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SECTION 1—Introduction

Introduction

These instructions provide the maintenance procedures
and describe the operation of the 1600 thru 4000 amp AC,
6000 amp DC frame size type AKR, AKS low voltage power
circuit breakers listed in Table 1 and Table 2.

The proper use, care and maintenance of these breakers 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
instructions.

1.1—Inspection and Maintenance

Breakers should be cared for under a systematic
maintenance 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 inspected
will depend on the circumstances of its use. It would be
well to inspect any breaker at least once a year. If it is
frequently operated, or installed in an area of high
humidity or a dusty, dirty atmosphere, inspections should
be more often. Inspections might be monthly under,
adverse conditions.

Table 1—AKS 50 Designations

A basic maintenance inspection should consist of'an
overall visual check, plus observation of a few closing and
opening operations. If a breaker is seldom operated such
that it remains open or closed for a period of six months or
more, it is recommended that arrangements be made to
open and close it several times ifysuceession.

Dirt, grease or other foreign material'on any parts of the
breaker should be removed by therough and careful
cleaning. Insulating surfaces should be checked for
conditions that could degradejinsulating properties.

During an inspection, the breaker’'s contacts should be
slow-closed manuallygwith closing springs restrained by
the safety pin) to observe contact alignment and to insure
that all mechanismgpartsymove freely. A complete contact
inspection, including‘measurement of wipe and force,
should alsa be done.

To properly inspeet contacts, the arc quenchers must be
removed."At,this time thoroughly inspect the inside
surfaces ofythe arc quencher side plates and inner
components:

1.2=-Renewal Parts

The AKR breakers contain a variety of parts and
assemblies. Many of these parts and assemblies are
available as replacement parts when the need arises. See
publication GEF4552, Renewal parts, for a complete listing
of these parts.

F&Am“gigs'f DRAWOUT MOUNTING s;gﬂgrlﬁzv NOTES
250V.Dc | 600V.Ac | POLES AKD AKD-5
2000 | 1600 v O | AkGr)eon | AKS.JABOH | AKS.1Sson | ()
— — 2 AKS-(*)-50V AKS-(*)A-50V AKS-(*)S-50V (2)
— 2000 3 | AKST(*)-50H | AKST-(')A-50H | AKST-(*)S-50H | (1)
— 1600 3 AKSU-(*)-50 AKSU-(*)A-50 — (3)

(1) The “H” suffix defiotesjextended short circuit ratings.
(2) Integrally fused‘medels.
(*) This digit identifies the tfip device type as follows:

2 = EC-1 or EC-2A (Dc only).

4 =ECS
5=S8ST

(50/60 Hertz only)

6 = MicroVersaTrip

N = Noen automatic. In addition, all non-automatic 250 VDc breaker types carry the suffix letter D after their

frame number, e.q., AKS-N-50D.

EC-1 &"EC-2A'trip devices are the electro-mechanical type. ECS, SST, MicroVersaTrip™, RMS-9 and MV T-Plus or MVT-PM
unitspare ‘Solid State. For detailed information on these trip devices refer to Sections 8 thru 11.

7= RMS-9
9= MVT-PLUS or MVT-PM



Table 2—AKR 75/100 Designations

FRAME SIZE MOUNTING TYPE
(Ampere?) BREAKER DRAWOUT oyer Teros . | SwiomH
250v. Dc | SO0V Bie | DESIGNATION  IZKD TAKD-5 [AKD-6 [AKDS goub- | Stationary | ESCUTCHEONS™ TvpE | (inches)
. X Bar
3000 AKR-(*)-75 X Tube
4000 AKR-(*)A-75 X X Tube 25
AKR-(*)B-75 X X Fingers
3200 AKR-(*)C-75 X F'|ngers
AKR-(*)D-75 X X Fingers
AKR-(*)F-75 X X Fingers
AKR-(*)S-75 X Bar
AKR-(*)D-75H X Fingers 05
o 3200 AKR-(*)F-75H X Fingers
AKR-(*)-100 X Tube 33
AKR-(*)A-100 X X Tube
AKR-(*)B-100 X X Fingers
6000 4000 AKR-(*)C-100 X Fingers 25
AKR-(*)D-100 X X Fingers
AKR-(*)F-100 X X Fingers
AKR-(*)S-100 X Bar
AKR-(*)W-100 X Bar 33
SPECIAL DC'BREAKERS FOR FIELD SWITCHING
ARK-N-75F X Tube
AKR-NB-75F X X Fingers
4000 AKR-ND-75F X X Fingers 25
AKR-NF-75F X X Fingers
AKR-NS-75F X Bar
AKR-N-100F X Tube 33
AKR-NB-100F X X Fingers
6000 AKR-ND-100F X X Fingers
AKR-NF£100F X X Fingers
AKR-NS-100F X Bar 25
AKR*NW-100F X Bar 33

Example: AKR-5B-75 identifies a drawout, substructure-mounted breaker equipped with the SST trip device.
The EC trip deviges argelectro-mechanical, refer to GEI 86157 for detailed information.

Breaker Models
(*) This digit identifies
the trip device:
2=EC-1B. Dc only,
4=ECS
5 = SST,50/60 Hertz only.
6 = MicroVersaTrip 50/60 Hertz only.
7 - RMS=9
9= MVAT-PLUS or MVT-PM
Foridetailed information on

these’trip devices refer to
Sections 8 thru 11.

N = Non-automatic.
In addition, all
non-automatic 250V.
Dc breaker types carry the
suffix letter D after the
frame number,
e.g., AKR-NB-75D.

® AKR-75H not available for DC applications.




SECTION 2—General Description

General Description

Type AKR low-voltage power circuit breakers are used for con-
trolling 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 cir-
cuits when abnormal conditions occur. Among these condi-
tions, the more common are short circuits and sustained
overloads and undervoltages.

The type AKR breakers are of the “quick-make, quick-
break” description, having the feature of storing energy in
aclosing 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 purchaser 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 contacts. It must be able to reverse its
commitment to close the breaker at any point upon the
activation of an automatic trip device (i.e., be “Trip-Freg”).
Finally, it also must be able to trip open a closed breaker
quicky enough to minimize arc erosion and in suchf@
manner as to effect proper arc transfer to the arc runner.

The current-carrying members of the breaker dre
assembled on the back frame, which provides the
mechanical support required and also the imsulating
structure needed. The conductive members are the studs
for external connections, movable and stationary contact
sets, pivots for the movable contactsgand‘provision for
mounting the current transformers.

The interrupter components aregimyaddition to the arcing
contacts, the arc runners mounted'on the back base and
the removable arc quenchepassémblies.

In addition to these basic components, a breaker may be
equipped with any c@mbijnatiomyof many accessories and
interlocking devices.

Individual breakers may differ in a variety of areas as
shown in Tables 1 and 2. A brief description of these areas
follow.

An outline drawing is available for each breaker frame size
showing critical"dimensions. The drawing nhumber appears
on the breaker nameplate and can be obtained from GE.

2.1—Frame Size

AKR 75 breakers are available in three frame sizes—3200
amperes A.C. and 4000 amperes D.C. There is also
available, for replacement or hole fillegapplication on AKD
or AKDS5 switchgear a 3000 amperes A.Gfframe.

AKR 100 breakers are available in twie frame sizes—4000
amperes A.C. and 6000 amperes'DiC.

AKS 50 (replacement breaker forfthe AKS0) is available in
two frame sizes—1600 amperes, A'C. and 2000 amperes
A.C. or D.C. depending omytrip device.

These values represept the, maximum continuous current
capability of the respective frames. However, each breaker
carries a specific sating'which is determined by the current
sensor ampere rating‘ontap setting of the trip device with
which it is equipped.

Individual breakerirating data is shown in Table 5.

2.2—0Operation

There aregManual and Electrical models. The Manual
breaker has an operating handle which is used to manually
chargethe mechanism closing spring. Figure 1 shows a
typicabManual breaker.

Ry

Fig. 1. Manually operated, AKD type

l'he Electrical breaker contains an electric 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. Figure 2 shows a typical Electrical
breaker.



Fig. 2. Electrically operated, AKD type

2.3—Mounting

AKR-75 and -100 breakers are furnished in poth dgawout and
stationary construction. Drawout breakers are equipped with
features which make them easy to install imyor withdraw from
their associated switch-gear equipment. Statienary breakers
are designed to be mounted in a switchboard or enclosure.
Mounting consists of bolting the breaker frame to a support-
ing structure within the switchboard ogenclosure. [f control
power connections are needed, '@ suitable terminal board is
supplied.

The mounting type is identified by the second middie digit
in the breaker namgplate designation as follows:

AKR-4(t)-75, where
(t) = mounting type code letter per Table 3

Table 3—Mounting Type Codes

Code Breaker Type
Letter Drawout Stationary
None AKD —_———
A AKD-5, 6 _———
B Substructure - —
C AKD-6 Only. —_——
D AKD-8 - —
F Substructure -
S y Yo— AKR-75/100 (25" wide)
w = — AKR-100 (33’" wide)

2.4=-Trip Device

There,are six types of solid-state, direct-acting self-
powered trip device systems associated with AKR
breakers. These systems are for AC applications only. For
DE€ applications an electromechanical system is available.

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

AKR{t) C-75
(f) = trip device code per Table 4

Table 4—Trip Device Codes

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

'EC devices. See Section 11.

2Power Sensor devices are discontinued. See publications
GEK-7301 and GEK-7309 for detailed servicing
procedures.

2.5—Short Circuit Ratings

Short circuit ratings vary with the applied system voltage. On
240 VAC systems they are also dependent upon whether the
overcurrent trip device contains an instantaneous trip element.
See Table 5.



Table 5—Breaker Interruption Ratings

30 Interruption Rating ¢
KA RMS Symmetrical
Frame Instantaneous Trip
Size Breaker Rated Maximum Short
(Amperes) Type Voltage (60 Hz AC) With Time
635 42 42
AKS-50 508 50 50
254 65 42
1600 AC 635
AKS-50H 508 65
254
AKSU-50 600 —
635
2000AC AKST-50H 508 42
254
635
65 65
AKR-75 508 65 o
254 85 65
3200 AC 635
85 85
AKR-75H 5 85
4 130 85
AKR-75 (fused) L 4 60 200 200 —
35
85 85
AKR-100 508 85
4000 AC
254 130 85
AKR-100 (fu 600 200 200 —
2000 DC 300V DC 50 ® ©) —
4000 DC 300V DC 50 50 —
6000 DC 300V DC 50 50 —

@® With 200-2000 amp trip coils

® Consult factory for apflication data




SECTION 3—Storage, Safety & Maintenance

3.1—Storage

It is recommended that the breaker be put into service
immediately in its permanent location. If this is not
possible, 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 insulation 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.

3.2

Each user must maintain a safety program for the protegtion
of personnel, as well as other equipment, from the potential
hazards associated with electrical equipment.

The following requirements are intended toaugmentthe
user's safety program, but NOT supplant the,user's respon-
sibility for devising a complete safety program.“The follow-
ing basic industry practiced safety requirements are appli-
cable to all major electrical equipmieft such as switchgear or
switchboards. General Electric neitberieondones nor assumes
any responsibility for practices which deviate from the following:

1. ALL CONDUCTORS MUST BE'ASSUMED TO BE ENER-
GIZED UNLESS THEIR POTENTIAL HAS BEEN MEASURED AS
GROUND AND SUITABLE GRQUNDING CONDUCTORS HAVE
BEEN APPLIED TO PREVENTENERGIZING. Many accidents
have been caused by back feeds from a wide variety of
sources.

2. Although interlocks,to reduce some of the risks are provided,
the individual’s actions while performing service or maintenance
are essential to prevent accidents. Each person’s knowledge;
his mental awareness; and his planned and executed actions
often detesmine if an accident will occur. The most important
method of avoiding accidents is for all associated personnel to
carefully.applysa thorough understanding of the specific equip-
rr entfromithe viewpoints of it's purpose, it's construction, it's
op2ration and the situations which could be hazardous.

Allpersonnel associated with installation, operation and mainte-
mance of electrical equipment, such as power circuit breakers
and other power handling equipment, must be thoroughly in-
structed, 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 appro-
priate safety and maintenance practices such as OSHA publica-

tions, National Electric Safety Code (ANSI C2), ThedNational
Electrical Code, and NFPA 70B Electrical Equipment Mainte-
nance must be closely studied and followed. Dusingyactdal
work, supervision should audit practices to assure conformance.

3. Excellent maintenance is essential for reliability.anhd safety of
any electrical equipment. Industry publications of recom-
mended maintenance practices such as ANSI/NFPA 70B, Elec-
trical Equipment Maintenance, should be caréfully studied and
applied in each user’s formation ofsplanned maintenance.

3.3

Both long and short term maintehance of all electrical equip-
ment is essential for reliapility'and safety. Maintenance pro-
grams must be tuned to the/specific application, well planned
and carried out consistent with both industry experience and
manufacturer’s recammendations. Local environment must
always be consideredimystich programs, including such vari-
ables as ambient temperatures, extreme moisture, number of
operations, corrasive atmosphere or major insect problems
and any othérlanusual or abusive condition of the application.

One of,the'eritical service activities, sometimes neglected,
involvesithe calibration of various control devices. These
monitorieonditions in the primary and secondary circuits,
sometimes, initiating emergency corrective action such as
opening orclosing circuit breakers. In view of the vital role
ofitheseldevices, it is important that a periodic test program
be foliowed. As was outlined above, it is recognized that the
interval between periodic checks will vary depending upon
environment, the type of device and the user's experience. It
is"the General Electric recommendation that, until the user
has accumulated enough experience to select a test interval
better suited to his individual requirements, all significant
calibrations be checked at an 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 can be adequately tested
using test sets. Specific calibration instructions on particular
devices typically are provided by supplied instruction books.

Instruction books supplied by manufacturers address com-
ponents that would normally require service or maintenance
during the useful life of the equipment. However, they can
not include every possible part that could require attention,
particularly over a very long service period or under adverse
environments. Maintenance personnel must be alert to dete-
rioration of any part of the supplied switchgear, taking ac-
tions, as necessary to restore it to serviceable status.

Industry publications of recommended maintenance practices
such as ANSI/NFPA 70B, Electrical Equipment Maintenance,
should be carefully studied and applied in each user’s forma-
tion of planned maintengnce.

Some users may require additional assistance from General
Electric in the planning and performance of maintenance.
The General Electric Company can be contracted to either
undertake maintenance or to provide technical assistance
such as the latest publications.

The performance and safety of this equipment may be com-
promised by the modification of supplied parts or their re-
placement 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 Genera! Electric Company.
9



SECTION 4—Breaker Operation

Breaker Operation

The AKS-50, AKR-75 and AKR-100 breakers are closed by
the discharging of the energy stored in the closing springs
of the breaker. As the closing springs are discharged, the
energy is directed into the closing cam of the breaker
which causes the moveable breaker contacts to be forced
against the stationary contacts, and, at the same time
causes the opening springs to be charged so they may
open the breaker during a subsequent opening operation.

4.1—Manual Closing

Manually operated breakers are equipped with a handle
which extends from the escutcheon of the breaker.
Alternately rotating the closing handle counterclockwise
then clockwise through approximately 120 degrees of
rotation through four complete cycles will cause the
breaker to close. During the four counterclockwise
movements and the first three clockwise movements of the
handle, the springs are progressively charged. After
approximately seven degrees travel of the fourth clockwise
handle movement, the spring charge mechanism is driven
“over center” and the energy stored in the closing springs
is directed into the closing cam and causes the breaker to
close. A charge-indicator, numbered one to four, visible
through the breaker escutcheon, indicates the number of
complete handle movements that have been performed;

CONTROL
SOURCE

REMOTE
¥ FU CLOSE

5.
A

|
1 r

4.2—Electrical Closing

On electrically operated breakers, the closing springs are
charged by a gear motor. With the springs dischdrged, volt-
age applied to the control circuit will energize the motor
through the “G” switch contacts-see figs¢3A\& 3B. The mo-
tor, through the gear reduction output crankj'compresses the
closing springs until they are fully charged. As this fully
charged position is reached, mechanically operated switch
“G” reverses its shown positiony’deenergizing the motor. In
the fig. 3A diagram switch “F*™ireverses its position and es-
tablishes a circuit for the 2X” relays At the sametime, a me-
chanical prop is positioned toprevent the discharge of the
fully charged closing springy

With the closing springpropped fully-charged, the breaker
is ready for closifng. I'his may be accomplished electrically
by depressifig the ¢losing button on the breaker (if so
equipped) oribysa remote closing switch. Operation of the
closingsswitchienergizes the “X" relay, which in turn
energizes,thewelosing solenoid. This removes the prop,
releasing the,closing springs to close the breaker.

As the closing relay 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
clgsing’operation on the breaker in the event it is tripped
openfautomatically. The closing impulse must be released
and reapplied before a second closing operation can occur.

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 ESCUTCHEON,
OPTIONAL.

TC — SHUNT TRIP DEVICE
W — ANTI-PUMP RELAY

NA X — CONTROL RELAY

Fig. 3A. Elementary diagram for electrically operated drawout breaker.
Contact positions are shown with breaker open and closing springs discharged.
TYP #568B736 “R” series.
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4.2.1—Alternate Control Circuit

Later production breakers use the electrical control circuit
shown in Fig. 3B. This circuit is similar to the circuit shown
in Fig. 3A except that the X-relay and ‘F’ switch are elimi-
nated.

The motor is energized through the ‘G’ switch and the W-
relay contact. The ‘G’ switch deenergizes the motor when
the closing springs are charged and the prop is engaged.

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) or by a remote closing switch. Operation of the
closing switch energizes the W-relay, which in turn
energizes the closing solenoid. This remoyes the prop,
releasing the closing springs to close the breaker.

If the closing switch is maintained.closed, the anti-pump re-
lay will remain picked-up to prevent.aéssecond motor charge
and closing operation on the,breaker in the event it is tripped
open automatically. The gloging,impulse must be released
and reapplied after the closing springs are fully-charged be-
fore a second closing operation can occur. The charging
time is typically 1 top8 seconds depending on voltage and
the maximum time,permitted is 5 seconds.

%"H"l
PPB

CONTROL
SOURCE

r——7"

T FU REMOTE

TRIP LEGEND

CC — CLOSING SOLENOID

G — CUTOFF SWITCH. OPEN WHEN
CLOSING SPRING IS
FULLY CHARGED.

gyt L — AUXILIARY SWITCH
M — CHARGING MOTOR

PB — CLOSE PUSHBUTTON ON
BREAKER ESCUTCHEON,
OPTIONAL.

TC - SHUNT TRIP DEVICE
W — ANTI-PUMP RELAY

TC

Fig. 3B. Alternate elementary diagram. Contact positions are shown breaker open and
closing springs discharged. TYP #568B736 “B” series.
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SECTION 4—Breaker Operation

4.3—Connections

In all electrical connections good joint conductivity is a
must. When making power connections to stationary
breakers, the mating joint surfaces must be clean and have
a smooth finish. They should be parallel and firmly bolted
or clamped together. In addition, the bus or cable
conductors must have ample ampacitv to prevent
overheating.

The outgoing connections to breaker accessories and
control devices must be in accordance with the specific
wiring diagram applicable to that breaker.

4.3.1—Stationary Breaker

Control connections to stationary breakers are made to a
terminal board mounted on the breaker. Figure 4&hows
typical closing and tripping connectionsslf equipped with
an overcurrent trip device which includesg@ ground fault
element for use on 4-wire circuits, ap, additional terminal
board is provided on the breaker for comnecting to the
equipment-mounted neutral sensor (physically located in
the neutral conductor).

4.3.2—Drawout Breaker

On drawout breakers the“€éentrol circuits terminate in the
breaker compartmention the'stationary portion of
separable secondanydiséennects — see fig. 5.

TEAMINAL BOARD
MOUNTED ON FRONT T2 3 4 5 6 QRYP " TO AUX_ SW.
F BREAKER AT
UPPER LEFT >ﬁ) O O O Q ? ? ? ? ? 3 CONTACT
' l
CLOSE TRIP, FUSE
CUSTOMER
CONNECTIONS ‘W—'
TP
SOURCE (-
—V_a
REVERSE
CURRENT
DEVICE
—— — POTENTIAL
CLOSING TRIP SOURCE
SQURCE SOURCE

Fig. 4. Control connectidns to stationary breakers—front view

TRIP
SOURCE

CLOSING
SOURCE

TRIP

p

$—CLOSE

| | Aaaaaan] [ Aaanann ]

7654321 7654321

8 <

STATIONARY SECONDARY DISCONNECT BLOCKS
LOCATED AT TOP OF COMPARTMENT —
POSITIONS B AND C FURNISHED

ONLY WHEN REQUIRED

%Y
<

Righ5. Control connections to drawout breakers — front view of breaker compartment
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4.4—Tripping

In the closed position, the breaker movable contacts are
held in by a toggle linkage. The breaker is tripped open by
displacing a mechanism latch which allows this toggle
linkage to collapse. The trip latch is rigidly fastened to a
horizontal trip shaft running from left to right through the
breaker. In turn, the trip shaft carries paddles actuated by
the manual trip button and the various other trip devices —
overcurrent, reverse current, shunt trip, undervoltage,
open fuse lockout. Viewing the breaker from the right,
rotating the trip shaft counterclockwise trips the breaker,;
clockwise movement resets the mechanism latch.

In addition to tripping the breaker, some devices hold the
breaker trip free, i.e., prevent the contacts from closing
even though a closing impulse is applied to the
mechanism. Such devices are the undervoltage, bell alarm
and lockout, electric lockout, open fuse lockout, and the
key operated locks.

These devices and the drawout mechanism interlocks must
be in the reset position before the breaker can be closed.

4.5—Charging and Closing Using
the Maintenance Handle

In the absence of control power, an electric’breaker can be
closed manually by using the maintenance handle to
charge the closing springs.4®eferring 1o Fig. 6:

(@) With the breaker open_andysprings discharged
release holding pawl slidefperimstruction label (2).

(b) Install maintenance crank (1) (568B386G1) to the motor
gear reducer shaft on thefrent right side of the breaker. Rat-
chet the maintenancé%rank up and down until the springs are
fully charged as indicated®y the distinct click as the prop is
set. This prevents anyfurther charging of the closing springs.
After the prop.is sedo not apply undue force to the
maintenancé handie.

(c) Depressithe “Spring Discharge” lever (3) located
under the harizontal support on the front frame. The
sfrings sheuld discharge and if the latch is properly reset,
the bteaker'will close. Some style breakers, because of an
interlockyin the switchgear, can not be manually closed in
the fully engaged position.

(d) Open the breaker by pushing the trip button (4).

1. Maintenance crank

2. Instruction label

3. Spring discharge lever
4. Trip button

Fig. 6. Maintenance handle charging
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SECTION 5—Contact Maintenance

Contact Maintenance

Breakers subjected to frequent interruption of high
currents 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 not indicate loss of ability to carry or
interrupt current.

For proper operation of the breaker, the contact structures
must be correctly adjusted. Various interrelated
adjustment parameters are involved. Specific amount of
contact pressure and wipe must exist between moveable
and stationary contacts. The arcing, intermediate and main
contact assemblies must engage and disengage in a
prescribed sequence; and with breaker open, an adequate
gap must exist between the movable and stationary arcing
contacts.

5.1—Slow Closing the Breaker

To perform contact maintenance work the breaker
operating mechanism must be “slow-closed”, i.e. manually
driven and controlled at will instead of in the high-speed
manner produced by spring discharge. Slow closing is
achieved by preventing the closing springs from acting on
the mechanism. The breaker is arranged for slow closing
by manually charging the springs and then securing them
in this compressed state by inserting a restraining “safety
pin” see Fig. 7.

Following the inspection period,
a. Recharge the closing springs.

b. Remove the safety pins from the guide rodsyreturn
them to their storage clips.

14

5.1.1—Electrical Breaker
Referring to Fig. 7:

a. Attach maintenance handle (1) and.charge the
closing springs until the crank roller conta€ts prop (4).

b. Insert safety pins (3) into the hales imgthe guide rods
(2).

c. Release the prop by depressing closing lever (5). The
safety pin now takes the full force‘afithe spring and
restrains it. Now free fromysprin@iinfluence, the breaker
contacts can be inspected and moved at will to the fully
closed position by meansafthe maintenance handle.

5.1.2—Manual Breaker

a. Operatéthe‘breaker closing handle through 3.
complete movementsito charge the closing springs.

b. Ingértythe safety pins into the guide rods.

c. Contine to operate the closing handle (4th
downstroke) until the spring crank goes over center,
applying full'spring force to the safety pin. Closing motion
new. cambe continued and is completely controlled by the
breaker,closing handle.

WARNING: DO NOT APPLY CONTROL
VOLTAGE OR RACK THE BREAKER INTO
THE TEST OR CONNECTED POSITIONS
WHILE THE SAFETY PINS ARE IN USE.




Maintenance
Guide rods
Safety pins
Prop

Closing springs

A O

Fig. 7. Installation of safety pin

5.2—Arc Quencher Removal and
Inspection

The arc quenchers sheuld be inspected at the regular in-
spection period. If item'1 is eroded to .125 of an inch from
original conture or item 2 is cracked, Fig. 8, the arc quencher
should be replaced:

5.2.1—Removal and Replacement

ReferringtoFig. 8:
a. Be sure breaker is open.

b. Loosen nuts (4) and remove the two slotted head jack
screws.

c. Remove two hex head bolts (5) that mount channel-
shaped retaining bar to side support (6).

d. Remove channel-shaped retaining bar.

(Continued next page)

15



SECTION 5—Contact Maintenance

Later design

1., 2. & 3. Barriers

Nuts

Hex head bolts

Side support

. Protective barrier
Phase barrier screws
Mounting bolts

©oNO O A

Original design

Fig. 8. Arc quencher removal

e. Lift arc quencherg€lear of the movable arcing contact 5.3—Separation of Front and
arms. Back Frames

f. Inspect arc quenchers carefully and replace if

In order to perform some repair and replacement
necessary.

operation, the front frame must be separated from the back
g. During replacement, tighten jack screw nuts (4) first, frame. Proceed as follows:; referring to Fig. 9.

then the twa'hexihead bolts that secure the channel-

shaped retaining bar to side sheet. DO NOT

OVERTIGHTEN THESE TWO BOLTS.

a. Open the breaker, manually compress the closing
springs and insert the safety pin as described under
SLOW CLOSING, Section 5.1. Restraining the springs
properly positions the main operating cam to facilitate the
separation operation.

16



1. Opening spring$§ 4. Flux shifter actuator bracket 7. Side support bolts

2. Clevis pin 5. Auxiliary switch
3. Front/back frame operating rod
connector 6. Phase barriers

8. Position interlock
9. Arc quencher retainer bolts

b. Remove the two openingysprifgs (1) (on lower part of

Fig. . 9%Front and back frame separation details

the breaker) from the outside’pdle units.

c. Remove the clevis pin (2)*from the center pole unit.

d. Disconnectfthe programmer CT wire harness at each CT
and remove any tye/wraps holding leads to back frame.

e. Disconnect the flux shifter actuator bracket from the

crossbar assembly (4).

f.

Remove the @uxiliary switch operating rod (5).

g BRemove outside phase barriers (6).

hg,Remove side support bolts (7).

Remove position interlock on AKD, AKD 5, AKD

6.1ype)8).

.

Remove arc quencher retainer and bolts (9).

k. Remove the six nuts from the back frame using a
socket wrench with an extension. These include the two
nuts at the top of the frame.

I. Check along the trip shaft for a mechanical
interference or connection between the overcurrent trip
device and the trip paddles. Remove mechanical
connection if present, or if interference exists, use extreme
care when removing or reassembling front and back
frames to avoid mechanical breakage of trip devices.

When reassembling the front and back frames, both should
be positioned vertically so that the trip shaft is horizontally
aligned. It is recommended that the breaker back frame

be fastened to a suitable mounting surface so that the front
frame can be supported by a sling or hook as the bolts are
being installed.

17



SECTION 5—Contact Maintenance

5.4—Back Frame Assembly

The breaker backframe consists of a frame assembly to
which the pole units are mounted. Each pole unit is
connected to a common crossbar which provides for
simultaneous pole unit operation by the breakers
mechanism. A typical backframe is shown in Fig. 10.

The pole units consist of a molded base which supports
the line and load stud assemblies, stationary and moveable
contact assemblies and the actuating linkage.

The stationary main contact assembly (9) comprises of a
spring loaded contact fingers. Interlocked with these are
the intermediate contact fingers (7) whose contact surface
project beyond that of the main such that the
intermediates make before, and break after the mains.

Mating with the stationary contacts is a moveable contact
assembly consisting of multiple main and intermediate con-
tact fingers (10) and (8). These moveable contactfingers
pivot on a stationary pin (11), which fasten them to the lower
contact block. The insulated link (13) whichyis attached to
the breaker crossbar (1) and moveable‘€ontact assembly
gives the open and close motion to thg,contact arm.

The stationary arcing contact assembly (3) is a separate
set of contact fingers, pins, springs and pivot block.

The moveable arcing contact assembly (5) consists of
multiple contact arms carried,on two moveable pins (6)
and (12). The arcing ¢ontaet arms interleave the main
contacts and pivot with.them about pin (6). This relative
motion is obtained"by theyinsulating links (13) from the
contact arms toithe/breaker crossbar.

BACK FRAME ASSEMBLY

1. Crossbar 7. Stationary intermediate contact
2. Pole unit 8. Moveable intermediate contact
3. Stationary arcing contact 9. Stationary main contact

4. Pin-stationary arcing 10. Moveable main contact

5. Moveable arcing contact 11. Pivot pins

6. Pin-moveable arcing 12. Drive pins

13. Insulated link

Fig. 10. Front view of back frame assembly
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5.5—Measuring Contact Force

a. Remove the arc quenchers.

b. Separate front and back frames, refer to
Section 5.3

c. Inspect all contacts for wear and arc erosion and,
if necessary, replace (see criteria for replacement, Section
5.10)

d. Measure contact force only if you replace contact
arms.

5.5.1—Stationary Arcing Contacts
Referring to Fig. 11:

Place a push scale on the stationary arcing contact at a
point 1-3/16 from the contact pivot and depress that
contact 1/4 of an inch. Load on the scale should read
within the range listed in Table 6, column 8.

If the load is not within therange listed in column 8,
replace the spring under that contact assembly.

5.5.2—Stationary Main and
Intermediate Contacts

Place a push scale on the stationary contact at a point 2-
7/8 from the contact pivot and depress that contactito the
wipe dimension shown in Table 6, column 3 for the mains
and column 6 for the intermediates. Load on the scale
should read within the range listed in Table 6, ¢olumn 2"for
the mains and column 5 for the intermediates.

If the load is not within the range listed replace the'spring
under that contact assembly.

5.6—Measuring Contact Wipe
Referring to Fig. 11:
a. Remove arc quenchers.

b. With the breaker open measurethe horizontal distance
from the edge of the stationarydarcing,contact to the retainer
(“A” dim.); for main and intermediate, contacts measure the
horizontal distance from the top of,the contact to the contact
arm retainer (“B” dim.).

c. Close the breaker andiepeat step b. The difference
between the readings‘determines the contact wipe.

See Table 6 for,correctyreadings.

CAUTION: FOR SAFETY REASONS BE
EXTREMELY CAREFUL NOT TO TRIP THE
BREAKER WHEN MEASURING CONTACT
WIPE.

5.7=+Adjusting Contact Wipe

Referringto Fig. 11:

a. To obtain proper contact wipe and pressure on the
center pole, dimension “C” should be increased to
increase wipe and decreased to decrease wipe.

b. To change dimension “C" remove the clevis pin and
rotate the clevis as necessary.

c. To prevent overstressing the clevis threads dimension
“C" should not exceed 3/16 in. and space “C"” should be
filled with shims to 0.005 in. of being solid.

d. With the proper center pole wipe obtained, moving
the crossbar adjusting plate on the center poletothe right
will simultaneously increase the wipe on both outside
poles; moving the adjusting plate to the left will have the
reverse effect.

e. To increase the wipe on either outside pole, individually
move the crossbar adjusting plate of that pole to the left; to
decrease the wipe move the adjusting plate to the right. See
Section 5.11.
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SECTION 5—Contact Maintenance

Stationary

/

Opengap
2210 2%

Check force

in these areas —

Arcing Contact

.781

278~

3 _

Adjusting plate

Clevis Pin

\ Clevis

(centerpole)

— ——
UPPER v _ Lower
STUD Statiopary main contact Stud
Fig. 11. Measwmring contact force
Table 6
MainyContacts | Intermediate Contacts Arcing Contacts
Column 1 2 3 4 5 6 7 8 9
Wipe Wipe Wipe
Qty. Force in Qty. Force in Qty. Force In
Breaker Per in Inches Per in Inches Per in Inches
Type Pole Lbs. (B) Pole Lbs. (B) Pole Lbs. (A)
AKS-50 (AC) 3 35-55 1 35-55 * 2
AKS-50 (DC) 3 Ves 10 1 * 3 5/32 to
AKR-75 {(AG) 5 0555 ‘,7 1 « 3 31-43 9/32
AKR-75 (DC) 5 o 1 25-55 * 5
AKR-100 (AC/DC) 6 2 * 5

*The intermediate contact wipe should be at least /s in. greater than main contact wipe.
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5.8—Measuring Contact Open Gap Measure the contact open gap between the movable and

Prior to measuring the open gap verify that the cross arm
buffer assemblies, refer to Fig. 12, are touching. The stack-
up dimension of each buffer should be within .015" of each
other. Adjust to this dimension by adding or removing wash-
ers.

stationary contacts as shown in Fig. 13. This distance
should be between 2-1/2" to 2-3/4”. This gap may be
adjusted by repositioning shims omycrossbar assembly.
The locking nuts on the buffer boltsfSshould be locked in
such a position that the bufferbolt may be rotated freely.

1-Buffer stop
2-Buffer washers
3-Buffer shims
4-Lock nuts

i
Ly
Fig. 13. Measuring contact open gap
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SECTION 5—Contact Maintenance

5.9—Checking Contact Sequence

On the horizontal plane, the difference in the making of the
arcing contacts on the same pole must be no greater than
1/16 in.; this difference between arcing contacts on
separate poles must be 1/16 in. If it is desired to advance
or retard the closing of the main contacts of a pole, loosen
the bolts holding the adjustment plate, refer to Fig. 21, of
that pole and slide plate to the left to advance contact
closing, or to the right to retard contact closing. Make this
adjustment on the outer poles, using the center pole as a
reference. Upon retightening adjustment plate bolts, make
sure the locking tabs are turned up around bolt heads,
locking the bolts securely in place.

Contact sequence in the vertical plane should be such that
when the arcing contacts are just touching, the
intermediate contact gap should be at least 3/16 in. and
the main contacts gap at least 1/4 in., see Fig. 14.

NOTE: This check can best be made by means
of the maintenance handle, with the safety pin
restraining the closing springs. See Section 5.1
for this procedure.

If the gap is under the required minimum, it is usually pos-
sible to form the arcing contacts and obtain the required di-
mensions. To form the contacts, place a piece of conduit
approximately two feet long, over the contact and form the!
contact either forward or backward by bending it. If the
proper dimensions are still not obtained, the moveable arc-
ing contacts should be replaced.

If it has been necessary to make any adjustments while
obtaining proper contact sequence, the contaet wipefmust
be checked, and adjusted, if necessary, see Section 5.6.

Rig. 14. Measuring main contact gap
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5.10—Replacement of Contacts
Criteria for replacement:

a. Arcing contacts should be replaced when eroded to a
thickness of 5/64.

b. Intermediate contacts should“be replaced when flush
with main contacts (.062 lead when new,).

c. Main contact very seldom needs'replacement.
Replace when arcing contacts,have been neglected
causing severe erosion of mainsiso you can not obtain
proper contact depression.

When replacing the ar¢ing'éentact assemblies you do not
have to separate the front frame from the back frame.
5.10.1—Stationary Arcing Contacts

a. Refer to'Eigyl5:

b. Remove,insulator block (1).

c. Slide pin(2) to side. Contact assembly (3) will lift
freelygexposing two springs (4) and button (5).

d. Install new parts in reverse order.

$.10.2—Movable Arcing Contacts

These contact arms should be replaced whenever the sta-
tionary arcing contacts are replaced.

a. Refer to Fig. 15.

b. Remove retaining rings (6). Slide pins to side and
withdraw the contact arms.

1. Insulator block
2. Pin
3. Contact assembly

4. Springs
5. Button
6. Retaining rings

Fig. 15. Replacement of stationary and
movable arcing contacts



5.10.3—Moveable Main and d. Remove contact arms, noting two springswashers (9)

Intermediate Contacts on each contact pivot.
. Upon re-assembly, position two spring washers into
a. Refer to Fig. 16. counter bore on one side of contact arm (9). Note left and
b. Loosen crossbar bolts so link (10) can move freely. right hand orientation of conta€t arms and position of

c. Remove retaining rings (7) from pins (8). intermediate contact.

Slide pins (8) until contact arms can be withdrawn. e. Before tightening crossbarsee assembly and
adjustment of crossbar, Section,5.11.

7. Retaining rings

8. Pins

9. Spring washers

10. Crossbar bolts

11. Intermediate contact

Fig. 16. Replacement of main and intermediate contacts
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SECTION 5—Contact Maintenance

5.10.4—Stationary Intermediate and
Main Contacts

a. Separate the front frame from the back frame. Refer
to Section 5.3.

b. Remove crossbar.

NOTE:In the steps below, refer to Fig. 17 to
identify the numbers in the parenthesis.

c. Remove arcing contact block (3) by removing allen
screws (4) and (5).

d. Depress main and intermediate contacts as shown in
Fig. 18 to relieve spring pressure on contact stop bracket
(6) before removing mounting screws. On AKR100 you
must remove the outside moveable contact arm before
trying to remove contact stop bracket mounting screws.

e. Remove retaining ring (7) and slide pin (8) to side and
withdraw the contact arm. Fig. 17.

f. Remove contact, noting two spring washers on each
contact pivot. Upon re-assembly, position two spring
washers into counter bore on one side of contacté@rm. Fig.
19.

NOTE: Left and righthand orientation’of
contact arms and position gfintermediate
contact. Fig. 19.

g. Depress main and intérmediate contacts to relieve
spring pressure on contact stopsbracket before starting
screws. Tighten screws before releasing pressure.

Fig. 18.

h. Re-install ar¢ing contact block by holding arcing
contacts depréssed (Fig. 20) while tightening screws.

i. Assembleicrossbar.

j. Always check contact wipe following contact
replacement.‘See Secton 5.6.

5 {not shown)

Main‘¢ontact arm

. Intermediate contact arm
. Arcing contact block
Arcing contact

Allen screws

Contact stop bracket
Retaining ring

Pivot pin

e SR S

Figi¥2alntermediate and main contacts -
assembly details

2%

g

6. Contact stop bracket

Fig. 18. Relieving spring pressure



Fig. 19. Upper stud details

5.11—Assembly and Adjustment of
Crossbar

When assembling crossbar to back frame push moveable
arcing contacts forward until they touch stationaryarcing
contacts on upper terminal. Then lay crossbar ond¢op of
links on pole units. Assemble adjusting plates agshown
making sure slots in plates are properly oriented. Fasten

Eig=20. Re-assembly of arcing contacts

screws’with locking plates on crossbar finger tight and set
erossbar to dimension shown making sure that all three
poles of moveable arcing contacts are touching stationary
arcing contacts within .032. Tighten screws as shown first
“A", second “B"”, and finally “C"” to 400 inch pounds. Bend
tabs on locking plates to secure screws. Refer to Fig. 21.
After assembling crossbar always check contact wipe and
open gap, see Sections 5.6 thru 5.8.

1. Crossbar
2. Stationary arcing contacts

3. Moveable arcing contacts
4. Adjustment plates

Fig. 21. Crossbar assembly
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SECTION 6—Breaker Maintenance

Breaker Maintenance

6.1—Safety Precautions

BEFORE INSPECTION OR ANY
MAINTENANCE WORK IS DONE BE SURE
THAT THE BREAKER IS IN THE OPEN
POSITION. ALL ELECTRICAL POWER, BOTH
PRIMARY AND CONTROL SOURCES,
SHOULD ALSO BE DISCONNECTED.
ENSURE THAT THE CLOSING SPRINGS ARE
DISCHARGED.

6.2—Lubrication

In general, the circuit breaker requires moderate lubrication.
Bearing points and sliding surfaces should be lubricated at
the regular inspection periods with a thin film of GE Lubricant
D50HD38 (D6A15A1 Mobilgrease 28). Before lubricating, re-
move any hardened grease and dirt from latch and bearing
surfaces with kerosene. ALL EXCESS LUBRICANT SHOULD
BE REMOVED WITH A CLEAN CLOTH TO AVOID ACCUMU-
LATION OF DIRT OR DUST.

NOTE: The use of cotton waste to wipe bearing
surfaces should be avoided, as the cotton
ravelings may become entangled under the
bearing surfaces and destroy the surface of the
bearing.

On drawout breakers the contact surface of the disconnect
studs should be cleaned and greased with GE Lubricant
D50HD38 (D6A15A1 Mobilgrease 28).

6.3—Breaker Mechanism
Adjustments

Electric and Manual breakers have the same basic
mechanism shown in Fig. 22. All the adjustments detailed
below must be made with the breaker in“the ipright
position and the mechanism in the_reset, position as shown
in Fig. 22B. Reset the mechanism byimantal operation
using the slow close method given/in Section 5.1. The
roller (15) must be clear of theleamy2), see Fig. 22C.

6.3.1—Trip Latch

Referring to Figs. 22C, 22D 23, the gap between the trip
latch (10) and the rollery(9) should be between .015 and
.032. This adjustmegftycan‘be obtained by loosening nut
(19) and turning allen'screw (6).

6.3.2—Latch Buffer

Referringito Fig: 22D, the center line of the trip latch (10)
shouldypassithrough the center of the roller (9). The latch
buffer{18)0n the mechanism frame can be adjusted by
looseéning the retaining screws to reposition the latch with
respectte the roller.

6.8.3—Reset Latch, Bearing
and Prop

Referring to Figs. 22C, 22D & 24, the distance between the
bearing (17) and the prop (5) should be between .015 and
.032. To obtain this gap, advance or retard the nuts (4A) on
the bottom of the rod using the reset spring (4).

Fig."22A. Mechanism in motion before
resetting as shown in Fig. 22C
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Fig.22B. Mechanism in reset position
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10. Tripllatch
11.“Wrip shaft
12. Clevis pin
13. Clevis

14. Reset latch
15. Roller

16. Prop

17. Bearing
18. Buffer

19. Nut

Fig. 22C. Mechanism in closed pOsition
(closing spring discharged)

Fig. 22D. Latch, bearing, and prop

1%, Feeler gage

2. Trip latch

3. Roller

1. Feeler gage

2. Prop 3. Bearing

Fig. 23. Adjusting trip latch and roller

Fig. 24. Adjusting bearing and prop
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SECTION 6—Breaker Maintenance

6.4—Electrical Mechanism

The function of the electrical mechanism is to charge and
discharge the closing springs either electrically or
manually. The electrical mechanism consists of

a. Control components

b. Charging motor

c. Motor operator unit

d. Spring discharge interlock

Section 4.2 details the associated control circuitry for the
electrical mechanism.

6.4.1—Control Components
Referring to Fig. 25;

The control relay (X) is located on the left side of the front
frame channel. It may be removed by discoannecting the
wiring, loosening the two mountingyscrews and lifting it
slightly to pass the top mounting screwpthrough the
keyhole mounting. The entire relay should be replaced
rather than changing coils and centacts.

The antipump relay (W) is located on the left side of the
front channel. The connections to this relay are soldered.
Relay replacement requifes unseldering of these
connections and remaving the. mounting hardware. When
replacing relay take.carelin soldering connections. Do not
use excess amount of selder on connectors as to impair
operation of@€entactiarms.

The closing solenaid is located in the lower right hand side
of the mioteroperator unit. The switchette is separately
mounted inifront‘of the solenoid.

1. Terminal board
2. Auxiliary switch
3. F&G switches

4. Motor

6. Control relay (X)

'k

7. Closing button
5. Anti-pump relay (W) 8. Switchette

9. Closing solenoid

Fig. 25. Control component location
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After replacing closing solenoid or switchette check
adjustment of switchette and readjust if necessary. With
breaker in discharge position use a .010 feeler gage and
push closing solenoid to position shown in Fig. 26.
Switchette must be activated at this point. To adjust loosen
switchette mounting screws and pivot switch until
activated, then tighten screws. Recheck.

Closing Solenoid

Connection

“D” Contacts Points

OPERATOR

Hardware —

Mounting J +

MOTOR
mounting 11
Hardware

Maintenance |
Handle Shaft

Spacers
Maounting
Hardware
Opétatung Lever ﬁ

springBicharge
interlock Mechanism

P——¥ Moo
Assermibly
+ Pivot Arm —
€ T
+ +
Nt 1L 03.06 Dimension
required with
°
> N lever 1n position
— shown. Adjust
+ [o] S if necessary
+1 Retaning Ring
\_ " Drwve Link
' 1
L 1
i Opening Spring
Bracket

Fig. 27. Electrical mechanism

Fig. 26. Switchette adjustment

6.4.2—Charging Motor

The charging motor is located on thefrightyside of the
breaker. It is mounted on the mqQtor operator as shown in
Fig. 27. A driving pawl is mounted'eccentrically on the
motor shaft, see Fig. 28. As thegmotorturns, the driving
pawl rotates the ratchet which{charges the closing springs.
The ratchet is kept from reversing,its direction by the
holding pawl. To remove the mator:

a. On AKS 50 you muust remove the side sheet.

b. Disconnectfand identify the motor leads at the closing
solenoid and ctteffswitch

c. Remove three metor mounting screws.

d. Remove motor.

e. When reassémbling, assemble with the driving pawl
pointing toward the front of the breaker.
See Figh28.

1. Driving pawl

Fig. 28. Motor removal
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SECTION 6—Breaker Maintenance

6.4.3—Motor Operator Unit

The motor operator unit is located on the right hand side

of the breaker as shown in Fig. 29. Operator details are
shown in Fig. 30.

1. Motor operator unit

Fig. 29. Motor operator unit location

Cam |
Shaft Pivot e [ 1

Crank

|
L

Maintenance
Handle Shaft

\ Roller

Prop

30

Fig. 30. Motor operator unit

The motor drives the crank roller/maintenance handle
shaft until the control circuitry stops the motor and roller is
against the prop. The crank roller drives the cam shaft,
charging the spring, through the cam shaft paddle,

see Fig. 31.

The motor operator unit is not adjustable.4T@ replace the
unit, refer to Fig. 27:

a. Slow close the breaker, see'Section 5.1

b. Remove the motor, see Section 6.4.2. The motor
wiring doesn’t have to be disgonnected.

c. Disconnect the wifingte,the closing solenoid and
solenoid switch.

d. Remove retainingting from closing solenoid drive
link.

e. Remove threei)mounting bolts, one from the side, two
from thelbottom'of the charging mechanism. Note the
positians ofithe standoffs on the two bottom mounting
bolts andyreplace in the same position when reassembling.

f. Rotate motor operator shaft soits crank roller faces
thesrear of,the breaker. Refer to Fig. 32.

g4 Slide spring charging mechanism out toward the right
of thesbreaker.

h. Install new spring charging mechanism making sure
the crank roller engages cam shaft guide. Refer to
Figs. 31 and 33.

Cam Shaft
Paddle

/

Motor

Operator

Crank

Roller \ )

Assembly —* Guide
< Crank

Roller
——

Fig. 31. Engagement of the motor operator
crank roller with the cam shaft
paddle



SECTION 11—RMS-9/Epic MicroVersaTrip™

The RMS-9/Epic MicroVersaTrip is a solid-state, direct-act-
ing, self-powered trip device system. The RMS-9 system
consists of the RMS-9 programmer, current sensors, and a
flux shifter trip device. Fig. 98 shows a block diagram of the
system.

11.1—Programmer Unit

Fig. 99 shows a typical RMS-9Epic MicroVersaTrip unit.

The RMS-9/Epic MicroVersaTrip provides the comparison
basis for overcurrent detection and delivers the energy nec-
essary to trip the breaker. It contains a programmable mi-
croelectronic processor which incorporates nine adjustable
time-current functions, three mechanical fault indicators, a
long-time pickup LED indicator and a zone selective inter-
locking function. All adjustable programmer functions are
automatic and self-contained requiring no external relaying,
power supply or accessories. See Table 17 for trip functions
available and Table 18 for trip function characteristics. A de-
tailed description of each trip function is given in publication
GEK 97367.

I GROUND
. AMPLIFIER  LFAULT
ATy g e

RASRATING PLUG
AMPLIFIER

FACE PLATE

A8
S SWITCHES

RATING PLUG
I ° AMPLIFIER

ACH
I RATING PLUG ST
COMPARATOR

10
COMPOSITE G TRIP y
INST T

H R
SWITCH Wl

Fig. 98. RMS-9 Block Diagram
11.1.1—Fault Trip Indicators

The optional fault trip indicators are similar to the
MicroVersaTrip indicators. They are mechanical pop-out
type for identifying overload or short circuit overxcurrent

faults when breakers are ordered without integral ground

fault protection. They are also available tg,identify overload,
short circuit and ground fault trips for breakers supplied with
integral ground fault protection.

Each target pops out when jtsvassoeg€iated trip element
operates to trip the breaker [After(a trip, the popped target
must be reset by hand. Howevergneglecting to reset does
not affect normal operation 0f,any trip element or prevent
the breaker from bking'closed.

11.2—RMS-9/& Epic MicroVersaTrip

Installation
The programmerdmounts to the lower left of the breaker
as shown in Fig. 10if" 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
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.The locking lever is released, securing the programmer.
c. Verify that the locking lever did engage the programmer pin.
To remove the programmer:
a. Pull out locking lever, which will release the programmer
pin. Remove the programmer.

GVEMOAD  SHORT CINCINT  GROUNO FAWT

FIG. 99
RMS-9 & Epic MicroVersaTrip
Programmer

Note Location
of Pin #1

FIG. 100
Programmer Secondary
Connector Epic MicroVersaTrip
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SECTION 11—RMS-9 and Epic MicroVersaTrip ™ Trip Device

11.3—Current Sensors

The current sensors supply the power and signal input nec-
essary to operate the trip system. The RMS-9 and Epic
MicroVersaTrip® use a phase and neutral sensor. Fig. 102
shows the phase sensors. See Section 11.5 for cabling dia-
grams.

Fig. 101

The fixed phase sensors have a polarity associated with their
windings. Their COMMON terminal is the right hand terminal
as shownin Fig. 102. A white wire with a push on terminal
will be connected to this COMMON terminal. Alfphaseé’sen-
sors must be correctly wired for the programmer summing
circuit to function properly.

The phase sensors are available with an_additienal winding.
This winding is brought out to separateflag terminals. These
phase sensors are used when the hi-level instantaneous
RMS-9 option (‘H’-option) is requir€d-3Fig. 102 shows an
‘H’-option phase sensor. When the 4’-option phase sensor
is installed, there are four leadsieonneeted to it. There is no
polarity associated with the specialjwinding connection. Fig.
103 shows the connections for the,additional ‘H’-option
windings.
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TABLE 17. TRIP FUNCTIONS AVAILABLE

Optional Features N
BASIC FUNCTIONS ADD TO BASIC F, NS
STD.-or-S-or-H-or-M | L T | G-or-GR | A1- - -or-A | Z1-or-Z2-or-Z

e Adjustable Current Setting
o Adj Long-Time Pickup
LONG e Adj Long-Time Delay
TIME ® Long-Time Timing Light
® Remote Long-Time Timing Light X
e Adj Short-Time Pickup
SHORT e Adj Short-Time Delay
TIME e Short-Time Pt Switch(D X
INSTANTA- | e Adj Instantaneous Pickup X |1 X
NEOUS e Adj High Range Instantaneous X
¢ Adj Ground Fault Pickup
GROUND —1PH, 2-W—3PH, 3/4-W
FAULT —Ground Return X
o Adj Ground Fault Delay X | X
o Trip Indication Targets
—Overload & Short Circuit
OTHER —Ilocal only X
FUNCTIONS —Ilocal and remote X
—OlIL, S/C and Ground Fault
—local only@ X
—local and remote X
® Zone Selective Interlock
—Ground Fault® X X
—Short Time® X | X

x| X[ X[ X
XX | XX
X[ X |X|X
x| X | X|X

x|
x| X
x| X

1 Shont-Time Delay is required
2 Standard when Ground Fault specified
3 Ground Fault required

Short-Time Adjustable Adjustable Ground Fault
Current Instantan- Instantan- High Range
Setting eous eous Instantan- Triple Pickup
Pick up Pick Up Pick Up eous Selective (Muit.
(Mult. w/o ST with ST (Muit. of Trip of
Sensor of (Muit. of (Muit. of Frame Fixed High Sensor
Max. Current Rating Rating Short-time Range Amp Delay Delay ©
Frame Amp Delay 1 Setting) Delay Plug Amps) | Plug Amps) Rating) Instantaneous | Rating) | w/ 12T | w/o T
Size Rating (Sec.) (€ (Sec.) (X) (X) (H) & S) (Sec.) (Sec.)
2,.22,
Fixed at , .24, s4at
1.0 of 24,49, I’Tin:1 | 15,2,3,5 15,23,5, .26, ; 10, .21,
AKR-75 | 3200 Current | 9.8.20 40 7910 | 7.9.10,13 | 48 &10 NA 28, | 200% 35
Setting 15,20, 30, of pick
2.5, 30, 127 34 37 up at
4.0,5.0, . ' lower
out: & limit
5 6 | Fixed at 70.90 |y, 2 22, | 'm
7,8, 1.0 of 24,49, 21,35 15,2,3,5, 15,2,3,5, .24, .10, .21,
AKR100 | 4000 | 4000 9, 95 | Current | 9.8,20 7.9 7,9 4.8.810 NA 26, band 35
10,11 Setting .28, .3
@ Time wn at 600% of @ Time delay shown at lower X = Rating plug amps ® Triple selective trip is ® Time delay shown at lower
tting at lower limit limit of each band. All pick S = Sensor amp rating standard when long- limit of each band.
up tolerances are + 10%. C = Current setting time/short-time only Ground fault pick up not
is required. to exceed 1200 amps.
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SECTION 11—RMS-9 and Epic MicroVersaTrip™ Trip Device

Fig. 102. RMS-9 Phase Sensors Fig. 104. Typical Neutral Sensor

Fig. 104 shows the neutral sensor. The neutral sensor is re-
quired 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 sepa-
rately mounted in the cable or bus compartment.

The outputs of the phase sensors and neutral sensors 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 diagram in Fig. 108.

The neutral sensor is an electrical duplicate of the phase
sensor. Therefore, when phase sensors are changed, the

Fig. 103. ‘H’ Qption/Phase Sensor neutral sensor must be correspondingly changed.
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Since the neutral sensor is mounted separately
from the breaker, a disconnect means is required to
connect its output to the breaker. Fig. 88 shows the
breaker and equipment mounted 4th wire secondary
disconnect used with the RMS-9 system.

11.3.1—Replacement of Current
Sensors

Referring to Fig. 88, replacement of RMS-9 & Epic
MicroVersaTrip® current sensors is accomplished by the
same procedure as the MicroVersaTrip® current sensors.

11.4—FIlux Shifter Trip Device

The only difference between the RMS-9/Epic
MicroVersaTrip® and the SST flux shifter trip devices is the
solenoid winding. Refer to Section 8.3 for details.

When replacing a RMS-9/Epic MicroVersaTrip® flux shifter,
AMP extraction tool Cat. No. 455822-2 is required to remove
the socket leads from the AMP connector.

11.5—Troubleshooting

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

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

b) Breaker remaining in a trip-free( statewdue to
mechanical maintenance along its trip_shaft.

¢) Inadvertent shunt trip activations.

WARNING: DO NOT ADJUST THE' PROGRAMMER UNIT
(KNOBS) WHILE THE BREAKER,IS'€ARRYING CUR-

Once it has been established that®he circuit breaker
can be opened and closed nermally from the test position,
attention can be directedstoithetfip device proper. Testing
is performed by either of two methods:

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

NOTE: Forthese single-phase tests, special connections
must be employedyfor RMS-9 breakers equipped with
Ground Fault. Any single-phase input to the programmer cir-
cuit will generate an unwanted “ground fault” output signal
which will trip‘the breaker. This can be nullified either by

a)dsing the Ground Fault Defeat Cable as shown in
Figa\94> This special test cable energizes the pro-
grammer circuit 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 97367.

The time-current characteristics for the RMS-9 & Epic
MicroVersaTrip Trip Device are given in curves GES-6227

and GES-6228.

Fig. 105. Test Set, Cat. No. TVRMS

11.5.1—Resistance Values

For use in troubleshooting the RMS-9 current sensors, the
resistance of the fixed windings is given in Table 19.

TABLE 19.
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* flux
shifter device is approximately 7 ohms.
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SECTION 11—RMS-9 and Epic MicroVersaTrip™ Trip Device

11.5.2—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 exist-
ence of a false “ground” signal. As indicated by the cabling
diagram of Fig. 106, each phase sensor is connected to
summing circuitry in the programmer. Under no-fault condi-
tions 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 have the same electrical
characteristics. If one sensor differs from the others (i.e. dif-
ferent rating), 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
RMS-9 or Epic MicroVersaTrip components have previously
demonstrated satisfactory performance via the TVRMS 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) Verify that the harness connections to the sensors
meet the polarity constraints indicated by the cabling
diagram.

c) On Ground Fault breakers serving 4-wire loadsy
check that the neutral sensor is properly connected (see
cabling diagram Fig. 108). In particular,

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

(2) Check continuity between the neutralsensor and its
equipment-mounted secondary disconnect“blockeAlso
check for continuity from the breaker-mountedyneutral
secondary disconnect block through to the female harness
connector.

(3) If The breaker lower studs connectito the supply
source, then the neutral sensor mustthave its LOAD end
connected to the source. See Fig4109.

(4) Ensure that the neutralyconductor is carrying only
that neutral current assogiated with the breaker load cur-
rent (neutral not shared with other loads).

e) If the preceding stepsfaild¢o identify 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 Table 19.
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11.6—Cabling Diagrams
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Figh106: Cabling diagram—RMS-9 & Epic
MicroVersaTrip without ground fault
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SECTION 11—RMS-9 and Epic MicroVersaTrip™ Trip Device Q

Socket
L 4
Class
No. Note Loc %
5 + of Pin #1
Gnd .Fauit
Zone 6 - Inputs
Selective
7
Interlock * Gnd. Fault
8 - Outputs
1
12 + Commnet
9 Spare
Epic 10 vC
MvT 1 V3
4 VA
2 24 Ret
3 +24VDC
Fig. 110. Programmer sec ry connector pin locations for zone
selective interlo pic MicroVersaTrip Trip Device
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SECTION 12—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 111 shows location of features on
programmer. See user manual GEH-5891A.

12.1—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 read-
out 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 installation. The trip unit
digitally measures the current waveform in each phase to de-
termine the true RMS value of the current, regardless of the
waveshape. MicroVersaTrip® Plus trip units provide accu-
rate, predictable overload and short circuit protection for dis-
tribution systems that include ac and dc variable speed
drives, rectifiers, induction heating, and other loads that
cause high harmonic distortion as well as standard circuit.
They provide maximum breaker-to-breaker selectivity and
custom load protection. Short time and ground fault func-
tions include the flexibility of coordination with or without an
1’t ramp and are also available with high range instanta-
neous.

MicroVersaTrip PM Trip Unit

MicroVersaTrip PM trip unit adds power management sys-
tem capability, advanced metering, and protectivie,relays to
the basic functions of the MicroVersaTrip Plus.
MicroVersaTrip PM trip units communicate dire€tlypon the
GE POWER LEADER" communications bus.

Power Requirements

A small amount of power is necessary to energize the liquid
crystal display (LCD) during setup, for viewing breaker status,
and for metering displays. MicroVérsalrip PM trip units re-
quire external 24 Vdc controlqpowergfor gperation. The four
sources of such power are the following.

* Flow of current - Breakerurrent sensors provide
sufficient power to energizeghe ECD when at least
20% of the sensor’s ampererating is flowing.

e 24 Vdc control power,— Breakers with MicroVersaTrip
PM trip units are supplied/with external 24 Vdc power
that, whenever present, energizes the LCD. Some
breaker modelsithatare configured for
MicroVersafrip, Plusytrip units may be optionally
equipped to accept an external 24 Vdc supply.

e MicroVersaTripgTest Kit - The MicroVersaTrip Test
Kit, CatiyNoRTVRMS, contains a 24 Vdc power sup
ply.“The RCD is energized whenever the test kit jack
is plugged’into the test receptacle on the rating plug.

esMieroVersaTrip battery pack — The portable
MicroVersaTrip battery pack contains a 24 Vdc
pewer source and a jack. The LCD is energized when
the jack is plugged into the rating plug test receptacle.

MicroVersaTrip PM Trip Unit
forMetering, Relaying, and Communication on
AKR Power Circuit Breakers

SELECT Key
chooses next item
for display

ENTER Key
stores options

VALUE Key
selects phase to
display or alter
setpoint values

Interchangeable
rating plug for
flexibility in matching
load requirements

LCD readout for
metered values, trip
settings, and fault trip
indication

FUNCTION Key
selects the mode
of display

b FUNCTOR SELECY

VALUE ENTER
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SECTION 12—MicroVersaTrip “ Plus and
MicroVersaTrip PM Trip Units

12.2—Testing

Testing of MicroVersaTrip Plus and MicroVersaTrip PM trip
units may be performed with the trip unit installed in the cir-
cuit breaker, the rating plug installed in he 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 Mainte-
nance and Troubleshooting section for additional details.

12.3—Product Structure

MicroVersaTrip Plus and MicroVersaTrip PM trip units are
removable. Figures 112 and 113 contain front and rear
views of a MicroVersaTrip PM trip unit.

Figure 113 shows the 36-pin plug that connects either trip
unit to the circuit breaker and equipment circuitry. This plug
is called the trip unit disconnect.

Fig. 112. Front view of MicroVersaTrip PM
Trip Unit.
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CAUTION: Removal of a trip unit from its breaker must be
performed with the breaker in the OPEN or TRIPPED posi-
tion. Draw-out breakers should be racked outfirst.

CAUTION: Do not attempt to operatethe®breaker without its

assigned trip unit. Installation of an incotsect trip unit may
result in unsafe operation of the brgaker.

CAUTION: Removal of the rating pldg while the breaker is
carrying current reduces the breaker's®€urrent-carrying ca-
pacity to approximately 25%¢qef the'Current sensor rating.
This may result in undesired, tripping.

NOTE: Trip units as received may have settings that are un-
desirable for the specific application. Ensure that settings are
appropriately adjusted befere energizing.

Py

. CAUTION
i IMPBRTANT NSTAUCTIONSTO ENBLRE
7 FROPERPROGAA MM ERTUN

Fig. 113. Rear view of MicroVersaTrip PM
Trip Unit.



12.4—Trip Unit Removal and
Replacement

The programmer mounts to the lower left of the breaker as
shown in Fig. 101. It mounts to the bracket assembly shown
in Figs. 83 and 84. Referring to Fig. 83, the guide pins 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 secure the pro-
grammer tot the mounting bracket. When a trip unit is re-
placed, the locking arm snaps back into place to indicate
proper engagement.

WARNING: Always de-energize Type AKR circuit breakers
before attempting to remove or replace the trip unit. Be-
cause of the exposed location of the trip unit, failure to ob-
serve this warning may result in equipment damage or per-
sonal injury, including death.

Socket e .
Class Fig"114. Programmer secondary connector
No. .
Note Location
5 of Pin #1
* Zone
Zone 6 - Inputs
Selective
Interlock 7 +
Zone
8 - Outputs —
- w
12 + Commnet
9 Spare
10 vC
MVT-PM
1 VB
4 VA J mmﬂ )
2 24 Ret
3 +24VDC

Fig. 115. Programmer secondary connector pin locations for
zone selective interlock and MVT-PM
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SECTION 12—Microversatrip ™ Plus and
Microversatrip PM Trip Units

12.5—Phase Current Sensors

The current sensors supply the power and signal input nec-
essary to operate the trip system. Fig. 117 shows the fixed
phase sensors available. The sensors have a polarity associ-
ated with their windings. The common terminal of the sensor
is the right hand terminal. A white wire with a push-on termi-
nal will be connected to this common terminal. All phase
sensors must be correctly wired for the programmer sum-
ming circuitry to function properly.

The fixed phase sensors are available with an additignal
winding. This winding is brought out to separate flag termi-
nals. These phase sensors are used when theghi-level in-
stantaneous (‘H’-option) is required§Eig- @8 shows an ‘H’-
option phase sensor. When the ‘H’-optien phase sensor is
installed, there are four leads connected tolit. There is no
polarity associated with the ‘H’-option wihdings.

it

AKR-9D-100
Fig. 116

Fig.117. Phase Sensors
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Fig. 118. H-option phase sensor



12.6—Neutral Current Sensors

CAUTION: Neutral current sensors are required for three-
phase, four-wire systems. When the trip unit is connected to
a three-phase, three-wire system, the neutral sensor termi-
nals are left open. Do not short any neutral current sensor
terminals in a three-phase, three-wire system, as this could
result in damage to or malfunction of the electrical system.

Fig. 119 shows the neutral sensor. The neutral sensor is re-
quired 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 sepa-
rately 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 changed.

Fig. 119. Typicalneutral sensor
12.7—Rating Plug Removal and

Replacement

CAUTION: Removal ofythelrating plug while the breaker is
carrying current reduces the breaker’s current-carrrying ca-
pacity to approximately 25% of the current sensor rating.

Interchangeable rating plags are removed with a Rating Plug
Extractor, Cat. No. TRJFEOOL. (Suitable equivalents are com-
mercially available as “integrated circuit (DIP) extractors.”)
Grasp the rating plug tabs with the extractor and pull the
plug out, Be sureé'to grab the tabs and not the front cover of
the rating'plug, or the plug may be damaged.

Rejectionfeatures are provided on all rating plugs to prevent
application mismatches. Never force a rating plug into
place. Referto Table 20 to find the appropriate rating plugs
foreeach sensor rating and breaker frame.

If,@replacement rating plug has a different rating than the
plug that was removed, follow the appropriate setup proce-
dure in GEH-5891A to enter the new rating.

Do not attempt to use a rating plug from a Spectra RMS
breaker or a MicroVersaTrip “RMS-9/MVT-4 function trip in a
MicroVersaTrip Plus or MicroVersaTrip PM trip unit.

TABLE 20. Rating plug catalog numbers

Sensor Plug Breaker
Cat No. Rating, Amps Rating Frames
TR32B1200 1200
TR32B1600 3200 1600 AKR75
TR32B2400 2400
TR32B3200 3200
TR40B1600 1600
TR40B2000 2000
TR40B2500 4000 25001 AkR100
TR40B3000 3000
TR40B3600 3600
TR40B4000 4000

12.8—Trip*Unit Functions

MicréVersalrip Plus and MicroVersaTrip PM trip units
havespecific standard and optional functions. All trip units
share a series of interchangeable rating plugs. The standard
functiop$ for both types of trip unit are as follows:

*“Rrotection
- 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

- Ground-fault protection, with or without 12T

- 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.

* Configurations
- Communication and metering
- Communication and protective relaying
- Communicaiton, metering, and protective relaying

e Metering and protective-relaying functions
- Voltage
- Energy (kWh/MWh)
- Real power (kW/MW)
- Total power (kKVA/MVA)
- Frequency (Hz)
- Protective relays (undervoltage, overvoltage, voltage
unbalance, current unbalance, and power reversal)
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SECTION 12—Microversatrip ™ Plus and
Microversatrip PM Trip Units -~

12.9—Trouble-Shooting Guide

The following guide is provided for trouble-shooting and iso-
lating 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.

2. The trip unit display Can occur on Plus style trip

flashes. units when load current
fluctuates near 20% of S.

3. The trip unit display The built-in self test has
flashes ERR. detected an error.

4. The trip indication Trip unit is not in status
target will not clear. mode.

5. Unit does not comm- Commnet wires are shorted
municate with the or improperly connected:
Monitor, POWER
LEADER Distribution FPU version is lowerftham2.0
Software, or FPU.

Trip unit addresssincorrect.

6. Current readings are Rating plug valuelwas
incorrect. definedjincorrectly.

7. Voltage readings are Potential transformer (PT)
incorrect. primary voltage was defined

incorfrectly.
PT connection was defined
incorrectly.

8. kW legend is flashing. Total power metering.

9. Overload target.is Test Kit-initiated trip indication.
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The trip unit display
is blank.

flashingdby. itself.

Line current is below 20%
of S (MicroVersaTrip Plus).

External 24 Vdc is absent
(MicroVersTrip* PM).

At least 20% of the currept Sefisor rating, S, must
be flowing through the breakerto activate the
display. If not, power4he trip tnit with the Test
Kit or external batteny,packs

Check that the cantrol pewer supply is present
and operational,

Power theytrip unit with the Test Kit or external
battery pack:

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, as in
Chapter 2, agrees with address at host.

Read the X value from the rating plug nameplate
and enter this with the rating plug current

set point procedure in Chapter 2. 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 in Chapter 2.

With the PT connection procedure in Chapter 2,
enter VL-N for a wye-connected PT primary or
VL-L for a delta-connected PT.

Indicates that the total power is metered in kVA.

Clear target as indicated above (Symptom 4).



SECTION 13—Type EC Overcurrent 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.

The standard EC trip device for the AKS breakér frames is
the type EC-2A, see Fig. 120. An optional trip device for
these frames is the type EC-1, see Fig. 121,

The EC trip device for the 4000 and 6000 amp AKR 75/100
frames is the EC-1B shown,in Rig.4122.

The trip characteristics for thelEC 4Fip devices are listed in
Table 21.

Fig. 120. EC~2A trip device

Fig. 121. EC-1 trip device
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SECTION 13—Type EC Overcurrent Trip Device

1. Magnet 4. Short time adjustment
2. Connecting rod 5. Long timelad ustment
3. Vibration damper 6. Adjustment for instantaneous pickup

Fig. 122. ‘EC-1B trip device
TABLE 21—EC Device Trip Characteristics

(2CC) MIN. — 07 sec.

Trip Long Time Short Time Instantaneous
Device | pickup (1) Delay 2) Pickup Delay (3) Pickup
(1A) MAX ‘2 adyli5-38 sec
or 4-9X,
80-160% X | (1B)LINTER)— ad)"7.5-18 sec 6-12X,
EC-2A (+ 10%) oY 9-15X or
(1Q_MINy-—,ad). 3.3-8.2 sec 80-250%X
(1AYYMAX. — 30 sec. (2A) MAX. — 23 sec
or 2-5X, or High Set
80-160% X (1B) INTER. — 15 sec 3-7X or (2B) INTER. -- .15 sec up to 15X,
EC-1 (= 10%) or 4-10X or Non-Adjustable
(1C) MIN. — S sec. (2C) MIN. — 07 sec.
(2AA) MAX. - 20 sec
80-160% X (1BB) MAX. -— 4.5 sec. 2-5X, or 4-9X,
EC-1B (#15%) or 3-7X or (2BB) INTER. — 13 sec 6-12X,
(1CC) MIN. — 2 sec. 4-10X or 9-15X or

80-250% x (@)

1 X = Trip deyice ampererating. If trip devices are set above 100% 3 Atlower limit of band at 2¥2 times pickup setting

for coordination purposes, such settings do not increase the breaker’s

continu@usyeurrent rating. time delay

2 At lower limit of band at 6 times pickup setting.
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13.1—Direct Acting Tripping Device EC-1B

The type EC-1B overcurrent tripping device is a direct-
acting device that causes the power circuit breaker with
which it is associated to open within a predetermined time
range which depends upon the magnitude of the current
overload. The EC-1B tripping device can be constructed to
supply a variety of different types of time-current charac-
teristics, either alone or in combination. These are long
time delay, short time delay, and instantaneous, and they
are identified respectively by numbers 1, 2 and 3. Charac-
teristics are further broken down within each of the first
two of these general classifications into maximum,
intermediate and minimum values of the time delay period.
These are coded respectively as AA, BB and CC. Time and
current relationships for the various device characteristics
are given by the curves listed in Table 18.

TABLE 22—Time-Current Curves

Trip
Trip Trip Characteristic
Device Elements (EC Devices Curve
a) only)
EC-1 LSI (See Curves) GES-6000A
LI 1BB-3 GES-6003
EC-1B U 1CC-3 GES-6004
LS (See Curves) GES-6005
LI 1A-3 GES-6010
EC-2/2A Ll 1B-3 GES-6001
L 1C-3 GES-60,12
@ L = Long Time S = Short Time I = Ipstantaneous

13.1.1—Long Time Delay Tripping

Referring to Fig. 123, the long time delay is\obtained
as follows:

The long time delay armature (22) is‘festrained by the long
time delay calibration spring (15).;After the magnetic force
produced by the overcurrent copditiomy@vercomes this
restraint, the velocity of the armaturé movement is
governed by the flow of oil through_an orifice in the piston
of the dashpot (17). The time required to displace the
piston is inversely proportional to the force tending to
close the magneticfeircuit:

13.1.2—Short TimesDelay Tripping

Referring to Fig. 101"the short time delay is obtained
ds follows:

The short time delay armature (1) is restrained by a
calibration spring (6). If the force tending to close the
armature against the magnet (11) is great enough to
overcome the spring force, the speed of movement is
governed by the mechanical escapement mechanism
consisting of parts (2), (3), (4) and (5).

13.1.3—Instantaneous Tripping—High Set

Referring to Fig. 123 adjustable instantaneous tripping is
accomplished by varying the amount of tensileforce on
the high-set instantaneous spring (21). When a magnetic
force greater than the restraining spring force is produced
by an over-current condition, the armature (22) is pulled
upward against the magnet (24), fhus ripping the breaker
by the movement of the confiecting'rod (13) against the
trip paddle (14).

The pickup value of the device may have one of the
following ranges: 4 to 9, 6 to/12, jor 9 to 15 times coil rating.
Three calibration marks will appear on the calibration
scale (18) and the value of these calibration marks will be
indicated by stampings onsthe scale as follows: (4X-6.5X-
9X) or (6X-9X-12X) or(9X-12X-15X), depending on the
desired range. To'set the device at a particular pickup
value, loosep'thgyclamping nut (20) and slide the index
pointeron the £alibration washer (19) to a position which
lines upih@rizontally with the desired pickup value on the
calibration scale (18).

13.1v4 —=lInstantaneous Tripping—Low Set

lfow=set.instantaneous tripping is adjustable from 80
percent to 250 percent of the continuous current rating of
theddevice. Whenever this is used, it is the only
characteristic of the device. Instantaneous tripping used in
conjunction with any other characteristic is always
high-set.

If the characteristic of the device is low-set, adjustable
instantaneous, a link is installed in place of spring (21) and
the instantaneous calibration spring is located where
spring (15) is shown in Fig. 26. Dashpot (17) is omitted
from assembly. See Fig. 101.

13.2—Replacement

The EC-1B device is replaced as follows, referring to
Fig. 123:

1. Remove stud (23).
2. Remove mounting clamp.

3. Remove two screws fastening magnet (11) to lower
stud.

4. Device is now free of breaker. Reassembly is
accomplished by reversing the procedure.

When reassembling the magnet to the lower stud, be sure

to replace any spacing washers in the same location in
which they were found during disassembly. If this is not
done, misalignment and consequent malfunction may result.
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SECTION 13—Type EC Overcurrent Trip Device

13.3—Adjustments

Before the EC-1B overcurrent device is calibrated at the
factory, the air gaps between magnet (11) and armatures

(1 and 22) are set. These gaps are measured at their widest
point, between the front edge of the armature and magnet.
The gap for the short time delay armature is 17/64 in., and
for the long time delay armature is 17/64 in. Both have a
plus and minus tolerance of 1/64 in.

The air gap setting is a factory adjustment and is not to be
attempted in the field. If any change occurs, the calibration
of the device will not be true. If any calibration difficulties
are experienced, they may be due to the fact that the air
gap setting has been altered by rough handling or
shipment damage. If a check of the air gap measurement
reveals that the setting is beyond the tolerance, the device
should be returned to the factory for recalibration.

The adjustment screw (7) is provided so that the short-time
mechanism will pick up the trip link (8) at the same point at
which it is picked up by the long-time mechanism. This
may be checked before the device is mounted by pulling
forward on the connecting link (10) and checking visually
to see that trip link (8) contacts both the set pin in the long
time linkage and the end of adjustment screw (7).

After the device is mounted on the breaker, a final
adjustment that must be made in the length of the

connecting rod (10). This is made by varying the amount
of thread engagement between the connecting rod¢and the:
insulated coupling which ties onto the trip paddle{(14). The
approximate distance between the pivot centers onthe
ends of the connecting rod assembly is six inches. The
correct exact distance is that which will just cause tripping
of the breaker when the armature is closed to a point 1/32
in. short of contact with the magnet. A step-by-step
procedure for making this adjustmentfollows.

1. Before mounting the trip device,'set the center
distance between the pivot centers ofythe’connecting rod
at six inches.

2. Close the breaker and insert,a feeler gage 1/32 in.
thick between the armatureland magnet. This should be
done from the rear of the®breaker. The feeler gage should
be no wider than 1/2 ip. and"at least 4 inches long.

3. Close the armature against the gage and magnet.

4. If the breakerdoes not trip, form paddle 14 to obtain
positive trip.

5. Chetkyisually to make sure that the connecting rod
does pot restrict'the engagement of the breaker trip latch
when the breaker mechanism resets. It should always be
possible totadjust its length to a point where resetting is
not interferred with and yet positive tripping by the
overecurrent device is achieved.
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Long Time & High Set
Inst. Mechanism

1. S.T.D. armatdre 9. Air gap adj. 17. Dashpot

2. Pallet 10. Connecting rod 18. Calibration scale

3. Pinion 11. Magnet 19. Calibration washer

4. Escape wheel 12. Lock nut 20. Clamping nut

5. Driving segment 13. Connecting rod 21. Inst. calibration spring
6. S.T.D. calibration spring 14. Trip paddile 22. L.T.D. armature

7. SyT.D. trip adj. 15. L.T.D. calibration spring 23. Stud

8alrip link 16. Calibration clamp nut 24. Magnet

Fig. 123. Direct acting tripping device EC 1B
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13.4—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 instantaneous 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 instantaneous 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
engagement. See Section 6.3.1.

Refer to Fig. 124 for the discussions given below.

13.4.1— Long Time-Delay and High-Set
Instantaneous Tripping

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

As in the case of the EC-1 over-current 4rip, thesdlong-time
delay tripping feature can be supplied with‘any one of
three time-current characteristicsywhichycorrespond to the
NEMA standards maximum, intermediate a@and minimum
long-time delay operating bands. These are identified as
1A, 1B and 1C characteristics, tespectively. Approximate
tripping time for each of theseyin‘the same order are 30,
15, and 5 seconds at 600 percentof the pick-up value of
current. (See time-current characteristic curves).

The tripping time/may be varied within the limits shown on the
characteristic curvesdby turning the time adjustment screw (4).
Turning in a clockwise'direction increases the 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.
124. When the index mark on the connecting link (9) lines up
with a markyon 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. Standard
characteristic curves are plotted at these settings.

Time values are inversely proportional to the effective
length of the dashpot arm. Therefore, the linkagegsetting
that gives the shortest time value is the oneat which
dimension “A”, Fig. 123 is greatest. The time adjustment
screw (4) may be turned by inserting a Phillips head
screwdriver through the hole in the front ofithe case. If it is
desired to relate the linkage setting to the index marks on
the linkage it will be necessary to remove the case. This
may be done by removing the two'mounting screws, one
on each side of the case, whichimay be taken off without
disturbing the trip unit itsélf.

13.4.2—Instantaneous/d ow-Set Tripping

The low-set instantaneous pick-up point may be varied by
the adjustment Knob¥(3). The calibration in this case
usually ranges from 80 percent ot 250 percent of the series
coil rating, withythe‘ealibration plate indexed at values of
80, 100, 150, 200, and 250 percent of the rating.

13.4.3—=Instantaneous High-Set Tripping

The high-set instantaneous pick-up value may have one of the
followingpthree ranges: (4 to 9), (6 to 12), (9 to 15) times coil
ratingyfThe pick-up setting may be varied by turning the instan-
taneous 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 arm as follows: (4X-6.5X-9X)
or (6X-9X-12X) or (9X-12X-15X).

Atthe 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). Turning the
adjustment screw changes the position of the movable nut
(11) on the screw. The spring is anchored to this movable
nut so that when the position of the nut is changed, there
is a corresponding change in the spring load. As 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 calibration 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 pointin its motion at which
the breaker is tripped.
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SECTION 13—Type EC Overcurrent Trip Device

y

1. Low set instantaneous spring 9. Connecting link

2. Calibration plate 10. Series coil

3. Adjustment knpb 11. Movable nut

4. Time'adjustment screw 12. Instantaneous pickup adj.

5. Instantameous spring 13. Dashpot

6. Trip'screw 14. Operating arm

7.CArmature 15. Calibration marks

8. Dashpot arm %,

Fig. 124. Overcurrent tripping device—EC-2A
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13.5—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. 126 for the discussions below.

13.5.1—Short Time-Delay Tripping

The armature (7) is restrained by calibrating spring (8).
After the magnetic force produced by an overcurrent
condition overcomes this restraining force, the armature

movement is further retarded by an escapement
mechanism which produces an inverse time delay
characteristic. The mechanism is shown on Fig. 126!

13.5.2—Long Time-Delay Tripping

The armature (10) is restrained by the calibration spring
(11). After the magnetic force produged by an overcurrent
condition overcomes this restrainingdorce, the armature
movement is further retarded by, the flow of silicone oil in a
dashpot, which produces an_inverse time delay
characteristic. The mechanism/isyshown on Fig. 126.
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Short Time Delay Mechanism
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Right Side View Showing
20 Long Time Delay Mechanism

Front View Showing
Mounting Bracket

1. Series cail 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. 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. 126. Series overcurrent tripping device EC-1
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SECTION 13—Type EC Overcurrent Trip Device

13.5.3—Instantaneous Tripping

a. Adjustable instantaneous tripping takes place after
the magnetic force produced by an overcurrent condition,
overcomes 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 overcomes the restraining force of a non-
adjustable spring.

13.5.4—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.

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 127. 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.

13.6—Positive Trip Adjustment

Before attempting any checks or adjustments on breaker
with EC trip devices, the breaker mechanism and trip fatch
should be checked to assure their proper functioning so
that the breaker trip shaft is free of high friction lgads. The
trip latch of the breaker should also be checked for proper
trip latch engagement. See Section 6.3:1.

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

Positive tripping is achievedywhen adjustment screw (9)
Figure 126 is in such a‘position that it will always carry the
trip paddle on the gfipyshaft,beyond the point of tripping
the mechanism, whefn therarmature closes against the
magnet.

In order,to make théyadjustment, first unscrew trip screws
(9), Figure 126nuntil it will not trip the breaker even though
the armaturejis pushed against the magnet. Then, holding
the agmature in'the closed position, advance the screw
untilitjust trips the breaker. After this point has been
reachedhadvance the screw two additional full turns. This
willgive,an overtravel of 1/16 of an inch and will make sure
that activation of the device will always trip the breaker.

Adjustment screw (9), Figure 126 can best be manipulated
by an extended 1/4 inch hex socket wrench.

Fig. 127. Checking travel distance of
series overcurrent tripping device
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13.7—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. 128) consists
of a series coil (2) with an iron 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 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 of the device.

If the current through the series c6il’ (2), is reversed, the
armature (10) tends to movedin thegelockwise direction
against the restraint of the calibrationsspring (6). When the
current reversal exceeds thefcalibration setting, the
armature revolves clockwise causing the trip rod (3) to
move upward engaging 4he trip_paddle (1), thereby
tripping the breaker.
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Fig. 128. EC-1 reverse currrent triping device
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SECTION 13—Type EC Overcurrent Trip Device

13.7.1—Adjustments

The only adjustment to be made on the reverse current
device is to make sure that the trip rod has a minimum
overtravel of 1/32 in. beyond the point of tripping the
breaker. This adjustment 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 required. 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
adjusting 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.
overtravel of the trip rod should be obtained.

13.7.2—Replacement

After removing the wiring for the potential coil the reverse
current device can be removed and replaced by following
the procedure outlined for replacing the series ovefcurrent
device. See Section 11.9. For wiring, see Fig. 128.

13.8—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 devicewiill nabtrip the
breaker on overload it will trip on instantaneodus only.
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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 bedeffective inlindicating the
overload before the other poles tripithe¥feaker, the device
must have less time delay thanghe,other two poles; this is
accomplished by using a lower charaeteristic on the alarm
device than the other polesfer setting the alarm devices
long time setting at 80%,

13.9—Trip Device"Replacement

Overcurrent devices om,the AKS50 breakers can be
replaced as follogws;

a. Sepafate frames/as described in Section 5.3

b. Referring to)Eig. 126, remove bolts securing the series
coil (1) touthe lower stud.

c.“Remove the clamping bracket (20).

d. Beforé’installing the replacement device, check the
travelof trip arm as described in Section 11.5.4 and Fig.
127

e./Replace new device in reverse order.
f. Adjust the new device as described in Section 11.5.4

When replacing an EC-1 device with an EC-2 or EC-2A
device, it may be necessary to replace the trip paddles on
the trip shaft with slightly longer ones. If paddle
replacement is required, new paddles are provided with the
replacement trip units.

Pickup settings on the cover of the EC-2, EC-2A device are
calibrated for the specific device. When replacing covers,
replace on associated device.



SECTION 14— Electrical Characteristics

Table 27

Table 23

Charging and closing operating currents

Table 24

Bell alarm contact-rating

Table 25

Auxiliary switch contact sequence

Table 26

Auxiliary switch contact ratings

TABLE 23—Charging and Closing Operating Currents

Charging times
Table 28
Shunt trip and undervoltage device

Table 29
Coil resistance

B MOTOR © ANTI-PUMP CONTROL CLOSING
g Current (Amps) RELAY “W" RELAY “X" SOLENOID z
() — — —
® o E ® 2 Rated-Amps 2 Rated Amps 2 Rated Amps 2
E o ] -] "\g§ S a =3 =3 w e
ES =g 22 B @ = 2 | Inrush | Sealed | = 3 | Inrush {3Sealed ¥ = 2 | Inrush | Sealed | &5
3 o 6 ® RO PO %5 £ - S W
z> w >x E& | Open | Closed | = & | Open™j,Closéed | =& | Open | Closed | & «
48V DC 38-56 40 10 38 .063 .063 30 4.1 41 38 2.7 2.7 20A
125V DC 100-140 27 85 .024 .024 90 105 1.05 100 13 13 20A
250V DC 200-280 13 170 .015 .015 180 .53 .53 200 .68 .68 20A
120V 60 .090 .052 110 14 2.6 35 20A
120V 50 104-127 25 5 95 .090 .052 95 1.0 15 98 2.2 .29 20A
120V 25 047 .032 6.85 1.27 1.1 A7 20A
208V 60 .050 .029 45 .063 1.5 19 20A
208V 50 180-220 15 35 175 .050 029 175 .55 .083 177 1.2 16 20A
208V 25 .032 .018 3.86 .76 .60 .08 20A
250V 60 064 036 .50 07 1.3 A7 20A
250V 50 208-254 12 3 190 064 .036 190 .50 .08 196 1.1 15 20A
250V 25 035 .023 3.42 .64 .54 .08 20A
@ Values are typical and are given only as applicationdrformation, and not intended to be maximum or minimum values.
Table 24-Bell Alarm Table 26-Auxiliary Switch
Contact Rating Contact Rating
Bell Alarm Contact. Auxlliary Switch
Control Rating (amperes) Control Interrupting Ratings
ontro A ®
Voltage nrusl Contin- Voltage (Amperes)
uous Non-
Inductive
125 (25 25 Inductive
Dc | 250 | “oig, [¥ 0.9 o 48 | 25 —
C 125 11 6.3
60 Hz. | 120 (30 10 250 2 1.8
Ac 240 15 5
480 7 3 115 75 50
Ac 240 50 25
480 25 12
® Limited to 20A continuous r;‘xting of
ope . switch on all breakers and to 5A contin-
Table 25-Aux|||ary Switch uous rating of #16 wire on drawout
breakers.
Contact Sequence Table 27
CB Auxillary Switch Position Charging Times
Main “a"” "b”
Contacts Contact Contact Nominal Time
Voltage (sec.) (U
Open 48VDC 20
or Open Closed 125VDC 17
Tripped 250VDC '
120VAC 1.5
208VAC 1.7
Closed Closed Open S40VAG 3
® Closing spring charging times are
typical values. The maximum g5

permitted is 5 seconds.




SECTION 14— Electrical Characteristics

TABLE 28—Shunt Trip and Undervoltage Device Operating Currents

O

§ SHUNT TRIP UNDER VOLTAGE
‘cEa > Current Current
2 _"g" g . (Amps) (Amps)

E ;’ :-;I Operating Inrush Sealed Operating inrush l’ Sealed
3 e Voltage range Open Closed Voltage range pen Closed
24 DC 14 30 8.3 8.3 .38
48 DC 28 60 45 45 19
125 DC 70 140 2.0 2.0 .08
250 DC 140 280 1.0 1.0 .04
70 60 59 132 — — N/A N/A
120 60 95 127 12.3 10.8 66 24
120 50 95 127 76 6.7 75 25
120 25 95 127 4.7 4.1 IR .31 10
208 60 175 220 3.2 26 3 51 17
208 50 175 220 3.8 3, © © .30 10
208 25 175 220 E€E 14 .05
240 60 190 254 22 37 12
240 50 190 254 “g 2 34 1
240 40 190 254 g :‘8 N/A N/A
240 25 190 254 5% 16 .06
380 50 315 410 § 3 22 .08
480 60 380 508 @ g 23 .08
480 50 380 508 e 3 17 06
480 25 380 508 % a 11 .05
575 60 475 625 . . il 16 .06
575 50 475 625 1 47 14 .06
575 25 475 625 3.1 3.0 See Table 30 10 05

TABLE 29—Caoil Regis nce—DC Ohms @ 25°
Nominal Control ti-Pump Control Shunt
Voltage Frequen z Relay "W Relay “X" Trip Undervoltage

24V N/A N/A 3 64
48V 802 12 11 240
125V D 5000 119 64 1600
250V 16400 476 260 6700
120V 60 450 54 3.9 25.4
12 50 450 75 7.15 33
v 25 1450 75 25.4 146

60 1450 216 254 64

2 50 1450 300 254 146
208V 25 3900 300 64 580
240V 60 1450 300 254 100
240V 50 1450 300 254 146
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




O

TABLE 30—Instantaneous Undervoltage Device Settings 0
COIL MAXIMUM DROP OUT.
RATING PICKUP VOLTAGE NGE
24VDC 20
48 VDC 3| -29
125 VDC 106 8-75
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 4 173-345
TABLE 31—Time-Delay Undervoltag Qe Settings
v MECHANISM RESET DROP OUT
VOLTAGE vbe ‘ ’ NO PICK UP PICK UP
125 VDC 77-& 50 90 - 95 MINIMUM
20%?34\(;?2\0 E 90 160 - 165 POSSIBLE

Q>®
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These instructions burport to cover all details or variations in equipment nor to provide for every possible
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SECTION 1—Introduction

Introduction

These instructions provide the maintenance procedures
and describe the operation of the 1600 thru 4000 amp AC,
6000 amp DC frame size type AKR, AKS low voltage power
circuit breakers listed in Table 1 and Table 2.

The proper use, care and maintenance of these breakers 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
instructions.

1.1—Inspection and Maintenance

Breakers should be cared for under a systematic
maintenance 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 inspected
will depend on the circumstances of its use. It would be
well to inspect any breaker at least once a year. If it is
frequently operated, or installed in an area of high
humidity or a dusty, dirty atmosphere, inspections should
be more often. Inspections might be monthly under
adverse conditions.

Table 1—AKS 50 Designations

A basic maintenance inspection should consist ofian
overall visual check, plus observation of a few closing and
opening operations. If a breaker is seldom operated such
that it remains open or closed for a period of six months or
more, it is recommended that arrangéments be made to
open and close it several times.din suceession.

Dirt, grease or other foreign materialjonany parts of the
breaker should be removed by'a therough and careful
cleaning. Insulating surfaces should be checked for
conditions that could degrade insulating properties.

During an inspection, theybreaker's contacts should be
slow-closed manuallyf{with“¢losing springs restrained by
the safety pin) to obServe €¢ontact alignment and to insure
that all mechanism parts move freely. A complete contact
inspection, incltdinggmeasurement of wipe and force,
should als@ybe done.

To properlytinspect contacts, the arc quenchers must be
remoVveédyAt this time thoroughly inspect the inside
surfacesief the‘arc quencher side plates and inner
components;

1.2—Renewal Parts

The)AKR breakers contain a variety of parts and
assemblies. Many of these parts and assemblies are
available as replacement parts when the need arises. See
publication GEF4552, Renewal parts, for a complete listing
of these parts.

F&;"Lif;;'s DRAWOUT MOUNTING s;gng_mgv NOTES
250V.Dc | S00V.Dc | 600WfAc |NPOLES AKD AKD-5
2000 — 00, 3 | S oo | AKSAson | AKSCBson | D)
— 2000 — 2 AKS-(*)-50V AKS-(*)A-50V AKS-(*)S-50V (2)
— — 2000 3 | AKST-(")-50H | AKST-(")A-50H | AKST-()S-50H | (1)
— — 1600 3 AKSU-(*)-50 AKSU-(*)A-50 — (3)

(1) The “H" suffixddenotes extended short circuit ratings.
(2) The “V"suffix denotes 500V. Dc ratings.
(3) Integrally fused models.

(*) This digit identifies the trip device type as follows:
2 = EC-1 or EG#2A (Dc only).
4 = ECS
5 ~SST (50/60 Hertz only)
6,= MicroVersaTrip

N ='Non automatic. In addition, all non-automatic 250 VDc breaker types carry the suffix letter D after their

frame number, e.g., AKS-N-50D.

EC-1 & EC-2A trip devices are the electro-mechanical type. ECS, SST and MicroVersaTrip™ units are Solid State.
For detailed information on these trip devices refer to Sections 8 thru 11.



Table 2—AKR 75/100 Designations

F(FIAAME SIZ)E MOUNTING TYPE priMarTNREAKER
mperes
S0V, Ac | DESIGNATION DRAWOUT Sub- | Stationary ESCUTGHEON | STUD | WIDTH
250V. Dc 50/60 Hz. AKD | AKD-5 | AKD-6 |AKD-8 Structure TYPE (Inches)
. X Bar
3000 AKR-(*)-75 X Tube
4000 AKR-(*)A-75 X X Tube 25
AKR-(*)B-75 X X Fingers
3200 AKR-(*)C-75 X Fingers
AKR-(*)D-75 X X Fingers
AKR-(*)F-75 X X Fingers
AKR-(*)S-75 X Bar
AKR-(*)-100 X Tube 13
AKR-(*)A-100 X X Tube
AKR-(*)B-100 X X Fingers
6000 4000 AKR-(*)C-100 X Fingers 25
AKR-(*)D-100 X X Fingers
AKR-(*)F-100 X X Fingers
AKR-(*)S-100 X Bar
AKR-(*)W-100 X Bar 33
SPECIAL DC BREAKERS FOR FIELD SWITCHING
ARK-N-75F X Tube
AKR-NB-75F X X Fingers
4000 AKR-ND-75F X X Fingers 25
AKR-NF-75F X X Fingers
AKR-NS-75F X Bar
AKR-N-100F X Tube 33
AKR-NB-100F X X Fingers
6000 AKR-ND-100F X X Fingers
AKR-NF-100F X X Fingers
AKR-NS-100F X Bar 25
AKR-NW-100F X Bar 33

Example: AKR-5B-75 identifies a drawiout, sibstructure-mounted breaker equipped with the SST trip device.
The EC trip devices are electro-mechanical, refer to GEI 86157 for detailed information.

Breaker Models

(*) This digit identifies N = Non-automatic.
the trip device: In addition, all
2 = EC-1B. Dc only. non-automatic 250V.
4 = ECS Dc breaker types carry the
5 = SST 50/60 Heftz only. suffix letter D after the
6 = MicroVersaTrip 50/60 Hertz only. frame number,
For detailed informationion e.g., AKR-NB-75D.

these trip devices refer to
Sections 8 thru 11.




SECTION 2—General Description

General Description

Type AKR low-voltage power circuit breakers are used for con-
trolling 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 cir-

cuits when abnormal conditions occur. Among these condi-
tions, the more common are short circuits and sustained
overloads and undervoltages.

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 purchaser 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
commitment to close the breaker at any point upon thé
activation of an automatic trip device (i.e., be “Trip-Eree")x
Finally, it also must be able to trip open a closed breaker.
quicky enough to minimize arc erosion and in suchga
manner as to effect proper arc transfer to the arc runper.

The current-carrying members of the breaker are
assembled on the back frame, which proyides the
mechanical support required and also the iaisulating
structure needed. The conductive membeérs arepthe studs
for external connections, movable andstationary contact
sets, pivots for the movable contacts,“and provision for
mounting the current transformers¢

The interrupter components are, iniaddition to the arcing
contacts, the arc runners mounted’an the back base and
the removable arc quencher assémblies.

In addition to these basic components, a breaker may be
equipped with any gombjfnation‘of many accessories and
interlocking devices:

Individual breakers may differ in a variety of areas as
shown in Tables 1 and 2. A brief description of these areas
follow.

2.1—Frame Size

AKR 75,breakers’are available in three frame sizes—3200
amperes A'C.;and 4000 amperes D.C. There is also
availabley for replacement or hole filler application on AKD
or AKD5"switchgear 3000 amperes A.C. frame.

AKR 100 breakers are available in two frame sizes=4000
amperes A.C. and 6000 amperes D.C.

AKS 50 (replacement breaker for the AK50) is awailable in
two frame sizes—1600 amperes A.C. afd 2000 amperes
A.C. or D.C. depending on trip device.

These values represent the maximam cenmtinuous current
capability of the respective frameés. However, each breaker
carries a specific rating whjch'is determined by the current
sensor ampere rating or tap,setting/of the trip device with
which it is equipped.

Individual breaker rating data.is shown in Table 3.

2.2—Operation

There are Manual and, Electrical models. The Manual
breaker has,an ‘opérating handle which is used to manually
charge the'mechanism closing spring. Figure 1 shows a
typical Manual breaker.

Fig. 1. Manually operated, AKD type

The Electrical breaker contains an electric 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. Figure 2 shows a typical Electrical
breaker.



Fig. 2. Electrically operated, AKD type

2.3—Mounting

AKR-75 and -100 breakers are furnished in both drawout
and stationary construction. Drawout breakers are
equipped with features which make them easy to jnstall in
or withdraw from their associated switchgeaf equipment.
Stationary breakers are designed to be,mounted in a
switchboard or enclosure designed and €enstructed by
others. Mounting consists of bolting the breaker frame to a
supporting structure within the switehboard or enclosure.
If control power connections are needed, a’suitable
terminal board is supplied.

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

AKR-4(t)-754where
(t) = mounting type code letter per Table 3

Table 3—Mounting Type Codes

Code Breaker Type
Leiter Drawout Stationary
None AKD _———
A AKD-5, 6 —_——_——
B Substructure -
C AKD-6 Only —_——
D AKD-8 —_—
F Substructure _——
S & AKR-75/100 (25" wide)
w = — AKR-100 (33'’ wide)

2.4—Trip Device

There are fourtypes of solid-state, direct-acting self-
powereditripydevice systems associated with AKR
breakers, These systems are for AC applications only. For
DC applications an electromechanical system is available.

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

AKR-(t) C-75
(t) = trip device code per Table 4

Table 4—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

'EC devices. See Section 11.

?Power Sensor devices are discontinued. See publications
GEK-7301 and GEK-7309 for detailed servicing
procedures.

2.5—Short Circuit Ratings

Short circuit ratings vary with the applied system voltage. On
240 VAC systems they are also dependent upon whether the
overcurrent trip device contains an instantaneous trip element.
See Table 5.



SECTION 2—General Description

L 4
Table 5—Breaker Interruption Ratings
30 Interruption Rating
KA RMS Symmetri
Frame
Size Breaker Rated Maximum Instantaneous T Short
(Amperes) Type Voltage (60 Hz AC) With it Time
635 42 42
AKS-50 508 50 0 50
254 65 50 42
1600 635
AC
AKS-50H 508 6 65 65
254
AKSU-50 600 200 —
635 42
2000 AKST-50H 508 5 6 42
5 5
AC 254
65 65
AKR-75
3200 85 85 65
AC AKR-75 (fused) 200 200 _
AKR-100 85 85 85
4000 130
AC
AKR-100 (fused) 200 200 —
2000 AKS 50 o ®
DC AKS 50 V 300v DC 50 _
4000
DC AKR 75 300V DC 75 75 -
6000
DC AKR 1 300v DC 100 100 —

@® With 200-200 P coj
® Consul% lication data

L 4




SECTION 3—Storage

Storage

It is recommended that the breaker be put into service
immediately in its permanent location. If this is not
possible, 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 insulation 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

C)O

CAUTION: IF THE BREAKER IS STORED FOR
ANY LENGTH OF TIME, IT SHOULD B
INSPECTED PERIODICAL EE THAT

RUSTING HAS NOT STAR AND TO

ASSURE GOOD MECHA ONDITION.
SHOULD THE BREA TORED UNDER
UNFAVORABLE AT IC CONDI-

TIONS. IT SHOUL ANED AND DRIED
OUT BEFORE BEIN ACED IN SERVICE.

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.



SECTION 4—Breaker Operation

Breaker Operation

The AKS-50, AKR-75 and AKR-100 breakers are closed by
the discharging of the energy stored in the closing springs
of the breaker. As the closing springs are discharged, the
energy is directed into the closing cam of the breaker
which causes the moveable breaker contacts to be forced
against the stationary contacts, and, at the same time
causes the opening springs to be charged so they may
open the breaker during a subsequent opening operation.

4.1—Manual Closing

Manually operated breakers are equipped with a handle
which extends from the escutcheon of the breaker.
Alternately rotating the ciosing handle counterclockwise
then clockwise through approximately 120 degrees of
rotation through four complete cycles will cause the
breaker to close. During the four counterclockwise
movements and the first three clockwise movements of the
handle, the springs are progressively charged. After
approximately seven degrees travel of the fourth clockwise
handle movement, the spring charge mechanism is driven
“over center” and the energy stored in the closing springs
is directed into the closing cam and causes the breaker to
close. A charge-indicator, numbered one to four, visible
through the breaker escutcheon, indicates the number of
complete handle movements that have been performed.

FuU REMOTE
CLOSE
S
TeNT
CONTROL
SOURCE b

Vs

L -

5
X

4.2—Electrical Closing

On electrically operated breakers the closing spfings are
charged by a gear motor. With the springs discharged,
voltage applied to the control circuit will€nergize the
motor through the “G” switch contacts—see figs. 3 & 25.
The motor, through the gear reductiomoutput crank,
compresses the closing springs untilythey 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 establishing a‘eircuit to the “X” relay. At the
same time, a mechanical prep is positioned to prevent the
discharge of the fully‘eharged closing spring.

With the closing/springypropped fully-charged, the breaker
is ready for€losing. This may be accomplished electrically
by depressing the closing button on the breaker (if so
equipped) or by aremote closing switch. Operation of the
closing'switcheenergizes the “X" relay, which in turn
energizes thie,closing solenoid. This removes the prop,
releasingithe, closing springs to close the breaker.

As theyclosing relay 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
clasing 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.

TRIP

LEGEND

V4

CC — CLOSING SOLENOID

F — CUTOFF SWITCH, CLOSED
WHEN CLOSING SPRING IS
FULLY CHARGED.

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
W — ANTI-PUMP RELAY

(R
-~

V, X — CONTROL RELAY

Fig™8. Elementary diagram for electrically operated drawout breaker.
Contact positions are shown with breaker open and closing springs discharged.
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4.2.1—Alternate Control Circuit

Later production breakers use the electrical control circuit
shown in Fig. 3A. This circuit is similar to the circuit shown
in Fig. 3 except that the X-relay and ‘F’ switch are
eliminated.

The motor is energized through the ‘G’ switch and the W-
relay contact. The ‘G' switch deenergizes the motor when
the closing springs are charged and the prop is engaged.

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) or by a remote closing switch. Operation of the
closing switch energizes the W-relay, which ji@turn
energizes the closing solenoid. This removes.the prop,
releasing the closing springs to close the breakers

If the closing switch is maintained closed, the anti-pump
relay will remain picked-up to prevent a secend motor
charge and closing operation on the breaker in the event it
is tripped open automatically. The clesing impulse must be
released and reapplied afterthe closing springs are fully-
charged before a second closingyoperation can occur. The
charging time for the breakersiis 1.3'to 2.0 seconds, see
Table 23.

CONTROL
SOURCE b PB
X
r .
| G|
| | X
| G|
I I
X

r%_""%@;"-
%—"”“l

é -
I TRIP LEGEND
N 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 ESCUTCHEON,
OPTIONAL.

TC TC — SHUNT TRIP DEVICE
W —'ANTI-PUMP RELAY
X — CONTROL RELAY

lL

Fig. 3A. Alternate elementary diagram. Contact positions
are shown breaker open and closing springs discharged.
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SECTION 4—Breaker Operation

4.3—Connections

In all electrical connections good joint conductivity is a
must. When making power connections to stationary
breakers, the mating joint surfaces must be clean and have
a smooth finish. They should be parallel and firmly bolted
or clamped together. In addition, the bus or cable
conductors must have ample ampacity to prevent
overheating.

The outgoing connections to a breaker’s accessories and
control devices must be in accordance with the specific
wiring diagram applicable to that breaker.

4.3.1—Stationary Breaker

Control connections to stationary breakers are made to a
terminal board mounted on the breaker. Figure 4 shows
typical closing and tripping connectiofs. If equipped with
an overcurrent trip device whichgincludes a ground fault
element for use on 4-wire circuits,"an additional terminal
board is provided on the breakersfer copnecting to the
equipment-mounted neutral sensor (physically located in
the neutral conductor).

4.3.2—Drawout Breaker

On drawout breakersfthe‘¢ontrol circuits terminate in the
breaker compartmention the stationary portion of
separable secondary,diseconnects — see fig. 5.

TERMINAL BOARD
gOUNTEDONFRONT 1 2 3 4 5 6 TN © 10 AUX. SW.
F BREAKER AT TACT
UPPER LEFT O O O O ? (i) ? ? ? "a” CONTACT
[
F
CLOSE THIP FUSE
CUSTOMER »
CONNECTIONS b
uv
TRIP
SOURCE  (-) (+)
[ ——
REVERSE
CURRENT
DEVICE
= —— POTENTIAL
GLOSING TRIP SOURCE
SOURCE SOURCE

Fig. 4. Control gonnections to

stationary breakers—front view

TRiP
SOURCE

CLOSING

FUSE SOURCE

TRIP

'

I T

F_CLOSE

[ AAAAAA

\] IAAA/\AA/\I IA/\/\AAAA

7654321

A

7654321 7654321

[[e]

c

STATIONARY SECONDARY DISCONNECT BLOCKS
LOCATED AT TOP OF COMPARTMENT —
POSITIONS B AND C FURNISHED

ONLY WHEN REQUIRED

Fig. 5. Control connections to drawout breakers — front view of breaker compartment
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4.4—Tripping

In the closed position, the breaker’s movable contacts are
held in by a toggle linkage. The breaker is tripped open by
displacing a mechanism latch which allows this toggle
linkage to collapse. The trip latch is rigidly fastened to a
horizontal trip shaft running from left to right through the
breaker. In turn, the trip shaft carries paddles actuated by
the manual trip button and the various other trip devices —
overcurrent, reverse current, shunt trip, undervoltage,
open fuse lockout. Viewing the breaker from the right,
rotating the trip shaft counterclockwise trips the breaker;
clockwise movement resets the mechanism latch.

In addition to tripping the breaker, some devices hold the
breaker trip free, i.e., prevent the contacts from closing
even though a closing impulse is applied to the
mechanism. Such devices are the undervoltage, bell alarm
and lockout, electric lockout, open fuse lockout, and the
key operated locks.

These devices and the drawout mechanism interlocks must
be in the reset position before the breaker can be closed.

4.5—Charging and Closing Using
the Maintenance Handle

In the absence of control power, an electric breaker can be
closed manually by using the maintenance handle to
charge the closing springs. Referring to Fig. 6:

(a) With the breaker open and springs diseharged
release holding pawl slide per instruction label (2).

(b) Install maintenance crank (1)4568B386G1) to the motor
gear reducer shaft on the front right side of the breaker. Rat-
chet the maintenance crank gipland ‘down until the springs are
fully charged as indicated by the distinct click as the prop is
set. This prevents any furtherieharging of the closing springs.
After the prop is set do not'apply undue force to the
maintenance handle.

(c) Depress the “Spting Discharge” lever (3) located
under the horizontal support on the front frame. The
springs should discharge and if the latch is properly reset,
the breaker'will'close. Some style breakers, because of an
interlock'in, theiswitchgear, can not be manually closed in
the fully engaged position.

(dpOpen the breaker by pushing the trip button (4).

1. Maintenance crank

2. Instruction label

3. Spring discharge lever
4. Trip button

Fig. 6. Maintenance handle charging
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SECTION 5—Contact Maintenance

Contact Maintenance

Breakers subjected to frequent interruption of high
currents 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 not indicate loss of ability to carry or
interrupt current.

For proper operation of the breaker, the contact structures
must be correctly adjusted. Various interrelated
adjustment parameters are involved. Specific amount of
contact pressure and wipe must exist between moveable
and stationary contacts. The arcing, intermediate and main
contact assemblies must engage and disengage in a
prescribed sequence; and with breaker open, an adequate
gap must exist between the movable and stationary arcing
contacts.

5.1—Slow Closing the Breaker

To perform contact maintenance work the breaker’s
operating mechanism must be “slow-closed”, i.e. manually
driven and controlled at will instead of in the high-speed
manner produced by spring discharge. Slow closing is
achieved by preventing the closing springs from acting oft
the mechanism. The breaker is arranged for slow closing
by manually charging the springs and then securing them
in this compressed state by inserting a restraining “safety.

pin”.
Following the inspection period,
a. Recharge the closing springs.

b. Remove the safety pins from the guide ®€eds,ireturn
them to their storage clips.

14

5.1.1—Electrical Breaker
Referring to Fig. 7:

a. Attach maintenance handle (1) and'charge the
closing springs until the crank raoller centacts prop (4).

b. Insert safety pins (3) into the holes in the guide rods
(2).

c. Release the prop by depressing/closing lever (5). The
safety pin now takes the full foree of the spring and
restrains it. Now free from'spring influence, the breaker’s
contacts can be inspegted,and“moved at will to the fully
closed position by means ofithe maintenance handle.

5.1.2—ManualBreaker

a. Operatethe breaker’s closing handle through 3
complete movements to charge the closing springs.

b. Insert the,safety pins into the guide rods.

c. Continueto operate the closing handle (4th
dowinstroke)runtil the spring crank goes over center,
applying full spring force to the safety pin. Closing motion
nowycan’be continued and is completely controlled by the
breaker closing handle.

WARNING: DO NOT APPLY CONTROL
VOLTAGE OR RACK THE BREAKER INTO
THE TEST OR CONNECTED POSITIONS
WHILE THE SAFETY PINS ARE IN USE.




5.5—Measuring Contact Force

a. Separate front and back frames, refer to
Section 5.3

b. Remove the arc quenchers.

c. Inspect all contacts for wear and arc erosion and,
if necessary, replace (see criteria for replacement, Section
5.10)

d. Measure contact force only if you replace contact
arms.

5.5.1—Stationary Arcing Contacts
Referring to Fig. 11:

Place a push scale on the stationary arcing contact at a
point 1-3/16 from the contact pivot and depress that
contact 1/4 of an inch. Load on the scale should read
within the range listed in Table 6, column 8.

If the load is not within the range listed in column 8,
replace the spring under that contact assembly.

5.5.2—Stationary Main and
Intermediate Contacts

Place a push scale on the stationary contact at a point 2-
7/8 from the contact pivot and depress that contact to the
wipe dimension shown in Table 6, column 3 for the mains
and column 6 for the intermediates. Load on the scale
should read within the range listed in Table 6, column 2 for
the mains and column 5 for the intermediates.

If the load is not within the range listed replace the spring
under that contact assembly.

5.6—Measuring Contact Wipe
Referring to Fig. 11:
a. Remove arc quenchers.

b. With the breaker open measure the horizontal distance
from the edge of the stationary arcing contact 4o the retainer
(“A” dim.); for main and intermediatgseontacts measure the
horizontal distance from the top of thes€ontact to the contact
arm retainer (“B” dim.).

c. Close the breaker andgrepeat step b. The difference
between the readings determinesithe contact wipe.

See Table 6 for correct readings.

CAUTION: FORSAFETY REASONS BE
EXTREMELY CAREFUL NOT TO TRIP THE
BREAKER,WHEN MEASURING CONTACT
WIPE.

5i{—Adjusting Contact Wipe
Referring to Fig. 11:

a.“hoyobtain proper contact wipe and pressure on the
center pole, dimension “C” should be increased to
increase wipe and decreased to decrease wipe.

b. To change dimension “C” remove the clevis pin and
rotate the clevis as necessary.

c. To prevent overstressing the clevis threads dimension
“C” should not exceed 3/16 in. and space “C” should be
filled with shims to 0.005 in. of being solid.

d. With the proper center pole wipe obtained, moving
the crossbar adjusting plate on the center pole to the right
will simultaneously increase the wipe on both outside
poles; moving the adjusting plate to the left will have the
reverse effect.

e. To increase the wipe on either outside pole, individually
move the crossbar adjusting plate of that pole to the left; to
decrease the wipe move the adjusting plate to the right. See
Section 5.11.
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SECTION 5—Contact Maintenance

Adjusting plate
Opengap
2210 2%

Clevis Pin
Check force
in these areas —

Clevis
(centerpole)

Stationary
Arcing Contact

-
o] &

—
‘ | ng/ 1N
I | JE—
UPILER . , Lower
STUD Stationary main contact Stud
Fig. 11. Measuring contact force
Table 6
Main‘Centacts Intermediate Contacts Arcing Contacts
Column 1 2 3 4 5 6 7 8 9
Wipe Wipe Wipe
Qty: Force in Qty. Force in Qty. Force In
Breaker Peb in Inches Per in Inches Per in Inches
Type RPole Lbs. (B) Pole Lbs. (B) Pole Lbs.
AKS-50 (AG) <l gy 65"7_____ %-e? . 2
AKS-50 (DC) 3 \ o 1 * 3 5/32 to
AKR-754AC) 5 f ‘,/" 1 | ———] 3 31-43 9/32
AKR-75 (DG} 5 {1 35-45 el 35745 * 5
AKR-100 (AC/DE) 6 ] 2 * 5

*The intermediate corftact wipe should be at least '/ss in. gfeater than main contact wipe.

-

35-5° 2545
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5.8—Measuring Contact Open Gap

Prior to measuring the open gap verify that the buffer
assemblies, refer to Fig. 12, are touching the stops within
.015" of each other. Adjust to this dimension by adding or
removing washers.

Measure the contact open gap between the movable and
stationary contacts as shown in Fig. 13. Thisf{distance
should be between 2-1/2" to 2-3/4". This gapymay be
adjusted by repositioning shims on crossbar assembly.
The locking nuts on the buffer bolts should be locked in
such a position that the buffer bolt may be rotated freely.

i

1-Buffer stop
2-Buffer washers
3-Buffer shims
4-Lock nuts

Fig. 13. Measuring contact open gap
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SECTION 5—-Contact Maintenance

5.9—Checking Contact Sequence 5.10—Replacement of Contacts

On the horizontal plane, the difference in the making of the Criteria for replacement:
arcing contacts on the same pole must be no greater than
1/16 in.; this difference between arcing contacts on
separate poles must be 1/16 in. If it is desired to advance
or retard the closing of the main contacts of a pole, loosen b. Intermediate contacts shouldibe replaced when flush
the bolts holding the adjustment plate, refer to Fig. 21, of with main contacts (.062 lead when new).
that pole and slide plate to the left to advance contact
closing, or to the right to retard contact closing. Make this
adjustment on the outer poles, using the center pole as a
reference. Upon retightening adjustment plate bolts, make
sure the locking tabs are turned up around bolt heads,
locking the bolts securely in place. When replacing the arcingieontact assemblies you do not
have to separate the front frame from the back frame.

a. Arcing contacts should be replaced when eroded to a
thickness of 5/64.

c. Main contact very seldom needsreplacement.
Replace when arcing contacts havebeen neglected
causing severe erosion of maingso you can not obtain
proper contact depression:

Contact sequence in the vertical plane should be such that

when the arcing contacts are just touching, the 5.1 01 _Stationary Arcing Contacts
intermediate contact gap should be at least 3/16 in. and X
the main contacts gap at least 1/4 in., see Fig. 14. a. Refer to)Fig, 15-
b. Remove insulator block (1).
NOTE: This check can best be made by means c.8slide piin (2) to side. Contact assembly (3) will lift
of the maintenance handle, with the safety pin freely exposing two springs (4) and button (5).
restraining the closing springs. See Section 5.1 )
for this procedure. d.“lpstall new parts in reverse order.

5/10:2—Movable Arcing Contacts

These contact arms should be replaced whenever the
stationary arcings are replaced.

If the gap is under the required minimum, it is usually
possible to form the arcing contacts and obtain the
required dimensions. To form the contacts, place a piece
of conduit approximately two feet long, over the contact a. Refer to Fig. 15.
and form the contact either forward or backward. If the
proper dimensions are still not obtained the movable
arcing contacts should be replaced.

b. Remove retaining rings (6). Slide pins to side and
withdraw the contact arms.

If it has been necessary to make any adjustments while
obtaining proper contact sequence, the contact'wipé must
be checked, and adjusted, if necessary, see Section 5.6.

1. Insulator block 4. Springs
2. Pin 5. Button
3. Contact assembly - 6. Retaining rings

Fig. 15. Replacement of stationary and
Fig. 14. Measuring main contact gap movable arcing contacts
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5.10.3—Movable Main and d. Remove contact arms, noting two spring washers(9)
Intermediate Contacts on each contact pivot.

Upon re-assembly, position two spring washers into
counter bore on one side of contact arm. Note'left and
b. Loosen crossbar bolts so link (10) can move freely. right hand orientation of contact arms and position of
intermediate contact.

a. Refer to Fig. 16.

c. Remove retaining rings (7) from pins (8).

Slide pins (8) until contact arms can be withdrawn. e. Before tightening crossbar see assembly and
adjustment of crossbar, Section 5.14¢

Retaining rings

Pins

Spring washers
Crossbar bolts
Intermediate contact

—
~Oo©0>N

Fig. 16. Replacement of main and intermediate contacts
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SECTION 5—Contact Maintenance

5.1 0.4—Stationary Intermediate and f. Remove contact, noting two spring washers on‘éach
Main Contacts contact pivot. Upon re-assembly, position two spring
washers into counter bore on one side of contact arm. Fig.
a. Separate the front frame from the back frame. Refer 19.
to Section 5.3.
b. Remove crossbar. NOTE: Left and righthand orientatien” of
contact arms and positionefjintenmediate
NOTE:In the steps below, refer to Fig. 17 to contact. Fig. 19.
identify the numbers in the parenthesis.

g. Depress main and intermediate contacts to relieve
spring pressure on contact'stop'bracket before starting
screws. Tighten screws before releasing pressure.

Fig. 18.

c. Remove arcing contact block (3) by removing allen
screws (4) and (5).

d. Depress main and intermediate contacts as shown in
Fig. 18 torelieve spring pressure on contact stop bracket
(6) before removing mounting screws. On AKR100 you
must remove the outside moveable contact arm before i. Assemble croessbar.
trying to remove contact stop bracket mounting screws.

h. Re-install afcingieontact block by holding arcing
contacts depressed (Fig. 20) while tightening screws.

j.- Alwaysseheck contact wipe following contact
e. Remove retaining ring (7) and slide pin (8) to side and replacement. See Secton 5.6.
withdraw the contact arm. Fig. 17.

g

6. Contactstop bracket

Main contagt arm

. Intermediate contact arm
Arcing contact block Fig. 18. Relieving spring pressure
Arcing contact stop

. Allen screws

. Contact stop bracket
. Retaining ring

2 Pivot pin

aNovsrwn =

Fig. W. Intermediate and main contacts -
assembly details
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Fig. 19. Upper stud details

5.11—Assembly and Adjustment of
Crossbar

When assembling crossbar to back frame push moveable
arcing contacts forward until they touch stationary arcing
contacts on upper terminal. Then lay crossbar on top of
links on pole units. Assemble adjusting plates as shown
making sure slots in plates are properly oriented. Fasten

Fig. 20..Re-assembly of arcing contacts

serews with locking plates on crossbar finger tight and set
crossbamtoydimension shown making sure that all three
poles‘af moveable arcing contacts are touching stationary
arcing contacts within .032. Tighten screws as shown first
“A”, second “B”, and finally “C” to 400 inch pounds. Bend
tabs on locking plates to secure screws. Refer to Fig. 21.
After assembling crossbar always check contact wipe and
open gap, see Sections 5.6 thru 5.8.

1. Crossbar
2. Stationary arcing contacts

3. Moveable arcing contacts
4. Adjustment plates

Fig. 21. Crossbar assembly
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SECTION 6—Breaker Maintenance

Breaker Maintenance

6.1—Safety Precautions

BEFORE INSPECTION OR ANY
MAINTENANCE WORK IS DONE BE SURE
THAT THE BREAKER IS IN THE OPEN
POSITION. ALL ELECTRICAL POWER, BOTH
PRIMARY AND CONTROL SOURCES,
SHOULD ALSO BE DISCONNECTED.
ENSURE THAT THE CLOSING SPRINGS ARE
DISCHARGED.

6.2—Lubrication

In general, the circuit breaker requires moderate
lubrication. Bearing points and sliding surfaces should be
lubricated at the regular inspection periods with a thin film
of GE Lubricant DSOHD38 (Mobil 28). Before lubricating
remove any hardened grease and dirt from latch and
bearing surfaces with kerosene. ALL EXCESS
LUBRICANT SHOULD BE REMOVED WITH A CLEAN
CLOTH TO AVOID ACCUMULATION OF DIRT OR DUST.

NOTE: The use of cotton waste to wipe bearing
surfaces should be avoided, as the cotton
ravelings may become entangled under the
bearing surfaces and destroy the surface of the
bearing.

On drawout breakers the contact surface of the disconnect
studs should be cleaned and greased with"GE LCubricant
D50HD38 (Mobil 28).

6.3—Breaker Mechanism
Adjustments

Electric and Manual breakers have thefsame basic
mechanism shown in Fig. 22. Allghe adjdstments detailed
below must be made with the breaker inhe upright
position and the mechanism in theyreset,position as shown
in Fig. 22B. Reset the mechaniSm by manual operation
using the slow close method,given in'Section 5.1. The
roller (15) must be clear of the'gam (2), see Fig. 22C.

6.3.1—Trip Latch

Referring to Figs. 220, 22D'& 23, the gap between the trip
latch (10) and the rollery(9) should be between .015 and
.032. This adjustmentican be obtained by loosening nut
(19) and turning‘allen screw (6).

6.3.2—L atch Buffer

Referringito Fig-"22D, the center line of the trip latch (10)
should pass‘through the center of the roller (9). The latch
buffer (18)y@n the mechanism frame can be adjusted by
loosening the retaining screws to reposition the latch with
respectto the roller.

6.3:3—Reset Latch, Bearing
and Prop

Referring to Figs. 22C, 22D & 24, the distance between the
bearing (17) and the prop (5) should be between .015 and
.032. To obtain this gap, advance or retard the nuts (4A) on
the bottom of the rod using the reset spring (4).

Fig."22A. Mechanism in motion before
resetting as shown in Fig. 22C
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Fig. 22B. Mechanism in reset position
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Fig. 22C. Mechanism in closed position
(closing spring dischargeéed)

Fig. 22D. Latch, bearing, and prop

i

1. Feeler gage 2. Trip latch 3. Roller

&

1. Feeler gage 2. Prop 3. Bearing

Figw23. Adjusting trip latch and roller

Fig. 24. Adjusting bearing and prop
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SECTION 6—Breaker Maintenance

6.4—Electrical Mechanism

The function of the electrical mechanism is to charge and
discharge the closing springs either electrically or
manually. The electrical mechanism consists of

a. Control components

b. Charging motor

c. Motor operator unit

d. Spring discharge interlock

Section 4.2 details the associated control circuitry for the
electrical mechanism.

6.4.1—Control Components
Referring to Fig. 25:

The control relay (X) is located on the left side of‘the front
frame channel. It may be removed by dis€onnecting the
wiring, loosening the two mounting screws and lifting it
slightly to pass the top mounting screw through the
keyhole mounting. The entire relay,should be replaced
rather than changing coils and contacts.

The antipump relay (W) is locatedion‘the left side of the
front channel. The connectionsto,this relay are soldered.
Relay replacement requires‘ansoldering of these
connections and remoyingithe mounting hardware. When
replacing relay take care in soldering connections. Do not
use excess amountiof solder on connectors as to impair
operation of contact@arms.

The closing solenoidiis located in the lower right hand side
of the motor operater unit. The switchette is separately
mountéd,inrentiof the solenoid.

1. Terminal board

2. Auxiliary switch
3. F&G switches

4. Motor
5. Anti-pump relay (W) 8. Switchette
6. Control relay (X)

7. Closing button

9. Closing solenoid

Fig. 25. Control component location
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After replacing closing solenoid or switchette check
adjustment of switchette and readjust if necessary. With
breaker in discharge position use a .010 feeler gage and
push closing solenoid to position shown in Fig. 26.
Switchette must be activated at this point. To adjust loosen
switchette mounting screws and pivot switch until
activated, then tighten screws. Recheck.

Closing Solenoid

Connection

“D” Contacts Points

OPERATOR
Mounting
Hardware —41

MOTOR
mounting
Hardware

\

—+— Motor

Assembly

Pivot Arm

ZON

’ _xJ
Maintenance J14 Y +
Handle Shaft ] I~k 03.06 Dimension
o required with
X, A lever in position
— shown. Adjust
+ (o] z if necessary.
+ T Retaining Ring
N " Drive Link
'y
>~ t (3
spacers _é i t

Opening Spring
Bracket

Mounting ! ;ﬂ
Hardwdre Ba. ]
®perating Lever f:\e

Spring Discharge X U

Inteflock Mechanism

Fig. 27. Electrical mechanism

Fig. 26. Switchette adjustment

6.4.2—Charging Motor

The charging motor is located on the right sidegof the
breaker. It is mounted on the motor ©pgerater as shown in
Fig.27. A driving pawl is mounted eceentrically on the
motor shaft, see Fig. 28. As the mot@rturns;’the driving
pawl rotates the ratchet which charges‘the closing springs.
The ratchet is kept from reversing itsidirection by the
holding pawl. To remove the motor:

a. On AKS 50 you mustsemovesthe side sheet.

b. Disconnect and,identify the motor leads at the closing
solenoid and cutoff switch:

c. Remove three mi6tor mounting screws.
d. Remove motor.

e. When reassembling, assemble with the driving pawl
pointing toward the front of the breaker.
See Fig. 28.

1. Driving pawl!

Fig. 28. Motor removal
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SECTION 6—Breaker Maintenance

6.4.3—Motor Operator Unit

The motor operator unit is located on the right hand side
of the breaker as shown in Fig. 29. Operator details are

shown in Fig. 30.

1. Motor operator unit

Fig. 29. Motor operator unit location

Cam )
Shaft Pivot ! |

L'::::‘J«‘—————

Crank

it
L

Maintenance
Handle Shaft

\ Roller

Y
\ ""\ Prop

B

The motor drives the crank roller/maintenance handle
shaft until the control circuitry stops the motor and roller is
against the prop. The crank roller drives the cam shaft,
charging the spring, through the cam shaft paddle,

see Fig. 31.

The motor operator unit is not adjustable,T6 replace the
unit, refer to Fig. 27:

a. Slow close the breaker, see Section 5.1

b. Remove the motor, see Segtion'6.4.2. The motor
wiring doesn’t have to be disconnected.

c. Disconnect the wiringyto the closing solenoid and
solenoid switch.

d. Remove retaifiingyring from closing solenoid drive
link.

e. Remove'three mounting bolts, one from the side, two
from theybottom)of the charging mechanism. Note the
positions‘ef theastandoffs on the two bottom mounting
bolts and replace in the same position when reassembling.

f. JRotateimotor operator shaft so its crank roller faces
the reanof the breaker. Refer to Fig. 32.

g/ Slide spring charging mechanism out toward the right
of the/breaker.

h. Install new spring charging mechanism making sure
the crank roller engages cam shaft guide. Refer to
Figs. 31 and 33.

Cam Shaft
Paddie

/

Motor
Operator
Crank
Roller \ ‘
Assembly —= Guide
< Crank
Roller
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Fig. 30. Motor operator unit

Fig. 31. Engagement of the motor operator
crank roller with the cam shaft
paddle




Fig. 32. Motor operator removal

v
ii

1. Cam shaft paddle
23Guide

Fig. 33. Cam shaft lever and guide

i. Reassemble all components and connect all\wires.

j- Remove safety pin from closing spring by placing
your maintenance handle on the shaft which extends from
the spring charging mechanism and charge the'¢losing
spring until the charging mechanism roller engages with
the prop. Remove safety pin. This must be done before
power is applied to motor.

k. Operate the breaker using the;maintenance handle
and spring discharge mechanism a few times. Verify that
the breaker is operating properly:

|. Before applying control/voltage to your breaker verify

that the motor cut off switches are properly adjusted.

Charge the closing springias described in

step j. (roller resting on,prop). Adjust the motor cut off

switches, shown dn"Rig. 35, so that they are depressed to

the point wherelthe main stem of each switch is located

.015" to .031 “sfrom<the threaded barrel, see Fig. 34.
(Continued next page)

Main Stem
Threaded Barrel

Fig. 34. Motor cutoff switch adjustment
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SECTION 6—Breaker Maintenance

6.4.3—Motor Operator Unit (Cont.)

m. When the control voltage is applied to your breaker,
the motor operator will be energized and charge the
closing spring. The G switch (see Fig. 36) of the motor cut
off switch unit will stop the motor operator just before the
roller engages the prop. The breaker may be closed
manually by depressing the spring discharge lever or
electrically by energizing the closing solenoid.

Right Side
Center Channel

Control Voltage
Nameplate

Motor Cut-Off
Switch Unit

Spacer /

Fig. 35. Motor eutoff'switch unit

6.4.4—Spring Discharge Interlock

Referring to Figs. 27 & 30, the spring is discharged when
the prop is pulled out from the roller. This is done
electrically by the closifig solenoid and manually by the
spring discharge interlock.

The spring discharge interlock drive link must be adjusted
to the .03 tow06jinch dimension shown in Fig. 27. This gap
provides the closing solenoid linkage the initial freedom it
requiresto,develop the force necessary to remove the
prope
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Figy36r F & G switch location
6.5—Manual Mechanism

The manual AKR breaker is equipped with the spring-
charged, stored-energy mechanism shown in
Figs. 37°&.38.

The closing springs (5) are charged by operating the
manual closing handle (22) on the front of the breaker,
instead of the closing motor as is the case with the
electrical breaker. Closing this breaker is accomplished by
pumping the operating handle four complete cycles, first
counterclockwise through 120 degrees from its normal
vertical position and then clockwise back through 120
degrees from its normal vertical position and then
clockwise back through 120 degrees. When approximately
70 degrees of the fourth clockwise stroke have been
completed, the closing springs, which have been charged
during the previous strokes to the closing handle, are
driven over-center and the breaker closes.

The stored-energy operating mechanism of a manual
breaker consists basically of a closing spring assembly,
ratchet wheel and output crank assembly, handle shaft and
pawl assembly, and the escutcheon-mounted closing
handle.

The first stroke of the closing handle causes the ratchet
pawls (21) attached to the handle shaft (23), to engage the
first tooth of the ratchet wheel (17), thus beginning to
charge the closing springs. The subsequent closing handle
strokes perform the same function as the pawls (21)
engage the teeth in the ratchet wheel (17), thus rotating
the ratchet wheel and output crank (32) and completely
charging the closing springs. This rotation of the ratchet
wheel and output crank is in a countercloskwise direction
from the lower position, through slightly more than 180
degrees, to a position just beyond dead center. In this
position the closing springs are free to release their
energy, closing the breaker at a high speed.



1. Upper spring pin
3. Safety pin and chain
5. Closing springs
7. Pawl springs
18. side plate shims
19. Side plate mounting bolts
20. Bearing side plate

21. Ratchet pawls

25. Main closing crank
26. Pawl buffer stop

27. Buffer stop shims
31. Lower spring pin
33. Ant. rebound spring
34. Ant. rebound pawl

Fige37. Manual closing mechanism

6.5.1—Mechanism Part
Replacement

If it is necessary to replace any/of thelmechanism parts,
the following total procedure is recommended. This
procedure may be halted at.theistep required to replace
any particular part. Referfing'to,Figs. 37 & 38:

a. Install the safety¥pin (3),as described in
Section 5.1.2.

b. Remove the closing#pring assembly by removing the
upper and lower springépins (1,31).

c. Remove the right hand bearing side plate (20), and
the side plate shims (18) by removing four mounting bolts
(19), thus allowing the main closing crank (25) to be
removed.

d. Remove the closing handle (22) by removing two set
screws threaded in same hole.

e. Remove the front escutcheon by removing four
screws holding it to the front frame center support.

f. Remove handle shaft extension by removing
roll pin.

g. Remove the handle return spring (29) by unhooking
either end of the spring.

h. Disconnect the top end of each pawl spring.

i. Remove the roll pin (24), thus allowing the closing
handle shaft (23) and pawl assembly (23) to be removed.

j. Remove the ratchét wheel (17) and its assembly (16)
by removing self locking screw (15) and thrust bearing
(12). If shims (13) are present they must also
be removed.

(Continued page 35)
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SECTION 6—Breaker Maintenance

-

SO NOO AWM

MANUAL MECHANISM

. Upper Spring Pin

. Safety Pin“Holder

. Safety Pin and‘Chain
. Safety Pin Hole

. Closing Springs

Guide Rod
Pawl Springs

wFront Escutcheon
WFront’Bearing Plate
aBearing Plate Mounting Bolts
. Output Crank Roller

Partial Front View
With Handle And Escutcheon Removed

12. Thrust Bearing
13. Shims

14. Groove Pin
15. Nylok Screw

16. Ratchet Wheel Shaft and Asm.

17. Ratchet Wheel

18. Side Plate Shims

19. Side Plate Mounting Bolts
20. Bearing Side Plate

21. Ratchet Pawls

22. Manual Closing Handle

23. Closing Handle Shaft and Pawl Asm.

24. Roll Pin

25. Main Closing Crank
26. Pawl Buffer Stop

27. Buffer Stop Shims
28. Buffer Stop Support
29. Handle Return Spring
30. Mechanism Roller
31. Lower Spring Pin
32. Output Crank

33. Ant. Rebound Spring
34. Ant. Rebound Pawl
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Fig. 38. Manual closing mechanism charged position




k. Remove front bearing plate (9) by removing mounting
bolts (10) accessible from the front of the breaker. The
mechanism is now completely disassembled. It is not
recommended that any of the subassemblies removed
during the above operation be further disassembled in the
field. Replacement sub-assemblies should be obtained
from the factory.

|. Toreassemble the mechanism, reverse the procedure
described above and follow the adjustments given in
Section 6.5.3.

6.5.2—Ratchet Pawl Replacement

The manual mechanism is inoperable with broken ratchet
pawls. Therefore, the safety pin probably can’t be inserted
into the guide rod. If this is the case, the following
procedure is used to replace the ratchet pawls. Refer to
Figs. 37 & 38:

a. Remove upper spring pin (1) by removing retainer
ring and pushing pin through front channel and spring
support. Closing spring will discharge. Remove individual
closing springs. Remove lower spring pin (31) and
remaining part of spring support. When replacing closing
spring assembly, a new assembly is required or
reassembly of the existing parts using a pressing means.

b. Remove the left or right hand bearing side plate (20)
and the side plate shims (18) by removing four mounting
bolts (19), thus allowing the main closing crank (25)to be
removed.

c. Remove anti-rebound pawl (34) by removingietaining
ring (36) shown in Fig.39 and spring (33).

d. Remove retaining ring (35, Fig. 40). Disconnect
springs (7) remove buffer stop (26). Both pawls can/now
be removed. See Fig. 40. When reassembling, vérify that
retaining ring (36) is properly seated.

e. After replacing parts and beforg adding,closing
spring check adjustments given'in&Section 6.5.3.

26. Buffer

35. Retaining
Springs stop ring

7. Disconnect

36. Retaining ring

Fig. 39. Anti rebound pawl removal

Fig. 40. Ratchet pawl removal

6.5.3—Adjustments

Frequent adjustments to the mechanism should not be
required. If the mechanism has been disassembled, it will
be necessary to check the following adjustments:

1. It may be necessary to add shims (13) to reduce the
end play of the ratchet wheel shaft (16). An end play of
0.010 to 0.020 inch is recommended. Shims should be
obtained from the factory.

2. It may be necessary to add buffer stop shims (27) to
the buffer stop (26) to provide a clearance of 1/64 to 1/32
inch between the pawls (21) and the buffer stop, when the
pawls are touching the ratchet wheel teeth extending a
maximum distance from the center of rotation of the
ratchet wheel (17). This measurement should be made
while operating the closing handle during the four spring
charging operations and before the closing springs are
reassembled.

3. The ratchet pawls (21) should operate freely
throughout the closing strokes. They should engage the
ratchet wheel teeth near the end of each counterclockwise
and clockwise stroke of the closing handle with a definite
clicking sound, indicating a free non-binding operation.
After the clicking sound is detected, the closing handle
should have a minimum overtravel of 2 in. or 3'2 degrees,
measured at the end of each handle stroke. At the end of
the four stroke the rebound stop (34) must move into place
to properly position the ratchet wheel.

4. The groove pin (14) in the front of the ratchet wheel
assembly (16) must be assembled in a manner that will
allow screw (15) to be tightened securely. A clearance of
1/64 to 1/32 in. should exist between the front of the
groove pin and the rear surface of the
screw head.
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SECTION 6—Breaker Maintenance

6.6—Drawout Mechanism

c. Remove racking cam assembly and replace with new

L . cam.
Drawout breakers are manuafactured in five different
styles depending on the type of equipment that the breaker d. Align center of worm with worm gear on racking cam
will be used in. The mounting code and description of then position collars firm against supports,and tighten set
each style is found in GEI-86151 furnished with each screws in collars.
breaker. If replacement of racking cam is needed the .
. . T | des t (4):
following procedure should be used. See fig. 41. o replace guide support (4)
a. Remove nut (1) and screw (2). a. Remove screws (5) and support (6).
. R i 4 | ith ide.
b. Loosen set screws in collar (3). b. Remove guide (4) and replacefwith new guide
c. Reassemble.

1. Nut 3. Set screw in collar 5. Screws
2. Screw 4. Guide support 6. Support

Fig. 41. Drawout mechanism
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SECTION 7—Accessories

7.1—Primary Disconnects

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

7.1.1—AKR 75/100

There are two types of primary disconnects found on the
AKR 75/100 breakers.

Fig. 42 shows the tubular type primary stud used on
replacement breakers for the older AKD, AKDS5, AKD6
switchgear. |f for any reason the primary stud must be

replaced or removed simply disassemble nut and bolt
arrangement that is crisscrossed through the tubular stud.
When reassembling mounting hardware apply equal amounts of
torque to nuts, so distortion to tubular mounting stud does not
occur. Torque nuts between 25Q,to 3004in Ibs.

Fig. 43 shows the finger typeg dis€onnect assembly used on
AKD-6, AKD-8 switchgear andssubstructure type breakers.
If replacement of primary‘finger is needed, you must
replace complete subassembly set of fingers, which are
factory adjusted#to‘proper spring tension. Reassemble as
described above, See renewal parts publication GEF-4552
for proper orderingydata.

AKR75 AKR100

Fig. 42. Tubular type disconnects

FINGER-TYPE
PRIMARY
DISCONNECTS

AKR75 AKR100

Fig. 43. Finger type disconnects
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ECTION 7—Accessories

1.2—AKS/AKST 50

The AKS 50 and AKST 50 use eight primary fingers per
phase as shown in Figs. 44 thru 47. Refer to these
illustrations when replacing the disconnects. Note the

foll

38

owing details.

Fig. 44. Primary disconnect assembly

4
“BOW-TIE"”
SPACERS

Figy46.Partial primary disconnect AS

.

M

Fig. 47—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. 46—The engagement of the fingers with the retainer.
Also the location of the “bowtie” spacefs inthe fingers,

both upper and lower. p
(Continyed next page)

“BOW-TIE”
SPACERS

RETAINER}

SPACER—
4 HOLE FORWARD ,

Fig. 47. Partial primary disconnect ASM



Fig. 44 & 45—The position of the upper and lower retainers
and, again, the ‘bowtie’ spacers.

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 installation of the
disconnect assembly this force range is obtained by tightening
the locknuts to set the dimension shown in Fig. 48. 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. 48. Primary finger adjustment

7.2—Secondary Disconnects

The secondary disconnectsgoriall drawout breakers serve
as connections between breaker control circuit elements
and external circliits. They are mounted on a horizontal
cross-channelaat theftop rear of the breaker as shown in
Fig. 49. These secondary disconnects allow removal of the
breaker without havingto detach external connections.

The moveable part of the secondary disconnects consists
of an insulating body which holds a conducting spring-
loaded@lunger to which a flexible lead is attached, see Fig.
50. As the,breaker moves into its enclosure, the plunger is
depressed by sliding onto the stationary disconnects of the
encloesure.

1. Secondary disconnect

Eig?49. Secondary disconnects

3. Tube
4. Tabs

1. Body
2. Tip

Fig. 50. Secondary disconnect details

7.2.1—Replacement

Replacement of the disconnects is given below. Refer to
Fig. 50:

a. Unfasten disconnect body from breaker
cross-channel.

b. Opentabs which hold wires on inner side.
c. Pull contact tip loose from hollow tube.

d. Remove contact tip by cutting wire at its base.

(Continued next page)
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SECTION 7—Accessories
7.2.1—(Cont.)

e. Push wire through hollow tube of new disconnect
assembly.

f. Strip insulation off end of wire to about % in. from the

end.
g. Place new contact tip on end of wire and crimp.

h. Pull wire through hollow tube until contact tip fits
snugly against end of hollow tube.

i. Crimp tab on other side of assembly to hold wire in
place.

j- Any hollow tubes which are not used should be
pushed into the disconnect body and held in that position
by placing fiber spacers over inner ends of tubes and
spreading tabs.

k. When all wires have been connected, refasten the
body of the moveable disconnect assembly to the breaker
cross-channel.

7.3—Auxiliary Switch

The auxiliary switch is used to make and break various
control circuits as the breaker is opened and closed. As
shown in Fig. 51 it is mounted on the left side of the front
frame. As crossbar (1) moves to the open or closed
position, it operates triangular link (2) via operating rod
(3). The triangular link rotates the auxilliary switch

operating shaft (4), whose cams open and close the switch

g1

contacts. The top terminals of the switch are “a” contacts

(open when the breaker is open), and the bottom terminals

are “b" contacts (closed when the breaker is open)=

7.3.1—Replacement
Referring to Fig. 51:

a. Disconnectall leads.

b. Remove two mounting bolts:

c. Disengage auxiliary switch shaft (4),from triangular
link (5).

d. Orient the shaft of the néw switch so that the arrow
stamped on the shaft end pointstewards the front of the
breaker.

e. Push auxiliary switch shaft into square hole in link
(breaker open).

f. Replace mountingihardware and wiring.

7.3.2—Adjustment

The auxiliary,switch operating shaft must be positioned
such that during breaker closing, the “a” contacts make
before©onpnot later than the first touch of the breaker’s
arcing contacts. If before, the open gap of the arcing
contacts, must not exceed Ys-inch. This can be checked by
gonnecting a bell set across the “a” terminals and slow-
closing the breaker with the maintenance handle. The “a”
contact closing can be advanced or retarded by

lengthening or shortening operating rod (3), Fig. 51.

The operating rod should also be aligned vertically to be
parallel with the sides of the frame center channel and
perpendicular to crossbar (1). This is done by shifting the
position of bracket (5).

1. Crossbar
2. Via operating rod
3. Triangular link

4. Cams open and close the switch
5. Bracket

Fig. 51. Auxiliary switch
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7.4—Shunt Trip

The shunt tripping device is mounted on a bracket
attached to the left side of the operating mechanism
(looking from the front).

A remote switch or relay contacts are used to close the circuit
of the device causing the armature (9) to engage the trip paddle
(11), thereby tripping the breaker. The spring (1) is used to
return the armature to the neutral position after the breaker
trips.

To prevent overheating, the coil (7) is cut off by contacts
of the auxiliary switch which are open when the breaker is
open.
7.4.1—Replacement
Referring to Fig. 52:

a. Disconnect coil leads.

b. Remove mounting hardware and the device.

c. Install new device in reverse order.

7.4.2—Adjustments

With the shunt trip de-energized and the breaker
mechanism reset, there must be clearance between trip
paddle (11) and armature arm (10) approximately 3/32 in.

From 1/32 in. to 1/16 in. over-travel of the armature is
required when the breaker is tripped. If any adjustment is
necessary to provide this amount of.overtravel, the trip
lever is bentin or out accardingiy:

N

7
/
A

& e

s =

R e

Trip shaft of breaker shown in tripped position and
shunt trip energized.

. Spring

Pin

. Frame
Weight
Screws
Magnet

Coil

Clamp
Armature

10. Armature arm
11. Trip paddle
12. Clamp

13. Mtg. bracket
14. Mtg. hardware

C®ND O AN

Fig. 52. Shunt trip device
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SECTION 7—Accessories

7.5—Undervoltage Device

The undervoltage device (UV) is mounted on a bracket
attached to the right side of the breaker operating
mechanism (viewed from front). It trips the breaker when
its coil is deenergized. The coil leads are connected
directly to secondary disconnects or to a terminal board.

Under normal conditions, the coil remains energized,
permitting the breaker to be closed. When the system
voltage decreases to less than 60 percent of its nominal
value, the armature “drops out” and trips the breaker. An
open armature prevents the breaker from being closed.
The armature picks up and allows breaker closing, when
the system voltage is 85 percent or more of its nominal
value.

When the breaker is disconnected and is to be operated
manually, the undervoltage device may be tied or wired
down to prevent tripping.
7.5.1—Replacement
Referring to Fig. 53:

a. Disconnect coil leads.

b. Remove mounting screws and remove device.

c. Install new device in reverse order.

7.5.2—Adjustment

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

Undervoltage devices trip the breaker'when the armature
opens. This causes an extension of the armature to strike
the paddle on the trip shaft. An extension,on the other end
of the armature (towards the front of the breaker) extends
through the device frame and,limits the movement of the
armature. When the armature isireleased, this extension
stops against a stop whichtis, factory set. To check positive
trip, the armature shoul@'be held down, the end of a 1/32-
inch diameter wire should bejinserted against the stop, and
the armature released. fathis trips the breaker, the setting
is correct. The placejtojinsert the wire is shown in Fig. 54.
Note that only,the'tip of the wire is to be against the stop.

If the undervoltage,device does not have positive tripping
ability,4dhegadjustment screw of the trip paddle assembly
on the tripishaft‘may be turned in increments of half turns
until theycheckyis successful.

When, the undervoltage device is closed and the breaker
mechanism is reset, there must be clearance between the
trip/paddle and the device armature.

N ' o]
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N
-

. Spring

. Bracket

. Adjusting plate and screw
. Shading ring

. Armature

. Coil

. Clamp

H

e @

. Magnet

. Screws

. Pin

. Adjusting screws

. Locking wire

. Adjusting screws

. Trip paddle and clamp
. Mtg. hardware
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=
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Fig. 53. Undervoltage device - energized (breaker reset)
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1. Stop
2. Armature

3. Insert wire gage

Fig. 54. Positive trip check
7.6—Statlc Time-Delay Undervoltage

In addition to the instantaneous undervoltage tripping
device mounted on the breaker, the static time4delay:
undervoltage includes a separately mounted time-delay
unit. Table 7 lists the Cat. Nos. available.

If the a-c control voltage is any voltage other than
208/240V ac, 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 boXthreugh the secondary
disconnects of the breaker’he‘secondary disconnects to
be used will be shown on the breaker wiring diagram.

No more than one underyoltagetripping 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
windings causesftheithermotector, imbedded in the motor
windings, to open. This’de-energizes the undervoltage
device on thesbreaker and drops the motor load.

In theevent the device fails to pick-up, the following
checksare recemmended to determine whether the
magneti¢, device on the breaker of the static time delay unit
isithesfaulty component:

1. Check input voltages across terminals 1 and 2 on the
static box. See Table 7 for these values.

2. Check output voltages on terminals 4 and 5 with the
undervoltage device connected. See Table 7 for values.

3. Check resistance of the disconnected undervoltage
device. See Table 7 for values.

See Instruction Sheet GEH-4545 for more detailed
information, including schematic diagrams and circuit
description.

Table 7—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
TAKYUVT-2 250VDC 100 1600
TAKYUVT-3 208/240 VAC 110/125 1600
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SECTION 7—Accessories

7.7—Electric Lockout Device Each electric lockout device also includes a By-Pass or

“manual defeat” linkage to permit closing the breaker
The Electric Lockout Device is used in conjunction with the when the lockout is de-energized. This allows startup of
normally-closed auxiliary contacts of another breaker. This “dead” systems. A pull knob for this pufpos@iis located
device provides a convenient method to electrically interlock beneath the breaker frame.

two or more breakers so that no two may be closed at the same
time. When its coil is de-energized, the electric lockout device 7.7.1—Adjustment
holds an open breaker trip-free. However, once the breaker is

closed, the breaker mechanism cam operates linkage which All lockout devices are factoryadjusted. If adjustments are
mechanically holds the lockout device armature closed to pre- needed, referring to Fig. 55;

vent trippng the breaker in the event the lockout coil is de- a. Adjust “manual defeat” linkage adjusting nuts to
energized. obtain max travel of lockoutitripping arm.

b. With breaker in.opemand reset position and lockout
coil de-energized,fpull knob for “manual defeat”. Check
clearances bétween lockout trip arm and adjusting screw.
Clearance must'be .065to .09. Release knob, lockout trip
arm mustmoveitrip'paddle .03 to .06 beyond point of
tripping breaker;, Adjust screw accordingly.

The lockout device is mounted on the right side of the
mechanism frame viewed from the front as shown in Fig.
55. When the breaker opens, the breaker cam moves down,
allowing the lockout device to assume its normal, de-
energized position.

1. Front of breaker 5. Lockout coil 9. .06 to .090 clearance
2. Pullkpob.for manual defeat of lockout device 6. Lockout tripping arm 10. Lockout-lever

3. Manual defeat linkage 7. Adjusting screw 11. Mounting screws
4. “Adjusting nuts 8. Trip paddle 12. Breaker cam

Fig. 55. Electric lockout device (breaker closed)
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7.8—Bell Alarm Device

This device provides a means for remote indication that
the breaker has been tripped due to action of one of its
automatic trip devices (overcurrent, UV) or drawout
interlocks. It is not activated by the manual trip button or
shunt trip device.

The bell alarm device can be equipped with an optional
lockout feature which, upon activation of the bell alarm,
prevents reclosure of the breaker until the bell alarm is
reset. A bell alarm without the lockout feature can be
turned off (reset) by any of three modes:

a. Reclosing the breaker.
b. Depressing the manual trip button.

c. Energizing the shunt trip device. For this mode, a
normally open contact of the bell alarm switch must be
connected in parallel with the auxiliary switch “A” contact
in the shunt trip circuit.

For a bell alarm with lockout, only reset modes (b) and (c)
apply.

7.8.1—Adjustment

In Fig. 56, the components of a bell alarm with'lockout are
shown in the breaker closed position. The deviceis
actuated by crossbar side link pin (1) which engages
operating link (2). Lockout screw (3) should be adjusted so
that it engages trip paddle (4) to displace trip shaft (6)
when the breaker is opened. This keeps the breaker trip
free until the bell alarm is reset.

Operating the manual trip button'must not actuate the bell
alarm device. With the manual trip button fully depressed,
the trip rod release collar/(7)/should be positioned on trip
rod (8) so that latch (9) and/catch (10) disengage before
the breaker opens. When,theimanual trip button is not
depressed, there should belapproximately a 3/16"” gap
between the trip rod release collar (7) and the latch (9).

The bell alarm is bypassed also whenever the shunt trip is
energized. This is‘aecomplished by latch release strap (1))
which is engagediby shunt trip armature lever (12). Strap (11) is
part ofidevice/latch (9), and must be formed to hook around ar-
maturetlever. (12)"such that the device latch and catch
disengage before the breaker opens.

Withithe breaker in reset position there must be at least 1/16
clearance between shunt trip armature (12) and breaker trip
paddlef(4).

. Crossbar side link pin

. Operating link

. Lockout adjusting screw
Lockout trip paddle—
affixed to item 5

Trip paddle for shunt trip
Trip shaft

. Trip rod release collar

. Manual trip rod

Device latch

. Device catch

11. Latch release strap

12. Shunt trip armature lever

IR

—
CwWmN O O;

13. Shunt trip armature
14. Shunt trip

15. Bell alarm switches
16. Switch operating arm

H
BE

Fig. 56. Bell alarm device
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7.9—Open Fuse Lockout Device

The open fuse lockout device (OFLO) is an anti-single-
phasing device used on breakers employed in conjunction
with current-limiting fuses. The device consists of an
individual trip solenoid for each pole, connected directly
across the fuse in that phase. Blowing of any fuse operates
its solenoid, tripping the breaker. An indicator for each
phase pinpoints the blown fuse. The breaker remains trip-
free until the involved phase of the OFLO device is reset.

Referring to Fig. 57, when a fuse blows, coil (6) in that
phase is energized and closes armature (8), engaging trip
paddle (1) which trips the breaker. In the process, spring
(12) discharges and pivots arm (9) counterclockwise,
latching armature (8) closed. This motion also moves reset
button (10) forward, indicating which fuse has blown. The
latch-held armature keeps the breaker trip-free until the
OFLO is reset. Coil (6) is de-energized as soon as the
breaker is tripped.

7.9.1—Coil Replacement
To replace coil (6), proceed as follows:

1. Remove five bolts mounting the device to the side
plate and front frame. Lower the lockout device, guiding

rod (3) through rod guide (2). Continue lowering the
device until movement is restricted by the device wiring
harness.

2. Disconnect coil leads.

3. Remove two screws holding the‘tsip device to the
device mounting plate.

4. Bend lower end of brass coil ¢lamp straight.

5. Remove coil. Install new coihand replace parts in
reverse order.

7.9.2—Adjustments

From 1/32 to 1/16 inch, armature overtravel is required
when the breakeriis tripped. A 1/8-inch minimum
clearance is‘'needed between trip paddle (1) and rod (3)
with breaker inytheyreset position. To make these
adjustments,loosen locknut (4) and turn rod (3) in or out to
obtain the‘properovertravel and clearance. Retighten lock
nut (4).

A 1/8=inch minimum clearance should be maintained at
reset button (10). To adjust, loosen lock nut ahead of
buttomand turn button until proper distance is obtained.
Retighten lock nut.

. Trip paddle

. Rod guide
Rod

. Lock nut

Trip solenoid
Coil

Link assembly
Armature
Arm

10. Reset button
11. Rod, reset button

©CEND O LN

12. Springs, reset rod
13. Spring, link assembly
14. Mounting bracket

O ~] O]

/_—‘"' 15. Trip shaft
= N

s MIN.

Fig. 57. Open fuse lockout device
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The SST is a solid-state, direct-acting, self-powered trip
device system. The SST system consists of the SST
programmer unit, current sensors, and a flux shifter trip
device. Fig. 58 shows a block diagram of the system.

8.1—Programmer Unit

Fig. 59 shows a typical SST programmer unit. The
programmer unit provides the comparison basis for
overcurrent 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 adjustments (set-points) are located on the face
plate. Depending on the application, programmer units
may be equipped with various combinations of Long Time,
Short Time, Instantaneous and Ground Fault trip elements.
See Table 8 for available ratings, settings and trip
characteristics. 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,
mechanically-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 isifor
overload, the second for short circuit (actuated by the
short time and instantaneous elements) and the third for
ground fault. The latter is omitted on units without ground
fault.

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 anyttip element or prevent
the breaker from being reclesed:

The programmer unit is mounted to,the left side of the breaker
as shown in Fig. 60. The bracketattached to the top of the pro-
grammer, see Fig. 59, engages with a bracket mounted to the
breaker’'s center channel:

]
! r—————-——-——-— 1
| SOLID !
“FLUX SHIFT"
) —————— TRIP COIL : ST he |'
™ 7] (CusRENT SENSoR | : 1
I T | |
1Coen) | : @— H overLoap
| D A | LONG TIME | TARGET
_____ | DELAY =11
1 - - |
I
| 8, i |
LONG SHORT TIME |
) LOGIC L-— TIME PICKUP &
NEUTRAL F: OR PICKUP DELAY |
| l ° i 4 SHORT
N CT -- CIRCUIT
] DIFFERENTIAL INSTANTANEOUS | TARGET
| TRANSFORMER PICKUP |
WHEN ! ¥ A
(W) @ grommo
GROUND FAULT
| PICKUP & DELAY |
11 RecuiaTED |
| 48 VDC }
POWER SUPPLY |
| PROGRAMMER UNIT |
e e e — - o —

Fig. 58. SST block diagram

Table 8—SST Trip‘Characteristics

SST PROGRAMMER ADJUSTMENT RANGE (Set Point)
Ground Fault Long Time Short Time Instan-
Pickup taneous
Breaker Frame Sensor Taps Pickup Delay L) Delay Pickup Delay Pickup
Frame Size (X) (Multiple Band (Multiple Band (Multiple Band (Multiple
Type (Amperes) (Amperes) of X) (Seconds) of X) (Seconds) of L) (Seconds) of L)
1300, 400, 600, 800
or .25, .3, 4,
AKS-SISA-S0I 1000 | 600,800, 1200, | 5. 6 (X)
1600
800, 1200, 2,.25. .3, 4,
AKST:5/5A-50 (" 2000 1600, 2000 5, 6 (X)
AK-5/5A-75 3000 1200, 1600, Maximum Maximum | 1.75, 2, [ Maximum
AKR-5/5A-75 2000, 3000 2 22 2 030 22 2.25,25| 035
"Sx 3,4() 4,5,6,8,
1200. 1600 3..35,.37 (X) | |ntermed. E: 1718()(9) Intermed. Intermed. | 10, 12 (L)
AKR-5B/5C/5S-75 3200 ' ' 0.165 10 —or— o2
2000, 3200 Minimum Minimum | 3, 4,5, 6| Minimum
AK-100 4000 1600, 2000, 18, .2, .22, 065 4 8, 10 (L) 0.095
AKR-100 3000, 4000 25,.27, 3 (X)
NOTES ! 2 4 2 3 2 0 2

' X = Sensor ampere rating = trip rating.
2 Pickup tolerance = + 10%.

Applicable time-current curves: GES-6033B, 6034A, 60358

° Time delay at lower limit of band @ 6L.
¢ Time delay at lower limit of band.
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XLm 1y

IR any

-Fig. 59 SST programmer

8.2—Current Sensors

The SST system uses two types of curremt sensors, a
phase sensor and a neutral sensor. Fig. 61%shows a phase
sensor. Fig. 62 shows the neutral sen§ors available. The
current sensor supplies the power and signal inputs
necessary to operate the trip systemps Ea€h 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 valués of current in the three conduc-
tors (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 connecting each phase sensor in series
with a companion primarypwinding on a ground differential
transformer mounted in the programmer unit. Its secondary
output is zer@rso _long as there is not ground current.
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Fig. 60. AKS-5A-50

Application of the Ground Fault element on 4-wire systems
with neutral grounded at the transformer requires the
additional, separately mounted neutral sensor (Fig. 62)
inserted in the neutral conductor; its secondary is
connected to a fourth primary winding on the ground
differential transformer. See Fig. 72. This “fourth-wire”
neutral sensor is an electrical duplicate of the phase
sensor, including taps. Therefore, when taps are changed
on the phase sensors, those on the neutral sensor must be
correspondingly positioned.

When used, the neutral sensor is separately mounted in
the bus or cable compartment of the switchgear. In
drawout construction, its output is automatically
connected to the breaker via secondary disconnect blocks.
See Fig. 63.




AKR 75/100 AKS 50

Fig. 61. SST phase_sensors with tap board

AKR 75/100 AKS 50

Fig. 62. SST neutral sensors
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1. Neutral sensor

breaker mounted

secondary disconnect blo¢k

2. Equipment -
mounted

Fig. 63. Neutral sensor,seeondary disconnect block

8.2.1—Replacement of Current
Sensors - AKS 50

Referring to Fig. 64, AKS50 phase sensors are
removed as follows:

a. Remove the connections to andfthe wiring harness
from the sensor tap board.

b. Remove the tap board retaining hardware.
c. Remove the lower connection,strap.

d. Sensors are secured with RTV. Loosen RTV and
remove Sensors.

e. If the front and back frame have not been separated,
replacement of the center pole sensor requires removal of
the mechanism prop. Refer also to Fig. 24:

1. Remove rétaining rings.
2. Disconneet, spring.

3. Removeybearings
4

. Remove prop.
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1. Connection strap
2. Bearing

3. Retaining ring

4. Prop

Fig. 64. Sensor replacement




1. Primary disconnects
2. Tap board

Fig. 65. AKR 75/100 sensor replacement

8.2.2—Replacement of Current
Sensors - AKR 75/100

Referring to Fig. 65, the AKR 75/100 phase sensorsiare
removed as follows:

a. Disconnect the wiring harness and conneéctjons from
the senser tap board.

b. Remove the tap board hardware.

c. Remove the primary disconnect assempblies from the
stud.

d. Remove the sensor and tapyboard:

e. Reassemble in reverse order, aligrn projections on rear
of sensor with notches in the/position ring which is
mounted on the stud. Refer to'Section 7.1.1 for torque
requirements for the primary disconnect hardware.

8.3—Flux Shift“Trip Device

The Flux Shiftihripfdevic€ is a low-energy, electromagnetic
device which, uponyreceipt of a trip signal from the
programmer unit, trips the breaker by actuating the trip
shaft.

The mounting afrangement of this component is illustrated
in Figs. 66 and 67. An electromagnetic actuator located on

the underside of the front frame is coupled to thie breaker's
trip shaft via a trip rod driven by the actuator arm. The
actuator is a solenoid whose armature is spring-loaded
and held in its normal (Reset) position by a permanent
magnet. In this state the spring is compressed:

So long as the actuator remains in the Reset position, 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 issenergized and its
solenoid flux opposes the ‘magnet, allowing the spring to
release the armature; this drives,thetrip rod against the
trip shaft paddle, trippingftheibreaker.

As the breaker opens, the actuator arm is returned to its
normal (Reset) positionia 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(shownyin Fig. 68, the clearance between the trip
rod endyand the/trip shaft paddle is gaged by a 0.125 inch
diameter fod. Adjust gap to 0.125 inch £ 0.015 inch. To
adjust, openthe breaker and restore the breaker
meehanism to its Reset position. Loosen the jamb nut,
rotatethe adjuster end until the proper gap is attained,
thenyretighten the jamb nut.

While operating the breaker, insure that the actuator
bracket does not interfere with the buffer stud. Adjust by
loosening actuator bracket mounting screws and rotating
the bracket clockwise to take up mounting hole slack.
Retighten screws.

The actuator is a sealed, factory-set device and requires no
maintenance or field adjustment. In case of malfunction,
the complete actuator unit should be replaced. When
making the electrical connection to the replacement unit, it
is recommended that the breaker harness be cut at some
convenient point and the new actuator leads solder-spliced
thereto. An alternate method is to untie the breaker
harness and remove the old actuator leads directly from
the female AMP connector on the end of the breaker
harness. However, AMP extraction tool Cat. No. 305183 is
required for this method.

CAUTION: IF THE BREAKER MUST CARRY
CURRENT WITHOUT OVERCURRENT
PROTECTION, THE SST TRIP DEVICE SYSTEM
MUST BE PREVENTED FROM OPERATING.

THE RECOMMENDED METHOD IS TO SHORTEN
THE TRIP ROD BY TURNING ITS ADJUSTER
END FULLY CLOCKWISE. THIS PREVENTS
ACTUATION OF THE TRIP SHAFT PADDLE.
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1. Actuator bracket
2. Buffer'stop
3. Crossbar

Fig. 66. Flux shift trip. device - linkage attachment

Actuator

. Actuator arm

Trip rod

. Trip rod adjuster end
. Reset linkage

. Actuator bracket

. Mounting base

N A WON

Fig. 67. Flux shift trip device with operating linkages
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(BKR. OPEN)
!
!
[}
ACTUATOR O O
BRACKET @
TRIP PADDLE IN OA7
“MECHANISM L y
RESET” POSITION JAM

\j_ NUT LN

TRIP ROD
125 DIA. IN. . RESET"
ROD POSITION

ADJUSTER
END

Fig. 68. Flux shift trip device adjustments

BUFFER
STUD
POSITION

Fig. 69. SST/ECS test set, cat. no. TAK-TS1
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8.4—Troubleshooting

When malfunctioning is suspected, the first step in
troubleshooting isto 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 shut trip activations.

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

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 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
connections must be employed for SST
breakers equipped with Ground Fault. Any
single-phase input 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 breakerin
series, or

b. Using the Ground Fault DefeatiCable as
shown in Fig. 73. This special test cable
energizes all the primary windings of the
differential transformer in asself-cancelling,
series-parallel connection softhat its secondary
output is always zero:

2. Test the componentsiefghe SST system using
portable Test Set Type TAK-TS1 (Fig. 69). The applicable
test procedures are detailed in Instruction Book GEK-
64454 and are summarized in Section 8.4.1.

The TAK-TS1 Test Set is a portable instrument designed
for field checking the time-current characteristics and
pickup calibration of the SST's various trip elements. It can
verify thetability of the Flux-Shift Trip device to trip the
breaker-and, in addition, includes means for continuity
chéeking the phase sensors.
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8.4.1—SST Test Set

The TAK-TS1 Test Set is a portable instrument designed to
field-check time-current characteristics and pickup ¢laibration
of the SST’s trip elements. It can verify the ability of the Flux-
Shift Trip Device to trip the breaker and/inci@des means for
continuity checking phase sensors.

WARNING: BEFORE CONNECTING TEST SET TO
BREAKER TRIP DEVICE SYSIEM, ENSURE CIR-
CUIT BREAKER IS COMRLETELY DISCON-
NECTED FROM IS POWER SOURCE. ON
DRAWOUT EQUIPMENT,"RACK BREAKER TO
DISCONNECTED, POSITION. VERIFY BREAKER
IS TRIPPED/

Eitherdofitwo test modes may be employed:

“"AlhHProgrammer Unit Only. These tests are conducted
withthelprogrammer unit disconnected from the breaker.
Duting test, the unit can remain attached to the breaker or
may becompletely removed from it.

CAUTION: NEVER DISENGAGE THE HARNESS
CONNECTOR FROM THE PROGRAMMER UNIT ON
A BREAKER ENERGIZED AND CARRYING LOAD
CURRENT. THIS WILL OPEN-CIRCUIT THE CUR-
RENT SENSORS, ALLOWING DANGEROUS, DAMAG-
ING VOLTAGES TO DEVELOP.

Test scope:

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

2. Verify operation of the SST targetindicators on
programmer units so equipped.

“B” - Complete Trip Device System. For these 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 the programmer’s output to activate
the Flux-Shift Device and verify its operation by physically
tripping the breaker.

2. Check phase sensor continuity.

In the event that any component of the SST system does
not perform within the limits prescribed in test instructions
GEK-64454, it should be replaced.
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8.4.2—Resistance Values

For use in troubleshooting, the Common to Tap resistance
for SST current sensors is given in Tables 9 and 10. These
values apply to both phase and neutral sensors.

Table 9—Sensor Resistance Values
AKS 50

Breaker Resistance in ohms
Frame Ampere between COMMON
Size Tap and TAP Terminals
300 5.3-6.1
400 7.2-8.2
600 10.8-12.4
AKS-50 800 14.6-16.9
600 6.4-7.6
800 8.8-10.4
1200 13.5-15.8
1600 19.4-22.8
800 10.2-12.0
AKST-50 1200 15.8-18.6
1600 22.0-25.9
2000 28.5-33.6

Table 10—Sensor Resistance Values
AKR 75/100

Resistance in‘ehms
Tap Tap between GOMMON
Breaker Terminal Lead terminal (white
(AMP) Color lead) and TAP
terminal
1200 Black 13.4-95.7
1600 Yellow 18.3-21.5
AKR-75 2000 Red 93.5-27.6
3200 Green 42.1-495
1600 Blagk 18.3-21.6
2000 Yellow 23.5-27.6
AKR-100 1 3509 Red 37.7-44.3
4000 Greep 53.4-62.6

The coil resistance ofithe SSTWECS Flux shifter device is

approximately 16 ohms.

8.4.3—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
cablingadiagram of Fig. 71 each phase sensor is connected
in a'series with a primary winding on the Ground Fault
differemtial 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 haye the same
electrical characteristics. If one sensor differs from the
others (i.e., different rating or wrbng_tap setting), the
differential transformer canyproduce output sufficient to
trip the breaker. Similarly, discontinuity between any
sensor and the programmgfunit can cause a false trip
signal.

If nuisance tripping is encountered on any breaker whose SST
components have previously/demonstrated satisfactory perfor-
mance via the TAK-TS1, Test Set, the sensors and their connec-
tions should be €losely serutinized after disconnecting the
breaker from all,power, sources.

a. Gheck'that all phase sensors are the same type
(ampere,range)-

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

8.5—SST Cabling Diagrams

c. Verify that the harness connections to the sensors
meet the polarity constraints indicated by the cabling
diagram, 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. 72. 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 (terminals L and N.).

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

4. Ensure that the neutral conductor is carrying only
that neutral current associated with the breaker’s load
current (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 9 or
Table 10.
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Fig. 71. Cabling diagram—SST with ground fault on 3-wire load
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SECTION 9—Type ESC 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. 74, current sensors, and a
flux shifter trip device. Fig. 75 shows a block diagram of
the system.

The ECS trip system essentially duplicates the SST trip
system described in Section 8 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. Fault indicators (trip targets) are not available.

3. Phase sensors are not tapped. As listed in Table 11
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. 76.

4. 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 includes
circuitry, size, construction, component location,
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 Test Set. The Ground Fault test
procedures, of course, do not apply. ECS phase sensor
resistance values are given in Table 12.

Fig. 74. ESC programmer unit
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Fig. 75. ECS block diagram
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Fig. 76. ECS current sensor




Table 11—ECS Trip Characteristics

ECS PROGRAMMER ADJUSTMENT RANGE (Set Points)
Frame Long Time Short Time Instan-
Breaker Size Sensor Pickup taneous
Frame (Amperes) Ampere L) Delay Pickup Delay Pickup
Type Size Rating (Multiple Band (Multiple Band (Multiple
Type (Amperes) (X) of X) (Seconds) ofL) (Seconds of L)
300, 400, 600, 800 .25, .3, 4
AKS-4/4A-50 1600 1200, 1600 | 5, 6, .7 (X)
800, 1200, 2, .25, .3, 4,
AKST-4/4A-50 2000 1600, 2000 5 600
AK-4/4A-75 3000 1200, 1600, Maximum 1:75, 2, Maximum
AKR-4/4A-75 2000, 3000 22 | 2% | 0%
1200, 1600, 6,.7, .8, | Intermed. ‘ Intermed. 4,5,6,
AKR-4B/4C/4S-75 3200 2000, 3000, 9, 1.0, 10 —Oor— 0.21 8, 10, 12 (L)
3200 1.1 (X)
AK-100 400 1600, 2000, Minimum 3,4,5, Minimum
AKR-100 3000, 4000 4 6,8 10(L)| 0.095
NOTES 1 2 3 2 4 2
' X= Sensor ampere rating = trip rating. 3Time delay at lower limit of band @ 6L.
2 Pickup tolerance = = 10% * Time,delayrat lower limit of band.
Table 12—
9.1—ECS Cabling Diagram Sensor Resistance Values
Breaker Ampere Resistance in Ohms
6A 6B 4C FLUX SHIFT PROGRAMMER Type Rating Between Terminals
* * * TRIP DEVIGE - _UNT
BAGK FRAVE [ 13 /E 51\ v f ! 100 30— 34
K FRAME ] B 0— 3
NN NN » L«WEL (48v. do) l' 150 44— 50
| o [e) Q < &4-0+- (TO SCR | 225 48— 56
'CURRENT | £ ANees AKS50 P e 12
) WHITE | ., 400 67— 7.8
SENSOR 1 " i <R ,' AKS750 600 64— 76
i | Beack c | 800 88— 104
Iy e <<t | 1200 135 —15.8
A - : ot | 1600 19.4 — 228
| ‘ - I ° | 2000 295 — 345
i | BLACK H JdEL |
I b8 Y WHITE Aol I
: ‘ b | R : 1200 134 —15.7
- BLACK K 1600 183 —215
] 14 i < o1 ] 2000 235 —27.6
I_j- _i O || ! 3000 37.7 — 443
AR AR N __ B 3200 421 — 495
Y T T HARNESS oo amen 4000 53.4 — 626
(AMP 201298-1)  GONNECTOR
LOAD (AMP 201297-1)

Fig. 77. Cabling diagram for ECS trip device




SECTION 10—MicroVesaTrip™ Overcurrent 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. 78 shows a
block diagram of the system.

10.1—Programmer Unit

Fig. 79 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 functions, 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
13 for trip functions available and Table t4 for trip function
characteristics. A detailed description of each trip function
is given in publication GEA 10265 and GEH 4657.

10.1.1—Fault Trip Indicators

The optional fault trip indicators are similar to the SST in-
dicators. They are mechanical pop-out typedor identifying
overload or short circuit over-currents faults when breakers are
ordered without integral ground fault protection. 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 breakerdAfter 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 fromeing closed.

10.1.2-=Remote Fault Indication

Remote fault indication is available in the form of a
mechanicalicontact which may be incorporated directly
into the customer’s control circuitry. This is a Normally
openicontact which is activated when its associated target
pops out. When the target is reset, the contact is returned
te,its open position. Each contact is rated

0.25amp at 125 VDC and 1.0 amp (10 amp in rush) at 120
VAC, (Continued page 62)
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Fig. 78. MicroVersaTrip block diagram

Fig. 79. MicroVersaTrip programmer




Table 13—Trip Functions Available

Optional Features
BASIC FUNCTIONS ADD TO BASIC FUNCTIONS
STD,-or-S-or-H-or-M | L G-or-GR | A1-gr-A2tor-A3-0rfA | Z1-or-Z2-or-Z
e Adjustable Current Setting X X X X !
e Adj Long-Time Pickup X X X X
LONG e Adj Long-Time Delay X X X X
TIME ® Long-Time Timing Light X X X X
e Remote Long-Time Timing Light
e Adj Short-Time Pickup X X X |
SHORT ® Adj Short-Time Delay X X X |
TIME e Short-Time Pt Switch D X ‘
INSTANTA- | e Adj Instantaneous Pickup X [ X |
NEOUS e Adj High Range Instantaneous X l
e Adj Gromnd Fault Pickup
GROUND —1 Ph, 22W—3 PH, 3-W ‘ X
FAULT —Ground Return | X
e Adj Ground Fault Delay ! X | X ]
e Trip Indication Targets |
—Overload & Short Circuit
OTHER —local only X
FUNCTIONS —local and remote X
—O'L, S'C and Ground Fault
—local only@ X
—local and remote | X ]
® Zone Selective Interlock 5 ‘
—Ground Fault®® X X
—Short Time® X | X
1 Short-Time Delay 1s required
2 Standard when Ground Fault specified
3 Ground Fault required
Table 14—MicroVersaTrip® Trip Characteristics
Long-Time Short-time Ground Fault
Current Adjustable
Setting Instantaneous Pickup
(X) (X) (Multipte | Pickup Pickup Pickup Short-time| (Multiple
Fixed Tapped |oh,Sensor | (Multiple Delay (Multiple Delay (Multiple It of Sensor Delay
Maximum | Sensors Sensors, | Current [of Current of Current of Sensor ® Current
Frame Rating Rating) Rating) |(Seconds) | Rating) (Seconds) Rating) (Seconds) Rating) (Seconds)
Size (Amps) Sensor (CA“,’,,';;‘)' Rating (X) (©) (€) X) (X)
10054150,
1004150, 225, 300 5, 6. .7, .8, .9, 25,5, 15,2 25, 0.10, 15,225, 2,25 3, |0.10, 0.22
AKR-30 800 225,300, or 8, 85 .9 ] 10 11 10, 21 3,4,57, 0.22, 3,4,6,8 04 .35, 4, 45, 0.36
400,600, 300, 400 95,10 (C) 9 (C) 0.36 10 (X) 5, .6 (X)
800 600, 800 (X)
300, 400,
3004400, 600, 800
AKR-50 | 4600 | 600, 800 or
AKS-50 1200, 1600 600, 800
1200, 1600
AKST-50 800, 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 " " " 4,57, 9(X b .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
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SECTION 10—MicroVersaTrip™ Overcurrent Trip Device

10.1.2—(Cont.)

The remote fault indication switch leads are brought out
the bottom of the MicroVersaTrip programmer as shown in
Fig. 80. This switch lead harness is plugged into the
mating connector on the breaker, see Fig. 81.

The switch leads are brought out from the breaker through
the Programmer Secondary Disconnect shown in Fig. 82.
The zone selective interlocking function wiring is also
brought out through this disconnect. See Figs. 76 and 77
for the remote fault indication and zone selective
interlocking cable diagrams.

' REMOTE)FAULT]
INDICATION
CONNECTOR

Fig. 80. MicroVersaTrip w/rémote fault
indication harness

Fig=82. Programmer secondary connector
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1. Remote fault indicator
disconnect

Fig. 81. Remote fault indicator disconnect

10.2—MicroVersaTrip Installation

The programmer is located on the left side of the breaker’s
center channel as shown in Fig. 81. It mounts to the
bracket assembly shown in Figs. 83 or 84. Referring to
either Fig. 83 or 84, the guide pins mate with the holes on
either side of the programmer connector. They provide the
necessary alignment forthe connector engagement. The
locking lever engages with the pin which is assembled to
the programmer frame and secures the programmer to the
mounting bracket.

10.2.1—AKS 50 Installation

The AKS 50 mounting bracket is shown in Fig. 83.
Installation is as follows:

a. Insert the guide pins into the holes and push on the
programmer. This will engage the connectors and release
the locking lever which will move upwards.




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

c. Connect remote fault indication harness, if equipped,
see Fig. 81.

To remove the programmer:

a. Disconnect remote fault indication harness, if
equipped.

b. Move locking lever to horizontal position, releasing
programmer pin.

c. Remove programmer.

e o
sm g

foib B
FAULT TRIP ANNUNCIATOR

spano

1. Guide pin
2. Locking/lever disengaged position
3. Engaged position

Fig. 83. AKS 50 programmer mounting

10.2.2.—AKR 75/100 Installation

There aretwo programmer mounting designs in use. The
difference in the designs is in the operation of the locking
lever, see Fig. 84.

LATER
DESIGN

ORIGINAL
DESIGN

Fig. 84. AKR 75/100 programmer
mounting

Installation using each design is as follows:

a. Insert the guide pins into the holes and push on the
programmer, 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. 81.

To remove the programmer:

a. Disconnect the remote fault indication harness,
if equipped.
(continued next page)
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SECTION 10—MicroVersaTrip™ Overcurrent Trip Device

10.2.2—AKR 75/100 Installation (Cont.)

b. Original design—push in locking 1ever, 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.

10.3—Current Sensors

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

Fig. 85 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 10.5 for cabling diagrams.

The tapped and fixed phase sensors have a polarity
associated with their windings. The COMMON terminal of
the tapped sensor and of the AKS 50 fixed sensor is the
right hand terminal as shown in Fig. 85. A white wire with a
ring terminal will be connected to this COMMON terminal.
The AKR 75/100 fixed sensor uses push-on terminals, but
the right hand terminal is still the COMMON terminal and
uses a white wire.

All phase sensors must be correctly wired for the
programmer summing circuitry to function properly."Refer
to the cabling diagrams in Section 10.6

AKR 75/100

TAPPED

Fig. 85. MicroVersaTrip phase sensors
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The tapped or fixed phase sensors are available with an
additional winding. This winding is brought out{to separate
flag terminals rather than the screw terminals. These phase
sensors are used when the hi-level instantaneous
MicroVersaTrip option (‘H'-option),is required. Fig. 86
shows an ‘H’-option phase sensor. When the ‘H’-option
phase sensor is installed, there arefour leads connected to
it. There is no polarity associated with the ‘H’-option
windings. Fig. 95 shows the‘éeonnections for the additional
‘H'-option windings.

1. H-option terminals

Fig. 86. H-option phase sensor

Fig. 87 shows the 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 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. See cable diagram in

Fig. 92.

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

Since the neutral sensor is mounted separately from the
breaker, a disconnect means is required to connect its
output to the breaker. Fig. 88 shows the breaker and
equipment mounted 4th wire secondary disconnect used
with the MicroVersaTrip system.



Fig. 87. Typical neutral sensor

10.3.1—Replacement of Current
Sensors - AKS 50

The replacement of the AKS 50 MicroVersaTrip current
sensors follows the same procedure used for the 8ST
sensors described in Section 8.2.1. The only differengé’is
that the tap board is not a separate item but is integral with
the sensor.

10.3.2—Replacement of Current
Sensors - AKR 75/100

The replacement of the AKR 75.100 MicroVersaTrip
current sensors follows the samegprocedure used for the
SST sensors, refer to Section 8.2.2

10.4—Flux Shifter. I rip Device

The only difference between/the MicroVersaTrip and SST
flux shifter trip devicesfis the solenoid winding. Refer to
Section 8.3 for details.

When replacing aiMicroVersaTrip flux shifter, AMP
extraction tool Cat. No»455822-2 is required to remove the
socket leads fromithe AMP connector.

10.5—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.

by 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
PROGRAMMER UNIT SET KNOBS WHILE
THE BREAKER IS CARRYING CURRENT.

TYPICAL AKR 75/100-AKS 50 REAR MOUNTING

EQUIPMENT MOUNTED MATING DISCONNECT

Fig. 88. Neutral sensor secondary disconnect
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SECTION 10—MicroVersaTrip™ Overcurrent Trip Device

10.5—(Cont.)

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 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
connections must be employed for
MicroVersaTrip 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 nullified either by

a. Testing two poles of the breaker in series,
or

b. Using the Ground Fault Defeat Cable as
shown in Fig. 94. This special test cable
energizes the programmer circuit in a self-
cancelling, series-parallel connection so that its
output is always zero.

2. Test the components of the MicroVersaTrip system
using portable Test Set Type TVS1 (Fig. 89). The
applicable test procedures are detailed in instruction Beok
GEK-64464.

Fig. 89. Test set, cat. no. TVTS1

10.5.1=Resistance Values

For use‘imtroubleshooting the MicroVersaTrip current
sensors; the resistance of the tapped and fixed windings is
given'im,Tables 15 and 16 respectively.

The,coil resistance of the MicroVersaTrip flux shifter
deviceis approximately 7 ohms.
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Table 15—Tapped Sensor
Resistance Values

Breaker
Frame
Size

Ampere
Tap

Resistance in ohms
between Common
2nd Tap Terminals

AKS50

300
400
600
800

600
800
1200
1600

AKSTS50

800
1200
1600
2000

AKRZ5

1200
1600
2000
3200

AKR100

1600
2000
3000
4000

CONSULT
FACTORY

Table 16—Fixed Sensor
Resistance Values

Breaker
Frame
Size

CT
Rating

Resistance in ohms
between Common
2nd Tap Terminals

AKS50

300
400
600
800
1200
1600

AKST50

800
1200
1600
2000

AKR75

1200
1600
2000
3000
3200

AKR100

1600
2000
3000
4000

CONSULT
FACTORY




SECTION 11—Type EC Overcurrent Trip Device

Type EC overcurrent trip devices are magnetically The standard EC trip device for the AKS breaker frames is
operated, using a series coil or single conductor, and an the type EC-2A, see Fig. 98. An optional trip device for
associated magnetic structure to provide tripping force. these frames is the type EC-1, see Fig. 99.

There are three basic characteristics: long time delay, The EC trip device for the 4000 and 6000,amp AKR 75/100
short time delay and instantaneous, which can be used in frames is the EC-1B shown in"Fig. 100.

various combinations to suit the application. The trip characteristics for the'EC trip devices are listed in

AKR breakers with EC trips are for use on DC system Table 17.
voltages. One EC trip device is mounted per breaker pole.
This device contains its functional adjustments.

Fig. 98""NEC=2A trip device Fig. 99. EC-1 trip device
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SECTION 11—Type EC Overcurrent Trip Device

1. Magnet
2. Connecting rod
3. Vibration damper

4. Short time adjustment
S)fLong time adjustment
6. Adjustment for instantaneous pickup

Fig.[100. EC-1B trip device

Table 17—EC Device'Trip Characteristics

Trip Longglime Short Time Instantaneous
Device Pickup @ Delay @ Pickup Delay @ Pickup
(1A),MAX. — adj. 15-38 sec
or 4-9X,
80-160% X [“G1B)INTER. — adj. 7.5-18 sec. 6-12X,
EC-2A (= 10%) or 9-15X or
(1C) MIN. — adj. 3.3-8.2 sec. 80-250%X
(1A) MAX. — 30 sec. (2A) MAX. — 23 sec
or 2-5X, or High Set
80-160% X (1B) INTER. — 15 sec. 3-7X or (2B) INTER. — .15 sec. up to 15X,
EC-1 (= 10%) or 4-10X or Non-Adjustable
(1C) MIN. — S sec. (2C) MIN. — 07 sec.
(2AA) MAX. — .20 sec.
80-160% X (1BB) MAX. — 4.5 sec. 2-5X, or 4-9X,
EC-1B (+ 15%) or 3-7X or (2BB) INTER. — .13 sec. 6-12X,
(1CC) MIN. — 2 sec. 4-10X or 9-15X or
(2CC)MIN. — 07 sec. | 80-250% x (@)

1 %= Trip'device ampere rating. If trip devices are set above 100%

3 Atlower limit of band at 2%: times pickup setting.

foreoordination purposes, such settings do notincrease the breaker’s
continuous current rating.

2"WAt lower limit of band at 6 times pickup setting.

4 Low-set instantaneous. Not available in combination with long
time delay
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11.1—Direct Acting Tripping Device
EC-1B

The type EC-1B overcurrent tripping device is a direct-
acting device that causes the power circuit breaker with
which it is associated to open within a predetermined time
range which depends upon the magnitude of the current
overload. The EC-1B tripping device can be constructed to
supply a variety of different types of time-current charac-
teristics, either alone or in combination. These are long
time delay, short time delay, and instantaneous, and they
are identified respectively by numbers 1, 2 and 3. Charac-
teristics are further broken down within each of the first
two of these general classifications into maximum,
intermediate and minimum values of the time delay period.
These are coded respectively as AA, BB and CC. Time and
current relationships for the various device characteristics
are given by the curves listed in Table 18.

Table 18—Time-Current Curves

Trip
Trip Trip Characteristic
Device Elements (EC Devices Curve
a) only)
EC-1 LSI (See Curves) GES-6000A
LI 18B-3 GES-6003
EC-1B Ll 1CC-3 GES-6004
LSI (See Curves) GES=6005
LI 1A-3 GES-6010
EC-2/2A LI 1B-3 GES-6011
U 1C-3 GES:6012
@ L = Long Time S = Short Time | =Jipstantaneous

11.1.1—Long Time Delay Tripping

Referring to Fig. 101, the long tipie delay‘is obtained
as follows:

The long time delay armature (22),is restrained by the long
time delay calibration spring (15). After the magnetic force
produced by the ovescurrent’condition overcomes this
restraint, the velocity ofsthe‘armature movement is
governed by theflow of oil through an orifice in the piston
of the dashpot (17).“The time required to displace the
piston is inversely propartional to the force tending to
close the magnetic circuit.

11.1.2—Short Time Delay Tripping

Referringato Rig. 101 the short time delay is obtained
as follows;

The short time delay armature (1) is restrained by a
calibration spring (6). If the force tending to close the
armature against the magnet (11) is great enough to
overcome the spring force, the speed of movement is

governed by the mechanical escapement mechanism
consisting of parts (2), (3), (4) and (5).

11.1.3—Instantaneous Fripping—
High Set

Referring to Fig. 101 adjustable inStantaneous tripping is
accomplished by varying the'amount'of tensile force on
the high-set instantaneous spring/(21). When a magnetic
force greater than the restraining'spring force is produced
by an over-current condition; the armature (22) is pulled
upward against the magnet,(24), thus tripping the breaker
by the movement of theleonnecting rod (13) against the
trip paddle (14).

The pickup value/ofithe device may have one of the
followingiranges: 4 to 9, 6 to 12, or 9 to 15 times coil rating.
Three calibration“marks will appear on the calibration
scale,(18) and the value of these calibration marks will be
indicated by,stampings on the scale as follows: (4X-6.5X-
IX)Or (6%-9X-12X) or (9X-12X-15X), depending on the
desired,range. To set the device at a particular pickup
value, loosen the clamping nut (20) and slide the index
pointer on the calibration washer (19) to a position which
lines up horizontally with the desired pickup value on the
calibration scale (18).

11.1.4—Instantaneous Tripping—
Low Set

Low-set instantaneous tripping is adjustable from 80
percent to 250 percent of the continuous current rating of
the device. Whenever this is used, it is the only
characteristic of the device. Instantaneous tripping used in
conjunction with any other characteristic is always
high-set.

If the characteristic of the device is low-set, adjustable
instantaneous, a link is installed in place of spring (21) and
the instantaneous calibration spring is located where
spring (15) is shown in Fig. 26. Dashpot (17) is omitted
from assembly. See Fig. 101.

11.2—Replacement

The EC-1B device is replaced as follows, referring to
Fig. 101

1. Remove stud (23).
2. Remove mounting clamp.

3. Remove two screws fastening magnet (11) to lower
stud.

4. Device is now free of breaker. Reassembly is
accomplished by reversing the procedure.

When reassembling the magnet to the lower stud, be sure

to replace any spacing washers in the same location in
which they were found during disassembly. If this is not
done, misalignment and consequent malfunction may result.
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SECTION 11—Type EC Overcurrent Trip Device

11.3—Adjustments

Before the EC-1B overcurrent device is calibrated at the
factory, the air gaps between magnet (11) and armatures

(1 and 22) are set. These gaps are measured at their widest
point, between the front edge of the armature and magnet.
The gap for the short time delay armature is 17/64 in., and
for the long time delay armature is 17/64 in. Both have a
plus and minus tolerance of 1/64 in.

The air gap setting is a factory adjustment and is not to be
attempted in the field. If any change occurs, the calibration
of the device will not be true. If any calibration difficulties
are experienced, they may be due to the fact that the air
gap setting has been altered by rough handling or
shipment damage. If a check of the air gap measurement
reveals that the setting is beyond the tolerance, the device
should be returned to the factory for recalibration.

The adjustment screw (7) is provided so that the short-time
mechanism will pick up the trip link (8) at the same point at
which it is picked up by the long-time mechanism. This
may be checked before the device is mounted by pulling
forward on the connecting link (10) and checking visually
to see that trip link (8) contacts both the set pin in the long
time linkage and the end of adjustment screw (7).

After the device is mounted on the breaker, a final
adjustment that must be made in the length of the

connecting rod (10). This is made by varying the amount
of thread engagement between the connecting rod and the
insulated coupling which ties onto the trip paddle (14). The
approximate distance between the pivot centers on the
ends of the connecting rod assembly.i§ six inches. The
correct exact distance is that whieh, willsjust cause tripping
of the breaker when the armature,is closed to a point 1/32
in. short of contact with the magnethA step-by-step
procedure for making this@djustment follows.

1. Before mounting the trip‘device, set the center
distance between the_pivoticenters of the connecting rod
at six inches.

2. Close the breakenand insert a feeler gage 1/32 in.
thick between the armature and magnet. This should be
done fromiithe rear of the breaker. The feeler gage should
be nowiderthan 172 in. and at least 4 inches long.

3.{Clese the armature against the gage and magnet.

4y If theybreaker does not trip, form paddle 14 to obtain
positivie,trip:

83, Check visually to make sure that the connecting rod
does not restrict the engagement of the breaker trip latch
whemrthe breaker mechanism resets. It should always be
possible to adjust its length to a point where resetting is
not interferred with and yet positive tripping by the
overcurrent device is achieved.

Short Time Mechanism
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Long Time & High Set
Inst. Mechanism

1. S.T.D. armature 9. Air gap adj. 17. Dashpot

2. Pallet 10. Connecting rod 18. Calibration scale

3. Pinion 11. Magnet 19. Calibration washer
4\Escape wheel 12. Lock nut 20. Clamping nut
5.%Driving segment 13. Connecting rod 21. Inst. calibration spring
6, S.T.D. calibration spring 14. Trip paddle 22. L.T.D. armature

7. S.T.D. trip adj. 15. L.T.D. calibration spring 23. Stud

8. Trip link 16. Calibration clamp nut 24. Magnet

Fig. 101. Direct acting tripping device EC 1B
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11.4—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 instantaneous 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 instantaneous 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
engagement. See Section 6.3.1.

Refer to Fig. 102 for the discussions given below.

11.4.1—Long Time-Delay and High-Set
Instantaneous Tripping

By means of the adjustment knob (3), which can be
manipulated by hand, the current pick-up point can(be yaried
from 80 to 160 percent of the series coil rating. Jhe indicator
and a calibration 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 plateyis indexed at
percentage settings of 80, 100, 120, 140, 160.

As in the case of the EC-1 over-currenttrip, the long-time
delay tripping feature can be supplied\with any one of
three time-current characteristicsiwhich correspond to the
NEMA standards maximumfintermediate and minimum
long-time delay operating bands. These are identified as
1A, 1B and 1C charagteristics, respectively. Approximate
tripping time for each ofythese; in the same order are 30,
15, and 5 seconds at 600 pefcent of the pick-up value of
current. (See time-current/Characteristic curves).

The tripping time may be varied within the limits shown on the
characteristic curvesjby turning the time adjustment screw (4).
Turning in ayclockwise direction increases the tripping time;
counter¢lockwise motion decreases it. The dashpot arm (8) is
indexed atyfour'points, MIN-1/3-2/3-MAX, as indicated in Fig.
103.“Whenithe index mark on the connecting 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. Standard
characteristic curves are plotted at these settings.

Time values are inversely proportional to the effective
length of the dashpot arm. Therefore, the linkage setting
that gives the shortest time value is the one at which
dimension “A", Fig. 102 is greatest. The,time adjustment
screw (4) may be turned by inserting a Phillips head
screwdriver through the hole in‘the front of the case. If it is
desired to relate the linkagefsettingto the index marks on
the linkage it will be necessary tao femove the case. This
may be done by removing, thetwo mounting screws, one
on each side of the case, which may be taken off without
disturbing the trip unitiitself.

11.4.2—Instantaneous Low-Set
Tripping

The low-set instantaneous pick-up point may be varied by
the adjustment knob (3). The calibration in this case
usually rangesfrom 80 percent ot 250 percent of the series
coil“ratingwith the calibration plate indexed at values of
8041004450, 200, and 250 percent of the rating.

11.4.3—Instantaneous High-Set
Tripping

The high-set instantaneous pick-up value may have one of the
following three ranges: (4 to 9), (6 to 12), (9 to 15) times coil
rating. The pick-up setting may be varied by turning the instan-
taneous 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 arm as follows; (4X-6.5X-9X)
or (6X-9X-12X) or (9X-12X-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). Turning the
adjustment screw changes the position of the movable nut
(11) on the screw. The spring is anchored to this movable
nut so that when the position of the nut is changed, there
is a corresponding change in the spring load. As 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 calibration mark (15) to obtain the proper
instantaneous trip setting.

The trip screw (6) on the end of the armature (7) should be
set sg 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.
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SECTION 11—Type EC Overcurrent Trip Device

1. Low set instantaneous spring . Connecting link

2. Calibration plate . Series coil

3. Adjustment knob 11. Movable nut

4. Time'adjustment screw 12. Instantaneous pickup adj.
5. Instantaneous spring 13. Dashpot

6. “Trip screw 14. Operating arm
7.CArmature 15. Calibration marks
8mDashpot arm

Fig. 102. Overcurrent tripping device—EC-2A
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11.5—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. 104 for the discussions below.

11.5.1—Short Time-Delay Tripping

The armature (7) is restrained by calibrating spring (8).
After the magnetic force produced by an overcurrent
condition overcomes this restraining force, the armature

movement is further retarded by an escapement
mechanism which produces an inverse time déelay
characteristic. The mechanism is shown on Fig. 104.

11.5.2—Long Time-Delay Tripping

The armature (10) is restraingd by, thedcalibration spring
(11). After the magnetic force pfoduced by an overcurrent
condition overcomes this #estraining force, the armature
movement is further retardedby the flow of silicone oil in a
dashpot, which producesian inverse time delay
characteristic. The mechanism is shown on Fig. 104.

Left Side View_Showing
Short Time Delay Méchanism

) Right Side View Showing

ong 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

3. Pallet 10. L.T.D. armature 17. Calibration plate
4. Pinion 11. L.T.D. or low-set inst. calibration spring 18. Trip paddle

§. Escape wheel 12. Inst. trip spring (high set) 19. Trip arm
6.\Driving segment 13. Spring holder 20. Clamping bracket
7WS)T.D. armature 14. Calibration clamp nut

Fig. 104. Series overcurrent tripping device EC-1
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SECTION 11—Type EC Overcurrent Trip Device

11.5.3—Instantaneous Tripping

a. Adjustable instantaneous tripping takes place after
the magnetic force produced by an overcurrent condition,
overcomes 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 overcomes the restraining force of a non-
adjustable spring.

11.5.4—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.

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 105. The rod shown is used for
pushing the armature of device closed. If this is doneywith
the device mounted on a closed breaker, it will simulate
the action which occurs when the device reacts to an
overload condition.

11.6—Positive Trip Adjustment

Before attempting any checks or adjustments on breaker
with EC trip devices, the breaker mgchanism and trip latch
should be checked to assure their proper functioning so
that the breaker trip shaft is free ofihigh*friction loads. The
trip latch of the breaker should also be' checked for proper
trip latch engagement. See Section 6.3.1.

In addition to the pick-up settings and time-delay
adjustments already deSeribed,"overcurrent trip devices
must be adjusted forgpesitivestripping. This adjustment is
made at the factory/on new,breakers, but must be made in
the field when the breaker mechanism or the overcurrent
trip devices haye been replaced.

Positive tripping (is achieved when adjustment screw (9)
Figure 104%s imysuch a position that it will always carry the
trip paddle on the trip shaft beyond the point of tripping
the mechanism, when the armature closes against the
magnet.

In orderto make the adjustment, first unscrew trip screws
(9),"Bigure 104, until it will not trip the breaker even though
theyarmature is pushed against the magnet. Then, holding
the/armature in the closed position, advance the screw
until it just trips the breaker. After this point has been
reached, advance the screw two additional full turns. This
will give an overtravel of 1/16 of an inch and will make sure
that activation of the device will always trip the breaker.

Adjustment screw (9), Figure 104 can best be manipulated
by an extended 1/4 inch hex socket wrench.

Fig. 105. Checking travel distance of series
overcurrent tripping device
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11.7—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. 106) consists
of a series coil (2) with an iron 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 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 causesithe armature to rest
against the stop screw (12) attached t6"a bearing plate on
the right side of the device.

If the current through the series coil (2) is reversed, the
armature (10) tends to move,in‘the clockwise direction
against the restraint ofithe calibration spring (6). When the
current reversal exceeds thefCalibration setting, the
armature revolves Clockwise causing the triprod (3) to
move upward engaging the trip paddle (1), thereby
tripping the breaker.
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1. Trip paddle
2. Series coil
' 2A. Adjusting Nut
L 2B. Locking nut
3. Triprod
) 4. Trip crank
| : 5. Setting sealing screw
t 6. Calibration spring
| 7. Potential coil
8. Calibration nut
9. Pole pieces
10. Armature
m 11. Counter weight
12. Stop screw
13. Mounting screw
14. Screw

Fig. 106. EC-1 reverse current tripping device
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SECTION 11—Type EC Overcurrent Trip Device

11.7.1—Adjustments

The only adjustment to be made on the reverse current
device is to make sure that the trip rod has a minimum
overtravel of 1/32 in. beyond the point of tripping the
breaker. This adjustment 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 required. 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
adjusting 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.
overtravel of the trip rod should be obtained.

11.7.2—Replacement

After removing the wiring for the potential coil the reverse
current device can be removed and replaced by following
the procedure outlined for replacing the series overcurrent
device. See Section 11.9. For wiring, see Fig./06.

11.8—Switchette Feature

The switchette is operated by the long-time delay function.

Its purpose is to provide a set of contagts that will close
before an overload occurs. This device wili‘fnot trip the
breaker on overload it will trip onf{instantaneous only.
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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 he effectivejin indicating the
overload before the other poles‘thip thedreaker, the device
must have less time delay thamathe other two poles; this is
accomplished by using a lowercharacteristic on the alarm
device than the other poles or Setting the alarm devices
long time setting at 80%.

11.9—Trip DevicesReplacement

Overcurrent devices,on the AKS50 breakers can be
replaced as follows:

a. Separateframes as described in Section 5.3

b. Referringyto Fig. 104, remove bolts securing the series
coild)to the lower stud.

c.»Remove the clamping bracket (20).

d. Before installing the replacement device, check the
travel of trip arm as described in Section 11.5.4 and Fig.
105.

e Replace new device in reverse order.
f. Adjust the new device as described in Section 11.5.4

When replacing an EC-1 device with an EC-2 or EC-2A
device, it may be necessary to replace the trip paddlies on
the trip shaft with slightly longer ones. If paddle
replacement is required, new paddles are provided with the
replacement trip units.

Pickup settings on the cover of the EC-2, EC-2A device are
calibrated for the specific device. When replacing covers,
replace on associated device.



SECTION 12—Electrical Characteristics

Table 19

Charging and closing operating currents

Table 20

Bell alarm contact-rating

Table 21

Auxiliary switch contact sequence

Table 22

Auxiliary switch contact ratings

Table 19—Charging and Closing Operating Currents

Table 23

Charging times

Table 24

Shunt trip and undervoltage device
Table 25

Coil resistance

Table 21-Auxiliary Switch

Contact Sequence

cB Auxiliary Switch Position
Main N “b"
Contacts Contact Contact
Open
or Open Closed
Tripped
Closed Closed Open

® Limited to 20A continuous rating of
switch on all breakers and to 5A contin-
uous rating of #16 wire on drawout

breakers.
Table 23

Charging Times
Nominal Time
Voltage (sec.)
48VDC 20
125VDC 17
250vVDC '
120VAC 1.5
208VAC 1.7
240VAC 1.3

B MOTOR ANTI-PUMP CONTROL CLOSING
5 Current (Amps) RELAY “W” RELAY “X”’ SOLENOID =z
(&) —_— — —
= E ® £ Rated-Amps £ Rated Amps 2 Rated Amps E
£ g g E o o Q,§ g a S a S a (%]
ES = Se B o Z 2 | Inrush | Sealed | = 3 | Inrush_| Sealed | = 3 | Inrush | Sealed | & =
S5 o =] RN PR ] -] =5 S
> u >x =& | Open |Closed | =& | Open | Closed | =& | Open | Closed | *= =
48V DC 38-56 22 16.5 38 063 | .063 30 4.1 4.1 38 2.7 2.7 20A
125V DC 100-140 25 7 85 024 | 024 90 105, | 1.05 100 1.3 1.3 20A
250V DC 200-280 13 3.2 170 015 | .015 180 53 53 200 68 68 20A
120V 60 090 | 052 1.0 1.4 2.6 35 20A
120V 50 104-127 25 8.1 95 090 | 052 95 1.0 15 98 2.2 29 20A
120V 25 047 | 032 6.85 | 1.27 1.1 17 20A
208V 60 050 | .029 45 063 1.5 19 20A
208V 50 180-220 | 10.3 35 175 050 _| 029 975 55 083 177 1.2 16 20A
208V 25 032 | |lo18 3.86 76 60 .08 20A
250V 60 064, 0 036 50 07 1.3 A7 20A
250V 50 208-254 | 117 35 190 1064 1,.036 190 50 08 196 1.1 15 20A
250V 25 } .035%), 023 3.42 64 .54 .08 20A
Table 20-Bell Alarm Table 22-Auxiliary Switch
Contact Rating Contact Ratings
Bell Alarm¢Contact Auxiliary Switch
Control Rating (amperes) Control Inte;::‘;‘:;:\i E)a(;lngs
Voltage inrush Contin- Voltage
uous | :on- Inductive
125 25 25 nductive
De 250 0.9 09 48 25 =
Dc 1 1 .3
60 Hz | 120 1 19 | 250 2 18
Ac 480 7 3 115 75 50
Ac 240 50 25
480 25 12
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SECTION 12—Electrical Characteristics
Table 24—Shunt Trip and Undervoltage Device Operating Currents

'g SHUNT TRIP UNDER VOLTAGE
c
°8 | 8, s o
'E § % T 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 19 19
125 DC 70 140 20 20 .08 .08
250 DC 140 280 1.0 1.0 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 o> 75 25
120 25 95 127 47 4.1 20 31 10
208 60 175 220 3.2 26 s§ 51 A7
208 50 175 220 38 31 s 30 10
208 25 175 220 2.1 19 - 14 05
240 60 190 254 39 3% o3 .37 12
240 50 190 254 47 41 25 34 A1
240 40 190 254 5.8 5.1 §2 N/A N/A
240 25 190 254 2.1 1.9 %‘\? 16 .06
380 50 315 410 29 2.6 23 22 .08
480 60 380 508 34 3.1 8% 23 .08
480 50 380 508 75 7.3 ‘gg A7 .06
480 25 380 508 35 3.3 2a 11 .05
575 60 475 625 2.8 2.5 &8 16 06
575 50 475 625 5.1 4.7 14 " .06
575 25 475 625 31 3.0 10 .05
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Table 25—Coil‘Resistance—DC Ohms @ 25°C

Nominal Control Anti-Pump Control Shunt
Voltage Frequency Hz Relay “W” Relay X" Trip Undervoltage
24V DC N/A N/A 3 64
48V DC 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 25.4 146
208V, 60 1450 216 25.4 64
208V 50 1450 300 25.4 146
208V 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






