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TYPE OD OVERCURRENT TRIP DEVICE REPLACEMENT PROCEDURE
FOR K-1600 CIRCUIT BREAKERS

General

The overcurrent trip device as shown in Figure 1 has
been designed to provide a means of automatically opening
the circuit breaker under abnormal current conditions.
General instructions for the overcurrent trip device for the
K-1600 circuit breakers are given in instructions 1B-5720
and IB-5721. Replacement of the K-line overcurrent trip
device can be readily accomplished in the field.

Removal Procedure

Instructions for the reﬁhcement of the overcurrent trip
devices are given as follows:

DE-ENERGIZE THE PRIMARY AND CONTROL
CIRCUITS BEFORE PROCEEDING WITH ANY
WORK.

This is automatically done in racking out a drawout
type unit. However, with the stationary type greater care
must be exercised in removing the electrical connections.
All external electrical connections which are to be re-
moved should be identified properly before disconnect-
ing. Recommended procedure for working on any K-line
circuit breaker is to remove the breaker from its enclosure
and place it on a convenient work bench.

Photo 30042-R

Fig. 1. Lower molding assembly with standard type QD
overcurrent trip devices for K-Line circuit breakers.

(a) The mounting support (1) in Figure 2 for the secon-
dary control contacts (2) on the drawout type circuit
breaker must be detached from the panel by removing
the four mounting screws (4). The primary disconnect
contacts (3) should also be removed from the terminal
stud (6) by removing their retaining pins.

As there are no secondary or primary contacts on the
stationary type breakers, it will not be necessary to
remove these items as described above.

(b) The overcurrent trip devices are to be separated from
the circuit breaker panel by removing the four ter-
minal screws (7) located above the circuit breaker
terminal studs (6).

NoTE: These screws (7) as well as the four screws (8)
have been fastened by power-driven tools at the fac-
tory and it will be necessary to exert a relatively great
effort to remove them.

(¢) The four mounting screws (8) should then be removed
from the lower molding (5). The complete overcurrent
trip device assembly can then be taken from the rear
of the circuit breaker support panel.

Photo 30263-A

Fig. 2. Rear view of K-1600 Drawout Circuit Breaker.

1-T-E CIRCUIT BREAKER COMPANY
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Replacement Procedure

(a) The replacement overcurrent trip assembly is factory-
calibrated before shipment. Inspect the unit carefully
for correctness of proper current rating and settings
hefore mounting. Carefully insert the overcurrent trip
unit in place. Fasten to circuit breaker panel by means
of mounting screws (8). Terminal mounting screws
(7) should then be tightened securely. If drawout type
the primary and secondary separable contacts should
then be replaced.

(b)

Check the armature trip travel by the following steps:

1.

Back-out the trip travel adjusting screw (2) in
Figure 3 until there is an air gap between the
serew (2) and tripper bar (3).

Close the circuit breaker.,

3. Manually hold the tripping armatures in the sealed

position against the magnet pole face. (The long-
time armature may be difficult to move. Place
the breaker on its back and push against the
armature with a screwdriver until released by the
dashpot.)

Slowly turn-in the adjusting screw (2) until the
circuit breaker trips then turn the adjusting screw
in one additional full turn.

After making adjustments, recheck the trip travel
by slowly pushing up either armature several times.
The circuit breaker should then be returned to its
enclosure and restored to service.

1
. Friction Nut
. Adjusting Screw (Trip Travel)
. Tripper Bar (Circvit Breaker)
. Armature
. Magnet

h b W N =

Dwg 8-14776—Rev. 0

Fig. 3. Type OD overcurrent irip device for K-Line circuit
breakers. (Short-time armature shown).
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OVERCURRENT TRIP DEVICES
FOR K-LINE CIRCUIT BREAKERS

DESCRIPTION

Overcurrent trip devices are used on circuit breakers
as a means of automatically opening the circuit breaker
under abnormal current conditions. This serves to protect
connected electrical equipment from thermal damage due
to excessive current flowing for excessive periods of time.
Such a device is shown in Fig. 1.

The basic overcurrent trip device used on the K-Line
circuit breakers consists of a series operating coil, a mag-
netic structure and means of introducing time delay
restraint to the tripping armatures. The time delay may
be in the form of a sealed fluid displacement dashpot or a
mechanical escapement dise. Means are provided for ad-
justment of these various elements to give the required
operating characteristics to the overcurrent trip device.

The overcurrent trip device is mounted on a sturdy
insulating base molding which in turn is supported on the
metal frame of the circuit breaker. This base molding is
designed to afford easy removal of the trip device from the
rear of the circuit breaker.

The series operating coil must include a sufficient \

number of turns so that the product of the current flowing
in the coil and the number of turns fall within the operating
magnetic requirements of the device. The series operating
coil may consist of one or more turns of copper. The cross-
section of each turn must be sufficiently large so as to
carry the rated current of the given coil continuously
without exceeding a temperature rise which would damage
adjacent insulation.

The operating magnet consists of a clapper-type
design with a stationary magnet structure acting on one
or two movable pivoted armatures. The series coil turns
are interlinked with the magnetic circuit so as to establish
a magnetic flux in the magnet iron when current flows in
the coil. The operating face of the armature is so shaped
as to provide a magnetic force over a relatively long
operating stroke.

The trip device may include either one or two arma-
tures pivoting on & common pin. One of these armatures
may be such that its pole-face area is of sufficient size
as to provide adequate magnetic force to give operation
at the minimum currents for which the device is rated.
This broad armature we will identify as armature No. 1.
The other armature construction identified as No. 2 has a
narrower pole area for operation on currents far above the
minimum rating of the coil. The use of either or hoth of
these armatures will be determined by the required oper-
ating characteristics.

The fluid-displacement time delay dashpot is used to
give time delay measurable in seconds, minutes and hours
and consist of a wafer-type piston moving within a sealed
cvlinder containing a silicone fluid. The piston is linked

. temperature change.

by a series of levers to the No. 1 armature. A tripping
motion of this armature will move the piston downward
within the cylinder. This motion is retarded by the pres-
sure of the delay fluid beneath the piston. With a given
force from the armature upon the piston, the speed of the
piston motion is dependent upon how rapidly the fluid
can be displaced up past the piston perimeter. This retards
the armature in its tripping stroke. The fluted sections in
the cylinder wall are provided to allow acceleration of
the piston after an adjustable length of retarded stroke.

These flutes then allow free displacement of the fluid
to the top of the piston, thereby reducing the retardation
on the piston. A flapper-type relief valve is mounted on
the bottom of the piston in such a manner that it closes
over a relief orifice on the downward stroke of the piston
and opens on the upward stroke. This allows a retardation
effect on the armature in a tripping direction but a free

motion in a reset direction of the armature.
el s

Silicone Aluid i used because of its low change in
viscosity with change of fluid temperature. Therefore the
time delay of a device using silicone is less subject to

N

The mechanical escapement provides time delay as
measurable in milliseconds and is used to delay tripping
on the circuit breaker on high fault current flow. It is
connected to the armature which we have identified as
No. 2. The time delay of this device is obtained due to
the retardation of an oscillating verge acting to control
the speed of rotation of an escapement wheel. This wheel
is operated through a series of gears from an operating
crank on the side of the assembly and which is rotated
when the No. 2 armature moves either in a trip direction
or in a reset direction. The degree of time delay of this
device can be adjusted within three time delay bands by
changing the effective length of the lever arm of the crank.

The front face of the trip device is covered by an in-
sulating cover which carries the adjusting means and
indicators for the trip device. A nameplate mounted on
the front of this cover indicates the calibration markings.
Each armature carries an adjustable trip screw which
engages the circuit breaker tripper bar when the armature
has completed its upward stroke. A flexibly supported
weight mounted on the No. 1 armature is used to minimize
the pulsations of the magnetic forces due to the alternating
character of the load current and serves to reduce noise
and wear from the armature vibrations.

The above elements of the overcurrent trip device
may be combined in different forms to obtain various
operating characteristics of the overcurrent trip device
to suit the requirements of a given application. These
different combinations are indicated in the following
Table L.

118 CIRCUIT BREAKER COMPANY
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TABLE |
TYPES OF OVERCURRENT TRIP DEVICES

Calibration Ronge ) Components
Type g;:::;n ! ! Instan- i
! Functional ! . Long Time | Short Time  taneous . Flid | .
- | N - M . i . . N
S::"gn ] Description i’::rgz:re Pickup . Pickup Trip ! Dis- EM echomcc: : A':m";" ! An:o’;ro
on | Nombers | {in per cent , lin per cent :  Pickup | plocement “?rp':":m ! (Bro‘od) | (No‘:.r )
i Rating) ' Rating) . {in per cent *‘ Dashpot | me | ° i ow
! i ; Rating} i } i .
"Dual Magnetic ; \ . i ! |
0D-3 | (General Purpose) i *1D.5523 ! See TD Curve Chart . Yes | No l Yes i No
; . ‘ . i
! Dual Selective ; . 80to ' 500t ‘; ; !
OD-4 d {Without Instontaneous) ; *TD-5524 160 1000 ! i Yes ! Yes : Yes | Yes
. Dual Selective : © 80to 50010 ' 500 to : ; ! |
oD-5 | (With Instantaneous} " *1D.5525 , 160 i 1000 1500 Yes = Yes " Yes | Yes
| Dual Magnetic . © 80to ! 500t ! ; \ i
oD-é i {Special) , *TD-5526 160 : — 1500 | Yes : No ; Yes ; Yes
Instantaneous Trip © 500te ! ! i :
oD-7 i (High Range) ' t —_ ' — 1500 No i No ! No | Yes
Instontaneous Trip ‘ 80to l i |
OD-8 (low Ronge) t — : — 250 | No | No | Yes  No
Selective Trip Only ) . 500tc - 5001 i i ] i
oD-9 (With Instantaneous) 1D0-5529 - ' 1000 1500 No Yes : Yes ; Yes
" Selective Trip Only 500 to i '
OD-10 ' {Without Instontoneous) . TD-5520 — 1000 — . No Yes ! No Yes

* Reproducible copies TO curve numbers available upon request.

+ Curves ore not avoilable.

To Lower TERMINAL

Trip Lo

MAGNET

ARMATURE

\lNSTANTANEOUS PickuP
CALIBRATION SPRING

LoNG Tiwe DELAY
PiekuP ADJUSTMENT

!
* Dasw Pov

[ _JJ DasH POT LEVER
INSTANTANEOUS Piexue

RuUN-0OFF GROOVES
Lont Time DELAY_/ ADJUSTMENT

ADJUSTMENT

(Drawing No. 8-14713)

Fig. 1

AMechanical diagram of OD-3 dual magnetic (general purpose) orercurrent trip device for K-Line Circuit Breakers
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GEI-50216 Series Overcurrent Tripping Device Type EC-2 | l‘a ot R
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1. Long-time-delsy Calibration Spring 4. Time Adjustment Screw

2. Cealibretion Plate S. Instsntenecus Trip Spring
3. Adjustment Znob 6. Trip Screw

Fig. | EC~2 Device ~ Cover Removed
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Fig. 2

SERIES OVERCURRENT =
TRIPPING DEVICE

TYPE EC-2

The Type EC-2 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 trips have

 adjustable pick-up settings.

DUAL OVERCURRENT TRIP, WITH LONG-TIME
ngLé\Y' AND HIGH-SET INSTANTANEOUS TRIP-

By means of the adjustment knob (3), figure 1,
which can be manipulated by hand, the current
pick-up point can be varied from 80 to 160 percent
of the series coil rating. The indicator anda
calibration plate (2), figure 1, on the front of the
case provide a means of indicating the pick-up
point setting in terms of percentage of coil rating.
The calibration plate is indexed at percentage
settings of 80, 100, 120, 140 and 160.

As in the case of the EC-1 overcurrent trip,
the long-time delay tripping feature can be sup-
plied with anK one of three time-current charac-
teristics which correspond to the NEMA standards
maximum, intermediate and minimum long-time de-
lay operating bands. These are identified as 1A,
1B and 1C characteristics, respectively. Approxi-
mate tripping time for each of these, in the same
order are 30, 15 and 5 seconds at 600% of the
pick-up value of current. (Seetime-current charac-
teristic curves 286B201A, B and C.)

The tripping time may be varied within the
limits shown on the characteristic curves by turning
the time adjustment screw. (See figure 3.) Turn-
ing in a clockwise direction increases the tripping
time; counter-clockwise motion decreases it. The
dashpot arm (2), figure 3, is indexed at four points,
MIN.-1/3-2/3-MAX., as indicated in figure 2. When
the index mark on the connecting link (3), figure 3,
lines up with a mark on the dashpot arm, the
approximate tripping time as shown by the charac-
teristic curve is indicated. The 1A and 1B charac-
teristic devices are shipped with this setting at

the 2/3 mark and the 1C characteristic at th
1/3 mark. The standard characteristic curve
are plotted at these same settings.

[}
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Fig. 2 Time-Adjustment |ndexing

Time values are inversely proportional to tt
effective length of the dashpot arm. Therefor:
the linkage setting that gives the shortest tin
value is the one at which dimension "A", figure
is greatest. The time adjustment screw(4),figure
may be turned by inserting a Phillips head screv
driver through the hole in the front of the cas
but if it is desired to relate the linkage setting
the index marks on the linkage it will be necessa:
to remove the case. This may be done by removi:
the two mounting screws, one on each side of ti
case, which may be taken off without disturbing t
trip unit itself.

If the breaker is of the AK-1-15 type and
provided with a shunt trip or undervoltage devic
the EC-2 case on the center pole must be tak
off first before the cases on the outer poles c.
be removed.

INSTANTANEOUS LOW-SET TRIPPING

The low-set instantaneous pick-up point m
be varied by the adjustment knob (3?, figure
The calibration in this case usually ranges frc
80% to 250% of the series coil rating, the ca’
bration plate being indexed at values of 80%, 100
150%, 200% and 250% of the rating.

be referred o the General Electric Company.

These instructions do not purport 1o cover oll details or variations in equipment nor fo provide for every possible
contingency to be met in connection with installation, operction or mainfenance. Should further information be desired
or should particular problems orise which are not covered sufficiently for the purchaser’s purposes, the motter shoukd
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INSTANTANEOUS HIGH-SET TRIPPING

The high set instantaneous pick-up value may
have one of the following three ranges: 4 to 9 times
coil rating; 6 to 12 times coil rating or 8 to 15
times coil rating. The pick-up setting may be
varied by turning the instantaneous trip adjusting
screw, see figure 4.

Three calibration marks will appear on the
operating arm at (3) figure 4 and the value of
these calibration marks will be indicated by stamp-
ings on the arm as follows: :

4X 6X 9X

6.5X or 89X or 12X
9Xx ' 12X 15X

At the factory, the pick-up point has been set
at the nameplate 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. Turning the

Armature

Dashpot Arm
Connecting Link
Pole Piece

X RN
o e e .

L]
Fige 3 Method Of Making Time-Delay Adjustment

15- 87

GENERAL ELECTRIC COMPANY, PHILADELPHIA, PA.

adjustment screw changes the position of the movable
nut (2) figure 4 on the screw. The spring is
anchored to this movable nut so that when the
position of the nut is changed, there is a corre-
sponding change in the spring load. As the spring
is tightened, the pick-up point is increased. The
edge of the nut serves as an index pointer and may
be lined up with the proper calibration mark to give
the desired instantaneous trip value,

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

When replacing an EC-1 device with an EC-2,
it will be necessary to replace the trip paddles on
the trip shaft with ones which are slightly longer.
These will be provided with the replacement trip
units.

1. Instantaneous Trip Spring
2. Movable Nut
3. Reference Mark

Fig. % Method Of Making High-Set Instantaneous

Pick Up Setting Adjustment

sureastoes GEI-30
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FIELD TESTING OF GENERAL ELECTRIC TYPE OVERCURRENT TRIP DEVICE

GENERAL

}

Increased interest in breaker maintenance is evident by the increase in field inquiries
concerning maintenance procedures, Since the majority of these inquiries concern checking
the operation of overcurrent trip devices, the following factory advice is offered as an aid
to those involved in that activity.

Before attempting any checks or adjustments, the assigned tester should consult the
maintenance manual to familiarize himself with the operating details of the specific breaker
involved and the specific overcurrent trip device. He should be certain the power voltage
has been removed. Prior to checking the overcurrent trip device, the breaker contacts,
mechanism and trip latch should be checked to assure their proper functioning so that the
breaker can carry the required current and that the trip shaft is free of high friction loads.,
The trip latch should be checked for proper trip latch engagement.

Overcurrent Trip Device Checks:

An adequate check to prove the overcurrent trip device functions properly consists
of a mechanical check followed by an overcurrent operation.

Mechanical Check:

A careful mechanical check should be made of any magnetic overcurrent trip device
to assure a successful tripping operation just before the armature reaches the fully closed
air gap condition. This can be done by manually pushing the armature toward the closed
air gap position, and determining how much further the armature moves after the
breaker has tripped. This check to assure 'positive trip" is within the tolerance specified
in the breaker maintenance manual is important and can affect the apparent degree of time
delay during a subsequent overcurrent timing test. If there is insufficient "'positive trip"
the armature may "bottom' on the magnet pole face without sufficiently displacing the trip
latch. Slightly excessive ''positive trip' may cause fast tripping while extremely excessive
"positive trip' will allow the trip device armature to be loaded by the latch when the air
gap is excessive. When the air gap is excessive, tripping force is at a low level compared
to the force at short air gaps and the device may tend to stall or "ride the latch'.

The armature of the EC-2, EC-2A, EC-1A and EC-1B of the AK breakers and the
oil film (sticky disk) and Grade "B" time of AL-2 type breakers can be manipulated directly
while observing the tripping. On the EC-1 device the trip arm is not fastened to the
armature. To accurately determine the degree of positive trip on the EC-1, it is necessary
to "probe" the armature through the holes provided in the case. A drill rod or short length

of stiff wire will serve as a probe. Maintenance manuals for the specific breaker shows
the procedure in detail.

While checking positive trip, the armature should be held in the tripped position
sufficiently long to assure the time delay escapement is operative as follows:

a. As the armature is pushed to the closed air gap position, devices with instanta-
neous trip features will allow the instantaneous trip spring to stretch and allow
temporary separation of the armature from the time delay dashpot. Maintaining
tlie armature in the closed air gap condition will cause the instantaneous spring
to pull the dash pot through its timing stroke. Devices with long delay charac-
teristics will require considerable time to "time out." Failure of the dashpot
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to move at all warrants further investigation to see if a bind exists in the dashpot
or connecting linkage.. Similarly, lack of any time delay (when the device is so
equipped) or a very fast ""time out" will generally indicate lack of oil and again
further investigation is warranted.

b. When releasing the armature after the device has "timed out" check the armature
to be sure it returns to the fully open gap position and rests on the armature open
air gap stop. An armature hanging half-way closed indicates a possible bind in
the armature pivot or dashpot or possibly the pick-up setting has been reduced so
far below the minimum setting that the calibration spring no longer provides re-
setting torque. Binds in the armature pivot of devices employing oil displacement
type dashpots are generally detected by the armature failing to fully reset following
a partial "timing out'" operation (such as may occur from a motor starting operation).
On the next overload the partially closed air gap causes premature tripping.
(Generally considered a fail safe condition.)

¢. Visually check for missing hardware, clamping devices, evidence of leaking oil,
broken cases, cracked breaker trip paddles. On oil film (sticky disc) devices and
Grade B timers, the condition of the oil should be observed and changed if neces-
sary. Se maintenance manual for acceptable cleaning methods and type of oil.

Overcurrent Check:

If desired, an overcurrent test can be made to assure the breaker will trip on over-
current. The purpose of overcurrent testing of trip devices in the field should be to deter-
mine if the breaker will perform as required for that circuit to which it is applied. Since
the trip device exhibits its lowest trip force levels when encountering low levels of over-
current, an indication of adequate trip device performance can generally be assured by
making an overcurrent check at approximately 150 to 300 percent of coil rating as shown in
Table I. On dual magnetic trip devices, the armature and pivot pin is common to both the
long time delay feature and the instantaneous trip. If the force generated across the air
gap is sufficient to attract the armature for slight overcurrents in the long time region,
tripping on short circuit by the same armature is assured. As the armature times toward
the closed air gap position, the force across the air gap increases high enough to stretch
the instantaneous spring and exercise the instantaneous trip parts. Similarly, the short
time armature on selective trip devices is on the same pivot as the long time armature and
the iron structure is comparable. Therefore, checking the long time delay feature affords
reasonable assurance of all features successfully performing their trip functions. The long
time delay pick-up should be set at 1007 current.

Overcurrent Test Equipment:

In addition to being capable of producing current levels approximately 300% of trip coil
rating, the current must be reasonably sinusoidal. Since overcurrent trip devices are de-
signed to saturate slightly above continuous rating to avoid destructive forces at short circuit
levels of overcurrent, the devices represent a non-linear impedance at current levels recom-
mended for time delay testing. If the trip device represents the predominant impedance in
the test circuit, a non-sinusoidal current wave shape results. To maintain a reasonably
sinusoidal wave shape of current, air core reactance should be inserted in the series circuit,
The air core reactance must represent the predominant reactive (and linear) impedance to
minimize the effect of the trip device impedance. Insertion of this additional impedance in
turn requires an increase in test voltage. The minimum external impedance requirement
varies for each coil size. The smaller the rating of the trip coil, the higher becomes its
impedance, the more external impedance is required, hence the higher the required source
voltage. Rather than specify the external impedance required for each coil rating, it is
more convenient to indicate the open circuit voltage required for various coil ratings. The
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external impedance can then be inserted as required to control the test current. Figure 1
shows these open circuit voltage requirements for various coils. This voltage can be
quickly checked after the current has been set by measuring the voltage with the breaker
open and the test set "on'" at the level required to produce 300% continuous current.

Test Procedure:

1. With a test set meeting the minimum requirements outlined above and connected securely
to the upper and lower studs of one pole of the breaker, set the long time pick-up setting
on the trip device to 100%. The relative position of the adjustable time setting of EC-2
type devices should be noted. It is important that time adjusting screw is not forced to
the limit of its travel; otherwise binding of the time delay linkage may resulit,

2. Close the breaker and adjust the current to the degree of over-current listed in Table.l
for the particular O. C. trip device,

3. Shut off the test set to allow the device to re-set,

4, Re-apply the power and record the trip time in the appropriate test log book.

If repeat tests are attempted, it will be necessary to allow a sufficient cooling time
between tests so as not to exceed the thermal capacity of the circuit breaker.

The magnets of some overcurrent trip devices are oriented in such a direction that the
flux across the air gap of the device of one pole effects the pick-up of the devices on adjacent
poles. Generally, these breakers have correction factors applied to their single phase
calibration currents to assure adequate performance when applied on 3 phase circuits, These
correction factors should be similarly applied when field checking, Notes on Table I indicate
the correction factors to be applied. Test data should be compared with acceptable or
specified limits so that discrepancies can be verified immediately,

On completion of the overcurrent trip device test, it is important to carefully reassem-
ble any accessories that were removed to facilitate the overcurrent trip device test or ad-
justments. Any adjustments to those accessories should be made as directed by the main-
tenance manual. Careless reassembly of accessories may result in subsequent serious
damage to the breakers and the circuits they protect.

Test Results:

The trip time measured for the trip device at the recommended overcurrent condition
should be compared with the factory trip curve for new devices. In view of the wide variation
in the parameters responsible for the apparent degree of time delay from a trip device,
tripping times will often exceed the band width shown on the characteristic curves. These
variations can be caused by variations in the current wave produced by test equipment, wide
deviations in ambient temperature or high oil temperature caused by repetitive testing.

Field adjustments, if necessary, should be confined within the adjustable range designed into
-the device for field adjustments. Replacement parts (other than cases or clamping hardware)
are not generally available for overcurrent devices. When replacement devices are required,

complete nameplate information extracted from the overcurrent trip device and the involved
breaker should accompany the order.
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TABLE 1

Test Current

Type Overcurrent in Percent of L..T.D.

Breaker Type

rip Device Pick-up *
AL-2 Oil film (sticky disc) 150
Grade B 150
AK-15/25/50 EC-1 150
AK-15/25/50 EC-2, EC-2A (inst. 4X) 150
AK-15/25/50 EC-2, EC-2A (inst. 6X or higher) 300
AK-1-75-100 EC-1 150 **
AK-2-15-100 EC-1A, EC-1B 150 ***

*  Pick-up set at 100% of trip device rating.

**  Characteristics having XX suffixes should have 147% correction
factored into current. Correction factors for YY characteristics
are 160% on left and right poles and 187% on center poles.

***  Correction factors of 93 and 107} for left and right poles respective
must be factored into test currents.
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POWER SENSOR™ TRIP DEVICE

Used on AK Type Low Voltage

Power Circuit Breaker -

OBJECTIVES

This instruction book is intended to serve
as a supplement to the Maintenance Manuals for
Low Voltage Power Circuit Breakers, and the
Instructions for the Power Sensor Test Set, GEK-
7301, used to check the Power Sensor trip device.
It is meant to be used by GE I&SE, GE service
shop, OEM, and contract tester personnel as an
aid in installing AK type breakers equipped with
Power Sensors, and as an aid in locating the pro-

blem area when a particular breaker is being
serviced,

GENERAL INFORMATION

Before attempting any checks or adjustments,
the tester must consult the maintenance manuals
for the breaker to familiarize himself with the
operating details of the specific breaker involved
and the Power Sensor overcurrent trip device.
He should disconnect the breaker from the pri-
mary power bus, Prior to checking the trip
device the breaker contacts should be inspected
and the mechanism and trip latch should be checked
for proper functioning to verify that the breaker
can suitably carry the required current. The
trip shaft should be free of high friction loads.
The trip latch should be checked for proper
trip latch engagement and torque.

The Power Sensor trip device employs a peak
reading circuit and responds to the magnitude of
current in the primary phase carrying the largest
current. Therefore, a non-sinusoidal current
may result in what appears to be an erroneous
operation of the Power Sensor system if RMS
meters are used to measure the non-sinusoidal
signal and the trip device responds to the peak
of the signal. The peak and the RMS value of

non-sinusoidal signals are not related as they
are for perfect sine waves.

In high current, low voltage test circuits one
of the major causes of waveform distortion is the
non-linear breaker impedance. To maintain a
reasonably sinusoidal current waveshape, air core
reactance equal to approximately 20 microhenries
should be inserted in the test circuit in series
with the breaker for AK-25, 75 and 100 breakers.
(No reactance is peeded for AK-50breakersunless
it is rated 200-600A.)

This reactance is not needed when operating
from the power system because the currentispro-
duced by a source with gufficient voltage to
maintain a sinusoidal current waveform. The

*Registered Trademark of General Electric Co.

output current of a high current-low voltage
test set which uses a variable voltage transformer
will follow the primary voltage. The current
may not be sinusoidal, when the Power Sensor
trip device is its load, due to the reduced voltage
at the zero cross of the current waveform.
Air core reactance shifts the phase angle between
the voltage and current so that at current zero
the voltage will be large enough to maintain the
rate of change of current needed for a sinusoidal
current waveform,

Some problems may occur while testing logic
units removed from breakers stored in high
humidity areas. The test results may become
erratic and not agree with published curves and
tolerances. This can be due to a high moisture
content on the surface of the logic unit's circuit
boards in de-energized equipment.

This test problem has been solved by removing
the logic units to a warm dry area for about an
hour prior to testing. Once the breaker is carrying
current, the normal elevated temperature within
its compartment is enough to eliminate the effects
of this high humidity environment.

Additional information that should be available
during test includes:

1. Drawings #133C9017, #133C9018 and
#138B2454 on pp. 11, 12 and 13.

2. GEK-7301-Power Sensor Test Set Instruc-
tions.

3. GEK-7303 - Breaker Maintenance Mamual
(AK-3-50/75/100)

4. GEK-7310 - Breaker Maintenance Manual
(AK-5-50)

5. GEI-50299 - Breaker Maintenance Manual
(AK—25).

6. GEZ-4431 - Packetof Time Current Curves.
INSPECTION

Check the following items against the specified
settings for the particular breaker application
when they apply.

1. The sensor CT taps should be set at the
correct current rating onall threephases.
These taps must be secure. The Power
Supply rating disc should also be set to
the correct current rating. (See Figure 1
and Figure 3).
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2. The tap selector knobs on the Power
Sensor unit should be set to the correct
pickup and time delay settings for the
application intended. These knobs must
be secure. (Figure 2)

3. The magnetic trip device must be con-
nected to the terminal block on the power
supply. (Figure 3)

4. Check that both plug connections are
secure. (Figure 3),

ON SITE POWER SENSOR SYSTEM CHECK
1gh Current-Low Voltage Tes

The check-out of AK type Power Sensor
breakers at the time of installation includes a
visual inspection as shown under the section
titled "Inspection"”, page 3.

In some cases an on the site check of the
breaker under overcurrent conditions is necessary.
The purpose of overcurrent testing of trip devices
in the field should be to determine if the breaker

Figure 1.

(8041487) Backframe for AK-3-50
Breakers showing Coil Assembly

1. Sensor CT taps
2. Disconnect plug

will perform as required for the circuit to which
it is connected. A Power Sensor test set, type
PST-1, can be used to check all operations of the
system except the breaker mounted CT's which
can be checked for continuity with an ohmmeter.

Since the CT's are checked at numerous
points during the assembly process, a continuity
check showing that the resistance of the CT on
one pole agrees with the resistance of the similar
CT on the other two poles is sufficient.

When performing single phase checks on the
ground fault equipped breakers, it is necessary
to short terminals one and five at the ground
signal terminal board on the back frame of the
breaker. Shorting of the ground signal must
be a high integrity connection since voltages in
the range of .25 volt peak will cause operation
of the ground fault circuit. Terminals one and
five can be identified by the .15 micro-farads
capacitor connected between them. (See Figure 4)

The following equipment will be necessary

to make overcurrent tests:

Figure 2,

(8039649) Power Sensor Unit

1. Mounting Screw
2. Tap Selector Knobs
3. Name Plate

{



1. A high current-low voltage test set and
a suitable timer,

2. A type PST-1 test kit,

3. A Volt-ohm-milliammeter (in good cali-
bration).

4. A 20 micro-henry air core reactor.
CAUTION

THE POWER SENSOR TRANSFORMER TAP
SELECTORS MUST BE CONNECTED AT ALL
TIMES ON ALL PHASES. THE DISCONNECT
PLUG CONNECTING THE FRONT FRAME WIRING
TO THE BACK FRAME WIRING MUST BE CON-
NECTED BEFORE ENERGIZING THE POWER
CIRCUIT. FAILURE TO ENSURE CONNECTIONS
WILL RESULT IN DAMAGE TO THE COILS.

Figure 3A. (8041488) Power Supply AK-50, 75

and 100 Breakers

. Terminal Block

Male Disconnect Plug
Female Disconnect Plug
Rating Disc

B OB
M)
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Adequate overcurrent testing at installation
would include one overcurrent trip on each pole
of the breaker using the lowest set function that
has been supplied on the particular Power Sensor
system. On breakers equipped with the Ground
function a Ground trip test should also be performed.
The suggestion to alternate the pole of the breaker
used in the test is made to ensure that the output
of each breaker mounted CT is tested. For ex-
ample, a Power Sensor system supplied with Long
Time Delay, Short Time Delay, and Ground Fault
detection could be tested at its Long Time Delay
setting, as received, on each pole of the breaker
and at its Ground Fault setting as received.

The following methods can be used in making
the appropriate test at installation. Included are:

Long Time Delay Test - Timing or,
Short Time Delay Test - Pickup or,

\ AP

#0 CYCLE CONTINUOUS

(2 il TR R

Aok FLECTRIC
~ .

Figure 3B. (8039850) Power Supply AK-25

. Rating Disconnect
Mounting Bracket

Male Disconnect Plug
Female Disconnect Plug
Terminal Block

Mpunting Bracket

. .

o X -X7CR 2
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Instantaneous Trip Test - Pickup and
Ground Fault Detection - Pm,u;du

100 Volt Bus Test _
LONG TIME DELAY TEST - TIMING

ALY R A g

Power Sensor Settings:

LTD set for the particular.breaker application.
& other trip functions set to maximum: set-
8.

With the test truck connected to one pole of
the breaker, apply test current equal to some
convenient multiple of the CT tap setting. 300%
of the CT tap setting is suggested because this
one test point is adequate to ensure proper opera-
tion of the trip device. The trip times at this

Figure 4 (8041489) Ground Signal Tdrminal Board (AK-3-50 shown).
1. Terminal Board

test point are not too
do pot result in severe duty to the test equipment.
(It must be remembered that repeated testing at
%}1 multiples of the continuous current rating

long and the test currents

cause heating of the breaker contacts, and

increased contact wear.) e

Trip time at 3X current as found on‘ the

time current curves is:

MIN = 25 sec ¥ 20%, INT = 75 sec 1 20%
MAX= 150 sec, ¥ 20%. The (X) is in multi-.
ples of the CT tap setting and is independent
of the LTD pickup setting on the logic unit.

The LTD circuit operates so that the trip .

2. Sensor CT taps
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time is equal to a ioustant divided by the current
squared, t = K/I¢ ., A small variation in the
actua] test current (= 5% could, therefore, result
in 2 = 10% additional variation in time.

The breaker should trip within the time band
specified jn the appropriate time-current curve
when the comments in the above paragraph are

considered. Repeat this test on the two remaining
poles of the breaker.

NOTE: When testing AK-75 and AK-100 breakers
it has been found that tests using the 1500A or
2000A CT tap are more convenient to make. No
- compromise in timing results will occur. (re-
member to return all pick-up and CT tap settings

to the setting specified for the particular breaker
application.)

SHORT TIME DELAY TESTS - PICKUP

H the breaker is not equipped with LTD but
is equipped with STD, a test at 110% of the STD
pickup setting is adequate to insure proper opera-
tion, (If timing is to be checked, use 200% of
the pickup setti to avoid the "knee' of the
time current curve).

Power Sensor Settings:

STD set for the particular breaker application,
All other trip functions set to maximum
settings.

With the test truck connected to one pole of
the breaker apply test current equal to 110% of
the Short Time pickup setting. Observe that the

breaker trips. Repeat this test on the two re-
- maining poles of the breaker. Test current should
be raised slowly until tripping occurs so that
{he 1te:ster can make note of the trip current
evel,

INSTANTANEOUS TRIP TESTS

If the breaker is equipped with LTD or STD
it 18 not necessary that the Instantaneous function
be tested at the time of installation. If it is
desired to test the Instantaneous function it is
important that the STD pickup setting be set
above the Instantaneous trip setting or the breaker
will open at the STD setting before the Instantaneous
setting is reached. (There isanoticable difference
between the trip time for a breaker which opens
at the STD MAX time setting and one that opens
;t ttihe Instanatﬁneous trip level. irhis difference

me will ow testing of overlapping settings
such as 12X CT tap setting when i1:It‘xge STD is
set to 10X. This is not the normal method of
testing the Instantaneous function.)

Power Sensor Settings: .
STD set above the Instantaneous setting. In-
stantaneous set to 4X. All other functions
set for the particular breaker application.

With the test truck connected to one pole of
the - breaker apply test current egual to 110% of
the Instantaneous pickup setting. Observe that the
breaker trips. at this test on the two re-
maining poles of the breaker. Test current should
be raised slowly until tripping occurs so that the
tester can make note of the trip current level.

The 4X setting is suggested for this test
because at higher current levels repeated testing
can result in heating of the breaker contacts and
increased contact wear.

GROUND FAULT TESTS

Remove the jumper between terminals one
and five. (On four wire systems only, place the
jumper so that it simulates a short on the fourth
wire CT. This jumper should be placed between
the white lead and black lead of the twisted shielded
pair at the disconnect plug.) Perform a continui
check as described on drawing 138B2454, page 1
of this manual.

Power Sensor Setﬁngs:

All functions should be set for the particular
breaker application.

With the test truck connected to one pole of
the breaker, raise the current slowly and note the
level at which the breaker trips. Compare this
level with the trip setting. Trip current should be
within -20%, + of the set point, however, the -
ground sensing function is sensitive to the rate of
change of current and ground tripping that does not
vary more than -30%, +10% from the setting should
be considered acceptable. Repeat this test on
the two remaining poles of the breaker.

On completion of these tests, remove any
temporary jumpers. Perform a continuity check
on the Ground circuit using drawing 138B2454,
This can be done by disconnecting the 14-socket
plug at the Power Sensor Unit, opening the breaker,
and racking the breaker to the CONNECT position.
Use an ohmmeter to perform a continuity check
from point A to C, the circuit contains the ground
sensor coils in series and should be continuous.
Check continuity from A to R, an open circuit
must appear,

The shielding must be continuous and can be
checked on 4-wire systems lgg lacing a temporary
jumper at the 4th "wire C ?in the neutral bus)
from the black wire to the shield. With this
jumper in place, continuity should exist between
C and R when checked at the Power Sensor plug.
Remove the jumper at the 4th wire CT, check
at the plug for an open circuit between C and R.
This establishes continuity of the shield from the
plug to the 4th wire CT. On three-wire systems
continuity of the shield can be checked by going
from R at the plug directly to the shield at each
Ground sensor CT.
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Before the breaker is placed in service,
ie sensor CT taps must be set to the correct
ating on all three phases. The tap selector
nobs on the Power Sensor unit must be correctly
et for the particular breaker application, and all
isconnect plugs should be connected. Failure
) llesnsure connections will result in damage to the
oils,

Polarity of the ground sensor CT should be
hecked on 3-wire and 4-wire systems to make
ure that the white polarity mark on the CT, near
1e position where the leads are connected, is
way from the source in the standard breaker
onnection. {(On reverse fed breakers the 4th
rire CT should be installed so that the white
olarity mark is toward the source.)

.00 VOLT BUS TEST

This test can be performed in one of two
vays: (a) using a high current test or (b) using
he Power Sensor test set.

When using the high current, you must pass
it least 20% to 30% of the breaker maximum
:urrent rating, This must be done on each phase.
Close the breaker. With a d.c. Voltmeter, check
for 100 volts d.c. at terminals of 110 mfd, Elec-
trolytic Capacitor, This capacitor is located on
the bottom of the Power Sensor power supply, or
the bottom left corner of the back frame. In-
structions for using the test set to perform this
check are in Instruction Book, GEK-7301,

SERVICING OF AK POWER SENSOR BREAKERS

When a Power Sensor equipped low volage
circuit breaker is suspectedof improper operation,
it will fall into one of the following three classes:
breaker fails to open, breaker fails to close, or
breaker opens when it should not do 80. Itis
important to first ascertain that the malfunction
is caused by the Power Sensor System. Mech-
anical interlocks, intermittent secondary discon-
nects, sneak shunt trip circuits, or inadvertent
acts by personnel must be removed as a possible
cause of the problem.

Shown below and outlined in Chart I are the
steps recommended for locating the faulty item.

IF THE BREAKER WILL NOT OPEN

Perform high current-low voltage tests as
described under "On Site Power System Check"
on Page 4 of this manual, Proper operation
during this test should direct the tester's attention
to the power system and the breaker enclosure,
Check the power system load for any unusual
conditions that could be misinterpreted by the
Power Sensor. Check the breaker enclosure.

¢

For analysis of distribution system problems
in special situations a Load Analyzing Test Cable
is available for use by qualified General Electric
Company personnel. (Catalogue number 152C2748).
This cable presents the pins in the connection

lug between the power ly section and the
ogic unit, shown on drawing 133C9018, Figure 7
page 12, so that the actual output of the CT's and
th:d)ower supply can be displayed on an oscilloscope -
while the circuit breaker is in service. -

i the power systém and breaker enclosure
check okay or if there is no operation during the
high current-low voltage tests, check the breaker
trip shaft for binds, check all trip paddles for
correct alignment, and check all shunt trips and
lockouts for misalignment or incorrect settings.
Refer to maintenance manuals GEK-7303 and
GEI-50299 for instructions. Mechanically check
the shunt trip and Power Sensor solenoid trip
devices to assure a successful tripping operation
just before the armature reaches the fully closed
position, manually push the armature toward the
closed position and determine how much further
the armature moves after the breaker has tripped.
This check to assure "positive trip" is within
the tolerance specified in the breaker maintenance
manual is important,

If all shunt trips and lockouts are correctly
set and aligned, perform a continuity check on
the Power Sensor CTs. Refer toDrawing 133C9017
or 133C9018 on pp.11,12 of this manual. Measure
resistances of similar coils on adjacent poles.
Generally, if resistances balance the coils are
good. For exact resistance values contact the
factory. A satisfactory check of the CTs at this
point would indicate an open Power Sensor con-
nection plug or a problem with the Power Sensor
itself. Use the Power Sensor test set and pub-.
lication GEK-7301 and perform the described °
A and B Tests. The A Test will isolate the
problem to the Power Sensor logic unit. The B
Test will identify a power supply, trip relay, or
cabling problem. Replace any section found
defective by these tests. I no trouble is found,
call the factory for further assistance. .

IF THE BREAKER WILL NOT CLOSE

Check the equipment interlocks for inter-
ference., Check the trip shaft for binds, check
all trip paddles to assure that they are properly
aligned. Check all shunt trip devices and all
lockouts., Misaligned or improperly set lockouts
will prevent the breaker from closing resulting
in trip free operation. H the above checks are
successtul, check the closing mechanism of the
breaker according to the breaker manual,

IF THE BREAKER OPENS WHEN IT SHOULD NOT

K the breaker is equipped with ground fault
protection, determine whether the false tripping
is the result of falsely answering an overcurrent
trip or a ground trip signal. This may be de-
termined by temporarily eliminating the ground
trip function by shorting points one and five at
the ground signal terminal board on the back
frame of the breaker. Terminals one and five
can be identified by the .15uf capacitor con--
nected between them. (See drawing 138B2454,
and Figure 4). With the breaker restored to



service and with the ground fault detector de-
activated, establish whether there is false tripping
due to phase currents, If the ground trip function
is at fault check the connection of the ground
sensor coils and the polarity indications according
to the wiring diagram 138B2454, page 13.

Perform high current-low voltage tests as
described under "On Site Power Sensor System
Check” on Page 4 of this manual, In this case,
it is necessary to test all functions that are
supplied with the unit set to the setting for the
particular breaker application. Proper operation
during this test should direct the tester's atten-
tion to the power system and load to determine
if actual problem conditions exist.

H improper operation persists, check the
alignment of the trip shaft, trip paddles, shunt
trips and lockouts. Correct any misalignment
or binds. Check the CT taps on the sensor CT
tap selector board at the coil assembly to make
sure they are connected and securely set at the
correct ampere rating. Recheck the ground
coil wiring.

Check all plug connections according to
133C9017 or 133C9018 on pp.ll,and 12 of this
manual. If open, check for damage and check
continuity at both plugs. Change the appropriate
section to replace the defective plugs. If the plug
connections are secure, use publication GEK-7301

Test Instructions - Power Sensor Breakers GEK-7309

to perform the test designated A - test for the
Power Sensor System. I the logic unit is bad,
replace the logic unit; if good, perform the B
test. With the Circuit Breaker open, set the
"Signal Adjust" knob fully counter clockwise for a
minimum level, Push Electrical '"Reset" push
Button and push "'Start" Push Button.

With a d.c. Voltmeter, check for 100 volts
d.c. at terminals of 110 mfd. Electrolytic Capa-

citor, This capacitor is located on the lower left
corner of the backframe next to the CT disconnect
plug on AK-3-25 breakers. Onthe AK-3-50/75/100
breakers, it is located on the bottom of the Power
Sensor power supply. Measure this voltage on
phase A, phase B and phase C by rotating the
selector knob. If voltage does not lie between
95 and 115 volts d.c., the power supply is defective.

A defective system test at this point indicates
a bad power supply section. Replace the power
supply.

Once the trouble has been located and cor-
rected using this method, the breaker should be
placed in the test position and then opened and
closed either manually or electrically. Proper
operation will indicate that the problem condition
has been corrected. Perform the inspection
check as indicated on Page 3. The breaker
can now be placed in service.

TABLES AND CHARTS

1. Trouble shooting and service diagram, Figure 5, Chart I, Page 10.

2. Power Sensor Cabling Diagram Drawing #133C9017 (Figure 6), and
#133C9018 (Figure 7) on pages 11 and 12 of this manual.

3. Ground Fault System wiring drawing #138B2454 (Figure 8) page 13.

4. Time delay ranges for the Long Time LCelay Circuit (GEK-7301 page 5).

5. Time overcurrent curves (Packet GEZ-4431),

QUICK CHECK LIST

. Power Supply Rating disc is set at the correct current rating.

Coil taps are set at the correct current rating on all three phases.

. Tap selector knobs on the Power Sensor Unit are set correctly.

. Shunt trip devices are correctly aligned to contact the trip paddles,

1
2
3
4. All Power Sensor plugs are secure,
5
6

. Wiring of Ground fault detection CTs, including the fourth wire CT,

agrees with drawing #138B2454,
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INTRODUCTION

MicroVersaTrip® RMS-9 programmer is the General
Electric state-of-the-art solid state overcurrent
protection programmer for industrial circuit breakers.
The MicroVersaTrip® RMS-9 programmer includes a
digital microprocessor for direct rms sensing of
sinusoidal or harmonic power distribution currents.

The MicroVersaTrip® RMS-9 programmer is factory
installed in the frame. Breaker ampere ratings may
be upgraded in the field by changing rating plug on
the front of the MicroVersaTrip® RMS-9 programmer.

The current sensors and flux shifters used for the
MicroVersaTrip® RMS-9 programmers are identical to
the ones used for the MicroVersaTrip® programmer.

The MicroVersaTrip® RMS-9 programmer is provided
with circuit breakers with the following frame
designations:

“J” Molded Case Circuit Breakers: TJH,TJL
“K” Molded Case Circuit Breakers: TKH,TKL
Power Break Circuit Breakers: TP__SS,

THP__SS,
TC__SS,
THC__SS,

AK/AKR Circuit Breakers
and conversion kits:

AKR-30, AKR-30S
AKRU-30, AKR-30H,
AKR-50, AKRT-50
AKR-75, AKR-100,
AK-25, AKS-50
AK-75, AK-100

TRIPPING FUNCTIONS

General Description

Current Setting—standard

Long Time Delay__standard

Long Time Pickup Light—standard (Mounted in
Rating Plug)

Short Time Pickup—optional (Cat. No. Suffix “S™)

> e

GEH-5369A

MicroVersaTrip”
RMS-9
Programmer

For Circuit Breakers
1504000 Amps; 240,
480 and 600 Vac

5. Short Time Delay—optional (Cat. No. Suffix “S”)

6. Instantaneous Pickup—optional in AKR breakers,
standard for other breakers, Standard
Instantaneous (Cat. No. Suffix “I”’), Adjustable
High Range Instantaneous (Cat. No. Suffix “H")

7. Ground Fault Pickup—optional (Cat. No. Suffix
“GU)

8. Ground Fault Delay—optional (Cat. No. Suffix
HG")

9. Triple Selective Trip with Fixed High Range
Instantaneous-optional in AKR-30S Breakers
(Cat. No. Suffix “K")

10. Fault Trip Targets—optional Overload and Short
Circuit (Cat. No. Suffix “T1") Overload, Short
Circuit and Ground Fault (Cat. No. Suffix “T2")

11. Zone Selective Interlock—optional, Ground Fault
Only (Cat. No. Suffix “Z1”), Ground Fault and
Short Time (Cat. No. Suffix “Z2")

12. Switchable OFF Instantaneous/Ground Fault—
optional for AK/AKR only. Pickup functions can
be deleted by turning switch to OFF position (Cat.
No. Suffix X). Breakers with this programmer
option are not UL Listed.

RATING PLUG

The MicroVersaTrip® RMS-9 trip units are designed
for use with UL listed field interchangeable rating
plugs. These rating plugs serve the function of chang-
ing the per unit (1 X) rating of a breaker, or in other
words, changing the ampere rating. Several rating
plugs exist for a particular sensor. The maximum
value of a rating plug is equal to the sensor rating(S).
Each rating plug is keyed for a particular sensor. An
Epic or MicroVersaTrip® RMS-9 circuit breaker frame,
when shipped from the factory, is configured to accept

only the specific rating plugs keyed to that particular
sensor.

The long time. timing light and test jack are housed
within the rating plug.



DETAILED DESCRIPTION

1. CURRENT SETTING 5. SHORT TIME DELAY

Current Setting “C”, is the current value the
breaker will carry indefinitely without tripping.
The value of the current is determined by the
product of current setting and the ampere
rating on the rating plug, “X”.

Settings are .5X, .6X, .7X, .8X, .85X, .9X, 95X
and 1.0X for J/K and Power Break® circuit break-
ers. For AKR low voltage circuit breakers, set-
tings are .5X, .6X, 7X, .8X, .9X, .95X, 1.0X and
1.1X

. LONG TIME PICKUP AND' DELAY

The Long Time pickup is fixed at 110% of the cur-
rent setting for J/K and Power Break circuit break-
ers and at 100% of current setting for AKR low
voltage circuit breakers.

The Long Time delay trip bands provide the func-
tion of withstanding temporary overloads such as
motor starting, welding or other overcurrent con-
ditions without interrupting service.

The purpose of the time delay bands is to provide
further degrees of coordination and selectivity
within a system. The delay bands provide in-
creasing times to trip at any fixed overload cur-
rent. The bands are marked as follows:

Continuous Current Typical Time Delay
Ratings at 600%
150-4000 Amps of Device Setting

(nominal time delay)

Band 1 3 seconds

Band 2 6 seconds

Band 3 12 seconds

Band 4 25 seconds
. LONG TIME PICKUP LIGHT

Whenever the current reaches 105% of the cur-
rent setting for J/K and Power Break circuit
breakers, and 95% for AKR low voitage power
circuit breakers, the Long Time pickup LED will
flash to indicate the approach of the full load
condition. When the breaker load current is
over the pickup threshold, the LED wili be on
continuously (110% of current setting for J/K
and Power Break, and 100% for AKR breakers.)

. SHORT TIME PICKUP

The primary function of the Short Time pickup
is to allow the breaker to carry a high level of
current for a short period of time. This feature
provides a further degree of selectivity within a
system.

The Short Time pickup settings are the follow-
ing multiplies of current setting:
15C, 2C, 2.5C, 3C, 4C, 5C, 7C and 9C

© 1986 GENERAL ELECTRIC COMPANY

The adjustable Short Time delay provides fur-
ther coordination between “upstream” and
“downstream” breakers which have the same
short time pickup setting.

The 12t INJOUT section provides further selectivity
by placing the 1% section of the short time region
in or out. When the switch selection is OUT, the
constant time delay bands dictate the short time
trip characteristics. When the switch is in the IN
position, depending on the magnitude of the fault
current, the trip time will be on the 1%t section of
the curve or the constant time delay section if the
fault magnitude is high enough.

These six selections are available for the
short time delay function (delay shown at
600% of current settings with pickup set at
5C or lower

1. It IN minimum delay, .5 seconds on
I’t slope

2. It IN intermediate delay, .5 seconds

on %t slope

12t IN maximum delay, .5 seconds on

1%t slope

It OUT maximum delay, .42 seconds

12t OUT intermediate delay, .26

seconds

6. It OUT minimum delay, .13 seconds

(S I

. INSTANTANEOUS PICKUP

The instantaneous setting provides immediate
(no intentional time delay) interruption of severe
overloads, thereby minimizing damage to system
equipment. There are three variations possible:

a. NO INSTANTANEOUS
This is available in AKR breakers only.

b. ADJUSTABLE INSTANTANEOUS
The following variations are possible for the
different MicroVersaTrip® RMS-9 units. There
are several combinations possible depending
on the rating of the breaker and whether short
time has been selected or not. The combina-
tions are:

1.5%, 2X, 3X, 5%, 7X, 9X, 10X, 13X, 156X

1.5X, 2X, 3X, 5%, 7X, 9X, 10X, 13X

1.5X, 2X, 3X, 5X, 7X, 9X, 10X

1.5%, 2X, 3X, 5X, 7X, 9X

1.5X, 2X, 3X, 5X, 7X, 9X, 10X, 13X, 15X,

OFF (AKR Only)

e 1.5X, 2X, 3X, 5X, 7X, 9%, 10X, OFF (AKR
Only)

e 15X 2X, 3X, 5X, 7X, 9X, OFF (AKR Only)

¢. HIGH RANGE INSTANTANEOUS
High range instantaneous provides protection
and coordination at levels up to the full short-
time rating of the circuit breaker. High range
instantaneous is adjustable from 40% to 100%
of the short time rating in four steps of 20%
each. Available on Power Break® and AKR
breakers only.



10. GROUND FAULT PICKUP

Settings are adjustable with no setting exceeding
1200 Amps to comply with National Electrical
Code, Section 230-95.

These settings are the following multiples of Sen-
sor Ampere Rating (S):

¢ 1502000 Amps—.2S, .25S, .3S, .358, .4S,
458, 55, .6S

e 2500A & 3000 Amps—.2S, .22S, .24S,
265, .28, .30S, .34S, .37S

* 4000 Amps—.2S, .22S, .24S, .26S, .28S,
35

11. GROUND FAULT DELAY

The adjustable ground fault delay provides further
coordination between “upstream” and “down-
stream” breakers which have the same ground
fault pickup setting.

The 12t INJOUT section provides further selectivi-
ty by placing the I?t section of the ground fault
region in or out. When the switch selection is
OUT, the constant ground fault delay bands dic-
tate the ground fault trip characteristics. When
the switch is in the IN position, depending on
the magnitude of the ground fault current, the
ground fault trip will be on the It section of the
curve or the constant ground fault delay section
if the fault magnitude is high enough.

These six selections are availale for the ground
fault delay function. (nominal delay shown at
200% of pickup setting):

1. I’t IN minimum delay, .5 seconds on *
slope

2. I?t IN intermediate delay, .5 seconds on

It slope

12t IN maximum delay, .5 seconds on It

slope

12t OUT maximum delay, .42 seconds

It OUT intermediate delay, .26 seconds

It OUT minimum delay, .13 seconds

12. FAULT TRIP TARGETS

The mechanical pop-out fault targets identify the

type of overcurrent fault (overload, short circuit or
ground fault) responsible for tripping the breaker.
The target has to be reset manually by pressing

it back into the programmer.

13. ZONE SELECTIVE INTERLOCK

The Zone Selective Interlock system allows the
breaker sensing the fault to trip immediately.
Zone Selective Interlock is available in two ver-
sions: a) Ground Fault Only “Z1” or b) Short
Time and Ground Fault “Z2”. One or more Zone
Selective Interlock Modules, Cat. No.
TIM1(120Vac input) or TIM2(125Vdc input) must
be used with the Zone Interlock option. Refer to
Instructions GEK-64467A for connection details.

oM~ O

Whenever the downstream breaker goes into
Ground Fault Pickup for “Z1” (and/or Short Time
Pickup for “Z22”) and the fault current magnitude
is in the region where the constant time delay
bands are in effect, a signal is sent to the up-
stream breaker, through the zone interlock
module.

When the Zone Selective Interlock signal is re-
ceived, the upstream breaker’s delay band is
changed from minimum to the one selected by
the switch setting for Z1. For a breaker with the
Z2 option, both ground fault and short time bands
are changed from the minimum to the switch
setting.

Note that a programmer with the zone interlock
option will time out on the minimum delay band
for Ground Fault for Z1 (and Short Time for Z2) in
the absence of a signal from a downstream inter-
lock module. The switch settings are relevant only
when a Zone Input signal is received.

MOUNTING NEUTRAL CURRENT SENSORS
(required on a 4-wire system if the programmer
has the ground fault protection system

If the load circuit does not include a neutral (for
example: 3-phase, 3-wire), the neutral sensor ter-
minals on the circuit breaker should be left open
ana neutrai sensor not used. (Do not “short”
terminals)

When a neutral is included in the load circuit,
neutral sensor line and load markings must be re-
spected when making bus or cable connections.

The polarity of connecting wires from secondary
of neutral sensor to circuit breaker must also be
respected: white to white, black to black.

The neutral sensor can only be used with a breaker
whose sensor rating(S) matches the neutral sensor
ampere rating or tap setting.

WIRING

Connect wiring from sensor to breaker black to black
and white to white using twisted pair #14 AWG mini-
mum, Belden 8640,61 or 8470,71 or equal.

TESTING MICROVERSATRIP® RMS-9
PROGRAMMER

Cat. No. TVRMS is a portable, hand-heid, battery
powered, test kit providing RMS-9 programmer self-
tests and functional trip/no trip tests. Interface is
via a plug on the front of the programmer and tests
can be conducted with breaker in service. Kit uses
six rechargeable NICAD or standard alkaline “D”
cells supplied by customer. Kit can also be powered
by 120-volts ac source. Testing of a MicroVersa-
Trip® RMS-9 equipped circuit breaker may also be
accomplished using primary current from a high cur-
rent, low voltage test set.



When high current testing a breaker with ground
fault option, one of several methods must be
employed to insure that a ground fault trip does
not preempt a long-time or short-time trip:
A. Single-pole testing
(1) Plug TVRMS test kit into programmer
and follow menu driven instructions for
high current testing (this will temporarily
defeat the ground fault function). Or,
(2) For breakers rated 2000A maximum - use
a value of test current less than 90 per-
cent of the ground fauit pickup setting,
but greater than 110 percent of the long-
time or short-time pickup. (In most
cases this will require a low current set-
ting or short-time pickup, and a high
ground fault pickup setting.)
B. Test with two-poles in series

Connect high current source (leads L1 and
L2) to line side of breaker and jumper load
terminals as shown in Figure 1.

C. Note that test kit Cat. No. TVRMS can always be
used when using primary injection (high current
test set) to temporarily defeat the ground fault
function.

CAUTION:

When high current testing a breaker with ground fault
option, ground fault defeat cable Cat. No. TVTGD9
must NOT be used. Only MicroVersa Trip® RMS-9
test kit Cat. No. TVRMS may be used to temporarily
defeat the ground fault function. Programmer damage
may result if these cautions are not followed.

GROUND FAULT PROTECTION
SCHEMES

MicroVersaTrip® RMS-9 programmers used on AKR
Low Voltage Power Circuit Breakers, Power Break
Insulated Case Circuit Breakers, and Molded Case
Circuit Breakers are self-powered. The integral
ground fault function (suffix “G”) provided vectorially
sums the phase currents and neutral current, if pres-
ent, as shown in Figure 1. In the absence of ground
fault currents the vector sum of the phase and neutral
currents, lg, is zero. With a ground fault, the vector
sum, lg corresponds to the ground fault current.

MULTI-SOURCE SYSTEMS

Multi-souce systems with grounded neutral inter-ties
such as secondary selective and spot networks re-
quire special ground fault circuitry.

In the circuit shown in Figure 2, the neutral sensor
secondary windings, in addition to being connected
to their respective breaker, are interconnected with

© 1987 GE Company

each other in a loop circuit. With this arrangement,
the circuit is not responsive to normal neutral
loading, but is responsive to ground fault current
regardless of its return path to the source supplying
ground fault current. Each breaker should have an
auxiliary “A” contact connected as shown. The aux-
iliary contact “A” condition is similar to the breaker.
When the breaker is open, “A” is open. When the
breaker is closed, “A” is closed.

One breaker must always be open so its neutral
sensors will be disconnected from its associated
breaker to provide the driving force to assure that
the current flows around the sensor loop circuit.

lu 1 L3

L2 1
Figure 1
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These instructions do not purport to cover all details or varia-
tions 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 problems arise which are not covered sufficiently for
the purchaser’'s purposes, the matter should be referred to GE
Company.

For further information, call or write your local GE sales office, or:
GE
41 Woodford Avenue
Plainville, Connecitcut 06062

Outside the US and Canada, write:
GE Export Operation

411 Theodore Fremd Avenue

Rye, New York 10580 USA

GEH-5369A 0388 PSA



FUNCTION

The MicroVersaTrip® RMS9 and Epic
MicroVersaTrip™ trip units are designed for use with
UL listed field interchangeable rating plugs. These
rating plugs serve the function of changing the per
unit (1X) continuous current rating of a breaker. A
circuit breaker frame equipped with a suitable rating
plug will have a long time trip value equal to the
ampere rating marked on the rating plug.

For example, a breaker frame with a 1200 amp
sensor and an 800A rating plug will have an 800
amp continuous current (long-time) rating.

Several rating plugs exist for a particular sensor

rating and each rating plug is keyed for a particular
sensor rating.

Table 1 outlines ali the available rating plugs for the
AKR and Power Break® families and Table 2 lists all
available plugs for the J and K frame breakers.

CRONT LABEL (FIGURE 1)

The front plate label shown in Figure 1 is visible

when the rating plug is installed. The items

displayed are as follows:

Sensor Rating (S) The ampere rating of the
corresponding breaker frame

Rating Plug The rating plug continuous
Amps (X) current rating in amps
Pickup The long-time pickup LED

lights (LED) wiil begin to flash
when the breaker approaches
95% of long-time pickup. When
the breaker load reaches 100%
of the long time pickup, the
LED will remain on
corrtinuously.

NOTE: the Pickup light will not
come on during a test run with
the Test Kit.

Test The test jack receptacle is
used with Cat. No. TVRMS test
kit for overcurrent and ground
fault functional testing.

QGEH-53718

MicroVersaTrip’
RMS-9 and Epic
MicroVersaTrip
Rating Plug

For JK, Power Break® and
AKR Circuit Breaker Frames

UL LABEL

This label is mounted on the side of the rating plug
and is not visible with the rating plug installed. The
label lists the breaker frames that will accept that
particular rating plug.

INSTALLATION

Before installing a rating plug into a MicroVersaTrip®
RMS-9 or Epic MicroVersaTrip™ trip unit, inspect for
physical damage.

Step 1: Verify that the rating plug catalog number
matches the desired continuous current rating (X)
and the sensor rating (S) shown on the breaker frame.
Step 2: Grasp the rating plug by the thumb and
forefinger and push it into the programmer. Proper
engagement will be verified by a “click".

DO NOT ATTEMPT TO PUSH THE RATING PLUG
INTO THE PROGRAMMER IF RESISTANCE 1S
FELT. YOU MAY HAVE THE WRONG RATING PLUG
FOR THE FRAME/SENSOR RATING. STOP
IMMEDIATELY AND VERIFY THAT THE BREAKER
SENSOR "S" AND THE RATING PLUG "S” ARE
THE SAME VALUE.

REMOVAL

To remove rating plug. grasp the two ends of the
rating plug tabs with two small (1 8" maximum width
blade) flat head screwdrivers (see Figures 1 and 2)
and gently pry out.

NOTE: PROTECTION TO THE BREAKER IS MAIN-
TAINED AT A MUCH LOWER RATING (25% OF
SENSOR RATING) WHEN THE RATING PLUG

IS PULLED OQUT. If the breaker is carrying more than
25% of the sensor rating load current when the
rating plug is removed, the breaker may trip.

RATING PLUG
CAT. NO. TR1S60
TaB—|X= 60 A TEST|_TA8
S= 150 A O
t PICKUP Figure 1.

GENERAL @ ELECTRIC



Table 1
Avsilabie Rating Plugs for GE AKR
and Power Break?® anlyop.
RATING
SENSOR PLUG

Tabie 2
Availabla Rating Plugs for
Jand X Fremes
RATING
SENSOR PLUG

RATING PLUG RATING RATING RATING PLUG RATING BATING
CAT. NO, (AMPERES) (AMPERES) BREAKER FRAMES  CAT. NO. (AMPERES) (AMPERES) BREAKER FRAMES
TR1S60, 60 TR1S60J, 60
TR1S80, 80 TR1S80J, 80 .
TR1S100, 150 100 ﬁigﬁi TR1S100J, a0 100 13'&'5333
TR1S125, 125 S TR1S125, 125 '
TR1S150 150 TR1S150 150
TR25100, 100 TR35150J, 150
TR25150, 200 150 TP82 TR352004, 200 TUM3S.SS
TR25200 200 TR3S225J, 300 225 SS,
TJL3S,SS
TR4S150, 150 TR3S250J, 250
TR4S200, 200 TR3S300J 300
TR4S225, 0 225 ;ig::ion TR4S1504, 150
TR4S250, 250 KR0S TR4S2004, 200
TR4S300, 300 TR4S225J, 400 225 TUH4S SS,
TR4S400 400 TR4S2504, 250 TJL4S.SS
TR8S300, 300 TR4S300J, 300
TPES8, TR4S400J 400
TR8S400, 400 AKR30S
TR8S500, 800 500 AKR30H, TR6S300, 300
TR8S600, 600 KRS0, TR6S400J. 400 TUHES.SS
TR8S700, 700 AKRSOH TR6S450J, 600 450 TIesss’
TRBS800 800 TR6S500J, 500 '
TR105400, 400 TR656004 600
TR10S600, 1000 600 TP1610, TRES300K, 300
TR10S800, 800 TP2510 TR8S400K, 400
TR10S1000 1000 TRBS500K. 800 500 TKHS8S,SS,
TR165600. 500 TR8S600K, 600 TKLBS.SS
TR16S800, 800 AKRSO, TRBS700K, 700
TR1651000, 1600 1000 AKRSOH, TR8S800K 800
TR16S1200, 1200 TP1616 TR125600K, 600
TR1651600 1600 TR12S800K. 1200 200 TKH12S.SS.
TR205750 750 TR12S1000K, ¢ 1000 TKL125,SS
TRZOSB-OO: 800 TR12S1200K 1200
TR20S1000. _ 1000 TP2020,
2000 TP2520,
TR20S1200, 1200 RS
TR20S1600, 1600
TR20S52000 2000
TR2551600, 1600
TR2552000, 250 2000 TP2525
TR25S2500 2500
TR3052000. 2000
TR30S2500, 3000 2500 TP3030
TR3251200, 1200
TR3251600, 1600
TR3252400, 3200 2400 AKR75
TR3253200 3200
TR40S1600, 1600
TR40S2000, 2000 .
TR40S2500, 4000 2500 AN
TR40S3000, 300¢ ‘
TRA40S4000 4000

NOTE: TP (stationary) frames shown are also available as 7C
(draw-out), THP (Hi-Break), and THC (Hi-Break® draw-out) i.e., rat-
ing plug TR2S100 is suitable for TP82, THP82, TC82, and THC82

frames.

Figure 2.

© 1987 GE Company

For further information, call or write your local GE sales office, or:
GE Construction £guipment
41 Woodtord Avenue
Plainville, Connecticut 06062

These instructions do not purport to cover all details or varia-
tions in equipment nor to provide for every possible contin-
gency to be met in connection with installation operation or
maintenance. Should turther information be desired or should
particular problems arise which are not covered sufficiently QOutsice the US and Canada, write:

g GE Construction Equioment Export Operation
:or ct;l;:_e purchaser’s purposes, the matter should be referred a1 r yy
o BE Rve, New York 10582 USA

GEH-53718 0887 PSA
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POWER SENSOR* ‘TRIP DEVICE

Used on AK Type Low Voltage

Power Circuit Breaker a

OBJECTIVES

This instruction book is intended to serve
as a supplement to the Maintenance Manuals for
Low Voltage Power Circuit Breakers, and the
Instructions for the Power Sensor Test Set, GEK-
7301, used to check the Power Sensor trip device.
It is meant to be used by GE I&SE, GE service
shop, OEM, and contract tester personnel as an
aid in installing AK type breakers equipped with
Power Sensors, and as an aid in locating the pro-

blem area when a particular breaker is being
serviced,

GENERAL INFORMATION

Before attempting any checks or adjustments,
the tester must consult the maintenance manuals
for the breaker to familiarize himself with the
operating details of the specific breaker involved
and the Power Sensor overcurrent trip device.
He should disconnect the breaker from the pri-
mary power bus. Prior to checking the trip
device the breaker contacts should be inspected
and the mechanism and trip latch should be checked
for proper functioning to verify that the breaker
can suitably carry the required current. The
trip shaft should be free of high friction loads,
The trip lateh should be checked for proper
trip latch engagement and torque.

The Power Sensor trip device employs a peak
reading circuit and responds to the magnitude of
current in the primary phase carrying the largest
current, Therefore, a non-sinusoidal current
may result in what appears to be an erroneous
operation of the Power Sensor system if RMS
meters are used to measure the non-sinusoidal
signal and the trip device responds to the peak
of the signal. The peak and the RMS value of
non-sinusoidal signals are not related as they
are for perfect sine waves.

In high current, low voltage test circuits one
of the major causes of waveform distortion is the
non-linear breaker impedance. To maintain a
reasonably sinusoidal current waveshape, air core
reactance equal to approximately 20 microhenries
should be inserted in the test circuit in series
with the breaker for AK-25, 75 and 100 breakers.
(No reactance is needed for AK-50 breakersuniess
it is rated 200-600A.)

This reactance is not needed when operating
from the power system because the currentispro-
duced by a source with sufficient voltage to
maintain a sinusoidal current waveform. The

*Registered Trademark of General Electric Co.

output current of a high current-low voltage
test set which uses a variable voltage transformer
will follow the primary voltage. The current
may not be sinusoidal, when the Power Sensor
trip device is its load, due to the reduced voltage
at the zero cross of the current waveform.
Air core reactance shifts the phase angle between
the voltage and current so that at current zero
the voltage will be large enough to maintain the
rate of change of current needed for a sinusoidal
current waveform,

Some problems may occur while testing logic
units removed from breakers stored in high
bumidity areas. The test results may become
erratic and not agree with published curves and
tolerances. This can be due to a high moisture
content on the surface of the logic unit's circuit
boards in de-energized equipment.

This test problem has been solved by removing
the logic units to a warm dry area for about an
hour prior to testing. Once the breaker is carrying
current, the normal elevated temperature within
its compartment is enough to eliminate the effects
of this high humidity environment,

Additional information that should be available
during test includes:

1. Drawings #133C9017, #133C8018
#138B2454 on pp. 11, 12 and 13.

2. GEK-7301-Power Sensor Test Set Instruc-
tions.

3. GEK-7303 - Breaker Maintenance Manual
(AK-3-50/75/100)

4. GEK-7310 - Breaker Maintenance Manual
(AK-5-50)

5. GEI-50299 - Breaker Maintenance Manual
(AK-25).

6. GEZ-4431 - Packetof Time Current Curves.
INSPECTION

and

Check the following items against the specified
settings for the particular breaker application
when they apply.

1. The sensor CT taps should be set at the
correct current rating onall three phases.
These taps must be secure. The Power
Supply rating disc should also be set to
the correct current rating. (See Figure 1
and Figure 3).
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2. The tap selector knobs on the Power will perform as required for the circuit to which
Sensor unit should be set to the correct it is connected. A Power Sensor test set, type
pickup and time delay settings for the PST-1, can be used to check all operations of the
application intended. These knobs must system except the breaker mounted CT's which

CJ

be secure. (Figure 2) can be checked for continuity with an ohmmeter.
3. The magnetic trip device must be con- Since the CT's are checked at numerous
nected to the terminal block on the power points during the assembly process, a continuity
supply. (Figure 3) check showing that the resistance of the CT on

one pole agrees with the resistance of the similar
4, Check that both plug connections are CT on the other two poles is sufficient.
secure. (Figure 3).

ON SITE POWER SENSOR SYSTEM CHECK
igh Current-Low Voltage Tes

hen performing single phase checks on the
d fault equipped breakers, it is necessary
short terminals one and five at the ground
signal terminal board on the back frame of the
breaker. Shorting of the ground signal must
be a high integrity connection since voltages in
the range of .25 volt peak will cause operation
of the ground fault circuit. Terminals one and
five can be identified by the .15 micro-farads
capacitor connected between them. (See Figure 4)

The check-out of AK type Power Sensor
breakers at the time of installation includes a
visual inspection as shown under the sectio
titled "Inspection", page 3.

In some cases an on the site check of the
breaker under overcurrent conditions is necessary.
The purpose of overcurrent testing of trip devices

he following equipment will be necessary
in the field should be to determine if the breaker

to make overcurrent tests:

Ses NoTe on Pﬂé e

Figure 1. (8041487) Backframe for AK-3-50 Figure 2. (8039649) Power Sensor Unit
Breakers showing Coil Assembly : )
1. Mounting Screw -
1. Sensor CT taps 2. Tap Selector Knobe
2. Disconnect plug 3. Name Plate



1. A high current-low voltage test set and
a suitable timer.

2. A type PST-1 test kit.

3. A Volt-ohm-milliammeter (in good cali-
bration).

4, A 20 micro-henry air core reactor.
CAUTION

THE POWER SENSOR TRANSFORMER TAP
SELECTORS MUST BE CONNECTED AT ALL
TIMES ON ALL PHASES. THE DISCONNECT
PLUG CONNECTING THE FRONT FRAME WIRING
TO THE BACK FRAME WIRING MUST BE CON-
NECTED BEFORE ENERGIZING THE POWER
CIRCUIT. FAILURE TO ENSURE CONNECTIONS
WILL RESULT IN DAMAGE TO THE COILS.

Figure 3A. (8041488) Power Supply AK-50, 75
and 100 Breakers

. Terminal Block

Male Disconnect Plug
Female Disconnect Plug
Rating Disc

0O B -
o« o o
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Adequate overcurrent testing at installation
would include one overcurrent trip on each pole
of the breaker using the lowest set function that
has been supplied on the particular Power Sensor
system. On breakers equipped with the Ground
function a Ground trip test should also be performed.
The suggestion to alternate the pole of the breaker
used in the test is made to ensure that the output
of each breaker mounted CT is tested. For ex-
ample, a Power Sensor system supplied with Long
Time Delay, Short Time Delay, and Ground Fault
detection could be tested at its Long Time Delay
setting, a8 received, on each pole of the breaker
and at its Ground Fault setting as received.

The following methods can be used in making
the appropriate test at installation. Included are:

Long Time Delay Test - Timing or,
Short Time Delay Test - Pickup or,

Figure 3B. (8039850) Power Supply AK-25

1. Rating Disconnect

. Mounting Bracket

. Male Disconnect Plug

. Female Disconnect Plug
. Terminal Block

. Mpunting Bracket

DWW
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Instantaneous Trip Test - Pickup and test point are not too long and the test currents
Ground Fault Detection - Piclmp, if ! do not result in severe duty to the test equipment.
100 Volt Bus Test (It must be remembered that repeated testing at
LONG TIME DELAY TEST - TIMING l:ﬁll\ multiples of the continuous current rating
cause heating of the breaker contacts, and
Power Sensor Settings: increased contact wear.) -
LTD set for the particular.breaker application. Trip time at 3X current as found on the
an{lg other trip functions set to maximum: set- time current curves is:
8. .
= t 20%, INT = 75 sec +20%
With the test truck connected to one pole of MIN = 25 sec ’
the breaker, apply test current equal to some MAX= 150 sec. ¥ 20%. The (X) isin xmgt.i-t .
convenient multiple of the CT tap setting. 300% ples of the CT tap setting and is i‘idel?enu:ﬁ
of the CT tap setting is suggested because this of the LTD pickup setting on the logic .
one test point is adequate to ensure proper opera-
tion of the trip device. The trip times at this The LTD circuit operates so that the trip ‘

Figure 4 (8041489) Ground Signal Tdrminal Board (AK-3-50 shown). : )
1. Terminal Board 2. Sensor CT taps ‘



time is equal to agonatantdividodbythecurrent
squared, t = K/I + A small variation in the
a test current (= 5% could, therefore, result
in a = 10% additional variation in time.

The breaker should trip within the time band
specified jn the appropriate time-current curve
when the comments in the above paragraph are

considered. Repeat this test on the two remaining
poles of the breaker.

NOTE: When testing AK-75 and AK-100 breakers
it has been found that tests using the 1500A or
2000A CT tap are more convenient to make, No
- compromise in timing results will occur. (re-
member to return all pick-up and CT tap settings

to the setting specified for the particular breaker
application.) '

SHORT TIME DELAY TESTS - PICKUP

If the breaker is not equipped with LTD but
is equipped with STD, a test at 110% of the STD
pickup setting is adequate to insure proper opera-
tion. (If timing is to be checked, use 200% of
the pickup setti to avoid the "knee'" of the
time current curve).

Power Sensor Settings:

STD set for the particular breaker application.
All other trip functions set to maximum

settings.

With the test truck connected to one pole of
the breaker apply test current equal to 110% of
the Short Time pickup setting. Observe that the
breaker trips. Repeat this test on the two re-
maining poles of the breaker. Test current should
be raised slowly until tripping occurs so that

the tester can make note of the trip current
level.

INSTANTANEOUS TRIP TESTS

If the breaker is equipped with LTD or STD
it i8 not necessary that the Instantaneous function
be tested at the time of installation. If it is
desired to test the Instantaneous function it is
important that the STD pickup setting be set
above the Instantaneous trip setting or the breaker
will open at the STD setting before the Instantaneous
setting is reached. (There isanoticable difference
between the trip time for a breaker which opens
at the STD MAX time setting and one that opens
at the Instantaneous trip level. This difference
in time will allow testing of overlapping settings
such as 12X CT tap setting when the STD is
set to 10X. This is not the normal method of
testing the Instantaneous function.)

Power Sensor Settings: .
STD set above the Instantaneous setting. In-
stantaneous set to 4X. All other functions
set for the particular breaker application.

Test Instructions - Power Sensor Breakers GEK-7309

With the test truck connected to one pole of
the - breaker apply test current equal to 110% of
the Instantaneous pickup setting. Observe that the
breaker trips. at this test on the two re-
maining poles of the breaker. Test current should
be raised slowly until tripping occurs so that the
tester can make note of the trip current level.

The 4X setting is suggested for this test
because at higher current levels repeated testing
can result in heating of the breaker contacts and
increased contact wear.

GROUND FAULT TESTS

Remove the jumper between terminals one
and five. (On four wire systems only, place the
jumper so that it simulates a short on the fourth
wire CT. This jumper should be placed between
the white lead and black lead of the twisted shielded
pair at the disconnect plug.) Perform a continuitg'
check as described on drawing 138B2454, page 1
of this manual.

Power Sensor Settings:

All functions should be set for the particular
breaker application.

With the test truck connected to one pole of
the breaker, raise the current slowly and note the
level at which the breaker trips. Compare this
level with the trip setting. Trip current should be
within -20%, + of the set point, however, the -
ground sensing function is sensitive to the rate of
change of current and ground tripping that does not
vary more than -30%, +10% from the setting should
be considered acceptable. Repeat this test on
the two remaining poles of the breaker.

On completion of these tests, remove any
temporary jumpers. Perform a continuity check
on the Ground circuit using drawing 138B2454.
This can be done by disconnecting the 14-socket
plug at the Power Sensor Unit, opening the breaker,
and racking the breaker to the CONNECT position.
Use an ohmmeter to perform a continuity check
from point A to C, the circuit contains the ground
sensor coils in series and should be continuous.
Check continuity from A to R, an open circuit
must appear,

The shielding must be continuocus and can be
checked on 4-wire systems I?F lacing a temporary
jumper at the 4th wire C fin the neutral bus)
from the black wire to the shield. With this
jumper in place, continuity should exist between
C and R when checked at the Power Sensor plug.
Remove the jumper at the 4th wire CT, check
at the plug for an open circuit between C and R.
This establishes continuity of the shield from the
plug to the 4th wire CT. On three-wire systems
continuity of the shield can be checked by going

from R at the glug directly to the shield at each
Ground sensor CT.
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Before the breaker is placed in service,
e sensor CT taps must be set to the correct
iting on all three phases. The tap selector
10bs on the Power Sensor unit must be correctly
et for the particular breaker application, and all
isconnect plugs should be connected. Failure
) ilesnsure connections will result in damage to the
) -

Polarity of the ground sensor CT should be
hecked on 3-wire and 4-wire systems to make
ure that the white polarity mark on the CT, near
e position where the leads are connected, is
way from the source in the standard breaker
onnection. (On reverse fed breakers the 4th
rire CT should be installed so that the white
olarity mark is toward the source.)

00 VOLT BUS TEST

This test can be performed in one of two
vays: (a) using a high current test or (b) using
he Power Sensor test set.

When using the high current, you must pass
it least 20% to 30% of the breaker maximum
surrent rating, This must be done on each phase.
Close the breaker. With a d.c. Voltmeter, check
for 100 volts d.c. at terminals of 110 mfd. Elec-
trolytic Capacitor. This capacitor is located on
the bottom of the Power Sensor power supply, or
the bottom left corner of the back frame. In-
structions for using the test set to perform this
check are in Instruction Book, GEK-7301.

SERVICING OF AK POWER SENSOR BREAKERS

When a Power Sensor equipped low volage
circuit breaker is suspectedof improper operation,
it will fall into one of the following three classes:
breaker fails to open, breaker fails to close, or
breaker opens when it should not do so. Itis
important to first ascertain that the malfunction
is caused by the Power Sensor System. Mech-
anical interlocks, intermittent secondary discon-
nects, sneak shunt trip circuits, or inadvertent
acts by personnel must be removed as a possible
cause of the problem.

Shown below and outlined in Chart I are the
steps recommended for locating the faulty item.

IF THE BREAKER WILL NOT OPEN

Perform high current-low voltage tests as
described under "On Site Power System Check"
on Page 4 of this manual. Proper operation
during this test should direct the tester's attention
to the power system and the breaker enclosure.
Check the power system load for any unusual
conditions that could be misinterpreted by the
Power Sensor. Check the breaker enclosure.

t
For analysis of distribution system problems
in special situations a Load Analyzing Test Cable
is available for use by qualified General Electric
Company personnel. (Cataloguenumber 152C2748).
This cable presents the pins in the connection

and the

between the power supply section <

1
v unit, shown on drawing 133C9018, Figure

fogic
page 12, C
the power supply canbe displayed on an oscilloscope
while the circuit breaker is in service.

If the power systéem and breaker enclosure
check okay or if there is no operation during the
high current-low voltage tests, check the breaker
trip shaft for binds, check all trip paddies for
correct alignment, and check all shunt trips and
lockouts for misalignment or incorrect settings.
Refer to maintenance manuals GEK-7303 and
GEI-50299 for instructions. Mechanically check
the shunt trip and Power Sensor solenoid trip
devices to assure a successful tripping operation
just before the armature reaches the fully closed
position, manually push the armature toward the
closed position and determine how much further
the armature moves after the breaker has tripped.
This check to assure "positive trip"” is within
the tolerance specified in the breaker maintenance
manual is important.

H all shunt trips and lockouts are correctly
set and aligned, perform a continuity check on
the Power Sensor CTs. Refer to Drawing 133C9017
or 133C9018 on pp.11,12 of this manual. Measure
resistances of similar coils on adjacent poles.
Generally, if resistances balance the coils are
good. For exact resistance values contact the
factory. A satisfactory check of the CTs at this
point would indicate an open Power Sensor con-
nection plug or a problem with the Power Sensor
itself. Use the Power Sensor test set and pub-.
lication GEK-7301 and perform
A and B Tests. The A Test will isolate the
problem to the Power Sensor logic unit. The B
Test will identify a power supply, trip relay, or
cabling problem, Replace any section found
defective by these tests. If no trouble is found,
call the factory for further assistance,

IF THE BREAKER WILL NOT CLOSE

Check the equipment interlocks for inter-
ference. Check the trip shaft for binds, check
all trip paddles to assure that they are properly
aligned. Check all shunt trip devices and all
lockouts. Misaligned or improperly set lockouts
will prevent the breaker from closing resulting
in trip free operation. K the above checks are
successful, check the closing mechanism of the
breaker according to the breaker manual.

IF THE BREAKER OPENS WHEN IT SHOULD NOT

K the breaker is equipped with ground fault
protection, determine whether the false tripping
is the result of falsely answering an overcurrent
trip or a ground trip signal. This may be de-
termined by temporarily eliminating the ground
trip function by shorting points one and five at
the ground signal terminal board on the back
{frame of the breaker. Terminals one and five
can be identified by the .15uf capacitor con-
nected between them. (See drawing 138B2454,
and Figure 4). With the breaker restored to

so that the actual output of the CT's and A~

the described "~

)



service and with the ground fault detector de-
activated, establish whether there is false tripping
due to phase currents, If the ground trip function
is at fault check the connection of the ground
sensor coils and the polarity indications according
to the wiring diagram 138B2454, page 13.

Perform high current-low voltage tests as
described under '"On Site Power Sensor System
Check"” on Page 4 of this manual. In this case,
it is necessary to test all functions that are
supplied with the unit set to the setting for the
particular breaker application. Proper operation
during this test should direct the tester's atten-
tion to the power system and load to determine
if actual problem conditions exist.

K improper operation persists, check the
alignment of the trip shaft, trip paddles, shunt
trips and lockouts. Correct any misalignment
or binds. Check the CT taps on the sensor CT
tap selector board at the coil assembly to make
sure they are connected and securely set at the

correct ampere rating. Recheck the ground
coil wiring.

Check all plug connections according to
133C9017 or 133C9018 on pp.1l,and 12 of this
manual. If open, check for damage and check
continuity at both plugs. Change the appropriate
section to replace the defective plugs. I the plug
connections are secure, use publication GEK-7301

Test Instructions - Power Sensor Breakers GEK-7309

to perform the test designated A - test for the
Power Sensor System, I the logic unit is bad,
replace the logic unit; if good, perform the B
test. With the Circuit Breaker open, set the
"Signal Adjust” knob fully counter clockwise for a
minimum level. Push Electrical "Reset" push
Button and push "'Start" Push Button.

With a d.c. Voltmeter, check for 100 volts
d.c. at terminals of 110 mfd. Electrolytic Capa-

citor. This capacitor is located on the lower left
corner of the backframe next to the CT disconnect
plug on AK-3-25 breakers. Onthe AK-3-50/75/100
breakers, it is located on the bottom of the Power
Sensor power supply. Measure this voltage on
phase A, phase B and phase C by rotating the
selector knob. I voltage does not lie between
95 and 115 volts d.c., the power supply is defective.

A defective system test at this point indicates
a bad power supply section. Replace the power
supply.

Once the trouble has been located and cor-
rected using this method, the breaker should be
placed in the test position and .then opened and
closed either manually or electrically. Proper
operation will indicate that the problem condition
has been corrected. Perform the inspection
check as indicated on Page 3. The breaker
can now be placed in service.

TABLES AND CHARTS

1, Trouble shooting and service diagram, Figure 5, Chart I, Page 10.

2. Power Sensor Cabling Diagram Drawing #133C9017 (Figure 6), and
#133C9018 (Figure 7) on pages 11 and 12 of this manual.

3. Ground Fault System wiring drawing #138B2454 (Figure 8) page 13.

4. Time delay ranges for the Long Time Celay Circuit (GEK-7301 page 5).

5. Time overcurrent curves (Packet GEZ-4431),

QUICK CHECK LIST

1. Power Supply Rating disc is set at the correct current rating.

o o ok W N

All Power Sensor plugs are secure,

Coil taps are set at the correct current rating on all three phases.

. Tap selector knobs on the Power Sensor Unit are set correctly.

Shunt trip devices are correctly aligned to contact the trip paddles,

. Wiring of Ground fault detection CTs, including the fourth wire CT,
agrees with drawing #138B2454.
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INSTRUCTIONS

GEI-86133

GROUND FAULT DEFEAT CABLE — TGFD

GENERAL

Circuit breakers equipped with either the SST or Versa
Trip protection programmer and integral ground fault
protection will require the use of the Ground Fault Defeat
Cable (Fig. 1) when performing on-site high-current testing
of long time/short time and instantaneous trip functions.
These breakers utilize internally mounted current trans-
formers (C.T.’s) to sense current flow in each breaker pole.
A fourth C.T., (Neutral C.T.) is supplied for external
mounting, when ordered, for 3 phase 4-wire systems.

The C.T.’s provide the protection programmer with a low
level signal proportional to current fiow in each phase. The
protection programmer in turn utilizes these signals to sup-
ply its own power needs and analyzes them for circuit
protection. When integral ground fault protection is sup-
plied, the vector sum of these signals must equal zero.
That is, all current flowing through the breaker towards the
load must also return through the breaker — or neutral
C.T. if used. If this does not occur, the programmer will
identify the resulting error signal as a ground fault and
trip the breaker when its magnitude reaches the set point
level of the programmer.

This situation may be encountered when conducting single
phase high current tests. The Ground Fault Defeat Cable,
when installed, essentially cancels the ground fault func-
tion and thus permits single phase testing of the long time/
short time and instantaneous trip points.

SAFETY PRECAUTIONS

WARNING: Ensure that the breaker is “OPEN” or
“TRIPPED” and completely disconnected from all power
sources prior to connecting or disconnecting the TGFD
cable.

NOTE: The Ground Fault Defeat Cable (TGFD) cannot
be used when performing ground fault testing of breaker.
Do not use the TGFD cable when using the portable low
current SST or Versa Trip test sets.

2
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INSTALLATION

Disassemble breaker, as required, to gain access to protec-
tion programmer. Refer to Fig. 2 for typical TGFD installa-
tion and proceed as follows:

1. Disconnect connector from the back of the breaker
programmer.

2. Connect the TGFD cable female connector end to con-
nector in back of the protection programmer.

3. Connect the male end of the TGFD cable connector to
the female connector of the breaker wiring harness end.

4. Close the breaker, then perform “Hi-current” testing as
required for long time/short time and instantaneous
breaker trip operation.

5. Remove TGFD cable and reconnect breaker wiring har-
ness to protection programmer. Re-assemble breaker.

6. Perform “Hi-current” testing as required for ground
fault function.

These instructions do not purport to cover all details or variations in equipment ror to provide for every possible contingency
to be met in connection with installation, operation or maintenance. Should further information be desired or should particular
problems arise which are not covered sufficiently for the purchaser's purposes, the maiter should be referred to the General

GENERAL @3 ELECTRIC

5/77 CIRCUIT PROTECTIVE DEVICES DEPT. PLAINVILLE, CONN. 06062

Electric Company.



Installation
Instructions
TVTGD4
TVTGD9

General

Occasionally it is desirable to perform on-site testing
of a circuit breaker’s Long Time/Short Time and
Instantaneous trip functions using a single phase, low
voltage, high current test set (i.e. primary high current
injection directly into one pole of the circuit breaker).
When using this test method with circuit breakers
equipped with Micro-VersaTrip® solid state
programmers having a Ground Fault trip function, a
TVTGD Ground Fauit Defeat Module must be used.

Circuit breakers used with Micro-VersaTrip
programmers have internally mounted current sensors
(transformers) to sense the current in each breaker
pole. An additional externally mounted sensor (neutral
sensor) is used for three phase, four wire systems.
When ground fault protection is supplied, the three-
phase vector sum of these currents must equal zero. If
this does not occur (as is the case with single phase
testing) the programmer will identify the resulting error
signal as a ground fault and trip the breaker when the
error signal reaches the set point of the programmer’s
ground fault trip function.

The Ground Defeat Module, essentially defeats the
ground fault function, thus permitting single phase
testing of the Long Time/Short Time and
Instantaneous trip points.

The Ground Fault Defeat Module cannot be used
when performing ground fault testing of the breaker.
Also, do not use it when using the portable TVTSI
Micro-VersaTrip test set.

Safety Precautions
WARNING:

1. Ensure that the breaker is “OPEN” and is
completely disconnected from its power source
prior to connecting or disconnecting the Micro-
VersaTrip programmer or the TVTGD defeat
module. Never open circuit the current sensors
while the circuit breaker is carrying current as this
will allow dangerous and damaging voltages to
develop. The current sensors must always be
connected to the Micro-VersaTrip programmer,
either directly or through the TVTGD module when
the circuit breaker is carrying current.

GEK-64466

Micro-VersaTrip

Programmer

Ground Fault
Defeat Modules

2.

At the completion of testing, trip the circuit breaker
and ensure that the TVTGD module is removed and
the Micro-VersaTrip programmer is properly
reinstalled in the circuit breaker. Failure to do so
will result in a loss of circuit protection.

Installation

TVTGD4 Module
(For use with circuit breakers using Micro-VersaTrip

1.

5.

programmer type T4VT).
Push the “PUSH TO TRIP” button on the front of
the circuit breaker.

Remove the cover protecting the Micro-VersaTrip
programmer.

Carefully remove the two-pin flux shifter trip coil
connector at the top of the programmer.

. Loosen completely the two captive screws that

secure the programmer to the sensor (current
transformer) package. The programmer may now
be removed.

Plug the TVTGD4 module into the sensor package.
Gently tighten the two mounting screws.

GENERAL @ ELECTRIC



Plug the Micro-VersaTrip T4VT programmer into
the TVTGD4 Ground Fault Defeat Module. Gently
tighten the two mounting screws.

Connect the two-pin flux shifter trip coil connector
to the Micro-VersaTrip T4VT programmer.

Proceed to test.

. To reinstall the programmer, trip the breaker and

reverse this procedure.

TVTGD9 Module

1.
2,
3.

Trip (open) the circuit breaker.
Remove the circuit breaker cover where applicable.

Remove the programmer from its plug in base, by
releasing the cover interlock mechanism and
applying a gentle rocking motion to the
programmer as it is removed.

4. Install the TVTGD9 Ground Fault Defeat Module in
the circuit breaker plug in base where the
programmer was previously connected.

5. Connect the TVTGD9 cable connector to the
Micro-VersaTrip programmer.

NOTE: [f the circuit bréaker has a cover interlock
mechanism such as in POWER BREAK circuit
breakers, it will be necessary to install the circuit
breaker cover in order to close the circuit breaker.
This means that the connector cable from the
defeat module must be routed through the
programmer window in the cover before the cover
is applied.

6. Proceed to test.

7. To reinstall the programmer, trip the breaker and
reverse this procedure.

These instructions do not purport to cover ali details or variations in equip-
ment nor to provide for every possible contingency to be met in connection with
instailation operation or maintenance. Should further information be desired
or should particutar problems arise which are not covered sufficiently for the
purchaser's purposes, the matter should be referred to the General Electric
Company. These instructions are intended for use by qualified personnel only.

For further information Distribution Equipment
call or write your local Division

General Electric 41 Woodford Avenue
Sales Office or... Plainviile, CT 06062 U.S.A.

Qutside the U.S. and Canada write: Export Sales and Services,
570 Lexington Avenue, New York, NY 10022 U.S.A.

GEK-64466 PS.B 1/82
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Performance Testing Ground Fault

Protection Systems
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The Circuit Diagrams included in this manual are for illus-
tration of typical applications and are not intended as con-
structional iniormation. Although reasonable care has been
taken in their preparation to assure their technical correct-
ness, no responsibility is assumed by the General Electric
Company for any consequences of their use.

The devices and arrangements disclosed herein may be
covered by patents of General Electric Company or others.
Neither the disclosure of any information herein nor the sale
of devices by General Electric Company conveys any
license under patent claims covering combinations of de-
vices with other devices or elements.

In the absence of any express written agreement to the con-
trary, General Electric Company assumes no liability for
patent infringement arising out of any use of the devices
or elements by any purchaser of devices or others.

PURPOSE

The purpose of this publication is to provide instructions
for testing ground fault protection (GFP) systems in General
Electric low-voltage equipment. These instructions are for
use with equipment built by the Distribution Equipment
Division, in accordance with the National Electrical Code,
Section 230-95.

NEC 230-95(c) reads as follows:

(c) The ground fault protection system shall be perform-
ance tested when first installed. The test shali be conducted
in accordance with approved instructions which shall be
provided with the equipment. A written record of this test
shall be made and shall be available to the authority having
jurisdiction.

INSTRUCTIONS APPLICABLE TO
EQUIPMENT Switchboards:
Type AV & Powerbreak

Low-Voltage Switchgear:
AKD-6 & AKD-8
CIRCUIT BREAKERS Insulated-Case & Molded Case
Breakers with VersaTrip, SelecTrip
or MicroVersaTrip Trip.

LV Power Circuit Breakers
Type AKR with SST or Micro
VersaTrip Trip.
FUSIBLE SWITCH Type HPC/HPR High Pressure
Contact Switch with Integral
Ground Fault Tripping

GROUND FAULT Ground-Break System or similar

RELAYS & SENSORS ground fault relays and sensors
(CT’s) used to trip any circuit
breaker or switch with a shunt
trip.

TESTING BY QUALIFIED PERSONNEL

Performance testing of the ground fault protection system
should be undertaken only by qualified personnel. Partic-
ularly in the tests requiring the use of a high-current test
set, it is usually necessary to obtain the services of a quali-
fied testing organization. General Electric’s Installation and
Service Engineering organization and the Apparatus Ser-
vice Shops are qualified and equipped to provide this
testing service.



Checklist For

Ground Fault Performance Testing

PROBLEMS THAT MAY BE ENCOUNTERED
THAT CAN PREVENT PROPER GFP OPERATION

HOW TO CHECK FOR THIS CONDITION

1. On 3-phase 4-wire systems, the neutral conductor should
not have additional grounding connections made down-
stream from the main bonding jumper which must be
located in the service entrance section. (Refer to NEC
250-23). This condition may cause loss of sensitivity in
sensing ground fault current.

By visual inspection.

By measurement of resistance between neutral con-
ductor and ground bus.

In the high-current tests this condition may be the
cause if it takes over 150% of G.F. current setting to
initiate tripping.

2. Neutral sensor in residual sensor arrangements or with
integral G.F. trip breaker may be installed with incorrect
polarity with respect to the associated phase sensors.
This will cause false tripping by reading balanced load
current as imbalanced and interpreting the error signal
as a fault situation.

3. Neutral conductor in a load circuit must pass through a
zero-sequence sensor in the same direction as the phase
conductors. Unbalanced signals cause false tripping.

4. When a given circuit is monitored by a zero-sequence
sensor, none of the conductors shall be omitted from
passing through the sensor. Unbalanced signals cause
false tripping.

By visual inspection.

In the high-current testing the ‘‘no-trip” tests will detect
this condition.

5. An equipment bonding or grounding conductor must not
be passed through the window of a G.F. sensor. This will
cause cancellation of error signals, and will prevent G.F.
tripping when it is needed.

Inspect load cables and grounding connections between
conduits and the switchboard ground bus. The grounding
connections must not pass through a zero-sequence sensor,
with phase and neutral wires.

6. The ground fault protection may be rendered inoperable
by damaged wiring or devices, blown or missing control
fuses, or lack of tripping power when supplied from a
remote source.

If the high-current tests do not produce expected tripping,
check for contro! power at transformers, at fuses, and at
relays.

Testing Methods

GENERAL

There are two alternate test methods for evaluating ground
fault protection (GFP) systems — by using simulated fault
current or by high-current primary injection. Both test
methods are applicable to ground-fault relay systems, but
only the high-current primary injection method can be used
to test a system with integral ground-fault trip circuit
breakers.

If it is acceptable to the local inspection authorities, ground
fauit relay systems may be tested by the simulated fault
current testing method combined with a thorough visual
inspection. Otherwise, it will be necessary to use the high-
current primary injection test method.

GROUND FAULT PROTECTION TESTING
WITH SIMULATED FAULT CURRENT

In the simulated fault current method, a simulated fault
current is generated by a coil around a window-type sensor
or by means of a separate test winding in the sensor. When
the monitor panel sends a small current through the test
winding, it produces a secondary current in the sensor
which the relay responds to as if it were caused by a pri-
mary current of 1600 amperes.

In an equivalent method which can be used with any
window-type sensor supplying a ground fault relay, a num-
ber of turns of wire are wrapped around the sensor core,
such as twenty turns of #14 wire. A current of approxi-
mately 125 percent of the pickup setting of the relay
divided by the number of turns is passed through the wire
to simulate the ground-fault current. By setting the relay
pickup to the low end of the range, the test current may
be kept to a minimum.

Testing with simulated fault current provides a means of
demonstrating the operation of the sensor, relay and shunt
trip and the adequacy of the control power supply. In addi-
tion to these items, the GFP system must be checked to
confirm that neutral ground points are located correctly
with respect to sensors, that sensor polarities are correct
when several are connected in parallel, and that conductors
which pass through a sensor window all run in the same
direction. If done thoroughly by a qualified person, a visuatl
inspection can confirm that these items have been taken
care of correctly.

The importance of supplementing simulated fault current
testing with an adequate inspection is emphasized when
one realizes that the first five items on the Checklist (see
above) are problems that can NOT be detected by simu-
lated fault current testing alone.



Testing Methods

Continued

GROUND FAULT PROTECTION TESTING
BY HIGH-CURRENT PRIMARY INJECTION

The high-current injection test method may be used to test
GFP systems with either ground fault relays or integral
ground fault trips on circuit breakers. With relays, it is an
alternative to simulated fault-current testing supplemented
by inspection. We recommend it as the best way to test
the performance of GFP systems with relays.

Integral ground fault protection in circuit breakers can be
system-tested only by using the high-current injection test
method. The internal electronics of these breakers can be
checked out with test sets such as Cat. No. TAK-TS2,
which is used with AKR-SST/ECS trips and with VersaTrip
Mod. 2 or TVTS1 used with MicroVersaTrip. These sets are
not suitable for making a system test, however.

High-current testing of GFP systems consists of injecting
full-scale current into the equipment phase and neutral
conductors to duplicate the flow of ground fault current
under various conditions. The testing equipment required
includes a high-current supply capable of delivering up to
1000 amperes or more at 2.5 volts, or similar. By using the
lower ground fault current pickup settings on relays and
breakers or switches, the current required to trip can be
kept to a minimum, such as 300 or 400 amperes or less. If
inspection authorities require tests at full GFP setting, a
current supply capable of delivering 1200 amperes or more
may be needed.

Connect the current supply as shown in the diagrams, using
flexible welding cable such as No. 2 AWG. Also connect
jumpers between the points indicated in the tables ac-
companying the diagrams.

GROUND FAULT PROTECTION IN
THREE-WIRE EQUIPMENT

Ground fault protection can be provided for 3-wire and
4-wire equipment fed from a solidly grounded 4-wire supply,
wye or delta. NEC Article 250-23(b) requires that whenever
a service is derived from a grounded neutral system, the
grounded neutral conductor must be brought into the ser-
vice entrance equipment, and bonded to the equipment en-
closure and ground bus, even if the grounded conductor
is not needed for the load supplied by the service. This
is required to provide a low-impedance ground fault current
return path to the neutral to assure operation of the over-
current device.

Test Diagrams For

Systems With Ground
Fault Relays

PAGE 5 THROUGH PAGE 12

FIGURE DESCRIPTION

1 Main Breaker with G.F. Relay and Ground Return
Sensor

2 Main Breaker with G.F. Relay and Zero-Sequence
Sensor Arrangement

3 Main Breaker with G.F. Relay and Residual
Sensor Arrangement

4 Feeder Breaker with G.F. Relay and Zero-
Sequence Sensor Arrangement

S Ground Fault Relay Protection on Normal and
Emergency Main Breakers Interlocked for Auto-
matic Throwover

6 Ground Fault Relay Protection on Normal and
Emergency Main Breakers with Automatic Trans-
fer Switch (3-pole)

7 Double-ended Substation — (Transformers not
individually grounded)
Single-point Ground and G.F. Relays

8 Double-ended Equipment— (both sources
grounded)
Modified Differential Scheme with G.F. relays.

Test Notes:

1. All tests are for 3-phase, 4-wire uniess noted as 3-phase
3-wire.

2. Notes on diagrams referring to tripping at G.F. setting
are intended to imply nominal values. Consistent trip-
ping may require 125% of pickup setlings, and good
time-delay figures may be obtained only at 150% and
higher.

3. WARNING In all the illustrations the source trans-
former(s) must be deenergized when applying and
using the test current.

4. A temporary source of control power (usually 120 VAC)
will be needed for operation of Ground-Break relays and
shunt trip devices.

5. For information on the Ground-Break System, refer to
publications GEI-86126 & GET-2964.



Test Diagrams

3-Phase, 4-Wire

FIGURE 1
Main Breaker with G.F. Relay and Ground-Return Sensor

[
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ground path from ground

bus to neutral

1 in 3-wire equipment the load neutral is not furnished.



3-Phase, 4-Wire

FIG

URE 2

Sensor Arrangement

Main Breaker with G.F. Relay and Zero-Sequence
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same direction
. Confirms continuity of
Main breaker
2.0 A1 and N1 A2-G1 ; ground path from ground
should trip bus to neutral

NOTE: It is not necessary to repeat the tests for each phase if a visual inspection confirms
that all phases go through the sensor window.

t in 3-wire equipment the load neutrat is not furnished. Omit Test 2-1.
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3-Phase, 4-Wire

-
I

FIGURE 3

Main Breaker with G.F. Relay and Residual
Sensor Arrangement

T

Transformer | Mai
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| A1 viair M A2
i @ = |_‘1 ?
! aB1 —~ m B2
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t In 3-wire equipment, the load neutral and neutral sensor are not furnished. Omit Test 3-1.



FIGURE 4

Feeder Breaker with G.F. Relay and Zero-Sequence
Sensor Arrangement
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Breaker ) .
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trip. of sensor connections.
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Breaker
4-2 A1 and N1 A2-G1 . ground path from ground
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NOTE: It is not necessary to repeat the tests for each phase if a visual inspection confirms
that all phases go through the sensor window.

+ On 3-wire feeders, the neutral conductor is not furnished. Omit Test 4-1.



FIGURE 5

Ground Fault Relay Protection on Normal and Emergency Main
Breakers Interlocked for Automatic Throwover on 3-Phase
4-Wire System

Source #1 Source #2

(Normal) 3-Phase, 4-Wire (Emergency)
/ Transformers \
- G1
|1 .
’ Grd. Bus , %
G2
l Interlocked for I
A1 1B1 1C1 N1// automatic throwover A2 B2 @C2 i
Tty NV
“
52-1 ) ) ) 1e 15 ) ) /)/52-2
G.F. Trip ! G.F. Trip
Ground l I
Fault —0 l
|
Test [LIIXITI] ! (ITILITL,
Current _Oesi— S- E— s T _.3 _3 _3 _;GS
Supply JANREAN 1NINREn
A3183 C3 N3
® ® O
@—
N .
+ GR - G.F. Relay
v GS-G.F.Sensors
Load bus
Connect Connect During the Test
Test | Test Current | Jumper Disconnect Ground Results Comments
No. Supply to hetween from Neutral at Expected
Points Points Points
Al and NI | A3-N3 Gl and G2
51 | Bl and N1 | B3:-N3 Gl and G2 fggﬁ',‘j’ngft}lp
C1 and N1 C3:N3 Gl and G2 Confirms correct polarity
A2 and N2 A3-N3 Gl and G2 of sensor connections.
5.2 | B2 and N2 | B3-N3 Gl and G2 Breaker 522
€2 and N2 | C3-N3 Gl and G2 should not trp.
A2 and N2 | A3-N1 Gl and G2
Breaker 52-2
53 | B2 and N2 | B3-Nl Gl and G2 ) ) .
. should trip. Confirms operation when
€2 and N2 | C3-N1 Gl and G2 ground return path is
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FIG

URE 6

Ground Fault Relay Protection on Normal and Emergency Main
Breakers with Automatic Transfer Switch (3-Pole) on 3-Phase

(Normal)

4-Wire System
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FIGURE 7
Double-Ended Substation (Transformers Not Individually
Grounded) with Single-Point Ground and G.F. Relays on
3-Phase 4-Wire System

Source #1 Source #2

3-Phase, 4-Wire
Transformers
G1
A1 +N1 Grd. Bus +N2 +A2
T GR-T
52-1 -4 52-2
) ) ) [€er GS-T L1 gET ->) ) )
' Trip TT Tripl
Ground £A3 ! Control N I Ad
Fault ) | power ; ; ¢
inter- 1
Test | lock . |
[}
Current —O n N O
Supply g
GR1| t+ V 1 { v | |GR-=2
— ] [ b
T { T
Ty
+ =l &
|\ w g :
GS-1 ) GS-=2
/
NOTE: Time-delay setting on | 4
GR-T must be 0.1 sec. ¢ 7
faster than GR-1 and
GR-2 to get selectivity. + /N
f 2 *
i l 52-T
v v veY Vv
Load Bus #1 Load Bus #2
. . Connect Connect 0 Breakzrs 4
est | Test Current | Jumper pen or Close: Resuits
No. | Supply to | between Expected Comments
Points Points | 52-1 | 52-V7 | 52-2
Breaker 52-1 52-1 trips for a G.F. on
71 | Aland N1 | A3GL | ¢ | o | ¢ | g trip. load bus #1.
Breaker 52-2 52-2 trips for a G.F. on
72 | A2and N2 | M-GL | ¢ | 0 | €} ghoud trp. load bus #2.
Breaker 52-T
should trip and 52-T trips for a G.F. on
7-3 | A2 and N2 A3-Gl 0 c ¢ Breaker 52-2 load bus #1, fed from
should not trip source #2.
(see note).
Breaker 52-T
. should trip and 52-T trips for a G.F. on
7-4 | Al and N1 A4-Gl ¢ c o Breaker 52-1 load bus #2, fed from
should not trip source #1.
(see note).

11



FIGURE 8

Double-Ended Equipment (Both Sources Grounded) using
Modified Differential Scheme with G.F. Relays on 3-Phase
4-Wire System
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Test Diagrams For Systems With

Integral Ground Fault Protection

PAGE 13 THROUGH PAGE 16

FIGURE DESCRIPTION
9 Neutral Sensor Polarity Markings
10 Main Breaker with Integral GFP
11 Feeder Breaker with Integral GFP
12 integral GFP on Main and Tie Breakers of Double-

ended Equipment — 3-Phase, 4-Wire

NEUTRAL SENSOR POLARITY MARKINGS

In the accompanying integral ground fault protection cir-
cuit diagrams the neutral sensors are depicted using con-

ventional

current transformer symbols. The equivalent

polarity markings for VersaTrip, SelecTrip, SST and Micro
VersaTrip integral trip sensors are shown in the figure

below.
Primary Primary Primary
Current l Current l l Current Secondary
Current
B ———> ———>
W \hn {Black) Secondary
Hi g ;Xr__a (White) - Current
Polarity = Line Line ‘:_‘S—goo o
Marks | Secondary Load c<<<E
Current 288383
L] | [s88g
Lr::r Secondary
Terminal
= Board
MicroVersaTrip
or SST
Conventional Versatrip or Selectrip Neutral Sensor
Current Transformer Neutral Sensor (Typical)
Hl is primary polarity marking. “LINE” end is equivalent of HI “LINE” end is equivalént of Hi
X1 is secondary polarity marking. marking. marking.
“BLACK" terminal is equivalent of “COM" terminal is equivalent of XI
Xl marking. marking.

FIGURE 9

This diagram shows the equivalent polarity markings for neutral sensors that are
not marked like conventional current transformers.

Note:

WARNING in all the illustrations the source trans-

former(s)

must be deenergized when applying and

using the test current.

13




Test Diagrams

FIGURE 10

Main Breaker with Integral Ground-Fault Protection —
3-Phase, 4-Wire

3-Phase, 4-Wire
Transformer

77—/

| A1 Main A2
o ) —e-e
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-
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NS
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Ground
Fault
Test

Current

Supply

5 4

,VVVL;

To Loads

Ground

lﬁ?
©
C
&

e —— e

-

N\

Equipment
Enclosure

Connect Test
1;:' Current Supply
: to Points

Connect Jumper Resuits
between Points Expected Comments

This confirms that polarity
Breaker and ampere rating of

10-1 A1 and N1 A2-N2 should not the neutral sensor match
trip. those of the phase
sensors in the breaker.

Breaker Confirms continuity of
10-2 A1 and N1 A2-G1 should trip at{ ground path from ground
G.F. setting. | bus to neutral.

t In 3-wire equipment the load neutral is not furnished. Omit Test 10-1.
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3-Phase, 4-Wire

FIGURE 11

3-Phase, 4-Wire

Feeder Breaker with Integral Ground-Fault Protection —

Transformer |
l A1 Main
P

Ground
Fault
Test

Current

Supply

G1

L

S S S ——

Connect Test

Test Connect Jumper Results
No. Cu::,ergoim;gply between Points Expected Comments
This confirms that polarity|
Breaker and ampere rating of
11-1 A1 and N1 A3-N3 . should not the neutral sensor match
trip. those of the phase
sensors in the breaker.
Breaker Confirms continuity of
11-2 | A1 and N1 A3-G1 should trip at | ground path from ground
G.F. setting. | bus to neutral.

Test 11-1.

15

1t On 3-wire feeders the neutral conductor and neutral sensor are not furnished. Omit

f-—Lq
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Ground To Loads
BUS
Y— Equipment
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Ground
Fault
Test

Current

Supply

NOTE:

“a’ aux. sw's are
normally open, i.e.,

open when breaker

is open.

FIGURE 12

Integral Ground Fault Protection on Main and Tie Breakers of
Double-Ended Equipment — 3-Phase, 4-Wire

Source #1

3-Phase, 4-Wire

Source #2

) 52-2

_J

Transformers T
G1
_——’:—_‘I"l ||||_.:"_?__
N N
Grd. Bus
+A1 #m | | gp ®N2 @ A2
52-1 ) ) ) { )
ald  Ta
_.O
A3 N3 NS N4 +A4
__o
a
P
® L1t @
—~ LLld #
U
*- —~ RN
52-T
v . v
vy v
\ _J NS - Neutral \ v
Y Sensor Y
Load Bus #1 Load Bus #2
During the Test Breakers
Test Colénect‘rtest (l:onnect Disconnect | Open or Closed Results
es urren umpes Ground from Comments
No. Supply to between Neutra! at Expected
Points Points Points 52-1|52.1(52-2
Breakers 52-1
4521
12-1 | Al and NI A4-N4 G1 and G2 cjclo |20
should not Confirms that
trip. sensor polarity
Breaker 52.2 | S correct.
12-2 | A2 and N2 Ad-N4 G1 and G2 0 c ¢ should not
trip.
52-2 trips for a
123 | A2andN2 | A4-N1 Gland62 | o |c¢ | ¢ Eggi‘l‘gftﬁgz G.F. on load bus
- w2
or £, 52-1 trips for a
124 | AlandN1® | A3-N2 GlandG2 | ¢ |c |o Eggi‘,‘&’tfigl G.F. on load bus
- o#L
52.T trips for a
125 | AlandN1 | AN2 | GlandG2 | c | e |o | EfEeNSZT | GF onioad bus
< w2




Ground Fault Protection With Ground Fault Relays
PERFORMANCE TEST RECORD

This test form should be retained by those in charge of the building’s electrical installation
in order to be available to the authority having jurisdiction.

General Electric Order/Requisition No.
Customer Name
Location
Order No

EQUIPMENT
O AV-Line Switchboard
{1 PowerBreak Switchboard

O AKD-6 L.V. Switchgear [J AKD-8 L.V. Switchgear
O Other
Rating: Volts Phase Wire

Amps Hz

EQUIPMENT ARRANGEMENT
[J Single-source
O Double-ended [d Other (explain)
[ Unit-Substation [0 Transformer(s) remote from equipment.

GROUND FAULT PROTECTION
Breaker (or switch) tripped by G.F. relay:
Function: [ Main [J Feeder; Circuit No.
Type {3 Drawout [J Stationary
Rating (Amps): Frame Trip

GROUND FAULT RELAY & ACCESSORIES
[0 Ground-break System [J Other (explain)
Relay Cat. No Pickup Range (Amps)
Sensor (C.T.) Cat. No.
Monitor Panel (if used) Cat. No.

SENSOR ARRANGEMENT: [] Ground-return Type
[J Residual (sensor on each phase).
[0 Zero-sequence (all conductors thru one window).
Double-ended: [] Single-Point Ground Scheme [ Modified-Differential Scheme

Additional Description (if needed)

ar



Ground Fault Protection With Ground Fault Relays
PERFORMANCE TEST RECORD

TEST RECORD

Test G.F. RELAY SETTING Test TRIPPING RESULTS
Nu;sber Pickup Delay Current Bkr/Sw. Measured Time
(Amps) (Sec.) (Amps) Trip? For Bkr/Sw. to Open
CONCLUSIONS:

The test results are satisfactory.
The test results are not satisfactory.
(Explain)

Tests performed by:

Test Set Used:

Test Date:

Witnessed By:

18



Ground Fault Protection With

Integral Ground Fault Trips On Circuit Breaker
PERFORMANCE TEST RECORD

This test form should be retained by those in charge of the building’s electrical installation
in order to be available to the authority having jurisdiction.

General Electric Order/Requisition No.

Customer Name

Location
Order No.

EQUIPMENT
[OJ AV-Line Switchboard
(] PowerBreak Switchboard
7 AKD-6 L.V. Switchgear {7] AKD-8 L.V. Switchgear
] Other
Rating: Volts Phase Wire

Amps. Hz

EQUIPMENT ARRANGEMENT
[ Single-source
] Double-ended [J Other (explain)
[ Unit-substation [ Transformer(s) remote from equipment.

GROUND FAULT PROTECTION )
Breaker tripped by integral ground fault trips:
Function: [J Main [] Feeder; Circuit No.

Type (] Drawout [] Stationary
Rating (Amps): Frame__________  Sensor/Tap
3Wire._ 4-Wire

Trip Type: [ SST [ VersaTrip [ SelecTrip [ MicroVersaTrip

Additional Description (if needed)

19



Ground Fault Protection With
Integral Ground Fault Trips On Circuit Breaker
PERFORMANCE TEST RECORD

TEST RECORD

Ground Fault Settings Tripping Results
i Test
Test Pickup Time Dela
Number in Mult. ! Band y ?ngg)t Bkr/Sw. Measured Time
ofRS;i?ISQOI’ (min/int/max) Trip? For Bkr/Sw. to Open

CONCLUSIONS:
The test results are satisfactory.

The test results are not satisfactory.
(Explain)

Tests performed by:

Test Set Used:

Test Date:

Witnessed By:




Notes



Outside the U.S. and Canada write Export Sales and Services,
570 Lexington Avenue, New York, NY 10022

For further information Distribution Equipment
call or write your local Division

General Electric 41 Woodford Avenue
Sales Office or... Plainville, CT 06062

GENERAL @D ELECTRIC
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OP7/-TRIP L KMS
APPLICATION NOTE 0T-053090

OPTI-TRIP PICK-UP AND TIME BAND SETTINGS

OPTI-TRIP Model LSIG has seven (7) switches for pick-up and time
pand settings, the Model LSI has five (5).

The following abbreviations are used to identify the trip unit
functions:

L. = Long Tinme
S = Bhort Time
I = Instantaneous
G = Ground Fault

The following notations are used in the trip unit pick-up and
time band settings:

X = Times CT Rating

S = Second Delay at 6x (For LT Time Band)
C = Cycles Delay (For GF and ST Time Band)
1T = Ramp Function

The setting switches have discrete, positive detent positions. A
small flat blade screwdriver is required to rotate the switches.
The small groove along the switch shaft acts as the switch
pointer. Changes to the switch settings can be made while the
‘breaker is in service.

The pick-up setting in amps equals the CT current rating times
the pick-up setting. :

As an example, the primary pick-up currents for 600 amp CT's with
the following settings are:

.25% GF pick-up times 600 amp = 150 amp
.5x LT pick-up times 600 amp = 300 awp
6x ST plck-up times 600 amp = 3600 amp
8x I plck-up times 600 amp = 4800 amp

The primary pick-up currents for 1600 amp CT's with the following
settings are: '

800 amp *

.5x GF pick-up times 1600 amp = .
1.0x LT pick-up times 1600 amp = 1600 amp

6x ST pick-up times 1600 amp = 9600 amp

10x I pick-up times 1600 amp = 16000 amp

I PR
v e
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The time band settings for LT, ST, and GF (I‘r on) are dependent
only on the CT rating and not on the corresponding pick-up
settings.

As an example:

Time  g4x  1.0X

LT pick-up

125" time band

+ “xll

The'proper LT pick-up setting is -usually determined by the cable
ampacity or the maximum continuous current capacity of the load
as required by the NEC or local codes.

The proper time band settings are not so readily determined. A
coordination study js usually required to gelect the time bands
that best coordinate with the upstreanm protective device, as well
as the largest down stream protective device.

For a motor load, the time band ghould allow for motor inrush and
acceleration time and still provide locked rotor protection.

Normally, the lower pick-up values will require one of the

shorter time bands, and the higher pick-up valuss will require
one the of the longer time bands. .

| NN : 1



1
To determine the LT, ST, and GF trips times for primary injection
testing, the following may be helpful:

The trip times for LT, ST (I‘r on) and GF (I‘! on) are a function
of:

1) Time Band Setting
2) CT Rating
3) Primary Test Current

Pleagse note that once the proper time band is selected, the pick-
up setting does not enter into the trip times. The only
exception is that the primary test current must be at least 10%
greater than the pick-up setting.

To find the trip time, it is first necessary to calculate the "X"
equivalent of the primary test current and then determine the
time by calculation, or by using the time-current trip curves.

The "X" value is equal to the primary test current divided by the
CT rating.

X = Primag¥ Test Current
Ratling

As an example, the "X" value for the following priwary test
currents and 1600 amp CT's are:

2400 Amp Primary Test Current, X
4800 Amp Primary Test Current, X
9600 Amp Primary Test Current, X

2400/1600 = 1.5
4800/1600 = 3.0
9600/1600 = 6.0

For an 800 amp CT with the following primary test currents, the
"X" values are:

600 Amp Primary Test Current, X
2400 Amp Primary Test Current, X
4800 Amp Primary Test Current, X

600/800 = 0.75
2400/800 = 3.0
4800/800 ~ 6.0




Once the "X" value of the primary test current is datermined, ‘the
trip time can be determined graphically from the time-current

trip curves as follows:. ]

Time

A

trip time (¢ ———

1
i
|
|
|

»"x“
+"x“ value of ‘
test ocurrent

The trip times can also be determined by calculation using the
following equatjon:
Time Band Constant

T (sec) =
x)?

The time band constants are:

GF I*r: 6C TIME BAND CONSTANT = 0.10
12C TIME BAND CONSTANT = 0.20

24C TIME BAND CONSTANT = 0.40

48C TIME BAND CONSTANT = 0.80

ST I*P: 6C TIME BAND CONSTANT = 10.0
12¢ TIME BAND CONSTANT = 20.0

24C TIME BAND CONSTANT = 40.0

48C TIME BAND CONSTANT = 80.0

LT: 3S TIME BAND CONSTANT = 108.
4.25S TIME BAND CONSTANT = 153,

6S TIME BAND CONSTANT = 216.

8.5S TIME BAND CONSTANT = 306.

12S TIME BAND CONSTANT = 432.

175 TIME BAND CONSTANT = 612.

24S TIME BAND CONSTANT = 864.

34S TIME BAND CONSTANT 1224.



As an example, the trip times for a 1600 amp CT with the
following primary currents and time bands are:

}

6S LT Time Band, 3200 Amp Primary Curreat:

x=320_.,; = 216 . 54 sec.

1600 (2)

12S LT Time Band, 4800 Amp Primary Current:

X = 4800 - 4 T =430 . 48 sec.

1600 (3)2

~y

24C ST Time Band, 9600 Amp Primary Current:

X = 9600 _ ¢

1600 (6)2

~e
!

= 1,11 sec.

6C GF Time Band, 6400 Amp Primary Current:

x =S40 - 04 ; =910 -90.625 sec.
1600 (0.4)

The above trip times are for the center of the time band. The
tolerance for the trip unit is 110% in the current direction.
This corresponds to +23% in the time direction.



OPTI-TRIP II"RMS

CIRCUIT BREAKER TRIP UNIT WITH ADVANCED MICRO-CONTROLLER INTELLIGENCE

M!CROPﬁOCESSOﬂ BASED
TRIP UNIT

PATENT PENDING
WMADE IN USA

usk TARGET REEALL
S RER BREAKER TRI
<0 DISPLAY LAST
TRIP DATA

GS REV'EW
ETT'N“NG
y SWITCH

puSH S
1O REVIEW/ c,:(H

AT THE SAME TIME

|N0l5 W

- OAl settmgs,made in amps or seconds.,* s

D" Retrofit klt?’ for mo manufacturers You asked and we lz‘stene¢ The result —

i breakersv the new Opti-Trip Il RMS, a new concept
OPTIONS: - : L in circuit breaker trip units that
0 16 character dlsplay showmg actual E incorporates a veritable customer wish

. 3-phase and ground currents.  list of features. _
O Future commumcatnon capabxlmes _{ﬁ{: . The “user friendly” design makes

inputting the settings easter than ever.
- The compact one piece trip unit with
Dlug-in wiring makes installation quick
and simple. :

OSL‘ f N HI-VOLTAGE CORPORATION
P.O. BOX 1189, WOODSTOCK, ILLINOIS 60098

PHONE: (815) 338-6060 FAX: (815) 338-8715



|OPTI-TRIP II"RMS]
FEATURES

O True RMS current sensing for

overloads and fault currents provided =
by the latest in-digital micro~controller i

technology

0O 16 Character Dlsplay for ease in
makmg/ reviewing the trip unit settmgs

O Opuonal Ammeter Feature using the -

16 Character Display for the breaker -

3-phase and ground fault currents.

O The Last Trip Display is activated
by pushing the “Target Recall”
button and provides the reason for
the last trip along with the 3-phase
and ground fault currents at the time
of trip.

O Security System reduces the risk of
tampering with the trip unit settings.

O Ease of Coordination due to the digital
design that allows settings to be
made in extremely small increments.
Settings are saved in a non-volatile
EEPROM memory and can easily be
changed.

O Available with LSI or with LSIG
Functions. (Long time, Short time,
Instantaneous, Ground fault)

O Standard Alarm Relay with form “C”
contacts.

O Tapped Current Transformers are
standard allowing an extended range
of settings. Changing the tap is quick
and easy by using the pull-apart
terminal blocks.

o A Plug In ‘Wiring Hamness significantly

reduces the installation, time and
ehmmates wiring errors.

O Kits available for many Dreakers

. complete with bus work (as

. required), current transformers,
actuator . (manual or automatic reset)

- brackets, hardware, wiring harness

- and installation instructions.

O ,Self Powered from the specially
designed signal current transformers.

‘0 Rugged and Dependable due to:

* 150" F ambient temperature rating.
(85 C rated electromc integrated
circuits)

* Conformal coated circuit boards for
added environmental protection.

* Rugged extruded aluminum housing.

* One week burn-in of each unit at 150°F
and 90% load to greatly reduce the
risk of “infant mortality” failure.

O Completely designed and manufactured

in the United States.

O Conditional 2-Year Warranty because
of the quality of design, construction,

burn-in and extensive testing that each |

trip unit undergoes.

O Most Important of All . . .

Customer Service and Satisfaction is
our primary goal.

e




2.3

When first installed, commissioning is easy as 1

OPTI-TRIP I RMS saeccssonsuee 5

pusH TARGET RECALL
AFTER BREAKER TRIP
TO DISPLAY LAST

INCREASE TRIP DATA.

PusH SETTINGS REVIEW ks
TARGET . TO REVIEW/CHANGE 4
RECALL

SETTINGS. "KEY SWITCH"

MUST BE ON TO MAKE
& —eo @ I

TO DEFEAT GF FOR ONE TRiP

DECREASE
AT THE SAME TIME,

JOSLYN HI-VOLTAGE CORPORATION ¢ WOODSTOCK, ILLINOIS 80098

STEP 1 Power-Up the Unit -
by pressing the “Target Recall” button. -

STEP 2 Make the Settings

by pressing the “Settings Review” button with the ‘Security Key” closed :
(see instruction manual). B

The trip unit will display the model and serial number and then lead the
user through each of the settings step by step.

For each setting, the “increase” or “decrease” buttons are pressed until the ""
correct value appears on the display. The “Enter” button is then pressed. :

STEP Review/Save the Settings
: after the last setting is made.
‘ The display will ask if the settings are correct or if a review is desired,

All the settings will be securely saved in EEPROM memory which does not
require battery power to remain intact.

When correct, the “Enter”button is pressed, the ‘Security Key” is removed
and . . .

Opti-Trip I RMS is ready for service.
AR E S  Re o




TIME
A PHASE CURRENTS

'\1
LONG TIME PICK-UP:
<:-— ——> 5 AMP STEPS
FROM 40% to 100%

OF CT TAP

OPTI-TRIP II"RMS
TIME-CURRENT TRIP CURVES

LONG TIME DELAY;
0.5 SEC. STEPS
FROM 2.5 to 30.0 SEC.

{\
\
\

N

GROUND CURRENT
'\1
SHORT TIME PICK-UP:
GROUND (= OFF & 100 AMP STEPS
FAULT FROM 150% TO 900%
PICK-UP: G OF LONG TIME PICK-UP
OFF & 10
?g,\:‘ifg; GROUND FAULT
o LanoF | DELAY: .10, .20, .30, SHORT TIME DELAY:
oo 40, .50 SEC. WITH & 07, 40, .45, .20, .30
WITHOUT [T SEC. WITH & WITHOUT I2T
»
T ON—1

INSTANTANEOUS PICK-UP; OFF
/ & 100 AMP STEPS FROM 150%
<L[: TO 1200% OF LONG TIME
12T OFF 12T OFF PICKUP
> CURRENT

To find out how Opti-Trip Il RMS can deliver
the kind of performance you require, contact
your local electrical equipment service firm:

BULLETIN NO. DB750-251



Joslyn Hi-Voltage Corporation

Opti-Trip II RMSm.

Instruction Manual

Joslyn Hi-Voltage Corporation
4000 East 116th Street
Cleveland, Ohio 44105

USA

Tel: (216) 271-6600
Fax: (216) 341-3615

1223-0001
Rev. *0  3/31/94
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3

Opti-Trip II RM8S is a state of the art, micro-controller based trip
unit intended for use on 600 Volt class circuit breakers.

The trip unit is a digital design using a Motorola HC711E9, 8-bit
micro-controller and a 16 character liquid crystal display (LCD).

The trip unit provides 3-phase over-current and fault protection.
Ground over-current protection is also available on some models.

The trip unit is "direct acting" since it does not require an
external power source to perform it’s-protection function. Power is
taken directly from the currents the trip unit is monitoring by way
of a set of current transformers (CTs).

Every effort was made to design and produce a reliable, accurate
and "user friendly" trip unit.

As part of the manufacturing quality control, each trip unit is
"burned in" under load for a nominal 7 day period at 150°F ambient.

The following options are available:

a) Ammeter display.

b) Ground fault protection for 3-phase, 3-wire or 4-wire
systems.

c) Communications.

d) 25H2 and 50Hz units.

Page 5
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The first two digits of the trip unit serial number contains
the model number designation as follows:

Model # Trip Ammeter Frequency | Communications
Functions | Option Option

00XXXXX LsI No 60H2 No
01XXXXX LSIG No 60Hz No
04XXXXX LSI Yes 60Hz No
O05XXXXX LSIG Yes 60Hz No
10XXXXX LSI No S0Hz No
11XXXXX LSIG No 50Hz No
14XXXXX LSI Yes S0Hz No
15XXXXX LSIG Yes 50Hz No
20XXXXX LSI No 25Hz No
21XXXXX LSIG No 25Hz No
24XXXXX LsI Yes 25Hz No
25XXXXX LSIG Yes 25Hz No
40XXXXX LsI No 60Hz Yes
4 1XXXXX LSIG No 60Hz Yes
44XXXXX LSI Yes 60Hz Yes
45XXXXX LSIG Yes 60Hz Yes
50XXXXX LsI No 50Hz Yes
51XXXXX LSIG No 50Hz Yes
54XXXXX LSI Yes 50Hz Yes )
55XXXXX LSIG Yes SOHz Yes

"YXXXX" contains the unique serial number as well as the date
of manufacture code.



Opti-Trip II RMS offers the following features:

a) True RMS current sensing.

b) Displays last trip data.

c) All settings are made directly in amps or in seconds.
d) An alarm relay is standard.

e) Security system.

f) Ease of coordination is provided with settings that are
made in extremely small increments.

g) Plug-in wiring harness to reduce installation time and
eliminate wiring errors.

h) 16 Character display.

i) Small package.

Opti~Trip II RM8 uses one of the latest Motorola micro-
controller chips available to perform the RMS calculations and
to implement the logic functions.

Each of the three phase currents and the ground current (if
applicable) is sampled at a 0.463 milli-second rate during the
sample period. For each sample period, the micro-controller
performs the RMS calculation by squaring the current samples,
summing the square values and then taking the square root of
the resultant sum. This value is then multiplied by the
current transformer tap rating to arrive at the current in
amps.

The RMS calculation is performed individually for each phase
and for the ground fault current (if applicable).

Page 7
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For those units equipped with the GF feature, a 60Hz (50Hz or
25Hz as applicable) band-pass filter is incorporated in the GF
circuit.

The band-pass filter is intended to reduce the possibility of
nuisance GF trips due to the presence of 3rd harmonic currents
(or multiples of the 3rd.harmonic). The 3rd harmonic currents
can indicate a GF when in reality none exists.

A 16 character dot matrix liquid crystal display (LCD) is the
interface between the trip unit and the user.

The dot matrix LCD is extremely versatile because it is
capable of displaying not only numbers but also letters and
symbols.

The LCD is used for the following purposes:

1) Entering the CT tap rating and making the pick-up and
time delay settings with prompts from the display.

2) Displaying on demand, the CT tap rating and the various
pick-up and delay settings.

3) Displaying on demand the reason for the last trip along
with the phase and ground (if applicable) currents at the
time of trip.

4) Displaying the breaker phase and ground currents
(if applicable) under normal operation. :

The LCD has a low level backlight that can be activated by
holding in the "TARGET RECALL" push button. This feature is
useful in low ambient light conditions.



H

After a breaker trip, the trip unit will save the trip data in
a non-volatile EEPROM memory. The last trip data is then
displayed for 30 seconds after the trip and it can be recalled

later. This data is written over with the data from the next
trip event.

The last trip data consists of the type of trip (ie., LT, ST,
I or GF as applicable) and the phase currents and ground
current (if applicable) at the time of trip.

See section.7.0,. "Target:Recall'. for further. information.

Page 9
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The CTs provided with the trip unit are specifically designed
to provide both the signal and power required by the trip
unit.

The trip unit is powered-up with less than 20% of the rated CT
tap current through a single CT. This is below the lowest
pick-up setting.

In order to provide the greatest range in pick-up settings,
the standard CTs are tapped.

Standard ratings are:

Breaker CT Full | CT Tap

Frame Rating Rating

8ize
225 225 175
600 600 300
800 800 400
1600 1600 800
2000 2000 1000
3000 3000 1500
4000 4000 2000

Non-standard CT ratings may also be provided by special
arrangement with the factory.
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The trip unit is designed to function with either the Joslyn
Model MR", manual reset actuator or the Joslyn Model "AR"Y,
automatic reset actuator.

The trip unit discharges an internal capacitor to trip the
actuator. This trip energy is 25V on a 1000uF capacitor which
provides a considerable margin above the maximum trip
requirements of either the "MR" or "AR" actuator.

A 7-cell, 110mAh, high temperature Nickel-Cadmium battery is
incorporated in the trip unit. The battery is under a 5mA
trickle charge whenever the trip unit is powered-up.

The battery is not involved in the protective functions of the
trip unit. The trip unit will provide protection even with the
battery removed. The battery is also not required to maintain
any of the memory devices in the trip unit.

The battery provides the following features:
1) Target Recall
2) Last Trip Data
3) Commissioning (without the use of the optional
auxiliary power pack)
4) Alarm Relay

The battery will slowly self discharge if the breaker is not
in service (ie., spare, N/O tie breaker, etc.) or if the
normal load on the breaker is less than 20% of the CT tap
rating. Under these conditions, it is recommended that the
trip unit should have an auxiliary power pack connected. The
auxiliary power pack will provide the trickle charge for the
battery.

Under normal operating conditions, the battery is expected to
operate properly for a minimum of seven years. Since the
ambient temperature has the greatest effect on battery life,
a high temperature rated battery is used to minimize this
effect. Battery failure is indicated when the battery fails to
hold a charge.
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The condition of the battery can be checked in the following
manner:

1) If the breaker was not in service or if the normal load
on the breaker was less than 20% of the CT tap rating,
connect the auxiliary power pack to the trip unit for a
24 hour period to charge the battery.

2) With the breaker not in service and the auxiliary power
pack disconnected (ie., the trip unit is not powered-up),
press the "TARGET RECALL" push button and.step through
all the settings with the "SETTINGS REVIEW" push button.

If the trip unit goes through the entire settings twice
in:a:row without: shutting: off (except:.after: the 1last
setting), then the battery:is in satisfactory condition.

If the unit shuts off in the middle of the settings then
the battery should be replaced.

Note: If the "SETTINGS REVIEW" push button is not
pressed for 30 seconds the trip unit will
automatically shut off.

After the Instantaneous pick-up setting, the
unit will automatically shut off.

The battery can easily be replaced by the user with the
battery replacement kit. As an alternate, the trip unit can be
returned to the factory authorized repair center for battery
replacenment.

Units with a serial number above XX35000 have a battery with
a connector that plugs onto the printed circuit board.

A neutral CT is only required if the trip unit is equipped
with the GF feature and the breaker is installed on a 4-wire
system.

The neutral CT is installed on the neutral conductor as shown
in Figure 15.1.

Polarity is very important. If either the neutral CT or any of
the phase CTs are reversed, a nuisance GF trip will occur.



3

All external connections are made using three, plug-in
terminal blocks as described below (also see Fig. 15.1 and
15.2 for the external wiring/connection diagrams).

The Breaker Wiring Harness has a 10-pole, polarized terminal
block that plugs into the right side of the trip unit. The
connections are as follows from top to bottom:

Terminal # Wire Color Use

10 Red Actuator "+%
9 Black Actuator "-%
8 Blue Phase "A" CT
7 White Phase "“A" CT
6 Yellow Phase "B" CT
5 White Phase "B" CT
4 Grey or Brown Phase "C" CT
3 White Phase "C" CT
2 Green Neutral CT

1 White Neutral CT

The actuator wires and each set of the CT wires in the Breaker
Wiring Harness are housed inside an individual PVC tube for
added physical protection and to simplify the wiring process.

The neutral CT wiring is part of the neutral CT installation
kit and is only required with ground fault on a 4-wire system.
The ground fault function on a 3-wire system does not require
a neutral CT.

The "CT ends" of the breaker wiring harness connect to the
#10-32 CT lugs using ring tongue terminals. The white wire
connects to the common 1lug. The wiring harness may be
shortened as required to suite the application.
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The 7-pole, Auxiliary Connection terminal block plugs into the
lower LEFT side of the trip unit (see Fig. 15.1 and 15.2). The
connections are as follows from top to bottom:

Terminal # Use
1 Key Switch
2 Key Switch
3 RS485 Port "-"
4 RS485 Port "+"
5 Alarm NC
6 Alarm Common
7 Alarm NO

The 3-pole, Auxiliary Power terminal block plugs into the
UPPER left side of the trip unit (see Fig. 15.1 and 15.2).
This terminal block is part of the auxiliary power pack. The
connections are as follows:

Terminal # Use
1 24VDC + (or 24VACQC)
2 24VDC - (or 24VAC)
3 No Connection




]

The trip unit contains a security feature that only allows
someone familiar with the operation of the trip unit to
commission the trip unit or make changes to the settings.

The "Security Key" is simply a short Jjumper wire that is
connected to terminals #1 and #2 of the Auxiliary Connection
terminal block (see Fig. 15.1).
To turn the security key "ON":

Place a jumper wire between terminal #1 and #2 of the
7-pole Auxiliary Connection terminal -block.

To turn the security key '"OFF":

Remove the jumper wire between terminal #1 and #2 of the
7-pole Auxiliary Connection terminal block.

As an option, terminal #1 and #2 of the 7-pole Auxiliary
Connection terminal block can be wired to a customer supplied
key operated switch.

When Opti-Trip II is first placed in service, it must be
commissioned. All the information required for the trip unit
to operate properly must be entered before the trip unit will
function.

After the Opti-Trip II RM8 system is installed on the breaker,
the trip unit must be commissioned as follows:
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a)

b)

The trip unit can be powered-up in the following two ways.

Internal Battery

Press "TARGET RECALL" to power-up the trip unit using the
internal battery.

When on the battery, the trip unit will shut off if none
of the 4 cluster push buttons are pressed for 30 seconds.
It is, therefore, best to have all the desired setting
readily - available. before..commissioning the unit when
using the battery.

If the unit shuts down during the commissioning process,
the process must be started again from the beginning.

If the battery charge is low, it is best to use the
auxiliary power pack as described below.

Power Pack

Plug the auxiliary power pack into a 120V AC outlet.
Plug the cable into the upper end of the left side
terminal block. (See the external wiring diagram Fig.
15.1)

Using the power pack, the unit will stay energized as
long as necessary to complete the commissioning process.

When the trip unit is energized, the following will alternate
on the display:

Where "XXXXXXX" represents the model code and the unigque
serial number for the trip unit. See section 1.2.

Press the "SETTING REVIEW" push button to continue.



The following will be displayed:

Close the security key. See section 4.0.

After the security key is closed, the following will be
displayed:

Where "XXXX" represents the CT tap rating in amps. The CT

tap rating can range from 100 amp to 4000 amp in 5 amp
steps.

Press and hold the Y"INCREASE" or "DECREASE" push button as
required until the correct CT tap rating is displayed.

Press the "ENTER" push button to continue.
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The following will be displayed:

Where "XXXX" represents the LT Pick-Up setting in amps.

The LT Pick-Up setting ranges from 40% to 100% of the CT tap
rating -in.-steps.of 5.amp.-This provides 193 LT Pick-Up
settings for a 1600 amp CT tap rating. :

Press and hold the "INCREASE" or "DECREASE" push button as
required until the correct LT Pick-Up setting is displayed.

Press the "ENTER" push button to continue.

The following will be displayed:

Where "XX.X" represents the LT Delay band. The LT Delay band
is labelled by the number of seconds to trip at 6 times the
LT Pick-Up setting.

The LT Delay setting ranges from 2.5 to 30 seconds in steps
of 0.5 seconds. This provides 56 LT Delay bands.

Press and hold the "INCREASE" or "DECREASE" push button as
required until the correct LT Delay setting is displayed.

Press the "ENTER" push button to continue.



The following will be displayed:

If the ST function is not desired, press the "ENTER" push
button and go to Step 5.9.

If the ST . function is . desired, press.the "INCREASE" push
button and the following will be displayed: ‘

Where "XXXX" represents the ST Pick-Up in amps.

The ST Pick-Up setting ranges from 150% to 1200% of the LT
Pick-Up setting in 100 amp steps. This provides 169 ST Pick-
Up settings for a 1600 amp CT tap rating.

Press and hold the "INCREASE" or “DECREASE" push button as
required until the correct ST Pick-Up setting is displayed.

Press the "ENTER" push button to continue.

If the ST function was not turned off in section 5.6, then
the following will be displayed:

Where " .XX" represents the ST Delay.

The ST Delay settings are .07, .10, .15, .20 and .35
seconds.

Press and hold the "INCREASE" or "DECREASE" push button as
required until the correct ST Delay setting is displayed.

Press the "ENTER" push button to continue.
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If the ST function is not off, then the following will be
displayed:

If the I2T ramp is not desired, press the "ENTER" push
button to move to the next setting.

If the -ST-I2T ramp is desired, press the "INCREASE" push
button. The following will be displayed:

Pushing the "DECREASE" push button will turn the ST I2T ramp
off again.

Press the "ENTER" push button to continue.



The following will be displayed:

Where "XXXXX" represents the I Pick-Up in amps.

The I Pick-Up setting ranges from 150% to 1200% of the LT
Pick-Up setting in steps of 100 amps. This provides 169 I
Pick-Up settings for a 1600 amp CT tap rating.

Press and hold-the-"INCREASE" or "DECREASE"' push button as
required until the correct I Pick-Up setting is displayed.

If the I function is not desired and the ST function is not
off, press the "DECREASE" push button until the following is
displayed:

Press the "ENTER" push button to continue.

If the trip unit does not have the GF function jump to step
5.13.
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If the trip unit has the ground fault function, the
following will be displayed:

If the GF function is not desired, press the "ENTER" push
button and go to Step 5.13.

If the GF.-function.is desired, .press the "INCREASE" push
button and the following .will be displayed:

Where "XXXX" represents the GF Pick-Up setting in amps.

The GF Pick-Up setting ranges from 20% to 60% of the CT tap
rating in steps of 10 amps. This provides 65 GF Pick-Up
settings for a 1600 amp CT tap rating.

Press and hold the "INCREASE" or "DECREASE" push button as
required until the correct GF Pick-Up setting is displayed.

Press the "ENTER" push button to continue.



)

If the GF function is not off, then the following will be
displayed:

Where ".XX" represents the GF Delay.

The GF Delay settings-are .10, .15, .20, .30 and .40
seconds.

Press and hold the "INCREASE" or "DECREASE" push button as
required until the correct GF Delay setting is displayed.

Press the "ENTER" push button to continue.

If the GF function is not off, then the following will be
displayed:

If the I2T ramp is not desired, press the "ENTER" push
button to move to the next step.

If the GF I2T ramp is desired, press the "INCREASE" push
button. The following will be displayed: . ,

Pushing the "DECREASE" push button will turn the GF I2T ramp
off again.

Press the "ENTER" push button to continue.
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The following will be displayed:

If it is desired to review the setting, push the "REVIEW"
push button. Make any changes necessary using the "INCREASE"
or "DECREASE" push buttons. As before, use the "ENTER" push
button to move to each new setting.

If the settings are as desired, push the "ENTERY push button
and the settings will be saved in the non-volatile EEPROM
memory.

The following will be displayed:

Remove the "key". See section 4.0.

If the commissioning process was performed using the
internal battery, the following will be displayed:

After about 30 seconds the unit will turn itself off.

If the commissioning process was performed using the power
pack, the following will be displayed:

Unplug the power pack from both the 120V outlet and from the
trip unit.

The commissioning process is complete.



After the trip unit is commissioned, settings can easily be
changed in the following manner.

Close the security key. See section 4.0.

Power up the trip unit by pressing "TARGET RECALLY or by
using the auxiliary power pack as described in Section 5.0,
Commissioning.

Press the "SETTINGS REVIEW" push button.

Make any changes necessary using the "INCREASEY" or
"DECREASE" push buttons. Use the "ENTER" push button to move
to each new setting.

After going through all the settings, the following will be
displayed.

If it is desired to review the setting, push the "REVIEW"
push button. Make any changes necessary using the "INCREASE"
or "DECREASE" push buttons. As before, use the "ENTER" push
button to move to each new setting.

If the settings are as desired, push the "ENTER" push button
and the settings will be saved in the non-volatile EEPROM
menory.

If power is lost by the trip unit during this process, the
old settings will be retained.
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The following will be displayed:

Remove the "key". See section 4.0.

The Settings have been changed.

Oopti-Trip II RM8 has an especially useful "target recall"
system.

After a breaker trip, the trip unit will display the type of
trip such as LT, ST, I or GF (if applicable) and then the
phase currents and ground current (if applicable) at the
time of trip followed by the present settings. This
information is saved in the non-volatile EEPROM memory and
is available immediately after a trip or even many years
thereafter.

The target recall feature can be used with the trip unit
energized or de-energized as follows:

a) With the trip unit de-energized.
When the breaker is open or there is insufficient
current through the breaker to power-up the trip unit,
press the "TARGET RECALL" push button.

The following will be displayed if there was no last
trip.




If there was a last trip, the following will be
displayed.

1
or

Where "XXXXX" is the respective instantaneous RMS value
of the phase currents at the time of trip and "XXXX" is

the value of ground current at the time of trip (if
applicable).
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Press the "SETTINGS REVIEW" push button and the present
settings will be displayed in the following sequence by
pressing the "SETTINGS REVIEW" push button.

b)

When pushing "SETTING REVIEW" after the last setting,
the trip unit will turn itself off. If the "SETTINGS
REVIEW" push button is not pressed for about 60
seconds, the trip unit will turn itself off.

With the trip unit energized.

When the breaker is in service and there is sufficient
current to power-up the trip unit (no overload
conditions in progress), push the "SETTINGS REVIEW"
push button. The trip unit will display the last trip
data and the present settings as outlined above.



1

Breaker Current Less than 20% of CT Tap Rating:

If the breaker current is less than 20% of the CT tap
rating, the display will be blank.

Breaker Current Greater than 20% of CT Tap Rating:
If the breaker current is greater than 20% of the CT tap
rating but less than the LT pick-up value or GF pick-up
value (if applicable), .the following will be seen on the
display.

Without ammeter option:

The display will show "NO OVERLOAD"

With ammeter option:

The display will alternately show the phase currents.

Any phase current lass than 10% of the CT tap rating
will not be displayed.

The trip unit is equipped with an alarm relay as a standard
feature.

The alarm relay is a latching relay with a form "C" contact.
The alarm relay is latched close on a trip.

The relay is latched open the next time the trip unit is
energized.  That is, .when the "TARGET RECALL"" push button is
pressed or the breaker is closed again and is carrying
current greater than 20% CT tap rating.

See Section 12.0 for the alarm relay contact ratings.
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A "primary injection" test is recommended as the initial
test of the Opti-Trip II RMS retrofit.

Before proceeding with the normal primary injection tests,
the trip unit must be commissioned to make it functional.
See section=:5.0:for:the:commissioning procedure. It is best
to use the final pick-up-and time delay settings-if they are
known. If not, use typical settings for the primary
injection test.

If the auxiliary power pack was used for commissioning,
remember to unplug it for the primary injection test.

If the trip unit is equipped with the ground fault function,
it will be necessary to defeat ground fault trip to test the
remainder of the functions. There are two ways to defeat
ground fault trip as outlined below:

1) Turn GF to off as described in section 6.0, "Changing
Settings". Remember to turn GF back on again after the
test.

2) Defeat GF trip one time only by:

a) The trip unit should not be powered-up..

b) Close the security key. See section 4.0.

c) Push and hold both the "ENTER" and "SETTINGS
REVIEW" push buttons.

d) Push the "TARGET RECALL" push button. The
following will be displayed:




e) Remove the security key. The following will be
displayed:

f) The unit will remain on battery power for 30
seconds after the "TARGET RECALL" push button was
pressed. The test must be started during this
time.

g) The GF function will be on the next time the trip
unit is energized.

Before preceding with the normal primary injection test,
check the power-up and CT ratio for each phase as follows:

Power-Up:

Temporarily defeat the ground fault function (if so
equipped) and inject a current equivalent to 20% of the CT
rating. The trip unit should be functioning at this value of
current.

CT Ratio:

If equipped with the "ammeter" option, inject a current
equivalent to the CT rating and verify that the current
displayed on the LCD corresponds with the injected current.

If not equipped with the "ammeter" option, inject a current
equivalent to 90% of the LT pick-up setting. The trip unit
should display "NO OVERLOAD". Next increase the current to
110% of the LT pick-up setting. After a short period of
time, the trip unit should display "OVERLOAD".

CT Connections:

Since the trip unit will display the currents by phase, it
is important to verify that each of the wires in the Breaker
Wiring harness was connected to the proper CT.

This can be easily verified if the trip unit is equipped
with the ammeter option.

If not equipped with the ammeter option, verify the proper

CT connections using the target recall feature during the
normal primary injection tests.
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Proceed with the normal primary injection tést to verify the
pick-up and time delay of the various trip functions. The
pick-up and time values should be within the tolerance band
of the Opti-Trip II RM8 time-current curves.

After completing the primary injection test, it is important
to erase the last trip data from the memory of the trip
unit.

It may also be necessary to erase the settings entered
during the commissioning setup required for the test.

To erase the memory in the trip unit after completing the
primary injection tests, perform the following:

1) The trip unit should not be powered-up.
2) Close the security key. See section 4.0.

3) Push and hold both the "INCREASE" and "DECREASE"
push buttons.

4) Push the "TARGET RECALL" push button. The
following will be displayed:

5) If the settings made during the commissioning
procedure are to be erased, press the "INCREASE"
push button. If the settings are not to be erased,
push the "DECREASE" push button.

6) The following will be displayed:

7) If the last trip data is to be erased, press the
"INCREASE" push button. If the data is not to be
erased, push the "DECREASE" push button.



8) The following will be displayed:

9) Remove the security key.

Please consult the instruction manual for the JOSCOMMTM
communication system.

Ambient Temperature:
-4°F (-20°C) to 150°F (65°C)

Humidity:
95% non-condensing

Conformal Coating:
Silicone, fungus resistant

Current Transformers:
Specially designed with 0.5 amp rated secondary

Enclosure:
Extruded aluminum housing
6.6" X 4.15" X 1.8" nominal overall dimensions

Alarm Contacts:

5A, 1/6HP @ 125,250V AC
1A, 30V DC

0.24A, 125V DC
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A conditional 2-year warranty is offered for the
Opti-Trip II trip unit.

Full details of the warranty are provided in
Joslyn Hi-Voltage Corporation warranty # G.705-008.

The Time=Current curves.are shown in Figure 15.3.

The curves are shown on a 4 X 5 log-log graph with seconds
in the vertical direction and normalized current in the
horizontal direction.

The phase currents are shown as multiples of the LT pick-up

setting. The ground currents are shown as a percentage of
the CT tap rating.

Tolerance for the bands are * 10% in the current direction
and + 23% in the time direction.

The curves for the following time bands:
LT
ST Iz2T
GF I2T
are based on the following equation:
I2T = Constant
Where: I is current in amps

T is time to trip in seconds (center of the
band)



For phase overload currents, the above equation can be
restated as follows:

T = TBC,p / X2

Where: T is time to trip in seconds (center of the band)
X is current in multiples of the LT pick-up
setting

TBC;r is the LT Time Band Constant = 36 X LT time
band setting

EXAMPLE #1:
CT Rating 1600A
LT pick-up 1200A

LT time band 208
Test Current 3600A

TBCyp = 36 X LT Time Band Setting = 36 X 20 = 720
and X = 3600A/1200A = 3
therefore:

trip time =T = TBC;p / X2 or 720/32 = 720/9 = 80
seconds
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With I2T off or for currents greater than 10 X LT Pick-Up
Setting, the ST trip time ie a constant equal to the ST Time
Band setting.

With I2T on and for currents less than 10 X LT Pick-Up
Setting, the ST trip time is determined by the following
equation:

T = TBCgp / X?
Where: 7 is time to trip in seconds (center of the band)

X is current in multiples of the LT pick-up
TBCgp is the ST ‘Time Band Constant

EXAMPLE #2:

CT Rating 1600A
LT pick-up 1200A
ST pick-up 6000A

ST time band .20S I2T ON
Test Current 7200A

TBCgp = 20
X = 7200A/1200A = 6

therefore:
trip time = T = TBCgrp |/ X2 or 20/62 = 20/36 = .556
seconds




With I°T off or for currents greater than the CT tap rating,
the GF trip time is a constant equal to the GF Time Band
setting.

With I%T on and for currents less than the CT tap rating,
the GF trip time is determined by the following equation:

T = TBCgp / Xgr?
Where: T is time to trip in seconds (center of the band)

Xer is current/ CT tap rating
TBCgr is the GF Time Band Constant

EXAMPLE #3:
CT Rating 1600A
LT pick-up 1200A
GF pick-up 480A
GF time band .20S I2T ON
Current 640A
TBCgp = .20
Xgp = 640A/1600A = .40
therefore:
trip time = T = TBCgr / X2 or .20/(.40)2 = .20/.16 =

1.25 seconds
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Model #

Breaker Type

General Electric

1908  AE-1-25/ AE-1-B

1915  AE-1-25/ AE-1-B

1904  AK-1-25

1900  AK-2/2A-25

1906  AK-3A-25

1901 AK-1/2/2A-50

1913 AK-3A-50

1902  AK-1/2/2A-75

1920  AK-3A-75

1921 AK-1/2/2A-100

1922 AK-3A-100

1916  AKR-4A-30

1918  AKR-6D-50

1919  AKR-75

1914  AL-2-50 (600A)

1907  AL-2-50 (1200)

1923 AL-2-50 (1600)

1909  AK-1-15

1924  AK-2/2A-15
AK-4A-100

1925  AKT-1/2/2A-50

Westinghouse

2905  DA-50

2906  DA-75

2904 DB-15

2901 DB-25

2910  DBL-25

2900  DB-50

2902  DB-75

2911  DB-100

2912  DK-15

2903  DK-25

2908  DS-206

2907  DS-416

2909  DA-100

Allis-Chalmers

3900
3908
3907
3901
3902
3903
3906
3909
3904
3905

3910
5/26/94

G-25
G-50/G-50A
LA-25

LA-25A
LA-50/LA-50A
LA-75A
LA-600
LA-800
LA-1600
LA-3000

LA-4000

Opti-Trip I RMS

List of available retrofit kits

Shunts

% ¥ *

* ¥ ¥ * 1

1of3

Operation ] Application Notes

M
M
M.E
M
ME
ME
M,E
E

mz zmzxiffzz

Uses existing actuator
Uses existing actuator
Uses existing actuator

No AR Design yet
AR not advisable

Uses existing actuator
Uses existing actuator
AR not advisable

No MR design yet

No AR required

No AR required

No AR required

No AR required

Horizontal mount actuator
No AR required

PRICE3.XLS



3911 LA-3200
Federal Pacific
4904 FP-25 (600A)
4906 FP-25 (800A)
4901  FP-50 (Rear CT's)
4905 FPS-50
4903 FP-75
4907 DMB-15
4900 DMB-25
4902 DMB-50
4909 FPE-100-H2
4910 FP-50 (Front CT's)
4911 FPE -50H-3
4912 FPE -75H-3
4913 FPE -100H-3
Sylvania
5900 SSPB-600
5901 SSPB-800
5902 SSPB-1600
5903 SSPB-3000
ITE
6907 K-225
6904 K-600
6900 K-1600 (Red)
6910 K-1600 (Black)
6902 K-3000 (Red)
6915 K-4000 (Red)
6916 K-600-S
6913 K-800-S
6918 K-1600-S
6919 K-1600-S
6912 K-2000-S
6914 K-3000-S
6911 KA
6901 KB (600A/Slate Back)
- 6909 KB (600A/Steel Back)
6903 KC (600A)
6908 KC (1600A/Steel Back)
5905 KC (1600A/Steel Back)
6906 KDA-3000 (Black)
K-2000
6917 LG-3000

ME
ME
ME
ME

M,E
ME
M,E
ME

2=

M

No AR required

Rear mounted CT's

Front mounted CT's

Uses existing actuator
Uses existing actuator
Uses existing actuator
Includes new actuator

Uses existing actuator

The base price of an Opti-Trip II RMS kit includes the Model LSI trip unit, Model MR (manual reset
actuator), wiring harness, mounting hardware, and CT's (not including a neutral CT). Certain kits
also contain copper detailing as indicated by an asterisk (*).

5/26/94
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