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CR194 Two-High Vacuum Limitamp® Control

WARNING: Before any adjustments, servicing,
parts replacement or any other act is performed
requiring physical contact with the electrical work-
ing components or wiring of this equipment, all
power must be removed and locked off from all
sources and all attached rotating equipment must
have come to a complete stop. User personnel
must be completely familiar with the following op-
erating and maintenance instructions before at-
tempting to service this equipment.

WARNING: The vacuum interrupter integrity test
should be performed before the high voltage
vacuum contactor is energized for the first time and
each time the contactor is returned to service after
maintenance, adjustment or repair. Failure to per-

form this test may result in serious injury or death.

| CAUTION: Product is not intended for nuclear use.

INTRODUCTION

CR194 two-high vacuum Limitamp® controllers are
designed to meet NEMA ICS 3, Part 2 “AC General
Purpose High-voltage Class E Controllers” and UL 347
requirements, and may be described as metal-enclosed
high-interrupting capacity vacuum contactor type
starter equipment with manual isolation. Individual
starters and controllers are designed for specifi¢ appli-
cations; the components and functions beingdictated
by the purchaser specifications and needs. Controllers
may be fused or unfused.

The essential control functions for all typesiofa-c
motors consist of starting, stopping and everlead'pro-
tection. Vacuum Limitamp® controllers (also ificlude
short-circuit protection, and other functionsgdn great
variety as may be required for parti¢ulamapplications.

These instructions were preparedras aguide to
handling, installation, operation and maintenance of
the CR194 two-high vacuum Limitamp® controller.
Figure 1 shows a 36"-wide twoshigh/starter with induc-
tion motor controllers in toppand”bottom. Figure 2
shows the same controller withithe low-voltage doors
open. Figure 3 shows the same’controller with the
high-voltage doop$ open.

The intent of these instruetions is to give the
purchaser the necessary/general information to iden-
tify his controller as to'type and function, to describe
suggested methods of installation, and to demonstrate
some techniques of operation and maintenance. The
purchasefishould interpret these instructions for ap-
plicability to his particular controller by referring to
the nameplate data on the controller and to the elec-
trical diagrams supplied with the controller.

Fomapplication questions refer to GET-6840. For de-
tails on"the high-voltage contactor refer to GEH-5306.

Figure 1. 36"-wide two-high induction motor controllers
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Figure 2. 36"-wide two-high with both
low-voltage doors open

DESCRIPTION

Equipment Identification-
CR Number Designation

CR194 Two-High Vacuum Limitamp® Centrol

CR194

Starting and Speed Functions

A — Single-speed, full voltage

B — Single-speed, reduced voltage reactor type

C — Single-speed, reduced yoltage; autotransformer type
D — Single-speed, part winding start

E — Single-speed, reduced volfage primary resistor

G — 2 speed, 1 winding full yoltage

H — 2 speed, 1 winding reactor reduced voltage

J — 2speed, 1 winding autotransformer reduced voltage
N — 2 speed, 2 winding, full voltage

P — 2 speed)2 winding reactor reduced voltage

Q — 2speed, 2 winding autotransformer reduced voltage

Figure 3. 36"-wide two-high with both
high-voltage doors open

—[———— NEMA TYPE

1 NEMA El (Unfused)

2 NEMA E2 (Fused)
Enclosure
A — 26" 1-HI
B — 34" 1-HI
C — 48" 1-HI

D — 36" 2-HI Stationary
E — 40" 2-HI Stationary
F — 36" 2-HI Drawout
G — 40" 2-HI Drawout

System Voltage

7 — 2400 Volts
8 — 4200 Volts
2 — 7200 Volts
0 — Other

Rotation and Braking

1 — Non reversing/non braking
20— Reversing/non braking

4 — Non reversing/dynamic braking
50— Reversing/dynamic braking
7%= Reversing/plugging

Controlled Apparatus

— Synchronous Motor (brushless type)
— Induction Motor

— Synchronous Motor (ring type)

— Wound Rotor Motor

— Transformer Feeder

— Capacitor Feeder

— Other

DUV WOWN—~ O



General

The basic CR194 two-high vacuum Limitamp® control-
ler is a front connected assembly of components and
conductors for motor starting, arranged in a conve-
nient two-high vertical stack. The enclosure allows
space and facilities for motor cable termination, plus
safety interlocking of doors and isolation switch to pre-
vent inadvertent entrance to high-voltage parts. Unless
specified otherwise, the motor cable barriers are in-
stalled for bottom motor cable entry, but are easily
field converted from bottom to top or top to bottom
motor cable entry. Removable conduit cutout covers
are provided in both the top & bottom (if a bottom is
provided) for bringing in motor cable & control wir-
ing. In an effort to provide for maximum motor cable
access in the compact 36"-wide two-high design, in-
coming power cable must be connected in a separate
cable entrance compartment or the two-high must be
bus connected to existing equipment. No back access
is required, although both back and side access is pos-
sible by removal of back and side panels. The equip-
ment may be rated up to 5.0 kV.

In general, the starters in both the top and the bottom
are divided into high-voltage and low-voltage
compartments, separated by doors and barriers.
Mounted on the high-voltage door of each starter is
the low-voltage control cavity, with the low voltage
door hinged to the high-voltage door. Access to the
low voltage panel is obtained by rotating the two }4
turn latches on the low-voltage door, then opening the
door to the left. To open the high-voltage door, the
power must be disconnected by a sequence of

manual operations which requires de-energizing the
high-voltage contactor, operating the isolation switch
handle by rotating it downward, loosening the/two
latch bolts on the high-voltage door, theff opening the
door to the left. Low-voltage doors may be entered
without disconnecting the power, but this should be
done with caution.

Installation, operation and maintenance should be

CR194 Two-High Vacuum Limitamp® Control
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INSTRUCTIONS
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NAMEPLATE

Figure 4. Operating handle, handle operating instructions
and panel data nameplate

Interrupting Ratings At Utilization Voltage Shown

Three-phase Symmetrical
Maximum System mVA
Maximum Continuous Class El Class E2
Volts Amperes(RMS) Unfused Fused
2500 400 25 200
3600 400 37 300
5000 400 50 400

performed only by experiencedspersognel trained in
this class of equipment.

Ratings

Refer to the panel data'nameplate (see Figure 4) on
the front of the eficlosurefor detailed ratings appli-
cable to a particulargontreller. Equipment basic rat-
ings equal or exceed, NEMA ICS 3, Part 2 for Class E2
Controllers, and are summarized below.

Starter Main Bus & Maximum Current Ratings

Starter Max.
Main Bus Current
1Bar/ | 2 Bars/ Top Bottom
Enclosure Type Phase Phase Unit Unit
Vented 1200A | 2000A | 360A 400A
Non-Vented 1200A | 1950A | 320A 320A

Basic Impulse Level (BIL)

The standard BIL rating of vacuum Limitamp® con-
trollers is 60kV crest (design rating). This rating ex-
cludes dry-type control transformers and starting reac-
tors & autotransformers.

Dielectric Test Voltage

2V4 times nameplate voltage plus 2000 volts.

High-Voltage Vacuum Contactors

The vacuum contactors used in vacuum Limitamp®
controllers are available in two different ratings: 400
and 800 amperes. This publication covers only the 400
ampere rating as used in CR194 two-high vacuum
Limitamp®. The 400 ampere and 800 ampere
contactors are similar in operation but very different
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in size and rating so are not interchangeable. Figure 5
shows the CR194 two-high stationary contactor. Figure
6 shows the CR194 two-high drawout contactor. The
400 ampere stationary contactors in the two-high
vacuum Limitamp® and 26"-wide & 34"-wide stationary
vacuum Limitamp® are the same basic contactor, but
are not directly interchangeable since the auxiliary
interlocks and wire harness are mounted differently
on the contactors, and the two-high stationary
contactor is mounted on a slide base. To use a 26"-
wide or 34"-wide 400 ampere stationary contactor in a
400 ampere two-high stationary enclosure, the auxil-
iary interlocks & wire harness should be removed fron
the contactor, and the two-high auxiliary interlocks,
wire harness & slide base mounted on the contactor.
The same procedure but in reverse would be required
to use a two-high stationary contactor in a 26" or 34"-
wide stationary enclosure.

The stationary contactor is easily removed from the
controller by disconnecting the line and load power

)

LINE CABLE

AUXILIAR¥
INTERLOCKS

WIRE
HARNESS

*
\SLIDE BASE

Figure 5. CR194 two-high statiénary contactor showing
auxiliary interlocks, wire harnessj’line cable and slide base

connections and sliding the“éentactor out. The auxiliary
contacts are electrically connected by means of a remov-
able umbilical cord plug that'is retained by two wing
nuts. By removing these‘wifig nuts, the wiring harness is
easily disconnected from the contactor. The drawout
contactor is removed in a similar manner by first remov-
ing the Positioning Bolts then sliding the contactor out.
Refer to the section titled “Contactor Removal” that
details these"procedures.

The contdetor is magnetically operated by a DC coil
fed by a‘gectifier and timed holding circuit. The base
mountedicontactor timing module (CTM) shown in
Figure 7 applies full voltage to the contactor for a time
sufficient to fully close the contactor. Then it inserts a
capacitor into the circuit to hold the contactor closed
ata reduced voltage to prevent overheating the coil
and provide for fast dropout when power is removed.

Figure 6. Rear view of CR194 two-high drawout contactor
showing stab connectors.

CONTACTOR
TIMING
MODULE
(CTM) =3~

TEST-NORMAL
§ SELECTOR SWITCH (TSW) }

%

Figure 7. View of low-voltage compartment showing
contactor timing module (CTM), test-normal selector
switch (TSW) and terminal board (TB)

Manual Disconnect (Isolation Switch)

CR194 two-high vacuum Limitamp® controllers, follow-
ing the NEMA definition, provide a means for manu-
ally isolating the high-voltage power circuit by opera-
tion of a disconnecting device. Each starter cubicle
(upper & lower) has its own disconnecting mecha-
nism, which consists of a quick-make, quick-break,
non-load break isolation switch (see Figures 8-11)
which is controlled by an operating handle (see Figure
4). A fixed barrier (Figures 10 and 11) with a viewing
window is supplied to provide isolation from the
energized bus parts.

NOTE: The quick-make, quick-break isolation switch will not
interrupt any load or fault current.

The isolation switch handle will accept up to four pad-
locks to prevent operation. See Figure 12.
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Figure 10. View of isolationswitch in the “ON” position.
All barriers'installed except for the
front trafisparenit viewing window.

Figure 8. View of isolation switch in the “ON” position.
Barriers and fuses are removed for clarity.

T N ; e

Figure 11. View of isolation switch in the “OFF” position.
All barriers installed except for the
front transparent viewing window.

Figure 12. The isolation switch handle

Figure 9. View of isolation switch in the “OFF” position. may be padlocked to prevent operation.

Barriers and fuses are removed for clarity.
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Mechanical Interlocking

Vacuum Limitamp® equipment is designed so that the
high-voltage contactor performs all normal load cur-
rent interrupting. The current limiting fuses generally
interrupt any fault currents.

NOTE: The quick-make, quick-break isolation switch will not
interrupt any load or fault current.

A mechanical interference system is included with all
vacuum Limitamp® controllers (mechanical interlock)
which prevents opening the isolation switch unless the
high-voltage contactor itself is demonstrated by mag-
net position to be already open. This is to insure that
the contactor has opened the power circuit and inter-
rupted the current before the isolation switch is oper-
ated. See Figure 13.

Figure 13. Contactor éngagement pawl for
mechanical interlock

WARNING: The isolation switch handle should
never be forcibly operated:’Its mechanical interfer-
ence interlock shouldibe defeated only by knowl-
edgeable and qualified electrical maintenance per-
sonnel who have de-energized all power feeding
the controller.

WARNING:*There is no emergency condition that
can justify,forcible operation of the isolation
switch‘handle with the main contactor closed. The
isolatien)switch handle must be operated only with
thescontactor open.

The high-voltage doors on the CR194 two-high vacuum
Limitamp® are mechanically interlocked with the isola-
tion switch handle which keeps the high voltage door
closed until the isolation switch is in the “OFF” pgsition:
This is done to prevent exposure to high voltage.\Other
high voltage doors in a diverse Limitamp® lineup may
use either mechanical linkage interlocking or key type
interlocking to prevent access to high-voltage compo-
nents such as reactors, autotransformers, auxiliary trans-
formers, power factor capacitors, etc.dn allcases of key
interlocking, it is very important @nd imperative to follow
the key lock operating scheme as deseribed in the draw-
ings furnished with the equipment,

Auxiliary Enclosures

Many types of enclosures are furnished in vacuum
Limitamp® control linéups for various purposes. Some
are listed below:

* Wound rotor s€éendary contactor and resistor
compartments

¢ Bus transitions tefswitchgear, transformer,
bus duct, etc.

¢ Cabletentrance compartments

* Synchronous exciter compartments

® Startingreactor & autotransformer compartments
#"Relayy& metering compartments
*/Non'load-break switch compartments

¢ 1C1074 load-break switch compartments

The details for these enclosures will be included in the
drawings furnished with the equipment.

Dimensions

Vacuum Limitamp® controllers are normally 30-inches
deep and 90-inches high. The width of the CR194 two-
high vacuum Limitamp® is 36 inches (40 inches op-
tional). See Figure 50 for dimension details.

Power Fuses

Bolted EJ-2 type current limiting power fuses are sup-
plied as standard with vacuum Limitamp® controllers.
Clip-in fuses are available as an option to cover re-
quirements for EJ-1 type fuses, but the blown fuse
(anti-single phase) indication/trip functions are not
available with clip fuses, since this feature requires
precise alignment of the striker pin at the top of the
fuse with the operators. Coordination information for
EJ-2 type fuses is available in GES-5000, and for EJ-1
type fuses, GES-5002. Interrupting ratings are shown
in the “Ratings” section of this instruction.
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Blown Fuse Indicator & Trip

All bolted EJ-2 type fuses have inherent blown fuse in-
dication because the striker pin at the top of the fuse
protrudes out when the fuse is blown. In the CR194
two-high, the striker pin drives the blown fuse indica-
tor and trip bar which operates the blown fuse trip
(BFT) contact block. The BFT contact block can be
wired to trip the controller off line to prevent single
phasing of the connected load (anti-single phase pro-
tection). It can also be wired to an optional blown fuse
indicator mounted on the low-voltage door. Figure 14
shows the top of the bolted power fuse assembly with
the center blown fuse indicator in the “blown” posi-
tion and the two outside blown fuse indicators in the
“normal” position. Figure 15 shows the BFT contact
block, with wiring removed for clarity.

§
4
'
*

BLOWN FUSE INDICATORS

Figure 14. Blown fuseindiéators with center phase indicating
“blown” and outside phases indicating “normal”

Figure 15. Blown fuse trip (BFT) contact block
with wiring removed for clarity
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INSTALLATION

General

This section contains information on receiving,
handling, disassembly, motor cable termination,
grounding and reassembly to make the equipment
ready for operation.

Receiving

CR194 two-high vacuum Limitamp® controllers are
rigid, self supporting steel enclosures that require

no floor sills. They are placed on skids and shipped in
an upright position and, when received, should be
kept upright.

Some components such as top-mounted potential
transformers may be shipped separately. These
components are identified by a catalog number
coinciding with that of the section on which they are
to be mounted.

Plastic film wrap is normally used for domestic
packing, with the steel enclosure sections bolted to
awooden skid. After receiving, the packing may be
removed and the equipment handled on the
wooden skid.

The equipment should be inspected for damage

that may have occurred during shipment, and any
such damage should be noted to the carrier if a cldim
is to be made.

Handling

It is always preferable to handle Limitamp® ¢ontrellers
by the lifting means provided. A single sectionshould
be lifted by connecting directly to the twg'liftingslugs
on top. However, an equalizing bar should be used for
alineup as shown in Figure 16. A linetip, should be
supported at as many points as possible.

If there is not enough head roomito liftythe panel
byitslifting means, then a trackgackican be used. The
controller can be raised by placing track jack

under the shipping skid. Rollers,can then be placed
under the skid for rollingghe equipment to its final
location. The panel should then be raised by its lifting
means, the shipping skidyreméved, and the panel

set into place.

The use of fork lifg tfucksfi's not recommended, since
the forks may damage,the enclosure or interior parts
of the equipment, and the equipment becomes very
unstable when lifted from the bottom. If no other
method of handlifg is available, the forks must go un-
der the skid bottom to avoid damaging the equipment,
and the@ssembly lifted only slightly to allow the skid
to beslid‘along a flat, level surface.

Placement of Enclosure

It'iswessential that the controller be securely fastened in
an upright position on a level surface to allow proper
fanctioning of the internal devices. Access will be im-
proved if the controller is located at floor level with

Figure 16. Recommended method of lifting a
vacuum Limitamp® line-up.

Note that the line-up is suspended from an equalizing bar

plenty of room allowed for doors to swing fully open as
shown on the drawings as supplied with the equipment.

After the controller has been placed in position,
floor mounting anchor bolts may be installed and
tightened. The location for these bolts for the CR194
two-high is shown in Figure 50, and on the Outline
Details section of the drawings furnished with

the equipment. Use %4-inch bolts as indicated

in Figure 50.

Disassembly

After the equipment has been set in place where it is
to be permanently connected, some internal disassem-
bly is required to make the necessary horizontal main
bus and ground bus connections. Further disassembly
is required if it is desired to view the horizontal-to-ver-
tical bus connection. Disassembly should be done in a
definite sequence as indicated below.

NOTE: Other than the removal of external cover plates as re-
quired, and/or the rearrangement of the incoming motor
cable barriers if required, disassembly is not required to run
motor cable and control wire into the enclosure. Under nor-
mal circumstances, disassembly need only be done to the ex-
tent necessary to make the horizontal bus splice connection.

11



12

@ CR194 Two-High Vacuum Limitamp® Control

DISASSEMBLY SEQUENCE:

WARNING: Confirm that equipment is de-ener-
gized before proceeding with disassembly.

NOTE: If the rear of the enclosure is accessible, access to the
horizontal bus for splicing can be accomplished simply by re-
moval of the upper cover from the rear of the enclosure. Figure
28 shows the rear of the enclosure with the upper and lower
covers removed.

Step 1.

Move the isolation switch handles in both the upper &
lower starters to the full “OFF” (down) position (i.e.
the handle latch release pops back out). Refer to the
handle operating instruction nameplate attached to
the high-voltage door near the handle (See Figure 4).
Figure 17 shows the method of first depressing the
handle latch release with one hand and moving the
handle with the other.

Step 2.
Open both the upper & lower high-voltage doors.

|

Figure 17. Operate handle by depressing handlé latch release
with one hand and moving/the handle with the other hand.

Contactor Remeoyval

NOTE: Before'starting Contactor Removal procedure, per-
form Steps 1, &2 above.

NOTE(T hexfollowing steps describe the procedure for contactor
remoyal for either the upper or lower starter, but in order to gain
access'to themain bus splices, removal of only the upper starter
contactonis necessary.

Step 3.

Remove the two wing nuts holding the contactor um-
bilical cord plug on the right side of the contactor.
Disconnect the plug and place it to the lower,fright
out of the way.

NOTE: For stationary mounted contactors, follow Steps 4
and 5, then go to Step 7. For drawout contactors, go te Step 6.

WING NUT
LOCATIONS

L)@AD SIDE CONNECTION BOLTS i

Figure 18. View of the stationary contactor showing removal of
load side connection bolts and contactor umbilical
plug wing nut locations

I WING NUT

4

: f Ry ' LOCATIONS
. » N - }r 2
POSITIONING |} o

BOLTS

Figure 19. View of high voltage section shéwing the two
drawout contactor positioning bolts and wing nut locations.

Step 4.

Remove the three load side connection bolts at the
bottom, front of the contactor. Do not loosen the
R.T.V. covered bolts. See Figure 18.

Step 5.

Remove the three line side cable bolts at the bottom of
the power fuse assembly. See Figure 20.

Step 6.
Remove the two positioning bolts. See Figure 19.
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connections at the power fuses

Step 7.

Slide the contactor forward approximately fout¥(4)
inches until the slide safety stop engages in thesplate
thatis attached to the bottom of the contaetor {The
safety stopis located on the left side of the contactor
mounting track. Figure 21 shows the safetyistop for

a stationary contactor with the contagtoritemoved
for clarity.

WFigure 20. View showian stationary contactor line side cable

CAUTION: In the next step toffémove'the contactor
from the enclosure, be aware that the contactor
weighs 75 pounds and should beshandled very care-
fully & deliberately using(both hands. Do not grasp
the contactor by the‘tep moving armature.

NOTE: A platform lift jack is available from GE that can be
used to aid in contactor removal and transport. Orderfcatas
log No. 55B534913P1.

Step 8.

To completely remove the contactor from the
enclosure, pull up on the safety stop and move the
contactor forward about one (1) inch. Then release
the safety stop and grasp the contactor with‘both
hands and move it forward and outof the enclosure.
Do not grasp the contactor by the top

moving armature.

MAINSBUS
BARRIER

Figure 21. View of slide safety stop and
main bus barriers with stationary contactor removed

13
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Gaining Access To Horizontal Bus
For Splicing

WARNING: Confirm that equipment is de-ener-
gized before proceeding with disassembly.

NOTE: Insure Steps 1-8 above are completed before proceed-
ing with disassembly.

Step 9.

Once the upper contactor has been removed, the side
main bus barriers are accessible at the rear of the com-
partment. See Figure 21.

Figure 22. View of CR194 two-high high voltageSectiomwith
drawout contactor removed.

Step 10.

Remove the mounting bolts that hold the‘side main bus
barriers in place. Once the barriers;aresemoved, the
ends of the main bus bars are visible asjshown in Figure
23. Main and ground bus splices may now be made to
the section on either the lefyor right side of the starter.

Step 11.

Install bus splices per Figureéy5l. Once main bus
splices are installéd, they must be taped in order to
maintain required electrigal clearances. See “Taping
Instructions for 5kV” Seétion.

WARNING: Mainbus splice bars must be taped
once theyjare installed in order to maintain
required electrical clearances. (See “Taping In-
structions fer)5kV” Section).

14

NOTE: If additional access is required on the left side of the
compartment, the control power transformer (CPT) and
transformer fuse block may be removed per Step 12 below)If
CPT & CPT fuse block removal is not required, skip to the
note under Step 12.

SSRATAEELERERREURE

AL - P W
Figure 23. Ends of main bus exposed for splicing
(stationary contactor removed)



CR194 Two-High Vacuum Limitamp® Control

To remove the CPT, disconnect the control wires that
are attached to the transformer terminal board and
disconnect the two CPT high-voltage fuse leads that at-
tach to the lower terminals of the power fuse assembly.
Then remove the transformer and fuse block assembly
by removing the four (4) bolts that mount the trans-
former. See Figure 24 for view with CPT, CPT fuse
block and power fuses removed.

NOTE: It is typically not necessary to gain access to the main
to vertical bus connections, but this option is available as de-
tailed in Steps 13-16. If access to these connections is not re-
quired, then disassembly is complete.

Step 13. - MUEE|  LOWER FUSE\BASE
To access the main to vertical bus joints in the center B -
of the main bus, additional parts must be removed as ‘

outlined below. First remove the three power fuses.

Step 14.

Remove the lower power fuse base assembly by
removing the eight (8) mounting screws on each side
of the lower fuse base assembly. Figure 25 shows the
compartment once the lower fuse base assembly has
been removed.

Step 15.

Remove the screws that mount the contactor lower
terminal assembly as shown in Figure 25. Also remove
the four (4) screws that mount the “U” shaped insula-
tion barrier at the rear of the compartment as shown
in Figure 25.

Step 16.

Move the contactor lower terminal assembly fosward
and lift up and pull forward at the bottom of the/*U>
shaped insulation barrier at the rear of the compart-
ment as shown in Figure 26. The barrier ¢an then be
completely removed from the enclosfire toyfully ex-
pose the main to vertical bus joints asgshéwn in Figure
27, which completes the disassembly?

Figure 24. CPT and stationary contactor removed to provide
better access to main bus bars on left side

INSULATION BARRIER

|

Figure 25. View with lower fuse base assembly removed
(stationary contactor design)

15
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REAR INSULATION

BARRIER BEING
PULLED FORWARD
FOR REMOVAL

\ CONTACTOR LOWER TERMINAL

\‘— ASSEMBLY MOVED FORWARD
L A% ]
Figure 26. Removal of rear insulation barrier to expose main

to vertical bus joints (stationary contactor design)

B
Figure 27. View of main and vertical bus area with all barriers
removed (stationary contactor design)

Taping Instructions for 5kV

For electrical clearance, motor terminals and bus
splices in the CR194 two-high must be taped.Use
Scotch #130C linerless rubber splicing tape. Apply
tape using a medium tension to thin the 0.030"3X#2"
tape to 0.024" X 1.75". When completing wrapping, do
not keep tension on the last 2 or 3 inches of tape in
order to improve adhesion. Apply tape in two layers
with 2/3 overlap ( 6 thicknesses ).#Forbus splicing, ex-
tend the tape out of the two-high en€losure only

far enough to realize a 3.5" clearanceé*from bare bus

to ground. When taping motér-eablerterminations,
tape the lug and entire cable t¢rminal pad, and if win-
dow CT'’s are used, overlapythe tape onto the terminal
pad insulator support approximately one inch.

Reassembly

Reassembly of the,equipment should be done by fol-
lowing the disassembly sequence in the reverse order,
being sure that'all removed barriers get reinstalled
properly and following the contactor installation
procedure below:

WARNING: Do not attempt to operate equipment
withougall barriers in place.

Since reinstallation of the high-voltage stationary
contdetor involves bolted high-voltage power connec-
tions, not only is it necessary to follow the correct reas-
sembly sequence, but also the bolted power connec-
tions need to be properly torqued as well. When re-
placing the contactor in the enclosure, the following
procedure should be followed:

Step 1.

If the contactor is a stationary type, insure that the
cables attached to the line side of the contactor are
properly torqued to 39 ft-1b.

NOTE: Do not grasp the contactor by the top moving arma-
ture during installation.

Step 2.

Place the contactor onto its mounting base and slide
the contactor in until the slide safety stop engages and
latches the contactor in the intermediate position.
Then pull up on the safety stop and push the contactor
fully into the unit. Insure that the armature interlock
is properly engaged in the interlock pawl on the right
side wall. See Figure 13 for close-up of interlock pawl
and Figure 40 for view of proper engagement.

WARNING: The interlock pawl transmits the
contactor armature motion to the mechanical
interlock. It is vital that this mechanism
functions properly.




Step 3.

If the contactor is a stationary type, install and torque
the three load side connection bolts to 16 ft-lb. (See
Figure 18), then attach the line cables to the bottom
of the fuse assembly and torque these connections to
9 ft-lb. (See Figure 20).

WARNING: Be absolutely certain that these bolts
are properly installed 2nd torqued. These are cur-
rent carrying connections and must be tight or
damage will result.

Step 4.

If the contactor is a drawout type, reinstall the two
positioning bolts (See Figure 19).

Step 5.

Manually operate the contactor armature and observe
that the mechanical interlock functions properly.
Step 6.

Reconnect the control umbilical cord to the contactor
and be sure the retaining wing nuts are tight. Installa-
tion of the contactor is now complete.

WARNING: Make certain that all barriers are re-
placed and bolted tightly into position. Make sure
the line and load side terminations of the station-
ary contactor are torqued properly. If the contactor
is drawout type, make sure the positioning bolts
are installed properly. Failure to perform these gp-
erations could result in failure of the unit to gper=
ate safely and reliably.

Incoming Power Connections

The compact design of the two-high vacuum
Limitamp® does not make it practical ¢o terminate in-
coming power cables within the starter, Tthe‘eqtip-
ment must either be bus spliced to existing'equipment
or supplied with a separate cable éntrange compart-
ment. If a separate cable entrance compartment is sup-
plied, refer to the Outline Summary & Outline Details
sections of the drawings provided, with the equipment
to determine the recommendéd)lo€ation for incoming
power cable entry. Also,see(the’“Cable Termination
Guidelines” section of this,instruction.

Grounding

All controller enclosuresnust be grounded, and the
CR194 two-high vacuum Limitamp® is equipped with a
ground bus for that purpose. The two-high ground bus
should be bus connécted to existing equipment or to a
separate cable entrance compartment. Figure 28 shows
the groundtbus,as seen from the rear of the enclosure
with thesback cover removed.

In orderto accommodate motor cable grounds, each
starter eubicle is equipped with a ground bus link that
is connected directly to the horizontal ground bus.
See Figure 29.

CR194 Two-High Vacuum Limitamp® Control

e o v e o s e s v er enid

Figure 28. Rear view of horizontal main and
ground bus with back covers removed

GROUND :
ot —0vo o}
CURRENT

TRANSFORMER

Figure 29. View of motor terminal area showing
ground bus link in lower starter
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Motor Cable Termination

Each starter enclosure is equipped with provisions to
run motor cables into the top or bottom of the enclo-
sure. Removable conduit cutout covers are provided in
both the top & bottom (if a bottom is provided) for
bringing in motor cable. Figure 30 shows the covers in
the top. Cable size limits are indicated below. The mo-
tor cable troughs are located on the left side of the
equipment as shown in Figure 31. See the “Cable Ter-
mination Guidelines” section of this instruction for ad-
ditional information

MOTOR CABLE SIZE LIMITS IN CR194
TWO-HIGH LIMITAMP®

With Shielded
With Shielded Cable and
With Cable and Hand-Wrapped,
Enclosure [Non-Shielded | Prefabricated Non-cone
Width Cable Stress Cones Stress Relief
36" 1-500 kcmil 1-250 kemil 1-#5/0
Preferred Preferred
1-500 kcmil 1-#4/0
Possible Possible
40" 1-500 kcmil 1-500 kcmil 1-250 kcmil

If all barriers, including the properly placed motor
cable trough barriers, are in place, the top starter can
be motor cabled with the bottom starter energized and
“ON”, and the bottom starter can be motor cabled
with the top starter energized and “ON”.

WARNING: If one starter is to be motor cabled
with the other starter energized and/or “ON"all
barriers including the motor cable trough barriers
must be properly installed (see below) afid thesiso-
lation switch handle for the unit being(cabled
must be in the “OFF” (down) position and,the
blades must be visibly checked to jfisureythat they
are disconnected from the vertical'bus.

When the equipment is shipped“it willdbe assembled
for motor cable entry from the direction specified on
the order. If this informationis fiet’known by the fac-
tory, the unit will be shippedsuitable for bottom en-
try. Once the equipment isiinstalled in the field, the
cable entry path caft be revised by following the steps
listed below.

CABLE ENTRY FROMBOTTOM

Step 1.

Cables to the bottom starter should be run straight
into the motor terminals using the “lower unit” area as
shown in the floor-plan view in Figure 50.

Step 2.

Cables to the top starter should be run in the motor
cable trough using the “upper unit” area as showmnyin
the floor plan view in Figure 50. This cable trough is
formed by two metal barriers in the left rear'corner of
the lower compartment. Once the cables enter the up-
per compartment they can be formed forward to align
with the motor terminals.

CONDUIT CUTOUT
COVER PLATES

VENT COVER

Limitamp' Motor Contral B

€

Figure 30. Top view of two-high enclosure showing
conduit cutout cover plates

MOTOR
CABLE
* TROUGH

)
I
;
i
¢
i
i

Figure 31. High-voltage doors open showing
motor cabling area
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NOTE: If the two metal barriers that form the rear cable
trough (See Figure 32) are mounted in the upper compart-
ment, they can be moved to the lower compartment to form the
necessary trough.

WARNING: Once the motor cables are terminated,
the cable lugs and the complete motor terminal pads
must be taped to maintain necessary electrical clear-

ances. (See “Taping Instructions for 5kV” section).

A 2 2

k3 METAL CABLE
FY TROUGH BARRIERS

Figure 32. View of cable trough barriers that mount
in top or bottom comipartment

CABLE ENTRY FROM TOP

Step 1.

Cables to the top staster'should be run straight into
the motor termindls using the “upper unit” area as
shown in the top'view in Figure 50.

Step 2.

Cables to the bottomistarter should be run in the mo-
tor cable trough using the “lower unit” area as shown
in the top view in, Figure 50. This cable trough is
formed by two metal barriers in the left rear corner of
the uppericompartment. Once the cables enter the
lower compartment they can be formed forward to
align withythe motor terminals.

NOTE: If the two metal barriers that form the rear cable
trough(See Figure 32) are mounted in the lower compart-
ment, they can be moved to the upper compartment to form
the necessary trough.

WARNING: Once the motor cables are termindted;
the cable lugs and the complete motor terminal pads
must be taped to maintain necessary electrical clear:

ances. (See “Taping Instructions for 5kV” section).

Cable Termination Guidelines

The following general guidelines apply whether motor
cable or incoming power cable issbeing terminated in
the Limitamp® lineup. In any installation, cable should
be prepared for termination‘in accogdance with the in-
structions of the cable manufacturer.

Step 1.

Pull in the cables for maximum clearance between
phase, ground and other cable or wire runs.

Step 2.

Prepare the cable)for termination in accordance with
the manufacwifer’s instructions. Some possible termi-
nation methods arershown in Figures 33-38.

Step 3.
Boltithe cable terminals to the point of termination.

Step 4.

Iffcontact between the cable and an adjacent bare bus
€annot be avoided, as well may be the case in some in-
coming line situations, tape the bus in the immediate vi-
cinity of the cable contact point so that the surface
creepage distance from the cable to the bare bus bar is at
least three inches. Thus the surface creepage from the
bare bus where the cable terminates to the nearest bare
part of the bus the cable touches will be at least seven
inches. (See “Taping Instructions for 5kV” section).

TERMINATION OF NON-SHIELDED,
NON-LEAD-COVERED CABLE

This cable is generally run through rigid conduit or
cable raceways and brought into the enclosure by the
use of conventional cable clamps and conduit fittings.
Refer to Figures 33 & 34 for termination details.

= —

GE IRRASIL® NO. 42005 TAPE

GE IRRASIL®

NO. 42205 TAPE GE NO. 8380 CABLE INSULATION

SPLICE TAPE

Figure 33. Termination of rubber-insulated, non-shielded,
non-lead-covered, 5000-volt cable
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Irrasil

R NPT YT T T ¥

1 4
| CABLE INNER
INSULATION
END SEAL

CABLE TAPE

1. Cut cable to proper length leaving conductor sufficiently
long to extend into the terminal lug.

2. Remove braid, tape, and inner insulation and expose the
conductor end for a distance of one inch plus the length of
conductor to go into the terminal lug.

3. Attach terminal to conductor.
4. Taper the insulation as shown.

5. Remove the braid and tape, if any, six inches from the
lug, exposing the insulation. Leave one-half inch of original
cable tape extending beyond the cutback braid.

6. Apply the end seal using GE Irrasil® electrical tape. Ob-
tain a smooth wrapping but do not stretch tape more than
necessary.

7. Bind down end of braid and tape, if any, with Irrasil tape
as shown on drawing.

8. Apply two layers half-lap of GE Irrasil® tape over-ail from
lug to exposed braid.

Figure 34. Termination of varnished-cambric-insulated,
non-shielded, non-lead-covered, 5000-volt cable

TERMINATION OF INTERLOCKED-ARMOR CABLE

Interlocked-armor cable is terminated by means of
specially designed cable fittings. These terminators
consist generally of mounting bracket, armor damp,
and supporting base and bushing with vagiousimodifi-
cations available for special types of sealings

INTERLOCKED-ARMOR, NON-SHIELDED, CABLE

RUBBER-COVERED- Refer to Figures35 forgeneral
information concerning termination. Foridetails, refer
to Figure 33. Note that rubber covered cable requires
taping only near the terminal and not back to the ter-
minator fitting.

VARNISHED-CAMBRIC# Refefto Figure 35 for gen-
eral information concerning’termination. Note that
va.nished-cambric cabléequires taping back to the
terminator fitting since theéjindividual conductors or
“singles” have no braid. See Figure 34.

INTERLOCKED-ARMOR, SHIELDED CABLE

Interlocked-armor, rubber-covered, and varnished-
cambric insulated®cables are sometimes shielded at rat-
ings of 5kV,andubelow. If they should be, proceed to
terminate as\detailed for other types of shielded
cables. Referito Figure 36.

COPPER LUG

GE NO. 8380 TAPE

INSIDE FOR RUBBER OR

NO. 862 VC TAPE FOR VARNISHED
CAMBRIC IS RECOMMENDED.
ALTERNATE: BUILD ENTIRE END
SEAL WITH GE IRRASIL® TAPE.

OUTER LAYER
IRRASIL TAPE

NOTE:
FOR DETAILS OF END
SEAL SEE FIG. 33 FOR
RUBBER CABLE AND
FIG. 34 FOR VARNISHED
CAMBRIC CABLE.

|

I
5° Ml

|

I

|

FILL WITH SEALING
COMPOUND

...........

R
FITTING

Figure 35. Termination of interlocked-armor,
non-shielded, 5000-volt cable

END SEAL {{

T |
2
I STRESS CONE
COPPER SHIELDING 1”
BRAID-GROUNDED T
TO STRUCTURE OR 2"
ARMOR.
FILL WITH +
SEALING COMPOUND 2"
INSULATING BUSHING _IT"L
LOGK NUT
STRUCTURE
| CABLE TERMINATOR
FITTING
CABLE ARMOR

Figure 36. Termination of interlocked-armor,
shielded, 5000-volt cable
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TERMINATION OF SHIELDED CABLE

It is recommended that when shielded cable is used,
“stress-relief cones” be built up at the cable termina-
tions, or else GE Termi-Matic® stress cones or similar
kits be used as shown in Figures 37 and 38. This will
relieve the electrical stress which occurs in the area
around the termination of the ground shield. When
making shielded cable terminations to Limitamp®, the
following procedure is recommended:

Use GE Termi-Matic® or similar system per Figure 38,
or build stress cones with tape as follows:

GE NO. 8380 TAPE INSIDE FOR RUBBER OR

NO. 892 VC TAPE FOR VARNISHED CAMBRIC

IS RECOMMENDED. ALTERNATE: BUILD ENTIRE
END SEAL WITH GE IRRASIL® NO. 42005 TAPE

CABLE LUG

CABLE INSULATION

GE NO. 8380 TAPE

NO. 19 AWG
TINNED COPPER WIRE

GE IRRASIL®* NO. 42005 TAPE

SHIELDING TAPE
GE NO. 8380 TAPE
GE IRRASIL* NO. 42005 TAPE

2"
GROUND
STRIP

Figure 37. Termination of shielded, 5000-volt cable

ey

. Maintains tight fit under
load cycling and all cable
operating conditions.

2. Track-proof insulating EPDM

==

showing stress cone construction
rubber.

‘ S
3. Heavily-insulated shield e

edge protects high stress 5
area of stress cone.

4. High conductivity semi-
conducting rubber relieves
electrical stress.

5. Internal step positions
stress cone properly on
cable shield.

6. Ground clamp provides
positive ground.

Figure 38. TERMI-MATIC® preformed stress cones (5 kV)

Step 1.

Mark the ¢éable atleast 10 inches from the
terminal,point.

Step. 2.

Remove all shielding from the terminal end to this
point, leaving sufficient ground strip to reach the
nearest ground connection.

Step 3.

Proceed to build stress cones as prescribed by
the cable manufacturer. Refer to Figures 36"ande37
for details.

Step 4.

Tie all of the ground strips together and fasten them
to the ground bus link or ground bus.

If the preceding recommendatiéns,along with the
cable manufacturer’s recommendations, are followed,
the cable terminations should'be satisfactory and reli-
able. These instructions apply,to‘both rubber-covered
and varnished-cambric insulated’shielded cables.

Control Connections

Conduit for contg6lwires'should be brought into
Limitamp® enclesures‘at the locations shown in the
Outline Detail;section of the drawings provided with
the equipment./Ifithe control wire is entering a CR194
two-highhenclosure, these incoming control conduit
locationsjareshown in Figure 50, and removable con-
duigeutout,covers are provided in both top & bottom
( if a%bottem)is provided ). These covers are shown in
Figure 30. Figure 2 shows the two-high with both low-
voltage doors open, and shows the low-voltage termi-
nal boards on the left portion of the low-voltage area.
There is a 2-inch hole on the left in the area between
thesupper & lower starters that allows passage of low-
voltage wires between the starters. Normally this hole
will be plugged at the factory, with the customer hav-
ing the option of unplugging and using the hole for
low-voltage wires if needed. Customer’s low-voltage
wiring will normally be confined to the left, front area
of each two-high starter.

Mechanical Operation Check

ISOLATION SWITCH HANDLE TO CONTACTOR
MECHANICAL INTERLOCK

The CR194 two-high vacuum Limitamp® is equipped
with a quick-make, quick-break isolation switch in each
starter for isolating the power bus when the switch
handle is in the “OFF” position. This isolation switch is
not designed to make or break motor load current. To
insure that the isolation switch handle cannot be oper-
ated when the contactor is energized, a mechanical in-
terlock mechanism is provided between the contactor
and the isolation switch handle. Operation of this me-
chanical interlock for each starter should be checked
per the following procedure.

WARNING: Confirm that equipment is de-ener-
gized before performing this check.

(3%}



22

@ CR194 Two-High Vacuum Limitamp® Control

Step 1.

With the high-voltage door open, push in the door op-
erated release pin as shown in Figure 39. This is not a
normal operation and should only be used for equip-
ment check out or servicing.

[

HANDLE
OPERATING
ROD

HANDLE
LATCH
RELEASE

i . B
Figure 39. Isolation switch handle operation
during equipment checkout

Step 2.

Push in the handle latch release shown in Figure 39
and begin to pull up on the handle.lWith“the handle
in the intermediate position, push down,on the top
moving armature of the contactor The mechanical in-
terlock mechanism should preventithe armature from
fully closing on the contactor.

Step 3.

Release the pressure on'the contactor armature and
move the isolation switch hiandle’to the full “ON” posi-
tion (i.e. the handle latch reléase pops back out).

Step 4.

Push down on the top of the contactor moving arma-
ture and hold it down#The armature should close fully
as if it were energized. Now attempt to press the
handle latchirelease. The mechanical interlock should
prevent the handle release from going in and you
should beyunable to move the isolation switch handle.

Step 5.

Releasetthe pressure on the contactor armature and
operate the isolation switch handle to the full “OFF”
position (i.e. the handle latch release pops back out).

Step 6.

If the mechanism fails to meet any of the above
checks, an adjustment must be made to the interlock
assembly as detailed below and shown in Figure 40.

WARNING: Before making any adjustments, be sure
that equipment is de-energized, the contactor is in
the full “OPEN” position and the isolation switch
handle is in an intermediate position with the
handle latch release (Figure 39) fully/depsessed.

A. Loosen the bottom locking nut (X),Figure 40,
while holding the top adjusgingunut¥W) firmly in
position. Also loosen the twe retaifiing nuts at the
top of the armature interlock'ned (Y).

B. Turn the top adjustingynut (W) until the interlock
slider is just slightly belowathe handle latch release
pusher rod (0.12 inches),, See Figure 42 for loca-
tion of pusher rod.

C. When the proper/pesition has been reached, hold
the top adjusting nut (W) and tighten the bottom
locking nut, (X) to"hold the adjustment. Finally,
tighten,the two locking nuts at the top of the
armatune interlock rod (Y).

D. Testthe interlock again by following Steps 1
through%above.

Steps7.
Return the isolation switch handle to the “OFF” position.

Figure 40. Adjusting the interlock mechanism
V—Contactor to pawl engagement

Y—Armature interlock rod
Z—Contactor armature

W—Top adjusting nut
X—Bottom locking nut
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HANDLE AND ISOLATION SWITCH OPERATION

WARNING: Confirm that equipment is de-ener-
gized before performing this check.

Step 1.

With the high-voltage door open, push in the door op-
erated release pin as shown in Figure 39. This is not a
normal operation and should only be used for equip-
ment check out or servicing.

Step 2.

Push in the handle latch release (See Figure 39) and
move the handle up to the full “ON" position (i.e. the
handle latch release pops back out) by rotating the
handle up with a rapid, positive motion.

Step 3.

The isolation switch contacts may be viewed by looking
through the window supplied in the main fixed barrier
(See Figure 10). The contacts should be fully seated
on all three phases, and the word “ON” should be
visible in three places on the rotating shaft.

Step 4.

Push in the handle latch release (See Figure 39) and
move the handle down to the full “OFF” position (i.e.
the handle latch release pops back out) by rotating the
handle down with a rapid, positive motion.

Step 5.

By looking through the window on the main fixed bar-
rier, confirm that the isolation switch contact§arefully
open, as indicated by being able to read the word
“OFF” in three places on the movable conta¢tmold=
ing. See Figure 11.

HIGH-VOLTAGE DOOR SAFETY INTERLOCK

WARNING: Confirm that equipmeént iside-ener-
gized before performing thisicheck.

The operation of the high-voltage doer safety
interlock should be checked per the procedure shown
in Figure 41.

REF: HANDLEJN
“ON” POSITION

OVERLAPS

v @

vt

f_Uﬁx

DOOR
DOOR INTERLOCK
INTERLOCK BAR
DEFEATER

WARNING:
ALL POWER MUST BE REMOVED FROM THE CONTROLLER
BEFORE MAKING THIS CHECK

TO CHECK FOR PROPER INTERLOCKING BETWEEN THE
HIGH-VOLTAGE DOORAND THE DOOR SAFETY INTERLOCK,
THE FOLLOWING CHECK SHOULD BE MADE:

A. OPEN HIGH VOLTAGE DOOR

B. WITHTHE DOOR OPEN, CLOSE THE ISOLATION SWITCH
AS SHOWN IN FIG. 39

C.CLOSE THE DOOR AGAINST THE DOOR INTERLOCK BAR

D.LOOK THROUGH THE HANDLE CUTOUT IN THE DOOR
AND VISUALLY DETERMINE THERE IS AN OVERLAP
BETWEEN THE DOOR INTERLOCK DEFEATER AND THE
DOOR INTERLOCK BAR AS SHOWN IN THIS FIGURE

E. FORFINAL CHECK, OPEN THE ISOLATION SWITCH,
CLOSE THE HIGH-VOLTAGE DOOR, RE-CLOSE THE
ISOLATION SWITCH, AND TRYTO PULL THE DOOR
OPEN. THE DOOR SHOULD NOT OPEN.

Figure 41. Checking procedure for high-voltage
door safety interlock

92
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CONTROL POWER INTERLOCK (CPI)

Vacuum Interrupter Integrity Test

WARNING: Confirm that equipment is de-ener-
gized before performing this check.

Check the CPI adjustments as shown in Figure 42 and
adjust if required.

HANDLE

a

. 7 (o
{ [+ +{ ] ¥ : : g
PUSHER ROD __ ilo\' “
h ‘ ! r'unm;‘z
b Pr
P -
NOTE:

1. SET 0.12-INCH GAP (AS SHOWN) WITH PUSHER ROD
AND HANDLE LATCH RELEASE EXTENDED (OUT
POSITION). SEE 0.60-INCH REFERENCE.

2. THEN PUSH IN THE HANDLE I.ATCH RELLEASE AND
CHECK THE CP1 CONTACT GAP

3. BOTH CONTACTS MUST BE OPEN AND HAVE A
CONTACT GAP OF AT LEAST 5/64 INCH

Figure 42. Checking for proper operation of pusher rod
and control power interlock (CPI)
TEST POWER INTERLOCK (TPI)

Check the TPI adjustments as shown in Figurei43 and
adjust if required.

[—
N prow——
{
l TOP VIEW. \
UTTh
HANDLE
TPI OPERATING
INTERLOCK ROD
REF: FIG. 39
FOR
LOCATION
DEPRESSOR
BRACKET
]
[O 0 1 { ol
SIDE VIEW
ADJUST INTERLOCK'DEPRESSOR BRACKET(S) BY BENDING TO DEPRESS
INTEREOCKPLUNGERS FULLYWITH HANDLE IN “OFF" POSITION

Figure 43: Checking test power interlock (TPI) adjustment

NOTE:If the controller fails to meet any of the above Me-
¢hanieal Operation Checks, DO NOT ENERGIZE THE
CONTROLLER. Contact your nearest GE sales office.

WARNING: The vacuum interrupter integrity test
should be performed before the high-voltage
contactor is energized for the first time and each
time it is returned to service after maintenance,
adjustment or repair (See GEH-5306). Otherwise
the vacuum interrupter integrity test should be
performed annually. Failure to perform this test
may cause serious injury or death.

WARNING: All barriers must bein"place and the
isolation switch handle must be iptthe™“OFF”
(down) position (i.e. the handle latch release pops
back out) before attemptingite pérform the
vacuum interrupter integhrity test.

WARNING: This high-voltage test is potentially
hazardous, so extremeleaution should be exer-
cised. First open the eontroller isolator switch,
then completely isolate'the contactor by discon-
necting the contactorline side cables and load
side bolts and sliding the contactor to the “inter-
mediate® position using the safety stop.

WARNING: X-Ray emission may be produced if an
abnormallyhigh voltage is applied across the open
congactsiof a vacuum interrupter. Do not apply an

RMS/voltage across the contactor that is higher
than 20.0 kV RMS.

INOTE: Before performing this vacuum integrity test, confirm
that both the armature gap setting and contact wear adjust-
ment are proper (See GEH-5306, Sections 57°6).

GENERAL

This test determines the internal dielectric condition
and vacuum integrity of the vacuum interrupters.
Prior to performing this test, the outside surfaces of
the vacuum interrupters should be wiped clean of any
contaminants with a non-linting cloth or industrial
type wiper. During this test, each interrupter should
be checked separately.

High potential test instruments can be purchased to
perform the vacuum interrupter integrity test. The fol-
lowing is a recommended test instrument:

7BT60A

Use of a DC Hipot is not recommended because re-
sults may indicate a problem with a good interrupter.
If you wish to use a DC Hipot, set for 28 kV, but if an
interrupter fails, confirm the failed interrupter using
above AC Hipot.

Hipotronics Model
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TEST PROCEDURE

Step 1.
Move the isolation switch handle to the “OFF” position.

Step 2.
Open the high-voltage door.

Step 3.

For stationary contactors, remove the three load side
connection bolts at the bottom, front of the contactor
(do not loosen the R.T.V. covered bolts). Then re-
move the three line side cable bolts at the bottom of
the power fuse assembly.

Step 4.

For drawout contactors, remove the two positioning
bolts on the front of the contactor.

Step 5.

Slide the contactor forward approximately four (4)
inches until the slide safety stop engages in the plate
that is attached to the bottom of the contactor. Insure
that the line side cables on the stationary contactors
are sufficiently electrically isolated.

Step 6.

With the contactor in the open position, connect the
test leads to the contactor power terminals as shown in
Figure 44. Apply 20.0 kV RMS and hold for a mini-
mum of five seconds.

Figure 44. Method of connecting test leads to interrupter for
vacuum integrity test (stationary contactor shown)

Step 7.

Reversetheleads and repeat the test.

Step 8.

If,neibreakdown occurs, the interrupter is in accept-
able condition. If a breakdown occurs, the interrupter
should be replaced. Refer to “Interrupter Replace-
ment” section in GEH-5306.

NOTE: No attempt should be made to compare the condition
of one vacuum interrupter with another nor to correlate the
condition of any interrupter to low values of DC leakage cur-
rent. There is no significant correlation.

Step 9.

After the high potential voltage is removed from the
interrupters, the metal end caps of the interrupters
should be discharged with a grounding stick to remove
any residual electrical charge.

Step 10.

Reverse the above procedureyto feturn the equipment
to the original starting condition. For stationary
contactors, torque the dine side cable bolts at the bot-
tom of the power fuse assembly to 9 ft-Ib and torque
the load side bolts at'the bottom front of the contactor
to 16 ft-1b.

WARNING;:Be absolutely certain that these bolts
are properly installed and torqued. These are cur-
rent éarrying connections and must be tight or
damage, will result.

Preparation of Controller for Operation

Clean,the“inside of the equipment with a brush, soft
cloth, or dry compressed air. Make certain that any
dirtjdust or bits of packing material which may inter-
fere with successful operation of the panel devices are
removed from the panel.

CAUTION: Care should be taken during the
cleaning operation to prevent any dirt from being
blown into the inaccessible spaces of the enclosure

or the devices.

Check to confirm that no tools or loose wires have
been left in the panel during the installation process.

Operate relays, contactors, push-buttons, selector
switches, etc. by hand to see that the moving parts op-
erate freely and without binding.

Consult the drawings supplied with the equipment to
confirm that all the external low-voltage control con-
nections have been made, and that protective and
control relays are set properly for the equipment
being controlled.

Do avisual inspection of all devices and connections.
The controller is now ready for megger check.

Megger Check

WARNING: Confirm that equipment is de-ener-
gized before performing this check.

With all power removed from the equipment and the
isolation switch handle “OFF”, megger the motor ter-
minals between each phase and ground link. Also
megger the main bus bars between each phase and
ground bus.
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OPERATION

CAUTION: Before proceeding with operation of
the equipment, insure that at this time the equip-
ment is still de-energized, that the isolation switch
handle is in the “OFF” (down) position (i.e. the
handle latch release pops back out), that the
equipment has passed the above Mechanical Op-
eration Check, Vacuum Interrupter Integrity Test
and Megger Check in their entirety, and that all

barriers are in place.

Operation Under Test Power

A complete electrical operation check of each control-
ler can be made without energizing the main incom-
ing power bus by using the standard test power circuit.
A wiring diagram that shows this test power circuit and
associated connection is included with the controller
when it is shipped from the factory. The customer
should connect his test power to the test power termi-
nals typically labeled “Purchaser’s Test Power”. The
controller should be put through its complete operat-
ing sequence, in the test position, as a final check
before energizing the power bus.

The test power circuit is composed of a test power
interlock (TPI), which is shown in Figure 45, and a
Test-Normal selector switch (TSW), shown in Figure 7.
When the isolation switch operating handle is “off”,
the TPl interlock assembly is depressed and one of the
TPI interlocks opens the secondary circuit of the
control power transformer, thereby electrically isolat-
ing it. The TPI and TSW contacts are arranged in the
circuit so that the TSW switch must be in the “Test”

position and the isolation switch handle must belin/the

“off” position in order for the test power circuit to
function. By the same token, the TSW switchfmusybe
in the “Normal” position and the isolation, switch
handle must be in the “on” position for mormal bus-
powered operation.

Refer to the wiring diagrams providedwith the
equipment to determine the necessary testVoltage
and frequency.

Normal Operation

Step 1.

Upon completion of the above items under “Opgéra-
tion”, the equipment is now ready for energizatien.

Step 2.

Close the compartment doors and apply power to the
controller.

NOTE: If the operating handle of the isolation switch cannot be
moved to the “ON” position, it may be that the mechanical inter-
lock device is preventing this movement. Townove the handle to
the “ON” position, the high-voltage doormust be fully closed
and the contactor must be open.

Step 3.

Move the isolation switch handle'to the full “ON” posi-
tion by moving the handle'with a rapid, positive mo-
tion to the extreme up position (i.e. the handle latch
release pops back ofit),

Step 4.

Operate the contreller in the normal manner with the
pilot devices, (usually push buttons) provided to check
the motor for proper rotation.

» TEST
- POWER
* INTERLOCK

Figure 45 Test power interlock (TPI)
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Normal High-Voltage Door
Opening Procedure

To open the high-voltage door to gain access to the
contactor or motor terminals, the contactor must be in
the de-energized position. If the contactor is ener-
gized, the latch release on the isolation switch handle
cannot be pushed in, the handle cannot be operated,
and the door can’t be opened.

Depressing the Stop button de-energizes the
contactor. The latch release on the isolation switch
handle can then be depressed, which opens an electri-
cal interlock (control power interlock, or CPI) in the
secondary of the control power transformer. When the
latch release has been depressed, the isolation switch
handle may be moved to the full “OFF” position by
moving the handle with a rapid, positive motion to the
extreme down position (i.e. the handle latch release
pops back out). When the isolation switch handle is in
the “OFF” (down) position, the high-voltage door may
be opened by turning the two latch bolts.

High-Voltage Door Defeater Latch

WARNING: The following steps should be taken
only as a last resort to enter a malfunctioning con-
troller. It is imperative that all power to the main

bus be removed before proceeding.

IN CASE OF EMERGENCY, remove all power to the
controller, then the high-voltage door may be gpened
with the contactor in the closed position andgwithithe
isolation switch closed, by following the proceduse
listed below.

WARNING: Do not proceed unless all power o the
controller is removed. In this situation,/doorsymust
not be opened with power connected toithe bus.

Step 1.

Loosen the two high-voltage doorilatch¥bolts as shown
in Figure 46.

Step 2.

Turn the two !/4 turn lat€hes on the low-voltage door
and open the low-voltageidoor,

Step 3.

Once the low-voltagé door is open, the defeater
mechanism can bellocated in the lower right corner of
the low-voltage compartment.

Step 4.

Remove the door interlock defeater locking bolt as
shown jin Figure 47.

LOW VOLTAGE

A
-
DOOR LATCHES o

-

HIGH VOLTAGE
DOOR LATCH

HIGH,VOLTAGE
DOOR LATCH

Ko
R

Figure 46. View shdwing door latch hardware

AR

DOOR :
INTERLOCK ¢
DEFEATER
LOCKING

Figure 47. Interior view of low-voltage compartment showing
door interlock defeater
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Step 5.

While pulling on the high-voltage door, lift up on the
defeater bracket as shown in Figure 48 to allow the
high-voltage door to open.

WARNING: Defeating the high-voltage door inter-
lock leaves the power fuses & contactor connected
to the bus. The bus power must stay removed with
the high-voltage door interlock defeated.

INSPECTION,
MAINTENANCE & SERVICING

WARNING: Before performing any inspection,
maintenance or servicing on the equipment all
power must be removed from the equipment and
all load-connected rotating equipment must have
come to a complete stop.

DOOR
INTERLOCK
DEFEATER

Figure 48. Lift defeater bracket while pulling
high-voltage door

Step 6.

To close the high-voltage door'with ithe isolation
switch handle in the “on"4position, the procedure
must be done in reversgyordes, making sure to rein-
stall the door interlock defeeaterlocking bolt.

Mechanical Operation Chieck

Begin any inspection, maintenan€e,andyservicing rou-
tine by first performing all the checkssin the “Mechani-
cal Operation Check” section, which/is part of the “In-
stallation” section of this instruetion. This includes:

Isolation Switch Handlete_Gontactor
Mechanical Interlock

Handle and Isolation,Switch Operation
High-Voltage DogrSafety Interlock
Control Power Interlock (CPI)

Test Power Interlock (TPI)

Vacuum Interrupter Integrity Test

Then performfthe “Vacuum Interrupter Integrity
Test”, which is a part of the “Installation” section of
thi§'instruction.

Vacuum Contactor

Complete maintenance and adjustment instructions
for the high-voltage contactor are presented in GEH-
5306. Refer to that instruction for all problems of ser-
vicing and adjusting the contactor and to the proper
renewal parts bulletin for renewal parts for the
contactor.

Contactor tip life depends on the severity of the ser-
vice, but in any case, it is recommended that the
contactor tip wear be checked at least once a year, or
in very high duty cycle situations, after every 250,000
operations.

Isolation Mechanism

WARNING: Under no circumstances should the
isolation switch be inspected or adjusted with
power applied to the main bus.

The quick-make, quick-break isolation switch assembly
is adjusted and tested at the factory and under normal
circumstances does not need adjustment. However, if
conditions require, the switch can be adjusted in the
field by following the steps below.
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WARNING: All power must be removed from the
main bus before attempting to adjust the isolation
switch mechanism.

To adjust the isolation switch blade pressure, follow
the steps below:

Step 1.

With the high-voltage door open, push in the door op-
erated release pin as shown in Figure 39. This is not a
normal operation and should only be used for equip-
ment check out or servicing.

Step 2.

Push in the handle latch release (See Figure 39) and
move the handle up to the “ON” position.

Step 3.

Remove the isolation switch barriers (Figure 49) by
removing the retaining screws that hold these in place.
Place the barriers aside, and retain the hardware

for reassembly.

ISOLATION
SWITCH
BARRIERS

—

Figure 49. Isolationfswitch barriers to remove
for switch/adjustment

Step 4.

Near the top end,of eachfswitch blade assembly, a screw
and adjusting nut are located along with a belleville type
spring washer. To adjust the blade pressure, the nut must
be adjusted. Loosen the small set screw located on each
adjusting nut, thén loosen the nut.

Step 5.

With your fingers, retighten the nut until all the

slaek is"out between the blades, stationary contact,
spring washer and nut, then tighten using a wrench an
additional Ys(one-eighth) turn. This procedure
provides the necessary 0.005 inch spring compression
of the blades.

Step 6.

Tighten the set screw on the nut to lock the adjust-
ment in position. Use caution to prevent turning,the
nut while tightening the set screw.

Step 7.

When the isolation switch blade adjustment is com-
plete for all three phases, return the isolagion switch
handle to the “OFF” position, then apply a thin coat-
ing of Mobil Temp SHC-32 grease goythe contact sur-
faces of the male stab portion of'the disconnect.

If adjustment of the pivot peint'belleville type spring
washers are not planned,/the adjustment procedure is
complete, so proceed to Step 6 below.

To adjust the pivot point'belleville type spring wash-
ers, follow the steps below:

WARNING: All\power must be removed from the
main bus befiere attempting to adjust the isolation
switch mechanism.

Step 1.

Close'the,isolation switch by following Steps 1 & 2 above.
Step 2.

On eachyphase, loosen the set screw on the lower pivot
point adjusting nut.

Step 3.

Loosen the adjusting nut and then retighten using
your fingers until the nut is just snug and no side play
of the parts is evident.

Step 4.

Using a wrench, tighten the adjusting nut an addi-
tional %2(one-half) turn and tighten the set screw to
hold the adjustment in place.

Step 5.
Return the isolation switch to the “OFF” position.

Step 6.

Reinstall the isolation switch barriers. If necessary,

the viewing window may be cleaned before reinstalla-
tion of the barrier. Use a soft cloth and a mild soap
and water solution, or a mild commercial cleaner such
as Windex®.

WARNING: At the conclusion of this procedure, in-
sure that the isolation switch handle is in the “OFF”
position and all barriers have been reinstalled.

29



@ CR194 Two-High Vacuum Limitamp® Control

Torque Recommendations For Electrical
Power Connections

Bolt Size SAE Grade 5 Bolt Torque (ft-1b)
Y4-20 4
%618 9
%-16 16
Y%-13 39

Preventive Maintenance Guide

WARNING: Before performing any inspection,
maintenance or servicing on the equipment all
power must be removed from the equipment and
all load-connected rotating equipment must have
come to a complete stop.

Maximum trouble free service from vacuum
Limitamp® controllers requires periodic preventive
maintenance, inspection and cleaning. A definite
schedule should be maintained for each, with the fre-
quency depending on the operating conditions.

When doing inspections, five basic categories of dete-
riorating influences should be kept in mind:

1. The effect of foreign material (i.e. dirt and dust
from the environment such as wood fibers, coal
dust, cement, lamp black, lint, etc.).

2. The effect of chemicals in the atmosphere
(i.e. sulfur dioxide, chlorine, some hydrocarbons,

salt water, etc.).
3. Mechanical wear and fatigue on all moving parts.
4. Heat.
5. Loose joints and connections.

Follow directions in these instructions for obtaining
access to all sections of the controller, including
high-voltage door interlocking. Also, refer to GER-
5306 for directions relative to inspectionfof the high-
voltage contactor.

The following are some specific recommefidations:

1. Check for cleanliness generally, but particularly
for accumulation of any foreign material on insu-
lators. Voltage failures can Fesultfrom tracking
across insulation surfaces,where they are dirty. The
primary circuit insulatien ongthe controller may be
checked phase to phase and phase to ground us-
ing a 2500 volt meggen,

2. Check for abrasive material accumulated in the
isolation méehanism and mechanical interlock
bearing and‘¢am surfaces.

3. Check fombuildup of dust and dirt which would
reduge anyairor surface voltage clearances.

4. Excessive,heat can cause wire and cable insulation
breakdown®Therefore, check for any evidence of
melting; discoloring, deterioration, etc. of
wire and cable.

53 The isolation mechanism has a life expectancy of
approximately 6000 operations. If the application
is such that the mechanism is operated more than
twice each day, then the mechanism should be
checked at the end of each 1000 operations. Oth-
erwise a yearly inspection is recommended.

6. Periodic checks of dimensions of the isolation
mechanism and mechanical interlocks is strongly
recommended. Follow the sections in these in-
structions titled Mechanical Operation Check and
Isolation Mechanism.

7. When any part of the isolation mechanism or me-
chanical interlocking is replaced, all dimensions
and checking procedures referred to in Step 6
above should be followed to be sure the system is
normal working order.
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CR194 2H] VAC TO
CRIS4 2HI VAC
2000A MAIN BUS

CRiIS4 2HI VAC TO
CRI194 2HI VAC
I200A MAIN BUS

CRIS4 2HI VAC TO
CRI94 2 HI VAC
GROUND BUS

N/ |

CR134 2HI VAC TO
CRIS4, CR7160 !} HI
GROUND BUS

TN\

CRI194 2HI VAC 70
CRI94, CR7i60 IHI
2000A MAIN BUS

CRI194 2H|] VAC TO

CR1394,(1200A) IHI,

CR7160 (I00CA) IHI,
MAIN BUS

[65+

CRI194 2HI VAC TO
CR7160 2/3 HI
2000A MAIN BUS

CRIS4 2HI ¥AC\TO
LR7160 273 HI
GROUNDO"BUS

=2 =\

GROUND 'BUS GROUPS ONLY

¢ ADD SUFFIXOLETTERS TO MATCH
REQUIREMENTS FOR THE J0B

SUFE IX PLATING
| ETTERS TYPE
N6 NONE gagA GND.
6 TIN i
. T
S6 SILVER 250 THK
N4 NONE agcsm GND.
T4 TIN
125 THK
S4 SILVER 25

CRIS4 2HI VAC TO
CR7160 2/3 HI
I000A MAIN BUS

Example: 55B534911G4N

MAIN BUS GROUPS ONLY

* ADD SUFFIX LETTER TO MATCH
REQUIREMENTS FOR THE JOB

SUF F IX PLATING
LETTER TYPE
N NONE
T TIN
S SILVER

BUS SPICES FOR MAIN BUS MUST
BE TAPED WITH 130C RUBBER SPLICING

TAPE _TO MAINTAIN ELECTRICAL CLEARANCES.
SEE "TAPING INSTRUCTIONS FOR SKV
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These instructions do Spurport to cover all details or variations in equipment nor to provide for every

possible contingency to be met in connection with installation operation or maintenance. Should further
information be desi‘ed or should particular problems arise which are not covered sufficiently for the
purchaser's purposes, the matter should be referred to the GE Company.

GE Electrical Distribution & Control

General Electric Company
GEH-62638 . .
0396 PSA P.0. Box 489, 6801 Industrial Drive, Mebane, NC 27302





