-carrying
capacity to approximately 25% of the currentisenspr
rating. This may result in undesired tripping,

NOTE: Trip units as received may have settings that are
undesirable for the specific applicatiom® “Ensure that
settings are appropriately adjusted before energizing.

FIG. 112 — REAR VIEW OF
MICROVERSATRIP® PM TRIP UNIT
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SECTION 14—MicroVersaTrip™ Plus and MicroVersaTrip™ PM Trip Units

14.4 TRIP UNIT REMOVAL AND REPLACEMENT

The programmer mounts to the upper left of the breaker
as shown in Fig. 115. It mounts to the bracket assembly
shownin Fig. 82. Guide pins on the bracket mate with the
holes on either side of the programmer connector. They
provide the necessary alignment for the connector en-
gagement. The locking lever engages with the pin which
is assembled to the programmer frame and secures the
programmer to the mounting bracket. When a trip unit is
replaced, the locking arm snaps back into place to indi-
cate proper alignment.

WARNING: Always de-energize Type AKR circuit break-
ers before attempting to remove or replace the trip unit.
Because of the exposed location of the trip unit, failure to
observe this warning may result in equipment damage or
personal injury, including death.

FIG. 113 PROGRAMMER"SECONDARY
CONNECTOR

Socket
Class
No.
5
p Zone
Zone 6 - Inputs
Selective
Interlock 7 +
Zone
8 - Outputs
11 -
12 + Homnet
9 Spare
10 vC
MVI-PM
1 vB
4 VA
2 24 Ret
3 +24 VDC

NOTE LOCATION OF PIN #1

/_I

L

FIG. 114 PROGRAMMER SECONDARY
CONNECTOR PIN LOCATIONS FOR ZONE
SELECTIVE INTERLOCK AND MVT-PM
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SECTION 14—MicroVersaTrip® Plus and MicroVersaTrip® PM Trip Units

A e

FIG. 115
14.5 PHASE CURRENT SENSORS

The current sensors supply the power and signal input
necessary to operate the trip system Fig. 116 shows the
fixed phase sensors available. The sensorshaveapolar-
ity associated with their windings. The common terminal
of the sensor is the right hand terminal. A white'wjre with
a push-on terminal will be connected to this common
terminal. Allphase sensors must be corfectlywiredforthe
programmer summing circuitry to functiomyproperly.
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TAPPED

COMMON
TERMINAL

FIG. 116

The fixed phase sensors are available with an additional
winding. This winding is brought out to separate flag
terminals. These phase sensors are used when the hi-
level instantaneous (‘H’-option) is required. Fig. 117
shows an ‘H’-option phase sensor. When the ‘H’-option
phase sensor is installed, there are four leads connected
to it. Thereis no polarity associated with the ‘H’-option
windings.

FIG. 117 ‘H’-OPTION PHASE SENSOR
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SECTION 14—MicroVersaTrip® Plus and MicroVersaTrip® PM Trip Units

14.6 NEUTRAL CURRENT SENSORS

CAUTION: Neutral currentsensorsarerequired for three-
phase, four-wire systems. When the trip unitis connected
to a three-phase, three-wire system, the neutral sensor
terminals are left open. Do not short any neural current
sensor terminals in a three-phase, three-wire system, as
this could result in damage to or malfunction of the
electrical system.

Fig. 118 shows the neutral sensor. The neural sensor is
required when integral ground fault protection is used on
single phase-three wire or three phase-four wire systems.
It is inserted into the neutral conductor and therefore is
separately mounted in the cable or bus compartment.

The outputs of the phase sensors and neutral sensor
are connected to a programmer circuit which sums these
values. The total value will remain zero as long as there is
no ground current flowing.

The neutral sensor is an electrical duplicate of the phase
sensor. Therefore, when phase sensors are changed, the
neutral sensor must be correspondingly be changed.

FIG. 118 TYPICAL NEUTRAL SENSOR

14.7 RATING PLUG REMOVAL AND RE-
PLACEMENT

CAUTION: Removal of the rating plug while the breaker
is carrying current reduces the breaker’s current-carrying
capacity to approximately 25% .of the current sensor
rating.

Interchangeable rating plugs areremoved witha Rating
Plug Extractor, Catalog Nof TREOOL. (Suitable equiva-
lents are commercially available as “integrated circuit
(DIP) extractors.”) Graspythewrating plug tabs with the
extractor and pull theqlug out. Be sure to grab the tabs
and not the front coyver ofithé rating plug, or the plug may
be damaged.

Rejection features“are provided on all rating plugs to
prevent applicationamismatches. Never force a rating
plug into‘place. (Refer to Table 16 to find the appropriate
rating plugs for,each sensor rating and breaker frame.

If a‘'replacement rating plug has a different rating than
theplugthat was removed, follow the appropriate setup
precedure, GEH-5891A to enter the new rating.

Doynot attempt to use arating plugfrom a Spectra RMS
breaker or a MicroVersaTrip® Plus or MicroVersaTrip®
PM/Trip Unit.

TABLE 16
Sensor Plug Breaker
Cat. No. Rating, Amps Rating Frames
TR4B150 150
TR4B200 200
TR4B225 400 225 AKR30,
TR4B250 250 AKR30H
TR4B300 300
TR4B400 400
TR8B300 300
TR8B400 400
TR8B450 450 :}z?;(?}_{
TR8B500 800 500 ’
AKR50S,
TR8B600 600 AKR50H
TR8B700 700
TR8B800 800
TR16B600 600
TR16B800 800
TR16B1000 1600 1000 AKR50,
TR16B1100 1100 AKR50H
TR16B1200 1200
TR16B1600 1600
TR20B750 750
TR20B800 800
TR20B1000 1000
TR20B1200 2000 1200 AKRT50H
TR20B1500 1500
TR20B1600 1600
TR20B2000 2000
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SECTION 14—MicroVersaTrip® Plus and MicroVersaTrip® PM Trip Units

14.8 TRIP UNIT FUNCTIONS

MicroVersaTrip® Plus and MicroVersaTrip® PM trip units
have specific standard and optional functions. All trip
units share a series of interchangeable rating plugs. The
standard functions for both types of trip unit are as
follows:

¢ Protection
- Long-time protection
- Instantaneous protection
e Status
— Trip target
e Metering display
- Phase current (selectable among phases)

The optional functions available on both types of trip
unit are as follows:

e Adjustable protection

— Switchable instantaneous and ground-fault
protection

— High-range (fixed) instantaneous overcurrent
protection

- Short-time protection, with or without 12T
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— Ground-fault protection, with or without I2T
— Zone-selective interlock, with ground fault only

or with both ground fault and short timé

Additional optional functions available only with PM
style trip units are as follows. RM style trip units require
the presence of external control power:

¢ Configurations

— Communication andmetering

— Communication apd protective relaying

— Communicationgmetering, and protective relaying
e Metering and protectivie-relaying functions

- Voltage

— Energy (KWh/MWh)

— Real pewer (KkW/MW)

— Total,power (kVA/MVA)

-4 Frequency (Hz)

“Protective relays (undervoltage, overvoltage,

voltage unbalance, current unbalance, and
pawer reversal)





