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INTRODUCTION

Porcel-line metal~-clad switchgear with type DH-P horizontal draw-
out air circuit breakers controls and protects high voltage circuits
upto 15 KV, The switchgear assemblyis composed of housings that
are arranged to suit the customer's requirements. Housings are,
in turn, composed of equipment such as buses, instrument trans-
formers, relays, secondary control devices, and a DH-P air cir-
cuit breaker,

Porcel-line metal-clad switchgear is designed, manufactured;
and tested in accordance with industry standards. The 5 KV class
is rated at 4,16 KV and the 15 KV class is rated at 13.8 KV,

Porcel-line metal-clad switchgear is available for beth Thdoor
and outdoor installations. A typical indoor assemblyiis shewn in
Fig. 1. An outdoor Shelterfor-M assembly is showa in Fig. 2 and
an outdoor Aisle-less assembly is shown in Fig. 3,,The,type DH-P
air circuit breaker is shown and described in I.B4 32=253-1.

This instruction book has been preparedto familiarize the Pur-
chaser's engineering, installation, and,opemating staffs with the
metal-clad switchgear supplied by Westinghouse. Personnel re-
sponsible for supervision, operation or mainteénance should become
well acquainted with the appearance andf characteristics of each
piece of equipment contained in or meuntedson the switchgear.

The following descriptions apply “tesstandard metal-clad con-
struction and wiring., Extra featuresyand special control schemes
are often incorporated whenyspecified by the Purchaser's order.
These special features are_evident on the drawings and diagrams
for the switchgear assembly. ¢Instructions on standard apparatus
such as relays, instruments and circuit breakers are included
elsewhere in the compléte/instruction book for a particular metal-
clad assembly.



DESCRIPTION

Porcel-line metal-clad switchgear isanas-
sembly of housings arranged to suit the
Purchaser's requirements. There are cir-
cuit breaker housings and auxiliary hous-
ings.

The circuit breaker housing has pro-
visions for a removable type DH-P air
circuit breaker, It also includes high volt-
age equipment, primary connections, low
voltage equipment, and control devices., A
hinged instrument panel is located on the
front of the circuit breaker housing.

The auxiliary housing has no provisions
for a circuit breaker, It does include mis-
cellaneous equipment and such equipmeént
that cannot be contained inacircuit breaker
housing. A hinged instrument panel is/also
located on the front of the auxiliaryhotising.

Porcel-line metal-clad switchgear is
available for both indoor andfoutdeeor ap-
plications, The circuit breakers/and de-
sign features are similar (whether the in-
stallation be indoor or sutdeer. In gen-
eral, outdoor metal-¢ladfswitchgear is
constructed by assémbling a weatherproof
enclosure onto and areund’standard indoor
housings.

Indoor Construetion

Figure 4 isya ‘Section drawing of a typical
breakern, housing. It is composed of bolted
together moddles: the breaker /bus module,
the line module, the control module, and an
upper rear module (if required). Figure 1
is a photograph of an indoor Porcel-line
metal-clad assembly viewed from the front.
Figure 8 is a view of the same assembly
from the rear,

The breaker/bus module is made of left
and right side pans, a floor pan, primary
and secondary contact mounting plates,

vertical and cross members, all welded
together to form the basi€ module. Moving
and mating parts sueh asfthe levering-in
assembly, shutterginterlocks, and auxiliary
switch mountings(are located in this module,
The breaker/bas medule contains major
functioning eguipment such as the breaker
itself, stationary disconnect contacts, main
bus, and current transformers. The sup-
ports for the main bus and main contacts
are a partyof this module,

Theyline module is two side pans bolted
onto_‘the rear of the breaker/bus module
aleng with a roof cover and rear sheet.
This’” provides space for line terminations
such as cable connectors or potheads.

The control module is made of left and
right side pans and vertical and cross
members, all welded together., The control
module is bolted onto the top of the breaker/
bus module.

The upper rear module is made of aleft
and right side pan to which cross members
may be welded or bolted to form a self-
contained enclosure for bolting onto other
modules. The module may be used for ap-
paratus such as rotating disconnect trans-
formers, lightning arresters, special bus-
es, etc. When it is used for rotating dis-
connect potential transformers the 5 KV
class of transformers may be accessible
from the breaker drawout side: the 15 KV
class of transformers are rear accessible
only.

Referring again to Fig, 4, note that the
combination of modules forms the actual
breaker housing. Internal compartments
provide metal isolation between secondary
control devices, the type DH-P air circuit
breaker, the main bus, and the primary
line terminations. Access toprimary equip-
ment is provided by bolted-on metal covers
which should not be removed unless the
circuits to be exposed are de-energized.



Figure 5 is a section drawing of a typi-
cal auxiliary housing, It is composed of
bolted together modules similar in con-
struction and assembly to those modules
in the breaker housing without provisions
for a breaker.,

Figure 5 depicts an auxiliary housing
with rotating disconnect potential trans-
formers and a rotating disconnect control
power transformer., It is typical only and
could instead include equipment, such as a
battery tray, surge equipment, or motor
field equipment.

Outdoor Shelterfor-M Construction

Figure 6 is a section drawing of a typical
Shelterfor-M assembly including a breaker
housing, Figures 2 and 9 are photographs
of Shelterfor-M viewed from the front and
rear, Figure 11 is a side view of an as-
sembly with the aisle door open. Outdoor
Shelterfor-M switchgear is an assembly
of a weatherproof enclosure ontoand around
indoor housings and including an operating
or maintenance aisle where equipmentsis
accessible without exposure to weather.
The aisle permits interchanging type DH-P
circuit breakers. A weatherproof door is
located at each end of the aisle and each is
equipped with ''crash'" meehanisms per-
mitting quick release frém the inside when
the door is padlocke@,onithe outside. Aisle
lights, switches, 4and “service receptacles
are provided. Shelterfor-M is basically:

1. The indoor“housing shown in Figs.
4 and 5.

2. A welded base to which the indoor
housing is Securely bolted.

3. aWeatherproof covers which are
bolted“to the rear and sides of the indoor
housing,

4,“9A weatherproof roof bolted to the
indoor housing.

5. An aisle floor which is bolted to the
base and to the front mountinggchannel.,

6. Weatherproof covefs, forming an
aisle enclosure,

7. A weatherproof reeof completing the
aisle enclosure.

The side coverspand aisle covers are
formed in {such (a way that bolts are in-
stalled from'theyinside: the vertical seams
are inte¥nal, WThe rear covers are bolted
externally®but the sheets are crimped and
overlapped to form a weatherproof seal,
The horizontal seams on all of these covers
aregqat “the top within the roof overhangs
forming, a weatherproof arrangement, The
roof. seams are flanged and turned back so
that a seam cover may be simply locked in
place. Foundation requirements are sim-
ple -- the structure is supported by three
base channels, Pier mounting is possible.
No breaker drawout pad is required and
indoor accessories are supplied.

Outdoor Aisle-less Construction

Figure 7 is a section drawing of a typical
Aisle-less assembly including a breaker
housing. Figures 3 and 10 are photographs
of Aisle-less viewed from the front and
rear. Outdoor Aisle-less switchgear is an
assembly of a weatherproof enclosure onto
and around indoor housings but not including
an operating or maintenance aisle, Weath-
erproof doors are located on the breaker
drawout side of each housing., A light and
service receptacle is available in each
housing, Aisle-less switchgear is similar
to Shelterfor-M without the aisle but with
a weatherproof front module. Foundation
requirements are simple -- the structure
is supported by two base channels., Pier
mounting is possible but requires a breaker
drawout pad. Outdoor accessories, in-
cluding a transport truck, are supplied.



Ventilation: Indoor

Refer to Figs. 4 and 8. The rear sheets
have grillwork at the top and bottom to al-
low ventilating air to pass through the line
module as shown, A chimney andgrillwork
over the breaker allows for expansion of
gases resulting from breaker interruption
and ventilation of thebreaker compartment,

Ventilation: Shelterfor-M

Refer to Figs., 6 and 9. The outdoor rear
sheets have no grillwork, louvers, or open-
ings and are identical to the Aisle-less
rear sheets, Ventilating air entersthrough
a screen at the bottom of the line module
(see Fig, 12), passes through it, and is ex-
pelled through a screen under the rear roef
overhang. Ventilating air also enters
through a screen in the breaker meodule or
aisle floor (see Fig. 13) and isfexpelled
through a labyrinth under the peakyof the
roof, A chimney over the breaker allows
for expansion of gases resultinghfrom
breaker interruption and ventilation of the
breaker compartment.

Ventilation: Aisle-less

Refer to Figs. 7 and 104, The outdoor rear
sheets have no grillwoxk, louvers, or open-
ings and are identical té the Shelterfor-M
rear sheets. Ventilating air enters through
a screen at thewbottém of the line module
(see Fig, 12), passées through it, and is ex-
pelled through a“sereen under the rear roof
overhang, Ventilating air also enters
through, a 4screen in the breaker compart-
ment floor (See Fig, 13) and is expelled
through a screen under thefrontroofover-
hang, A chimney over the breaker allows
for expansion of gases resulting from
breaker interruption and ventilation of the
breaker compartment,

Instrument Panels: Indoor andShelterfor-M

The standard breaker housing includes two
front panels located on the breaker drawout

side of the housing. 4Fhe upper panel is
hinged to the control anodule and is for
mounting instruments, meéters, and relays
such as those shown imFig, 14. The lower
panel is hinged fo fhéwbreaker/bus module
and is not an instrument panel. An access
port in the lower“door permits levering the
breaker betweenthe operating and discon-
nected positions with the door closed.

Theé alternate breaker housing includes
one full height instrument panel located on
the, “breaker drawout side of the housing,
TheWfull height panel is hinged to both the
gontrol and breaker/bus modules. The
panel is spaced forward by afront extension
cempartment,

The standard auxiliary housing includes

a full height instrument panel. This panel
may or may not be spaced forward.,

Instrument Panels; Aisle-less

The standard breaker and auxiliary housing
includes a full height front panel located
on the breaker drawout side of the housing,
This instrument panel is immediately be-
hind the weatherproof door and is hinged
to permit insertion and removal of the cir-
cuit breaker from the same side. It is for
mounting instruments, meters, and relays
such as those shown in Fig, 15.

Control Equipment

Figure 16 is a view looking into a 5 KV
breaker housing. A knife switchfor control
power cutoff and terminal blocks for cus-
tomer's control leads are furnished as
standard equipment in the control module,
As required, additional control equipment
may be mounted in the control module, such
as: capacitor trip devices, instantaneous
or time delay undervoltage trip devices,
control and transformer fuses, resistors,
auxiliary or interposing relays, and AB
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breakers. Frequently some of the afore-
mentioned control equipment is mounted
on the back of the instrument panel.
Heaters, to prevent condensation, are fur-
nished as standard equipment on outdoor
orders. One heater is mounted inthe lower
rear of the breaker module and another in
the lower part of the line module. (These
heaters are visible in Figs. 13 and 12,)
Note that Fig. 16 shows the closed door
of a 5 KV rotating disconnect potential
transformer compartment mounted in an
upper rear module. Figure 17 is the same
view with the door open. The 15 KV trans-
former compartmentis notfront accessible.

Shutter and Barrier

Mounted in front of the main contact sup-
ports are molded polyester barriers and a
glass-mat polyester shutter. Figure 18 is
a view of a 5 KV breaker housing showing
the shutter position with the breaker re-
moved. An operating arm is pivoted to the
side of the module and linked into the shut~
ter, The shutter is automatically g#aised
by the action of a roller on the breaker
against the cam surface of the shutter<@arm
when the breaker is levered into theWcon-
nected position, When the“Breaker is
levered out of the connected position the
shutter drops by gravity. The barriers and
shutter (when closed) providesa physical
barrier to the main contaets, which may be
"alive'., Removing“the\ghufter as in Fig.
19 exposes the mblded“polyester barriers.
DO NOT REMQVE OR MANUALLY LIFT
SHUTTER UNLESS MAIN CONTACTS ARE
HDEADH.

Current Ttansformers

Ring-typejcurrent transformers are po-
sitioned around the main contact supports
as Shewn in Fig, 20. They are removable
frem“the front and may be located on upper
and/or lower main contact supports. If

necessary, special current transformers
may be mounted in the line module,

Main Bus, Main Bus Taps,/andyGround Bus

The main bus, main bus “taps, and ground
bus contact are showmyin)Fig, 20. The
ground bus itself isg8hewn"in Fig. 24, The
conductors are of éither“aluminum or cop-
per as requiredgmThe,main bus, main bus
joints, and taps' arehinsulated. The bolted
connections‘ are silver-plated. The main
bus supports ‘areyof porcelain,

Main MDiseonnect Contacts and Supports

Themmain, disconnecting contacts and sup-
ports’ are shown in Fig, 20, The main dis-
connecting contacts are round, silver-plated
studs located within the cylindrical por-
celain supports. The rear of the contact is
brazed to the tap to the main bus and is
insulated. The contact assembly is secured
within the bottle by a spanner nut threaded
onto the front of the contact. A special tool
is used to remove or replace the spanner
nut,

These main disconnecting contacts (in
the housing) engage with the main discon-
necting contacts of the breaker, The
breaker contacts are self-aligning finger
clusters.

Levering-In Screw

The levering-in screw shown in Figs, 21
and 22 is a stainless steel, heat-treated
round bar which has a 1/2-13 thread on
one end and an Acme thread on the other.
The end with the finer thread is screwed
into the rear of the breaker module. The
screw is secured in place with a locking-
screw arrangement, The end withthe Acme
thread is positioned and "aimed" toward
the levering-in nut which is a part of the



breaker. When the levering-in screw and
nut are engaged and when the nut is rotated
the breaker is pulled into the connected po-
sition,

See circuit breaker instructions I.B.
32-253-1 for further description and op-
eration of the LEVERING DEVICE,

Guide Rail and Floor Trippers

The guide rail and floortrippers are welded
to the floor of the breaker module and shown
in Figs. 21 and 22,

The guide rail is a fabricated steel bar
that fits into the guide channel on the breaker
and operates a latch on the guide channel,
The guide rail positions and guides ghe
breaker laterally into the modulegmIt”iS
notched at the front to provide afpositive
latch for the breaker in the testypogition
and to prevent the levering-inyscrew in
the module and the levering-ingnutyon the
breaker from bumping one anotherwhen the
breaker is pushed into the module,

The rear floor tripperyis @4 machined
bar that operates the gloer interlock and
automatic tripping lever on“the bottom of
the breaker., As a regultithe breaker may
be electrically opegfatedsin either the con-
nected or test positions but is electrically
trip-free in anysimntermediate position,

The frong, flees tripper is a machined
channely’ The“gight leg operates the floor
interleek 4&nd automatic tripping lever on
the bottom of the breaker, As a result,
should it be closed, the breaker is tripped
as it is either being inserted into the test
position®or withdrawn from the test po-
sition, The left leg operates the automatic
floor closing spring release lever on the
bettom of the stored-energy type of breaker,
As a result, should it be charged, the spring
is discharged as the breaker is either being
inserted into the test position or withdrawn
from the test position.

11

See circuit breakez instructions I.B,
32-253-1 for furtherf{dese€ription and op-
eration of the RATL LATCH and FLOOR
INTERLOCKS and £RIPPERS.

Truck-Operated,CellfSwitch (TOC Switch)

The TOC switeh shown in Figs, 21 and 22
is an assémbly of one 4-pole switch but
space is%available for two more. Each
switchghas two make and two break con-
tacts.(l The»TOC switch is mounted at the
rearyof'the breaker module. It is operated
by ajlever mounted onthe levering-in screw
andethis lever is, in turn, operated by the
breaker frame or truck when the breaker
is Jevered into the connected position. As
a result, the TOC switch electrically in-
dicates whether or not the breaker is in
the connected position,

Breaker Position Interlock

The breaker position interlock is a me-
chanical, manually operated assembly
mounted on the lower right hand side of
the breaker module, The main part of the
assembly is a formed and machined round
bar which is spring-retained in the un-
locked position. This bar may be rotated
into a notch in the guide rail and held by
means of a padlock or Kirk lock, As a re-
sult, the breaker is locked out of the con-
nected position, Figure 18 shows the inter-
lock in the unlocked position while Figs.,
19 and 20 simulate its position if it were
padlocked, Figures 21 and 22, which are
closeups, show the position interlock in
the unlocked and locked positions using a
Kirk lock., Note that the Kirk lock key is
held in the wunlocked position but is re-
movable in the locked position,

Mechanism-Operated Cell Switch
(MOC Switch)

The MOC switch shown in Fig, 23 is an
assembly of one 9-pole switch but space
is available for two more. Each switch
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has five make and four break contacts.
The MOC switch is mounted on the right
hand side of the control module. It is op-
erated by a lever to which is connected a
vertical rod. The vertical rod extends
down into the breaker module and connects
to a pantograph which is an assembly of a
channel and levers, The pantograph is op~
erated by a pin on the breaker mechanism,
As a result, the MOC switch electrically
indicates whether the breaker is closed or
tripped.

Secondary Disconnect Contacts

The secondary disconnecting contacts are
the socket-type and are mounted in a block
at the lower rear of the breaker module,
A similar secondary disconnecting contact
but of the plug-type is mounted on the
breaker. They provide connections for thé
control leads between the removable
breaker and the stationary housing. The
plug-type block on the breaker has two dif>
ferent size guide pins while the socket-type
block in the module has two different size
guide holes that match the pins,\ This
method of assembly polarizes the Gentacts
and aligns the blocks, The secéndary’dis-
connecting contacts are shownyin Rigs, 18,
19, 20, 21, and 22,

See circuit breakerminsteuctions I.B.
32-253-1, under BASIC ORERATING IN-
STRUCTIONS for deseription and operation
of how TO ENGAGE SECONDARY CON-
TACTS WITH {BREAKER IN TEST PO-
SITION.

Line Conductors @nd Customer's
Connections

The line ‘eonductors and customer's con-
nections are shown in Fig., 24, The line
condiietors are copper and are insulated.
The, bolted connections are silver-plated.
The connection between the line conductor

and the lower main disconnecting contact
is brazed and insulated.

In the 5 KV gear the line_conductor sup-
ports are polyester as shown,in Fig, 24,
However, the 15 KV gear"(not/shown) uses
porcelain standoff supports,

Space is availaple, in"the line module
for the customer!s primary connections
and ground conneetions. Shown are solder-
less cable, terminals. However, the line
module, depending upon requirements, may
be equippedWwith potheads or connections
to a busirun;

Rotafing Disconnect Transformers

Rotating disconnect potential and control
powezr’ transformers are enclosed within
ftheir own compartments. Generally these
compartments are in an auxiliary housing.
A set of potential transformers is shown
in Figs, 25 and 26, They are mounted upon
a cradle which is linked tothe compartment
side-hinged door. With the door closed
both the primary and secondary disconnect-
ing contacts are engaged. Upon opening
the door the cradle and transformers are
automatically rotated around a horizontal
axis; both the primary and secondary con-
tacts are disconnected; and the fuses and
high voltage winding of the transformers
are grounded., A catch secures the door
in the open position. In this position the
fuses may be readily removed. Figures
16 and 17 show a 5 KV rotating disconnect
potential transformer compartment mounted
in a rear superstructure in abreaker hous-
ing, The 15 KV transformer compartment
is not front accessible,

Rotating Disconnect Fuses

Rotating disconnect fuses are enclosed
within their own compartment, The fuses
are mounted upon an insulating plate which



is fabricated to simulate a cradle which is
in turn linked to the compartment side-
hinged door. With the door closed the
primary disconnecting contacts are en-
gaged. Upon opening the door the cradle
and fuse assembly is automatically rotated
around a horizontal axis; the primary con-
tacts are disconnected; and both ends of the
fuses are grounded. A catch secures the
door in the open position. In this position
the fuses may be readily removed. Gen-
erally rotating disconnect fuse compart-
ments are in an auxiliary housing as shown
in Figs. 25 and 26, The fuses have been
removed in Fig. 26,

Miscellaneous Equipment

Depending upon customer requirements@ad=
ditional equipment may be furnishedayGen-
erally this equipment will be ia its own
compartment and, if it is connected £o high
voltage circuits, it will be isolatedyfrom
other circuits and personnel by grounded
metal barriers and covers. [Some, of the
various types of high voltagel equipment
are: lightning arresters, surgecapacitors,
gang-operated disconnectswitches, and sta-
tionary control power transformers. Some
examples of additienal“low voltage equip-
ment are: tripping“atteries, battery
chargers, and motorgand generator field
control apparatus, JSome lightning ar-
resters and gnotor field equipment are
shown in Eigs.,27 and 28.

Type DH-P Air ‘Circuit Breaker

See circuit breaker instructions I.B.

32-253-1.

Accessories

Each new Porcel-line switchgear installa-
tion is provided with a set of accessories.
Depending upon customer requirements and
the nature of the installation accessories
will consist of one or more of the following:
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1. A maintenanceghandle (Fig. 29) for
manually closing the €ireuit breaker, It is
to be used for maintenanCe and inspection
of such things asgthe“reaker mechanism
and contacts outsidenof the housing only.
DO NOT USE, WHEN BREAKER IS IN
SWITCHGEAR.

2, A (levering-in crank (Fig. 30) for
moving the breaker between the test and
connegted positions. This crank is used
for rotating the levering-in nut which is a
partyof the breaker,

3.) A spanner nut wrench (Fig. 31) for
removing, replacing, or checking tightness
of the main contact in its porcelain support
(or bottle), DO NOT USE WHEN MAIN
CONTACTS ARE ALIVE.

4, Test plugs (Fig. 32) for use with
Flexitest relays and meters.

5. A test cable (Fig. 33) generally fur-
nished with outdoor installations for elec-
trically operating the breaker out of its
housing. One end is a plug that connects
into the secondary disconnect contacts in
the breaker module while the other end isa
socket that connects into the secondary
disconnect contacts on the breaker itself.

6. A test cabinet (Fig. 34) generally
furnished with indoor installations for elec-
trically operating the breaker out of its
housing. The cabinetincludes control power
connections, a cutoff switch, necessary con-
trol equipment, and a cable which has one
end connected to terminals in the test cab-
inet, The other end of the cableis a socket
that connects into the secondary disconnect
contacts on the breaker itself,

7. A turning dolly (Fig. 35) furnished
with indoor and Shelterfor-M installations
to facilitate turning the breaker when it is
outside the housing. It should not be used
to insert or remove the breaker from the
housing,
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8. A transport truck (Fig. 36) furnished
with outdoor Aisle-less installations to fa-
cilitate handling the breaker when it is out-
side the housing. The floor of the truck is
the same height as the floor of the outdoor
Aisle-less switchgear, However, the truck
height automatically compensates for some
variations in the customer's concrete pad
up to plus or minus 1/4 inch, The trans-
port truck must be aligned and secured to
the Aisle-less base when removing or in-
serting the breaker., Inadditionthe breaker
must be secured to the transport truck
during transportation,

9. An arc chute lifter (Fig. 37) assists
in tilting back the chutes on the 15 KV type
DH-P air circuit breaker. In addition the
hinged leg of the lifter serves as a brace
or support to hold the chute in tilted po-
sition. No arc chute lifter is required for
the 5 KV breaker,

10. A manual spring-charge handle (Fig.
38) is furnished for manually charging the
spring of a stored-energy type DH-P_air
circuit breaker. It may be used for main-
tenance purposes or inanemergency should
the electrical charging source fails

RECEIVING, HANDLING, STORING

Porcel-line metal-clad switehgear is
shipped in groups of oneforfmiore housings.
The shipping group, depending upon the size
of the order, may be the complete order
or only part of{it. dndoer shipping groups
are bolted to wooden sKids and enclosed in
a covering to protect them from the weather,
Outdoor shipping groups do not require
skids. For single-row Shelterfor-M in-
stallations ‘the aisle wall is located on wall
shipping {brackets across the front of the
shipping,,gtoup so as to protect the in-
strument panels. For double-row (or com-
mon=aisle) Shelterfor-M installations,
sifieg, there is no aisle wall, a covering is
located” across the front of the shipping

groups so as to protect the instrument
panels. The roof, floor, and endséctions
of the aisle are shipped separately and
field constructed. Aisle~less isyenclosed
completely in its own weatherproof enclo-
sure. DH-P breakers, accessories, aisle
parts, and installation materials are packed
and crated separately from the housings.,
Appendages such ds ‘hus runs and syn-
chronizing panels dnd large internal equip-
ment such as ojl=filled transformers may
also be packed fand” crated separately.

Receiving

When the switchgear reaches its destination,
the purchaser should check the material
actually received against the shipping list
toVbe sure that all parts have been re-
ceived., If damage is found or suspected,
file claims as soon as possible with the
transportation company and notify the near-
est representative of the Westinghouse
Electric Corporation, If the switchgear is
to be installed as soon as received, it is
recommended that the unpacking and han-
dling be done as outlined inthe paragraphs
that follow. If the switchgear is to be
stored or held for some time it is ad-
visable to unpack sufficiently to check the
shipment for completeness and condition,

Handling: Indoor

Each shipping group is equipped with alift-
ing angle for handling by a crane., Figure
39 shows a typical shipping group of 5 KV
indoor housings with its lifting angle, A
balancing chain should be added as shown
by dotted lines, as the single lifting angle
is located slightly off the center of gravity
of the group.

Indoor switchgear shipping groups are
provided with a dual purpose jack support
and shipping brace at each end of the
group when shipped by rail. During ship-



ment they are used for cross bracing to
the freight car. During installation they
can be removed and bolted in the lower set
of tie bolt holes (as shown in Fig, 39) to
make a handy jack support for removing
skids and lowering the group to the floor.
When the switchgear is not shipped by rail
a simple jack support can be fabricated
by the purchaser from angle iron or wooden
timbers.

It is preferable to lift the groups into
position by a crane., However, if no crane
is available they can be skidded into place
on rollers. Timbers should be placed
between the switchgear and the rollers
to protect the switchgear from damage.
Jacks may be placed under the jack support
of the first group. However, in movinggin
subsequent groups, the jack support must
be removed in order to place tw@*groups
next to one another. A method of lowering
subsequent groups is the use oflongdvedges
fabricated from 4 x 4's cut on theadiagenal.
With a large crow bar each cofnher may be
lowered alternately a fraction @fjan inch,

Handling: Outdoor

Each group of Sheltérfox-M or Aisle-less
switchgear is equippe@with lifting lugs for
slings or hooks ds shown in Fig, 40, Slots
or notches are prowided in the spreader or
shipping bracé threugh which the cables or
slings areéyspread and positioned., THE
SPREADRERS™MUST BEUSED TO PREVENT
THE POSSIBILITY OF UPSETTING THE
GROUPWWHEN IT IS LIFTED. THE
SPREADER/MUST NOT BE USED ALONE
FOR LIFTING.

During rail shipment the spreader or
shipping brace is used for cross bracing
teo,the freight car. The lifting lugs may be
used as handy jack supports for removing
skids and lowering the group to the floor,

The first shipping group may be lifted
into position by a crane or skidded into
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place on rollers. Timbers shouldbe placed
between the outdoor (bas@jchannels and the
rollers for front“te back movement; no
timbers are required¥or sidewise move-
ment, Jacks may ke placed under the
lifting lugs ofythel first group. However,
in moving in subsequent groups, the lifting
lugs must bey removed in order to place
two groups next to one another. A method
of lowering subsequent groups is the use of
long wedges»fabricated from 4 x 4's cut on
the diagonal, With a large crow bar each
corner ‘may be lowered alternately a frac-
tionyof¥an inch.

Storing: Indoor

Indoor switchgear which cannot be installed
and put into service immediately should be
stored in a dry, clean place preferably in-
doors in a heated building., Conditions such
as dampness, changes in temperature, ce-
ment dust, and corrosive atmosphere should
be carefully guarded against. If necessary
to store outdoors special precautions will
be required tokeepitclean and warm enough
to prevent condensation., It will be neces-
sary to cover the switchgear and install
temporary heating equipment. During stor-
age the shipping groups should be placed
on level surfaces to prevent unnecessary
strain and possible distortion,

Storing: Outdoor

Outdoor switchgear which cannot be in-
stalled and put into service immediately
should be stored with certain precautions.
Conditions such as dampness, changes in
temperature, cement dust, and corrosive
atmosphere should be carefully guarded
against, Temporary power must be made
available for the operation of the space
heaters provided in the switchgear inorder
to prevent condensation., During storage
the shipping groups should be placed on
level surfaces to prevent unnecessary
strain or possibie distortion,
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Miscellaneous Equipment

There may be other equipment besides
switchgear which will require special at-
tention, (For example: storage batteries.)
THE DESCRIPTIVE MATERIAL SUP-
PLIED WITH THE EQUIPMENT OR ELSE-
WHERE IN THE COMPLETE INSTRUC-
TION BOOK SHOULD BE CAREFULLY
FOLLOWED IN RECEIVING, HANDLING,
OR STORING.

INSTALLATION

Proper installation of Westinghouse Porcel-
line metal-clad switchgear is of prime im-
portance. Too much emphasis cannot be
placed upon this operation, For this rea-
son, and to assist the customer's installa-
tion, Westinghouse has prepared a series
of standard installation and field assembly;
drawings., One or more of these standakd
drawings is supplied on each shop order_in
addition to the shop order assembly draw=
ings., The standard installation and field
assembly drawings will be referred to ex=
tensively in the text of this se€tion, Fol-
lowing is a tabulation and deseription of
them:

505A 863 - Floor Plan

505A 864 - Floor Plan 15KV Indoor

508A050 - Foundationg-“Shelterfor-M

508A051 - Base Pland-{5 KV Shelter-
for-M

508A052 - Base Plan - 15 KV Shelter-
for-M

508A061 - Base Plan - 5 KV Aisle~less

508A062 - BasePlan -~ 15 KV Aisle~
less

509A796 - Adsle Section Assembly:
Shelterfor- M

509A797 -~ Aisle End Assembly: Shel-
texfor-M (Single Row)

509A 798 - Aisle End Assembly: Shel-
texfor-M (Double Row)

809A 799 - Aisle Light Assembly:
Shelterfor-M

5 KV Indoor

509A800 ~ Roof End Trim Assembly:
Aisle~-less

510A998 & 510A999 - Insulatingjor
Taping Instructions

657A222 - Test Cabinet Qutline

Foundation: General

Westinghouse “Rorcel-line metal-clad
switchgear is a€eurately built upon true
and level bedplatés|to insure ease of op-
eration and\interchangeability. Equal care
by the customen, in laying out and pre-
paring the feundation will result in reduced
installation®eosts as well as good switch~
gear performance,

The foundation upon which the switch-
gear is¥to be mounted may be a concrete
floory pad, footers, or pillars depending
upon the type of gear. It must have suf-
ficient strength to withstand the weight of
the structure plus the shock or impact re-
sulting when circuit breakers open under
short circuit conditions., Table No, 1 tab-
ulates the approximate dead weights for the
various ratings of indoor and outdoor
switchgear., Actual weights will vary de-
pending upon the type and amount of equip-
ment in the individual housings. Adequate
safety factors must be used. See L.B.
32-253-1 for weights of DH-P breakers.

Foundation: Indoor

Careful preparation of the foundation is
vitally important for simplicity of erection,
ease of operation, and good performance.
The foundation should consist of rugged
floor steel channels imbedded in an ac-
curate and true concrete floor, The en-
tire concrete floor upon which the switch~
gear will be erected must be true and flat
(preferably level) and in no place should it
vary more than 1/8 inch in any square
yard, and MUST NOT PROJECT ABOVE
THE LEVEL OF THE SUPPORTING FLOOR
CHANNEL STEEL,



TABLE NO. | - APPROXIMATE WEIGHTS OF DH-P HOUS INGS
Rating | weight
Type of Housing (Lbs.)
Kv | Amps.
Breaker 5| 1200 1600
Breaker 512000 1800
Indoor Auxiliary 5 2200
Breaker 1511200 2000
Breaker 15 (2000 2200
Auxiliary | IS 2800
Breaker 511200 2150 (1)
Breaker 5| 2000 2350 (1)
Shelterfor-M| Auxiliary| 5 2750 (1)
Single-Row Breaker 15 | 1200 2700 (1)
Breaker 15 (2000 2900 (1)
Auxiliary | 15 3500 (1)
Breaker 511200 4000 (29
Breaker 5 | 2000 yroon (2)
Shelterfor-M | Auxiliary | 5 52004 (2)
Double-Row Breaker 15 | 1200 5000 (2)
Breaker 15 | 2000 5400 (2)
Auxiliary | I5 6600, (2)
Breaker 5 | 1200 1950 (3)
Breaker 5 (2000 2150 (3)
. Auxiliary [' & 2550 (3)
Aisle-less 1o aker |@5fw200 | 2s00 (3)
Breaker K5 [ 2000 2600 (3)
Auxiliaryl 15 3200 (3)
NOTES: (1) Includes One) Indoor Housing Plus
Weatherpreofing Plus Aisle.
(2) Includes) Two Indoor Housings Plus
Weatherproofing Plus Aisle.
(3) Teludes One Indoor Housing Plus
Weatherproofing.

Special“attention should also be paid to
the accurate leveling of the floor adjacent
to the heusings on the breaker drawout side
since the rapidity and convenience in in-
stalling and removing the circuit breaker
elements will be facilitated by a smooth
hard floor surface.

Standard drawings 505A 863 and 505A 864
show the recommended method of installing
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the floor channel steel. Welding to floor
steel is preferred to" eliminate the need
for accurate lining, upw®f bolts. The steel
supporting channels used"in the floor should
be brought to theftrme plane of the finished
floor, leveled, ‘and /held there until the
concrete is set.

When jinstalling metal-clad switchgear
on existing floors, it will usually be de-
sirablegto“pour a new finish floor with
embedded{ehannels, or to cut slots in the
flooxr for embedding and leveling the sup-
porting,channels,

Foundation: Outdoor

Outdoor switchgear has an integral base
frame of steel channels, Therefore, it is
only necessary to install a suitable foun-
dation upon which to bolt down the switch-
gear. The foundation for Shelterfor- M may
be a simple concrete pad, footers, or
pillars as shown on Drawing 508A050, The
recommended foundation for Aisle-less is
a full concrete pad under the assembly and
in front of it for breaker drawout. The
Aisle-less foundation also could be footers
or pillars but a breaker drawout pad would
still be required.

Foundation bolting details are similar
for Shelterfor-M or Aisle-less and are
shown on standard drawings 508A051,
508A052, 508A061, and 508A 062,

Floor Plan and Conduit Layout

Provisions must be made in the foundation
for the conduits which carry the main
cables, control wiring, and ground cable
when such conduits enter the switchgear
from below, A floor plan or base plan
drawing is made for each metal-clad switch-
gear shop order. This shop order drawing
must be used for determining the final
conduit layout, spacing of floor channels,
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Fig. 1. Indoor: FrontyView
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Fig. 2.,,0utdoorShelterfor-M: Front View
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Front View

Fig. 3. Outdoor Aisle-léss
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Control Module
Breaker /Bus Module

1
2.
3. Line Module I. Control Module 5. Fuse
4. Ground Bus 2. Auxiliary Module 6. Main Bus
5. Main Bus 3. Line Module 7. Upper Rear Modules
6. Uppcr Rear Modules 4. Ground Bus
Fig. 4. Indoor: 5 KV Breaker Housing?* Fig. 5. Indoor: 5 KV Auxiliary Housing*
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: I. Weatherproof Aisle Roof
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Fig. 6. Shelterfor-M: 5 KV Breaker Housing* *(Ventilation indicated by arrows)
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F1g. 9. Shelterfor-M: Rear View

Rear View

Fig. 10. Aisle-less:



24

1slé

View of ‘A

Fig. 11. Shelterfor-M

Fig. 12. Outdoor: Line Module with Rear Sheet Removed



Fig. 13. Outdoor: F.V. Close-up showing Ventilating
Screen and Transport Truck Clips

Fig. 14. Indoor and Shelterfor-M: Standard
Instrument Panel
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Fig. 15. Aislezless: Standard Fig. 16. Indoor and Qutdoor: 5 KV Breaker Housing with
Instrument Panel PT Compartment Door Closed
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Fig. 17. Indoor and Qutdoor: 5 KV BreakeryHousing Fig. 18. Indoor and Outdoor: 5 KV Breaker Housing
with PT Compartment Door Open with Shutter and all Barriers in Place

Fig. 19. Indoor and Outdoor: 5 KV Breaker Housing Fig. 20. Indoor and Qutdoor: 5 KV Breaker Housing
with Shutter Removed with Shutter and Barriers Removed
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Fig. 21. Indoor and Outdoor: Close-up, Position
Interlock (Unlocked)

Fag. 23. Indoor and Outdoor: 5 KV Breaker Housing
with MOC Sw

Fig. 22. Indoor and Outdoor: Close-up, Position
Interlock (Locked)

s

Fig. 24. Indoor: Rear View of 5 KV Breaker Housing
with Rear Sheet Removed
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Fig. 25. Indoor and Qutdoor: 15 KV AuxiliaryyHousing Fig. 26. Indoor and Qutdoor: 15 KV Auxiliary Housing
with PT and Fuse Doors Closed with PT and Fuse Doors Open

i

Fig. 27. Indoor and Outdoor: Lightning Arresters Fig. 28. Indoor and Qutdoor: Field Control Equipment
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Fig. 29. Maintenance Handle

Fig. 31. Spanner Nut Wrench

Eig."38) Test Cable

Fig. 34. Test Cabinet
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Self-Adjusting Bridge
Release Bar

Notch for Latching ACB
Guides for ACB

£ oW -

L
/
{

Fig. 35. Turning Dolly Ei8.986. Transport Truck

Fig. 37. Arc Chute Lifter Fig. 38. Manual Spring-Charge Handle

|. Use Balancing Chain or
Cable

2. Lifting Angle

3. Jack Support and
Shipping Brace (Jacking
Location)

4. Jack Support and
Shipping Brace
(Shipping Location)

Fig. 39. Handling of Indoor Shipping Group



|. Spreader or Shipping
Brace

2. Switchgear Throat or
Enclosure & H.V. Bus
Connection (If Required)

3. Lifting Lugs for Slings
or Hooks and for Jack
Supports

~‘§\§\§\\\‘\~§“‘-\

Fig. 40. Handling of Outdoor Shipping Group

I. Bus Run or Transformer
Throat

2. Sealing Ring

3. Felt and Cement

4. Switchgear Throat

=y =

ut

(A) UNDRILLEDRFLANGE (B) DRILLED FLANGE

(C) FLANGE-LESS

Fig. 41."Sealing Rings for H.V. Enclosures



SHUNTS AND
CONNECTORS TO
BE TAPED TO COMPLETE
THE INSTALLATION

LEADNLA 1!
CABLE

Fig. 42. Typical Main Cable

Installation
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CLOSING SEQUENCE

| cLose puLL Fuse switch |

!
rGREEN UITE ENERGIZED l

CLOSE CONTROL SWITCH

**CS/C™" MAKES

"X COIL
ENERGIZED,

1

X1 CONTACT
MAKES

“X2"° CONTACT
MAKES

“X" COIL CLOSE ‘CaIL “cc™
SEALED-IN ENERGIZED
| ACB CLOSED |
Iy .
T — -

AUXILIARY SWITCH

AUXILIARY SWITCH
o’ "MAKE ‘b’ BREAK

e 1

REDILITE
ENERGIZED

RIP CIRCUIT] GREEN LITE
SET-UP DE-ENERGIZED

RELEASE CONTROL SWITCH
*'CS/C” BREAKS

[

“X' ColL
DE-ENERGIZED

ACB MECHANICALLY
UNLATCHES "“X*' CON-
TACTS OPEN, PUMP-
ING PREVENTED IF
ACB TRIPS BEFORE
CONTROL SWITCH IS
RELEASED.

CLOSE COIL **CcC”’
DE-ENERGIZED

L T2
I PULL 1
cs <c>

[«

FUSE
SWITCH

ge—————————  D.C. SOURCE

13

PULL :1: 10
FUSE 10
SWITCH 12
¢ e Lu

Fig. 43. Solenoid Breaker with DC Control and DC Shunt Trip
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|£LOSE PULL FUSE SWITCH l
CLOSING SEQUENCE  —

1 1
| MOTOR *m** ENERGIZED | | GREEN LITE ENERGIZED |

| CLOSE SPRING CHARGED |
I

[ 1 1
LIMIT SWITCH LIMIT SWITCH LATCH CHECK SWITCH
*'LS/a"* MAKES LS/ BREAKS “LCS"* MAKES

|
[ moToR " DE-ENERGIZED |

CLOSE CONTROL SWITCH
"'CS/C"" MAKES —_—— =
I

L SPRING RELEASE COIL _J
_____ SR’ ENERGIZED - T
CLOSE SPRING DISCHARGED
T

1 L
“LS/a" BREAKS | [ s makes |
[ |

I
SPRING RELEASE COIL I MOTOR "‘M”’ I [ AUXILIARY SWITCH ] AUXILIARY SWITCH
*'SR" DE-ENERGIZED ENERGIZED ‘‘a'* MAKE ‘b’ BREAK
Iy
H — 1
RIP,CIRCUI GREEN LITE Y™ ColL J
SET:UP DE-ENERGIZED ENERGIZED

CLOSE SPRING

CHARGED
1
— 1
“LS/a” MAKES | [ “Lsa* BrEaks | “Y** CONTACT BREAKS
PUMPING PREVENTED
[ _MOTOR "M" DE-ENERGIZED § IF ACB TRIPS BEFORE
CONTROL SWITCH Is
RELEASED.

“CS/c** BREAKS
T
| "y colL pE-ENERGIZED, }

RELEASE CONTROL SWITCH l

! 2
A PULL
FUSE
S¥WITCH 4-Cs Les
T G R Y T PR

D.C. SOURCE

=

PULL

FUSE T %/ 10
SWITCH
6 6 14 12
T

Eigy 44. Stored Energy Breaker with DC Control and DC Shunt Trip

.
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CLOSING SEQUENCE

l CLOSE PULL FUSE SWITCH

t |
[ mwotor “w* enercizED | [ GREEN UITE ENERGIZED |

{ cLOSE sPRING CHARGED |
I

[ T 1
LIMIT SWITCH LIMIT SWITCH LATGH CHECK SWITCH
“‘LS/a' MAKES *LS/b"" BREAKS “LCS™ MAKES

[ MOTOR “M” DE-ENERGIZED |

T
1
1
i
A I
I
i

“Y" COIL ENERGIZED
THROUGH Ry
; ——
S __{ ¥ \CONTACTS WAKE I Y, ' CONTACTS BREAK

“Y" COIL ENERGIZED
THROUGH R1 & R2

I
—

1

!

I

I

I

l

IL SPRING RELEASE COIL |
-=5 $5R” ENERGIZED %

CLOSE'SPRING DISCHARGED
ONLY {F ACB IS OPEN
ACB CLOSED

“y* colL “SR™ COIL
L “y” coIL J l “SR™ COIL MOTOR ““M'/ENERGIZED AUX|LIARY swncn] LAUXILIARY SWITCH] DEENERGIZED DEENERGIZED
)

“‘LS/a"" BREAKS

*LS/a”’ BREAKS “Ls/b" MAKES

CENERGIZED DEENERGIZED
{ 1 CLOSE SPRING “Yb" MAKE L Yo" MAKES |
vy MAKES | | Yo" wakes | CHARGED. RED me TRIP cmcun GREEN LITE
2 ENERGIZED SET-UP DE-ENERGIZED
T TPyAT TS PUMPING ACTION
/ BREAKS
PUMPING ACTION Ls o waKES | {2085 ] PREVENTED IF
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and floor space required for each metal-
clad switchgear structure,

Conduits should project ‘above the fin-
ished floor approximately two inches for
indoor switchgear and approximately 8
inches above the foundation for outdoor
switchgear, It will simplify moving the
groups into place if the conduits are ap-
proximately flush with the concrete, and
extension conduits added after the units are
in their final location, Otherwise it will
be necessary to raise the units on timbers
a sufficient height for the pipe rollers to
clear the tops of the conduits.

If more than one control conduit is re-
quired per housing they must be aligned
in the space allotted for them on the floor
plan. It is desirable to provide a blocked
out slot in the floor or to provide clearancé
holes around the secondary conduits so that
minor bending of the conduits can be made
when the switchgear is installed, The space
available for the conduits is quite limited
and minor bending of the conduits isfSomeg=
times necessary to correct for®errors /in
locating the conduits and for aceumulated
positive tolerances in long, ‘Switchgear
structures.

Standard drawings 505A863, 505A864,
508A051, 508A052, 508A061, and 508A062
present typical floer plans and tables of
dimensions for thévarigusratings of metal-
clad switchgear§ These“drawings are for
standard units and may be used for pre-
liminary layouts “oxf for planning future
additions, For final layouts only the prop-
erly identified floor plan or base plan sup-
plied by the factory should be used,

Eneéixcling loops of reinforcing or build-
ing steel around single phase conductors
shouldwbe avoided in the areas for main
cables, - when these circuits are rated at
600 amperes or above,

Shipping Groups

The following recommendations and general
order of operations will assistiyin the in-
stallation of the Porcel-Jlingymetal-clad
shipping groups:

1. When three or mere shipping groups
of the switchgear aregfte be"arranged in one
continuous assembly, THE CENTER SHIP-
PING GROUP SHOULRD BE THE FIRST
LOCATED., Thel other shipping groups
should then Wbe (installed in successive
order in each) dixection from the center of
the struecture,

WhenWinstalling a unit substation or
powertcenter, the power transformer and
the gadjacent metal-clad group should first
be( lined up and set in position in ac-
cordance with the dimensions on the base
plan drawing for the installation, The ad-
ditional groups should then be installed,
(Also see section on POWER TRANS-
FORMER ENCLOSURES.)

2, Remove crating and packing ma-
terial from the groups to be erected. For
single-row Shelterfor-M installations re-
move and set aside the aisle wall with
attached base channel from across the front
of the shipping group and discard wall
shipping brackets., For double-row Shel-
terfor-M installations remove the pro-
tective covering from across the front of
the shipping group. The skids should not
be removed from indoor groups if rollers
are to be used.

3. Move the first group into position
either by crane or by pipe rollers. (Re-
fer to the section on HANDLING). The
rollers, if used, should be high enough to
allow the switchgear to pass over the
conduits projecting above the floor, If
main cables enter at the bottom of any of
the outdoor groups, it will be necessary to
remove the rear sheet and the rear floor
sheet, As the bottom rear cable entrance
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compartment will then be completely open,
the units may be moved over the projecting
conduits,

4, Establish a base line a few inches
in front of the group and parallel with the
desired front of the structure. Equalize
the distances from the front of the housings
to the base line, thus making the face of
the group parallel to the base line,

5. Using an accurate level, check the
levelness of each housing both laterally and
longitudinally., These checks should be
made on the floor of the housing on the
paths upon which the circuit breaker wheels
travel, Using a plumb line, also check
each housing for plumbness. Ifthe housings
are not level or plumb, it may be the re=
sult of poor leveling of the foundation
members, Poor indoor foundationdeveling
may be corrected by insertingdshims at
the points where the individual heusings
are fastened to the floor steel “¢hanmnels,
Poor outdoor foundation leveling may be
corrected by inserting shimsjat the points
where the integral base frame ‘isffastened
to the concrete foundation. JAs can be
seen, level foundations_&re desirable since
they automatically produce true, level, and
plumb switchgear installations. However,
switchgear will operate,satisfactorily on a
true and flat foundationywhich has a uniform
slope of no morewthan 1/8 inch in three
feet, When installing switchgear housings
on a foundation{with a uniform slope, the
floor offthe heusings should be parallel to
the fodndation_ and the vertical center line
of the housings should be perpendicular to
the floor instead of level and plumb,

6. Subsequent shipping groups should
he moved into position and the procedure
outlined in paragraphs 3, 4, and 5 for the
first group repeated. The groups should
then be bolted together with tie bolts and
given a final check for levelness and
plumbness. The complete installation
should then be fastened to the foundation
by bolting or welding.

37

7. For double rowwShelterfor-M in-
stallations it is importantithat the groups
facing one another “he aeCurately spaced
so that the aislegpartsywill fit properly.
Refer to the shop order drawings for
proper spacing:

8. All liftingangles, lugs, and shipping
angles should be removed.

Shélterfor-M Aisle Section

Aftery,completing the installation of SHIP-
PING"GROUPS as outlined, the Shelterfor-M
Aisle Sections should be erected. Refer to
standard drawing 509A796 and assemble
parts in the order that follows and in the
numerical sequence shown on the standard
drawing,

1. Aisle wall with attached base chan-
nel: Furnished for single row installations.
Locate and level the wall assembly in re-
lation to the previously installed shipping
groups. Brace temporarily with 2 x 4's
between the top of the wall and the main
structure, Loosen (do not remove) bolts
between adjacent wall sections and between
wall sections and base channel,

2, Tie down clip: Use to secure wall
base channel to foundation, Tighten bolts.

3. Floor plates: Set in place and bolt
tightly to appropriate channels,

4, Floor filler: Furnished for in-
stallations without front extensions, Set
in place.

5. Aisle roof: Remove temporary
wooden braces and bolt on the individual
roof sections loosely.

6. Aisle seam cover: Lock in place and
loosely bolt down at rear,

7. Aisle seam cover cap: Looselybolt
on as shown,



38

8. Housing seam cover: Furnished for
installations of more than one shipping
group., Lock in place and tightly bolt down
over each shipping break,

9, See Shelterfor-M Aisle Adjustment
for final installation operations.,

Shelterfor-M Aisle Ends

After completing the assembly of the
Shelterfor-M Aisle Section as outlined, the
Shelterfor-M Aisle Ends should be erected.
Refer to standard drawing 509A797 for
single row installations and standard draw-
ing 509A 798 for double row installations
and assemble parts in the order that fol-
lows and in the numerical sequence shown
on the standard drawings.

1. Door and frame:
as shown,

Loosely bolt on

2. Aisle end filler:
single row installations.
as shown.,

Furnished (for
Loosely bolt on

3. Roof end trims:
loosely bolt down.

Lock infplaee and

4. See Shelterfor-M Ajsle Adjustment
for final installation operations.

Shelterfor-M Aisle Adjustment

After completingythe asSembly of the Shel-
terfor-M Aisle Seetion and Shelterfor-M
Aisle Ends as outlined, the aisle should
be adjusted and bolts tightened in a se-
quence sogas to properly weatherproof the
aisle. Always work from the aisle ends
toward the™middle wall sections or roof
sections? Line up and adjust the re-
latienship between the roof end trims, aisle
end fillers, door frames, roof sections,
and “wall sections so as to eliminate gaps
along the line between roof end trims and

roof sections and between aisle end fillers
and wall sections,

As the relationships are_being adjusted
proceed to tighten bolts in fhe following
sequence:

1. Roof end trims,

2., Aisle end fillexs.

3. Door frames.

4, Roof and wallysections adjacent to
end fillers.

5. Intermediate/roof and wall sections.

6. Aisle‘seam covers and caps.

Shelterfor=M"Aisle Lights

After ecompleting the assembly and Adjust-
ment “0f the Shelterfor-M Aisle Section
and" Ends as outlined, the Shelterfor-M
aislg lights should be installed. Refer to
standdrd drawing 509A799 and assemble
parts in the order that follows and in the
numerical sequence shown on the standard
drawing,

1. L.H. switch assembly: The two volt-
age source wires from the housing must
first be run in their trough and connected
to the un-mounted L.H. switch assembly.
Now bolt on the L.H. switch assembly (to
the latch side of the aisle door) in the
vertical position shown. Run the four
wires vertically and lay in their trough for
connecting to the first light assembly in
paragraph 2,

2, Light assembly: Bolt the assembly
to the aisle roof laying the wires in the
channels. Note that the light assembly
closest to the L.H. switch assembly should
have one wire removed. Match-up and
connect wires between L.H. switch assem-
bly and first light assembly and between
adjacent light assemblies. The wires from
the last light assembly will be connected
to the R.H. switch assembly inparagraph 4,

3. Light assembly trim: Bolt on the
light assembly trim (or channels) between
adjacent light assemblies.



4, R.H. switch assembly: Bolt on (to
the latch side of the aisle door) in the
vertical position shown, Run the five
wires vertically, lay intheir trough, match-
up and connect to the wires from the last
light assembly.

Aisle-less Weatherproofing

After completing the installation of Shipping
Groups as outlined, the Aisle-less weather-
proofing parts should be assembled. Refer
to standard drawing 509A 800 and assemble
parts as follows.

1. Housing seam cover and cap: For
installations consisting of more than one
shipping group, lock in place and bolt
down over each shipping break. In addition,
bolt on cap as shown,

2. Roof end trims: Lock in“place,over
the housing end roof sections_andWbolt as
shown,

Power Transformer and Bus,Run
Enclosures

Switchgear assemblieg are frequently in-
stalled adjacent t¢ power transformers to
form Unit Substations or Power Centers.
(See paragraplf™#1“under installation of
SHIPPING,GROWPS.,) Switchgear also fre-
quently tiesWintesbus runs. In such cases,
the tramsforme® or bus run enclosure is a
part of,the installation or field assembly.

High voltage enclosures may be divided
into five general types. A shop order
drawing” showing the assembly of these
enclosures is normally included on the
customer's drawing list.

1. Undrilled-flange type: (See Fig.
41-A) This enclosure is generally used
for outdoor installations. The flanges are
turned outward and not drilled. A sealing
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ring assembly with felt and cement is
furnished for joining (and Weather proofing
the mating enclosuues.ssfTo install, align
the mating flanges ‘and enclosures and
cement the felt fo/theroutside surfaces of
both flanges imysuchfa way as to seal any
gap between themy, Then slide the frame of
the sealing ring/down from the top and
secure in place by bolting on the bottom
section,

2. Drilled-flange type: Thisenclosure
mayybeused for either indoor or outdoor
installations. The flanges of the indoor
typesiare turned inward while the flanges
offythe outdoor type (See Fig. 41-B) are
turned outward. To install the indoor type,
align the mating flanges and enclosures and
simply bolt together. To installthe outdoor
type, align the mating flanges and en-
closures., If gaskets are to be used, insert
gaskets between the mating flanges and
then bolt together. If a sealing ring as-
sembly (See Fig. 41-B) is to be used, bolt
flanges together, cement felt to the outside
surfaces of both flanges, and then slide
the frame of the sealing ring down from
the top and secure in place by bolting on
the bottom section,

3. Flange-less type: (See Fig, 41-C)
This enclosure may be used for either in-
door or outdoor installations., There are
no flanges. A crimped and formed band
is furnished for joining the mating en-
closures. To install, align the mating
enclosures, slide the band down from the
top and secure in place with bolts. For
outdoor weatherproofing, gaskets are fur-
nished as an integral part of the band.

4, Box-enclosure type: This enclosure
is limited to outdoor assemblies, It gen-
erally encloses connections and transitions
between outdoor switchgear and outdoor
power transformers, Instruction Leaflet
I.L. 48-069-30, which is included with the
power transformer instruction book, gives
complete assembly instructions.
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5. Close=-coupled type: This enclosure
is limited to indoor assemblies. It gen-
erally encloses connections and transitions
between indoor switchgear and indoor power
transformers. For both dry-type and
liquid-type transformers the connection
and transition compartment (or enclosure)
is an integral part of the transformer. To
install, alignthe adjacent switchgear housing
against the transformer transition com-
partment, butt together, and secure with
tie bolts. Generally the front panels of
the dry-type transformer are located inthe
same vertical plane as those on the switch-
gear,

High Voltage Bus Connections

There are certain high voltage bus joints
or connections that must be made in the
field. These connections fall into two
categories: (1) between switchgear and
power transformers or bus runs and (2)
between switchgear shipping groups. ( In
general, the connecting procedures are the
same for both categories.

The high voltage bus connections within
power transformer or bus run,enclosures
require insulation where meétal-clad stand-
ards are applicable and where electrical
clearances so warrant Jtwny St¥ict attention
must be given to proper ifisuilation of those
joints using flexible “eonnectors. Flexible
connectors have a,tendency to bow or
bunch, particularly under short -circuit
conditions, reducingthe electrical clearance
between them. Certain high voltage con-
nections (such as the close-coupled type
between indoor switchgear and indoor dry-
type powertransformers) require insulation
even though:the non-switchgear conductors
are bare.) In other words, high voltage
insulation is required on all metal-clad
switchgear conductors and connections up
to“andyincluding the joint to the non-switch-
gear equipment,

The switchgear high voltagesbus con-
nections (such as the main bus#and any
transfer bus or tie bus) are,completely
assembled and fitted at thesfactony. How-
ever, at the shipping group break, sections
of bus are removed, identifiedypacked, and
shipped separately and must therefore be
connected in the field,

After aligning and bolting together the
power transformteryor’bus run enclosures
and the switchgear) shipping groups, the
following stepsyshould be followed:

1. , Cleanthe silver-plated contact sur-
faces lightlyaywith crocus cloth and wipe
with @ cleasing solvent such as Stoddard's
Solventiy(or Westinghouse #1609-1).

CAUTION:
Keep“Sparks and flames away. Do not breathe
large quantities of vapor. Avoid excess contact
with skin.

2. Bolt the bus bars together using the
splice plates or flexible connectors and
hardware supplied. Recommended tightness
for various types of hardware is shown in
Table No. 2.

TABLE NO. 2 - BOLT TIGHTNESS FOR BUS AND CONNECTIONS

Torque in Foot-Pounds
for Bolt Diameter

Bolt Material I/ | 5/16)3/8|1/2]|5/8
Heat Treated Steel 5 12 20 50 95
Silicon Bronze 5 10 15 4o 55

3. Insulate the joint or connection in
line with instructions shown on standard
drawings 510A998 and 510A999,

Main Power Connections

Porcel-line metal-clad switchgear is usually
provided with either solderless cable con-



nectors or potheads for terminating main
power cables. Figure42 showsinstallations
of both types.

Before making up the connections, the
phase of each cable should be determined.
Normally metal-clad switchgear is supplied
with connections for phase rotation A~B-~C
unless otherwise required on the particular
shop order.

When forming cables for termination
within switchgear assemblies, avoid sharp
turns, corners, and edges in order to pre-
vent damage to, or weakening of, the cable
insulation, The cable manufacturer's in-
structions should be followed closely in
determining the minimum bending radiief
cables and the proper tapering of insulation
to establish necessary voltage gradients,
Such instructions will vary with the type
and size of cable involved as wellyas with
the service voltage for which the cable is
designed to operate.

Solderless-Type: Solderlessconnectors
are normally furnished fergsterminating
non-leaded cable, Inf addition insulating
clamps may be provided to separate the
cables and to support their weight, The
cable manufacturer's instructions should be
consulted for theWexagct details required in
terminating ap¥y given type of power cable.
Cable clamps'when supplied may be drilled
at the factory “§f the outside diameter of
the cable is knoewn. Since it is frequently
impossible for the factory to determine
the exactoutside diameter of the cable that
will be used, these insulating clamps will
be supplied with 1/4" diameter pilot holes
and must be redrilled to exact size in the
field. After drilling, the insulating clamps
should be saw-cut longitudinally through
the center line of the drilled holes to fa-
cilitate installation and to provide proper
clamping action, The complete connection
must be taped in accordance with standard
drawings 510A998 and 510A999,
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Potheads: Connecti®ns of cable into pot-
heads should be made‘infaccordance withthe
pothead manufacturexr's™instructions in-
cluded in suppleméntaryinstructions or with
the potheads. Flexible connectors are pro-
vided to conneet, the'pothead aerial lugs to
conductors inthe switchgear so as to avoid
strain ongtheWwpothead insulators. The
flexible ,connectors are to be taped in
accordanceywith standard drawings 510A998
and 510A999 along with the complete joint.

Ground Bus Connections

Therground bus in metal-clad switchgearis
assembled in sections with a joint in each
housing, The section at a shipping group
break is removed, identified, packed, and
shipped separately and must be reinstalled
in the field.

Terminals of the solderless type are
provided on the ground bus in one or more
housings as shown on the shop order floor
plan drawing., These terminals are for
connecting the switchgear ground bus tothe
station ground. The connection to the
station ground should be as direct as pos-
sible and should not be in metal conduit.

It is recommended that the connectionto
the station ground have a cross section of
500,000 circular mils or greater if the soil
in which it is buried is of such character
as to cause appreciable corrosion, This is
especially true where electrolysis from
stray currents or contact with dissimilar
metals exists, The resistance of the soil
surrounding a station ground depends on
the condition of the soil as well as its
chemical content. Dry, loose, sandy or
frozen soils will have a high resistance as
compared with moist soils or soils con-
taining ashes, cinders or salt solution. A
variety of methods is available for providing
the ground, two of which will be described.

Plate Ground: A very effective ground
is obtained by using a copper or brass plate
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from 10 to 25 squarefeet area, depending on
station capacity, and one-half inch thick,
Drill a number of one-half inch holes in
this sheet. Place the sheet on a 2-foot layer
of charcoal in a pit of sufficient depth to
insure contact with permanently moist soil
of good conductivity, and deep enough for
protection from mechanical damage to plate
or cables,

Make permanent connection to the ground
plate with stranded cable of atleast 500,000
cm area, Fan three feet of the strands
over the plate surface and solder or braze
them securely. Cover the plate with atwo-
foot layer of charcoal and fill the pit with
earth, settling it with a salt solution.

Pipe Ground: A satisfactory groundcan
also be made from ten pieces of 1 1/2"
galvanized iron pipe of sufficient length
to reach moist earth (not less than 12 feet){
Drive these pipes into the earth placihg
them symmetrically over an area at least
25 feet square., Connect all the pipesgto=
gether by a 500,000 cm cable and clamp
connections, Bury the cable a sufficient
distance below the surface to, prevent
mechanical injury.

Secondary Connections

Internal secondary andgeontrol wiring on
metal~-clad switchgear is factory connected
as required by theWschemfatic diagrams.
Wiring to remotefapparatus is factory con-
nected to terminal§ or terminal blocks.
Secondary and congrolfcables from remote
apparatus must be field connected to these
terminals or terminal blocks, The field
connections mustfbe mechanically and elec-
trically strong and should be thoroughly
checked ‘before being energized.

Voltage ™ Drop: The control bus for
solenodid) operated breakers is usually of
larger, size than the balance of the control
wiring to reduce the voltage drop. Thefeed

connection to this bus should be checked for
voltage drop at the maximum breakeselosing
current and sufficiently large‘gablegised to
insure proper operating aoltage at the
breaker solenoid. Make sure that the
polarity of all the connections from d-c
control sources is correct.

Loading Check: (It 18, suggested that the
loading of the control busses be checked
with an ohmmeterito insure against short
circuits in ghe ‘eontrol wiring before ener-
gizing initially,, ““ an ohmmeter is not
avaflable, serious damage to the control
wiring may besavoided by temporarily con-
nectingja small fuse in series with the con-
trol sgurceyfor the initial check.

Shipping Groups: Openings in the sides
of‘control modules provide access for con-
trol “éonnections between housings. When
shipment is made in groups, the cross con-
nections are factory-installed in one group,
coiled, and identified for connecting in the
field to the adjacent group.

Power Transformers and Bus Runs:
Openings or couplings in the housings
provide access for control connections be-
tween switchgear and power transformers
and for heater connections between switch-
gear and bus runs when required. Where
no conduit is supplied, the cross connections
are factory installed in one assembly, coiled,
and identified for connecting in the field to
the adjacent assembly., Where conduit is
supplied, the conduit and wire between
adjacent assemblies must be installed and
connected in the field as shown on the shop
order assembly drawings.

Rotating Disconnect Transformers and
Fuses

For shipment, the operating links of the
rotating disconnect transformers and fuses
are disconnected from the hinged door and
laid inside the compartment. The cradleis
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bolted to its support on both sides with the
contacts disconnected to prevent wear and
possible damage due to vibration during
transit,

Before placing the switchgear in oper-
ation, the rotating assemblies should be
prepared as follows:

1. Remove shipping bolts,

2, Comnnect operating link to bracket
on door,

3. Make rough check of engagement
between all moving and stationary contacts
in both the connected and disconnected (or
grounded) positions, This contact engage-
ment may be checked simply by "lighting-
out" or '"ringing-out" with a flashlight o¥
bell. Contact engagement isfactory adjusted
and under normal circumstances will check
out properly. However, undue {stresses
from shipping or handling, or§improper
leveling may result in poor contactengage-
ment, If adjustments are reguired,”’they
may be made through the linkvitself which
has an adjustable length,

4, Check fuses to be) sure they are good
and make proper contactyin clips.

Key Interlocks

Key interlocks( arefoften supplied in con-
junction with\diseennecting switches, dummy
breakers’ and Special compartments where
access{ is £0 be denied unless the circuit
breaker “i§ withdrawn to the test position,
The operation of key interlock schemes
is generally described by a note or keying
chart onghe shop order assembly drawings.

To facilitate manufacture and installation
procedures, extra keys are supplied with
each lock. The extra keys will also provide
a set of spares for the Purchaser, but
should be kept where they will not be
accessible to operating personnel,
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CAUTION: Before placing switchgear with key
interlocks in operation, thé keyyscheme must be
carefully checked and“enly*the/proper keys left
in the locks. All extra keys must be removed
and destroyed or stdred where not available to
operating personnel.

Moving Parts

There are,few,moving parts in Porcel-line
metal-clad Switchgear and, in general, they
do “net require installation as they are
factory=installed. However, it is recom-
mended that all moving parts be operated
by@hand (even if normally operated auto-
matically) to assure that no binding or
damage has occurred during shipment or
handling, In addition, foreign matter may
have accumulated during long periods of
storage under unfavorable conditions.,

Type DH=-P Circuit Breaker

Refer to Instruction Book 32-~253-1 for
complete installation instructions for the
type DH-P Porcel-line air circuit breaker,

Accessories

Other than the test cabinet, none of the
standard accessories listed in the '"De-
scription" section of this instruction book
require field installation, It is recom-
mended that all the accessories be stored
and the test cabinet installed in a clean
and dry location convenient to the switch-
gear,

The test cabinet is designed for wall
mounting as shown on standard drawing
657A222, The cabinet also has provisions
for conduit entrance of control power.

Separate Equipment

As mentioned under "Receiving, Handling,
and Storing', appendages such as bus runs
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and synchronizing panels and large internal
equipment such as oil-filled transformers
may be packed and crated separately. They
should be un-crated and installed per the
shop order assembly drawings.

Un-blocking

Many pieces of equipment are blocked or
braced for shipment., As an example, refer
to the '"Rotating Disconnect Transformer
and Fuses" previously discussed. Other
apparatus, such as meters and relays,
must be scrutinized for forms of blocking
or bracing which must be removed.

Adjusting and Testing

After the switchgear together with the ap-
paratus which it is to control has been in=
stalled and all inter-connections made, ‘it
should be given a final check and test be-
fore being put into service. Extreme ¢are
must be exercised to prevent the equip-
ment to be controlled from being connected
to the system while the preliminarytests
are being conducted,

The testing equipment will depend on
the size and type of installation.“Portable
voltmeters will be required. ) For large
and complicated instadlations ammeters
should be available {infcase unexpected
trouble developsy Seme¥simple portable
device for '"ringing!t or#lighting-out" cir-
cuits should be‘includedinthetesting equip-
ment,

Wire connections, accessible bolted bus
connections, and”insulated joints should be
examined to make sure that they have not
been looseéned or damaged during shipment
or ingtallation.

Théconnections to the equipment apart
from.)the switchgear such as instrument
transformers, remote control and interlock

circuits, and auxiliary switchesgashould be
"lighted-out"” to make sure thatqthey are
also correct. The extent to which,this will
have to be done depends ommthesthorough-
ness of the installation work, {Fhere must
be definite assurance that connections are
correct before an attemptiyis made to op-
erate the equipment,

The relays haveybeen checked and ad-
justed at the factery®to a recommended
setting commensurate with the system in-
formation available, The final settings of
the relays should¥be coordinated with other
parts of the“system in accordance with the
Purchaser'systandards or operating prac-
tice. ' If“itgbecomes necessary to modify
these “relay settings, the instruction leaflet
for the relay involved should be carefully
studied.” These instruction leaflets show
typical connection diagrams only and may
not necessarily agree with the connections
furnished., The schematic diagrams fur-
nished for the shop order should be re-
ferred to for the actual connections,

The covers for meters, relays, and
other devices which have to be removed
during the course of installation and test
should be carefully handled when removed,
The covers should be put back in place
promptly to keep dust and dirt from col-
lecting on the vital relay parts.

After the switchgear has been installed
and put intooperation, the drawings supplied
with the equipment should be gone over and
notations made on them of any deviation
made during the installation, A setofthese
should be returned to Westinghouse so that
the tracings may be changed for permanent
record,

OPERATION

The operation of horizontal drawout Porcel-
line metal-clad switchgear has the advan~
tages of flexibility, safety, and ease of



maintenance, plus ease of testing and check-
ing out control circuits,

All circuit breakerswiththe same rating
and control wiring are identical and inter-
changeable so that it is possible to replace
any breaker or housing with another of the
same rating and control wiring,

During operation, all live parts are en-
closed by barriers which permit the op-
erator to perform his work with maximum
safety, Separate covers are provided over
each different compartment, so that any
compartment of a housing may be exposed
without exposing other compartments.

All type DH-P air circuit breakers are
equipped for electrical operation. Agmain=
tenance operating handle is supplied as
part of the accessories to permithymaéanual
operation of the breaker during,mainte-
nance, THIS DEVICE MUST,NOT BE
USED TO CLOSE THE BREAKERON ANY
ENERGIZED CIRCUIT,

The control circuits gqmay be checked
accurately and safely bymowving the breaker
to the test position wheregthe main circuits
are disconnected and“the ‘€ontrol circuits
can be completed By meving the secondary
contact assembly to,the engaged position,

Insertion saandWWithdrawal of Breaker from

Housing

No attempty should be made to place the
circuit breaker in the housing until the
housing installation is complete, If at-
tempted “earlier trouble may occur from
foreign material in the housing, from an
un=level foundation, or from distortion
eaused during shipment or handling,

As a check to prevent the insertion of a
breaker into a switchgear housing of a dif-
ferent rating, an interference interlock is
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provided, The interference interlock con-
sists of a pin on the left gide of the breaker
frame and a notched plate bolted to the
lower left of theghousing. The notched
plate can be seen in \Figs. 16, 17, 18, 19,
etc. Howeverg, for ssafety and since the
interference ,Jinterloeck does not coordinate
control wiringMALWAYS REFER TO SHOP
ORDER INFORMATION, DRAWINGS, OR
SCHEMES“FEO MAKE CERTAIN THAT THE
BREAKER, AND HOUSING ARE COORDI-
NATED F#OR OPERATION TOGETHER.

Te prepare the circuit breaker for in-
gsertion into the housing, first align the
breaker guide channel with the housing
guide rail,

For indoor and Shelterfor-M installa-
tions, the turning dolly (Fig. 35) may be
used to assist the alighment between the
breaker and the housing. After aligning,
remove the turning dolly so as to eliminate
the possibility of defeating the floor tripper
interlocks,

For Aisle-less installations, since the
breaker must be on the transport truck
(Fig. 36), the breaker will automatically
be aligned when the transporttruckis prop-
erly attached to the housing. To properly
attach the transport truck to the Aisle-less
housing, visually align the truck then push
forward slowly but firmly., The truck will
be guided into proper position by angled
and beveled clips welded to the housing
and visible in Fig, 13, In addition, the
truck will attach itself as the bridge portion
rides up the clips and drops down to lock
behind the clips, To release the breaker
from the transport truck, simply press
down on the rail latch, Todetachthe trans-
port truck from the housing, simply step
on the release bar and pull truck away.

The breaker is now ready for insertion
into the test position and then into the fully
energized position, This procedure is fully
described in the circuit breaker instruc-
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tions I.B. 32-253-1, Parts 6 and 7 under
BASIC OPERATING INSTRUCTIONS.

To withdraw the breaker from the en-
ergized to the test position and from the
housing, follow the procedure fully de-
scribed in IB. 32-253-1, Parts 8 and 9
under BASIC OPERATING INSTRUCTIONS.

Breaker Operation and Mechanical
Interlocks

Refer to circuit breaker instructions I,B.
32-253-1 for detailed operating instruc-
tions.

Electrical Operation

General: A one-line or three-line dia-
gram and a schematic diagram is prepared
for each metal-clad switchgear assembly.
These should be thoroughly studied and
completely understood by the operators of
the metal-clad switchgear,

The reading of indicating and re¢ording
instruments and meters is commontknowl-
edge to electrically trained personnel.” The
use of instrument switches, rheostat’ con-
trol, and governor motor control“switches
is also common, Synchromizing@switches
are usually provided on generator and in-
coming line units withga“synchronizing
switch contact wired (infd series with the
breaker control , switchyl!!'close" contact,
The synchronizing ,switch should always
be turned "ON! fifst and the circuits ad-
justed to be in ‘synchronism as indicated
by the synchroscope before the circuit
breaker is closed.

Lamp ‘indication is provided by a green
light to\indicate that the breaker is open,
and d%red light to indicate that the breaker
is closed. For the d-c control schemes,
the\ red) light is also arranged to super-
vise,the trip coil and indicate that the trip
coil circuit has continuity.

Protective Relays: A largeswariety of
relays may be applied to protect'the sys-
tem during faults or otherunusual eperating
conditions, ¥ When such applications are
made, pertinent descriptive’ literature on
each type of relay is includedyinthe switch-
gear instruction books, FINAL SETTINGS
OF SUCH RELAYS _SHOULD BE MADE IN
THE FIELD to coordimate with the other
parts of the powerjysystem in accordance
with the Purchasex's” standards and op-
erating pragtices,

Breaker Control Schemes: The details
of circuitybréaker operating schemes may
vary widely ‘on different metal-clad switch-
gear, installations, However, all schemes
are_derived from basic control schemes
whichfyare shown in their simplest form in
Figs. /43, 44, and 45. They comply with
requirements formulated and approved by
AEIC, IEEE, NEMA, and ASA, A com-
parison between the basic schemes and the
schematic diagram for any particular as-
sembly will reveal which basic scheme
has been employed to meet the require-
ments for that particular application, All
of the schemes are designed to electrically
co-ordinate with the mechanical design of
the breaker,

Combination schemes, such as closing
and tripping on different voltages, and
schemes with a-c closing and d-c tripping
are in common use, Sequence interlocking
with other equipment, various arrangements
of local and remote control, and automatic
reclosing schemes are frequently encoun-
tered.

Breaker Tripping Schemes: A variety
of circuit breaker tripping schemes may be
used with the basic control schemes;

1. D-c shunt trip coils are most fre~
quently used with the d-c control scheme or
more generally, where a reliable source of
tripping power is available, The d-c shunt
trip is included in Figs, 43, 44 and 45.
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2. A-c shunt trip coils are sometimes
supplied with a-c control schemes where the
tripping power is derived from the same
control source as the closing power., How-
ever such trip coils are only relied upon
to trip the breaker under normal operating
conditions and are usually backed up by
some additional tripping means to open the
breaker should a fault occur., The a-c
shunt trip is included in Fig, 45.

3. On schemes using a-c control where
no separate reliable tripping source is
available a capacitor trippingdeviceis often
employed. On this type of device a-c power
is continuously supplied to a Rectox which
charges a capacitor, In such cases the en-
ergy stored in the capacitor is discharged
through a special trip coil when the con-
trol switch is operated to the tripping, po=
sition or when one of the protective relays
closes its contact to trip the breakexrd The
capacitor trip device is included in, Fig,45.

4, Additional tripping schemesy using
under-voltage release coils ertransformer
trip coils are occasionally supplied. In
such cases the use of these dewices will be
clearly indicated on the(schematic supplied
with the equipment.

INSPECTION AND MAINTENANCE

Safety Precautions

When ingpecting, repairing, and performing
maintenance’ on Mmetal-clad switchgear the
fact thatidangerous voltages may exist must
be kept inWmind and precautions taken to
insure that no personnel come in contact
with a "live" high-tension part., Common
géneral precautions for high voltage work
ares:

1. All connections shouldbe considered
"alive" until the crew expecting to work on
them is assuredthat the circuits are''dead",
and until every possible precaution has been
taken to see that there is no chance of a

417

circuit being energizedgwhile the crew is
working,

2, Switches whieh hawe been opened to
de-energize a circuit)to permit work on
equipment shoul@ybe‘lecCked or blocked open
and a suitablegisible warning device placed
thereon,

3. Do net work on parts normally car-
rying current” at high voltage until these
parts have been disconnected from the sys-
tem'and,connected to the ground bus. Pro-
visiony should, therefore, be made by the
Purchaser for connecting adequate flexible
ground leads so as to reach every part of
thewswitching equipment,

4, A good and reliable ground con-
nection is necessary for every switchgear
installation. It should be of sufficient ca-
pacity to take care of any abnormal con-
dition that might occur on the system and
should be independent of the grounds used
for any other apparatus. See GROUND
BUS CONNECTIONS,

Access to Switchgear Parts

High Voltage Parts: Porcel-line metal-
clad switchgear is designed so that internal
compartments provide metal isolation be-
tween the DH-P circuit breaker compart-
ment, the main bus, and the primary line
terminations. Access to high voltage parts
is provided by removable covers and bar-
riers WHICH SHOULD NOT BE REMOVED
UNLESS THE PARTS TOBE EXPOSED ARE
"DEAD", Figures 20 and 24 are photo-
graphs in which covers have been removed
to expose the main bus and the primary
line terminations,

Main Contacts and Current Trans-
formers: Both the stationary main dis-
connecting contacts and the ring-type cur-
rent transformers are located just behind
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the insulating shutter and molded barriers
as shown in Fig. 20, Upper and/or lower
contacts and transformers are easily ex-
posed. For this reason CAUTION MUST
BE EXERCISED. DO NOT EXPOSE ANY
CONTACTS OR TRANSFORMERS UNLESS
ALL UPPER AND LOWER HIGH VOLTAGE
PARTS ARE "DEAD".

Rotating Disconnect Transformers and

Fuses: Figures 16, 17, 25, and 26 are pic-
tures of rotating disconnect transformers
and fuses., Simply opening the hinged door
automatically disconnects and grounds the
moving high-voltage parts. The cable and
stationary contacts are accessible either
by removing back covers or by removing
the complete transformer and cradle or
fuse and cradle assembly. DO NOT AT-
TEMPT REMOVAL UNLESS CABLE AND
CONTACTS ARE "DEAD".

Control Equipment: With the exception
of apparatus such as current transformers
and rear mounted heaters, control equip~
ment and wiring is in general accessible
without exposing high voltage parts,

Inspection and Maintenance Schedule

To assure high quality sepvice,“@ definite
maintenance schedule, systematically fol-
lowed, is essential, Plant, operating, and
local conditions vary to such an extent that
the schedule must beyprepared to suit the
conditions. Howevegz, the following general
requirements ‘Sshould be helpful in setting
up the program,

Individual Devices: The maintenance
schedule for individual devices such as cir-
cuit breakers, relays, meters, etc. should
be based, upon recommendations contained
in thé%individual instruction book for the
devices These operations should be co-
ordinated with the overall program to re-
sultein the least operating inconvenience
and circuit shutdown.

Overall Installation: The switehgear in-
stallation should be given athoroughoverall
maintenance check at least annually, when
plant, operating, and local®gonditions are
normal. Where conditions /arer abnormal,
more frequent inspectidn and/maintenance
is necessary. The following items require
attention:

1. Buses andconnections: De-energize
primary circuits jand ‘remove cover plates
from the pkimary compartments. Before
cleaning takeW'megger'" readings between
phasesgand to, ground., Inspect for symp-
toms whieh might indicate overheating or
weakened Insulation. Remove dust from
buses, connéctions, supports, and enclosure
surfaces, A vacuum cleaner with a long
ngzzle, will be of assistance. Wipe clean
with a' solvent such as Stoddard's Solvent
(or Westinghouse #55812CA).

CAUTION: Keep sparks and flames away. Do
not breathe large quantities of vapor. Avoid
excess contact with skin.

After buses have been dusted and wiped
clean, take '"megger'" readings again be-
tween the buses and ground and between
phases. Keep a record of these readings
for future reference in determining when
trends occur that would indicate a lowering
of the insulation resistance.

Periodic high potential tests are not re-
quired and are recommended only after re-
pair of high voltage buses or insulation, or
when the trend of megger readings indicates
it to be advisable. Such a high voltage test
should not exceed 75% of the factory test
values given in AIEE Standard No. 27 for
new switchgear, Transformer primary
fuses should be removed during high po-
tential tests.

2. Main Disconnecting Contacts and
Supports: Remove each breaker from its
housing. De-energize primary circuits
and expose primary contacts and their por-
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celain supports (or bottles). Wipe clean
with a cloth moistened in Stoddard's Solvent.
(See preceding paragraph.) Inspect for ab-
normal wear or overheating, Discoloration
of the surfaces is not harmful unless cor-
rosion due to atmospheric conditions is
severe, leaving deposits on the surface,
If necessary, these can be removed by a
light application of crocus cloth, Check
each breaker while it is out of the housing
for all items recommended in the instruc-
tion book applying to that particular type of
breaker, (See I.B. 32-253-1)

3. Other Disconnecting Contacts: In-
spect all primary and secondary discon-
necting contacts (such as those on rotating
transformers) for abnormal wear, fatigue,
or overheating, Replace if necessary,
Otherwise treat the same as Main Discon-
necting Contacts above,

4, Control Contactors: Contaets should
be inspected and dressed or replacedywhen
the surface becomes seriously pitted. Un-~
less repetitive duty has beew experienced,
little attention should be required.

5. Instruments, Relaysand Other Panel
Mounted Devices: Individualdevices should
be maintained accozding to the specific in-
structions supplied fof, each device. Re-
move all relay _covers and inspect the in-
teriors for dustfor dirt. This operation
can most “geadily /be performed by relay
test personnelduring periodic relay tests.
Control switches, transfer switches, and
instrument switches should have their con-
tacts inspegted and dressed when neces-
sary.

6. Secondary Wiring: Check all wiring
connections for tightness including those at
theveurrent and potential transformers and
atithe terminal blocks where circuits leave
the switchgear, Make sure that all second-
ary wiring connections are properly con-
nected to the switchgear ground bus where
so indicated.,
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7. Mechanical Papts: Visually check
and manually operate,mechanical moving
parts such as the shuttery TOC and MOC
switch assemblies§ the ‘position interlock,
hinged doors, and the Totating features of
the transformérs “and fuses. Examine
mechanical mating parts such as the lever-
ing=-in screw, thesguide rail and floor trip-
pers.

8. #Ventilation: Check all labyrinths,
grillwork, and air passages for obstructions
and) agcumulations of dirt. The air space
under, outdoor switchgear, which is neces-
sary=for the entrance of ventilating air,
should be cleaned of leaves and other pos-
sible debris,

9. Battery and Charging Equipment:
The control battery is such an important
item in switchgear operation that it must
be given special periodic attention if it is
to have a long life of reliable service. Pe-
riodic inspections and tests are recom-
mended in the battery supplier's instruc-
tions. At the same time the battery is
checked, inspect the battery charger and
remove accumulations of dust and dirt,
On all chargers having a manual transfer
switch for setting the charging rate, check
carefully to be sure that the selector switch
is returned to the value appropriate for a
floating charge at the end of the periodic
inspection, Serious damage to the control
battery can occur if the charger is left on
a high charging rate for an extended period
of time,

10. Records: The condition of each
switchgear unit at the time of inspection
should be listed in a permanent record to
become a guide for anticipating the need
for replacements or for special attention
between the regular maintenance periods.
Megger tests are suggested for checking
the insulation, A series of these tests will
indicate any tendency toward a reduction
in dielectric strength of the insulation,
Megger readings should be taken before
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and after cleaning the equipment and, inso-
far as possible, under similar conditions
at successive periods. Records should in-
clude the megger reading, the temperature
and the humidity (either by definite reading
or description). These limits will vary with
the extent and design of the bus structure,
In contrast with a small installation, the
longer switchgear assemblies will have a
more extensive bus structure with agreater
number of insulators and, thereby, alarger
number of parallel insulation resistance
paths to ground which will tend to decrease
megger readings, This variation in insu-
lation resistance between different
switchgear assemblies emphasises the
value of a series of readings which can be
charted to establish a normal insulation
level so that progressive weakening of the
insulation can be recognized.

11. Abnormal Conditions: Local con4
ditions such as high humidity, salt-laden
atmosphere, corrosive gases, heavy dust,
or severe circuit operating conditions, Aare
considered to be abnormal; and will ‘re-
quire more frequent inspections.

It should be emphasized that@a Series
of inspections should be made at quarterly
intervals until the progressive faets of the
local conditions can be analyzed to deter-
mine a schedule which will maintain the
equipment in satisfactory condifion,

In some locations logal)conditions may
be so bad that ghe“frequéncy of mainte-
nance will interfere with operating and
production schedules. 4In such cases, con-
sideration should%bef given to the possi-
bility of enclosing the switchgear equip-
ment in a relatively tight room and to sup-
plying a sufficient quantity of clean air so
as to maintain a positive pressure in the
room, ‘Under such conditions maintenance
schedules hymay then be established on a
more nhormal basis. Such an arrangement
might*also provide for coolingthe air where
themambient temperature is relatively high,
thus further improving operating conditions.

Lubrication

Porcel-line metal-clad switehgear’is de-
signed so that lubrication 4is, not, required
under normal conditions) /However, ab-
normal local conditionsysuchsas high hu-
midity, salt-laden atmosphere, corrosive
gases, or severe circuit _operating condi-
tions may demand the,use of lubricants,
In such cases a dey or powder lubricant
should be usedfomymoving or mating me-
chanical partsVand)a thin film of vaseline
on disconnecting‘eontacts, The application
of the lubricants’ should be held to a mini-
mum to Fedueerthe accumulation of dust and
dirt,

Rénewal Parts

When ordering renewal or spare parts in-
clude as much information as possible, In
many cases the style number of the new
part can be obtained from identification on
the old part. Always include a description
of the part. Specify the rating, housing
number, and shop order number of the
metal-clad housing in which the part is to
be used.

The following parts are suggested as
spares for a typical installation. The size
and complexity of the particular installa-
tion will cause variations. As a further
guide, spare parts lists are usually in-
cluded in the specific instructions for in-
dividual devices.

1 - Set of primary fuses for potential
and control power transformers.

1 - Package of indicating lamps.

1 - Package of secondary fuses.

1 - Set of contacts for control, instru=
ment, and auxiliary switches.

1 - Set of contacts and coils for auxil-
iary relays.











