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INTRODUCTION

Vacuum Limitamp® Control is a high-
interrupting capacity, high-voltage con-
trol used throughout industry to control
and protect squirrel-cage, wound-rotor
and synchronous motors. It can also be
used to feed transformers and other
power-utilization circuits.

Typical applications are in paper,
steel, cement, rubber, mining,
petroleum, chemical and utility-type in-
dustries. Limitamp control is also used in
water and sewage plants and public
buildings for air conditioning, pumps
and compressors.

Vacuum Limitamp Control is designed
to meet NEMA ICS-2-324 and U/L 347 re-
quirements. 1t employs fast-acting
current-limiting power fuses, a sta-
tionary mounted vacuum contactor rated
200, 400 or BOO amperes enclosed,
NEMA 1, vented, one-high enclosure,
and ambient-compensated overload
relays for complete control and protec-
tion of motors used on modern power-
utilization systems with high available
short-circuit currents.

The interrupting ratings of the con-
trollers vary with the value of the utiliza-
tion voltage. The following table depicts
typical NEMA E1 (unfused) interrupting
ratings for Class E1 controllers.

TABLE !

Interrupting Rating (mVA)

Contactor Type
and Rating 2400 3600 5000 7200
Volts Volts Volts Volts

CR193A 200 Amperes 25 37
CR193B 400 Amperes 29 43 50 75
CR193C 800 Amperes 37 50 75

NEMA Class E2 Limitamp control ingor-
porates the high-interrupting capacit
tast-acting fuses. These current-limjti
fuses protect both the connected
ment and control against the high
circuit current available from >
power systems. (See TABLE 2, g 4

In addition to norm
relays, NEMA Class
must include insta
relays to signal the open on
fault current. NEMA Limitamp
control may be employed on systems
having available short-circuit currents
up to the interruptingyrating of the con-
troller.

Relayi ering, ground-fault pro-
tection,_a htning arresters are
typicdho ble modifications.

Vacdum Limitamp controllers are
arily designed for the requirements
motor controllers applied to

distribution systems rated 2400, 4160 or

4800 volts. 7200-volt starters are
available in limited applications.
Limitamp  motor  controllers are

available in the following types: full
voltage or reduced voltage (reactor and
auto-transformer); non-reversing or
reversing; dynamic braking; and multi-
speed.

Because of its flexibility, other uses
for Limitamp equipment have become
common. Some of these uses are:

® Limitamp lineup consisting of a fused
isolating switch ahead of four NEMA
Class E2 Limitamp controllers, the first
three being used as motor controllers
and the last as a transformer feeder.

— e —

Limitamp lineup similar a

units in the preceed&'

The transformer, 440, otor con-
trollers, and lightin ans er are
included in an i roggd Limitamp
design.

-
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Limitamp lineup consisting of a rever-
sing isolating switch ahead of a NEMA
Class E2 Limitamp motor controller.

¢

® Limitamp lineup consisting of two
NEMA Class El Limitamp motor con-
trollers, each having interrupting
ratings per TABLE 1.

Possible applications of Limifa
equipment are not limited to theSigfor-
mation in this publication. Al
involving the application
control should be ref
General Electric Compang!.

FEATURES

® Easily Removable 6niuctor - The
contactor easily removed by

loosggin el easily accessible
bolts. t ss to the coil and tip
we di ents will substantially
redbc need to remove the con-
o%rmul circumstances. The
e of  stab-in contacts

|

t

eli tes possibilities for hot spots
misalignments, increasing

reffability and also  improving

sistance measurement capabilities
of the motor circuits. The controller
must be fully de-energized before
making measurements.

® 200, 400 or 800 Ampere Contactor -
Vacuum Limitamp Control meets the
varying needs of industry including
today’s higher horsepower re-
quirements.

® Choice of 1- or 2-high Configurations -
Vacuum  Limitamp  Control is
available in 1- or 2-high enclosures to
meet the space requirements for
various applications.

® NEMA Rated - Vacuum Limitamp Con-
trol is fully rated and designed to
meet the requirements of NEMA ICS-
2-324, Class E2 controllers.

® U/L Rated - Vacuum Limitamp Control
is fully rated and designed to meet
the requirements of U/L Specifica-
tions 347.

® Self-contained Power Bus - Vertical
power bus is a standard feature of
Vacuum Limitamp Control. Horizontal
power bus is available within the
standard 90-inch height and lines up
with that of previous Limitamp
designs. The power bus ratings have
been increased to  1200/2400
amperes to allow additional capacity
for extended line-ups and larger
starter requirements.

¢ Installation Ease - Straight cable runs
from the top and bottom, easily ac-
cessible terminals and small overall
size, make installation fast and easy.

® Fast, Easy Maintenance - Every com-
ponent is accessible and removable
from the front for simple inspection
and maintenance. The contactor is
conveniently located and does not
need to be removed to replace the
operating coil or for vacuum bottle
wear checks.



FEATURES (Cont'd)

® Proven Reliability - Vacuum Limitamp®
Control utilizes the latest vacuum inter-
rupter technology for long, reliable ser-
vice.

¢ Simplified Construction — The operating
mechanisms inside Vacuum Limitamp
Control have been simplified for further
improvements in reliability and ease of
maintenance.

® Cooler Operation — The reduced power
losses of vacuum interrupters coupled
with other design improvements provide
a controller that is cooler operating
which further enhances service life.

¢ Quick-make Quick-break Disconnect -
Disconnection of the starter from the
main bus is accomplished by a quick-
make quick-break disconnect switch.
This switch adds an additional im-
provement to overall control integrity
by eliminating the need to rack out
the contactor to isolate the load from
the power bus. The switch is equipped
with a viewing window for visual
assurance that the disconnect contacts
are open, and a full barrier for per-
sonnel safety.

¢ Dependable Performance - Vacuum
Limitamp Control is coordinated to
provide the required motor protection
functions and offer reliable over-
current protection against the damag-
ing effects of overloads and short cir-
cuits.

RATINGS

Limitamp 200, 400 and 800 control is
designed for operation on the following
power systems.

TABLE 2

Approximate Maximum Motor Hp @

BASIC CONSTRUCTION
General

Limitamp starters may be stacked two
high where horsepower rating and need
for metering and relaying is limited to
allow stacking. (See TABLE 3 for
horsepower and ampere limitations in
two-high construction.) Nonstack design
(one-high) is used for synchronous-
motor starters, wound-rotor starters,
and squirrel-cage induction starters,
which have associated with the starter a
considerable number of extra control
functions, protective relays, and/or
metering. All enclosures have the same
bus location and may be connected

together by bus splicing plates.

TABLE 3. Approximate Horsepower

Limitations in Multi-high Construction

(Two controllers)

2400 Volts 4200-4800 Volts
Induction IAmperes |Horsepower [Amperes |[Horsepowe,
(Per (Per (Per (Per
Starter) Starter) Starter) Starte
Two High (Two controller
Vented 360 1400
Non-vented] 250 1000

NOTE: 200-ampere contac

derating

in two-high

Limitamp 200 and is
available in either o -high con-
struction.

Limitamp pnt available in
one-high ion only

One-hig

LIMITA 0
The ©n
tol ure) for Limitamp 200 and

packaging (one

contac-

g power bus.) It is constructed

r e
40Q@ has¥basic dimensions of 90 inches
‘Kﬁé ches wide and 30 inches deep
lu

se a single vacuum contactor in

to
% high-voltage compartment
loor level. The entire upper compart-

located

runs may enter from top or bo

without modification. Top or bottofg en-
trance in the enclosure need
specified.

The Limitamp 200 and gh
design will accommodat e fgllowing

combination of componen

1. Two potential transformers used for
induction motor starters.

2. Up to 0 kVA extra cop&i?y CPT.

3. Up to apprgki ly 10 control relays
for inducti otdr starters.
4. Two Size out relay cases.

correction capacitors can

be sup and will normally be
moul auxiliary enclosure.
4_ihch-wide one-high enclosure is
ilable as an option on the Limitamp
400Where more cable room or multiple

ble connections are required.

IMITAMP 800

The one-high enclosure for Limitamp
800 has basic dimensions of 90 inches
high, 30 inches deep and 40 inches wide.
This 40-inch enclosure has sufficient
space to permit termination of two (2)
750 MCM cables per phase with stress
cones for power and motor leads. Pro-
tected raceways isolate the motor and
power leads from one another. Cable
runs may enter from the top or bottom
and are straight runs.

Two-high Construction
LIMITAMP 200 and 400

Two-high packaging accommodates
two contactors in the enclosure.

The two-high enclosure has basic
dimensions of 90 inches wide, 30 inches
deep, and 40 inches wide. It is con-
structed in vertical sections of two space
units each. Two FVNR induction starters

System Induction. Synchro- | Interru ent is available for low-voltage equip- may be housed in a vertical section.
Distributi ound- ati H i
'\szgllmug::" rotor, (10 PF) mV Al ment and includes a swing-out panel for . .
S_y:;:sro SymetrT ease of component mounting and ac- Cable sizes Whl.Ch may be accom-
(0.8PF) Jor g cessibility modated in a two-high design are reduc-
LIMITAMP 200 ed slightly from that which may be con-
This enclosure will accommodate nected in the one-high design . (Refer to
2400 800® cable sizes as shown in TABLE 4. Cable TABLE 4 for cable size limitations.)
3600 12000
LIMITAMP 400 TABLE 4: Cable Size Limits (Approx) in Vacuum Limitamp Control
2400 1600 @ . With Shielded Cable With Shielded Cable and
3600 2400 @ Limitamp With Non-shielded Cable and Hand-wrapped Non-cone Stress
4200 2800 @ Construction Prefabricated Stress Cones Relief
4800 3200 @
7200 4800@ 6@ @ 600 Per Phase Per Phase Per Phase
LIMITAMP 800 Incoming Load Incoming Load Incoming Load
2400 40009 200 200 & 400 Ampere 1-250 MCM
4200 7000 ® 350 One-high 1-500 MCM
4800 8000 @ 400 26-inchwide Case | 1-500 MCM [1-500 MCM | 1-500 MCM 1-500 MCM 1-500 MCM possible
. i i -500 MCM  [2-500 MCM -500 MCM . - 2-500 MCM
200 ‘Gmperes RMS maximum, 34-inch wide Case® | 2-500 MC 500 MC 2-500 MC 2-500 MCM 2-500 MCM
EMA 1, vented one-high 200 & 400 Ampere 1-250 MCM 1-#3/0
0 amperes RMS maximum, Two-high 2-500 MCM (1-500 MCM 1-500 MCM 1-500 MCM 1-500 MCM 1-250 MCM
NEMA |, vented one-high 40-inch-wide Case possible possible
800 amperes RMS maximum, 800-Ampere
osed, NEMA 1, vented one-high One-high 2750 MCM [2-750 MCM | 2-750 MCM 2-750 MCM 2.750 MCM 2750 MCM
on-vented enclosures apply a factor 40-inch-wide Case

f 0.8 to the maximum horsepower

® canbe supplied as an option on 400-ampere Vacuum Limitamp Contro! when more cable space is required.



The enclosure is designed to safely
permit termination of one set of motor
leads while the other controller is
energized. The two sets of motor leads
are isolated from one another. Power
lead raceway is also isolated. All sets of
leads may be brought into the starter
from the top or the bottom.

Control relay space is available in a
separate compartment with its own door
and barriers. Approximately three extra
control relays in addition to a ground-
fault relay and TDUV (auto restart) can
be mounted in the low-voltage compart-
ment. One ammeter and switch, four
pushbuttons, and four lights can be
mounted on the low-voltage door. If no
extra control relays are used, a special-
mounting watthour meter can be
mounted on the door.

NOTE: Two-high construction requires
horizontal power bus.

FUTURE STARTERS

Future squirrel-cage full-voltage non-
reversing starters can be installed in
two-high  construction only when
factory-prepared space has been pur-
chased with the original vacuum
Limitamp® equipment.

The purchase of factory-prepared
space provides a space unit equipped
with vertical power bus, complete in-
terlocking and isolating mechanisms,
operating handle and high-voltage door.
Does not include electrical components.

A future starter, purchased as a
package, is obtained by the subsequent
field installation of a vacuum contactor,
power fuses, control power transformer,
CPT fuses and fuse supports, current

CHOICE OF MOUNTING

You may select eithefgba -b@ck
(60 inches deep) or
inches deep) mou
arrange control i
floor space
requirements.

Back-to-back mounting

Back-to-wall mounting

VACUUM CONTACTORS

The vacuum contactors supplied with
vacuum Limitamp control are of the
magnetically held type. They are fully
rated at 200, 400 or 800 amperes in ac-
cordance with NEMA and U/L standards.
The contactors have the same basic
design but differ in size, weight and
method of termination. The vacuum in-
terrupters are also different among the
various models and are not inter-
changeable due to their different
rent ratings.

In one-high Vacuum Limitam
the contactor is mounted on
base near the bottom igh-
voltage compartment at flo he

contactor may be eas e d for
service, however, nornfal enance
such as vacuum interrter wear checks
and replacement g erating coil
can be done with oving the con-
tactor. The Al the contactor
needs to is to replace a

er at the end of its ser-
vice li r djust the vacuum inter-
rupters 6-inch wear on inter-

rupter,
Twe- acuum Limitamp Control
usesyth - and 400-ampere contactors

ly. §he contactor is mounted in a
ilargmanner to the one-high design
the upper contactor is not

vacuum i

s
R

monted at floor level.
transformers, and low-voltage pa &

and devices. K

Fig. 1. 400-ampere vacuum contactor

The standard contactors for industrial
motor starters are closed by a single
magnet and are held closed by the same
magnet. This contributes to simplicity of
mechancial design and increases the

mechanical life of the
Mechanical latch  contact

Standard contactors

mechanical repair befdfe 1 5 million
operations, and this lo edianical life
is largely due to mecha | simplicity
and sturdiness.

Low-voltage on @the  contactor

operating ¢ f an electrically held con-
tactorawill e contactor to open.
For applications it is

desirable isconnect the motor from
the hberPthe system voltage is lost
or | appreciably, therefore, the

tri held contractor is ap-
pro te

operating coil of the contactor is

ed 120 volts dc only. No other coil

voltage is available and no other rating

should be required. See page 10 con-

cerning the Contactor Control Module
(CCM).

For all NEMA Class E1 controllers, the
contactor must be capable of interrup-
ting the available short-circuit current.
On these applications, instantaneous
overcurrent relays must be used to inter-
rupt the contactor coil circuit.

Latched Contactors

There are some applications where it
is not desirable to disconnect the motor
from the line during voltage depression.

These applications are generally
those associated with a critical drive;
where the continued rotation of the
drive may be more important than possi-
ble damage to the motor from low
voltage.

The mechanical latch maintains con-
tactor closure under the most severe
under-voltage conditions including com-
plete loss of voltage. Latched contactors
may be specified if required by the ap-
plication. The close and trip coils are
rated 120 volts dc. Manual trips are also
available.

The Limitamp latched contactors are
identical to the unlatched versions
except a small latch attachment is
mounted to the top front of the
contactor. This adds to the depth of the
contactor slightly.

Latched  contactors are inter-
changeable mechanically with the
standard nonlatched forms. A latched
contactor may be replaced in the
Limitamp controller with a nonlatched
contactor, or a nonlatched contactor
may replace a latched contactor.
However, in each case it is necessary to
change the wiring in the control circuit
to the contactor coil or coils.



FUSES

General

To protect the motor branch circuit
against the damaging effects of short
circuits, current-limiting power fuses are
used in Limitamp control. They interrupt
all overcurrents of magnitude greater
than intended for contactor interruption.
On full fault, these fuses start limiting
current within the first Y4 cycle and in-
terrupt within the first V2 cycle. Because
they are fast acting, these fuses are
easily coordinated with system protec-
tive relaying to give selectivity in short-
circuit protection.

For time-current coordination pur-
poses, refer to GES-5000.

Standard fuses supplied with Vacuum
Limitamp® Control are bolt-in type.
Clip-in fuses may be supplied in applica-
tions where motor full-load current plus
service factor does not exceed 320
amperes, but they must be specified by
the customer. The blown fuse indicator
and the anti-single-phase trip bar is
standard with bolt-in fuses only.

Motor-starting fuses used in Limitamp
control are current-limiting as indicated
in Fig. 2. They melt before the current in
the first major loop can reach its peak
value when subjected to melting cur-
rents within the current-limiting range.
Consequently, the total “let-through”
energy involved is low because the fuses
operate with such great speed. The con-
tactor, current transformers, and
overload relays of a Limitamp controller
are coordinated with the fuses to give
full protection to the system.

NN

A
o

—t !
[ [\ T reak of 36,000 am-
\ PERES WITHOUT FUSE
|
T
| |
L4
: 1 '
' 1 |
] v T T T T 0
1 | 9R FUSE LIMITS
T T PEAK CURRENT TO
1 | 21,000 AMPER 2
T " THROUGH. A
L| THE PeAk ClRR

Current-limiting action of typical fuse.

A design feature of motor-starting
fuses inherently limits recovery voltage
to safe values. The insulation in the con-
trol is thus safe-guarded.

Controller fuses must have sufficient
capacity to carry starting and full-load
currents on the one hand, and yet must
interrupt fault currents at a desirable
low value on the other. They are
therefore made in a number of ratings
or sizes so that maximum protection can
be obtained over a range of motor
horsepowers.

For a given set of motor char-
acteristics, it is usually possible to use
one of several fuses. The smallest fuses
will normally be furnished. If the load is
a fluctuating one, however, involving
swings of current above full-load, the
fact should be noted in specifying a con-
troller so that a fuse one size larger than
minimum will be furnished.

Transient conditions do not general
affect motor-starting fuses sin€@yth
sand in the fuse conducts heat

rapidly. If transient currents
within 25 percent of the
melting curve on a time i
will not occur. For exa
melting curve for a gi
shows melting in 10 sec

amperes, transient f 1000
amperes would be epeatedly
up to 7.5 seco at

Motor-sta ses can be applied on
25-Hertz e ut with lower inter-
rupting cap n for 50- and 60-
Hertz sy

o jfe-up of controllers it may be
eSiggble to use fuses larger than

inimm size to reduce the variety of
spages required. Such standardization
st be specified however.

Blown-fuse Indication (Anti-single-phase
Trip Bar)

Bolt-on fuses contain button indicators
to show a blown fuse. This button in-
dicator is coupled with a mechanism
containing a control contact anti-single-
phase trip bar, which, when used in con-
tactor control circuit, can prevent single
phasing due to ablown fuse.

The possibility of having one fuse
melt, thereby causing a large motor to
single phase, has inhibited considera-
tion of fuse-contactor-type starters by
some people. Although such a condition
is in reality quite unlikely, GE Vacuum
Limitamp Control is equipped with a
special mechanism which will detect a
blown fuse and cause the contactor to
open. The blown fuse is visably in-
dicated on the front door.

Fig. 3B. Blown-fuse indicator

With this feature, fuses are always
bolted in place for correct orientation
and alignment. In addition to providing
maximum reliability, this feature makes
it impossible to mount the fuse in an up-
side down position which would nullify
the trip bar operation.

COORDINATION WITH OTHER
PROTECTIVE DEVICES

When Vacuum Limitamp starters are
installed on a given power system, it is
necessary to coordinate the time-current
characteristics of system protective
devices with those of the starters. Use
the time-current curves included in
GES-5000 for this purpose. This publica-
tion includes overload-relay tripping
curves, fuse-melting curves and fuse-
clearing time curves.

STANDARDS AND CODES

Limitamp controllers are designed,
built and tested to meet NEMA Standard
ICS-2-324 for Class E2 Controllers, and
Underwriter's Laboratory Specification
347 for high-voltage industrial control
equipment. All of the basic FVNR
Limitamp 200, 400 and 800 starters in
one- and two-high designs, in NEMA 1 or
NEMA 3R enclosures, may be made
available with U/L labels on request.

When specified, Limitamp control can
be built to comply with the City of
Chicago Code and the California Code.
For compliance with other city codes,
refer code to the Company for review
and quotation.



SPECIAL APPLICATIONS
Fire-pump Starter

Limitamp fire-pump controllers are
designed to meet GE's interpretation of
bulletin NFPA 20 titled “Centrifugal Fire
Pumps — 1972" and are acceptable for
use in IRl insured properties.

For tire-pump applications, the basic
one-high design is modified to include
the following:
® 3-phase stall protection relays
® Phase failure relay
Ammeter
Ammeter switch
Extra-capacity CPT
115-volt CPT
Minimum run timer
Pushbutton relay
Run relay

Time-delay relay for sequence
starting

® Power-available signal relay

¢ Power-available indicating lights
® Deluge-valve relay

® Voltmeter

® Pressure switch

® Dripproof enclosure

® Fire-pump-controller nameplate

¢ External operating handle and latched
contactor

® Alarm-circuit supervision relay
® Pump-running alarm contact.

Marine Application

Limitamp® control can be supplied to ¢

meet a variety of motor-starting re-
quirements aboard ship. It can be made

Capacitor Feeders

Vacuum Limita (ks are
ideally suited for ¢ i j
plications. See the
ratings in GET-6841 - "

Contactors” for a complete listing of
capacitor switching ratings.

Capacitorgmay be switched with the

control they are normally

in an auxiliary enclosure

he Limitamp controller. Up to

kvar can be mounted in the bottom

) two-high enclosure with the con-
oller in the top.

Transformer Feeders

Limitamp controllers are generally
considered motor starting equipment,
however, they are not strictly limited to
motors and can provide very good pro-
tection for loads such as transformers.

Transtormers that can be controlled
by Limitamp controllers must have a
primary rated in the 2400-to 7200-volt
range. See GET-6841 for complete
listings of transformer switching
capacities for the Vacuum Limitamp
Contactor line.

To adequately protect a transformer it
is necessary to define specific protection
requirements. The following areas will
be considered.

1. Transformer winding fault (primary
and secondary)

2. Single-phasing, resulting in a
phenomenon known as
“terroresonance”

3. Transformer overload

These functions are basi are
not intended to be ensive.

Ground  fault, dif fault
pressure, undervolta J4dre often
required and may g added to a
given control. In g transformer

ansformer in-

rush curre use a nuisance
trip-out omentary line-voltage
dip.

TrangforMers Must be protected from
primg nd ¥secondary (winding or
dow 1 faults. In Limitamp con-

s rent-limiting fuses are ap-

t r
ied 1@ protect the transtormer from a
winding fault, as well as faults

o clear high-magnitude fault currents at

e first fault half-cycle and allow the
contactor to energize a transformer
without operating on inrush currents.
(Inrush currents occur when transformer
is energized, typically 8-12 times rated
amperes for 0.1 seconds). General Elec-
tric Type EJ-2 current-limiting fuses may
be applied when used with an overcur-
rent relay that is chosen to coordinate
with the EJ-2 fuse and protect the
transformer from damage as a result of
a fault in its secondary circuit.

a
x‘e conductors from the controller to
fo comply with ABS. USCG and IEE t ransformer. The fuses are selected
specifications.

To determine a basis for protection,
refer to ANSI transformer short-circuit
ratings, in which certain “points” of
magnitude and duration of downstream
faults that a transformer can withstand
without damage are defined. A relay
would have to be set to operate before
this point is reached. In order to arrive
at the exact location of the ANSI point,
base ratings, impedance and the con-
nection of the primary and secondary
windings of the transformer must be

Q

supplied. A 2400-volt, 2000-k
percent impedance d
transformer would have its "A
located at twenty times
times 0.58 (a factor used t¢
current to winding ¢

amperes and three seffondsqTherefore,
the relay would havéy to e set to
operate to the left of point. The
relay for this example is a fluid-
magnetic dashpot relgy, with the fast
fluid, and the fuse s a 630-ampere

current-limi pe bolted-in fuse. The
trip settin relay is 150-200 per-
cent tr or ase current.

C practice is to have overload

p C applied to the secondary side
t th&®ransformer. The relay should not
d to provide transformer overload
rotection because its trip time is too
t near its ultimate trip point and it re-

tains no hysteresis or “memory” so it

would not provide protection from pro-
longed cyclical overloading of the
transformer. The relay curve is far
enough to the left of the ANSI point to
not only protect the transformer but to
keep the 630-ampere current-limiting
fuse from being “fatigued” by having
fault currents approach too close to its
trip characteristic at the ANSI point.

Occasionally, it may be necessary to
rely on current relays in the transformer
primary to provide overload protection.
Where required, a solid-state motor-
protective relay can be used to provide
overload protection with a setting of
about 125 percent of transformer rated
load current, while, at the same time,
acting quickly enough to protect the
transformer against faults on its secon-
dary by passing to the left of the ANSI
point.

A common problem with transformers
that are single-phased is a phenomenon
known as ferroresonance, which can oc-
cur when an unloaded or lightly loaded
transformer sustains an open conductor
in its primary circuit. Ferroresonance
causes system overvoltage as a result of
the transformer core inductance forming
a "tuned” circuit with the system
distributed capacitance. To avoid fer-
roresonance. All three lines must be
switched simultaneously as with a
medium-voltage contactor. However, if
one line fuse blows, then single-phasing
will occur. To prevent this, the medium-
voltage contactor is supplied with a con-
tactor tripping mechanism that operates
from a striker pin located in the fuse.
When the fuse element burns in two, the
spring-loaded striker pin is released and
it projects upward and operates a con-
tact which trips the contactor. This
teaure, known as blown fuse trip, would
provide positive transformer protection
from single-phasing due to blown fuses.

7



More comprehensive open or single-
phase protection can be obtained by ap-
plying a solid-state motor-protective
relay which will trip the contactor in the
event of an open phase. A solid-state
relay will trip on open-phase conditions
regardless of the cause, even if external
to the Vacuum Limitamp® Control.

A possible concern that may arise
when applying a medium-voltage con-
tactor to a transformer feeder is what
happens to the contactor when a voltage
dip occurs. In the past the contactor
would drop out removing power from
the primary of the transformer when the
contactor coil power is reduced to 60 to
80 percent of full voltage. This problem
is alieviated somewhat by the Contactor
Control Module (CCM). The CCM
regulates the contactor coil current at a
constant value regardless of the line
voltage down to approximately 50 per-
cent of full voltage. This will prevent the
contactor from dropping out except in
the most severe cases of line voltage
dip. To prevent dropout in all cases,
latching contactors should be applied. in
these cases the contactor is latched by a
closing coil and unlatched by a trip coil.
A capacitor trip device can be applied to
trip the contactor in the event of total
loss of control power. (See Latched Con-
tactors, page 5.)

High Resistance
Grounding Equipment

High resistance grounding equipment
can be mounted in an enclosure which
will match and line up with Limitamp
dimensions and bus location.

For description of high resistance
grounding equipment, refer to GEP-345.

Seismic Capability
Vacuum Limitamp Controllers can be

utilized in various applications subject t
shock and/or vibration.

For quotations on Limitamp cont
with seismic capability, or other
vibration-type applications, refer
application details to the Compa

Altitude Derating
Vacuum Limitamp

cluding power fuses,

ing derating for use at hi itddes:

For current — No derating required up
to 6000 feet above sea
level. @

- Afpve 6000 feet derate by
ercent for every 1000

For voltage - derating required up
to 3300 feet above sea
level.

- Above 3300 feet derate by
2 percent for every 1000
feet. BIL rating is also
derated.

Temperature Derating

Vacuum Limitamp Controllers require
the following current derating for am-
bient temperature. Use only bolt-on
fuses.

Up to 40 C — No derating
40-45C — Derate 10 percent
45-50C - Derate 20 percent
Above 50C - Consult factory

OVERLOAD RELAYS

Several types of overload relays are
used in Vacuum Limitamp Control.
Limitamp controllers use thermal-
overload relays, unless other types are
specified.

Thermal-overload Relays

Overload relays provided in Limitamp
control have inverse-time characteristics
and are ambient compensated.
Limitamp control utilizes either the
CR324C thermal-type relay or th
DS2824-34 inductive-type relay.
relays, operating  from ¢
transformers in the control equip
carry current proportional to
circuit current. When motor

occur, the relay operates pe e
main power contactor. re-
quired for operation v inversely
with the magnitude of o ad. The

standard CR224C rel only be

used on motors Jih s times up to
10 seconds.

The CR324 has one operating
characteris 4-34 relays are sup-
plied in thre erating types: fast,
medium Y The particular relay
or type f on a given installation
will en the anticipated motor-

st tife.
PS g

ar
i tripping current for CR324C
% 824-34 relays with operating
rance equals 0.9 to 1.0 multiples of
rel@y current rating in a 40 C ambient.
ping is approached at some time
eyond 1000 seconds. Relay current set-
tings can be adjusted over a range of 90
to 110 percent of the coil rating for the
DS2824-34 relay, and 90 to 110 percent of
nominal heater trip rating for the
CR324C relay. For detailed information
on relay datarefer to GES-5000.

Solid-State Overload Relays

Solid-state overcurrent protection is
available as an optional feature in place
of standard thermal overload relays.
The inverse-time characteristics can be
adjusted to protect motors of various
characteristics, such as long accelera-
tion time or short allowable-stall times.
Characteristics are accurate and have a
smaller error band compared to bimetal
relays. The solid-state overload relay is
recommended for hermetically sealed
air-conditioning motors, and is well
suited as a stall-protection relay.

CONTROL POWER TRANSFORME

Control power transformers u in
Limitamp starters are single-phg
cooled, core-and-coil constru
high-voltage windings coverée
vent contamination by
Those furnished in standafd pa
a 25-kV Basic Impulse Lev rating.
When specified, 60-kV BIL rated control
transformers can be furnished, but will
require special space cor"derofion.

OPERATOR’ ILOT DEVICES
HAND- Selector Switch

A HAND- -AUTO selector switch
permit affc starting and stopping
from a vice such as thermostat,
pre e h or level control.

or o tor control the switch is turn-

d ND or OFF, making operation

i endent of the pilot device

When used in place of the standard
mentary-contact START-STOP
ushbutton, the selector switch nullifies
undervoltage protection but under-
voltage release is provided. The starter
drops out on low voltage but picks up
again when voltage is restored.

To obtain undervoltage protection
when a selector switch is used, the
switch must be specified in addition to
the standard START-STOP pushbutton. in
that case the operator controls the
motor by means of the START-STOP
pushbutton when the selector switch is
turned to HAND. Undervoltage protec-
tion is provided in this position but not
when the selector switch is turned to
AUTO.

External-reset Overloads

Some industrial plants do not permit a
machine operator to open the doors of
control equipment enclosures, this being
reserved for electricians. To make possi-
ble overload-relay reset by operators, it
is therefore necessary to provide some
means to do so outside the enclosing
case. This is accomplished by providing
a mechanical-linkage reset mechanism
between the relay and door-mounted
reset button.

Where external reset is not absolutely
necessary, greater simplification of
relay mounting results, and this is of
benefit to the user because it simplifies
maintenance.

Inasmuch as the tripping of an
overload device is indicative of too much
strain on the motor, it is preferable that
only experienced and reliable personnel
be allowed to reset overloads. Such per-
sonnel should be capable of realizing
whether it was an unintentional
overload on the part of the machine
operator or whether there is an elec-
trical and/or mechanical defect. The
customer should consider this factor,
however, before electing to provide ex-
ternally reset overloads.
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METERS AND INSTRUMENTS
Ammeter

An ammeter (panel-type or
switchboard-type) is used to indicate
either motor line amperes or total in-
coming amperes. |t can either be hard
wired to the current transformer of one
phase or all three phases can be
monitored by the use of a selector
switch. One current transformer is re-
quired for single-phase reading; two are
required for open delta three-phase
reading. Three are required in a wye cir-
cuit. Three window-type current
transformers are provided as standard
on Vacuum Limitamp® Controllers.

Voltmeter

The  voltmeter (panel-type  or
switchboard-type) is used to indicate
phase-to-phase potential. One potential
transformer is required if only one
phase-to-phase potential is monitored.
Two potential transformers, connected
in an open-delta configuration, are re-
quired along with a selector switch to
monitor any one of the three phases.
Three potential transformers mounted in
an auxiliary enclosure and a selector
switch are required to read both phase-
to-phase and phase-to-neutral
potentials.

Elapsed-time Meter

An elapsed-time meter is used to in-
dicate hours of operation or shutdown
time of a particular motor or drive for
purposes of  production records,
maintenance scheduling, or engineering
records. The meter is mounted on the
low-voltage compartment door.

Power-factor Meter

A power-factor meter is used to ing

dicate power-factor lead or lag. It is

synchronous-motor drives and in
mining the power factor of a given d
The addition of a power-factor me, e
quires the addition also of pdtenti
transformers or other potential

useful in adjusting power factor iK\, Blocks

of correct phase and accura syn-
chronous starter is er the
CR192 wuSPM is sypp gital
power-factor metedlis b into the
device and does negd to ordered
separately.

Varmeter

The varmeter indicates lagging or
leading reactive pagyer. It requires the
o potential transformers.

reactive power on a bus
loads, individual vars
can be measured by means

wattmeter is used to indicate
oading or useful power being delivered
o a drive at any instant. The instrument

can be calibrated in kilowatts or can be
calibrated directly in horsepower.

For calibration in horsepower efficien-
cies at zero, 25, 50, 75 and 100 percent,
load must be supplied from the motor
curve.

Two potential transformers connected
in open delta are required for operation
of a wattmeter.

Watthour Meter

A watthour meter is used basically to
measure work done. Specifically it
registers total watthours used by the
motor or other load on the controller. It
is useful in assigning power charges in
plant accounting or for record keeping
of power consumed per unit of manufac-
turing.

It requires the addition of two poten-
tial transformers connected in ope
delta.

Demand Register for Wattho

A demand register
imum demand. It is use
ing peak loads for parti
where demand must
keep power bills down

Transducers

can be pro-

vided when dtion, recording
or contro , watts, etc. are
required are useful
becauge t an work into much higher

impe e than instrument

transf without losing accuracy.
Any GE transducers may be sup-
plie mitamp control. Current

d requires (1) CT; voltage

s
ansdicer requires (1) PT. Watts
cer requires (2) CT's and (2) PT's.

Current and potential test blocks pro-
vide a plug-in feature for portable am-
meter, voltmeter, wattmeter, watthour
meter or recording instrument. The
meters can be plugged into the circuit
without shutting down the machine to
obtain records or readings.

Operation Counter

Counter is electrically operated from a
control interlock on line contactors. It
totals the number of times the contactor
has closed and opened, and thus pro-
vides data for the establishment of
maintenance schedules or a record of
the number of batch processes initiated
over a given period, or other purposes
where the number of line contactor
closures may be significant.

CONTROL CIRCUITS
Timing Relays

Pneumatic-type timing relays close or
open a circuit after a definite elapsed
time on either energization or de-
energization.

Motor-driven timing relays or
open a circuit with time dela eiter
energization or de-energizagi hey
provide a wide range of wever,
and are not affected mbient
temperatures. Solid-g g relays
with high accuracy a dntability can

be furnished also.

Incomplete-sequence Relay

An incomplefe-se(ﬁence relay is used

to shut the motor (squirrel-cage
indugtio chronous) on reduced-
voltagey startin@ if the control fails to
tran ull voltage. It protects the

tor or autotransformer from
n longer than rated time. The
be furnished for other sequen-
ci unctions also.

V - Automatic Restart

In the event of voltage dips of short
duration, conventional TDUV circuits
provide an automatic restart of
Limitamp contactor without operator in-
tervention. (A time delay of approx-
imately 1.5 seconds is usually provided.)
However, in motor  applications
automatic restarting can cause serious
damage to windings and mechanical
loads connected to the motor due to
out-of-phase reclosing. In worst cases
this out-of-phase reclosing could apply
up to two times the normal voltage to
motor windings. TDUV auto-restart
scheme is not recommended for syn-
chronous motor, wound-rotor motor and
large horsepower high-speed squirrel-
cage motor controllers without addi-
tional circuitry to delay reclosing on UV
condition.

The capacitor-type TDUV automatic
restart scheme in Vacuum Limitamp
Control permits instantaneous shutdown
by connection of the STOP button into
the capacitor UV relay circuit. Care
should be taken not to connect a
maintained-contact device into this cir-
cuit because the resistor used to
discharge the capacitor is rated for
momentary loading only.

Time-delay Undervoltage Protection

NEMA defines undervoltage protec-
tion as a device whose principal objec-
tive is to prevent automatic restarting of
equipment.

Instantaneous undervoltage protec-
tion is inherent with the standard 3-wire
control circuits since the contactor will
drop out and stay out on loss of voltage.

Time delay undervoltage protection
for Limitamp controller can be provided
to prevent shutdown of a motor on ad-
justable duration voltage dips below the
adjustable dropout voltage.

With either time-delay or the standard
instantaneous undervoltage protection,
the motor remains disconnected upon
return of voltage until such time as the
operator may initiate restarting.



CONTROL CIRCUITS (CONT'D)
Control Yoltage

The Vacuum Limitamp® Controllers
utilizes 120-volt control as standard.
220-volt control power transformers can
be supplied to power heaters at 220
volts when specified by customer.

Omission of Control Power Transformer

A line-up of starters can use a com-
mon control power transformer or other
source of control power. In either case,
the power source and control circuit
must be provided with interlocking
relays so the loss of either will shut
down all operating motors. Control bus
is required in all controllers if a common
source of control power is used.

A single source of control power
results in some disadvantages: (1)
Unless each panel is provided with a fus-
ed control switch, troubleshooting will
be with live wires in the panel; (2) a
single controller, if relocated indepen-
dent of the line-up will require modifica-
tion to add a control transformer and
fuses; and (3) the loss of control power
will cause shutdown of all machines.

Jogging

Drives requiring "jogging” (or inching)
must have the control circuit arranged
for repeatedly closing the line contactor
at short invervals to effect small
movements of the driven machine. The
line contactor is held closed only as long
as the JOG button is held depressed.

An anti-kiss feature is provided with
all Vacuum Limitamp Controllers as a
part of the Contactor Control Module
(CCM). The CCM insures that the contac-
tor closes and wipes in before dropping
the contactor out again. The JOG
pushbutton can take advantage of this
teature without adding an additional
timing relay.

Current Interlocking

Current-operated  relays indicat

when arc is completely out aft
contactor opens. These relayg, th r-
mit closure of a reversinggco f

short circuit may occur ing
contactor closes after on-
tactor opens but before een
extinguished. This circuit is sary in
controllers with “plug stop” ©r where

pressing one instantaneous contact
picks up reversing contagjor while run-

during the lower-
current may not be
te the interlocking

ing cycle

relays.

versing controllers as the
r is expected to turn the selector
reverse only after pressing the
utton.
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Potential Interlocking

Potential interlocking is used for the
same reason as in current interlocking.
Potential transformers and interlocking
reiays are added to prevent closure of
one primary contactor before complete
interruption of the arcs at the tips of the
other (reverse) contactor. Operation is
based on the principle that by the time
the disconnected motor's generated EMF
has decayed to the point where the in-
terlocking relays have dropped out, the
arc in the disconnected contactor has ex-
tinguished, and closing the reversing
contactor is permissible.

Potential interlocking is used on hoists
and other applications having possible
overhauling loads.

OTHER MOTOR
PROTECTIVE FUNCTIONS

Contactor Control Module

Provided as a standard featu

(CCM). This device provides
ing protective functions:

1. Contactor coil current r
prevent dropouts due @fo ine

voltage (down to appr ately 50-
percent full voltag

2. Elimination g power
resistors a sf tacts in the

L Y nnti-kiss protection which in-
hat the contactor tips fully

c and wipe-in under all contac-

tor closing operations, including jog-
ing

xAufomatic polarity reversing on

each controlled tip opening to pre-
vent uneven wear on the vacuum in-
terrupter pole faces.

6. Improved fuse-contactor coordina-
tion preventing 'gray” areas of
overlap between the contactor’s in-
terrupting capability and the time-
current curve of the fuse without
sacrificing fast contactor opening
under normal operating conditions.

The controlled point-on-wave contac-
tor tip opening feature is a General Elec-
tric exclusive, designed to further
enhance system reliability by timing the
contactor tip opening to a certain point
or the electrical current waveform. The
contactor tip opening is timed so that
when the current goes through a zero
point during a contactor opening opera-
tion, the tips will already be far enough
apart to prevent restriking of the arc.

Restriking has been shown to
associated with virtual current cho
which is much more severe
"natural” current chop. By provif
CCM as standard equipment,
Electric has taken a step fol
ther improve motor profectiof) This
system automatically compensafes for
contactor aging to maintain the proper
point-on-wave operation during the ser-
vice life of the equipment. o

Current Diffe rotection

The t erential, as applied to a
type of e relaying, designates
the i on which the scheme
opgrate at is, a difference in current.
TheWRglays used are connected in such a

detect a percentage differen-
urrent between ends of a motor
inding. Ordinarily, in a machine
rating without a winding fault, the

rrent into one end of a phase winding
s equal to the current out the other end
of the same winding. When a fault oc-
curs, however, the current into one end
of the winding is short circuited inside
the machine (to another phase or to
ground) at the place of fault, so that a
differential occurs between current "in”
and current “out”. This causes the relay
to operate. The percentage differential
may at times be quite small when the
fault is located at a point of high im-
pedance inside the motor winding, and
this is the reason why straight overcur-
rent relays alone do not always give
adequate protection.

The cost of this type of relaying is
justified by the size of the investment to
be protected. Large motors (usually
above 1500 hp) that are expensive to
repair or replace are often protected by
differential relays in addition to fuses
and ground-fault relays when the
system nevutral is grounded.

Specifically, differential relays ac-
complish the following:

1. Provide for power interruption to a
motor in the event of a phase-to-
phase insulation failure in the motor
winding.

2. Provide for power interruption to a
motor in the event of a phase-to-
ground fault in the motor winding.

The primary usefulness of ditferential
relays in Vacuum Limitamp Controllers
is to give fast, sensitive protection for
taults in the end turns outside the stator
punchings. Such faults are relatively
rare compared with ground faults, but
when they do occur, the presence of dif-
terential relays would probably mean
the difference between minor and ex-
tensive damage.



For certain size motors where the
power system permits, ground-fault
relays, which are much less expensive
than differential realys, may be used in
lieu of differential protection. This is
done on the basis that most phase-to-
phase winding faults result in a
simultaneous phase-to-ground fault,
thereby operating the ground fault
relay.

Two methods of ditferential protection
are available. One uses six identical cur-
rent transformers: three located in the
motor leads and three located in the
wye points of the motor windings, usual-
ly at the motor. In conjunction with these
six current transformers, a Type 1ID
relay is used to detect the ditference in
current in the current transformer (CTs).
The other method, known as self-
balancing, uses three donut-type CTs.
Both the motor leads and the wye con-
nections are brought back through the
holes in the donut CTs. For this system,
instantaneous relays of the hand-reset
type are used.

Ground-fault Relays

Ground-fault relays are justified
economically for all motors rated 2300 to
7200 volts, 150 horsepower and above.
The purpose is to provide interruption of
power to the motor as rapidly as is prac-
tical after positive indication that a
ground fault has occurred.

The time of interruption of ground-
fault current is dependent on several
tactors:

1. Sensitivity of the ground-fault relay.

(a) Instantaneous type
(b) Time-delay type .

2. Magnitude of ground current.
3. Clearing time of the pow
interrupter. K
The importance of clearing un
fault current rapidly ¢

overstressed. Ground cur

rotating machines causgg da the
laminations which, NOA i pted
rapidly, neces mplete
disassembly and thegmotor.
Although most gr t relays are

now of the instantan type, some
few applications do require inverse-time

current relays for  coordination and
selectivity , reason¥. The use of
instantaned@s-type relays is made possi-

ble thr
sequ
rent

employment of a zero-

t" or window-type cur-

er installed in the starter

cRya way as to permit all three con-

du the three-phase line to be us-
he current-transformer primary.

Phase currents add to algebraic zero,
ardless of magnitude and no secon-
dary current flows except that induced
y primary current going to ground. This

system gives positive indication of
ground current, eliminates false tripping
and permits instantaneous relaying.

If time coordination with other
ground-fault relays is necessary, time
overcurrent relays may be used in the
““donut"’ current-transformer
arrangement.

Another method of detecting ground
currents in a three-phase system
employs three separate line-current
transformers, one in each phase, with
the secondaries fed through a single cur-
rent relay. In this system the secondary
currents should add to algebraic zero
just as they do in the primary of the
"donut”’ current transformer, and for
current ranges below the saturation
point of the current transformer and
with no ground current flowing, the
three secondary currents do add a
cancel each other out. Ground curre
only will cause the relay to operat
currents of large magnitude, hofle
such as motor locked-rof

tripping. To prevent
the residual conn
relays are necessa
over the starting
This fact makes j

practical system.
Insta und-fault  relays
may b8 d to leltamp (NEMA

tactor clearing times are
und-fault currents up to and
e fuse rating will be cleared
amage to the controller.

dard gound-fault relay used in
um Limitamp Control is a solid

\fe relay which operates on approx-

imately 4 to 12 amperes ground-fault
current. If greater sensitivity is required,
other solid-state ground-fault relays
may be furnished which can be adjusted
to trip down to approximately 1 ampere.
However, extreme care must be exercis-
ed in applying ground-fault relays of
such low pick up. They could trip falsely
on system-charging current. A magnetic
ground-fault relay can be provided on
request.

Overtemperature Relays

Some motors have RTD's placed in the
stator slots. The purpose is to obtain an
indication of winding temperature by
measuring the RTD resistance and its
change with temperature. Difficulty
arises in obtaining a continuously ac-
curate indication of temperatures
however, because of the time lag of
heat transfer from the stator conductors
of the RTD caused by the insulating
material surrounding the conductors.
Temperature changes in the conductor
will not be reflected in RTD resistance

change until heat is transferre@’t h
the thermal resistance and cAggcitance
of the insulating material.

’,

Hot Spot of
WDG in Slot

On ‘{‘
20 40

1 TR AT R
60 80 100 120 140
Tirne in Seconds

Fig. 4. Approximate temperature of RTD in
large motor during locked rotor.

If the copper temperature is changing
very rapidly, such as during locked
rotor, the RTD will lag far behind the
copper temperature as shown in Fig. 4.
Consequently, monitoring the RTD
temperature is inadequate for thermal
protection during rapid-transient condi-
tions. However, for long-time indication
of temperature the RTD is very accurate.

A relay which responds to changes in
resistance of RTD’s, providing long-time
indication of motor-winding
temperature, used in conjunction with a
bimetallic overload relay will provide
reasonably precise over-temperature
protection for the motor.

Available solid-state relays contain a
device which will more accurately com-
pute hot-spot temperature by utilizing
RTD and line amperes. This relay ac-
curately tracks motor heating and is
recommended in preference to the
separate bimetal relay and RTD relay.

Open-phase and Phase-unbalance
Protection

A three-phase motor subjected to un-
balanced line currents may be damaged,
most likely in the rotor from over-
heating caused by reverse-sequence
components of currents not detected by
normal overload devices. The open-
phase condition is the extreme case of
phase unbalance. The rate of motor
heating will be a function of the degree
of phase unbalance. Therefore, open-
phase relays should operate instan-
taneously and although a motor may be
damaged over G period of time with as
little as a 10-percent unbalance, the un-
balance may be a transient condition
which would not justify immediate shut-
down and consequently the time to trip
should be delayed in proportion to per-
cent of unbalance.
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OTHER MOTOR PROTECTIVE
FUNCTIONS (CONT'D)

Multifunction Solid-state Relays

Large motors on vital drives need ac-
curate protection against overloads,
phase unbalance or ground faults.
Multifunction solid-state relays are
available from General Electric that of-
fer total motor protection in one com-
pact package. Basic protective functions
such as overtemperature, overload, in-
stantaneous overcurrent, open phcse,
phase reversal, phase unbalance,
ground fault, load jam, load loss and
bearing overtemperature protection can
be provided.

SYNCHRONOUS-MOTOR CONTROL
AND EXCITATION

Brush-type Synchronous Control

A solid-state field application and pro-
tection module (CR192 uSPM) used in
conjunction with a magnetic field con-
tactor is standard on brush-type
Limitamp® synchronous controllers. This
module contains the logic circuits essen-
tial for starting, synchronizing and pro-
tecting synchronous motors.

This complete system is described in
detail in GEH-5201. This device is fully
tield programmable and covers a broad
range of applications.

Fixed-tap Field Resistor

A fixed-tap field resistor may be used
for separate dc source. This resistor,
when supplied with the Limitamp panel,
is mounted on top and is connected
directly in series with the synchronous-
motor field as a means of adjusting field
current. The resistor is continuously
rated with taps to adjust field current
l0-percent above and below rated full-
load field current for rated power fac-
tors in approximately 2 1/2-percent

The fixed-tapped transformer single-
phase, full-wave bridge may be
mounted in a 34-inch-wide, well-vented
one-high controller enclosure up to 9
kW. Above 9 kW and up to 19 kW, a 22-
inch-wide vented auxiliary enclosure is
required. Ratings above 19 kW are
available but space requirements are
determined on a per-job basis.

Three-phase tapped transformers are
available but require extra space in all
ratings and are priced on a per-job
basis. The cost and space of three-phase
exciters cannot ordinarily be justified
since the motor field acts as its own
filter and ripple effect is not a problem.

All variable SCR-type exciters must be
specially ventilated and mounted in the
low-voltage compartment. The same
space requirements as described for
tapped-transformer exciter apply to
variable exciter. For NEMA 12 applica-

instruments, meters and devices
mounted on the door as in NEMA Ty
Space heaters are used only as
plication requires them.

NEMA Type 3R-Weather-resistan

These enclosures must be Suigdble for
outdoor installations and offer protec-
tion against driving rain and snow
storms as well as dust. Liflitamp NEMA

3R enclosures provided with solid-
steel bottoms dind , an overhanging
sloping ro acglheaters.

The fo i types of NEMA 3R
enclosur, ailable:

NEMA 3R, weather-resistant,

devi ective doors, non-walk-in

incBs deep x 101 inches high).

Type 3R, weather-resistant,
f eight cover door, non-walk-in
42 inches deep x 101 inches high).

tions, a separate vented enclosure is re- h b f devi
ired for the exciters se .when a number of devices are
quire : on the door).

Brushless Synchronous Control

The solid-state CR192 uSPMmis a
designed for use with brush

chronous motors. It provide&ld
exciter application, pullou ection
and stall protection. For furgller in a-
tion refer to GEH-5201.

ENCLOSURES
NEMA Type 1-

.P e

The NEMA is the standard
Limitamp osURe, designed primarily
to prevent ac n ontact with con-
trol appar U nclosure is suitable
for gener e indoor applications

with nggmal spheres.

EMA Typel -Gasketed

A Type | rubber-gasketed

clo is a dust-resistant enclosure
dust-tight), designed to give protec-
jonWagainst dust, and when control

es are properly selected, to give

steps.
p : I roper operation in a dusty atmosphere.
- is recommended for all moderately

|

i

i
wsprarmpAre el 8 1S f
i

?

R192 with Digital

-tapped transformer, and 2)
controlled rectifier.

N0

dusty atmospheres, especially in those
industries whose dusts are abrasive,
conductive, or form high-resistance con-
tacts. NEMA Type | rubber-gasketed
enclosures are not provided with steel
bottoms. It is expected that the case will
sit on concrete, effectively sealing the
bottom against dust.

NEMA Type 2-Driptight

This enclosure is made to protect con-
trol apparatus against falling moisture
or dirt. All openings are rubber-
gasketed and provided with doors or
covers. It is intended for use in at-
mospheres where condensation is heavy
or where quantities of water are used in
a process or for cleaning. (For applica-
tions where a hose is to be directed on
the equipment from any direction except
above, use NEMA Type 4). Normal

NEMA Type 3R, weather-resistant,
walk-in (92 inches deep x 111'% in-
ches high).

To estimate width use same dimen-
sions as shown for NEMA Type 1
enclosure.

Walk-in enclosures allow ample space
for inspection and maintenance of
starters within the enclosure.

NEMA Type 4-Watertight

This enclosure must withstand the
hose test as described in NEMA stan-
dards and must preclude the entry of
water under such test. It is intended for
use in installations such as dairies or
paper mills where cleaning is done with
hoses.

Space heaters are furnished.

NEMA Type 12-Dust-tight

These cases are designed to meet the
requirements of industrial locations
where protection is required against en-
trance of fibers and flying lint, dust, dirt,
light splashings, seep page dripping and
external condensation of non-corrosive
liquids.

Typical requirements for NEMA 12
are:

1. A gasketed cover which is hinged to
swing horizontally, and held in place
with screws, bolts or other suitable
fasteners.

2. There are no open holes through the
enclosure. All openings are sealed
with gasketed cover plates.

3. There are no conduit knockouts or
knockout openings.

4. Steel bottom.



LINEUPS
Ac Power Bus

Ac power bus is used for conducting
power throughout a group of starters
joined together in a lineup. Incoming
power cable can be terminated at one or
more points in the lineup and the power
bus employed to distribute power
throughout the length of the group.

This bus is available in 1200-, 2400- or
3000-ampere ratings and may be tin-
plated copper, silver-plated copper or
copper. The location of the horizontal
bus compartment is within the standard
90-inch-high enclosure. This location is
in the same position in current and
previous designs making all compatible.

Vacuum Limitamp® Control horizontal
bus is rated 60 kV basic impulse level
(1.2 x 40 p sec wave). (Note that the 200-
ampere controller is rated 45 kV BIL).
Mechanical strength under short-circuit
currents is 80,000 amperes RMS
asymmetrical.

Ground Bus

Ground bus in a Limitamp lineup pro-
vides a low-resistance path between
ground connection points in any group of
controllers. This low-resistance path is a
bus bar and is for the purpose of
decreasing to a low value a possibly
hazardous voltage difference between
grounding points in the starter group.
These voltage differences would occur
under ground-fault conditions if a low-
resistance ground path were not
provided.

The ground bus is normally located
near the ac power bus on the inside rear
of the enclosure. The bus provides a
common termination point for all ground
connections within each controller, in-
cluding the enclosing case, and offers a
convenient terminal for incomi
ground cables. It should be noted
the customer must make a suit

make it effective. When ground
not provided, the ground

may be made to the gr tud
provided.

Extensions to th

to make grounding cable Shield termina-
tions easy to accomplish.

Control Bus r's

is a convenient means of
rol power throughout a
ers joined together in a

lineup and the control bus
to distribute the power to
it of the grouped lineup. Control
may also be used to distribute the
er from a single control transformer
cated in the lineup.

Control bus normally consists of pro-
perly sized insulated wire conductors
run between terminal boards in a
controller.

Maximum voltage for control bus is
600 volts and maximum current rating is
determined by application, such as total
present and anticipated future load.

Potential Bus

Potential bus is a means of distributing a
common source of low voltage throughout
the lineup for metering and instrumenta-
tion. Potential bus consists of properly siz-
ed wire connected between terminal
boards mounted on the top inside of
enclosure. Maximum voltage is 600 volts.

Dc Excitation Bus

Where a single source of dc power for
exciting synchronous motors is provid-
ed, dc power can be distributed to ea
controller by bus bars located on top_ o
the enclosure. Maximum voltage i
volts, and maximum currenfyrati
the bus is 600 amperes. Ca
tions to the bus may be mdee
above or below in any

Insulated Power Bus

Insulating the ac p
the possibility of bu

may consist of various
ating material such as 130C
splicing, or polyethylene
other material dictated by
individual job

oots,
vailaBility and
r ements.

BLE-ENTRANCE COMPARTMENT

When incoming cable size exceeds
limits shown in TABLE 3, page 4, an op-
tional cable-entrance compartment is
required.

The cable-entrance compartment will
contain bus bars as required. | f potheads
are specified, these are mounted on
angle supports above or below the bus
and connections made by the factory
between pothead and bus. Armored
cable terminators may be mounted in-
side the compartment or in the floor for
clamping armor.

Cable-entrance compartments are
also required for out-going cable
potheads of the terminal type.

TRANSITION COMPARTMENT

Vacuum Limitamp Control can be bus
connected to transformers and switch-
gear by a transition compartment to
make a continuous lineup. The transition
compartment is normally 22 inches
wide, however this can vary. Refer to
the Company for special applications.

LOAD-BREAK SWITCHES

T remems ameet

Fig. 6. 600-ampere drawout load-break
switch

IC1074 load-break switches are
manually operated triple-pole, single-
throw disconnecting switches with an in-
tegral interrupter and stored-energy
spring that has the capability of inter-
rupting magnetizing and load current
within the ratings shown in TABLE 5.
They are designed to comply with the
performance requirements of ANSI
Specification C37.40 and have been so
tested.

The 1C1074 600-ampere drawout
switch is designed for stab connection at
line and load terminals. This switch must
be fused. Silver-sand current-limiting
fuses are available up to a continuous
rating of 630 amperes for installation on
the switch. The switch is designed to ac-
commodate the bolt-on version of the
silver-sand fuse, but clip mounting is
available. Construction may be either
one- or two-high. Up to two switches can
be mounted in a two-high enclosure.

The 1C1074 stationary switch (600- or
1200-ampere) is designed for mounting
in one-high construction only. It contains
line- and load-terminal pads for bolting
incoming and outgoing conductors
directly to the switch. It may be supplied
fused or unfused. If supplied as an un-
fused switch, an upstream circuit
breaker with instantaneous trips must
be available to coordinate with switch
capabilities or the switch must be sup-
plied with key lock capabilities for all of
the Limitamp starters in the lineup. For
the 1200-ampere switch, fuses are
available up to 960 amperes continuous.

13



LOAD-BREAK SWITCHES
(CONTD)

These large fuses must be applied as
line protectors for short circuit only,
relying upon branch circuits or backup
overload protection by other means.

Drawout switches must be applied as
feeders only. The fixed mounted swit-
ches may be used as incoming switches
or feeder switches.

These  switches are  designed
specifically for use with Limitamp® con-
trol. They are available with 1200- and
2400-ampere ac power bus within
enclosure for easy lineup with Limitamp
starters.

Other features of these switches are:

® Viewing window to see condition and
position of switch blades.

® Blown-fuse indicator that can be seen
through view window.

e Bolted fuses available for maximum
reliability.

® High reliability interrupter.
® Available with key-type interlocks.
® Maximum of three keys per position.

® Outside door interlocked directly to

TABLE 5. Specifications for IC1074 Load-break Switches (Ratings, Dimensions

and Cable Space)
600-ampere 600-ompere 1200-ompere
Type Drowout Switch Stationary Switch Stationary Swi
(Fused) (Fused or Unfused) (Fused or U )

RATINGS

Voltage rating

Unfused rating
Vented enclosure
Non-vented enclosure

Fused rating
Vented enclosure
Non-vented enclosure

5000-volt maximum

N/A
N/A

600 amperes
540 amperes

Moaoke/Break rating 600 omperes
Foult-closing rating
Fused 61,000 omperes
Unfused N/A
Momentary rating
Unfused N/A
Basicimpulse Level (BIL)
60 kV
Short-circuit
Interrupting capacity (Fused)
2400 volts
4800 volts 200 mVA (Sym)
400 mVA (Sym)
DIMENSIONS

1-high construction
1-high construction (Option)

2-high construction

Dimensions in Inchi

5000-volt maximum

600 amperes
540 amperes

600 amperes
540 amperes

600 amperes

VA Esm;

40 mVA (Sym

5000-volt maximum

600 on‘res

540 amperes
amperes
40 amperes

600 amperes

61,000 amperes
61,000 amperes

61,000 amperes

60 kv

200 mVA (Sym
400mVA (Sym

Dimensions in Inches

Dimensions in Inches

(HxW xD) (H x W x D)
90 x 38 x 30 90 x 38 x 30
N/A N/A
N/A N/A

CABLE SPACE

Incoming 38-inch-wide case

Outgoing 38-inch-wide ¢

2-500 MCM per phase
without stress cones

2-500 MCM per phase
with or withoutstress cones

2-500 MCM per phase
without stress cones

2-500 MCM per phase
with or without stress cones

shaft to prevent opening with switch
energized.

that
quick-

e Externally operated handle
activates spring-charge
make/quick-break mechanism.

® Easy inspection.
® High mechanical life.

For ratings, dimensions and cable
space required see TABLE 5.

SURGE PROTECTION

The economics of rotating-mac
sulation dictates that the hi b

protected from voltage e
the operating level is
reasonably  possibl tage
damages or reduces the n life
There are many causes o cidental

over-voltage whose effects may be
reduced by protective means. The most
prominent causgs are:

1.

2. ith higher voltage

3. restrike (intermittent
g surges.

ance effects in series inductive
pacitance circuits

14

04/;\ — Not Applicable.

Incoming (For bus o,

34-inch-wide case 2-500 MCM per phase
without stress cones
1-500 MCM per phase

ith stress cones

42-inch-wid

2-750 MCM per phase
with or without stress cones

1-500 MCM per phase
with or without stress cones

1-500 MCMper phase
with or without stress cones

2-750 MCM per phase
with or without stress cones

1-300 MCM per phase
with or without stress cones

N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A

Switching transients occur in every
electrical system. A well-known
phenomena associated with vacuum in-
terrupters is current chop. General Elec-
tric utilizes vacuum interrupters con-
structed with widely accepted contact tip
materials to provide low chopping
currents.

Another less widely known, but more
severe, switching transient is known as
virtual chop. This switching transient oc-
curs primarily due to restriking during
contact tip opening during switch-off of
the motor. General Electric's Vacuum
Limitamp Control provides the solution

to this problem by controlling the tip
opening point on the current waveform
so that as the current passes through
zero and the arc extinguishes, the tips
have travelled open far enough to pre-
vent restriking. The point on the current
waveform where the tips open is
precisely controlled by a microprocessor
and is consistent from operation to
operation. Uncontrolled or random
opening of the tips permits the possibili-
ty of ‘opening at small arc angles — a
condition which is most likely to cause
restrikes. For further technical details of
the Vacuum Limitamp Control point-on-
wave controller and its effect on
switching transients, contact the factory.



VACUUM LIMITAMP® CONTACTORS
2.4kVto7.2kV

New Vacuum contactors from General Electric are tailored to
equipment OEM’'s who want minimum size components but
also insist on such basic requirements as

® Product Reliability
¢ Simplicity of operation installation and maintenance

® Broad industry application

General Electric Vacuum Contactors meet these requirements
with key design features

® RELIABILITY - Superior mechanical and electrical life ® Up to
5 million mechanical operations at no load ® Up to 1.0
million electrical operations at rated load.

TABLE 1: CR193 VACUUM CONTACTORS

® SIMPLICITY - Simple, accurate adjustment of contact tips

with unique uniball scheme. Contact wear status can be
recorded on convenient labels next to‘ach interrupter. Up
to 20 auxillary contacts are housed in a clear lexan case
mounted on the contact ly visable. Lightweight
assembly in one pi Smaller control power
transformer required power dc magnetic and
coils

BROAD APPLICATI nded product applications in

mining, paper, e d other tough industrial en-

vironments due toRgwiféhing arc containment within the

vacuum intersupter d rigid molded frame of glass
ith e

t tracking resistance, low moisture
sistance to fungus.

e.
(]

Maximum Horsepower
8-hour Open Catalog System . 3 3 Phase
Rating Number Voltage Synchronous Induction Trai Capacitors
(Amperes) 1.0 0.8 Pf
200 CR193A 2400 VA 600 kvar
""" 3600 A 900 kvar
400 CR1938 2400 kVA 1200 kvor
""" 3600 2400 kVA 1800 kvar
4160 2800 kVA 2100 kvor
4800 3200 kVA 2400 kvar
7200 4800 kVA 3600 kvor
800 CR193C 2400 3200 kVA 2400 kvar
3600 4800 kVA 3600 kvar
4160 5600 kVA 4200 kvor
4800 6400 kVA 4800 kvor

Limitamp 200

Limitamp 400

Limitamp 800

SPECIFICATIONS: SEE PAGE 2



CONTACTOR TECHNICAL SPECIFICATIONS

Ratings CR193A CR1938 CR193C
Ratedvoltage (Volts) 2400 3600 5000 7200 50
Rated current (Amperes) 200 400 8
Short circuit interrupting current (kA) 6.0 6.0 6.0 6.0 9.0
CLASS E1 mVA 25 37 50 75 75
CLASS E2 mVA 2400 volts 200 200 2’0
3600 volts 300 300 300
4160 volts - 350 350
4800 volts - 400 400
7200 volts . 600
Short-time current (amperes) 30 seconds 1200 2400 4800
1 second 3000 6000 12000
Impulse withstand (kV) 45 60 60
Dlelectric strength 1 minute (kV) 11.0 20.0 13.5
Switching frequency (Operations/minimum) 1200 1200 600
Mechanical life (Operations) 5x10* 5 1x10¢
Electrical life (Operations) 1x10* 0¢ 0.25x10*
Closing time (Maximum MS) 120 35 270
Opening time (Maximum MS)
Switched on dc side of rectifier 35 55
Pick-up voltage (% of rated) 85% max 5% max 85% max
Drop-out voltage (% of rated) 10-65% 10-65% 10-65%
Control voltage (Volts) 110/115 rec. ac 110/115rec. ac 110/115 rec. ac
Control circuit burden (vA)
Closing 220 165 515
Hold-in 77 21 67
Auxiliary contacts Quantity 20 maximum 20 maximum
(N.O. or N.C.) (N.O. or N.C\) s
Ratings Current (Amperes) 10 10
Voltage (Volts) 600 600
Switching ac 6 amperes at 600 volts 6 amperes at 600 volts
d 1 amperes at 240 volts 1 amperes at 240 volts
Contoctor weight (Lb/kg) 77 (35] 114 [52]
Outline dimensions drawing Fig. 1. Fig. 1.
Standards applicable U/L 347 uU/L 347
NEMA 2-324 NEMA 2-324
Dimensions in Inches [mm}) —_
Mochanial Dimensions in Inches [mm]
_— — Latch Assembly Key
% ° CRI193A CR1938 CR193C
— ! A .13.50 14.88 18.90
B4 @ | r>~—-! Lt [343] [378] [480]
= i 8 9.53 13.50 16.93
A | i [242]) (343] [450]
I . 8.46 14.65 17.52
m © ol ||l @D D) ¢ [215] [372] [445]
(o[ =— Ta) 5.8 10.24 12.99
@ . . .
l ) Z S E] D | [ian [260) (330)
8 Vacuum Auxil E 11.610 12.99 17.00
Interrupter Cg:l;:z [295] [330] [432)]
E 4.17 8.46 11.02
[106] [215] [280]
G 0.63 1.18 1.38
B . S [16] [30] [35)
= =l . jamus} @ Mounting dimension on the opposite
. o side is 8.58 [218] centered.
il [ |- [ =
Joi - 5
i i : ™
= G-
E -]
A T ° e

GENERAL & ELECTRIC

GENERAL PURPOSE
CONTROL DEPARTMENT
MEBANE, NC 27302, US.A.

Fig. 1. CR193



Additional protection against surges
for rotating machines may be
economically attractive for system
voltage installations of 2300 volts and
above.

It consists of a surge capacitor and a
Thyrite® lightning arrester.

The lightning arrester reduces the
amplitude of the voltage impulse wave.
The surge capacitor further reduces the
amplitude but in addition, it reduces the
steepness of the wave front. It is impor-
tant to reduce the steepness of the surge
wave front to keep the turn-to-turn
voltage stress in the machine winding to
a minimum.

Surge capacitors and arresters should
be installed as close to the machine ter-
minals as possible.

To prevent overvoltage in current-
transformer secondary circuits during
switching, current transformers should
be provided with Thyrite protectors
when surge capacitors are installed at
motor terminals.

Capacitors and arresters require a
22-inch-wide auxiliary enclosure if re-
quired at the controller.

TERMINALS

High-voltage terminal lugs are not fur-
nished in Vacuum Limitamp® panels
unless specifically requested on the
order and cable size is specified. When
specified, solderless connectors by llsco

are furnished. When requested, ter-‘

minals by other manufacturers can be
furnished. In large project installation
where the contractor may feel that su
plying terminal lugs is not in his
tract, the question of who supplie
should be settled when the
issued. Where the Customer is

connect Limitamp equip
aluminum conductors, spec téhtion
must be given to s j of
terminals.

POTHEADS

Hermetically sealed potheads are re-
quired for permangpt protection on all
ted cables. Rubber-
may not require
5000 volts, but potheads

eads serve to: (1) seal cable ends
gainst entrance of moisture which
uld seriously damage cable insula-
tion, (2) provide a compartment for sur-
rounding the termination with insulating

compound thus improving the electrical
strength over the surface of cable in-
sulation, and (3) seal cable ends against
leakage of cable impregnating oil, loss
of which decreases the electrical
strength of the insulation.

The three principal types of potheads
are as follows:

Through-type — In this type the Pur-
chaser's  incoming  three-conductor
cables are separated by the pothead and
run through to terminals on the panel
and are sealed with compound. These
will accommodate cable to 2 7/8 inches
outside diameter, a maximum of Size 00
three-condl.lctor cable.

Terminating Pothead, Entrance from
Below — In this type the Purchaser’s in-
coming three-conductor cables te
minate in the pothead and the control
cables connect to the terminals. Gg8
Type NT, Shape C Terminating Poghedd
are used in Limitamp cont @
quire an auxiliary compartm

Terminating Pothea
Above — In this ty,
cables terminate in
overhead and the cdffftro able con-
nects to the termina the pothead. G
heads are us-

ed for such ter Limitamp con-

trol, and e an auxiliary
compar,
co OF CONTROLLER

TYP

cuum Limitamp Control across-
e (FVNR) controller is the most
ar type of controller. In general,

\gh-voltage systems have fewer power
réstrictions than low-voltage systems,

therefore, full-voltage controllers may
be applied to a greater number of ap-
plications. Full-voltage controllers pro-
vide lowest cost, simplicity, minimum
maintenance and highest starting
torque.

TABLE 6. Comparison of Starting Characteristics

Reduced Voltage

reactor (closed
controllers

Primary
Limitamp

low cost means of
voltage starts. The

reactor taps are easily adjustable in the
field.

Limitamp closed® transition auto-
transfor controllers provide higher
starting {fo efficiency and a more

factor during starting
ry reactor starter. The
er taps and transition
Be easily adjusted in the field.
medium-duty reactors and
adfatransformers with 50-, 65- and 80-
ergeént taps are provided as standard.

Reduced Inrush

Limitamp wye (star)-delta (closed
transition) starters provide a means of
reducing the starting inrush where the
starting duty is not limited by the con-
troller. This type of controller can be us-
ed where extremely long acceleration
times are required. Wye-delta starters
have a very high torque efficiency. This
starter is applicable only to 6 lead
motors and no field correction s
possible.

INSTALLATION

Installation instructions are furnished
with each section of Limitamp control
shipped from the factory.

It is recommended that these instruc-
tions be followed in detail.

Starting Characteristics Expressed in
Percent Rated Values
Starter
Type Voltage Motor Line Torque
of Motor Current Current Torque Efficiency

FULL VOLTAGE 100 100 100 100 100
AUTOTRANSFORMER

80 percent top 80 80 64* 64 100

65 percent tap 65 65 42* 42 100

50 percent tap 50 50 25* 25 100
PRIMARY-REACTOR

80 percent top 80 80 80 64 80

65 percent tap 65 65 65 42 65

50 percent top 50 50 50 25 50
STAR-DELTA 100 33 33 33 33

*Autotransformer magnetizing current is not included in listed values. Magnetizing current is
usually less than 25-percent motor full-load current.
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TYPICAL DIAGRAMS

Nomenclature:

AC Bus
AM Ammeter

0% 219, SCM o) AMS A

AMS Ammeter Switch
BFI Blown Fuse Indicator tz
CT Current Transformer L3 BFL
CPI Control Power Interlock W .EFJ:
Mgy Py KI3
FU Fuse [} ' ™
GND Ground N [ A KI2
ISW  Main Disconnect Switch L2 A ~
M Main Contactor (Vacuum) o\ aa Kl
MX Aux. Relay to M - KI
OR Overload Relay AN

PB Pushbutton
P.M.  Polarity Mark

PT Potential Transformer

TIL Red Indicating Light o e )

T Transformer o0 PToe o BT oo

TPI Test Power Interlock Pl aZ[P2  [F3

VM Voltmeter wsi" e I&  Im TI
VMS  Voltmeter Switch FE@(;)M—)@——I(%G))——TF‘,? T

All Controt
GNDare
connected tothe
control T8

|PB
START & (a) MX (B)

aall) : (2)] 9
4

RIL"RUNNING"
()N~ (2)
oo

)fz) (I)BF(|2) (|
——  CONTROLLER GROUND —.L—_ SYSTEM GROUND '_7135;\ i
THIS DIAGRAM SHOWS STARTER WITH THE ISOLATING SWITCRIN 5
THE DISCONNECT POSITION AND THE TEST POWER INTE com
THE TEST POSITION. ac®! 2o5¢

(Contractor

TO TEST - HANDLE MUST BE IN THE DISCONNECT POSTTO F), Viodie)
PURCHASER TO CONNECT HIS TEST POWER T@ THEQPROPER TER- Dcr' 4Toc
MINALS AND NOTE THAT THE CONTROL CIRCUIT \ OUND-

38 - OM (1-19). 39

ED WHEN DISCONNECTS ARE OPEN.
CPI - OPENS ONLY WHEN CPI RELEASE m ING SWITCH
E

EN MAIN LINE

HANDLE IS PUSHED IN. CAN NOT BE O,
CONTACTOR IS CLOSED.
JANS START AND STOP PUSHB CUITS ARE WIRED

THROUGH THE CONTROL TB INL OR T REMOTE START-STOP
BUTTONS CAN BE READILY TO THE CIRCUIT WHEN
REQUIRED.

[J- AT THE CONTROL TB} OPAN THE CT SECONDARY CIRCUIT
WIRE PERMITS INSERTION HOOK ON AMMETER FOR
MEASURING LINE CURRENT.

& - TERMINAL BOARD POINT

NOTE: DEVICEJIE

Fig. 7. Typical diagram of induction-motor-control FVNR



TYPICAL DIAGRAMS

Pl P2
—— CONTROLLER GROUND _-l-_ SYSTEM GROUND VMSI("m) 3:'4«» s

- (2) I(Q) ( ) ](6) @)
THIS DIAGRAM SHOWS STARTER WITH THE N @ "
ISOLATING SWITCH IN THE DISCONNECT POSITION

AND THE TEST POWER INTERLOCK IN THE TEST POSI- NOTE
TlON Separately shipped fiekd discharge resistor
. mus) be mounted and connected to

controller bafore energizing controller

TO TEST - HANDLE MUST BE IN THE DISCONNECT
POSITION (OFF), PURCHASER TO CONNECT HIS TEST
POWER TO THE PROPER TERMINALS AND NOTE THAT
THE CONTROL CIRCUIT IS NOT GROUNDED WHEN
DISCONNECTS ARE OPEN.

CPI - OPENS ONLY WHEN CPI RELEASE ON ISOLATING
SWITCH HANDLE IS PUSHED IN. CAN NOT BE OPENED
WHEN MAIN LINE CONTACTOR IS CLOSED.

/\- START AND STOP PUSHBUTTON CIRCUITS ARE
WIRED THROUGH THE CONTROL TB IN ORDER THAT

REMOTE START-STOP BUTTONS CAN BE READILY @
CONNECTED INTO THE CIRCUIT WHEN REQUIRED.

(J- AT THE CONTROL TB, A LOOP IN THE CT SECO

DARY CIRCUIT WIRE PERMITS INSERTION OF A HOOK

ON AMMETER FOR MEASURING LINE CURRENT.

p/ - TERMINAL BOARD POINT

NOTE: DEVICE TERM. —:—\

Nomenclature:

BF1  Blown Fuse Indicator MX  Aux. Relay To Main Contactor
N Neutral Contactor

CPI TP

All control gnds
are connected
tothe control TB
____________ 5
1
1
I
)
1
)
]
______________ IR
91
X E}Sﬁxz Xr
o%TAPS Y\ £ /70~ e
AY{ >4
% 1i8 Voo =ond
CPI TP 1p
2
22 R I I

I 1
Lt Purchaser's e ! 47 |
6 Test 18

Power M
1i5 Vae (A)O(B)

Contactor Coil M e
CM  (field-current)@alibration Mo
CPl  Control Pow, teblock

dule NX Aux.Relay To Neutral Contactor
OL Overload Relay
CcT Current Tr er PB  Pushbutton
DCCT Dc Current Tr r P.M. Polarity Mark
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RATINGS, WEIGHTS AND DIMENSIONS — VACUUM LIMITAMP® 200, 400 AND 800 CONTROLLERS

Limitamp control varies in weight by
controller type and construction. The ap-
proximate weight for estimating pur-
poses is included in the tables below.

All Limitamp controllers have a com-
mon depth of 30 inches and height of 90
inches. Vacuum Limitamp 200 and 400
controllers have a basic width of 26

Control has a basic width of 40 inches
and Vacuum Limitamp 800 controllers
have a basic width of 40 inches.

Overall width of other controllers such
as reduced-voltage type controllers vary
according to type of controller as shown

For convenience in handli
stallation, Limitamp contro
equipped with removabledtds
angles.

Power bus for electricglly connecting
sections of Li mp control does not

inches. Two-high Vacuum Limitamp in TABLE 7 below. add to the stafida -inch height.
TABLE 7. TECHNICAL DATA - ESTIMATED WEIGHTS AND DIMENSIONS - VENTED NEMA 1 EN
Limitamp 2400 Volts 4000-4800 Volis @ 7200 Volts
Contac-
tor
Ampere Max Hp Wt Width in Inches Max Hp Wt Width in Inches wt Width in inches
CONTROLLER Rating 3-phase in 3-ph in  [—————— in
TYPE (0] 50/60 Hz Lbs 90 high x 30 deep 50/60 Hz Lbs 90 high x 30 dee Hz Lbs 90 high x 30 deep
ONE HIGH - ONE STARTER
ISQUIRREL-CAGE 200 800 1200 26 e e e ..
INDUCTION 400 1600 1200 26 2800 4800 1200 26
FULL-VOLTAGE 800 3200 1450 40 5600
INONREVERSING
TWO HIGH -
200 800 1900 40 P
400 1400 1900 40 2500
ONE HIGH
f:;ﬂz’:_f;ﬁAGE 200 800 1400 34 P .. e e .
FULL-VOLTAGE 400 1600 1500 40 2800 40 4800 1600 40
REVERSING 800 3200 1800 60 60
REDUCED-VOLTAGE 200 800 1900 . ce.
INONREVERSING 400 1000 2800 2800 66
PRIMARY REACTOR 400 1600 4800 4800 98
[TYPE 800 3200 5200 5200 108
REDUCED-VOLTAGE
IONREVERSING 400 4800 Refer to Company
INEUTRAL REACTOR
REDUCED-VOLTAGE 200 800 2300 e e
INONREVERSING 400 1000 3000 3000 72
IAUTOTRANSFORMER 400 1600 5 104 2800 5000 104 Refer to Company
ITYPE (CLOSED 800 3200 86 4 5600 8600 114
[TRANSITION)
[TWO-STEP 200 800 00 40 A e ..
PART WINDING 400 1600 7 40 2800 1400 40
INONREVERSING 800 0 80 5600 2400 80
TWO-SPEED 200 80 1600 62 e e o
ONE WINDING 400 0 1600 62 2800 1600 62
FVNR 800, 00 2700 80 5600 2700 30
TWO-SPEED 200 1400 40 e e .
TWO WINDING 400 1600 1400 40 2800 1600 40
FVNR 800 3200 2400 80 5600 3200 80
:$X§::;26 Forsingle-speed reversing of two-speed starters add 32 inches to base starter width.
Forreversing of RVNR autotransformer type starters add 64 inches to base starter width.
TWO-SPEED & . . .
or reversing on both speeds of two-speed starters add 64 inches to basestarter width.

for non-vented enclosures

xigaum horsepower at 4160 volts ac in one-high NEMA 1 enclosure
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TABLE 7. TECHNICAL DATA - ESTIMATED WEIGHTS AND DIMENSIONS - VENTED NEMA 1 ENCLOSURES

Limitamp 2400 Volts 4000-4800 Volts @ 7200 Volts
Contoc-
tor
Ampere Max Hp wt Widthin Inches Max Hp Wt Width in Inches Max Hp Wt
CONTROLLER Rating 3-phose in 3-phase in 3-phase in
TYPE 50/60 Hz Lbs 90 high x 30deep 50/60 Hz Lbs 90 high x 30deep 50/60 Hz Lbs
0.8 1.0 0.8 1.0 0.8
PF PF PF PF PF PF
SYNCHRONOUS- 200 800 1000 1400 34 ..
MOTOR FVNR 400 1600 2000 1400 34 2800 3500 1400 34 4800 6000 1400
RUSH TYPE & 800 3200 4000 2600 40 5600 7000 2600 40
BRUSHLESS
lsYNCHRONOUS- 200 800 2100 64 e e e
MOTOR, RVNR 400 1000 3000 72 1000 3000 72
PRIMARY REACTOR 400 1600 5000 104 2800 5000 104
800 3200 5400 108 5600 5400 108
ISYNCHRONOQUS- 200 800 1000 2500 78 R e N L
IMOTOR, RVNR 400 1000 1250 3200 78 1000 1250 3200 78
IAUTOTRANSFORMER 400 1600 2000 5200 10 2800 3500 5200 10
800 3200 4000 8800 114 5600 7000 8800 114
ISYNCHRONOUS- 200
MOTOR, RVNR 400 Refer to Company
INEUTRAL REACTOR 800
ISYNCHRONOUS- . . .
OTOR REVERSING For single-speed reversing of two-speed starters add 32 inches to base starter
[:‘TARTERS For reversing of reduced-voltage autotransformer type starters add 6.4 rter width
ISYNCHRONOUS -
IMOTOR For dynamic braking of Limitamp synchronous starters up to 4800 v
DYNAMIC BRAKING basic panel width. No increase in width is required for reversing
EXCITER POWER
< UPPLIES For power supplies above 9kW add 22 inches to base starte!

® Derate by 0.8 for non-vented enclosures
@ Maximum horsepower at 4160 volts ac in one-high NE

- 2400 Volts 40004800 Volts 7200 Volts Number of
Limitamp Enclosures
CONTROLLER Contac-
TYPE A tor Hp Wt Wt Width in Inches Hp wt Width in Inches . .
Rm:a'ere 3-phase in 3-phase in 3-phase in i Resistor
ating | 50760 Hz | Lbs 50/60 Hz | Lbs | 90high x 30 deep 50/60 Hz | Lbs | 90highx30deep | Contactors esistors
200 150 1 [
poun. po 150 e e | s ‘ 0
ROTOR-MOTOR 400 700 700 | 2500 90 : 1
INONREVERSING !
400 1500 1500 | 3700 186 2 3
80097400 1750 1750 | 4100 218 Refer 3 3
800®/ 400 | 2000 2000 | 4400 250 to 3 4
800 ®/ 400 | 2250 2250 | 4400 250 Company 3 4
8000/ 400 2500 | 4900 282 3 49/5
® Limitamp 800 fo itamp 400 for 4000-4800 volts.
@ 4 required at vired at 4000-4800 volts.
WOUND-ROTOR-
MOTOR For reversing of wound-rotor-motor starters add 32-inch panel width and 600 pounds.

REVERSING

L4
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OUTLINE DRAWINGS — VACUUM LIMITAMP® 200, 400 AND 800 CONTROLLERS

ONE-HIGH OUTLINES (All dimensions under 6 feet are in inches)
(Including 400-ampere at 7.2 kV)
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TWO-HIGH OUTLINE (All dimensions under 6 feet are in inches)
(400-ampere, 7.2 kV not offered in two-high construction)
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TABLE 8 . RATINGS, WEIGHTS AND DIMENSIONS - LOAD-BREAK SWITCHE

2400 Volts 4000 or 4800 Volts
Fused . , Dimensions in Inches Dimensions in Inches
Interrupt- impulse
TYPE A Approx Approx

Col;ogcify Rlz'viﬁlg Weight V_Veigh'

kVA Sym- KV in Lb. Height { Width | Depth in Lb. Height | Width | Depth

metrical
600-AMPERE DRAWOUT 200,000 60 1600 1600 90 34 30
600-AMPERE STATIONARY 200,000 60 1600 1600 90 38 30
1200-AMPERE STATIONARY 200,000 60 1600 1600 90 38 30
600-AMPERE DRAWOUT 200,000 60 2400 2400 90 44 30

NEMA Type 1
Enclosures
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. switch switch switch 600-umpere
drawout load-
NE DRAWING NOTES break switch
C ING POWER TERMINAL CONNECTION K — SPACE AVAILABLE FOR INCOMING CONDUIT
O BUS ORDERED) M — RECOMMENDED POSITION FORINCOMING MOTOR CONDUIT
1 — ACPOWER BUS (IF ORDERED) N — RECOMMENDED POSITION FORINCOMING CONTROL CONDUIT
CONTROL-LEAD TERMINAL BOARD P RECOMMENDED POSITION FOR INCOMING CONTROL CONDUIT
E — GROUND-BUS TERMINAL CONNECTION (IF ORDERED) Q — RECOMMENDED POSITION FORINCOMING FEEDER CONDUIT
G — SPACE REQUIRED TO OPEN DOORS 90 DEGREES T — SWITCH FEEDER TERMINAL CONNECTION
H — AISLE FOR SWITCH REMOVAL U — SWITCH INCOMING POWER TERMINAL CONNECTION

J — MOUNTING HOLES FOR "2-INCH DIAMETER ANCHOR BOLTS  * INDICATES TERMINAL LOCATION - APPROXIMATE FOR CABLE LENGTH
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OUTLINE DRAWING — NEMA 3R ENCLOSURES

W = width of Vacuum Limitamp® Controller in NEMA 1 enclosure.
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BASIC PANEL SPECIFICATIONS

This table lists the standard features and accessories that are included
in basic motor controllers.

WOUND-ROTOR-MOTOR STARTERS

Non-reversing

Same as Squirrel-cage FVNR with addition of following:

ALL STARTERS Secondary 1—S¢t of |ntermeq|ate accelerating €ontactors.
Enclosure ................ 1—Final accelerating actor
Enclosure.............. NEMA Type 1 general-purpose, ventilated. 1—Set of definite-tim@ a ting relays.
Resistor
Connections Enclosure................. 1—Set of starting r rs, NEMA Class 135.
Incoming Line ......... Entrance top or bottom. Cables separated by barrier .
from both low-and high-voltage compartments. Reversing Same as for, sing with addition of following:
High-voltage
Motor Cable............ Entrance top or bottom. Cables separated by barrier Compartment .......... Three-pgle vac ontactor used for reversing.
from both low-and high-voltage compartments. o
Ondoor........ccccccue EVERSE-STOP pushbutton, oil-tight,
SQUIRREL-CAGE-MOTOR STARTERS (replacing START-STOP pushbutton).
COMPONENTS BRUSH-TYPE ONOUS-MOTOR STARTERS
Full-Voltage COMPONENT
Non-Reversing Full-voltage
(FVNR) , Non-reversing e as squirrel-cage FVNR with addition of
High-voltage 1—Fixed mount vacuum contactor lowing:
Compartment .......... 1—Set of bolt-in current-limiting fuses and supports
1—Externally operated quick-make quick-break ) I .
disconnect switch rated 400 or 800 amperes Field application and discharge contactor.
continuous. Mechanism operates in the following 1—CR192 uSPM solid-state synchronizing device for
sequence — opens CPT secondary, disconnects precision-angle field application, load-angle field
from vertical bus, releases door interlock. removal and squirrel-cage protection with built-in
1—Three-pole vacuum contactor with 200-, 400- or digital power factor and line ammeter.
800-ampere rating. , 1—Line amps display-digital readout. Part of CR192
1—Set of mechanical interlocks to prevent opening module.
the disconnect when the contactor is on, prevent 1—Field amps display-digital readout. Part of CR192
opening the door when the disconnect is on, to module.
prevent closing the contactor when the disco N TOP ..o 1—Field starting and discharge resistor.
nect is in an intermediate position and to prgye
closing of the disconnect when the high-vgla Reduced-voltage
door is open. Non-reversing Same as for full-voltage nonreversing with addition of
1—Control Power Transformer (CPT) with olt (RVNR) following:
secondary. Higiv-voltage 1—Three-pole vacuum contactor used as a RUN
3—Current transformers. Compartment .......... contactor
3—Terminals for motor cable connectio 1—Reduced-voltage starting reactor with taps for
1—Contactor control module (CCM) to Vi t- 50-, 65- and 80-percent line voltage.
on-wave tip opening, coil current ulal d Low-voltage
anti-kiss function. L
tment.......... 1— - :
1—Anti-single-phase trip bagaand fsable bwn-fuse Compartmen Definite-time transfer relay.
indicator. BRUSHLESS, SYNCHRONOUS-MOTOR STARTERS
Low-voltage 1—Three-pole, ambient-col ns: thermal
Compartment ..........

overload relay, hand-re Full-voltage
X—Instantaneous un tag tection. Non-reversing
1—Control-circuit fuse. (FVNR)
1—START-STOP pu on ht, flush-mounted. Low-voltage

On Door...ccccovven. )
{ b
Full-Voltage Same as for full-volfage norlieversing with addition of Compartmen
Reversing (FVR) following: On door......ccoveun..
High-voltage
Compartment .......... 1—Thgge-po um contactor for reversing
On Door.....c.cccoev RSE-STOP pushbutton, oil-tight,

(replacing START-STOP

Reduced-voltage
Non-Reversing
(RVNR) (Primary

ull-voltage nonreversing with addition of

Reduced-voltage

Reactor) Non-reversing
High-voltage 1‘Three-pole vacuum contactor used as a RUN (RVNR)
contactor High-voltage
Compartment...........
1—Reduced-voltage starting reactor with taps for P
50-, 65- and 80-percent line voltage. Auxiliary
Enclosure.................
1—Definite time transfer relay. Low-voltage

Compartment ..........

Same as squirrel-cage FVNR with the addition of
following:

1—Brushless exciter field rheostat

1—CR192 uSPM solid-state synchronizing device for
precision time-delay field application, load-angle
field removal and squirrel-cage protection with
built-in digital power factor and line ammeter.

1—Line amps display-digital readout. Part of CR192
module.

1—Field amps display-digital readout. Part of CR192
module.

1—Brushless exciter field rheostat

Same as for full-voltage nonreversing with addition of
following:

Three-pole vacuum contactor used as a RUN
contactor.

1—Reduced-voltage starting reactor with taps for
50-, 65- and 80-percent line voltage.

1—Definite-time transfer relay
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GUIDE FORM SPECIFICATIONS

24

Fill in

Cross outone in each group

Cross out all but one

Fill in

Select one depending on voltage
(200-, 400- ampere contactor)

Select one depending on
contactor rating (200-,
400-ampere contactor)

Select one depending on voltage
(800-ampere contactor)

Select one and fill in type of
enclosure

Vacuum Limitamp Control
2.4 to 7.2-kV

GENERAL

These specifications cover NEMA Class E2 high-voltage control for

phase, Hertz motors as follows: 2

nous) motor

volts,

Controller No. 1

(Full voltage) (reduced voltage)
(non-reversing) (reversing) controller

for (squirrel-cage induction) (wound-rotor induction)
(synchronous) (brush-type synchronous) ( brushless syn

rated horsepower.

Controller No. 2, etc. (described as above)

ALL CONTROLLERS

Controller(s) shall be fusedtype em
controller an interrupting rating of (
50/60 Hz) (350 mVA, 3-phase syrpime
symmetrical at 4800 volts, 50/6;
50/60 Hz).

ent-limiting power fuses that give the
mVA®3-phase symmetrical at 2400 volts,
at 4200 volts, 50/60 Hz) (400 mVA, 3-phase
mVA, 3-phase symmetrical at 7200 volts,

Starter(s) shall employ
3600 vo/ts maximu
(400 amperes at 72
symmetrical). Cont
control to reduce I

ically held vacuum contactor(s) rated (200 amperes at
/nterruptlng rating of 37 mVA, 3-phase symmetrical)
aximum with an interrupting rating of 75 mVA, 3- phase
all be equipped with point-on-wave contact tip opening
ity of voltage transients due to restrike.

~

Controller(s) s
controller an ter

d type employing current-limiting power fuses that give the
Ing capacity of (200 mVA, 3-phase symmetrical at 2400 volts,
3-phase symmetrical at 4200 volts, 50/60 Hz) (400 mVA, 3-phase
volts, 50/60 Hz).

roller(s) shall be (in a one-high line-up of NEMA ________ enclosures with
ase [1200] [2400] ampere horizontal ac power bus) (in free-standing one-high
ividual NEMA enclosure(s) with provisions for terminating incoming
cable) (in two-high NEMA enclosure(s)* equipped with [1200] [2400]
ampere horizontal ac power bus).

*Vacuum Limitamp 800 control and 400-7200-volt control is only available in one-high
construction.

The power bus shall be braced for 80 kA RMS asymmetrical or 50 kA RMS symmetrical.

For safety to personnel, enclosure(s) shall be compartmented into low-voltage control
compartment with separate door, high-voltage compartment with separate interlocked
door, ac bus compartment with protective barriers and cable entrance compartment.

Each controller shall contain protection against single-phasing due to a blown fuse and
shall have a blown fuse indicator on the front panel.

O

O

g



Select one if required

Fill in only if regulating duty is
required

Select one if required

Select finis

O

Contactor(s) shall be fixed mounted to eliminate stab-in type connections and the coiQ
shall be removable without removing the contactor from its mounts. The vacuum inter-
rupter wear checks shall not require removal of the contactor.

L 4
The controller shall be isolated by a quick-make quick-break isolator switchggperated by
an externally mounted operating handle. The isolating device shall disc e
secondary of the control power transformer before opening the maifMgirc@fcoptacts.

Mechanical interlocks shall be provided to prevent:
1. Closing the interrupter with the high-voltage door open.

2. Operating of the isolator while under load.
3. Opening of the high-voltage door when isolator is on.
4. Operation of the contactor when the isolator is in an inter iat@ position.

NOTE: For overload protection, one three-pole ambient#£0 sated thermal-overload
relay, manual reset, shall be included.

Controllers rated 200 amperes at 3600 volts shall g€ r, kV Basic Impulse Level
(BIL).

Controllers rated 400 and 800 amperes up to hall be rated 60 kV Basic Impulse
Level (BIL).

OPTIONS

(Solid-state relay protection) (latched actors).

Control for wound-rotor ind tors

maghetic. It shall provide automatic acceleration through

Secondary control sha \
vith uniform torque peaks using a NEMA Class

starting
resist

ontinuous speed regulation with _____ points of
imum reduction of percent from full-load
rcent full load torque.

The control shall pr,
speed reduction
speed at

Controlgfor §¢nchi@nous motors

Dc field N)r synchronous motors shall consist of one General Electric CR192
stantin protection module equipped with digital displays for power factor, field

curr nd¥jpe current, one field starting and discharge resistor and one magnetic field
eration must be fully automatic.

ic figld supplies shall be (tapped transformer diode) (adjustable SCR type) (adjust-
type with power-factor regulation).

itional Functions

Control power at 120 volts shall be provided from a control power transformer in each
controller. The transformer shall be protected by current-limiting fuses.

Controller(s) shall provide instantaneous undervoltage protection when momentary con-
tact pushbutton is used, undervoltage release when maintained contact pushbutton is
used. (Pushbutton) (switch) to be (mounted on door) (remotely located).

Finish

Finish shall be (ASA-61 gray over rust-resistant phosphate undercoat for indoor use) (ASA-61 gray
over one or more rust-resistant undercoats for outdoor use).
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GUIDE FORM SPECIFICATIONS (CONT'D)

5-kV Limitamp Load-break Switches

GENERAL .

These specifications cover 5-kV load-break switches designed to co ith the
performance requirements of ANSI C37.32. They shall be manually o triple-
pole, single-throw disconnecting type with an integral interrupter to energy
spring. The operating handle must be externally operated.

Switches shall be designed to comply with the ratings listed bel

600-ampere 600-a e 1200-ampere
Type Drawout Switch Stationg, Stationary Switch
(Fused) (Fused s (Fused or Unfused)
Voltage rating 5000-volt maximum | 5000- aximum |5000-volt maximum

Unfused rating
Vented enclosure N/A res 1200 amperes
Non-vented enclosure N/A 4 eres 1020 amperes

Fused rating

Vented enclosure 600 ampere! amperes 960 amperes

Non-vented enclosure 540 amp 40 amperes 840 amperes
Make/Break rating 600 ampé@res 600 amperes 1200 amperes
Fault-closing rating

Fused 61000 eres 61,000 amperes 61,000 amperes

Unfused N 61,000 amperes 61,000 amperes

e

Momentary rating

Unfused /A 61,000 amperes 61,000 amperes
Basic Impulse Level (BI kv 60 kV 60 kV

Short-circuit

interrupting capac
2400 volts
4800 volts

200 mVA (Sym) 200 mVA (Sym) 200 mVA (Sym)
400 mVA (Sym) 400 mVA (Sym) 400 mVA (Sym)

Drawaoilk swi s shall be designed for stab connection at the line and load ter-

shall be dead-front construction. They shall be rated 600 amperes and

e proper size fuses mounted on the switch. Mechanical interlocks shall

d to prevent withdrawal or insertion of the switches unless the blades are

Iso provide a shutter assembly which completely isolates the bus when the
s withdrawn. Construction may be either 1-high or 2-high.

Sf@tionary switches may be rated 600 or 1200 amperes depending upon the applica-

n. They shall be mounted in one-high construction only. Provide interlocks to pre-
vent operation of the switch unless the door is closed and to prevent the door from
being opened when the switch is closed. The switches may be fused or unfused. If
supplied as an unfused switch, an upstream circuit breaker with instantaneous trips
must be available to coordinate with switch capabilities or the switch must be sup-
plied with key lock capabilities for all the Limitamp starters in the lineup.

LB

Fuses for switches shall be silver-sand current-limiting, bolt-on type.

Drawout switches shall be applied as feeders only. Stationary switches may be ap-
plied as an incoming line or feeder switches.

All switches shall have a viewing window to see the condition and position of the
switch blades and to see the blown-fuse indicator.

Ac power bus, if required, shall be supplied and mounted within the 90-inch-high
enclosure when switch is in a lineup.
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Fill in

Select one combination

Select one (if fused)©
Select one ®

Select one

Select one
Select one

Switches shall comply with the dimensions and cable space listed below.

600-ampere 600-ampere 1200-ampere
Type Drawout Switch Stationary Switch Stationary Switch
(Fused) (Fused or Unfused) (Fused or Unfused)
DIMENSIONS &
Dimensions in Inches Dimensions in Inches

(HxW xD) (HxW xD)

1-high

construction 90 x 34 x 30 90 x 38 x 30 x 38 x 30
1-high

construction

(Option) 90 x 42 x 30 N/A N/A
2-high

construction 90 x 44 x 30 N/A
CABLE SPACE
incomin

38-inch-wide-case N/A 2-500 MCM 2-500 MCM per phase

without stre without stress cones

Outgoing 2-500 2-500MCM per phase with

38-inch-wide case N/A or witifgut or without stress cones
Incoming

(Far bus only)
34-inch-wide case 2-500 MCM per phase
without stress cones

1-500 MCM per phase
with stress cones
42-inch-wide case 2-750 MCM per pha i N/A N/A

N/A

44-inch-wide case N/A N/A
or without stress ¢
Outgoing
34-inch-wide case 1-500 MCM per phas&ii N/A N/A
or without st
42-inch-wide case 2-750 MCM p b yi N/A N/A
or without s
44-inch-wide case 1-308 N/A N/A
or,
N/A = Not Applicable.
SWITCH #1
The load-break gwi Il be rated volts, phase, Hertz,

am s
Switch shallfe (f . drawout), (unfused, stationary), (fused, stationary) construction .
The fuge ra shdll be (10-), (25-), (100-), (200-), (400-), (630-), (690-) amperes.
The swi used as (a feeder), (an incoming line) switch.

The s &I be provided in (1-high construction 34 inches wide®), (1-high construc-
hes wide®), (2-high construction 44 inches wide ®), (1-high construction 38 in-

o us shall be rated (1000 amperes) (2000 amperes).
c poWer bus shall be (tin-plated aluminum), (tin-plated copper), (silver-plated copper),

inish shall be (ASA-61 gray over rust-resistant phosphate undercoat for indoor use),
(ASA-61 gray over one or more rust-resistant undercoats for outdoor use).

Comments

O Maximum fuse rating for 600-ampere switch is 630 amperes.

® Drawout switch applied as feeder only. Stationary switch may be applied as feeder
or incoming line switch.

® Drawout switch only.

® Stationary switch only.

SWITCH #2

(Describe as above)
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The General Electric Limitamp motor control center O
provides an economical means of centralizing motor General

starters and related control equipment. It permits motor

control starters, feeders, isolator switches, distribution >

transformers, interlocking relays, programmable control,

metering and other miscellaneous devices to be obtained ~ Controllers
in a single floor-mounted structural assembly fed from a

common enclosed main bus.

Limitamp motor control centers are constructed of 5kV Load-Break Switches
standardized heavy gauge vertical sections housing
vertical and horizontal buses and compartmented
starters. Sections are bolted together to form a single
line-up assembly. The entire center may be powered by
incoming line connection at a single point. When
possible, Limitamp motor control centers bear UL
section and unit labels.

Incoming Line

Enclosu

Pr t1 Control

onents

Application Data

O@ Elementary Diagrams

L 4

Guideform Specifications, Basic Starter Features

Q
o
&

L 4
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COMPARISON OF CONTROLLER TYPES

FULL VOLTAGE

The Limitamp Control across-the-line (FVNR) controller
is the most popular type of controller. In general, high-
voltage systems have fewer power restrictions than low-
voltage systems; therefore, full-voltage controllers may be
applied to a greater number of applications. Full-voltage
controllers provide lowest cost, simplicity, minimum
maintenance and highest starting torque.

REDUCED VOLTAGE

Primary reactor (closed-transition) Limitamp controllers
are the most popular of the reduced-voltage type starters
because they provide a simple, low-cost means of obtain-
ing reduced-voltage starts. The starting time is easily
adjustable in the field.

Limitamp closed-transition auto-transformer controllers
provide higher starting torque efficiency and a more
favorable power factor during starting than a primary
reactor starter. The transition time can be easily adjusted
in the field. NEMA medium-duty reactors and autotrans-
formers with 50-, 65- and 80-percent taps are provided as
standard.

REDUCED INRUSH

Limitamp wye (star)-delta (closed-transition) start
provide a means of reducing the starting inrush r

the starting duty is not limited by the controllerghhi

type of controller can be used where extremelff1
acceleration times are required. Wye-delta ve a
very high torque efficiency. This starter is @ppli e only
to six lead motors and no field correc?l\ ble for

starting characteristics. See Table A.2

TRANSFORMER FEEDERS

Limitamp controllers are genegally c@nsidered motor
starting equipment; howeve not strictly limited
to motors and can provide od protection for loads
such as transformers,

Transformers thagan C
trollers must ha m
volt range.

rolled by Limitamp con-
rated in the 2400- to 7200-

To adequately protect a transformer, it is necessary to
define specific profction requirements. The following

areas will e considered:
1. Tran winding fault (primary and secondary)

2. St sing, resulting in a phenomenon known as
a resonance”

nsformer overload

A2

These functions are basic only and are not infgnde#l to
be comprehensive. Ground fault, differential, t pres-
sure, undervoltage, etc., are often required and may also
be added to a given control. In addition, a #ansformer
controller must allow for transfor inrush current and
not cause a nuisance trip-outgro entary line-

voltage dip.

Transformers must be protgct 0
ondary (winding or downs
controllers, current-limiti
the transformer from
faults in the cond
former. The fused@re se
fault currents e
contactoy to

primary and sec-
aults. In Limitamp
USEs are applied to protect
y winding fault, as well as
the controller to the trans-
ted to clear high-magnitude
t fault half-cycle and allow the
a transformer without operating
(Inrush currents occur when trans-
ized, typically 8-12 times rated amperes

oordinate with the EJ-2 fuse and protect the
sformer from damage as a result of a fault in its sec-
circuit.

TECTION

determine a basis for protection, refer to ANSI trans-
former short-circuit ratings, which define the magnitude
and duration of downstream faults that a transformer
can withstand without damage. A relay would have to be
set to operate before the damage point is reached. Base
ratings, impedance and the connection of the primary
and secondary windings of the transformer must be sup-
plied in order to arrive at the relay setting. The relay for
this purpose can be an electronic overload relay.

A common problem with single-phased transformers is a
phenomenon known as ferroresonance, which can occur
when an unloaded or lightly loaded transformer sustains
an open conductor in its primary circuit.
Ferroresonance causes system overvoltage as a result of
the transformer core inductance forming a “tuned” cir-
cuit with the system distributed capacitance. To avoid fer-
roresonance, all three lines must be switched simultane-
ously as with a medium-voltage contactor. However, if
one line fuse blows, then single-phasing will occur. To
prevent this, the medium-voltage contactor may be sup-
plied with a contactor tripping mechanism that operates
from a striker pin located in the fuse. When the fuse ele-
ment burns in two, the spring-loaded striker pin is
released. It prejects upward and operates a contact that
trips the contactor. This feature, known as blown fuse
trip, would provide positive transformer protection from
single-phasing due to blown fuses.
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Transformer feeders typically are applied on critical
process applications where it is important to maintain
continuity of operation through a system voltage
disturbance. Mechanically latched contactors allow the
contactor to remain closed during a disturbance. Like
circuit breakers, latched contactors are opened either
manually or by means of a shunt trip solenoid.

CAPACITOR FEEDERS

Limitamp 400 amp contactors are ideally suited for
capacitor switching applications. (Note: 800 Amp is not
rated for capacitor switching.)

Capacitors may be switched with the motor, but maxi-
mum rating for this function must be determined by
motor design.

When the capacitorsare provided in Limitamp control,
they are normally mounted in an auxiliary enclosure
beside the Limitamp controller. A capacitor rated up to
200 KVAR can be mounted in the top of a two-high
CR194 enclosure with the controller in the bottom.
(See Table B.7 for capacitor switching capacities.)

FUTURE STARTERS
Future squirrel-cage, full-voltage non-reversing sta

can be installed in two-high and three-high constRycti
only when factory-prepared space has been purchas
with the original Limitamp equipment.

Figure A.1 Medium Voltage Compartments in
CR194 two-high design

The purchase of factory-prepared space proviggs a

space unit equipped with vertical power bus, complete
interlocking and isolating mechanisms, operating handle
and high-voltage door. It does not include eltrical com-
ponents.

When parts are purchased to \@tarter, these
es;

consist of a contactor, power ntrol power trans-
former, CPT fuses and fuse , current transform-
ers, and low-voltage pan ices.

Table A.2 Comparison of Sgarting'Bharacteristics

Starter arting Characteristics Expressed
in Percent Rated Value
Motor Line Torque
Current | Current | Torque | Efficiency
100 100 100 100
80 64 ® 64 100
65 65 42 42 100
50 50 25® 25 100
80 percent tap 80 80 80 64 80
65 percent tap 65 65 65 42 65
50 percent tap 50 50 50 25 50
Wye-Delta 100 33 33 33 100

@ Autotransformer magnetizing current is not included in listed values.

Magnetizing current is usually less than 25 percent motor full-load current.

A3




GE Medium Voltage
Motor Control

Contro

CR194 VACUUM STATIONARY & DRAWOUT*

INTRODUCTION

CR194 Vacuum Limitamp Control is a high-interrupting-

capacity, high-voltage control used throughout industry
to control and protect squirrel-cage, wound-rotor and
synchronous motors. It can also be used to feed trans-
formers and other power-utilization circuits.

Typical applications are in paper, steel, cement, rubber,
mining, petroleum, chemical and utility-type industries.
Limitamp control is also used in water and sewage plants
and public buildings for air conditioning, pumps and
COMPpressors.

FEATURES

¢ Easily removable contactor — The stationary or
drawout contactors can be easily removed by loosening
easily accessible bolts. Front access to the coil and tip
wear checks will substantially reduce the need to
remove the contactor in normal circumstances.

* 400 or 800 Ampere Contactor — Vacuum Limitamp
control meets the varying needs of industry including
today’s higher horsepower requirements.

* NEMA rated — Vacuum Limitamp control is full

and designed to meet the requirements of NE GS
3, Part 2 Class E2 controllers.

¢ UL rated — Vacuum Limitamp control is fullfra
and designed to meet the requirements of U

* Self-contained power bus — Vertical pow@r busjis a

standard feature of Vacuum Limitam
Horizontal power bus is available wighiin t tandard
revious

90-inch height and lines up with
Limitamp designs. The power b have capacity
I requirements.

for extended lineups and larggr sta
¢ Installation ease — Provisi e runs from the
top and bottom; easily ac 18 terminals and small
1

overall size make insta and easy.

¢ Proven reliabili
the latest vacuuriafferr
reliable service.

uurl¥ Limitamp control utilizes
er technology for long,

¢ Simplified construction — The operating mechanisms
inside Vacuum Lifitamp control have been simplified

for furthégimprovements in reliability and ease of
maint
* Cofle ation — The reduced power losses of

interrupters, coupled with other design
ments, provide a controller that is cooler
ting to further enhance service life.

¢ Viewing window — The switchT8gq

¢ Quick-make quick-break non load-break dis

-~
nnect — o
Disconnection of the starter from the main bi¥su

accompanied by a quick-make quick-break non load-
break disconnect switch. This switch improygs the
overall control integrity by eliminating the need to rack
out the contactor to isolate the lo the power bus.

ped with a
c@that the disconnect
for personnel safety.
is depressed, the CPT
ected, which drops out
en the handle is thrown to
I’ primary and the high volt-

viewing window for visual
contacts are open, and a fu
When the plunger on t a
secondary is (isolatedydisc
the contactor coil,
the “off” positio
age compart

pted to provide the required motor
ions and offer reliable overcurrent

I%RUPTING RATINGS
1Merrupting ratings of the controllers vary with the

of the utilization voltage. The following table
icts typical NEMA E1 (unfused) interrupting ratings
for Class E1 controllers. ]

Table B.1 NEMA Class E1 Interrupting Ratings

Interrupting Rating rms symmetrical (mVA)
Contactor Type 2400 4200 5000 7200
and Rating Volts Volts Voits Voits
CR193B 400 Amp 25 43 50 75
CR193D 400 Amp 25 43 50 —
CR193C 800 Amp 37 65 75 —

In addition to normal motor protective relays, NEMA
Class E1 Limitamp control must include instantaneous
overcurrent relays to signal the contactor to open on
fault current. NEMA Class E1 Limitamp control may be
employed on systems having available short-circuit
currents up to the interrupting rating of the contactor.

Relaying, metering, ground fault protection and
lightning arresters are typical of available modifications.

NEMA Class E2 Limitamp control incorporates the
high-interrupting capacity of fast-acting fuses. These
current-limiting fuses protect both the connected equip-
ment and control against the high short-circuit current
available from modern power systems. (See Table B.2.)

™

4

*Drawout available in two-high construction only

B1
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CR194 control is designed for operation on the following
power systems.

Table B.2
Maximum Motor Hp®
System Induction, Synchronous Interrupting
Distribution Wound-rotor (1.0 PF) Rating (mVA)
Voltage Synchronous Symmetrical 3-
(0.8 PF) phase 50 or 60 Hz
CR194 400 Ampere stationary and drawout
2400 16000 2000® 200
4200 28000 3500 350
4800 3200@ 4000® 400
7200 4800 6000@ 600
CR194 800 Ampere stationary
2400 3200@ 4000@ 200
4200 5600 @ 7000@ 350
4800 6400 @ 8000@ 400

@ Based on 400 amperes RMS maximum, enclosed, NEMA 1, vented one-high
@ Based on 800 amperes RMS maximum, enclosed, NEMA 1, vented one-high
® For non-vented enclosures, apply a factor of 0.8 to the maximum horsepower

There are three basic constructions available utili

the vacuum contactor:

* CR194 two-high 400 Amp \

* CR194 one-high 400 Amp

* CR194 one-high 800 Amp

CR194 TWO-HIGH 400 AMP L 4 O
The two-high construction has basic dj wns of 36”
wide, 90” high and 30” deep, makin he itdustry’s
loSWre is also

smallest. An optional 40-inch-wid
available when additional cabli required.
rovifles an accurate and

Bolted rigid frame constructio

simple building platform, gigi er structural
strength and flexibilit Fu@ud bottom compart-
ment isolation is proyi ater safety, and the two-
approved.

provides roomy low-voltage
r flexibility, safety and high
density. Large low-voltage door mounting surface per-
mits multiple relay‘dnd metering packages, including
drawout rglays. The interior of the low-voltage compart-
i a white mounting panel, which is easily
rovides ample space for numerous con-

Figure B.1 CR194 two-high construction

The enclosure will accommodate outgoing cable sizes as
shown in Table B.4 when both top and bottom compart-
ments house contactors. There is also an option to use
the top compartment as an incoming line section with
limited cable sizes. Refer to the factory for details.
Otherwise, an auxiliary section will be required.

It is not necessary to de-energize one controller to
service or install the second controller. The enclosure
is designed to safely permit termination of one set of
motor leads while the other controller is energized.

Main horizontal power bus is available in 1000/1200
amperes and 2000 amperes. Both the main and vertical
bus is epoxy-insulated and accessible from front and
rear. The horizontal power bus will match with existing
Limitamp lineups, including air-break units.

The current ratings are shown in Table B.3.

Table B.3 Ratings and Horsepower Limitations in CR194 Two-high

Contactor Maximum Horsepower
Location Current
2400 Volts 4000-4800 Volts
Vented| Non- | Vented | Non- | Vented | Non-
Vented Vented Vented
TOP 360 320 1600 1200 | 2800 | 2500
BOTTOM 400 320 1800 1200 | 3100 | 2500

B2
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Table B.4 Cable Size Limits (approximate) in CR194 Vacuum Control
Construction With Non-shielded Cable With Shielded Cable and With Shielded Ca
Prefabricated Stress Cones and Hand- wrapped
Stress Rélief
Per phase Per phase phase
400-Ampere Incoming Load Incoming Load i Load
One-high 26”-wide Case 1-500 kemil 1-500 kemil 1-500 kemil 1-500 kemil cmil 1-250 kemil
preferred
1-500 kemil
possible
One-high 34"-wide Case 2-500 kemil 2-500 kemil 2-500 kemil 2-508 kc 2-500 kemil 2-500 kemil
Two-high 36”-wide Case Contact 1-500 kemil Contact Contact 1-#3/0
Factory Factory Factory preferred
1-#4/0
ossible possible
Two-high 40”-wide Case Contact 1-500 kemil ont 1-500 kemil Contact 1-250 kemil
Factory Factory
800-Ampere
One-high 48”-wide Case 2-750 kemil 2-750 kemil kCmil 2-750 kemil 2-750 kemil 2-750 kemil

CR194 ONE-HIGH 400-AMP
The one-high packaging (one contactor per enc e
for the 400-ampere vacuum contactor has basic digne
sions of 26 inches wide, 90 inches high, and 30

orin

deep, including power bus. It is constructed
welded enclosure to house a single vacuumfcont
|

the high-voltage compartment located® ufl I. The

entire upper compartment is available Nvoltage

equipment and includes a swing- | for' ease of

component mounting and access&

This enclosure will accommodage cabfg sizes as shown

in Table B.4. Cable runs may ent top or bottom

without modification. Top m cable entrance into
specified.

the enclosure does not¥ge
The one-high desigh wilh accnmodate the following

combination of

1. One three-phase p al transformer used

for metering.

L 4
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2. Up to 10 kVA extra capacity CPT (34” wide only). 3
KVA max on two-high design.

3. Up to approximately 10 control relays for induction
motor starters.

4. Two size Sl drawout relay cases.

A 34-inch-wide, one-high enclosure is available as an
option, where more cable room or multiple cable con-
nections are required. Power factor correction capacitors
can also be supplied and will be mounted in an auxiliary
enclosure.

CR194 ONE-HIGH 800-AMP

The one-high enclosure for the 800-ampere vacuum
contactor has basic dimensions of 48” wide, 90” high and
30” deep in a welded frame. Maximum cable sizes are
shown in Table B.4. Protected raceways isolate the motor
and power leads from one another. Cable runs may enter
from the top or bottom and are straight runs.
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VACUUM CONTACTORS

The vacuum contactors supplied with Vacuum Limitamp
are of the magnetically held type. They are fully rated at
400 or 800 amperes in accordance with NEMA and UL
standards. The contactors differ in size, weight and
method of termination. The vacuum interrupters are
also different among the various models and are not
interchangeable due to their different current ratings,
and variations in interlock and wire harness mounting.

The contactor may be easily removed for service in each
of the designs available, providing easy access for normal
maintenance, such as vacuum interrupter wear checks
and replacement of the operating coil, without removing
the contactor. The only time the contactor needs to be
removed is to replace a vacuum interrupter at the end of
its service life or to adjust the vacuum interrupter for
wear on the interrupter tips. A ACTORS

L

. . There e applications where it is not desirable to

The standard contactors for industrial motor starters . pp . .
. dis eCghe motor from the line during voltage

are closed by a single magnet and are held closed by the B

. : R . These applications are generally those associ-
same magnet. This contributes to simplicity of mechani- . .. h . .
. . . . ith a critical drive where the continued rotation of
cal design and increases the mechanical life of the . .
- rive may be more important than possible damage
contactor. Standard contactors may not need adjustment

. . L e motor from low voltage.
or mechanical repair for many years, primarily due

Figure B.2,400 'acuum Contactor

mechanical simplicity and sturdiness. However, pr The mechanical latch maintains contactor closure under
tive maintenance checks at least once per year a the most severe undervoltage conditions, including com-
recommended. plete loss of voltage. Latched contactors may be specified

if required by the application. The standard close and

Low voltage on the contactor operating coil o ri- . . . o
8 . p 8 trip coils are designed for use on 120 volts rectified AC
cally held contactor will cause the contacto For . . . .
.. .. . or 125 volts DC. Trip coils are also available in 24V, 48V
most motor applications, it is desirable to ect the . .
. and 220V. A manual release feature is provided as stan-
motor from the line when the system v st or . . .
. dard. Capacitor trip devices can also be used for release
lowered appreciably; therefore, the e held con- - .
. . . on the trip coils.
tactor is appropriate. The DC op oil of the con-
tactor is designed to be used with i0g circuit to The Limitamp latched contactors are identical to the
limit coil current. The contact esigned for use unlatched versions, with the exception of a small latch
on 115 volts rectified AC or 12 attachment mounted on the contactor, which slightly
increases the depth of the contactor.
For all NEMA Class E1 co ef8, the contactor must P
ilable short-circuit Latched contactors are interchangeable mechanically
s, instantaneous overcur- with the standard non-latched versions, both from
interrupt the contactor coil latched to non-latched, and vice versa. However, in each
dditional technical specifica- case, it is necessary to change the wiring in the control
actor. circuit to the contactor coil or coils and to change the
enclosure door to accommodate the manual latch
V'S release knob.

B4



GE Medium Voltage
Motor Control

5

Contro

APPLICATION NOTES — VACUUM CONTACTORS

Switching Transients and Vacuum Contactors
Voltage transients when transmitted downstream can

be harmful to motor insulation systems. The transients
occur in most electrical systems and are usually due to
switching surges or lightning strikes. Vacuum contactor
switching is only one source of voltage transients. For
these reasons GE recommends that customers install
surge capacitors and arresters at the motor terminals for
vacuum as well as airbreak contactor applications. The
surge capacitors reduce the steepness of the voltage tran-
sient wavefront, thus reducing the stress on the motor
insulation.

Vacuum contactors have proven their suitability as a reli-
able and safe means of controlling motors, transformers,
and capacitor loads. This has been demonstrated by a
very good track record over a period of more than 10
years in Vacuum Limitamp equipment and much longer
in GE Power-Vac switchgear equipment.

Also, an independent EPRI study, investigating the relia-
bility of vacuum switching devices a number of years ago,
concluded ... motors switched by vacuum devices had

failure rates which are no higher than those for motog
switched by air or air-magnetic devices.” Q
Chopping Transients in Vacuum Limitamp

The vacuum switching device is among the best gjitc
device available because it most frequently int

load currents in an “ideal” fashion — that is,

load current is at a current zero. However, hereqs a
probability that some switching operat S oduce
voltage transients due to chopping. C m is a phe-
nomenon that occasionally occur t urrent

through a contactor pole is interr ing a contac-
tor opening operation.

To understand the nature of
standing of what occurs as
current is necessary. n
um contactor is de
contactor cause

g, a little under-
contactor interrupts
erating coil of a vacu-
kick-out springs in the

to open and force the vac-
uum interrupter ti . Any current that is flowing
through the tips at theSStant of parting continues to arc
across the open tips. This arcing continues until the
sinusoidally varyinggeurrent approaches zero. As the
polarity ref@rses across the open tips, current ceases to
flow be 1 charge carriers in the arc disappear dur-

B5

ing the zero-crossing, leaving in its place a verfg hig
dielectric vacuum space. Chopping occurs jus re
the current zero crossing because the arc becomes unsta-
ble under the light current conditions and pr‘maturely
interrupts the current. The instantageous level of cur-
rent when this interruption occursffs d the “chop”
current. The magnitude of theQqgstitingg¥oltage tran-
sients is the product of the “c rent” and the load
surge impedance.

GE employs special meta
mize chopping. The ti

tungsten-carbide maggri
The tungsten proy

ts tip design to mini-
¥}al consists of a sintered

chop currents of 1.2 amperes but only
with 4500 ohms surge impedance. These
leg€ls ofN@liYop currents cause little concern for motor
instiation systems.

ors are expected to be “jogged” or frequently

ched-of f while accelerating up to speed, surge sup-
pressing devices discussed earlier should be seriously
considered to minimize the effects of long term motor
winding insulation degradation due to multiple re-igni-
tion transients that can occur while interrupting motor
inrush currents. Multiple re-ignitions are surges of arc-
ing current across an opening vacuum interrupter tip
that occur in the first few micro-seconds after the tips
part. Multiple re-ignitions are virtually non-existent
while interrupting normal motor running currents.

Vacuum Interrupter Integrity

The loss of interrupter integrity due to loss of vacuum is
a potential concern because the vacuum interrupter
ceases to act as an interrupter if vacuum is lost. Vacuum
Limitamp interrupters are tested three times during the
manufacturing process for vacuum integrity. Historically,
this process has reliably eliminated loss of vacuum dur-
ing normal product operation. To maintain integrity,
annual hipot checks are recommended as part of a user’s
normal preventative maintenance practice. The recom-
mended hipot test voltage is 20 kV AC RMS for the 400
ampere and 800 ampere contactors. The hipot procedures
are described in equipment instructions GEH-5305.
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AC vs. DC Hipot

The AC hipot is recommended for vacuum interrupters
because DC hipot may indicate problems with a good
interrupter. The reason for this is complex, but in
essence there may be microscopic gap broaching “anom-
alies” across the open interrupter tips that the DC hipot
cannot distinguish from real problems such as a loss of
vacuum. AC hipot systems, on the other hand are able
to “burn-off” these anomalies, allowing the good inter-
rupter to recover (Normal contactor load currents will
also burn-off these anomalies).

If it is desired to use a DC hipot on a vacuum contactor,
it is important to recognize that the results may falsely
indicate a bad bottle. Also, DC voltage levels should not
be greater than 1.4 times the recommended AC RMS
value in order to maintain a safe margin of voltage to X-
ray emission. At 35kV small amounts of X-ray radiation
may be emitted. The level of emission is well below the
allowable levels established in ANSI 37.85-1972. Using
DC hipotat28kV (1.4 x 20kVAC RMS) does maintain
a safe margin to X-ray emission.

Table B.5 Vacuum Contactor Technical Specification

Ratings CR193B CR193C
CR193D
Rated voltage (Volts) v 5000
Rated current (Amperes) 800
Short circuit interrupting 9.0
current (kA) symmetrical
Class E1 mVA 75
E2 mVA 2400 volts 200
3600 volts 300
350
400
4800
12.000
60
13.25
20 kV
ing frequency 1200 600
erations/hour)
Mechanical life (Operations) 2x10° 1x10°®
Electrical life (Operations) 1x10° 0.25x10°
Closing time (Maximum MS) 350 270
Opening time (Maximum MS)
(Switched on DC side of rectifier) 50 55
Pick-up voltage (% of rated) 85% max 85% max
Drop-out voltage (% of rated) 10 - 65% 10 - 65%
Control voltage (Volts) 115 rect. AC 115 rect. AC
Control circuit burden (VA)
Closing 175 550
Hold-in 30 110
Auxiliary contacts 20 @ maximum 20 maximum
(N.O. or N.C.) (N.0.orN.C)
Ratings Current (amperes) 10 10
Voltage (volts) 600 600
Switching  AC 6 amperes at 6 amperes at
600 volts 600 volts
DC 1 ampere at 1 ampere at
240 volts 240 volts
Contactor weight Ib (kg) 77 (35) 114 (52)
Standards applicable UL 347 UL 347
NEMA ICS 3, NEMA ICS 3,
Part 2 Part 2

@ CR193B only.
@ Limited to 10 in two-high starter.
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Table B.6 Contactor Dimensions in (mm)

TRANSFORMER & CAPACITOR FEEDER
Table B.7 is a listing of switching capacities fo

Key CR1938 CR193D CR193C transformer and capacitor loads. A more detailed discus-
A 14.88 (378) 14.88 (378) 18.90 (480) sion of these two applications is in the SectiogA.
B 13.50 (343) 13.50 (343) 16.93 (450) I L. .
Table B.7 CR194 Vacuum Switching Ca es (One-high
C 14.65 (372) 14.65 (372) 17.52 (445) 0%ap ( gh)
D 10.24 (260) 10.24 (260) 12.99 (330) 8-hour Open System Voltage a 3-Phase
E 12.99 (330) 12.99 (330) 17.00 (432) Rating (Amperes) ormers Capacitors
F 8.48 (215) 8.46 (215) 11.02 (280) A) (kVAr)
G 1.18 (30) 1.18 (30) 1.38 (35) 400 210 1500 1200
H .
193 (49) 4460 2800 2100
3200 2400
7 4800 3600
800 0 3200 N/A
160 5600
4800 6400

itamp control varies in weight by controller
struction. The approximate weight for
purposes is included in Table B.8.

itamp controllers have a common depth of 30
es and height of 90 inches. Overall width of con-
lersvary according to type of controller as shown in
Table B.8.

VIEW FROM INTERRUPTER SIDE

Main horizontal power bus for electrically connecting
sections of Limitamp control does not add to the stan-

Figure 8.3 dard 90-inch height.
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Table B.8 Estimated Weights and Dimensions — CR194 Vacuum Controllers, NEMA 1 Vented Enclosure ©®

Controller Type @ Contactor 2400 Volts 4000-4800 Volts ® 7200 Volts
One High (One Starter)® Ampere
Rating ® *
Max Hp | Approx. |Width in inches ® Max Hp | Approx.| Widthin inches ® jo M. prox. | Width in inches®
3-Phase weight (90 high x 3-phase weight (90 high x as eight (90 high x
50/60 in Lbs 30 deep) 50/60 in Lbs 30 deep) 0 inLbs 30 deep)
Squirrel-Cage Induction
Full-Voltage Nonreversing 400 1600 1200 26 800 1200 34
800 3200 1400 48 — — —
Squirrel-Cage Induction
Full-Voltage Reversing 400 1600 1500 58
Reduced-Voltage Nonreversing
Primary Reactor Type 400 1000 2800 58
400 1600 4800 98
Reduced-Voltage Nonreversing
Autotransformer Type 400 1000 3000 58
(Closed Transition) 400 1600 5000 90
800 3200 5200 112 0 5200 112
Two-Step Part-Winding
Nonreversing 400 1600 1400 800 1400 58
Two-Speed One-Winding
FVNR 400 1600 1600 2800 1600 68
Two-Speed Two-Winding
FVNR 400 8 2800 1600 58
Induction/Synchronous 08 | 10 08 | 1.0
FVNR PF PF PF | PF
Synchronous Induction FVNR 400 34 2500 | 3500 | 1400 34 4800 [ 5500 | 1400 34
Brush Type & Brushless 800 48 5600 {7000 | 2600 48 — | — — —
Synchronous Motor, RVNR
Primary Reactor 400 1 3000 68 1000 3000 68
00 5000 90 2800 5000 90
Synchronous Motor, RVNR 08 | 1.0 08 | 1.0
Autotransformer PF | PF PF PF
0 1000 {1250 | 3200 76 1000 | 1250 | 3200 76
400 1600 {2000 [ 5200 108 2800 (3500 | 5200 108
Induction/Synchronous 08 [ 1.0
Motor, RVNR r's PF | PF
400 4800 | 5500 68
& Bus Ratings Section E for NEMA 3R enclosures. ® Two-high Starters are available in bolted-frame construction, available only for 400
und-rotor motor starter consult factory. ampere, squirrel-cage FVNR applications. Dimensions are 36" wide x 90" high x 30”
0.8 for non-vented enclosures. deep. Weight is 2000 Ibs.
imum horsepower at 4160 volts AC in one-high NEMA 1 enclosure. ® Dimensions shown are approximate, based on standard motor designs.
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CR7160 AIR-BREAK DRAWOUT

INTRODUCTION

Air-break Limitamp control is high-interrupting capacity
high-voltage control used throughout industry to control
and protect squirrel-cage, wound-rotor and synchronous
motors. It can also be used to feed transformers and
other power-utilization circuits.

Typical applications are in paper, steel, cement, rubber,
mining, petroleum, chemical, and utility-type industries.
Limitamp control is also typically used in water and
sewage plants and public buildings for air conditioning,
pumps and compressors.

FEATURES

e Drawout construction — Contactor and power fuses
form a single drawout assembly. No cables to disconnect.

¢ Unique swing-open contactor design — The contactor
is compact and has unique swing-open feature, provid-
ing quick inspection and maintenance.

¢ 400- or 700-ampere contactor — Limitamp control
meects the varying needs of industry including today’s
higher horsepower requirements.

* One-, two- or three-high selectivity — Limitamp c
is available in either one-, two- or three-high en u
to meet the needs of the application.

* NEMA rated — Limitamp control is fully rateda
designed to meet the requirements of NEMgw]
Part 2, for E2 controllers. P

® UL rated — Limitamp control is fully, N;l
designed to meet the requirements &LS .

* Built-in power bus — Vertical poN a standard
feature of Limitamp control. rizqmtal power bus is
available within standard 90-in ight and lines up
with that of previous desi

¢ Installation ease —
cable runs from t

r truction; straight
or,bo . Ample room to enter
igm fast and easy

locking system is tied in with the ON-OFF position
operating handle g provide sure and simple operation.

y maintenance — Every component is accessi-
d removable from the front for simple inspection

B9

and maintenance. The drawout contactor sv@en
for rapid contact tip and shunt inspection an 1-
mum access when maintenance is required.

INTERRUPTING RATINGS ¢
Limitamp control is designed to mfe AICS 3, Part
2 and UL 347 requirements w1 - IL rating. It
employs fast-acting current-lingitin®gower fuses, a draw-
out air-break contactor ratedfei 0 amperes open
(360 amperes, enclosed, ented, one-high
enclosure) or 700 amperes n (630 amperes,
enclosed, NEMA 1, ven omge-high enclosure), and
ambient-compensa rioad relays for complete con-

trol and protectio motors used on modern power uti-
lization system available short-circuit currents.

The 400- sed contactors have an interrupt-
ing rating ; the 700-ampere unfused contactor,
75

In to normal motor protective relays, NEMA

Cl itamp control includes instantaneous over-

, NEMA Class E1 Limitamp control may be
yed on systems having available short-circuit cur-
s up to the interrupting rating of the contactor.

Relaying, metering, ground fault protection, and light-
ning arresters are typical of available modifications.

NEMA class E2 Limitamp control incorporates the high-
interrupting capacity of fast-acting fuses. These current-
limiting fuses protect both the connected equipment
and control against the high short-circuit current avail-
able from modern power systems.

CR7160 control is designed for operation on the follow-
ing power systems.

Table B.9
Maximum Motor HP ©
System Induction Synchronous Interrupting
Distribution Wound-rotor (1.0 PF) Rating (mVA)
Voltage Synchronous Symmetrical 3-
(0.8 PF) phase 50 or 60 Hz
CR7160 400 amp
2400 1500 17500 200
4800 2500@ 3000@ 400
CR7160 700 amp
2400 2500 2750@ 260
4800 4500@ 5000@ 520

D Based on 360 amperes maximum, enclosed, NEMA 1, vented, one-high enclosure.
@ Based on 630 amperes maximum, enclosed, NEMA 1, vented, one-high enclosure.
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Table B.10 Horsepower Limitations in Multi-high Construction The CR7160 400 ampere one-high design Wil@mo-

date the following combination of componen
2400 Volts 4000-4800 Volts
i 1. Synchronous static exciter up to 9 kW.
Induction Amperes Hp Amperes Hp
(per starter) | (perstarter) | (per starter) | (per starter) 2. Two single-phase or one three-phase poterflal trans-
. formers.
Three-high
3. Up to 10 kVA ext it .
Vented 250 1000 250 1750 pto extra capacity
4. Up t imately 20 for inducti
Non-vented | 150 625 150 1000 p 1o approximately <7 ¢ Ny o rornduction
starters.
Two-high 5. Up to six size SI drayout y cases.
Vented 310 1250 310 2500 Power-factor-correcidmm c itors can be supplied and
Non-vented 210 875 210 2000 will be normally m@unte@yin an auxiliary enclosure.
With one common design drawout contactor, CR7160 CR7160 TW 00 AMP
400 amp control is available in either one-, two- or three- Two-hig a accommodates two contactors in the
high construction. enclosure, asic dimensions of 44 inches wide, 90

30 inches deep. It is constructed in ver-
two space units each. Two FVNR induc-
ay be housed in avertical section.

CR7160 700 amp control is available in one-high con-
struction only.

BASIC CONSTRUCTION

Limitamp starters may be stacked multi-high (two- or
three-high), where horsepower rating and need for
metering and relaying is limited to allow stacking.
Table B.10 for horsepower and ampere limitatiofi§in
multi-high construction. Non-stack design (one-}m

normally used for synchronous-motor starters,

-
3- cd in the one-high design. (Refer to Table B.11 for
gable size limitations.)

The enclosure is designed to safely permit termination
of one set of motor leads while the other controller is
energized. The two sets of motor cables are isolated
from one another. Incoming power cable raceway is also

rotor starters, and squirrel-cage induction star ich . .

have a considerable number of extra contrdPru hs, isolated. All sets of cables may be broughtinto the starter

protective relays, and/or metering. Al¥enclesured have from the top or the bottom.

the same bus location and may be con gether by  Control relay space is available in a separate compart-

bus splicing plates. ment with its own door and barriers. Approximately
three extra control relays in addition to a ground fault

CR7160 ONE-HIGH 400 AMP relay and time-delay undervoltage protection can be

The one-high packaging (one 4Q0 amp contactor per mounted in the low-voltage compartment. One ammeter

enclosure) has basic dimensig inches wide, 90 and switch, four push buttons, and four lights can be

inches high and 30 in cluding power bus. It mounted on the low-voltage door. If no extra control

is constructed to hoyse tegdTawout contactor in the relays are used, a watt hour meter can be mounted on

high-voltage comp ted at floor level. The the door.

entire upper co is available for low-voltage

equipment and inc wing-out panel for ease of CR7160 THREE-HIGH 400 AMP

mounting and accessibiity. Three-high packaging (up to three FVNR starters per

enclosure) sharply reduces floor space requirements. It
is constructed in vertical sections of three space units
each. Each space unit is capable of housing one full-volt-
age, nonreversing squirrel-cage motor starter. You can
purchase one or two starters per vertical section and add
others later in factory-prepared space units. Although
the enclosure is only 44 inches wide x 90 inches high x
30 inches deep (including power bus), an isolated
motor-cabling compartment and an isolated incoming
power-cabling compartmentis included.

This enclosure will'§ccomm0date cable sizes as shown in
Table B.11gCable niay enter from top or bottom without
modificatioRy Top or bottom cable entrance in the enclo-
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All starters must be de-energized to connect motor cable The 42-inch wide one-high enclosure is available asfan
to any one starter. option on the CR7160 400-ampere where mor e
room or multiple cable connections are required.

Cable sizes are limited for motor connection.

Each starter unit has a low-voltage control compartment
with separate access door located to the left of the high-
voltage compartment.

One extra control relay, time-delay undervoltage protec-
tion and the ground fault relay can be mounted in the
low-voltage compartment. Two push buttons, two lights,
and one ammeter and switch can be mounted on the
low-voltage door.

Note: Two-high and three-high constructions require
power bus.

CR7160 ONE-HIGH 700 AMP

The one-high enclosure for CR7160 700-ampere control
has basic dimensions of 42 inches wide, 90 inches high
and 30 inches deep. This 42-inch enclosure has sufficient
space to permit termination of two (2) 750 kcmil cables
per phase with stress cones for power and motor leads.
(See Fig. B.4.) Protected raceways isolate the motor and
power leads from one another. Cable runs may enter

from the top or bottom and are straight runs. Q igure B.5 CR7160 700 amp control with (2) 750 kemil motor

\ cables per phase, entering from bottom

Construction With Non- With Shielded Cable and With Shielded Cable and
Prefabricated Stress Cones Hand-wrapped
\ Stress Relief
Phase Per Phase Per Phase
400-Ampere omi Load Incoming Load Incoming Load
One-high 34” wide Case mil 1-500 kemil 1-500 kemil 1-500 kemil 1-500 kemil 1-250 kemil
Preferred
1-500 kemil
Possible
Two-high 44” 2-500 kcmil 1-500 kemil 1-500 kemil 1-250 kemil 1-500 kemil 1-#3/0 Preferred
Preferred 1-#4/0 Possible
1-500 kemil
Possible
¥ .
44” wide Case 2-500 kemil 1-500 kemil 1-500 kemil 1-#3/0 Preferred 1-500 kemil 1-#2/0 Preferred
1-250 kemil 1-#4/0 Possible
Possible
ne-fiigh 42” wide Case @ 2-750 kemil 2-750 kemil 2-750 kemil 2-750 kemil 2-750 kemil 2-750 kemil

nbe supplied as option on 400-ampere Limitamp control when more cable space is required
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3 The standard contactors for industrial motor §tartef are
closed by a single magnet and are held closed

same magnet. This contributes to simplicity of mechani-

cal design and increases the mechanical life gf the con-

tactor. Mechanical latch contactors are available as an

option and are explained on page,

See Table B.14 for additional te ic ecifications on
the air magnetic contactors.

WEIGHTS AND DIMEN

Limitamp control varigg in ht by starter type and
construction. The roRggdte weight for estimating
purposes is includ% Table B.12.
y % All Limitamp ol'fgs a common height of 90 inches
@ and a cogmo f 30 inches. However, the overall
width va it of Limitamp and is included in

Figure B.6 CR7160 400-ampere air-break contactor is fully rated

1 h . . lati ..
and completely roll out or drawout For co e in handling and installation, Limitamp

1ipped with removable lifting angles or lugs.

r bus for electrically connecting sections of
DRAW OUT AIR-BREAK CONTACTORS n1tAnp control does not add to the standard 90-inch
The air-break contactor normally furnished on Limitam t.
control is of the magnetically held-in type. It is draw
and fully rated at 400 or 700 amperes (eight-hour
rating) in accordance with NEMA and UL stand

Linitamp Motor Couteof

capacity. This uniquely constructed contactor &ay
ly be swung open, exposing all integral parg'tor

inspection and maintenance. Power f@scs cofbined
with the contactor to form a single ass chis
completely drawout without disconne@ing cables.

In one-high Limitamp control, th contactor,

s, 1s mounted on
r into the floor-

which may be rated 400 or 700
wheels and can be easily rolled
level high-voltage compart
swung open after simplgre alfrom the enclosure.

The DC operatin
used with a holdi

ontactor is designed to be
ce that is inserted after the
contactor is fully c mit coil current. The con-
tactor coil is designed use on 120 volts AC (rectified)
or 125 volts DC control source.

ee—higgLimitamp control uses the 400-
ctor only. It is mounted on slide rails for
easy rem d can be swung open within the enclo-

' drawout inspection position. Normal

n and maintenance is done with the contactor
losure. A contactor lifting table is available for
or removal during installation.

Two-and t

Figure B.7 CR7160 two-high construction
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5kV Load-Break Swi

INTRODUCTION

1C1074 load-break switches are manually operated
triple-pole, single-throw disconnecting switches with an
integral interrupter and stored-energy spring that has
the capability of interrupting magnetizing and load
current within the ratings shown in Table C.1. They are
designed and tested to comply with the performance
requirements of ANSI Specification C37.57 and C37.58.

The 1C1074 600-ampere drawout switch is designed for
stab connection at line and load terminals. This switch
must be fused. Current-limiting fuses are available up to
a continuous rating of 630 amperes for installation in
the switch.

Figure C.1 600-ampere dra -break switch

odate the bolt-on
itigglSe, but clip mounting

be either one- or two-high,
sign instead of drawout.
bination switch and 5kV air-
nted in a two-high enclosure.

The switch is designed to
version of the curregt-

Either two switche
break starter can be m

The IC1074 stationary switch (600- or 1200-ampere) is
designed fgr mou&ing in one-high construction only. It
ing lir®s and load-terminal pads for bolting incom-
ng conductors directly to the switch. It
lied fused or unfused. If supplied asan
switch, an upstream circuit breaker with instan-
rips must be available to coordinate with switch
ilities — or the switch must be supplied with key
ck capabilities — for all of the Limitamp starters in the

lineup. For the 1200-ampere switch, fuses ar@nle
up to 960 amperes continuous. These large fu ust be
applied as line protectors for short circuit only, relying

upon branch circuits or backup overload prggection by
other means.

Drawout switches must be a 'e%ﬁers only. The
fixed mounted switches may be Wged@®incoming switch-

es or feeder switches.

d s @0 ically for use with
vailable with 1000- or 2000-
ithin the enclosure for easy

These switches are desig
Limitamp control. They a
ampere AC main pow
lineup with Limit

Other features of e switches are:

¢ Viewing win@o

ee condition and position of switch

o fuSes available for maximum reliability.
o reliability interruption.

ilable with key-type interlocks. Maximum of three
ys per position (lock open or lock closed).

¢ Outside door interlocked directly to shaft to prevent
opening with switch energized.

¢ Externally operated handle that activates spring-
charged quick-make/quick-break mechanism.

¢ Easy inspection.

e High mechanical life.
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Table C.1 101074 Load-break Switch Technical Specifications

O

Type

600-Ampere Drawout Switch (Fuse)

600-Ampere Stationary Switch
(Fused or Unfused)

1200-Ampere Stationary Switch
(Fused or Uwsed)

Ratings

Maximum nominal rating

Unfused rating
Vented enclosure
Non-vented enclosure

Fused rating
Vented enclosure
Non-vented enclosure

4760 volts

N/A
N/A

600 amperes
540 amperes

Make/Break rating 600 amperes
Fault-closing rating (asym)

Fused 61,000 amperes

Unfused N/A
Momentary rating (asym)

Unfused N/A
Basic impulse level (BIL) 60 kV
Short-circuit
interrupting capacity (fused)

2400 volts 200 mVA (sym)

4800 volts 400 mVA (sym)
Dimensions

One-high construction
One-high construction (option)
Two-high construction

Dimensions in inc

4760 volts

600 amperes
540 amperes

600 amperes
540 amperes

600 amperes,

61,000 aghper,
614800 a

000mperes

200 mVA (sym)
400 mVA (sym)

1200 amperes
1020 amperes

\®0 s

960 amperes
840 amperes

1200 amperes

61,000 amperes
61,000 amperes

61,000 amperes

60 kV

200 mVA (sym)
400 mVA (sym)

Dimensions in inches

Dimensions in inches

(WxHxD (WxHxD) (WxHxD)
34 x90x 30 38x90x30 38x90x 30
42 x 90 x N/A N/A
44 x 90 ¥80 N/A N/A

Cable space

Incoming 38"-wide case
Outgoing 38”-wide case

Incoming (for bus only)
34”-wide case

42”-wide case
44”-wide case

Outgoing
34”-wide case @

42"

-Wide tase

AT,
\\,

QOO kemil per phase
ithout stress cones

1-500 kcmil per phase
with stress cones

2-750 kcmil per phase with or
without stress cones

1-500 kcmil per phase with or
without stress cones

1-500 kcmil per phase with or
without stress cones

2-750 kemil per phase with or
without stress cones

1-300 kemil per phase with or
without stress cones

2-500 kcmil per phase with or
without stress cones

2-500 kcmil per phase with or
without stress cones

N/A

N/A

N/A

N/A

N/A

N/A

2-500kcmil per phase with or
without stress cones

2-500 kemil per phase with or
without stress cones

N/A

N/A

N/A

N/A

N/A

N/A
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CABLE-ENTRANCE COMPARTMENT ‘ !
When incoming cable exceeds limits shown in ble

size limits tables, an optional cable-entrance compart-
ment is required. P

TRANSITION COMPARTMENT

Limitamp control can be clos u transformers
and switchgear by a transitio rtment to make a
continuous lineup. The tragfitj pmpartment is

normally 22 inches wide; &o this can vary. See
Table D.1.

BUS ENTRANCE MENT
Bus entrance comPartmefits are required in all cases

where power i o the controller lineup by means of
bus. See ‘Rabl

ALS

lugs or NEMA 2-hole compression-type lugs
supplied as options.

ustomer must specify the number and size cable
n lugs are to be supplied by GE.

Where aluminum cable is to be used, special attention
must be given to terminal selection.

HIGH-RESISTANCE GROUNDING EQUIPMENT
IC9181 high-resistance grounding equipment can be
mounted in an enclosure which will match and line up
with Limitamp dimensions and bus location.

For description of high-resistance grounding equipment,
refer to GE publication GEP-345.

Note: Order GEP-345 from:

General Electric Company
Drive Systems Department
1501 Roanoke Blvd.
Salem, VA 24153
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Table E.1 Enclosure dimensions Table E.2 Enclosure features
Type Description Page Description NEMA 3R Non-walk-in NEMA 3R Walk-in
42" d 92" d
CR194 Vacuum Stationary and Drawout, aep & aep
Bolted Construction Strip heater Standard ® Standard @
400A, 2-high, 36" wide E4 Thermostat Opti % Standard
400A, 2-high, 40” wide E5 Receptacle Op Standard
NEMA 1 CR194 Vacuum Stationary, Welded Construction Incandescent light 2 Standard
i =
MO 1 400A, 1-high, 26" wide E6 Undercoat arG Standard
starters
400A, 1-high, 34" wide E7 Door stops Option
800A, 1-high, 48" wide E8 Floor sills tandard Standard
CR7160 Air-break Drawout, Welded Construction @ in starter only
@ One in st
400A, 1-high, 34” wide E9
400A, 2-high, 44” wid E10 LIMITAM
 cNgR, A% wide AC is used for conducting power throughout
400A, 3-high, 44” wide E11 a starters joined together in a lineup. Incoming
700A. 1-hich. 42" wid E1 P can be terminated at one or more points in
: [TNOR, B2 Wice lineup and the power bus employed to distribute
CR194 400A and 800A, 1-high, non-walk-in E13 throughout the length of the group.
CR194 400A, 1-high, walk-in E1 s bus is available in ratings of 1000 and 2000 amperes
d may be tin-plated copper, silver-plated copper or
NEMA 3R | CR194 800A, 1-high, walk-in Y o PP p pp .
or bare copper. For higher ratings refer to factory. Derating
mo CR7160 400 1-and 2-high, non-walk-in 6 is necessary in certain applications. The horizontal bus
starters . C . .
_ , compartment is located within the standard 90-inch-high
CR7160 400A 1- and 2-high, walk- in . .. .
enclosure in the same position as in current and
CR7160 700A, 1 high, walk-in previous air-break designs, dating back to 1960, making
Estimated width £19 all compatible. Limitamp horizontal bus is rated 60kV
stmated widths hd basic impulse level (1.2 x 50 1 sec wave). Mechanical
IC1074 NEMA 1, 38” wide E20 strength under short-circuit currents is 50 kA RMS
k symmetrical.
'Oad. brea NEMA 3R, 42" deep, non-walk E21 Y r
switches
NEMA 3R, 92" deep, walk-j E22 GROUND BUS
Ground bus in a Limitamp lineup provides a low-resis-
tance path between ground connection points in any
NAMEPLATES group of controllers. This low-resistance path is a bus bar

Enclosure namepla
front panelsandi

m ed for identification on
rnally fORgdentifying units and devices.

ategfdre 1” x 3” 2-ply thermoplastic,
ground or white letters on

Standard unit na
black letters on white
black background.

Front pan ldevice?lameplates are 12" x 14”7
thermoplasti

Inter, nameplates are fabric type with adhesive
bac
T lastic nameplates are fastened with corrosion-

t steel screws.

and is for the purpose of decreasing to a low value a pos-
sibly hazardous voltage difference between grounding
points in the starter group. These voltage differences
would occur under ground fault conditions if a low-resis-
tance ground path were not provided.

The ground bus is normallylocated near the AC power
bus on the inside rear of the enclosure. The bus provides
a common termination point for all ground connections
within each controller, including the enclosing case, and
offers a convenient terminal for incoming ground cables.
It should be noted that the customer must make a suit-
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suitable ground connection to the bus in order to make Table E.3 Bus cross section ‘ ’
it effective. When ground bus is not provided, the

ground connection may be made to the ground stud
provided. Main bus 1000A® %" x Jpcopper

Bus type Rating Cross section

Extensions to the ground bus are located in the incom- 2000A
ing line cable compartment and near the load termina-
tion points in the high-voltage compartment to make
grounding cable shield terminations easy to accomplish.

) %" x 3" copper

Vertical bus %" x 1" copper
%" x 1" copper

CONTROL BUS %" x 3" copper

Control bus is a convenient means of conducting control Ground bus %’ x 2" copper
power throughout a group of controllers joined together N oo

. . . x 2" copper
in a lineup. Conductors from a single control power - PP

source may be terminated in one unit in the lineup and
the control bus employed to distribute the power to each
unit of the grouped lineup. Control bus may also be used
to distribute the power from a single control transformer
located in the lineup.

@ Refer to factory § applications.

Control bus normally consists of properly sized insulated
wire conductors run between terminal boards.

Standard voltage for control bus is 120 or 240 volts AC
and maximum current rating is determined by applica-

tion, such as total present and anticipated future loaq
POTENTIAL BUS
Potential bus is a means of distributing a commo u
of low voltage throughout the lineup for meter; n
instrumentation. Potential bus consists of pro;%d
11
m

wire connected between terminal boards typs
mounted on the top inside of enclosu‘e. '\@p\

voltage is 600 volts.

/

INSULATED POWER BUS
Insulating the AC power bus red
bus faults from causes such as s Itages, ionized
vapors, falling objects (tools, et und tapes, etc. It
also prevents corrosion an tion of the bus and its

hardware.
The standard powgl bus cOfggists of bar conductors on

insulator suppor atign for the conductors can be
provided, and it m t of various types of insulat-
ing material, such as C HV rubber splicing tape or
other material dictated by availability and individual job

requirements. @
The C o-high Vacuum Equipment design uses
epoxy-in main and vertical bus as standard.
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GE Medium Voltage
Motor Control Enclosu

ENCLOSURE OUTLINE DIMENSIONS 2400-4160 VOLTS O

CR194 400-ampere Vacuum Stationary or Drawout (Two-high)
Standard 36” Wide

o N
e

17.4

L

®

—d
L]
6.5
Le
6.5
L3—

T 6-1/4

2-HI
f——— 36—
FRONT VIEW

.,I‘:EEE" r-s.z
Notes: 3.2
B1— AC Power Bus !i®-,/ UPPER UNIT
r3 "o LOWER UNIT
C — Control Lead Terminal Baard @ I7'ﬁ :r®1 >
R | 6.5 3.8TYP)
| il ¢ Q !

FRONT ¥
m.z‘ru.u.a Fr
4.0 FLOOR PLAN

roximate Weight
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GE Medium Voltage
Motor Control Enclosu.

ENCLOSURE OUTLINE DIMENSIONS 2400-4160 VOLTS O
CR194 400-ampere Vacuum Stationary or Drawout (Two-high)
Optional 40” Wide .

\L

13,
Lo
y@_
—41:07
Ty
4
@W____

¥

T 6-1/4

—
o
=
m
X

¥
| e |
¥
-
t‘n\i@
<\~
=

+
18.9| ™
J» 2-H1 ¥
e 4o *
FRONT VIEW

\ —-‘ 3
Notes: \ 3.2 |’
B1 — AC Power Bus O | UPPER UNIT °
kel
; }j LQ-D—’ LOWER UNIT
C — Control Lead Terminal Board 17.9 % .,@1'/
0 _ . _t_i L:__J_j 6.5 3.0cve)
! "1 QY
i t FRONT ¥
10.2 4U*e TPT'Y%“ b

4.0+ FLOOR PLAN

H — Four-foot Aisle for Contactor Removal

J — Mounting Holes for¥” Diameter Anchor Bolts

nded Position for Incoming Control Conduit
ates Terminal Location — Approximate for Cable Length

proximate Weight
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GE Medium Voltage
Motor Control Enclos.

ENCLOSURE OUTLINE DIMENSIONS 2400-4160 VOLTS

CR194 400-ampere Vacuum Stationary (One-high)
Standard 26” Wide

6-1/2
L2 —

6-1/2
L3

T s-s/8— y@
Ll - E

b3 7ET

T E-i/y
T +
5-1/2 g-1 /> *zi//LD
-*——*—+

-1/72.9-1/2 e
— 3,

]
18-1/4 17""‘1/2

| k—2-11/16

f—26 —+
FRONT VIEW

+ 4
¥
»

68

13716

Notes: -

B1 — AC Power Bus (if ordered)

L.
C — Control Lead Terminal Board \\ t-1/2—+ 23 jo— 1-1/2
2-1/4%
D — Motor Lead Terminal Connection O 3o L_:u —l—l 2‘-3/15
E — Ground Bus Terminal Connecti@ @/_ .-®_1. 7@ &
— Ground Terminal Connex i N 3
rs

sl

Ten ¥t F |25-5/8 30

ctor €moval ®/$-®--J—L el

[ep}
[92]
o
Y]
o
@
o)
@
o
S
=
@
[=%
—

en

H — Four-foot Aisle for

J — Mounting Holes for 4" Diameter Anchor Bolts 5 lg‘*'—'l TFRONT ?_.—r3/16
4

K — Space Available for igecoming Conduit FLOOR PLAN

M — RecommeRded Position for Incoming Motor Conduit
N — mended Position for Incoming Control Conduit
P RB@ommended Position for Incoming Power Conduit
dicates Terminal Location — Approximate for Cable Length

— Approximate Weight



GE Medium Voltage
Motor Control

Enclos

ENCLOSURE OUTLINE DIMENSIONS 2400-4160 VOLTS

CR194 400-ampere Vacuum Stationary (One-high)
Optional 34” Wide

—4/9!
T 5-5/8—» y@
L———
+

+
4-1/4

.

S

68

|
w
~
(2]

X ++
D

52—"‘" 172 %

14-1/

FRO
i 5

w1
L L2

LL3
5

—]
—
L I+

T2
K

- 1/2

-6

+ =

2-11/16

f——34 ——
FRONT VIEW

Notes: P ---\@
B1 — AC Power Bus QAIDE VIEW

C — Control Lead Terminal Board \\_ 1300

D — Motor Lead Terminal Connection

E — Ground Bus Terminal Connectio

F— Ground Terminal Connegtion (i re
G — Space Required to n Doo °
H

l—1-1/2

2-3/16
I\

2 : ®

2 %i

¥ F |25-5/8 30

=
F13;2,|l FRON 2T—3/1s

FLOOR PLAN
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GE Medium Voltage
Motor Control Enclosu,

ENCLOSURE OUTLINE DIMENSIONS 2400-4160 VOLTS

CR194 800-ampere Vacuum Stationary (One-high)
Standard 48” Wide

5-5/8 —|

“ ez
Le———or

68 u/S

52 ®< 4 —r—n—(
o
26
-
Notes: " =]]
B1 — AC Power Bus (if ordered) .H.BIDE VIEW FRONT VIEW
C — Control Lead Terminal Board \ A

le
| d
- 1500 » - 1-5/8
D — Motor Lead Terminal Connection g9-3/16
2-3/16, _ /2_|:H__ r 2-3/8
E — Ground Bus Terminal Connecti { 1-1 ) \ }
o .. _f_T ® ¥
F— Ground Terminal ConneStign (Rpfter ‘ u_5/15/-'®®' 6-5/8 T | ®j -2 I:
G — Space Required tgpen Roors9gy 3@ 25-5/8 T, f"Q@"’:T t ®,C'- —
: au-1/2
H — Four-foot Aisle fo ctor g#E€moval @ 2% J 1_2”6
..... -
J — Mounting Holes for 4" Didmeter Anchor Bolts . 4-3/8
¥ T FRONT \@
K — Space Available for jgcoming Conduit 2-3/16 12-5/8
1-1/2 4S - f1-1/2
M — Recomniggded Position for Incoming Motor Conduit FLOOR PLAN
N — Recormge Position for Incoming Control Conduit
P — Regommended Position for Incoming Power Conduit

tes Terminal Location — Approximate for Cable Length

— Approximate Weight



GE Medium Voltage
Motor Control

Enclos

ENCLOSURE OUTLINE DIMENSIONS 2400-4160 VOLTS

CR7160 400-ampere Air-break Drawout (One-high)

Standard 34” Wide

5“1;‘:1’"1—3/4

O \%
4 '@y
U-1/2 | <
Y-1s2 - 3-1/2 @
7-1/2

g

S
N
tt
1_
TOP

W

@ ——sfaf- O,

O
H
[
5-5/8 ‘IV/@' |
"
L1——— i
6-172 ] o
e-128 | © '
L3———4| + (
7FT 8-1/4%
;
+
52 9
13 .+/©
Notes: 2l Lz(;
§
B1 — AC Power Bus (if ordered) 4 1 Y
C — Control Lead Terminal Board 30 ——| fe 34 (
D — Motor Lead Terminal Connection y IDE VIEW FRONT VIEW
E — Ground Bus Terminal Connection
F— Ground Terminal Connecfion (if ed /4
A- 1300 » re--, d
G — Space Required to Opgfh Doo ° !®: ¥
i I 2-1/2
H — Four-foot Aisle f or Regoval 21—3/4:®' E
A
J — Mounting Holes for % er Anchor Bolts f@:\®l 2-1/2
! o)
K — Space Available for Incoming Conduit “-iﬂ RONT ¥
ded Position for Incoming Motor Conduit - S/B‘—}'G L FLOOR PLAN

roximate Weight

O
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GE Medium Voltage

Motor Control Enclo
ENCLOSURE OUTLINE DIMENSIONS 2400-4160 VOLTS O
CR7160 400-ampere Air-break Drawout (Two-high) 7-1/2
Standard 44” Wide 2+ l: | i .

14-172 '—@—: 1 f/% 2
2 P - —
@) L 5
- L@~ UN I
7 OO0 | Te
9.5 (=12
®/ R v F
UPPER
TORVIEW UNIT
/©* 2- Q
A K 3
e I
| il ®
% Ll 4=1/2 f—
172 \ ARAPAE
- + ¥
Le +J’@ @D\+
+
— 7FT 6-1/4
i x
E_-:_‘, /@
*fu-vz
ot —®
| o T
Notes: 16
B1 — AC Power Bus R k w ;I,A"
C — Control Lead Terminal Board FRONT VIEW
D — Motor Lead Terminal Connection
E — Ground Bus Terminal Connection 6-1/4% 2-1/2
2-7/8—+ 4 !
F— Ground Terminal Connection W' gd) ] ""‘f_‘d 5
s 1 @: -7 —1-11/1
G — Space Required to QOpel Q82 LOWER 31— i-@-' 2 I
UNIT ——— ' : ‘4_1/2
Pt H
H — Aisle for Contac al 14-3/8) ® :1/_2 4 IR ' S
J — Mounting Holes fo er Anchor Bolts ..é__ ‘I:ii:{r <|) ! l@: J_GEI/Z
K — Space Available for Incoming Conduit T \FRONE ?1/2/ 5—2/8
M — Recommended Podition for Incoming Motor Conduit 1-1/2— UPPER
7-3/8 UNIT
N — Re ded Position for Incoming Control Conduit FLOOR PLAN
P — ended Position for Incoming Power Conduit

*

jcates Terminal Location — Approximate for Cable Length

pproximate Weight
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GE Medium Voltage
Motor Control Enclos

ENCLOSURE OUTLINE DIMENSIONS 2400-4160 VOLTS O
CR7160 400-ampere Air-break Drawout (Three-high)
Standard 44” Wide .

¥
=]

18-1/2
1-1/ %

'@ | Je-arn
L_.'@";
4-578 | Y ol
WP B 143
18-1/8 E{E 3 2
6-172 FRONT
-5/
9-5/8 VIEW

3
g-1/u
7-1/
172 7FT 6
Notes:
-1/2
B1 — AC Power Bus
C — Control Lead Terminal Board 19-1/4
D — Motor Lead Terminal Connection '5-]/2 3-HI] ¢
E — Ground Bus Terminal Connection L.H. SIDE VIEW L—T—W———J
F — Ground Terminal Connection (if FRONT VIEM
A- 2400 o
G — Space Required to Opend@gors 8-3/4
; 7/8 -+ =172/ 1
. s-1/23 & ¥ S—
} :’@"’.T | 2-1/72
4-5/9 | M-
! '14-3/8
4-5/8 @
t,% ? 2-1/2
42378\ /i 1i/2 ©
10-1/8" 4-5/8  TFRONT
2-1/4

imate Weight

EN



GE Medium Voltage
Motor Control Enclos

ENCLOSURE OUTLINE DIMENSIONS 2400-4160 VOLTS O
CR7160 700-ampere Air-break Drawout (One-high) 13
Standard 42” Wide 2 l‘i/ 4
______ T L 4
®\N® ® 14-3/4 %
L®®§r
% C 7-1/2
1-1/4 @{ Lé—q“Tn—
TOP VI

L1
6-1/2 I
6-1/2
L3
TFT 6-1/4
Notes:
B1 — AC Power Bus (if ordered)
C — Control Lead Terminal Board =
42 ————+
D — Motor Lead Terminal Connection FRONT VIEW
E — Ground Bus Terminal Connection
F — Ground Terminal Connection (if orde@ _t" 5 @10_1/4 !
G — Space Required to Open Door W 4‘17/2 I o—
- 8 | o-ir2
H — Four-foot Aisle for Cgirtac over @@ ey T | ?‘
13 1;/2 7-1/4 -0
-1z 4 7- % f 2-1/2
O . [ N
4 A
®/ L_ N ] FFrONT
e e g-1/4
FLOOR PLAN
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GE Medium Voltage

Motor Control Enclos
CR194 Vacuum 400-ampere and 800-ampere Vacuum Stationary (One-high)
NEMA 3R 42” Deep
1 H1-400A-26W .
42DSI0E
o | 5-1s2 68-13/15
- 5172 g1 g-3/u
Emn 3 APPROX ‘
d L4
52 !-lggxms
: 4 VACUUN i -HT
: fo——26 ——f
FRONT VIEW
:,.., 1—1/2—-! 3%7-—1-1/2
I/u- L I/BJ‘ ]_1;/“ 3+ l ‘]2{3/15
S12 Ul 21-5/8 o4 *
o] om | 1]
RH SIDE VIEW H/g_jg@@}jgrhz‘[-s/e 30 u}z
- i e :
H ¢ ~31637 172 12
1 H1GH-800A-48W 5%‘_% ~2 |
£RONT H
2-1/2
FLOOR PLAN
ﬁz’ 1 H1GH-400A-34W
AR
S5/ L ‘ i
L“ﬁ!—; . ;VQ N 3—1/24}—[‘7,@.—-
Z'.:/ i 5o ! [
L3°'2‘>~/;® j51/2 o L/®
. [ T, S ) . s
llig-172 T‘@‘SE ‘J
Sf =) Mgl )
‘ 2‘5 L—174.£‘/© pek7-3/08 3172 90
sl o E
e 3p— ‘f‘——
LHL.SIDE VIEW o1 1_
A - 1500 . J__L_
T, L.H. SIDE VIEW R FRONT VIEW
------ :‘_t A- 1309 1-1/21 &]1/»4 f"H/,Z
3 P | NP 318
_____ ‘-1-3/16 ..
™ L8
6—dt Q@ e 25-5/8 30
”r—-i-lzve/]s FROM 5 42
1 /2 - pe———— 4SS ———— - 12 J‘:lagz,ﬂ b "P For
. Fl PLAI i -3/18 3-1/2
Notes: LODR PLAN 7 T s ¥y 12
FRONT ¥
B1— AC Power Bus (if order FLOOR PLAN a2

C — Control Lead Terminal Board
D — Motor L dTerminal’Connection

rminal Connection

minal Connection (if ordered)
Required to Open Doors 90°
r-foot Aisle for Contactor Removal

Mounting Holes for %” Diameter Anchor Bolts

K — Space Available for Incoming Conduit

M — Recommended Position for Incoming Motor Conduit

N — Recommended Position for Incoming Control Conduit

P — Recommended Position for Incoming Power Conduit

W — Lifting Angle

* — Indicates Terminal Location — Approximate for Cable Length

/\ — Approximate Weight
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GE Medium Voltage
Motor Control Enclos,

ENCLOSURE OUTLINE DIMENSIONS 2400-4160 VOLTS O

CR194 400-ampere Vacuum Stationary (One-high)
REMA 3R 92” Deep Walk-in

SIDE 2-3/18
FLIOR PLAN

1 H1-400A-34W
]
@
e
4
5 3-1/2 4/@'
f D T L 5-5/8—
L v % .
S-5/8- D@,E: " . //(E)S Ll
UG—I/Z—— ‘/.:‘ : @\\1\";‘1"]’;#‘ | ;35‘1/2
- L > + + — +
=i v l . - 11-i/2 ”er
(3I——— + :q ;::le ! ) 6
_ i -4y Y-1/4 568-13/16 T«
5— |« ]-— @\‘ I g T | 9-1/2 9-1/2 /®
- mu-5/8 ° O | 2 sk | T
S9-1/2 + | 2 i s-1/2
52 z 3 *== 13 .
i=}
<& 3 /® # ’ 18-1/8 -!-‘-VZ
P - 17
48 5. ~ R=2-11/18
XQ ®/ 33, 21 L__—xrs | | lveclum i-d1) )
— 4 l - 30— \© fe—26 —
l i ! = . SIDE VIEW FRONT VIEW
f—— 33 ——| e —
L.H. SIDE VIEW FRONT VIEW a- 1300 ¢ z-ire s /D 2-3/16
a- 2300 ¢ 2-3/18 ‘D*}\\", ~ r
L 1 _ Rl ¥
S .. *TF 1172 wei5lo Wl
=R EapAl
38 )
21-34 %@ﬁ & O
et |l B
i
gl ]
- ¢ IFT 8
¢
l 7T 8 ‘l
| :
i | -4 :;,CD
%u.— 1 7
Notes: [2-3/16\| F=# jar_s‘_._:f'_i
4% 9% FRONT J

\_*_*1_._»_
B1 — AG Power Bus (if ordered) cLoom e
L 4

C — Control Lead Terminal Board \

D — Motor Lead Terminal Connection \ '
E — Ground Bus Terminal Connection \ 1
F— Ground Terminal Connection (if ordefgd) E

IFT 3-1/%

G — Space Required to Open Doorg

7FT 6

H — Four-foot Aisle for C

J — Mounting Holes

K — Space Available for

'Em‘-j}tiax ‘Lzzsﬁ/sg

3@ —ed

M — Recommended Position for Incoming Motor Conduit

T
~
g
0
w
~
@

N — Recommended Pos#ton for Incoming Control Gonduit iy e

1‘-——37 7FT 8
ed Position for Incoming Power Conduit \ R.M. SIDE VIEW

SPACE REQ'D TO OPEN DOORS 9@ DEGREES

dicates Terminal Location — Approximate for Cable Length

Approximate Weight
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GE Medium Voltage
Motor Control Enclosu

ENCLOSURE OUTLINE DIMENSIONS 2400-4160 VOLTS O

CR194 800-ampere Vacuum Stationary (One-high),
NEMA 3R 92” Deep Walk-in

1 H1-800A-48W

5-5/5 r— jz
Ly
6-1/2
L2
6-1/2
7FT 5 71O

FT 3-1/% :
BFT S-1/4 : 16

FRONT VIER

6-1/8
' T -2 -2 ~tz -~ -2 4-3/4
3] ——pe I ——— 25-5/8

! 2-3/16—{ fo- 36 -2-3/1 I z }J
: —— 38 — S| e -
. 37 ¥T 8 2 —’J— 'E"f_:LF @ﬂ Ly

\ R.M. SIDE VIEW c D e 2L9®A 3

SPACE REQ'D TO OPEN DOORS 9@ DEGREES l L ® ) B R A
—-12-3/8

Notes: @
B1 — AC Power Bus (if ggl€red

C — Control Lead Termi M — Recommended Position for Incoming Motor Conduit

D — Motor Lead Terminal ConneCtion N — Recommended Position for Incoming Control Conduit
E — Ground Bus Termina&onneclion P — Recommended Position for Incoming Power Conduit
F — Ground inal Connection (if ordered) W — Lifting Angle

to Open Doors 90° * — Indicates Terminal Location — Approximate for Cable Length
-foot Aisle for Contactor Removal /— Approximate Weight
ourting Holes for %" Diameter Anchor Bolts

— Space Available for Incoming Conduit
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GE Medium Voltage
Motor Control

Enclos

ENCLOSURE OUTLINE DIMENSIONS 2400-4160 VOLTS

CR7160 400-ampere Air-break Drawout (One- & Two-high)

NEMA 3R 42” Deep

42DSIDE

Outline Drawing

— 6-1/2
FRONT | FRONT | -
* | o : 67172 ger g-an
NEMA 3[INSIDE! APPROX
EncL |
52

1/8+ofe T
a4 L J-. 1-3/%
1172 e 21-5/8 «f4

42

R W SIDE VIEW

1 H1-700A-42W

£
'

Ll /®'
5-1/2

L2— +

L3 __1

6-1/2
-
5-5/8|~— T
|
T2
s 9k
L 5
30 ~——d
L.H.SIDE VIEW
A- 1809 ¢ 5 -1 /4

3

13-1/72 Y18 S0 ¢ | 2-1/2
AN'S

1402 - H@_J’

sAl/2 4 -t
174 =« = ¥ FRONT

2-1/2

FLOOR PLAN

C — Control Lead Terminal Board

Sol/el *
I 2-1/2
30
‘l» 42
12 I
4

Notes:

B1 — AC Power Bus (if or

D — Motor Lead Termin’Connection

Terminal Connection

rminal Connection (if ordered)
e Required to Open Doors 90°
ur-foot Aisle for Contactor Removal

Mounting Holes for %” Diameter Anchor Bolts

E16

Lz‘evz ! SliiV@l
L3 I/Zq J R & PP I

6
2-172
FLOOR PLAN

2 H1-400A-44W

2-1/8—+

fo—— 30 ——f
L.K. SIDE VIEW

A- 2300 5‘“"/;3-1/2
2-7/8 e
€ Ty 3

FRONT VIEW

€

oen € r@ 7 ~p-1-11718 ]
UNIT 172
'“;19 “2 E H_.L 3
RO T l 3@ (5142 sz
4 T ‘LI !
‘?_—«L —7- 5/8 T [T —¥
12 \f oo
FRONT T \
2-1/2 UPPER
FLOOR PLAN UNIT

K — Space Available for Incoming Conduit

M — Recommended Position for Incoming Motor Conduit

N — Recommended Position for Incoming Control Conduit

P — Recommended Position for Incoming Power Conduit

W — Lifting Angle

* — Indicates Terminal Location — Approximate for Cable Length

A\ — Approximate Weight



GE Medium Voltage
Motor Control Enclosu

ENCLOSURE OUTLINE DIMENSIONS 2400-4160 VOLTS O

CR7160 700-ampere Air-break Drawout (One-high)
NEMA 3R 92” Deep Walk-in

L 4
SIDE 1 H1-700A-42W
[
X
: .l
| e PR
: S fe=fe—=et
: L3 3 + Sk
5 | , Val
, | :
9FT 3-]/4 : | J | 1
8FT S-1/4 ' T 6 ) 59-1/2
__J_ﬁ_JL
——v2—
.SIDE VIEW FRONT VIEW
, , A-1500 ¢
, 5 J L J T 5-3/9
P A2 qtz Nz «Af2z |
3 3] ——e— 25-5/8 e

. -3/16 -3/

: 3 —— 35 —f

S—) 7T 8

\ R.H. SIDE VIEW i ‘*:Iioié?.@ii l
SPACE REG'D TO OPEN DOORS 9@ DEGREES \ | !

{
S-1/2—
u e-l/u—.u»
1-1/2 ¥
Notes:
BY — AC Power Bus (if ordered) . 0

C — Control Lead Terminal Board

le—
D — Motor Lead Terminal Connection \ 4 3-3,/15 L@
¥ FRONT

E — Ground Bus Terminal Connection

FLOOR PLAN
F— Ground Terminal Connection (if ordere

G — Space Required to Open Roors

M — Recommended Position for Incoming Motor Conduit
@
N — Recommérded Position for Incoming Control Conduit

P — Reco Position for Incoming Power Conduit
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GE Medium Voltage
Motor Control Enclostres

ENCLOSURE OUTLINE DIMENSIONS O
Limitamp Non-walk-in & Walk-in
NEMA 3R

L 4

e i T =i

OFT.§

TS

L ol
- —
v A=, &

1l
Qe, o

NEMA 3R non-walk-in enclosure 42” deep @ NEMA 3R non-walk-in enclosure 42” deep

l_‘. REMOVABLE LIFTING ANGL

________

24-( : E'T
i
#
i
|
1
\ .
o*73% 9FT.3% )

H 716
8FT 5% [
i
|
]
)
]
!
]
|
|
1
ry

T I S (P .
L L O
% " d,
g I s T N AT 7
=3y 118 —
I Comce rea 10 aren coot s St
2
s NEMA 3R non-walk-in enclosure 92” deep
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GE Medium Voltage
, Motor Control

ENCLOSURE OUTLINE DIMENSIONS 2400-4160 VOLTS

1C1074 Bolted Load Break Switch
NEMA 1 Standard 38” Wide

7-172

Notes:

s Terminal Location — Approximate for Cable Length

roximate Weight

w1

FRONT VIEW
A- 1000 »

y 9
g

2-1/2

4

T 6-1/4

—

272 é %,15
| 5

¥ FRONT_J;L}:—]—]/Z

FLOOR PLAN
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GE Medium Voltage
Motor Control Enclos

ENCLOSURE OUTLINE DIMENSIONS 2400-4160 VOLTS O

IC1074 Bolted Load Break Switch
NEMA 3R Standard 38” Wide, 42” Deep

—b|
FRONT | FRONT |

OF oF !
NEMA 3|INSIDE!
ENCL |

%0
o
o
O

7-172 7-1/2
_
7-7/8 4 1
3 I
O— |
- o
3/‘4—1 T
121 r——
l-1s2 | BOTED |
| SWITCH
L
r———l
| FUSES | 7FT B
IF USED

6FT 3-1/2) Lo — |

Notes:

B1 — AC Power Bus (if ordered)

E — Ground Bus Terminal Connection 7-1/2 s
F — Ground Terminal Connection (if ordgked) X 38 .
J ! FRONT VIEW

A- 1300 +

Q

_ !
&
| e
T

30
T — Switch Feeder Terminal Connection 42‘1» e-1/2 "I‘ig
U — Switch Incoming Rwer Terminal Connection k3 -l e—1-1/2
L ea ek
W —41I ovable Lifting Angle B
Y 9Ang FRONT t

¥ —dngi Terminal Location — Approximate for Cable Length e-lse

FLOOR PLAN

roximate Weight
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GE Medium Voltage
Motor Control Enclosu,

ENCLOSURE OUTLINE DIMENSIONS 2400-4160 VOLTS O

IC1074 Bolted Load Break Switch
NEMA 3R Standard 38” Wide, 92” Deep Walk-in

il

SWITCH

L |

-

| FUSES | TFT 6
IF USED

BFT 3-1/2] L —

.

SFT 3-1/u

BFT S-1/4

—3
| F_— * —_—-I
. L X FRONT VIEW
LI 2 f-z T A- 2300 4
31—-t;-—31 2-3/16
. 2—3/15-7 l—2-3/16 i
) ¥
R T_T 11 I
\ R.H | :"‘:'t 30
SPACE REQ'D TO OPEN DOC ! % _]L
6 -
47‘....' e—1-1/2
.,I‘:EE::. 7FT 8 ¢
I
C) .
- 4
\ } ®\ 9-3/16 | ©
. K ¥
Notes: FRONT
. _ 2-3/16
J — Mounting Holes for FLOOR PLAN

K — Space Available for Incoming Conduit

P — Recommended Position for Incoming Power Conduit

ming Power Terminal Connection
* tes Terminal Location — Approximate for Cable Length

proximate Weight

E21



GE Medium Voltage
Motor Control

Protection & Co

FUSES

INTRODUCTION

To protect the motor branch circuit against the damag-
ing effects of short circuits, current-limiting power fuses
are used in Limitamp control. They interrupt all overcur-
rents of magnitude greater than intended for contactor
interruption. On full fault, these fuses start limiting cur-
rent within the first 4 cycle and interrupt within the first
% cycle. Because they are fast acting, these fuses are easily
coordinated with system protective relaying to give selec-
tivity in short-circuit protection.

Standard fuses supplied with Limitamp CR194 Control
are bolt-in type. Clip-in fuses may be supplied in applica-
tions where motor full-load current plus service factor
does not exceed 320 amperes, but they must be specified
by the customer. The blown fuse indicator and the anti-
single-phase trip are available with bolt-in fuses only.

Motor-starting fuses are current-limiting as indicated in
Figure F.1. They melt before the current in the first
major loop can reach its peak value when subjected to
melting currents within the current-limiting range.
Consequently, the total “let-through” energy involved is
low because the fuses operate with such great speed.
contactor, current transformers, and overload rela; @
it

Limitamp controller are coordinated with the ft
give full protection to the system.

A design feature of motor-starting fuses inhere
recovery voltage to safe values, thus protecti
insulation.

g

Controller fuses must have sufficient ca
starting and full-load currents, and y us
fault currents at a desirable low v .
made in a number of ratings or sizes
protection can be obtained oveffa ra
powers.

For a given set of mot ch@e'stics, it is usually
possible to use one Qf s s. The smallest fuses
will normally be fu$hished. ¥§ghe load is a fluctuating
one, involving s nt above full-load, the fact

should be noted in ng a controller so that a fuse
one size larger than mifmum will be furnished.

arry
terrupt

are therefore
t maximum

e of motor horse-

Transient conditions do not generally affect motor-start-
face the sand in the fuse conducts heat away
sient currents do not come within 25
inimum melting curve on a time basis,
ot occur. For example, if the melting curve
f en size fuse shows melting in 10 seconds at 1000

res) transient peaks of 1000 amperes would be with-

tood& epeatedly up to 7.5 seconds duration.

O

TIT 1111

A
[ 1\ T eeax of 96,000 am-

PERES WITHOUT FUSE ®1
RS

|
’ | |t L

|
|
i |
|

1
!
1
1
1
1 v T T
1 FUSE LIMITS
’r ! AK CURRENT TO
1

1

Il |

J
|
|
\
|

1,000 AMPERES, LET:
THROUGH; APPROX. 1/5
‘ THE PEAK CURRENT

"=~ WITHOUT THE FUSE
| OR /25 THE MECHAN -
ICAL STRESS ON
POWER SYSTEM COM-
PONENTS

Figure F.1 Current-limiting action of typical fuse.

Motor-starting fuses can be applied on 25-Hertz systems
but with lower interrupting capacity than for 50- and 60-
Hertz systems. Fuse selection is based on full-load and
locked-rotor current.

For a lineup of controllers it may be desirable to use
fuses larger than minimum size to reduce the variety of
spares required. Such standardization must be specified,
however.

BLOWN FUSE TRIP AND BLOWN FUSE INDICATION
The possibility of having one fuse melt, thereby causing a
large motor to single phase, has inhibited consideration
of fuse-contactor-type starters. Although such a condition
is in reality quite unlikely, GE Limitamp Control can be
equipped with an optional special mechanism which will
detect a blown fuse and cause the contactor to open.
Bolt-on fuses contain button indicators to show a blown
fuse. This button indicator can be coupled with an
anti-single-phase trip mechanism containing a control
contact, which, when used in contactor control circuit,
can open the contactor to prevent single phasing and/or
provide a blown fuse indication on the front door. Blown
fuse indication on the front door is available for CR194
equipment only.
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Blown fuse indicator

Figure F.3 Blown fuse indicator on door

With this feature, fuses are always bolted in pla
rect orientation and alignment. In addition r ng
e to

maximum reliability, this feature makegiti pos
mount the fuse in an upside down posn'\- would

nullify the trip bar operation.
COORDINATION WITH OTHER TIVE
DEVICES

When Limitamp starters are inst@lled §n a given power
e time-current
devices with those of
curves included in GE
000 for this purpose. It
ng curves, fuse-melting

e curves.

curves and fuse-clea

L 4

S

SURGE PROTECTION

The economics of rotating-machine insulation ‘Qiesffltes
that the machines be protected from voltage stresses
above the operating level insofar as is reason@ly possi-
ble. Overvoltage damages reduce thg insulation life.
There are many causes of acciden -voltage whose
effects may be reduced by pro ns. The most
prominent causes are:

1. Lightning.

2. Physical contact with hi oltage system.
3. Repetitive restrikgglin ttent grounds).

4. Switching surg

in' series inductive
S.

5. Resonance £t

Switching t ts occur in every electrical system. A
well: nomenon associated with vacuum inter-
ru rrent chop. GE utilizes vacuum interrupters

ide [ow chopping currents.

itional protection against surges for rotating
hines may be economically attractive for system volt-
¢ installations of 2300 volts and above. This consists of
a surge capacitor and lightning arresters.

Lightning arresters reduce the amplitude of the voltage
impulse wave. The surge capacitor further reduces the
amplitude — but in addition, reduces the steepness of
the wave front. It is important to reduce the steepness of
the surge wave front to keep the turn-to-turn voltage
stress in the machine winding to a minimum.

To prevent overvoltage in current transformer secondary
circuits during switching, CTs should be provided with
Thyrite protectors when surge capacitors are installed at
motor terminals.

Surge capacitors and arresters should be installed as
close to the machine terminals as possible. Capacitors
and arresters require a 22-inch wide auxiliary enclosure
if installed in the controller.

F2




GE Medium Voltage
Motor Control

@

Protection & Con'

OVERLOAD RELAYS

Several types of overload relays are used in Limitamp
Control. Limitamp controllers use thermal-overload
relays, unless other types are specified.

THERMAL-OVERLOAD RELAYS

Overload relays provided in Limitamp control have
inverse-time characteristics and are ambient compensat-
ed. Limitamp control utilizes either a thermal-type relay
or the solid-state protective relay. These relays, operating
from current transformers in the control equipment,
carry current proportional to the motor-circuit current.
When motor overloads occur, the relayoperates to open
the main power contactor. The time required for opera-
tion varies inversely with the magnitude of the overload.
The standard thermal relay should only be used on
motors with starting times up to 10 seconds.

EXTERNAL-RESET OVERLOADS

Some industrial plants do not permit a machine opera-
tor to open the doors of control equipment enclosures,
this being reserved for electricians. To make possible

overload-relay reset by operators, it is therefore necessary

to provide some means to do so outside the enclosi
case. This is accomplished by providing a mechanij

linkage reset mechanism between the relay and do
mounted reset button.

Where external reset is not absolutely necessa
simplification of relay mounting results, and t
benefit to the user because it simplifies m

indica-
is ferable that
be allowed to
capable of
overload on
hether there is an

Inasmuch as the tripping of an overl(gl
tive of too much strain on the motor
only experienced and reliable p

reset overloads. Such personnel s

should consider this facto
provide externally

SOLID-STATE RELAYS

Solid-state overcurr otection is available as an
optional feature in place of standard thermal overload
relays. The inverse-time characteristics can be adjusted to
protect mgtors of Various characteristics, such aslong
acceleratioltime or short allowable-stall times.

are accurate and have a smaller error

F3

MULTIFUNCTION SOLID-STATE RELAY

Large motors on vital drives need accurate pr on
against overloads, phase unbalance or ground faults.
Multifunction solid-state relays are available from GE
that offer total motor protection in_one compact pack-
age. Basic protective functions st vertemperature,
overload, instantaneous over n-phase, phase
reversal, phase unbalance, g n ult, load jam, load
loss and bearing overtempgra rotection can be

provided.

OVERTEMPERATU ELAYS

Some motors have, ced in the stator slots. The
purpose is to obt@g an Rdication of winding tempera-
ture by meas t TD resistance and its change

er ficulty arises in obtaining a contin-

uously a t cation of temperatures, however,
because o e lag of heat transfer from the stator
con the RTD caused by the insulating material
s g the conductors. Temperature changes in

tor will not be reflected in RTD resistance
ge until heat is transferred through the thermal
158@nce and capacitance of the insulating material.

Hot Spot of
WDG in Slot

N
o

40

Temperature in Degrees C
@®
o

|

lPower Power
0"0“ Y .Of 1
o 20 40 60 80 1I00
Time in Seconds

I A

|
120 140

Figure F.4 Approximate temperature of RTD in large motor
during locked rotor,

If the copper temperature is changing very rapidly, such
as during locked rotor, the RTD will lag far behind the
copper temperature as shown in Figure F.4.
Consequently, monitoring the RTD temperature is inad-
equate for thermal protection during rapid-transient
conditions. However, for steady-state indication of tem-
perature, the RTD is very accurate.

A relay which responds to changes in resistance of RTDs,
providing steady-state indication of motor-winding tem-
perature, used in conjunction with a bimetallic overload
relay will provide reasonably precise over-temperature
protection for the motor.

Available solid-state relays contain a device which will
more accurately compute hot-spot temperature by utiliz-
ing RTD amperes and line amperes. This relay accurately
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tracks motor heating and is recommended in preference
to the separate bimetal relay and RTD relay.

OPEN-PHASE AND PHASE-UNBALANCE
PROTECTION

A three-phase motor may be damaged when subjected to
unbalanced line currents. Usually, the damage occurs in
the rotor from overheating, caused by reverse sequence
components of currents not detected by normal overload
devices. The rate of motor heating will be a function of
the degree of phase unbalance, the most extreme of
which is the open-phase condition. For that reason,
open-phase relays should operate instantaneously to
avoid serious motor damage. Likewise, a motor may

be damaged over a period of time with as little as 10%
unbalance, where unbalance is a transient condition
which would not justify instantaneous shutdown.
Consequently, the time to trip should be delayed in
proportion to the percentage of unbalance.

More comprehensive open-phase or single-phase protec-
tion can be obtained by applying a solid-state motor-
protective relay, which will trip the contactor in the
event of an open phase, regardless of the cause, even

if external to the vacuum Limitamp control.

A possible concern that may arise when applying a
um-volt contactor to a transformer feeder is wha -
pens to the contactor when avoltage dip occurs. In

coil power is reduced to 60 to 80 percent o age.
To prevent dropout during loss of conf¥g, agaylatch-
ing contactors should be applied. Int & , the
contactor is latched by a closing cqil unlatched by a
trip coil. A capacitor trip device c& ied to trip
the contactor in the event of tot#8ss ntrol power.
(See Latched Contactors, page @

ECTION

a type of protective
iple on which the scheme
e in current. The relays
used are connecte away as to detect a percent-
age differential in curréft between ends of a motor wind-
ing. Ordinarily, in a machine operating without a wind-
ing fault, the currempinto one end of a phase winding is
urrent out the other end of the same wind-
It occurs, however, the current into one
inding is short circuited inside the machine
ase or to ground) at the place of fault, so
erential occurs between current “in” and cur-

ut.” This causes the relay to operate. The percent-
e differential may at times be quite small when the

CURRENT DIFFERENTIA
The term differential, a

relaying, designate
operates — thati

fault is located at a point of high impedance ifgside he
motor winding, and this is the reason why strai er-
current relays alone do not always give adequate protection.

The cost of this type of relaying is justified by®he size of
the investment to be protected. La otors (usually
above 1500 hp) that are expemgive ir or replace

often employ differential relays.
Specifically, differential rela plish the following:

to a motor in the
lation failure in the

1. Provide for power inte t
event of a phase-to-plaase 1
motor windings.

2. Provide for po interruption to a motor in the

eventofap o-8pound fault in the motor winding.
The pri ifferential relays in Limitamp
Controller e fast, sensitive protection for faults
int tside the stator punchings. Such faults
ar e compared with ground faults. However,

wh ey @ occur, the presence of differential relays
welild pr@Bably mean the difference between minor and
tegive damage.

ethods of differential protection are available.

uses six identical current transformers: three locat-
ed in the motor leads and three located in the wye points
of the motor windings, usually at the motor. In conjunc-
tion with these six current transformers, a Type IJD or
CFD relay is used to detect the difference in current in
the current transformer (CTs). The other method,
known as self-balancing, uses three donut-type CTs. Both
the motor leads and the wye connections are brought
back through the holes in the donut CTs. For this system,
an instantaneous relay of the hand-reset type is used.

GROUND-FAULT RELAYS

Ground fault relays are justified economically for all
motors rated 2300 to 7200 volts, 150 horsepower and
above. The purpose is to provide interruption of power
to the motor as rapidly as is practical after positive indi-
cation that a ground fault has occurred.

The time of interruption of ground-fault current is
dependent on several factors:

1. Sensitivity of the ground-fault relay.
(a) Instantaneous type
(b) Time-delay type
2. Magnitude of ground current.
3. Clearing time of the power interrupter.

The importance of clearing ground-fault current rapidly
cannot be overstressed. Ground current inside rotating

F4
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machines causes damage to the lamination which, if not
interrupted rapidly, necessitates complete disassembly
and repair of the motor.

Although most ground-fault relays are now of the instan-
taneous type, few applications do require inverse-time
current relays for coordination and selectivity reasons.
The use of instantaneous-type relays is made possible
through the employment of a zero-sequence “donut” or
window-type current transformer installed in the starter
in such a way as to permit all three conductors of the
three-phase line to be used as the current-transformer
primary.

Phase currents add to algebraic zero, regardless of mag-
nitude, and no secondary current flows except that
induced by the primary current going to ground. This
system gives positive indication of ground current, elimi-
nates false tripping and permits instantaneous relaying.

If time coordination with other ground-fault relays is
necessary, time overcurrent relays may be used in the
current-transformer arrangement.

For certain sized motors where the power system per-
mits, ground-fault relays may be used as a less expensiye
alternative to differential relays. Most phase-to-pha
winding faults detected by differential relays resul
simultaneous phase-to-ground fault, thereby opdagting
the ground fault relay. For that reason, ground fau
relays may be used as a less expensive alternati
differential relays.

Another method of detecting ground.cur@a three-
phase system employs three separate IIn@gc trans-
formers, one in each phase, with the l:N'ies fed
through a single current relay. Inigla em, the sec-
ondary currents should sum to ze t a¥ they do in the
primary of the “donut” curren er. And, with
no ground current flowing, the econdary currents
do add and cancel each ot round current only
will cause the relay tog@pe currents of large mag-
nitude, however, s ocked-rotor current, cur-
rent-transformer comes a problem, causing
residual current e relay coil...resulting in
false tripping. To pr alse tripping with the residual
connection, time-delay relays are necessary to permit rid-

ing over the starting period of the motor. This fact makes
instantanegus relays impractical in the residual system.

Instant ground-fault relays may be applied to
Limi MA Class E2) controllers without limita-
tion @n avatlable ground current. The fuse and relay-con-

tactor clearing times are such that ground-fa@llt cuifjents
up to and including the fuse rating will be cle ith-
out damage to the controller.

Standard ground-fault relay used in Vacuum@.imitamp
Control is a solid-state relay whichgferates on approxi-
mately 4 to 12 amperes groung-f ent. If greater
sensitivity is required, other so a round-fault
relays may be furnished whi adjusted to trip as
low as 1 ampere. However, care must be exer-
cised in applying groun 1 ys of such low pick up.
They could trip falselyggn sy -charging current. A
magnetic ground-f an be provided on request.

PROTECTION

oltage protection as a device
ctive is to prevent automatic restart-

undervoltage protection is inherent to the
ire control circuits, since the contactor will
p otnd stay out on loss of voltage.

-DELAY
e delay undervoltage protection (TDUV) for a

imitamp controller can be provided to prevent shut-
down of a motor on adjustable duration voltage dips
below the adjustable dropout voltage. With either time-
delay or the standard instantaneous undervoltage
protection, the motor remains disconnected until the
operator restarts the motor.

TDUV — AUTOMATIC RESTART

In the event of voltage dips of short duration, conven-
tional TDUV circuits provide an automatic restart of
Limitamp contactor without operator intervention. (A
time delay of approximately 1.5 seconds is usually provid-
ed.) However, in motor applications, automatic restart-
ing can cause serious damage to windings and mechani-
cal loads connected to the motor due to out-of-phase
reclosing. In worst cases this out-of-phase reclosing could
apply up to two times the normal voltage to motor wind-
ings. TDUV auto-restart scheme is not recommended for
synchronous, wound-rotor or large horsepower high-
speed squirrel-cage motor controllers without additional
circuitry to delay reclosing after a UV condition.

The TDUV automatic restart scheme in Limitamp
Control permits instantaneous shutdown by connection
of the STOP button into the UV relay circuit. Care
should be taken not to connect a maintained-contact
device into this circuit.
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SYNCHRONOUS-MOTOR CONTROL

AND EXCITATION

SYNCHRONOUS MOTOR CONTROL

GE Limitamp synchronous-motor controllers are offered
for both brush-type and brushless synchronous motors.
As a standard, both brush-type and brushless synchrnous
motor controllers are equipped with the CR192 uSPM
solid-state field application and protection module. This
microprocessor-based module provides basic synchro-
nous motor control and protection functions including
squirrel-cage starting protection, power factor and pull-
out running protection, and field application control to
maximize pull-in torque (for brush-type machines only).
Digital displays of motor running line current and power
factor are featured along with a keypad for entering set-
point parameters. Available options are field loss protec-
tion, exciter voltage check protection, field amps display,
exciter volts display, incomplete sequence protection,
and power factor regulation (when used with compatible
SCR type variable field exciters).

EXCITERS FOR BRUSH TYPE MOTORS
For synchronous motors equipped with slip-rings and

brushes, Limitamp is offered with a variety of excitat
d

options. Single-phase solid-state exciters can be integ§a

in the controller NEMA 1 ventilated enclosure u

to 9 kW (exciters must be derated for non—vemilz%
enclosures). Larger exciters require auxiliary enfloSce
that can be placed in the common bussed line-

the Limitamp controllers. Two basic types offeXcigc#are
available:

L 4
¢ SFC (fixed excitation with adjustable &

transformer)

¢ VFC (on-line adjustable excitation’by al or
automatic means) 0
FIXED EXCITATION

The basic exciter offering i -phase, tapped-trans-
former, static field cont r . The SFC is a solid-
state switching devigl copsi of silicon controlled

rectifiers (SCRs) i@a bgdge gircuit for rectification of
AC power to DC. Additiondl SCRs are provided to switch
the field discharge resist@f. During starting, the SFC
switches the field discharge resistor on so that the
induced field curreg from the motor field is passed
ischarge resistor. The field discharge resis-
ed on to discharge the field current
entoved at motor shutdown and if, during
operation, the motor field generates a

e surge above approximately 600 volts, such
d occur if the motor “slips” a pole. When the

tor has accelerated to near synchronous speed, the

CR19211SPM module signals the SFC to apply RC tofhe
motor field, the SFC switches the field dischar stor

off and causes the SCRs in the rectifier bridge to turn

on, resulting in DC being applied to the motoy field. The
bridge SCRs are gated “full on” so that they emulate a
diode rectifier bridge. The voltage ip DC field supply
is determined by the tap connc@giof"0f t¥e customized
transformer that feeds AC power toghe rectifier bridge.
This transformer has second arranged so that the
crements from 70%
nal secondary voltage

" transformer tap.

VARIABLE EXCI 10

Another excitey®hifer i is the electronic variable field
contactor {VF@). FC is available in single- or three-
phase ver phase VFC exciters are recom-

0 kW and above (125 VDC fields), and

25k e (250 VDC fields). Like the SFC
(a VFC controls the switching of the field dis-
ch istor and DC to the field depending on inputs

R192 uSPM. The difference is that the gating
ctifier bridge SCRs can be controlled by varying

log voltage at its control input. This allows on-line
rol of the DC exciter voltage by any of several

means:
1) Manual control via a door-mounted potentiometer.

2) Automatic control via the field current regulation
module.

3) Automatic control via the CR192 ISPM equipped with
power factor regulation.

ON-LINE FIELD ADJUSTMENT

The manual potentiometer is normally mounted on the
door and allows an operator to adjust the motor field
current while the motor is running. This provides the
convenience over the SFC type exciter of not having to
shut down the motor and physically move cables between
several taps on the exciter transformer.

FIELD CURRENT REGULATION

The field current regulator module also employs a man-
ual potentiometer for adjustment of the field current.
However, the regulator provides a closed loop control so
that the VFC DC output is automatically adjusted to
maintain the set-point field current as set by the manual
potentiometer. This feature allows the operator to set the
field one time at a desired field current. The field cur-
rent will then be regulated to compensate for field resis-
tance changes due to field winding heating or system
voltage fluctuations. The leading reactive power contri-
bution of a synchronous motor is related to the level of
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field current. If it is desired to maximize the contribu-
tion of leading reactive power from the synchronous
motor at all shaft loading conditions, set the field cur-
rent as high as possible without exceeding its nameplate
rating. Field current regulation is the ideal choice for
maximizing the leading reactive power because it allows
the operator to set the field current very close to rated
and not worry about the current “creeping” higher or
lower from the potentiometer setting.

POWER FACTOR REGULATION
Power factor regulation is an excellent choice for appli-
cations requiring field forcing, which is applying DC
excitation above its rating for a short time. Many drives,
such as chippers, are subject to transient impact over-
loads many times the motor rating for short time inter-
vals. By forcing the field, the synchronous motor can be
enabled to deliver shaft torques above the rating without
“pulling-out” of synchronism and shutting down. GE
tests on chipper drives have demonstrated that the
power factor regulation option can provide the rapid
field forcing feature to prevent disruptive motor “pull-
out.” Power factor regulation operates on the principle
that the motor running power factor is a good predictor
of motor pull out. Before a motor pulls out of step
result of high shaft loading from a hard or oversi

boosts excitation as the power factor dips morg
than the regulator set point, the motor running

avoided. Power factor regulation also@llo
excitation power to be conserved whe otor is run-
ning lightly loaded or unloaded. Thi hy allows
energy conservation but also dee% d cooling of
the motor windings, so the mot u oler for a given
level of RMS loading. Power fagtor régulation can help

regulate the power system v, inimizing reactive
power swings over a wide motor loads.

BRUSHLESS SYNCH US CONTROL

application, power fact®r and pull-out protection and
starting/stall protection. Included with the standard
brushless synchronmgus motor Limitamp controller is

a variable §citer field supply consisting of a door
mount ble autotransformer and rectifier for
on-li iter voltage control.

AP FIELD RESISTOR
d-tap field resistor may be used for separate DC
ource. This resistor, when supplied with the Limitamp

panel, is mounted on top and is connected t@n
series with the synchronous-motor field asa m of
adjusting field current. The resistor is continuously rated
with taps to adjust field current 10-percent above and

below rated full-load field current for rated power factors
in approximately 2)4-percent step

N
>
S
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CONTROL CIRCUITS

CONTROL POWER TRANSFORMER

Control power transformers used in Limitamp starters
are single-phase, air-cooled, core-and-coil construction
with high-voltage windings covered to prevent contami-
nation by dust and dirt. Those furnished in standard
panels have a 25-kV Basic Impulse Level (BIL) rating.
When specified, 60-kV BIL rated control transformers
can be furnished, but will require special space consider-
ation. Two kVA is standard in a basic controller.
Transformers above 2 kVA are optional, and above 3 kVA
may require an auxiliary enclosure for mounting.

OMISSION OF CONTROL POWER TRANSFORMER
A lineup of starters can use a common control power
transformer or other source of control power. In either
case, the power source and control circuit must be pro-
vided with interlocking relays so the loss of either will
shut down all operating motors. Control bus is required
in all controllers if a common source of control power is
used.

A single source of control power results in some disad-

vantages: (1) Unless each panel is provided with a fuse
control switch, troubleshooting must be done with Ij
wires in the panel; (2) a single controller, if relocat

control power will cause shutdown of all machi

independent of the lineup, will require modifica t
add a control transformer and fuses; and (3) the lgss
‘sib

TIMING RELAYS

Pneumatic-type timing relays close or #pgn Wgirgllit after
a definite elapsed time on either energj Nor de-

energization.

time delay on either energizatioffl or dg-energization.

They provide a wide range of ever, and are not
affected by ambient temper®801id—5tate timing
e

Motor-driven timing relays clos:gz& circuit with

relays with high accur n tability can be fur-

nished. a\
INCOMPLETE-S NCE RELAY
An incomplete-seque lay is used to shut down the

motor (squirrel-cage induction or synchronous) on
reduced-voltage staging if the control fails to transfer to
full voltageglt protects the starting reactor or autotrans-
ergization longer than rated time. The
ished for other sequencing functions

JOGGING Q
Drives requiring “jogging” (or inching) must ha e

control circuit arranged for repeatedly closing the line
contactor at short intervals to effect small mogements of
the driven machine. The line contagger is held closed
only as long as the JOG button is ressed.

An anti-kiss circuit is provided witinth®JOG push button,
including a jog relay. The jogff€ es when the JOG
button is depressed, energiz@s @ e contactor coil,
seals itself in around the on and is dropped out
only after the line cont closed and wiped in.
This makes possible opening and closing of the
line contactor, butglso res that the tips wipe closed

each time.

CURRE CKING

Current-o relays indicate when the arc is com-
plet ished after the line contactor opens.

n permit closure of a reversing contac-
tor, ircuit may occur if a reversing contactor
the forward contactor opens but before the
been extinguished. This circuit is necessary in
lers with “plug stop” or where pressing one
ntaneous contact picks up reversing contactor while
running forward. Current interlocking is not normally
used on overhauling loads such as mine hoists, since dur-
ing the lowering cycle enough current may not be drawn
to operate the interlocking relays.

This circuit is not supplied on standard Limitamp revers-
ing controllers, as the operator is expected to turn the
selector switch to reverse only after pressing the STOP
button.

POTENTIAL INTERLOCKING

Potential interlocking is used for the same reason as in
current interlocking. Potential transformers and inter-
locking relays are added to prevent closure of one prima-
ry contactor before complete interruption of the arcs at
the tips of the other (reverse) contactor. Operation is
based on the principle that by the time the disconnected
motor’s generated EMF has decayed to the point where
the interlocking relays have dropped out, the arcin the
disconnected contactor has extinguished, and closing
the reversing contactor is permissible.

Potential interlocking is used on hoists and other appli-
cations having possible overhauling loads.

F8
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INSTRUMENTATION

AMMETER

An ammeter (panel-type or switchboard-type) is used to
indicate either motor amperes or total incoming
amperes. It can either be hardwired to the current trans-
former of one phase or all three phases can be moni-
tored by the use of a selector switch. One current trans-
former is required for single-phase reading; two are
required for open delta three-phase reading; three are
required in a wye circuit. Three window-type current
transformers are provided as standard on Limitamp
Controllers.

VOLTMETER

The voltmeter (panel-type or switchboard-type) is used
to indicate phase-to-phase potential. One potential trans-
former is required if only one phase-to-phase potential is
monitored. Two potential transformers, connected in an
open-delta configuration, are required along with a
selector switch to monitor any one of the three phases.
Three potential transformers mounted in an auxiliary
enclosure and a selector switch are required to read both
phase-to-phase and phase-to-neutral potentials.

POWER FACTOR METER

A power factor meter is used to indicate power fact
lead or lag. It is useful in adjusting power factor ingn-
chronous motor drives and in determining the r
factor of a given drive. The addition of a powe

meter requires the addition of potential tr , or
of some other potential source with cqrre and
accuracy. When a synchronous starter 1s , the
CR192 USPM has a digital power fact@f met@g built into

the device.

WATTMETER \

A wattmeter is used to indicate IQadig# or useful power
being delivered to a drive a instant. The instrument

is typically calibrated ifgkil Gy wo potential trans-

formers connected i N are required for operation.

OPERATION C

The operation count lectrically operated from a

control interlock on the line contactor. It totals the

number of times t? contactor has closed and opened,
a

and thus vides data for the establishment of mainte-
les, a record of the number of batch

procegse ted over a given period of time, or any
oth e where the number of line contactor
cl may be significant.

Protection & Con
VARMETER

The varmeter indicates lagging or leading rez@

power. It requires the addition of two potential trans-

formers. In totaling reactive power on a bus fgeding
several loads, individual vars for eacla load can be
measured by means of individual yr rs on each
motor and added directly.

ELAPSED TIME METER

An elapsed time meter isgls dicate hours of

operation or shutdown tim
for the purpose of pro

a particular motor or drive
records, maintenance

scheduling, or engj ing records.
TRANSDUC
Transdu o transmit electrical properties to

remote

the

€ maintaining a high accuracy when
ce or resistance may be high. The
tis 4- 20 mA DC. Current transducers

LOCKS
ent and potential test blocks provide a plug-in
ure for portable meters, to obtain readings or
records without shutting down the machine.

WATT-HOUR METER

A watt-hour meter is used basically to measure work
done. Specifically, it registers total watt-hours used by the
motor or other load on the controller. It is useful in
assigning power charges in plant accounting or for
record keeping of power consumed per unit of manufac-
turing. It requires the addition of two potential trans-
formers connected in open delta.

A demand register indicates maximum demand. It is use-
ful in determining peak loads for particular machines
where demand must be controlled to keep power costs at
a minimum.
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Below are typical push buttons, selector switches and control wiring used in standard Limitamp. The followihg
pages depict cut-sheets showing details of typical components. For more detail, refer to Table A.4,which sh

publication reference.

Table G.1 Typical push buttons ®
Function Device used
Start-Stop CR104P momentary type wire control
Stop CR104P momentary type wit®3-wire control
CR104P maintained type r 2-, 3-wire control
Options:
Mushroom head
Provisions for locking open
Forward-Reverse-Stop CR104P momentary type FVR starters
Fast-Slow-Stop CR104P momentary type 2-speed starters
Table G.2 Typical selector switches
Function Device used Application
On-Off CR104P maintaine Permissive start with 2-, 3-wire control

Hand-Off-Auto

CR104P maintai pe

Auto or manual start with 2-wire control

Control wire size

Fast-Slow-0ff-Auto CR104P mgime e 2-speed starters
Table G.3 Control wiring details
Item tandard Option
Control wiring type thermoplastic SIS (vulkene)
600V, 90° C
AWG #14 AWG #12

Insulated ring type

Heat-shrinkable labels

Control wire terminals 40 Uninsulated spade type
Wiremarkers Plastic sleeve type
Wire color code : Power-Black

Control-Red
Neutral-White
Ground-Green

CR1518B, 30A, 600V

EB-25, 50A, 600V
Connectron Type KUX

L 4
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CR120B MACHINE TOOL AND
INDUSTRIAL RELAYS

The CR120B and CR120BL Series A, multi-circuit industri-
al relays are designed to meet most panel application
requirements. They are available as standard, latched or
time-delay relays.

All forms of the relay mount on the same base and in the
same small panel-mounting area. Relays may be arranged
in any configuration or modified on a panel without
altering the mounting area.

FEATURES

¢ Bifurcated contacts assure positive make — unique
bifurcated contacts assure positive make at all voltages
and give excellent fidelity, even in harsh environments.

¢ Transparent Lexan® contact cartridges — allow inspec-
tion of contacts.

¢ Convertible contacts — allow conversion from normally
open to normally closed, or vice versa. Just change the
terminal screws and invert the contact module.

¢ Quick-change coil — can be changed without removing
any screws.

LATCH ATTACHMENT

N

Table G.4 Coil data

§ 1208 standard AC relay

The latch attachment mounts on any standard CR @ t
relay in the same manner as a deck adder.

Table G.5 Coil data

Inrush VA Sealed d watts Voits
AC relay coil 120 1 7 60 Hz 115-120, 230, 460
AC unlatch coil 31 92 DC 24, 48,125
DC relay coil 235 . 2.8
Table G.6 Contact ratings
@ Maximum AC Maximum AC Maximum DC Maximum DC
Type S volt-ampere rating rating amperes rating amperes volt-ampere rating
of
contacts Make Break Make Break 125V 250V 300V or less
Inst.® 7200 720 60 6 11 0.55 138
Delay 3600 360 30 3 0.5 — —

@ Use for CR12QB contact reﬁg
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C-2000 MINI-CONTACTORS (MCR4)

Compon

Used to protect control circuits
from voltage transients. $lugs into
front of conta , no external
wiring reguir

While the standard line of DC-o

ACCESSORIES

—
.
- J

@zz-

ted relays requires
t, Some PLC applica-
efficiently interface
ailable with 24-volts DC
2 watts for pull-in and
able in three different ter-
O, 3NO-1INC and 2NO-2NC.

only three-watt coil holding
tions require lower wattage
with the PLC. Special rela
coils, which only requifigl.2
holding. These rel e
minal configuratiq@ls —

FEATURES AND BENEFITS
* Modular design — Various configurations can be

created with the wide selection of available accessories. Control relays
¢ Compact size — The contactor/relay mounting profile 660 volt
is approximately 1%” x 1%4”. vorts
* Long life — This family of relays offers superior 10 amperes
performance. Mechanical life is rated at 10 million A600. 0500
operations. ’
¢ Reliable operation — These products are manufac- 25-400 Hz
tured with the latest advancements in materials tec 2 4ma
ogy and designed to ensure long, dependable op A4m
tion. (Coils are designed for protection againstdur t No overlap between NO and NC contacts
during demanding brownout conditions.) Space 1.1 mm
¢ Flexible mounting — Mounting is not restrictgf Time >2 msec
contactor and relay applications; contactors
horizontal-, tabletop- or ceiling- mounted Table G.8 Main contacts data
* International acceptance — Devices gpe li ed ald certi-
Carry Make
fied to IEC 947.4, VDE0660 and Nort n stan- i Rati i X Break
dards, and they provide dual markl ime aling continugus | momentary rea
amperes amperes amperes amperes
A600 AC 10 60 6
O 0600 DC 25 0.55 0.55
@ Table G.9 Pickup/Dropout percentage coil voltage
\ Type coil Pickup Dropout
AC controlled 80%-110% 35%-55%
DC controlied 80%-110% 20%-40%
PLC interface (1.2W) 80%-125% 20%-30%
L 4 PLC interface (2W) 70%-125% 20%-35%
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CR 104P P ILOT D E VI CE s Type Standard |Push-to-test Bulb Colar
Full voltage ed
(120 Volts AC) X X #120pS8 Green
@ Amber
Transformer Blue
(6 Volts AC X White
Secondary) Clear
Red
White
Neon X / Neon Amber
Clear
LED LED Red
(Transformer X (6 volt) Green
type only) Blue
Amber

DESCRIPTION

Newly designed nameplates with chrome-plated octagonal
rings project an attractive, quality appearance. Positive-
teel selector switches give a quality touch in all illuminated,
solid-color, spring-return and maintained units.

Standard and illuminated push buttons and selector,
switches are available with key or conventional ope @
The CR104P push button line also includes press-t€

and standard indicating lights, mushroom-head;j@yst1e
push-pull and push-push operators.

APPLICATION @
ma

These pilot devices are specially adapted me-tool

service or any application where oil O?&t ¥ present.
K

The convenient one-hole mounting 1s line suit-

able for general purpose use in nt of all kinds
where panel mounting is possib%ﬁe is ideal for
applications where oil tightnesgfWatert#ghtness and long
life are essential.

All units are suitable for u f pe 1, 3, 3R, 4, 12 and

13 environments whe owfited'in enclosures rated for
those same applicgflons. §ge ® under Table G.10.)

ing. Octagonal ring provides ease in front panel mount-
ing and enclosurg, applications.

provide oil tightness.

ventories reduced — Forms may be fur-

as complete units or as components, allowing
ihg-block construction from a minimum of stock.
r convertible — Colored knobs and caps are avail-
ble in kit form for easy field conversion.

G4

ratings, NEMA A600 heavy pilot duty

Continuous current AC voltamperes 50/60 Hz@
amperes Make Break
10 7200 720

@ CR104PTP units are suitable for Type 1, 12 and 13 applications only.
@ Maximum make and break currents are 60 and 6 amperes, respectively, for voltages of
120 and below.

Table G.11 DC ratings, NEMA P600

Maximum make or break amperes

125 volts 250 volts 600 volts

141 0.55 0.2

CR104P PILOT LIGHTS

Pilot lights match appearance of switches above. Standard
applications use fullvoltage or transformer-type lights.
Optional nameplates match those used with switches;
neon lights are available (with limited lens colors).

Table G.12 Typical pilot lights

Function Device used
Full voltage CR104P with 120-volt, 10,000-hour lamp
Transformer CR104P with 6-volt, 20,000-hour lamp

Push-to-test CR104P, full-voltage or transformer-type

Red On, Fast, Forward, Up
Colors available Amber Down, Reverse, Slow
Green Stopped, Ready
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CR7R INDUSTRIAL TIMING
CONTROL RELAY

The CR7R industrial control timing relay is a compact
relay designed for heavy-duty industrial control applica-

tions where reliability and versatility are required.

Auxiliary components convert basic four; Qto a

four-pole relay with two pneumatic timg¥lelaygontacts.

&

Q>®

Table G.17 Contact rating— for relay contacts and timer contacts

¢ Compact mounting dimensions
* Mounted on vertical plane

¢ Straight-through wiring

¢ Easy coil replacement

* Long contact life

* High operating speed

e Silver alloy contacts

e Captive terminals

*Rated 600 volts

e UL listed
L 2

Table G.13 Instantaneous relay contacts

Contact arrangement
AC controlled

Contact arrangeme
DC controlled

4 NO
3NO, 1NC
2NO, 2NC

e Pull-in volts Min. 85%f13
* Drop-out volts 50T or 188s @
® Mechanical life  In exc U million operations

* Contact life ess §¥1 million operations

Table G.14 AC coil rati

coil rating
277V/60 Hz 240V/50 Hz
- 380V/50 Hz
110V/50 Hz — 415V/50 Hz
2 190V/50 Hz 480V/60 Hz 440V/50 Hz
2 220V/50 Hz 600V/60 Hz 550V/50 Hz
A sh Holding DC inrush Holding
VA w w
55 9 8.5 8.5
Table G.15 DC coil ratings
DC coil rating
24 volts DC 125 volts DC
48 volts DC 250 volts DC

Table G.16 Pneumatic time-delay attachments — 1 NO, 1 NC time

delay contacts ®

Time-delay (convertible) Time range (seconds)
TDAE 0.3-30
TDAE 10.0-180
TDAD 0.3-30
TDAD 10.0-180

@ Contacts are in addition to base relay contacts.

Maximum AC Maximum AC Maximum DC amperes — break or make

Volt-amperes amperes Relay Timer
Make Break Make Break 24V 125V 250V rZ\'} 125V 250V
7200 720 60 6 5.0 1.1 0.55 25 55 27

G5
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CR324 BLOCK OVERLOAD RELAYS FOR
PANEL MOUNTING

3-POLE 600 VOLTS AC/250 VOLTS DC, 135 MAXI-
MUM AMPERES CONTINUOUS, UL FILE 2403

FEATURES
ing and eliminate nuisance tripping

the relay has tripped
® Manual weld check — Check
depressing the arm to tri
continuity check across the tefginals
® Dual bimetal current mghitoh
al strip “anticipates” the

rotor conditions.
overshoot in th

¢ Flexibility of ati

APPLICATION
The panel-mount block overload relay with ambient

*Bright yellow visual trip indicator tellsyo

¢+10/-10% adjustment of trip current to alge tun-

3at a glance if

ed contacts by
d doing a simple

— Additional bimet-

— The trip rating can be easily

changed b ladyg the front-accessible heaters
e Isolated t — Can be used for input to a pro-
gram le oller, an alarm bell, or a signal light

Operates on upstroke only

m full-load Control circuit

Maxi

compensation provides overload protection for motors

having full-load currents up to 135 amperes. The relays entin amperes | Size | arrangement Catalog Number
ish 1 1 Is. Wh
are furnished complete for use on control panels Whe o7 ] N0, 1 NG CR324C660A
an overload condition occurs in any of the three |
which heaters are inserted, it will cause the rela 4
opening a normally closed contact, and closin
mally open contact.
A normally open circuit may be connected to @ si ight,
an alarm bell or input circuit of a programgna n-
troller, e.g., to provide indication ofgn oyerloadrelay trip.
Table G.19 Contact ratings ,‘ é\
Continuous Make Recommended maximum interrupting capacity, amperes
rating amperes amperes DC circuits AC circuits
AC or DC 125V 250V 115V 230V 460V 575V
10 0.35 0.17 3 1.5 0.75 0.6
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Muiltilin 269 Plus Motor Management Relay®

PRODUCT DESCRIPTION

The Multilin 269 Plus Motor Management Relay is
designed to allow the user to safely maintain maximum-
rated motor output without risk of downtime. To achieve
this, the 269 Plus system has the following portfolio of
Motor Management tools:

* A complete protection package including the unique
Multilin features FlexCurve" and MotorMatch™.
¢ StatTrac” operation monitoring for effective maintenance.

*RelayCom™ option for motor monitoring by computer.

¢ Flexibility of control with prior alarms to alert the need
for action to maintain operation.

*Diagnostic data gathering and retrieval to determine
the exact cause of shutdown.

¢ Exponential running cooldown.

* Optional metering module with 4 isolated analog outputs.

The 269 Plus relay is housed in a compact, rugged enclo-
sure compatible with all types of motor starters.

FEATURES

*Rugged, corrosion and flame retardant case.
*Durable polycarbonate front panel.

* 48 character backlit alphanumeric display.

* Red LED on steady when output relay activated.
¢ Indicator and remote alarm output when self-che\

detects internal hardware failure.

* Press to display actual motor values of current,
ature, thermal capacity and learned parame .

*Provides user with application informa‘ion nd p¥p-
gramming assistance.

¢ Allows user to set, alter and examine allfala
other setpoints.

¢ Allows user to increment or decrem‘ ently
*

trip and

entered setpoint.
¢ Allows user to scan the next or
rently selected page.

¢ Allows user to scan theqqext\@#prgvious page of actual
values or setpoints.
* Press to store displdyed getpoit in memory when in

access mode.

*Use toreturn from a
previous display.

¢ Permits user to reset.latched output relays.

setpoint or help message to

¢ Remote Mounted MTM Meter and Transduceglle

OPTIONS
communicates volts, KW, KVAR, PF and Hz to 269 Plus
screen. P

EASE OF USE

Simple operation

The 269 Plus relay will normallyxed programmed
for most application, and onlyimj 1eld program
changes will be necessary tgstli particular motor.
Use H Qany time

| assistance.

line on the cur-

del 269 Plus has the following

aracter alphanumeric display
d answer messages
t for HELP messages
of setpoints
lvalues upon demand
e Otitput relay status indication

The microcomputer design communicates information
to the user through the 48 character alphanumeric dis-
play. Just like reading a book, the keypad page and line
selection system guides the user through the required
setpoint values for optimum motor protection and per-
formance. To aid the user, the HELP key can be pressed
at any time to provide additional information and pro-
gramming assistance. Access for programming is gained
by placing a jumper across the access terminals. When
programming is complete, the jumper is removed, thus

G7
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making the program secure and tamperproof.
Alternatively, these terminals can be wired to a separate
key-operated shorting switch available as an accessory.

A software access code can also be programmed for
added security.
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37 Undercurrent/Minimum Lad

38 Motor/Load Bearing Overt ul
46 Unbalance — Negatjve Séglience
47 Phase Reversal

48 Multiple Start/Loc 0

49 Stator Winding Olertemp@kature

49/51
50
50G/51G Ground Fault
52
74
86 Latched Relay
Auxiliary Relay No. 1
4xiliary Relay No. 2
Differential Relay Contact Qutput
Starts Per Hour
Undervoltage (Meter Option)
Frequency (Meter Option)
5 Power Factor (Meter Option)

Functional specifications
Motor Management and protection shall b ded by
the 269 Plus Protection Relay.

Protective functions must include: Phase &®erload stan-
dard curves (51), overload by cugf®m programmable
curve (51), It modeling (48),
Overtemperature/Bearing te.
independent RTD inputs 448

erature with 10
ative sequence unbal-
Bversal (47), starts per
8), shortcircuit (50),

hour and time betwee
ground fault (50G,
and mechanical j

Management fé@gction®include:
e Statistical gfat
, display and integrate critical parame-

ize motor protection
ation with external devices

shall be capable of displaying important meter-
functions. As a minimum phase voltages, kilowatt,
11Qyar, power factor, frequency and MWHTr shall be avail-
e. In addition, undervoltage (27) and low power fac-
or alarm and trip levels shall be field programmable. It
is required that the metering option be a separate box
that communicates with the 269 Plus relay and may be
field installed without modification to the 269 Plus relay.
The metering option can be used with any 269 Plus relay
where diagnosis or load measurements are required and
shall also provide isolated analog outputs for average
RMS amps, kilowatts, kilovars and power factor.
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MDP 3-PHASE OVERCURRENT RELAY

DESCRIPTION

The MDP relay is a digital, microprocessor-based non-
directional time overcurrent relay that protects against
phase-to-phase and phase-to-ground faults. The MDP
series relay includes four measuring units, including one
for each of the three phases in addition to ground. Each
measuring unit contains a time overcurrent unit and an
instantaneous unit.

FEATURES

¢ Information
— Last trip current
— Last trip time
— Trip indication
— Pickup indication
— Breaker status

¢ Eight selectable curves

MDP Rela
— Inverse (51) y
— Very inverse (53) mopP & * 000A
— Extremely inverse (77) . o
. . 0 No communications or digital inputs
— Long-time inverse (66) o B -
. . Digital inputs* and communication socket
— Four definite times o .
Commnet communications card installed
* Enhanced selectivity A RS232 communications option**
— Block instantaneous
" 1 | 5A 151013.125A phase, 0.5t0 4375 ground
— Block ground
2 5A, 1.5t0 13.125A phase, 1.5 to 13.125 ground
— Instantaneous delay
3 5A, 1.510 13.125A phase, 0.1 t0 0.875 ground
— Breaker status
4 1A, 0.3 to 2.625A phase, 0.1 to 0.875 ground
¢ Configurable outputs 5 1A, 03 to 2.625A phase, 0.3 to 2.625 ground
— 5 output relay contacts 1 4 6 1A, 0.3 to 2.625A phase, 0.05 to 0.4375 ground
e Communications \ 1 24-48volts DC

software Digital inputsinclude block ground, block 10C and breaker status
** RS232 communications is not field upgradeable; breaker status not available

— Field upgradeable commWifica S 2 48-125volts DC
— Interfaces with PO\NERC distribution 3 125-250 volts DC

e Other *** MDPCMN upgrade communications card
— Meets ANSI (G37.9 182 and IEC 255
— Drawout cogst 1 case) £
Dimensions Semi-Flush
— External gfset Jeve ¢ Mountrg
— n:‘ ” l—’_—‘
fo ©° © oY |
R —— : W
I | D
o < I
|
! =
4 , |
10312 n !
261 mm .
[}
§ ;:
s o X
) D
’ 3 ! b
|
6625 In ' ¢ 6187 In. |
—— 168 mm ——*! laliidat 157 mim -
1125 n
29 mm
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HFC INSTANTANEOUS OVERCURRENT O
The HFC relay is a hinged armature instantaneous
device with two electrically separate contacts, assembled
in a Cl single end drawout case. Each unit contains a L 4

target, which is raised into view and latched when the
relayis picked up. The targets are manually reset by a
button on the front of the relay cover.

The HFC is generally applied where a direct trip instan-
taneous overcurrent function is required.

The relay can be used to provide differential protection

of a motor usually by means of self balanced primary

current scheme with the current transformers mounted
at the machine terminals.

Table G.20 Selection guide

Current range

Number

Minimum Maximum of units
0.5 4.0
2.0 50

Table G.21 Tapped coil ratings

S

Case Weight Ibs (kg)
size NET
Ci 8 (3.6)

Instantaneous unit (amps) Range Rating
Link position (amps) K
0.5-4 L 0.5-2 8,836
H
2-50 L 4 37 130 16,900
‘ ?—5 75
Table G.22 Burden 60 Hz unit \
Burden at minimum Burden times
Instantaneous unit (amps) pickup (ohms) pickup (ohms)
\ R X z 3 10 20
0.5-4 10.63 9.77 14.44 9.81 8.56 78
H 513 3.49 6.21 4.66 4.26 418
2-50 L 0.750 0.650 0.992 0.634 0.480 0.457
H 0.070 0.024 0.074 0.072 0.071 0.070

G10
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IJD PERCENTAGE-DIFFERENTIAL O

DESCRIPTION

The type IJD relays are induction disk units used to pro-
tect AC rotating machines, two winding transformers,
and wye winding of power transformers. IJD relays pro-

tect against phase-to-phase faults within the AC machine \%

and the lead in the differential zone, provided the fault

current is above the minimum pickup value. @
Min. Min.
Continuous operati operating
rating Cur, Slope
Model number Frequency (amperes) (amperes) (percent)
Type IJD52A — 2 NO contacts, S1 case construction -

121JD52A12A 60 5

L 4

L 4

>
N
N

Q
o
&

L 4

GN
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THREE-PHASE VOLTAGE MONITORS

MODEL LPVR
UL-listed File number E103039

GENERAL
The model LPVRis a three-phase voltage monitor that
uses negative phase sequence monitoring to protect

against phase loss, phase reversal and undervoltage on
the power system. Electromechanical diagnostic indica-
tors (manually reset) show trip conditions due to phase
unbalance, phase loss and undervoltage. A green LED
indicates that the power system has no faults present and
that the phases are in sequence.
Model LPVR specifications:
* Provides prestart and running protection
e Fully rated 600 volt contacts \
* Diagnostic indicators continue to show cau
operation after voltage is removed m
* Adjustable undervoltage trip point sett 0@ of
nominal 7'
* Adjustable trip delay from 50 millis
10 seconds \
® Adjustable reset delay from 1 n 5 minutes
* Operates at 6% phase unbal
* Maintains operation with a 12.5%phase voltage loss
® Automatic or manual res remote
® Operational green LE or
¢ Fail-safe — will notSpe ult is present

¢ Jsolated Form “@ out contacts
* Terminal scregS arg#6-32*nickel-plated brass

G12

ersystem condition
EL ANICAL DIAGNOSTIC INDICATORS:
K hase unbalance
Phase loss
* Undervoltage
DJUSTABLE SYSTEM DELAYS;
 Undervoltage trip point
* .05-10 second trip delay
* 0-5 minute reset delay
@ TERMINAL BLOCK:
* Automatic or manual reset

* Input voltage — 120-575 volts
* Qutput contacts — Form “C,” 1 NO & 1 NC

Table G.23 Three-phase voltages available with Model LPVR

Catalog Number Nominal rating Voltage range
LPVR 120 120 90-125
LPVR 240 240 180-250
LPVR 480 480 360-500
LPVR 575 575 430-600
318 ——~ 4.45
"l 0.25 -~
’ | ¥
1 0200000 425 i
3.03 ® ®
— 3.2
|
0.;4 N1 1/
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MODEL APVR O
UL-listed File number E103039

4.25

' O

GENERAL
The model APVR phase-sensing relay performs similarly

to the model LPVR, except that the relay requires no
adjustments. It willfitin the push button bracket, and
thus does not increase the required unit spacing.

| 2.7%

Model APVR specifications:

¢ Fail-safe — will not operate if a fault is present
*Manual or automatic reset

¢ Fixed undervoltage trip point: Approximately 90%Q®

pickup, 80% dropout
* Operates at 6% phase unbalance
* Maintains operation with a 6% phase voltage loss
¢ 3-second dropout delay to avoid nuisance trippj
*Operational green LED indicator
eIsolated Form “C” output contacts

¢ Output contact rating: 250 volts AC, 5@mp&es (gener-
al use); 30 volts AC, 5 amperes (resistiv,

Table G.24 Three-phase voltages availabl | APVR
Catalog number | Nominal rating Frequency
APVR 120 120 60 Hz
APVR 240 60 Hz
APVR 480 380-530 60 Hz
APVR575 455-600 60 Hz
APVR380 380 300-425 50 Hz

G13
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Componegts

POWER LEADER™EPM

GENERAL

The POWER LEADER EPM is a microprocessor-based
device that displays a full range of over 50 metered val-
ues with revenue class accuracy of 0.5%. The PL-EPM is
available with a communication option that is factory- or
field-installable so that all data can be transmitted to a
remote host computer.

FEATURES

The PL-EPM comes in the standard S1 case as the
present DS-63 and DS-65 electromechanical watt-hour
meters. This provides the user the ability to retrofit the
electromechanical meters with the PL-EPM. Metered val-
ues cover a full range of parameters:

* Revenue Class accuracy of 0.5%

* Optional communications provide connectivity to
POWER LEADER network (Commnet)

¢ Pulse initiation option with programmable outputs

(kWh, kVArh, kVAh, kQh)

Amperes 3-phase and neutral (0.25% accuracy)

Volts L-L and L-N (0.25% accuracy)

Watts per phase, 3-phase total, peak w
demand, and watts at maximug k

Energy kwh, kVAh, kVArh lag and leadgan

Volt-amperes  per phase, 3-phase total, pea @ mnd
kVA demand

KVARs per phase, 3-phase i8tal. k BVAr,

peak kVAr lead, kV.
demand lead

nd, kVAr

Power factor per phase, 3-p average, power

factor at previous ifierval, power factor
at maximu

Frequency 60
c (—\ r 50 Hz availabiltiy

G14

INPUTS
The PL-EPM requires CT inputs with a 5-amf@gre séc-

ondary current. The meter can accept direct input volt-
ages up to 600 volts and is self-powered from the voltage
inputs. Three CTs are required for four wir@wye-systems
and two CTs are required for thrggvire delta-system.

4 HOLES ) (

:i.%' ' 5|
et o2

R N

ljk B __.!L_u-_“ [32

PANEL ORILLING FOR SEMI- FLUSH MOUNTING
(FRONT VIEW)
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Motor Control Compo
GROUND FAULT SYSTEM SENSORS
MODEL GFM Model number Trip current Window size
UL-listed File number E110395 GFM 250 3.5t0 11 @5
GFM 462 41012 462"

o

o oon

QN

* Self powered.

® Temperature range: -30° C to 75° C.

* Positive “ON” (green) and “OFF” (red) condition
indication, manual reset.

eInstantaneous only (GFM-353) standard.

® Optional time delay from instantaneous to 36 cycle
(GFM-363).

systems are designed to minimize damage or |
equipment caused by destructive arcing grodhd
This GFM system is designed for all pol S

tions and is ideally suited for motor congfol;Sgotor con-
trol centers and high-voltage starte &s\,can be wye
or delta, grounded or resistance gr& hen the
ground fault current exceeds a pl@g condition
(current only, or current and tim§settiflgs), the relay
trips. The relay contacts can ted in the control
circuit of a motor startegto @1[ trip of a circuit
breaker or similar dis N alarm devices. The
system has an inversétime chagcteristic to prevent nui-
sance tripping. Th tripping current value is field
adjustable over the tr1 nt range of the sensor. The

adjustable trip time delayYelay, when specified, is field
settable up to 36 cycles.

GENERAL \
These Class 1 model GFM ground fault protectiw
t
faqlts.
ca-

MODEL GFM353

Main con d 30 amperes, 277 volts AC.
Auxili ctsrated 10 amperes continuous,
23 sinrush, 120 volts AC.

Auxiliary

TO CURRENT SENSOR X1 AND X2
All contacts shown with the
relay in the tripped position.

G15
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AC ROTATING-MACHINE PROTECTION

DIELEKTROL® PROTECTIVE CAPACITORS
0-18,000-ft. altitude

DIELEKTROL is the GE non-PCB power capacitor
dielectric system, developed to provide an environmen-
tally acceptable product with superior performance and
reliability. The DIELEKTROL insulating liquid is a Class
IIIB combustible fluid.

Protective capacitors contain a film dielectric and her-
metically sealed bushings, which permit mounting of
capacitors in an upright position or on the side.

Table G.25 DIELEKTROL non-PCB dielectric protective capacitors with intern

N ‘ ’ .
-
2.757 02"
(69.9mm)(117.3mm)
= L
L 4

8.20° 0.500" (12.7mm)-13
208.3mm)

16.31"
(414.3mm)

|

0.500* x 0.625"
(12.7mm) (15.9mm)
slots (2)

le capacitor, 4160 volts

6.75"
(171.5mm) ‘

resistors — indoor and outdoor mounting

Voltage rating Maximum Poles A::: ‘::T::e
RMS voltage Catalog Microfarads g
volts L-L RMS volts L-L number per pole Lb Kg
2400 or 4160 4576 18L15UJ 1.5 35 15.8

L 4

N
903
&

Q
o
&

L 4
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TRANQUELL® XEP"— STATION ARRESTERS O
POLYMER HIGH-VOLTAGE
DESCRIPTION L 4
Tranquell XEP polymer station arresters provide both most demanding service conditionsgfhe GE arrester is based
excellent protective characteristics and temporary over- on the field-proven Zenox™ —gget disks known for
voltage capability. Gapless construction results in a maintaining stable characteristicSNgramgftiell station arresters
design that is simple, reliable and economical while are designed and manufactuy a®ordance with
offering excellent pressure relief capability to meet the ANSI/IEEE C62.11.
175 0
] = |
1.75
4.00 J.__
o _o— 113 @LP
2.88 L—
GROUND TERMINAL
5.00

.l

o ? L ha
ALL GROUND 1.75—LJ
TERMINALSQACCOMMODATE

c R SIZES
F TO 350 MCM LINE TERMINAL
FOR QLUIXPB___

9LIIXPA___ WITH
4-HOLE NEMA PAD

Table G.26 Polymer arrester (station-class) ratings

ly used on system
It | L-L
Arrester Maximum continuous voltage class (L-1) Single-pole arrester
rating ® operating voltage Solidly grnd. Catalog number
(kV RMS) capability® (L-N) neutral sys. neutral sys. Gray polymer housing with eyebolt
(kV RMS) RMS) (kVRMS) (small diameter)
3 2.55 2.4 416 9L11XPB003
6 5.10 48 — 9L11XPB006

S Min. Mounting Spacing on Center
Catalog\umber Height (X) Creep Weight Min. Phase to Phase Phase to
Clearance Ground
Arrester
Rating
(kV rms) In mm In mm Ib kg In mm In mm In mm
L11XPB003 3 79 2007 | 17.2 | 4369 79 36 2.0 50.8 123 | 3124 7.7 195.6
9L11XPB006 6 7.9 2007 | 17.2 | 4369 8.1 37 3.0 76.2 123 | 3124 7.7 195.6
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STANDARD SERVICE CONDITIONS

Limitamp equipment is designed for the following stan-
dard conditions: Operating ambient temperature -20° C
to 40° C. Storage ambient temperatures -40° C to 70° C;
strip heaters with thermostat control are recommended
at 0° C. One heater per enclosure. Thermostats may con-
trol up to 14 heaters.

— Altitude to 3,300 feet above sea level

— Humidity 0 to 90 percent (non-condensing)

SEISMIC CAPABILITY

Vacuum Limitamp Controllers can be used in various
applications subject to shock and/or vibration. Certain
controllers will withstand forces generated by a Zone 4
earthquake as defined in 1985 uniform building code for
non-essential equipment when properly anchored at
ground level.

For Limitamp control with seismic capability, or other
vibration-type applications, refer your application details
to the factory.

ALTITUDE DERATING
Vacuum Limitamp Controllers, including power f]
require the following derating for use at high alti%

For current — No derating required up to 6,0
above sea level.

— Above 6,000 feet, derate by 0%
for every 1,000 feet abovgf sea

2 .
For voltage — No derating require 0 feet
above sea level.
a

— Above 3,300 fee
every 1,000 f

y 2 percent for
boves8ea level. BIL

rating is also @erate@ by the same
percenta

TEMPERATURE

Vacuum Limitamg CogtrOligrs require the following cur-

rent derating f
fuses.

iengggemperature. Use only bolt-on

— Up to 40° C — No derating

— 40-45° C @ — Derate 10 percent

C — Derate 20 percent

e 50° C — Consult factory on the application

TED HEAT LOSS
ollowing data can be used for estimating heat loss
f Limitamp controllers at rated load amps. The esti-

H1

mates are based upon a single full-voltage n@rsing
400 ampere induction motor controller with panel
options.

— CR194 Vacuum - 370 watts per @Bntactor

— CR7160 Air break - 6% per contactor

STANDARDS AND C

Limitamp controllers a e
Standard ICS 3, Part 2 fo ss E2 Controllers, and UL
Standard 347 for hi tage industrial control
equipment unde ile E57411.

d to meet NEMA

When specifi itamp control may be built to comply

go Code and the California Code.

ion includes a UL section nameplate
ted motor controller includes a UL con-

pional information can be found in Table A.3.

L-LISTED VACUUM CONTROLLERS
@ull-voltage non-reversing induction motor starters,
2

400-4800 volts, up to 400 amperes rating.

B. CR194 one-high NEMA 1 enclosure, 26W or 34W x
90H x 30D, with stationary mounted vacuum contac-
tor and DC operating coil.

CR194 two-high NEMA 1 enclosure, 36 W or 40W x
90H x 30D, with stationary or drawout mounted
vacuum contactor and DC operating coil.

C. GE Type RA or RB current limiting power fuses.

D. Ambient compensated thermal overload relays
(CR324C).

E. Solid state overload (CR324CX).

F 1000 or 2000 amp copper main bus. (Refer to factory
for 1200 amp main bus application)

G. Phase and ground current transformers.
. Control power transformer with primary and

secondary fuse protection.

GE UL-LISTED AIR MAGNETIC CONTROLLERS
A. Full-voltage non-reversing induction motor starters,
2400-4800 volts, up to 400 ampere rating.

B. CR7160 one- high construction in 34W x 90H x 30D
or two- and three- high construction in 44W x 90H x
30D, in NEMA 1 enclosures.

C. Same as listed above for C, D, F, G.

D. 1000 or 2000 amp copper main bus, silverplated.
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APPROVED COMPONENTS FOR GE CONTROLLERS O
. Any UL-listed low-voltage component

A
B. Current transformers

C. Control wire, Type MTW, THW, SIS, XHHN
D. Power wire — MV-90 Dry

See Table A.3 for details.

L 4
E. Control power transformers &

OUTDOOR EQUIPMENT

The standard Limitamp paint system consists of the
following two processes:

Phase I — Cleaning

STANDARD PAINT SYSTEM — INDOOR & Q

In a seven-stage spray washer, steel parts are cleaned and
sprayed in controlled cleaning solutions.

Cleaned steel parts enter a drying oven at 300-350° F.

The preceding operating parameters have been deter- @
Stage Temperature Chemical Solutg

1 — Cleaning 115-120° Ridoline

2 —Rinse 105-118° Bonderite

3 — Iron Phosphate 90-105° Bonderite, So@
4 — Rinse Ambient Ngne

5 — Acidated Rinse Ambient

P
6 — Rinse Ambient %

7 — Deionized Rinse Ambient Q
mined to produce an Iron P, coating of a mini-
mum of 150 milligramgper r@foot to meet MIL
Spec. TT-C-490. \

Phase II — Paintig# by#lectro’static powder process

670-011 ANSI-61 Po er Finish Paint (Light Gray)
Metal parts will enter a drying oven at 375-400° F and
remain for 20 minuges. The standard color finish is

t gray with a gloss of 60 plus or minus five
of 2.5 mils. This system will withstand a

0 hours salt spray test.

H2
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STANDARD COMMERCIAL TESTS
AND INSPECTIONS

GENERAL

The following summary description defines the standard
factory tests and inspections performed during manufac-
ture of Limitamp Control. All Limitamp equipment is
tested and inspected for conformance with NEMA ICS 3
part 2 and UL347.

Production tests and inspections encompass the verifica-
tion of physical configuration of assembly and workman-
ship, the mechanical adjustments of parts and compo-
nents, and the sequencing and functional operations of
the control systems. These tests and inspections are per-
formed on manufactured products to verity confor-
mance of the equipment to a previously qualified design.
The tests do not include type testing or other destructive
tests on equipment to be shipped to a customer.

Any additional factory tests beyond those listed in the fol-
lowing paragraphs must be referred to the factory to veri-
fy availability of test facilities and qualified manpower.
Additional testing beyond the scope of the following
standard commercial tests will affect normal shipme
schedules.

PRODUCTION TESTS
The following list of inspection activities shall be

the manufacturing documentation and dfwings:

e Components, parts and material

L 4
¢ Physical condition of component Mire
insulation
® Location and orientation of ts and parts

¢ Finish — plating — paintin
e Wire/cable type, size, insula
port

e Wire termination\@removal and crimping

d clamping sup-

of terminals
¢ Tightness of gl€ctrifal cofnections and torque of bus
bar bolts
¢ Wire markers an inal markers (where specified)
¢ Labeling of components, parts, etc.
¢ Tightness torqye of assembly bolts and hardware

* Welds ggpot only)
e Me 1 clearance
e Elect earance (potential hazards)

NICAL OPERATION TESTS
ical operating tests shall be performed to ensure
r functioning of operating mechanisms and inter-
cks. The operation of shutters, mechanical interlocks,

H3

circuit-breaker-door interlocks, operating h@rip
mechanisms, solenoid armature travels, conta pes,
electro-mechanical interlocks, physical clearances for

mechanical and electrical isolation including any addi-

tional mechanically related operatigg functions shall be
verified. . %

CONTINUITY TESTS — WIRING AND
POWER CABLES

The correctness of the i
tained in each assembly a
faces shall be verified a9 cordance with the connec-
tion diagram, wiriffg e, or elementary drawing. The
continuity of eaclgircuit shall be checked.

ivi circuit wiring con-
e assembly wiring inter-

OPER
All equi t be subjected to an operational test.
Th rify the functional operation of the con-

r circuits and related components, devices
mbly-modules under simulated operating

afgltsu
Km (excluding loading of the power circuits).

N

devices, including subassembly-modules, shall be
#perated, set and checked for their functional character-
istics in accordance with the instructions for each and
any additional characteristic peculiar to the device:

* Pick-up

* Drop-out

e (Contact wipe

e Amperes

¢ In-rush current
¢ Time-delay

Contactors must pick-up and hold-in at or below the
tfollowing percentage of rated coil voltage:

Device Voltage Pick-up
Type Source (Percentage)
DC DC 65
AC AC 850
DC AC with rectifier 70 with holding resistor
DC AC with rectifier 70 with holding
and pick-up resistor

@ If a CPT is used, apply 90% voltage to transformer primary.
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b. Sequence and timing circuits

Application D

b. For equipment rated over 600 volts RMS orRC:

Assemblies and systems involving sequential operation of Two-and-a-fourth times rated plus 2000 (60 seconds
devices and time delays shall be tested to assure that the only).
devices in the sequence function properly and in the

order intended. The frequency of the test voltage shalbnot be less than

the rated frequency of the equjpm d and shall be

c. Polarity — phase-sensitive circuits essentially sinusoidal in wave sh

The polarity of direct-current circuits and phase connec- Note: Consideration shall be low-voltage

tions of alternating-current circuits shall be veritied by devices, semiconductors, me ruments, transform-
application of power and measurement of the relative ers, grounding circuits, etCHi paration for the
polarities and phase sequence. diclectric tests.

d. Grounding INSULATION RESISTANCE (MEGGER) TESTS

The grounding circuits and buses shall be certified. Insulation resistagace s measure the amount of circuit
resistance to cyfr age. This test is performed
HIGH POTENTIAL — INSULATION TESTS when thi ista easurement is desired and so

a. Control wiring insulation tests specified.

A dielectric test (hi-pot) shall be performed on circuit The t and minimum insulation resistance shall
wiring to confirm the insulation resistance to withstand be specified. Examples of test values are:
breakdown to a selected test voltage. The test voltage — . .

. . L a.gl0 vo C with 10 megohms minimum
amplitude and waveshape, method of application and . ..

. . . : . - volts DC with 1 megohm minimum
duration of time applied — shall be specified in UL347. . - ..

c volts DC with 25 megohms minimum

b. Power cable insulation and isolation test .
red values must be specified by the customer, as no
Power cables and buses shall be tested, phase-to-ph NEMA standard defines Megger values for motor controls.
and phase-to-ground for insulation breakdown reSiggan

and circuit isolation as specitied in UL347.

Note: These test conditions are as specified for fie
constructed equipment and performed in ;‘G‘ -

perature and humidity controlled factogy elfyironfhent.

Rated Circuit Voltage High Potential

AC or DC Test Voltage
120 1500 1 second
140 1 second

480/600 1 second
2300 60 seconds
5000 60 seconds
7200 60 seconds

sec lication).

s rated plus 1000, times 120 percent (for one-
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ANSI STANDARD DEVICE FUNCTION NUMBERS

Control Power Disconnecting Device

Overvoltage Rela

Reversing Device

Dev. No. Function 51 AC Time Overcurrent Relay

1 Master Element 52 AC Circuit Breaker @
2 Time-Delay Starting or Closing Relay 53 Exciter or DC Generator Relay

3 Checking or Interlocking Relay 54 (Reserved for future applicadion)

4 Master Contactor 55 Power Factor Relay

5 Stopping Device 56 Field Application Relay

6 Starting Circuit Breaker 57 Short-Circuiting or Groun@

7 Anode Circuit Breaker 58 Rectification Failure

8

9

10 Unit Sequence Switch

—_
—_

(Reserved for future application)

12 Over-Speed Device

13 Synchronous-Speed Device

14 Under-Speed Device

15 Speed or Frequency Matching Device

16 (Reserved for future application)
17 Shunting or Discharge Switch
18 Accelerating or Decelerating Device
19 Starting-to-Running Transition Contactor Rheostat
20 Electrically Operated Value Level Switch
21 Distance Relay DC Circuit Breaker
22 Equalizer Circuit Breaker Load-Resistor Contactor
23 Temperature Control Device 74 Alarm Relay
24 (Reserved for future application) 75 Position Changing Mechanism
25 Synchronizing or Synchronism-Check Device 76 DC Reclosing Relay
26 Apparatus Thermal Device 7 Pulse Transmitter
27 Undervoltage Relay 78 Phase-Angle Measuring or Out-of-Step Protective Relay
28 Flame Detector 79 AC Reclosing Relay
29 Isolating Contactor 80 Flow Switch
30 Annunciator Relay 81 Frequency Relay
31 Separate Excitation Device 82 DC Overcurrent Relay
32 Directional Power Relay 83 Automatic Selective Control or Transfer Relay
33 Position Switch 84 Operating Mechanism
34 Master Sequence Device 85 Carrier or Pilot-Wire Receiver Relay
35 Brush-Operating or Slipifge rcuiting Device 86 Locking-Out Relay
36 Polarity or Polarizing Va ce 87 Differential Protective Relay
37 Undercurrent ay 88 Auxiliary Motor or Motor Generator
38 Bearing Pr 89 Line Switch
39 Mechanic 90 Regulating Device
40 Field Relay 91 Voltage Directional Relay
41 Field Circuit Breake 92 Voltage and Power Directional Relay
42 Running Circuit Breaker 93 Field-Changing Contactor
43 nual Tranﬁr or Selector Device 94 Tripping or Trip-Free Relay
44 equence Starting Relay 95
45 heric Condition Monitor 96 Used only for specific applications in individual
erse-Phase or Phase-Balance Current Relay 97 installations where none of the assigned numbered
7 Phase-Sequence Voltage Relay 98 functions from 1 to 94 are suitable.
Incomplete Sequence Relay 99

T Machine or Transformer Thermal Relay

50 Instantaneous Overcurrent or Rate-of-Rise Relay
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Table H.1 Motor Current Limiting Fuse And Current Transformer Ratio
Selection (For Estimating Only) Based Upon 600% Locked Rotor Current

Table H.3 Fuse Selection Based On Full Load Current

Application Da@

FUSE SELECTIONS (Assumes 600% locked rotor)

Motor Typical cT EJ2 | Typical CT EJ2
Horsepower FLA Ratio | Rating FLA Ratio | Rating 0- 44A 3R @
2400 volts 4160 volts 45-62A R
150 35 50/5 3R 20 25/5 3R 63-94A 6R
200 46 75/5 4R 25 40/5 3R 95-140A 9R
250 57 75/5 4R 33 50/5 3R 141-184A 12R
300 69 100/5 6R 41 75/5 3R 185-276A 18R
350 81 150/5 6R 47 75/5 4R 277-360A 24R
400 92 150/5 6R 54 75/5 4R 361-40 P425
450 105 150/5 9R 60 75/5 4R P550
500 113 150/5 9R 66 100/5 6R P630
550 123 200/5 9R 73 100/5 6R P800
600 135 200/5 9R 80 100/5 6R
650 15 2005 R p 1505 P TabfelH.4 F_ e Ratings For Transformer Feeders
ting Only)
700 155 200/5 12R 93 150/5 6R 2400 volts 4160 volts
750 166 30055 128 100 15055 Three- Phase Full Load Fuse Full Load Fuse
800 176 300/5 12R 106 150/5 Transformer Current Current
850 186 300/5 12R 113 150/5 9 2.16 7E 1.25 5E
900 197 300/5 18R 150/5 15 3.6 10E 2.08 7E
950 207 300/5 18R 30 7.2 20E 4.2 15E
1000 218 300/5 18R 45 10.8 25E 6.2 15E
1200 266 400/5 18R 75 18 30E 10.4 25E
1250 279 400/5 112.5 27 40E 15.6 30E
1500 300/5 12R 150 36 50E 20.8 40E
1750 300/5 18R 225 54 65E 31.3 50E
2000 400/5 18R 300 72 100E 416 50E
500 120 150E 69.4 80E
Table H.2 CT Ratio Base oad Current 750 180 200 04 125E
Current CT Ratio Current CT Ratio 1000 240 250E 139 150€
10-14A 2% 121-160A 20018 1500 361 400E 208 250E
15-24A 30/5 161-255A 300/5 2000 _ _ 278 300E
25- 50/5 256-355A 400/5 2500 _ _ 347 A00E
75/5 356-480A 600/5
100/5 481-670A 800/5
150/5
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ESTIMATING POWER FACTOR CORRECTION CAPACITOR RATINGS

Application figta

Table H.5 2400-Volt and 4160-Volt Motors, Enclosure Open — Including Drip-proof and Splash-proof, GE Type K (NEMA Design “B”),
Normal Starting Torque and Current

Table H.6 2400-Volt and 4160-Volt Motors, Totally

.
Nominal Motor Speed in RPM
Number of Poles

Induction 3600 1800 1200 900 600

Motor HP 2 4 6 8 12
Rating ™ \var % KVAr % KVAr % | KvAr % K % KVAr %
AR AR AR AR AR AR
100 — — 25 11 25 12 50 24 25 14 25 20
125 — — 25 9 14 50 20
150 25 9 25 9 14 75 20
200 25 9 50 9 14 100 20
250 25 9 25 8 14 100 20
300 50 9 50 8 14 125 20
350 75 9 50 8 14 125 19
400 75 9 50 8 14 150 19
450 100 9 75 8 14 150 19
500 100 9 100 8 14 200 19
600 125 9 125 8 14 200 17
700 150 8 150 8 14 200 15
800 175 8 150 7 13 250 15

1 @ an-cooled, GE Type K (NEMA design “B”), Normal Starting Torque and Current

Nominal Motor Speed in RPM
Number of Poles

Induction 1200 900 720 600

Motor HP 6 8 10 12
Rating KVAr % KVAr % KVAr % KVAr %
AR AR AR AR
100 — — 50 22 25 12 50 15
125 25 15 50 17 25 12 50 15
150 50 15 50 17 50 12 75 15
200 75 15 50 17 50 12 100 15
250 75 15 75 17 75 12 100 15
300 6 75 13 125 17 100 12 125 15
350 6 75 13 125 17 125 12 150 15
400, 75 6 125 11 125 13 150 17 150 12 200 15
0 5 6 125 10 150 13 175 17 200 12 225 15
0 75 6 125 8 175 13 225 17 225 12 225 15
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Table H.7 2400-Volt and 4160-Volt Motors, Enclosure Open —
Including Drip-proof And Splash-proof, GE Type KG (NEMA design
“C”), High-starting Torque, Normal Starting Current

Nominal Motor Speed In RPM
Number of Poles

Induction | 1800 1200 900 720

Motor HP 4 6 8 10

Rating | \var |%AR | kKVAr | % AR | KVAr | % AR | KVAr |% AR
100 | — | — | = | =] =1{—=1]2]14
125 |25 | 10 |25 | 11| 25 | 13| 25 | 14
150 | 25 | 8 |25 | 9 |50 | 13|50 |14
200 |25 | 7 |50 [ 12|50 [ 13 | 75 | 14
250 | 25 | 8 |50 |12 |75 [ 13|75 |14
30 |50 | 8 |75 | 12 [100] 13 | 100 | 14
350 | 50 | 8 | 75 | 12 | 100 | 12 | 100 | 14

Table H.8 2400-Volt and 4160-Volt Motors, Totally Enclosed, Fan-
cooled, GE Type KG (NEMA Design “C”), High-starting Torque,

Normal Starting Current

Nominal Motor Speed In RPM
Number of Poles

Induction 1200 900 720
Motor HP 6 8 10 1
Raling | \var |%AR | kvAr | % AR | kvar | % arfl kvarg TEAR
5 | — | == — _
0 | — | — | =] = 50 | 15
125 |25 [ 10 | 50 | 17 50 | 15
150 | — | — | 50 | 17 Wao P12 | 75 | 15
200 |75 [ 15 | 50 |70 | 12 | 100 | 15

\(0.
\)‘b

>
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ESTIMATED TYPICAL KW RATINGS OF EXCITERS FOR 60-HERTZ SYNCHRONOUS MOTORS
When synchronous motors have individual exciters, the kilowatt ratings in Table H.7 represent typical kil
for such exciters.

a

Qatings

Table H.9 Exciter ratings for synchronous motors, 60 Hz, 1.0 power factor L 4
Exciter Ratings, kW
HP|RPM| 1800 1200 900 720 600 514 450 400 200 180
200 2.0 3.0 3.0 3.0 45 45 45 45 6.5 6.5
250 2.0 3.0 3.0 45 45 45 45 6.5 9.0 9.0
300 2.0 3.0 45 45 45 45 6.5 6.5 9.0 9.0
350 3.0 3.0 45 45 45 6.5 6.5 6.5 9.0 9.0
400 3.0 3.0 45 45 6.5 6.5 6.5 6.5 5 9.0 9.0 9.0 13
450 3.0 45 45 45 6.5 6.5 6.5 .0 9.0 9.0 13 13
500 3.0 45 45 45 6.5 6.5 6 9.0 9.0 9.0 13 13
600 3.0 45 6.5 6.5 6.5 6.5 9.0 9.0 9.0 13 13 13
700 4.5 45 6.5 6.5 6.5 9.0 .0 9.0 9.0 13 13 13 13
800 4.5 6.5 6.5 6.5 9.0 13 13 13 13 13 13
900 45 6.5 6.5 9.0 13 13 13 13 17 17
1000 45 6.5 9.0 9.0 13 13 13 13 17 17
1250 6.5 6.5 9.0 9.0 13 13 13 17 17 17
1500 6.5 9.0 9.0 13 17 17 17 17 21 21
1750 9.0 9.0 13 13 17 17 17 21 21 21
2000 9.0 13 13 L 4 17 17 17 17 21 21 21 25
2250 9.0 13 13 3 17 17 17 21 21 21 21 25 25
2500 13 13 13 1 17 17 21 21 21 21 25 25 25
3000 13 13 17 21 21 21 21 25 25 33 33
3500 13 17 21 21 21 25 25 25 25 33 33 33
4000 17 21 21 21 25 25 33 33 33 33 33 40
4500 17 2 21 21 25 25 33 33 33 33 33 40 40
5000 17 1 25 25 33 33 33 33 33 33 40 40 40
5500 21 25 25 33 33 33 33 33 33 40 40 40
6000 21 25 33 33 33 33 33 40 40 40 40 50 50




GE Medium Voltage
Motor Control Application D,

Table H.10 Exciter ratings for synchronous motors, 60 Hz, 0.8 power factor O
Exciter Ratings, kW
HP{RPM | 1800 1200 900 720 600 514 450 400 360 300 240 200’ 180
200 3.0 45 45 45 6.5 6.5 6.5 9.0 13
250 3.0 45 6.5 6.5 6.5 6.5 9.0 9.0 13
300 3.0 45 6.5 6.5 6.5 9.0 9.0 9.0 13
350 45 4.5 6.5 6.5 9.0 9.0 9.0 9.0 17
400 45 6.5 6.5 6.5 9.0 9.0 13 13 17
450 45 6.5 6.5 9.0 9.0 9.0 13 13 17
500 45 6.5 6.5 9.0 9.0 9.0 13 13 17
600 6.5 6.5 9.0 9.0 13 13 13 17 17 17 21
700 6.5 9.0 9.0 9.0 13 13 13 17 17 17 21
800 6.5 9.0 9.0 13 13 13 17 17 17 21 21 21
900 6.5 9.0 13 13 13 13 17 17 17 21 21 25
1000 9.0 9.0 13 13 13 17 17 21 21 21 25
1250 9.0 13 13 13 17 1 21 21 21 25 25 33
1500 13 13 17 17 17 2 21 21 25 25 25 33
1750 13 13 17 25 25 25 25 33 33 33
2000 13 17 17 25 25 25 33 33 33 40
2250 13 17 21 33 33 33 33 33 33 40
2500 17 17 21 33 33 33 33 40 40 40
3000 17 21 25 33 33 33 40 40 40 50
3500 21 25 25 40 40 40 40 50 50 50
4000 21 25 33 40 40 40 50 50 50 65
4500 25 33 3 40 40 50 50 50 50 50 50 65
5000 33 33 40 40 40 50 50 50 50 65 65 65
5500 33 40 50 50 50 50 50 65 65 65 65
6000 33 50 50 50 65 65 65 65 65 65 85
L 4

H10



GE Medium Voltage

Motor Control Elementary Dia
LIMITAMP CONTROL STANDARD NOMENCLATURE
HSPM MICROPROCESSOR BASED STARTING & GF GROUND FAULT RELAY RS RESISTOR
PROTECTION MODULE GFX AUX. RELAY TO GF RTD RESISTANCE TEMPERATURE DETECTOR
1AM AC AMMETER GIL GREEN INDICATING LIGHT RX AUX. RELAY TOR
2AM DC AMMETER GND GROUND S START CONJACTOR
A ACCELERATING CONTACTOR GRB GROUND BUS
AlL AMBER INDICATING LIGHT GS GROUND SENSOR
AM AMMETER H1 H2.H3 OUTGOING TERMINALS TO TRANSFORMER
AMS AMMETER SWITCH HAM HEATER AMMETER
AT AUTOTRANSFORMER ISW ISOLATING SWITCH
AX ACCELERATION TIMING RELAY IXR INCOMPLETE SEQUENCE RELAY
BFI BLOWN FUSE INDICATOR KX ANTI-KISS RELAY
BFIPS BLOWN FUSE INDICATOR POWER SUPPLY Lo LATE OPENING
BFT BLOWN FUSE TRIP L1213 INCOMING TERMINALS OR AC BUS
BIL BLUE INDICATING LIGHT LA LIGHTNING ARRESTOR S| LTILIN FEEDER RELAY
¢ CAPACITOR LT LIGHT S SLOW SPEED CONTACTOR
cc CLOSING COIL LOR LOCKOUT RELAY SLOW SPEED SHORTING CONTACTOR
8 CIRCUIT BREAKER Lsw LIGHT SWITCH SS SELECTOR SWITCH
cD CALIFORNIA DISCONNECT LTIV LODTRAK 4 MOTOR PROTECTION RELAY SX AUX. RELAY TO SS
CH CHOKE LTAR LODTRAK AUX. RELAY STAB
CMm FIELD CURRENT CALIBRATION MODULE M139 MULTILIN MOTOR PROTECTION RELAY i SHORTING TERMINAL BOARD
CPO CAPACITOR TRIP DEVICE M269 MULTILIN MOTOR MANAGEMENT X AUX.RELAYTO S
CPI CONTROL POWER INTERLOCK M269+ MULTILIN MOTOR MANAGEMENT T TRANSFORMER
CPIX AUX. RELAY TO CPI COMMUNICATION RELAY TA AUX. RELAY TO TIMING MODULE
CPS CONTACTOR POSITION SWITCH M MAIN CONTACTOR 1C TIME CLOSING
CR CONTROL RELAY MDP200 DIGITAL TIME OVERCURRI TOAD TIME DELAY AFTER DE-ENERGIZATION
cT CURRENT TRANSFORMER Mot MOTOR TOAE TIME DELAY AFTER DE-ENERGIZATION
cTB CURRENT TEST BLOCK MoV METAL OXIDE VARIST 10 TIME OPENING
CTD CURRENT TRANSDUCER MP4A MULTILIN MOTOR PRO T1.7273 OUTGOING TERMINALS TO MOTOR
CT™ CONTACTOR TIMING MODULE MR CONTACTOR HOLDIN 8 TERMINAL BOARD
D DIODE MSW MAIN DISCONNECT TH THERMOSTAT
occT DC CURRENT TRANSFORMER MTM MULTILIN MET THY THYRITE
DMP DIGITAL MOTOR PROTECTION AND MTM+ MULTILIN MEGBRIN ANSDUCER MODULE TE TIE SWITCH
CONTROL SYSTEM MX ™ TIMING MODULE

DR DIFFERENTIAL RELAY N TPl TEST POWER INTERLOCK
DSTB DISCONNECT TERMINAL BOARD NX TPIX AUX._ RELAYTO TP
DSW DISCONNECT SWITCH oc TPSW TEST POWER SWITCH
EFR EXCITER FIELD RELAY OCR 18 TIMING RELAY
EPM ELECTRONIC POWER METER oL AP TRIP RELAY
EM™ ELAPSED TIME METER o1 TST THERMOSTAT ON AT OR SR
EXC EXCITER 07X : TSW TEST-NORMAL SELECTOR SWITCH
EXCRHEO  EXCITER THEQSTAT PM & e UNLATCH COLL OR CONTACT
F1F2 SYNC. MOTOR FIELD LEADS PB 0w UNLATCH RELAY
FC FIELD CONTACTOR P BOWER FACTOR CAPACITOR o UNDERVOLTAGE RELAY
FCx AUX FIELD RELAY POWER FACTOR METER VTR UNDERVOLTAGE TIMING RELAY
Foy AUX. FIELD RELAY 4 PLUG VCR VOLTAGE CHECK RELAY
FDRS FIELD DISCHARGE RESISTOR HAS C INCOMING LINE TERMINALS VON VOLTAGE DIVIDER NETWORK
FGRS FIELD GROUND RESISTOR OPEN PHASE & PHASE SEQUENCE RELAY VFC ELECTRONIC VARIABLE FIELD CONTACTOR
FLo SYNC. MOTOR FIELD PLR POWER LOSS RELAY VFSM VARIABLE FIELD SUPPLY MODULE
FLR FIELD LOSS RELAY RO CT PROTECTOR (THYRITE) M VOLTMETER
FLTR FILTER T PHASE SHIFTING TRANSFORMER VMS VOLTMETER SWITGH
FRP FIELD RECTIFIER PANEL PT POTENTIAL TRANSFORMER VAM VARVETER
FS FAST SPEED CONTACTOR PTB POTENTIAL TEST BLOCK VRTO VAR TRANSDUCER
FS1 FAST SPEED SHORTING CONTACTOR A RUN OR REVERSE CONTACTOR v VARABLE AUTOTRANSFORMER
FSX AUX. RELAY TO FS RC RECTIFIER & VOLTAGE DROPPING CAPACITOR VIO VOLTAGE TRANSDUCER
FSW FEEDER SWITCH

REC RECTIFIER WHOM WATTHOUR DEMAND METER
FTRS FIXED TAP RESISTOR RECP REGEPTACLE Wiy o e
FU FUSE REV REVERSE CONTACTOR Wi WATTMETER
GCT GROUND CURRE RIL RED INDICATING LIGHT WTD WATTS TRANSDUCER

RM RECTIFIER CONTACTOR

ct (OFF) position, and test-normal selector switch (located in the low voltage compart-
ment) must be in the TEST position. Purchaser is to connect his test power to the proper terminals and note that the control
circuit is not grounded when disconnects are open. Be sure to turn the test-normal switch to NORMAL before moving the
disconnect handle to the ONQJsltion.

when CPI release on isolating switch handle is pushed in. Can not be opened when main line contactor is

stop push buttons are wired through terminal at “TB” in order that remote START-STOP buttons can be
nected into the circuit when required.

terminal on “TB", a loop in the CT secondary circuit wire permits insertion of a hook on ammeter for measuring
Ime’current.

evice furnished by others — mounted remote.
— Terminal board point.



GE Medium Voltage
Motor Control Elementary Diagr

FVNR INDUCTION

CR194 400-ampere Vacuum Stationary (Two-high)

STANDARD OVERLOADS HAVE c1

Ti

BEEN SELECTED FOR A MAXIMUM 0
ACCELERATING TIME OF _10- ;
SECONDS. FOR SPECIAL Bv W)
REGUIREMENTS CONTACT FACTORY. 20
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GE Medium Voltage
Motor Control

Elementary Diagr

FVNR INDUCTION

CR194 400-ampere Vacuum Drawout (Two-high)

STANDARD OVERLOADS HAVE
BEEN SELECTED FOR A MAXIMUM
ACCELERATING TIME OF _LB_

18T M 387

O

x2)

L2
L3
I15W
!
!
|
h
I K2 é@%/mz

é@%ma 1)
D

GF

szu

NDRHﬂL TEST

: 77
SET GF PICK-UP

4 AMPS PRIM
TO GROUND

.“P“] " [1PS)
A |3

GND

GRB

ALL CONTROL GNDS
ARE CONNECTED
VIA TB TO GND BUS

M
iPi9) (1P11)
p A=<

H I
L
i
: TPI ;
— FL’+ PURCHASER"S TEST POWER « 5) eyt
————— 115V, 18 l_____ -
-TL0SED ] X-TLOSET ¥
HX(S ) ('W)MX(
al 43)
26M
P
17
0P1) [IP19)
RIL
21 21
PB 17
GIL
(23 2)
! PB 17
GF oL START

13

sop O LINK A
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GE Medium Voltage
Motor Control Elementary Diagra

FVNR INDUCTION
CR194 400-ampere Vacuum Stationary (One-high)

STANDARD OVERLOADS HAVE .
BEEN SELECTED FOR ﬁ MAXIMUM

ACCELERATING TIME OF _1@_

SECONDS. FOR SPECIHL

REQUIREMENTS CONTACT FACTORY. m)

ISK M &

1FU
~o ) ( N
! K3 mgxn’}p" x2)

! |
. |

26 GND

GF
(6)
(73
SET GF PICK-UP
2FU 4 AMPS PRIMARY
TO GROUND GND

GRB

ALL CONTROL GNDS
ARE CONNECTED
VIA TB TO GND BUS

!NORMHL TEST

I
|
' |
Hl
ol
il
H
PURCHASER'S TEST POWER " |y geg 1
115V, 18 _
be-croser —
K33]fo ) X
34 44) 43)
a3 27m F_?EET__ﬁ F=- P19
2)
REC &
17
o) (1P13 M (1P13)
O P s
FLIR
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i) T8
® 1 FLTR J
4 RIL
PG 18] [ypyy | Cips)  PBIS) o
n(
< <—| [ S Pty 17
RUN
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7
7 OFF !
o crop O LINC A START A M
@), 115] l7)} 4[8] h) i A2)
7 3 YT 3@ 1PB
M
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GE Medium Voltage
Motor Control Elementary Dia

FVNR INDUCTION

CR7160 400- and 700-ampere Air-break (One-high)

STANDARD OVERLOADS HAVE
BEEN SELECTED FOR A MAXIMUM
ACCELERATING TIME OF _1Q_

SECONDS. FOR SPECIAL

REQUIREMENTS CONTACT FACTORY. 0

——
L1
L2
L3
187 1FU M 3ST 65 W, K2
> LD K3 >txn W doar | K13 ry T T 0
I a 3CT
! iy, 132 ;
) L [—o ‘i H}“ ________ IND.
K2 K12 72 MOTOR
|
I
__________ 3
B e T e 4,
28T 26 | oo
s}
8
{7]‘L
SET GF PICK-U,
2Fu 4 AMPS PRIMA oD
TO GROUND

GRB

ALL CONTROL GNDS
ARE CONNECTED
VIA TB TO GND BUS

TSW
|
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" e |
S )
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— 4
8 17
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% 5) 7)) A (])STDP(Z A N A l AN MX

7 330 Y1 33 8 9

%

M
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GE Medium Voltage
Motor Control

Elementary Diagr

FVNR INDUCTION

CR7160 400-ampere Air-break (Two-high)

AMS AMS
4] (230 14}

GRB

ALL CONTROL GNDS
ARE CONNECTED
VIA T8 10 GND BUS

oL
STANDARD OVERLOADS HAVE (l)%[ZJ
BEEN SELECTED FOR A MAXIMUM Cl f ce
ACCELERATING TIME OF _10_ B
SECONDS, FOR SPECIAL 0 H
REGUIREHENTS CONTACT FACTORY. A ;
(31 LN]
€3 g o1
: -
[63] ; {6
X
—1 cs c6 5
2
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18T gFu M 38T oy x2d
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M
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K2 K1z A7
1 2CT
| (an" x2)
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e | - (Y~ 12) X
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(7)) () U8) 5 (1)3 D(g) g B [1]—‘—“9[) (D] [A2)
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M
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GE Medium Voltage
Motor Control

Elementary Diagr

FVYNR INDUCTION

CR7160 400-ampere Air-break (Three-high)

STANDARD OVERLOADS HAVE
BEEN SELECTED FOR A Hﬁi(IHUH

ACCELERATING TIME OF ..
SECONDS. FOR SPECIAL
REQUIREMENTS CONTACT FACTORY.

'_—_—_.
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H1) H2) viA TB TD GND BUS
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JSJ’ 19 T 20 R EE
)
Sl
A i
PURCHASER'S TEST POMER o | 51 F‘S)*: I
3 115V, 18 byrmget
3FU -TLOTED ¥
23
[33)Mx(3 ] [‘W]HX[ 3)
._.___1 }—"' P_.“___—
Zm 28M 2
.
. )nx( , Y
13 14
7 * 134 1y m L ® 12)
T < O 2
M
RIL
@ 7y WY@
7 1 8 Pant 17
4 " BIL
] (5), 46 N~ @)
7 7 J( I 3 A 17
llﬂ)GFISJ (7)DAL[9 2 e
)] (A1 (A2)
7 _‘i 33D 33 y
y




GE Medium Voltage
Motor Control Elementary Diagr

RVNR PRIMARY REACTOR INDUCTION

CR194 400-ampere Vacuum Stationary (One-high)

STANDARD OVERLOADS HAVE oL
BEEN SELECTED FOR A MAX]HUM WA [2)
: s 4

ONDS, SPECIAL
REQUIREMENTS CONTACT FACTORY.
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SET AT 657
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GE Medium Voltage
Motor Control

RVAT INDUCTION

CR194 400-ampere Vacuum Stationary (One-high)

RVAT INDUCTION
4P0A CRISH Stationory Vocuum (1 Hish)

NOTE - DO NOT ENERGIZE AUTOTRANSFORMER
WITHOUT MOTOR LOAD CONNECTED.

| ——
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STANDARD QVERLOADS HAVE

Wy @
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(Continued on next page)



GE Medium Voltage
Motor Control

Elementary Diagra

MX MX
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GE Medium Voltage
Motor Control

RVAT INDUCTION

CR194 800-ampere Vacuum Stationary (One-high)

STANBARD OVERLOADS HAVE
BEEN SELECTED FOR A naﬁun

NOTE - 0 NOT ENERGIZE AUTOTRANSFORMER A e o
WITHOUT M@TOR LOAD CONNECTED. REQUIREHENYS CONTACT FACTORY.

1l
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(Continued on next page)
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GE Medium Voltage
Motor Control Elementary Diagra
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GE Medium Voltage i
Motor Control Elementary Diagr

RVAT INDUCTION

CR7160 400- & 700-ampere Air-break (One-high)

L 4

(9} 23
——
STRNDRFD OVERLD&DS HAVE [m| (o8] H c2 AMS AMS
BEEN SELECTED FOR A MAXIMUM 1 H 4D 1211 4
EECEL%RRTING 75125 OF _l@_ / | ——l
CONI FOR SPi .
NOTE - DO NOT ENERGIZE AUTOTRANSFORMER REGUIREHENTS CONTACT FACTORT.

WITHOUT MOTOR LOAD CONNECTED. 1elti2!

L
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(Continued on next page)
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GE Medium Voltage
Motor Control Elementary Diag
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GE Medium Voltage
Motor Control

FVNR BRUSHLESS SYNCHRONOUS

CR194 400-ampere Vacuum Stationary (One-high)

uSPM
STANDARD OVERLOADS HAVE .
BEEN SELECTED FOR A MAXMUM m(-D;'E/(z: 353131
ACCELERATING TIME OF _1@. cr ~T 2 [ 1
SECONDS. FOR SPECIAL ;

REQUIREMENTS CONTACT FACTORY. O :
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GE Medium Voltage
Motor Control

Elementary Diagr,
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GE Medium Voltage
Motor Control

FVNR BRUSHLESS SYNCHRONOUS

CR194 800-ampere Vacuum Stationary (One-high)

STANDARD OVERLOADS MAVE
BEEN SELECTED FOR A _MAXIHMUM
ACCELERATING TIME OF _10_
SECONDS. FOR SPECIAL
REQUIREMENTS CONTACT FACTORY.
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GE Medium Voltage
Motor Control

Elementary Diagr
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GE Medium Voltage
Motor Control

FVNR BRUSHLESS SYNCHRONOUS

CR7160 400- and 700-ampere Air-break (One-high)

USPM
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GE Medium Voltage

Motor Control Elementary Diagr
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GE Medium Voltage
Motor Control

FVNR BRUSH-TYPE SYNCHRONOUS (With Variable Field Supply Contactor)

CR194 400-ampere Vacuum Stationary (One-high)

oy oL (2)
PO
C1 i cz AMS AMS .
STANDARD OVERLOADS HAVE o : TP RTES O e
ACCELERRTING. TimE O g 1
LERA’ M e g
SECONDS. FOR SPECIAL By
REQUIREHENTS CONTACT FACTORY. €3 oy

9] 1121 1]
-
15] 1611 (81 (7.

[¢

|

-
N

r
l‘II
E,

] 55
IFU
7 Th
\ K3 K13 10 x2)

) @lx2)

g1 2
Pr

2CT
x1) n2)
C;br4 *********
1cT

SET GF PICK-UP

oFu 4 AMPS PRIMARY
TO GROUND
Fl
NOTE
SEPARATELY SHIPPED FIELD
DISCHARGE RESISTOR MUST BE
R1 F2 MOUNTED AND CONNECTED TO
¥ CONTROLLER BEFORE
VDI ENERGIZING CONTROLLER.
x1) s -
M8 | 1o DIRS Y D2RS DIRS MRS
oeet i ] RY X KA Fn Xn j
L oM7 |y 2] 20W. 20W. 20H. 1)
(x2)
uSPM
(VF4) [VF-]
PM4 [BSR—. <Py~
4 J

VFC
3
oy 1B
=3 T8212)
(4] B2
11Fu
Wi e (Wi uz)
SFCL!
o
(=) F2
KVA
(11 o)
AAAAA
' T
oy YNV
o) Tixsy [ o) gixa) ) 1) 6ND
J 1 GRB
EH 90
ALL CGNTR-—L GNDS
ARE CONNECTED
VIA TB TO GND BUS
21 17N

(Continued on next page)



GE Medium Voltage
Motor Control

Elementary Diagr
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GE Medium Voltage
Motor Control Elementary Dia

FVNR BRUSH-TYPE SYNCHRONOUS
CR194 400-ampere Vacuum Stationary (One-high)
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GE Medium Voltage
Motor Control

Elementary Diagr
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GE Medium Voltage
Motor Control

FVNR BRUSH-TYPE SYNCHRONOUS
CR194 800-ampere Vacuum Stationary (One-high)

STANDARD OVERLOADS HAVE
BEEN SELECTED FOR A Hﬁi HUM
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GE Medium Voltage
Motor Control

Elementary Diagr
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GE Medium Voltage
Motor Control

FVNR BRUSH-TYPE SYNCHRONOUS

CR7160 400-ampere Air-break (One-high)
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GE Medium Voltage
Motor Control Elementary Diagr
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GE Medium Voltage
Motor Control Guideform Specificatfeps

CONTROLLERS-CR194 VACUUM STATIONARY & DRAWOUT CONTACTORS, 2400 -72

GENERAL

These specifications cover NEMA Class E2 high-voltage control for ___volts, ____ phase, ____ Hertz as follows:

Controller #1: ¢
(Squirrel-cage induction)

(Full voltage) (Non reversing) controller for (Wound-rotor il ugtitn)

(Reduced voltage) (Reversing) (Brush-typeSymc )
(Brushless sgnc ous)

motor rated at ___ horsepower.

Controller #2, etc. (as shown above)

ALL CONTROLLERS

Controller(s) shall be fused type employing current-limiting sand power fuses tiat gi¥gthe controller an
interrupting rating of:

200 mVA, 3 phase symmetrical at 2400 Volts, 50/60 Hz
350 mVA, 3 phase symmetrical at 4200 Volts, 50/60 Hz
400 mVA, 3 phase symmetrical at 4800 Volts, 50/60 Hz
600 mVA, 3 phase symmetrical at 7200 Volts, 50/60 Hz

CONTACTORS
Starter(s) shall employ magnetically held vacuum contactor(sJggted at:

Sfor welded enclosure:
400 amperes at 7200 volts maximum, interru t 75 mVA, 3 phase symm.
800 amperes at 5000 volts maximum, inter ratifig of 75 mVA, 3 phase symm.

for bolted enclosure:
400 amperes at 5000 volts maximum, inter in@rating of 50 mVA, 3 phase symm. (2-high only)

Contactor(s) shall be stationary (drawout for @0 contactor only) and the coil shall be removable without removing
the contactor from the enclosure. The vagagm rupter wear checks shall not require removal of the
contactor.

L 4

Controller(s) shall be in a:

for welded enclosure: Q
One-high line-up of NEM closure(s) equipped with 3-ph (1000) (2000)

amp horizontal AC bu

One-high individu enclosure(s) equipped with provisions for
terminating inco le

for bolted enclos \
Two-highfline#p oI WEMA enclosure(s) equipped with (1000) (2000) amp

The power bus shall raced for 80 kA RMS asymmetrical or 50 kA RMS symmetrical.

For safety to personnel, enclosure(s) shall be compartmented into low-voltage control compartment with separate door,
high-voltgge compartment with separate interlocked door, AC bus compartment with protective barriers and cable
entranpce g@mpartment.



GE Medium Voltage
Motor Control Guideform Specification

The controller shall be isolated by a quick-make quick-break switch operated by an externally mounted operatin: le.
The isolating device shall disconnect the secondary of the control power transformer before opening the main circuit
contacts.

L 4

Mechanical interlocks shall be provided to prevent:
1. Closing the isolation switch with the high-voltage door open. %
2. Operation of the isolation switch while under load. \
3. Opening of the high-voltage door when isolation switch is on.
4. Operation of the contactor when the isolation switch is in an intermediate position.
NOTE: For overload protection, one three-pole ambient-compensated thermal—overk@manually reset, shall be
included.

Controllers rated 400 and 800 amperes shall be rated 60 kV Basic Impulse Level (BI1§.

OPTIONS:

Each controller shall contain protection against single-phasing due to a bl S6 e:‘ shall have blown fuse indication.

(Solid-state relay protection)

(Latched contactors)

Control for Wound-rotor Induction Motors
Secondary control shall be fully magnetic. It shall provide autof@tic acceleration through starting steps with
uniform torque peaks using a NEMA Class resistor.
The control shall provide for continuous speed regul t points of speed reduction with a maximum
reduction of % from full-load speed at %, torque.

Control for Synchronous Motors

equipped with digital displays for power factor, fie tand line current, one field starting and discharge resistor
and one electronic field contactor. Operation ly automatic.
Static field supplies shall be: L 4 O

(tapped transformer static field conta@])

DC field control for synchronous motors shall consj General Electric CR192 starting and protection module
t 1

(adjustable silicon controlled rect ble field contactor [SCR type VFC])
(adjustable VFC with power factor n)
(adjustable VFC with field curreft re

Additional Functions
Control power at 120 vol ha@vided from a control power transformer in each controller. The transformer shall
be protected by currenglim es

Controller(s) shall gfovid€ insg@ntaneous undervoltage protection when momentary contact push button is used,

undervoltage release tained contact push button is used.

(Push button) is to be (mounted on door)
(Switch) . (remotely located)
Finish

Finish shal
(ANSE61 t gray over rust-resistant phosphate undercoat for indoor use.)

ANSIF8? light gray over one or more rust-resistant phosphate undercoats for outdoor use.)

J2



GE Medium Voltage
Motor Control Guideform Specific

CONTROLLERS - CR7160 VACUUM OR AIR-BREAK DRAW 0OUT, 2400 -7200 Volts

GENERAL

These specifications cover NEMA Class E2 high-voltage control for volts,
phase, Hertz motors as follows:

Controller #1:

(Full voltage) (Non reversing) controller for

(Reduced voltage) (Reversing)

motor rated at horsepower.

Controller #2, etc. (as shown above)

ALL CONTROLLERS
Controller(s) shall be fused type employing current-limiting po

200 mVA, 3-phase symmetrical at 2400 volts, 50/60 Hz
350 mVA, 3-phase symmetrical at 4200 volts, 50/60 Hz
400 mVA, 3-phase symmetrical at 4800 volts, 50/60
600 mVA, 3-phase symmetrical at 7200 volts, 50/60¢

Aygive the controller an interrupting rating of:

Starter(s) shall employ magnetic air-break li digtor (s) rated 700 amperes, 5000 volts and have an interrupting
capacity of 80 mVA, 3-phase symmetrical.

Controller(s) shall be in a:
one-high line-up of NEMA encl
free-standing one-high individual ¥

For safety to personnel, enclosgire all be compartmented into low-voltage control compartment with separate
door, high-voltage compart th s@parate interlocked door, AC bus compartment with protective barriers and

of the control power transformer. Interlocks shall be provided to prevent (1) inadvertent
pechanism underload, (2) opening the high-voltage compartment door withoutisolating
r the isolation switch with door open.



GE Medium Voltage
Motor Control Guideform Specificatio

OO

OPTIONS

(Solid-state relay protection) e
(Anti-single-phase trip bar)

(Mechanical latching) %

Control for Wound-rotor Induction Motors \

Secondary control shall be fully magnetic. It shall provide automatic acceleration through ting steps with
uniform torque peaks using a NEMA Class resistor.

The control shall provide for continuous speed regulation with point of speed regiuctiofigvith a maximum
reduction of percent from full-load speed at % full-load torque.

Control for Synchronous Motors Q

DC field control for synchronous motors shall consist of one General Electric starting and protection module
equipped with digital displays for power factor, field current and line cu t, d starting and discharge resistor

and one magnetic field contactor. Operation must be fully automatic.
Static field supplies shall be:
(tapped transformer SFC - Static Field Contactor)
(adjustable SCR type VFC - Variable Field Contactor)
(adjustable SCR type VFC with power-factor regulation) @
(adjustable SCR type VFC with field current regulatj
Additional functions
Control power at 120 volts shall be provided from N ower transformer in each controller. Transformer shall

be protected by current-limiting fuses.
Controller(s) shall provide instantaneous und | protection when momentary-contact push button is used,
ts

0
undervoltage release when maintained—c.omQ 1s used.
(Push button) is to be mounted on door).

(Switch) (remotely located).

Finish \
Finish shall be: ‘ ,
(ANSI-61 light gray over ru ant phosphate undercoat for indoor use.)

(ANSI-61 light gray ove\ re rust-resistant phosphate undercoats for outdoor use.)

&
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GE Medium Voltage

Motor Control

STARTERS - CR194 VACUUM

ALL STARTERS
Enclosure ......... NEMA Type 1 general purpose,
ventilated
Connections
Incoming Line .. Entrance top or bottom. Cables
separated by barrier from both
low- and high-voltage compartments.
Motor Cable . . .. Entrance top or bottom. Cables
separated by barrier from both low-
and high-voltage compartments.

SQUIRREL-CAGE-MOTOR STARTERS

Full-Voltage Non-Reversing (FVNR)

High-voltage

compartment . . I-Set of bolt-in current-limiting fuses

and supports

I-Externally operated disconnect switch
1-Three-pole vacuum contactor
1-Set of mechanical interlocks to

Reduced-Voltage Non-Reversing (RVNR) (Primary Reactor)
Same as for full-voltage non-reversing with addition of following:
Auxiliary

I- Three-pgle v ontactor used as
a RUN co t
enclosure
(I-high) . ..... I-Re d¥@dtage starting reactor with
tagps fo -, 65- and 80-percent line

Low voltage

compartment . . efinite time transfer relay

Reduced-Vqlta 5 on-Reversing (RVNR)
ormef closed transition)
oltage non-reversing with addition of following:
1-Three-pole vacuum contactor used as
a RUN contactor

prevent opening the disconnect when jch) . ..... 2-Three-pole vacuum contactor -
the contactor is on, to prevent open neutral, and 80-percent line voltage
ing the door when the discon ow-voltage

on, to prevent closing the con ‘@

when the disconnect is in afgint&@ne-
diate position, and to prevent g
of the disconnect when t
voltage door is open

1-Fused primary contro,
transformer (CP@)

3-Current transfor \e
3-Terminals for m@for caBbe connections
Low-voltage

compartment . . I-Three-pole, compensated

thermal offerlof@l relay, hand-reset

W

1-NORMAL- elector switch
1-Cont it fuse
Ondoor...... 1- push button, oil-tight,
flush unted
Full-Voltage R g ( )

Same as for full-volt -reversing with addition of following:

Auxiliary

enclosure . . ... 2-Three-pole vacuum contactors for
reversing

On doorY, . . . . I-.FORWARD-REVERSE-STOP push

button, oil-tight, flush-mounted
(replacing START-STOP push button)

compartment . . 1-Definite time transfer relay

WOUND-ROTOR-MOTOR STARTERS
Non-Reversing
Same as for squirrel-cage FVNR with addition of following:
Secondary
enclosure . . ... 1-Set of intermediate accelerating
contactors
1-Final accelerating contactor
1-Set of definite time accelerating relays

Resistor

enclosure . . . .. I-Set of starting-duty resistors, NEMA
Class 135

Reversing

Same as for non-reversing with addition of following:

High-voltage

compartment . . I-Three-pole vacuum contactor used
for reversing

Ondoor...... 1-FORWARD-REVERSE-STOP push
button, oil-tight, flush-mounted
(replacing START-STOP push button)



GE Medium Voltage
Motor Control Basic Starter Featu,

O

BRUSH-TYPE SYNCHRONOUS-MOTOR STARTERS
Full-Voltage Non-Reversing (FVNR)

Same as for squirrel-cage FVNR with addition of following:
Low voltage

compartment . . 1-Field application and discharge

contactor %
On door 1-CR192 uSPM solid-state synchronizing 0

device for precision-angle field appli-
cation, load-angle field removal and
squirrel-cage protection with built-in
digital power factor and line ammeter

1-Line amps display - digital readout
(part of CR192 module)
1-Field amps display - digital readout

(part of CR192 module)
Ontop....... 1-Field starting and discharge resistor

Reduced-Voltage Non-Reversing (RVNR)
Same as for full-voltage non-reversing with addition of preceding
reduced voltage sections contactor

BRUSHLESS, SYNCHRONOUS-MOTOR STARTE
Full-Voltage Non-Reversing (FVNR)

Same as for squirrel-cage FVNR with addition of followin
Low voltage . . . 1-Brushless-exciter field supply (7 ag

maximum)

Compartment . .1-Variable autotransformer for
field supply

On door. .. ... 1-CR192 USPM solid-staf® ing
device for precision ti x ield
application, load eld emoval
and squirrel-cage with

built-in digital
ammeter
1-Line amps di gital readout
(part &{2 aydule)
1-Field,a y - digital readout

t ofC 2 module)

Reduced-Voltage No
Same as for full-voltage no
reduced voltage sections

ersing with addition of preceding

NOTE: Drawout contact® available only for FVNR applications.
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GE Medium Voltage
Motor Control

Basic Starter Fe

STARTERS - CR7160 AIR-BREAK

ALL STARTERS

Enclosure . .. ... NEMA Type 1 general purpose,
ventilated

Connections

Incoming Line . . Entrance top or bottom. Cables

separated by barrier from both low-
and high-voltage compartments.

Motor Cable . ... Entrance top or bottom. Cables
separated by barrier from both low-
and high-volt age compartments.

SQUIRREL-CAGE-MOTOR STARTERS
Full-Voltage Non-Reversing (FVNR)
High-voltage
compartment . . I- Draw out contactor-and-fuse (DC coil)
assembly consisting of :
1- Set of current-limiting fuses and
supports
1- Isolating mechanism, externally
operated. Mechanism operates in

sequence to (1) open secondary of R nda
control transformer, (2) withdraw @C ry

stabs, (3) close shutters over p
connectors.

1- Three-pole contactor

1- Set of mechanical interlocks
prevent withdrawal of sta i
contactor is closed

1- Control-power transt -volt

secondary)
3- Current transfor
X-Terminals for
1- Set of mech!

or e connections
or interlocks to
prevent op r to high-voltage
compartngent ugtil panel is isolated

t

and to pr ergizing panel until
door -voltage compartment is
se
N “line terminals
Low-voltage

compartment . hregé*pole, ambient-compensated
mal overload relay, hand-reset
X-Instantaneous undervoltage protection
- Control-circuit fuse
...... - START-STOP push button, oil-tight,

flush-mounted

Full-Voltage Reversing (FVR) Q

Same as for full-voltage non-reversing with additiomn®®f following:
Auxiliary

enclosure

L 4
(one-high) . ... 1- Drawout threggpole reversing contactor
On door %SE-STOP push

sh-mounted
T-STOP push button)

Reduced-Voltage Naon-
Same as for full-voltage nor
Auxiliary
enclosure
(one-high) .. ."@ Thrée-pole RUN contactor

- Rrimary starting reactor with taps for
0-, 65- and 80-percent line voltage

€. . 1- Definite time transfer relay

sing (RVNR)
ersing with addition of following:

-ROTOR-MOTOR STARTERS
o ersing
me as for squirrel-cage FVNR with addition of following:

losure . . ... 1- Set of intermediate accelerating
contactors
1- Final accelerating contactor

Resistor

enclosure . ... - Set of definite-time accelerating relays
1- Starting-duty resistor, NEMA Class 135

Reversing

Same as for non-reversing with addition of following:
Auxiliary

enclosure . . . .. 1- Drawout three-pole reversing
contactor
Ondoor...... 1- FORWARD-REVERSE-STOP push

button, oil-tight, flush-mounted
(replacing START-STOP push button)

BRUSH-TYPE SYNCHRONOUS-MOTOR STARTERS
Full-Voltage Non-Reversing (FVNR)
Same as for squirrel-cage FVNR with addition of following:
Low-voltage
compartment . . 1- Field application and discharge
contactor
1- CR192 puSPM for precision-angle field
application, load-angle removal, and
squirrel-cage protection
Ondoor...... 1- Line amps display - digital readout
(part of CR192 uSPM)
1- Field amps display - digital readout
(part of CR192 uSPM)



GE Medium Voltage
Motor Control Basic Starter Featur

1- Power factor display (part of CR192 O
USPM)

Ontop....... 1- Field starting and discharge resistor

Reduced-Voitage Non-Reversing (RVNR) ¢
Same as for full-voltage non-reversing with addition of following:
Auxiliary
enclosure . . ... 1- Three-pole run contactor
1- Primary starting reactor with taps for
50-, 65-, and 80-percent line voltage 0

Low-voltage

compartment . . 1- Definite time transfer relay

BRUSHLESS SYNCHRONOUS-MOTOR STARTERS Q
Full-Voltage Non-Reversing (FVNR)

Same as for squirrel-cage FVNR with addition of following:

Low-voltage

compartment . . 1- CR192 uSPM for pullout protection,
timed exciter field application and
stall protection
1- Brushless exciter field supply

Ondoor...... 1- Line amps display - digital readout
(part of CR192 uSPM)
1- Power factor display (part of CR192

uSPM)
1- Field amps display - digital
readout(part of CR192 pSPM)
1- Variable autotransformer
Reduced-Voltage Non-Reversing (RVNR)

Same as for full-voltage non-reversing with additio ol g:
Auxiliary s

enclosure . .. .. 1- Three-pole RUN cont; N
1- Primary starting rea, % aps for
t

50-, 65-, and 80-pe voltage

Low-voltage
compartment . . 1- Definite-time tr@nsferfrelay

Q>®
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