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MAINTENANCE MANUAL SUPPLEMENT

LOW-VOLTAGE POWE

-

R CIRCUIT BREAKERS

TYPES AK-75/100 WITH ECS AND SST TRlP DEVICES

INTRODUCTION

The data in this supplement pertain to AK-75 and
AK-100 frame breakers equipped with type ECS
solid- state trlp dev1ces The latter are not
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In scope, this supplement supplies the essentlai
descnptive and instructional material appi
the new trip devices. Although breakers so e
carry new type desxgnatlons (AK-4/4A and AK-
5/5A), the basic breakers and their other accessory
devices are identical to those eqmpped with Power
Sensor or EC trip devices. the
operational and maintenance in
in publication GEK-7303 is equally relevant to
ECS or SST equipped breakers and is not duplicated

here.
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Unless otherwise noted, the contents of this sup-

plement are to be mterpreteii as applicable to both
the AK-75 and AK-100 frames. Except for the pro-
grammer and sensor differences noted beiow, the
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tors and linkage) and the test/adjustment procedures
are identical.
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TYPE SST OVERCURRENT TRIP DEVICE

The SST is a solid-state, direct-acting, self-pow-
ered trip device system. Referring to Figures 1
through 8, it comprises the following individual com-

ponents:

Programmer Unit—provides the comparison basis
for overcurrent detection and delivers the energy
necessary to trip the breaker. Contains the electronic
c1rcu1try for the various trip elements. Their associ-
a time delay adjustments {(set-points)
are located on the face plate. Depending on the ap-
plication, programmer units may be equipped with
various combinations of Long Time, Short Time, In-

stantaneous and Ground Fault trip elements. See

’T‘AL\IA 1 Fre r\(ln-l)“\la ratinoe cattinoge and trin ~rharo
aul 1 11Ul avallauvlc 1atillgd, dSULLHIIES allud tiip viial
acte.ri;tics
Note: 1In the event that a programner set knob is
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operation at its minimum or maximum set point value
as follows:

Trip Pickup Delay
Eiement Min. Max. Min. Max.
Long Time X X
Short Time X X
Instantaneous — ——
Ground Fault X X

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

the General Electric Company

LIC CHICTIar SOl oinpany.




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 (3) targets: from
left to right, the first is for overload, the second for
short circuit (actuated by the short time and instan-
taneous elements) and the third for ground fault. The
latter is omitted on units without ground fault.

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

Current Sensors—each pole mounts a single sensor
coil (CT) which supplies the power and signal inputs
necessary to operate the trip system. Each sensor
has four taps which provide field adjustment of the
trip device’s continuous ampere rating.

The SST Ground Fault trip element operates on
the principle that the instantaneous values of current
in the three conductors (four on 4-wire systems)
add to zero unless ground current exists. On SST’s
equipped with Ground Fault, the ground trip signal
is developed by connecting each phase sensor in se-
ries with a companion primary winding on a ground
differential transformer mounted in the programmer
unit. Its secondary output is zero as long as there is
no ground current.

Application of the Ground Fault element to 4-wire
systems with neutral grounded at the transformer re-
quires an additional, separately mounted sensor (Fig.
6) inserted in the neutral conductor; its secondary is
connected to a fourth primary winding on the ground
differential transformer. See Fig. 15. 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 neu-
tral sensor must be correspondingly positioned.

Flux Shift Trip Device—a low-energy, elec-
tromagnetic device which, upon receipt of a trip sig-
nal from the programmer unit, trips the breaker by
actuating the trip shaft. See Fig. 8.

COMPONENT LOCATION

All components except the neutral sensor are
mounted on the circuit breaker. The phase sensors
are mounted around the lower studs at the rear of
the breaker (see Fig. 4). The programmer unit and the
flux shift trip device are mounted on the breaker’s
front frame. These components are interconnected
by wiring harness and disconnect plugs as shown on
the cabling diagrams (Figs. 13 and 14).
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Fig. 2. SST Block diagram

When used, the neutral sensor (fig. 6) is separately
mounted in the bus or cable compartment of the
switchgear. In drawout construction, its output is au-
tomatically connected to the breaker via secondary
disconnect blocks. See Figs. 4, 5 and 15.

Fig. 3. SST phase sensor with tap board
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Sensor tap board J SST Programmer Unit

Fig. 7. AK-5A-100 (front view)

TABLE 1—SST TRIP CHARACTERISTICS

SST PROGRAMMER ADJUSTMENT RANGE (Set Points)
Sensor
Ampere Long Time Short Time Ground Fault
Breaker F rame Taps Instantaneous
Size . . . . . . .
Type ® Pickup (=L)| Time Pickup Time Pickup Pickup Time
(Amperes) (X) ® Delay ® Delay ® ® Delay
Multiple Band (® Multiple Band (® Multiple Multiple Band @
of X (Seconds) of L (Seconds) of L of X (Seconds)
AK-75 3000 1200, 1600, Maximum | 3, 4, S, Maximum .20, .22, .25 Maximum
2000, 3000 22 6, 8, 10 (L) 0.35 .30, .35, 4 (X) 0.30
.6, .7, .8, .9, | Intermed. -or- Intermed. | 4, 5, 6, Intermed.
1.0, 1.1 (X) 10 1.75, 2, 0.21 8,10, 12 (L) 0.165
AK-100 4000 1600, 2000, Minimum { 2.25, 2.5, Minimum .18, .20, .22, Minimum
3000, 4000 4 3,4(L) 0.095 .25,.27, .30 (X) 0.065
® X= Sensor ampere tap = trip rating ® Time delay at lower limit of band @ 6L.
® Pickup tolerance is +10% @ Time delay at lower limit of band.

(See pages 17 and 19 for applicable time-current curves)
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Flux shift
trip device

Fig. 8. AK-5A-75 (front view)

FLUX SHIFT TRIP DEVICE

The mounting arrangement of this component is il-
lustrated in Figures 8, 9 and 10. An electromagnetic
actuator mounted to the left side of the front frame
is coupled to the breaker’s trip shaft via a trip rod
driven by the actuator arm. The actuator is a sole-
noid whose armature is spring-loaded and held in its
normal (reset) position by a permanent magnet. In
this state the spring is in tension.

As long as the actuator remains in the reset posi-
tion, the breaker can be closed and opened normally
at will. However, when a closed breaker receives a
trip signal from the programmer unit, the actuator is
energized and its solenoid flux opposes the magnet,
allowing the spring to release the armature; this
drives the trip rod against the trip shaft paddle, trip-
ping the breaker.

As the breaker opens, the actuator arm is returned
to its normal (reset) position via linkage driven by a
bracket attached to the breaker’s crossbar. The per-
manent magnet again holds the armature captive in
readiness for the next trip signal. See Fig. 9.

The trip device requires one basic adjustment —the
trip rod length. As shown in Fig. 11, the clearance
between the trip rod end and the trip shaft paddle is
gaged by a .093"” dia. rod. To adjust, open the
breaker and restore the breaker mechanism to its

“reset” position. Loosen the jam nut, rotate the ad-
juster end until the proper gap is attained, then re-
tighten the jam nut.

While operating the breaker, insure that the actua-
tor bracket does not interfere with the buffer stud.
Adjust if necessary.

The actuator is a sealed, factory-set device and re-
quires no maintenance or field adjustment. In case of
malfunction, the complete actuator unit should be re-
placed. 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. How-
ever, AMP extraction tool Cat. No. 305183 is re-
quired for this method.

CAUTION: IN THE EVENT THAT THE SST
TRIP DEVICE MUST BE RENDERED IN-
OPERATIVE TO ALLOW THE BREAKER
TO CARRY CURRENT WITHOUT BENEFIT
OF OVERCURRENT PROTECTION, 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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. Trip rod length: Adjust gap to 0.093" = 0.015” using 0.093"

diam. rod as shown.

Actuator bracket: As the crossbar travels between the
“breaker closed’’ and ‘‘breaker open’’ positions, the tang of
the actuator bracket must clear the buffer stud If in-
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TROUBLESHOOTING
When malfunctioning is suspected, tne 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 over-
currents or incipient ground faults.

HICIDIC

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

c. Inadvertent shunt trip activations.

WARNING: DO NOT CHANGE TAPS ON
THE CURRENT SENSORS OR ADJUST

TLICE DDNMDAAMMMED JIANIT COLCT KAINDCO
i rNnuganAlviivicn viNii oL i NnNINU DO

WHILE THE BREAKER IS CARRYING
CURRENT.

Once it has been established that the circuit

hraakar can ha ananad and clacad narmally fram the
oreaxker ¢an o€ openca ana Ci0sSea normany irom ine

test position, attention can be directed to the trip de-
vice proper. Testing is performed by either of two
methods:

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

NOTE: For these single-phase tests, spe-

cial connections must be pmnlnvﬂd for

ToULiLy

SST breakers equipped w:th Ground
Fault. Any single-phase input to the
ground differentia/ transformer will gener-

te an uuvvalucu “yIUUIIU tauu” UU(/JUI.
signal which will trip the breaker. This can

be nuliified either by

B

GENERALGD

ssrpecs TEST SET
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cax MO TARTSE
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Fig. 12. SST /ECS test set, CAT. NO. TAK-TS1

rucnons GEX- 61454 pes SIS

a. testing two poles of the breaker in se-
ries or,

b. usmg the Ground Fauit Defeat Cable as
shown in Fig. 16. This special test cable
energizes all the primary windings of the
differential transformer in a self-cancell-
ing, series-parallel connection so that its
secondary output is always zero.

2. Test the components of the SST system using
portable Test Set type TAK-TS1 (Fig. 12). The
applicable test procedures are detailed in In-

below.

s a portable instrument

1
th tima_cnrrant ocharan

doagionad a tim
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teristics and kup calibration of the SST’s various
trip elements. It can verify the ability of the Flux-
Shift Trip Device to trip the breaker and, in addi-

tion, includes means for continuity checking the
nhace sensors

PRAST STIISULS.

'U:
O(D

WARNING: BEFORE CONNECTING THE
TEST SET TO THE BREAKER TRIP DEVICE
SYSTEM, ENSURE THAT THE CIRCUIT
BREAKER IS COMPLETELY DISCON-
NECTED FROM ITS POWER SOURCE.
ON DRAWOUT EQUIPMENT, RACK THE

RDCAKED TN ITQ nlCFﬁAIAIE/‘TEh Df\CI_
DicCANCH 1w 1O ININEVv I £ voli

TION. VERIFY THAT THE BREAKER IS
TRIPPED.
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Either of two test modes may be employed:

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

CAUTION: NEVER DISENGAGE THE
HARNESS CONNECTOR FROM THE
PROGRAMMER UNIT ON A BREAKER
THAT IS ENERGIZED AND CARRYING
LOAD CURRENT. THIS WILL OPEN-CUR-
CUIT THE CURRENT SENSORS, ALLOW-
ING DANGEROUS AND DAMAGING
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 target indicators 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 provi-
sion for optionally switching the programmer’s out-
put to activate the Flux-Shift Trip Device and verify
its operation by physically tripping the breaker.

2. Check phase sensor continuity.

In the event that any component of the SST sys-
tem does not perform within the limits prescribed in
test instructions GEK-64454, it should be replaced.

FALSE TRIPPING — BREAKERS EQUIPPED
WITH GROUND FAULT

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

If nuisance tripping is encountered on any breaker
whose SST components have previously demon-
strated satisfactory performance via the TAK-TSI
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
(ampere range).

b. Insure that the tap settings on all 3 phase sen-
sors are identical.

c. Verify that the harness connections to the sen-
sors meet the polarity constraints indicated by
the cabling diagram, i.e., white wire to COM-
MON, 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. 15). 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 dis-
connect block. Also check for continuity
from the breaker-mounted neutral secondary
disconnect block through the female harness
connector (terminals L and N).

3. If the breaker’s lower studs connect to the
supply source, then the neutral sensor must
have its “LOAD” end connected to the
source.

4. Insure 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 prob-
lem, then the sensor resistances should be mea-
sured. Since the phase and neutral sensors are
electrically identical, their tap-to-tap resistances
should closely agree.

REPLACEMENT OF CURRENT SENSORS

Phase sensors are removed as follows (see Fig. 4):

1. From front of breaker, disconnect the harness
wiring from the sensor tap board.

2. From rear of breaker, unbolt the tap board;
loosen and remove the stud connector; the sensor
and tap board can now be removed as a unit.

3. Reassemble in reverse order, taking care to al-
ign projections on rear of sensor with notches in po-
sitioning ring mounted on stud.
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TYPE ECS OVERCURRENT TRIP DEVICE

The ECS is a solid-state, direct-acting, self-pow-
ered trip device system that essentially duplicates

ceT +
SST except for the following:

1. Programmer units (Fig. 17) are limited to com-
binations of Long Time, Short Time and In-
stantaneous trlp ele ments oniy. The Ground

Tanlt alamant
rauil CiCiiCii

Phase sensors (Fig. 18) are not tapped. As
listed in Table 2, each sensor has only a
single ampere rating. A different sensor is

o IQ'I "\I
available for cach of the tabulated ampere rat-

ings, which span the same range as SST.

There being no Ground Fault function, neutral
sensors are not required.

In all other respects the ECS trip device system
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Operales anga can o redlea 1acnicaity to 551. 1Hs
cize. construction. comnonent lo-
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cation, programmer unit set points, performance
characteristics, operating range, quality, reliability
and the flux shift trip device. Use the same trouble-

includece r\n‘{‘lnfrv

shooting and test procedures for single-pha se, high
current-low voltage tests or those em pl ving the
TAK-TS1 Test Set. The Ground Fault test proce-
dures, of course, do not apply.
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Fig. 15. ECS Block diagram
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Fig. 20. Cabling diagram for ECS Trip Device

TABLF 2—-ECS TRIP CHARACTERISTICS
ECS PROGRAMMER ADJUSTMENT RANGE (Set Points)
Sensor
Frame Ampere Long Time Short Time
Breaker Size Rating Instantaneous
e | (Amperes o Pidup L) | Time | Pk | Time | Picku
(A) & wlay S wgay 2/
Multiple Band ® Multiple Band ® Multiple
of X (Seconds) of L (Seconds) of L
AK-75 3000 1200, 1600, Maximum 3,4, 5, Maximum
2000, 3000 22 6, 8,10 (L) 0.35
.6,.7, .8, Intermed. -or- Intermed. 4,5,6,
9,10, 1.1 (X) 10 1.75, 2, 0.21 8,10, 12 (L)
AK-100 4000 1600, 2000, Minimum 2.25, 2.5, Minimum
3000, 4000 4 3,4 (L) 0.095
(@ X= Sensor rating = trip rating (® Time delay at lower limit of band @ 6L,
@ Pickup tolerance is +=10% ® Time delay at lower limit of band.

(See page 16 for time-current curves)
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| MULTIPLES OF LONG-TIME PICKUP (L)
NOTYE: Short-time delay is optional. Insfantaneous
can be omitted
= AK/AKR LOW-VOLTAGE POWER CIRCUIT BREAKERS
GENERAL @D ELECTRIC e GES-6032A
R\ SDLID-STATE OVERCURRENT-TRIP DEVICE S Fos
X = Current Sensor Rating (Amperes) mexur Programmer Set Poin
AKR-30 100, 150, 225, 300, 400. 600. 800 Long-time-delay, Short-time-delay T o waher thon 00% of tnerFrame Soee- G0 et wnérasse
AKR-50 300, 400, 600, 800, 1200, 1600 ﬁ' I“Stﬁﬁlﬁﬁl‘:ﬁb‘s Time-ﬁiﬁ‘éﬁl Curves the continuous current roting } 4 5.6,8 810 muinples of
AKRT 50 800 ]200 ]600 2000 Shornum ‘(::p z.'::;u:l)s 38 40rd 6, muitiples of
AK.75 1200, 1400, 2000, 3000 4 5 & 8 10 2 12 multiples of Long hime pickup
< ly at 50/60 Hertz
AKRTS 1200, 1600, 2000, 3000, 3200 From — 20 fo - 70C Programmer Ambient TIME DELAY BANDS
AK/AKR-100 1600, 2000, 3000, 4000 TR DAY DA DS e box ind & i
ong-time and Sho
8-78 (12M) GENERAL ELECTRIC CO., CIRCUIT PROTECTIVE DEVICES DEPT., PLAINVILLE, CONN. 06062
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| MULTIPLES OF LONG-TIME PICKUP (1)
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Cruroal @ cierrnip | AK/AKR LOW.VOLTAGE POWER CIRCUIT BREAKERS
GENERAL @B ELECTRIC coT™ GES-60338
JJ I SOLID-STATE OVERCURRENT TRIP DEVICE
X =Current Sensor Taps (Amperes) Programmer Set Points

FICRUP

AK-15 70, 100, 150, 225 . . . 7.8 9 10 &)1 pi * t
AK-25 70, 100, 150, 225 or 200, 300, 400, 600 Long-hme-delay, Shorbhme-delay )"IX) (Setfings higher than I;:(;J%Ipc:’ih‘,n frome sice G0 ner
AKR-30 100, 150, 225, 300 or 300, 400, 600, 800 and Instantaneous Time- i ontinuous current roting)
AK/AKR-50 300, 400, 600, 800 or 600, 800, 1200, 1600 and Instantaneous time-current Lurves I S ot 5 0 8 D ryples of
AKT/AKRT-50 800, 1200, 1600, 2000 b e o o s n 2
AK-75 1200, 1600, 2000. 3000 Curves apply ot 50/60 Hertz setting (L) For 50 Hz operation see Note
AKR-75 1200, 1600, 2000, 3200 From — 20C to + 70C Programmer Ambient TIME DELAY BANDS
AK/AKR-100 1600, 2000, 3000, 4000 Long-time and Short-tme Mox . Int & Min
8-78 (12M) GENERAL ELECTRIC CO., CIRCUIT PROTECTIVE DEVICES DEPT., PLAINVILLE, CONN. 06062
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MULTIPLES OF CURRENT SENSOR TAP (X
NOTE- 4th wire Ground sensor fap must be set same
u:yhﬁuu sensor hp;
TYPE AKR LOW-VOLTAGE POWER CIRCUIT BREAKERS
GES-6034A

Programmer Set Points

)
Current Sensor Taps (Amperes) . . Ground Fault Pickup:
AK-15 76, 100, 150, 225 Ground Trip Time-current Curves AK-15/25 5x, 6x, 8x, 10x 1 5x &20x
AKR-30 4x, 5x, 6x, 8x, 1 0x, & I 2x
0 . .5x, 6x, 8x, .
AK-25 70, 100, 150, 225 or 200, 300, 400, 600 AK/AKR-50 25x, 3x, 4x, 5x, 6x, & 7x
AKR-30 100, 150, 225, 300 or 300, 400, 600, 800 Where X = sensor tap setting
Lo oo o ann 1980 1400 Curves apply at 50/60 Hertz Ground Fault Delay Bands:
AK/AKR-50 300, 400, 60V, BUU of QUU, SUY, T£Uh 2ovY From — 20C 1o + 70C Programmer Ambient Maximum, Intermediate & Minimum
8-78 (12M) GENERAL ELECTRIC CO., CiRCUIT PROTECTIVE DEV ., PLAINVILLE, CONN, 06062
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MULTIPLES OF CURRENT SENSOR TAP (X)
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MULTIPLES OF CURRENT SENSOR TAP (X)
NOTE. 4th wire Ground sensor 1ap must be set same
as phase sensor tap.
AK/AKR LOW-VOLTAGE POWER CIRCUIT BREAKERS
GENERAL @D ELECTRIC GES-6035B
SST™
o oF B SOLID‘ST“TE OVERCURRENT TR'P DEV‘CE ngrgmmgr Set Points
X = Current Sensor Taps (Amperes) Ground Fault Pickup:
AKT/AKRT-50 800, 1200, 1600, 2000 ¢ d Tri Ti c AKT AKRT-50 2x, 25x, 3x, 4x, 5x, & .bx
roun ri ime-current Curves AK-75 2x, 22x, 25x, 3x, 35x, & 4x
AK-75 1200, 1600, 2060, 3000 P AKR-75 2x, 22x, 25x, 3x, 35x & 87x
AKR-75 1200, 1600, 2000, 3200 AK/AKR-100 i8x, 2x, 22x, 25x, 27x & 3x
Where X = sensor tap setting
AK/AKR-100 1600, 2000, 3000, 4000 __Curves apply ot 50/60 Hertzx Ground Fault Delay Bands
From — 20C to + 70C Programmer Ambient Maximum, Intermediate & Minimum
27813M) GENERAL ELECTRIC CO., CIRCUIT PROTECTIVE DEVICES DEPT., PLAINVILLE, CONN. 06062
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