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Westinghouse Switchboards

FOREWORD

Many years in designing and manufacturing
switching equipment have developed organized ex-
perience from which the highest results are obtainable.
This experience has equipped Westinghouse Design
and Manufacturing Departments to produce switch-
gear, which will yield the utmost in successful per-
formance and satisfaction to the purchaser.

No matter how excellent the equipment may be,
unless it is first properly installed and then given
proper care after installation, operating results will,
very probably, be disappointing.

Because it is of mutual interest and advantage
to the purchaser and the manufacturer, that satisfac-
tory operation should initially and permanently result,
we urgently request you to study and carry out the
instructions contained in this book.

If further information or more precise instructions
are desired concerning any particular phase of the
subject covered in this book, it will be furnished on
request.
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Location of Equipment

Assistance From the Company In
Selecting Location—The switching equip-
ment in the modern power plant or
substation is generally not a seli-con-
tained device, many pieces of apc{)aratus
being necessarily located some distance
from the switchboard proper. The Com-
pany can usually render the Purchaser
assistance in selecting the most suitable
location for the equipment if drawings or
sketches of the station are sent to the
Works when placing the order. Obvious-
ly a better or more suitable switching
equipment can be produced if the design-
er has complete information regarding
the available space and general condi-
tions pertaining to its ultimate location.
Many details can, without affecting cost,
be adapted to meet local conditions.

Personal Safety—In selecting the
location of switching equipment, first
consideration must always be given to
personal safety. Continuity of service
demands regular inspection, cleaning
and repair with minimum equipment
out of service. Ample space and eleva-
tion, or enclosure of live parts where
possible, are the best safeguards. Aisles
should always be of liberal width and
particularly so if used when operating
disconnecting switches and when in-
specting and adjusting other equipment.
Mats of good quality rubber or other
insulating material should be placed in
front of the switchboard and in the aisles
as a further protection to the operating
and maintenance personnel.

Safety Codes and Local Regulations—
The Purchaser should familiarize himself
with the regulations of the National
Llectric Code, the National Electrical
Safety Code and any State or Municipal
rules that may apply. Where local rules
affect its design, the Purchaser must call
the Company's attention to these when
ordering the switchboard.

Atmospheric Conditions — Switching
equipment designed for indoor installa-
tion must not be exposed to excessive
moisture such as driving rain or conden-
sation. It must be stored and installed
in a dry place which is free from corrosive
fumes and abrasive dust. Any contem-
plated deviation from these rules should
be referred to the Company for advice.
In locating the switchboard, precaution
should also be taken to guard against the
possibility of strong draits carrying the
arc from air circuit breakers to ground.

Future Additions—If future expansion
is probable, provision should be made for
the necessary space so that additional
equipment can be installed with mini-
mum change in the original installation
and interference to service and with the
maximum factor of persona! safety.

Shipping and Handling
Facilities

Advantages of Complete Factory Built
Switchgear—The advantages resulting
from the use of complete factory built
and tested switchgear are now well recog-
nized. With all possible assembly and
testing done at the factory where supe-
rior facilities for both areavailable, instal-
Jation work is reduced to a minimum.
This results in considerable saving in
both time and expense to the Purchaser.
Econoties can be effected in the instal-
lation of even the simplest multi-panel
switchboard if it can be moved into and
handled as a unit at Purchaser's plant,

Shipping Facilities, Purchaser’s Han-
dling Facilities and Size of Openings in
Station Building—These are generally
the features that limit the shipping unit
size of complete factory built equipment.
The Purchaser should, therefore, give
careful consideration in his building de-
sign, to the size of openings through
which the equipment is to be moved and
the maximum weight that can be han-
dled. Since these matters have consider-
able bearing on the design of the switch-
gear equipment, complete information
regarding them should be included in
Purchaser's order.

Drawings and Diagrams

General—The size and complexity of
a switchboard generally determine the
number of drawings that have to be
made for its manufacture and installa-
tion. Usually front and rear view as-
sembly drawings and a wiring diagram
are all that are required for the simpler
equipments. For more complicated ones,
single line and schematic diagrams are
necessary in addition to these. Structure
drawings, station and conduit layouts
and others that may be required are also
made if called for in the contract. For
an installation where a Purchaser makes
his own structure assembly, standard
outline drawings of the equipment to be
mounted in it are provided for his use in
making the design,

When a drawing is made by the com-
pany, a number is assigned and printed
in the lower right hand corner. The origi-
nal drawing is known as Sub, No, 1. If
it is subsequently altered, the changes
are briefly outlined and a new sub num-
ber added in the margin at one side.
Both drawing and sub numbers should
be specified in any cerrespondence re-
garding a drawing.

Assembly Drawings—The front and
rear view assembly drawings show the
ocation of the equipment on the switch-
board. Similarly, structure drawings
show the location of the equipment apart
from the switchboard. If there is suffi.
cient space, a "“Bill of Material” in tabu-
lar form is printed on the drawing with
the view. Otherwise it is put on a sepa-
rate drawing, the number of which is
listed with any other associated drawing
and diagram numbers under the caption
“Engineering Department Reference'’
which appears on all such drawings.

Ttem numbers are listed in the left
hand column of the Bill of Material.
They refer to and are for the identifica-
tion of corresponding numbers appear-
ing on the various views. Numbers from
1 to 200 represent material shown on the
front view, 201 to 500 material on the
rear view and numbers from 501 and up,
material apart from the switchboard.

A description of the material, style or
shop order (S.0.} numbers, drawing refer-
ences and other information are also
given in the Bill of Material. Much of
this is only for use at the Works in
building the equipment. A study of the
description of material wilf, however, be
of assistance in erecting the equipment,
and the style and shop order references
should be used when ordering renewal
parts.

Diagrams—Diagrams in their various
forms are the keys to switchgear instal-
lations. Standard symbols, as adopted
by the American Standards Association,
are used in their preparation. These
symbols are shown in Figs. 1 and 2.
Fig. 3 shows typical symbols for contac-
tors, relays, instruments and meters.



Single Line Diagram—A single line
diagram, as illustrated in Fig, 4, is of
great value, especially for a large or
more complicated installation, since it
depicts the essential features in a simple
manner, On it are shown the main
power circuits together with the switch-
mg devices and the equipment to be
controlled. Instrument transformers and
their connected loads are also shown
in their respective locations.

Schematic Diagram-—A schematic dia-
gram, as implied by the name, shows
in the stmplest possible manner the
connections for the devices that con-
stitute the switching equipment. Such
a diagram, when made for a specific
installation, assists the Purchaser in
familiarizing himsel! with the scheme
of control. It should, therelore, be
carefully studied for that purpose. Tig.
5 shows a typical schematic diagram

A description of the control for the
feeder oil circuit breaker as shown in
Fig. 5, is given in the following para-
graphs to assist in the general under-
standing of schematic diagrams.

rerminal, Stud o)
(Potential Terminals Made Sal-
id when Necessary te Distin-
guish From Current Terminals.}

Resister, Fixed
Adiustable Tap

Fixed Tap
Device No. Preceded by R, or Re-
sistance Yalue May Be Placed In
Symbol in Place of Res

Rheostat

Inductor, Reactor, Coil, Fixed
{Nenmagnetic Core)

Adjustable Tap

Fixed Taps

Inductor, Reactor, Coil,
Field, Etc. (Magnetic Core)
Fixed

Adjustable Tap
Fixed Taps

Series or Shunt
Operating Coil

Blowout Coll
Capacitor

Conductar

Ground

Conductor Crossing

Conductor Connections

Contacts
Open in De-energized Position
ofPMain Device

—”—:-‘II:

Closed in De-energized Position
of Main Device

-
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When the circuit breaker is to be
closed, the control switch handle is
turned to the “CLOSE" position. This
completes the circuit from bus P through
control switch contact CS.C, control
relay operating coil 8-1 O, one pole of
KN.S to bus N. This causes the control
relay to operate and complete the circuit
through the circuit breaker closing coil.
This circuit is from bus P through one
pole of KN.5, contact S-1, breaker clos-
ing coil C and the other pole of KN.S to
bus N. The circuit breaker then closes
and latches in. Auxiliary contact
BKR.aa in the circuit of relay coil S-1
R, closes when the breaker mechanism
operates and resets the control relay,
causing contact S-1 to open. When the
circuit breaker closes, an auxiliary con-
tact completes the circuit through the
indicating lamp R. This can be traced
from bus P through lamp R, contact
BKR,, one pole of KN.S to bus N,

The circuit breaker is tripped manual-
ly by turning the control switch handle
Lo “TRIP”. This completes the circuit
from bus P through control switch con-

Push Button Spring Return
Normally Open a"I—o
Normylly Closed D-Lﬂ.
I':k T
Push Button Stay Put ° : °
o [+
Disconnecting Device \L
(Coupling or Plug Type) Y
Mechanical Connection ——— e
With Fulerum ——p—-
Mechanical Intertock -t —-
Machine or
Rotating Armature
Mu.lti-Positian REV. FW|
Switch 4321 0FF 234
Osd=0
O =0
oo
o
Ot =0
Ry
oo
Limit Switch — *
Opens at the End !

of Operation

Fig, | —FuNDAMERTAL ELECTRICAL SYMBOLS
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tact C8.T, circuit breaker trip coil T,
two auxiliary contacts BKR. in series,
one pole of KN.S to bus N When the
circuit breaker opens, this circuit is im-
mediately interrupted by the contacts
BKR. Lamp G indicates the open posi-
tion of the circuit breaker. Its circuit
is from bus P through one pole of KN.§,
contact BKR., lamp G and control
switch contact CS.0CT to bus N,

In case the type CO overcurrent re-
lays operate, their contacts 0.C.REL,
close and complete the tripping ecircuit
in the same manner as described for
manual tripping, Automatic tripping
of the circuit breaker by means of the
overcurrent relays starts the bell alarm
to ring. This circuit is from bus P
through one pole of KN.5, contact
BKR., contact C3.5C to bell bus B and.
thence through the bell to bus N. Turn-
ing the control switch handle to “TRIP”
opens contact CS. S5C and silences the
bell alarm.

Wiring Diagram—A switchboard wir-
ing diagram is always made regardless
of any others that might be required.
It is used at the factory in wiring the
switchboard and by the Purchaser when
completing his external connections
prior to putting the equipment into ser-
vice. Fig. 6 shows a typical wiring dia-
gram for a four panel switchboard and
Fig. 6A its associated structure diagram,

Wiring diagrams show the connections
on the panels as viewed from the rear
and, although not drawn to scale, can
be used to determine the arrangement
of conduits. The various devices are
shown in their relative locations on the
panels, standard conventional symbols
being used both for these and the equip-
ment apart from the switchboard. The
main power circuits are shown by heavy
lines, exciter and field circuits by medium
heavy lines and the smaller wiring by
light lines. Dot dash lines outline the
panel section..

As shown in Fig. 6, wires terminate
in circles below the panels, This is the
conventional manner of grouping wires
which connect to apparatus apart from
the switchboard. Those at the bottom
of panel No. 1 are designated by Cla-S1,
C1b-81, Clc¢-581, ete. In the combination
C1a-51, the letters C, S and numerals 1
indicate that the wire group which it
designates extends from switchboard
panel No. 1 to structure section No, 1.
The letter ‘“‘a’ designates the individual
group, When the contract includes a
conduit layout, the wires going to equip-
ment apart from the switchboard are
grouped to conform to the conduit ar-
rangement,

Forwarding Drawings for Purchaser
—Copies of drawings and diagrams
specitied in the contract are sent out as
so0n as possible after receipt of the order.
If the contract calls for Purchaser's
approval of these, they should be re-
turned promptly with either an approval
notation thereon or marked to show
the changes required.

If, during the course of design, manu-
facture and test, it is found necessary
to make changes, new prints of the re-
vised drawings are forwarded. A com-



plete set of drawings is also included
with the shipment of equipment. When
the Purchaser receives a drawing having
a new sub number, he should destroy
the superseded one immediately since
serious trouble may result from the use
of an obsolete copy.

Factory Assembly

Except in rare instances required by
unusual conditions, switchboards are
assembled at the factory, with all de-
vices mounted, and the panels complete-
ly wired. Buges and connections are
fabricated and put in place to check
their correctness. After the assembly
has been completed, the equipment is
thoroughly inspected and tested.

Packing and Shipping

Minimum Disassembly At The Fac-
tory—In order to facilitate Purchaser's
instaliation work, only those parts are
disassembled which because of their
size or for some other reason, cannot
be shipped in place. The panels are
shipped singly or in units of two or
more, depending on shipping and Pur-
chaser's handling facilities. When panels
for a multipanel switchboard are ship-
ped singly or in small units, their num-
bers are marked on the outside of the
crate to facilitate selection for reassem-
bly in the field.

Shipping completely assembled multi-
panel switchboards is becoming more
general. As shown in Fig. 7, the switch-
board is provided with a lifting angle
and crated for shipment with the panels
in the vertical position. This method
is recommended wherever possible,

Shipment Notice—The shipment no-
tice, which is mailed from the factory
at the time the equipment is shipped,
lists the apparatus and gives other in-
formation which will be of assistance
to the Purchaser when he receives the
material,

A shipment number, and other es-
sential information, is given at the top
of each sheet of the shipment notice.
This number will be the same for all
material shipped at the same time from
one of our works. A subsequent ship.
ment from the same works or a ship-
ment from ancther works will have a
different shipment number. The num-
bers of the boxes, crates, etc. are given
in the left-hand column of the shipment
notice and their contents listed in one
of the other columns,.

The material is listed and described
in sufficient detail to be readily identi-
fied, shop order and drawing numbers
being given where necessary. Appara-
tus mounted on panels is not listed
separately, However, a device that has

Westinghouse Swilchboards

to be removed for shipment either is
marked or has a tag affixed, giving its
drawing and item number. It is also
listed and described on the shipment
list.

Drawings And Other Literature Ship-
ped With Equipment—A complete set
of switchboard drawings and diagrams,
a copy of this instruction book and any
other literature that might apply, are
packed in one of the boxes. Their num-
bers are given on the shipment notice
with instructions to open the box con-
taining them first. It is especially urged
that this box be opened immediately
on its receipt and that all drawings and
other literature be placed in the hands
of the person responsible for the erection
of the equipment.

Handling and Unpacking

Precautions Necessary —Switchboards
usually have instruments, meters, re-

One Line- -Complete

O O

Three Phase Squirrel-
Cage Induction Motor

Three Phase Wound-
Rotor Induction
Motor

©

Three Phase Syn. Meotor
Generator,or Condenser

With Neutral
Brought Out

“AANAL AN

With Both Ends
of Each Phase
Brought Out

Ioyede

Six Phase

Synchronous Converter
With Comm, and Comp.
Fields

D-C. Series Mator

D-C. Shunt Motor

D-C. Generator or Mator
With Shunt, Comm.,
and Series Fields

QT GOt
O 1Q1QQ iF LT

Direct Connected Units
Basic Symbol

Disconnecting Switch

Knife Switch
Single-Throw

—a | o= —a_ O

—\Lg_ —o, o—

i
—- —

bbb

(ff

Air Break Switch, Horn
Gap, Group Operated

—.

lays and other delicate devices mounted
thereon which might be damaged if
subjected to shocks. Also panels and
bases of insulating material are often
drilled for supporting heavy metal
parts and are thereby weakened too
much to withstand rough handling, As-
sociated equipment such as disconnect-
ing switches, bus supports, etc., have
porcelain parts which might be broken
if handled carelessly, It is, therefore,
imperative that all equipment be han-
dled with the utmost care,

Unpacking also requires special at-
tention. When opening instructions
are stenciled on boxes or crates, they
should be carefully followed. The use
of heavy sledge hammers or crowbars
and the complete demolishing of crates
ot boxes, might result in broken ap-
paratus which would require consider-
able time to replace. Boxes and crates

One Line—Complete

-

-—
-—
-—

Lightning Arrestor

) 1L}
Double-Throw Switch e ddd

7 P17
gr;‘e::‘l-‘lmenl or Relay @
Fuse @

i

i <
Protactive Gap e’ 6 4’ 6

$ $h4
Thermal Element 2 2 2 2

} I
Air Circuit Breaker -]-

?) ?)-?)?)

il Circuit Breaker

Potential Trapsformer

Current Transformer

Bushing Current
Transformer

Auto-Transformer

Tapped Transformer

Induction Voltage
Regulator

@égé%% 3t &=

= Tﬂggggﬁ@r T 2L E}

Capacitance Bushing

i

Dry or Electrolytic
Rectifier—Half Wave

.

(3]

Full Wave

°
-
o
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o+t
]
b
O
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when unpacked, can often be used as
storage receptacles or the lumber in
them used for making storage bins.

When unpacking, the excelsior should
not be destroyed until all the material
listed on the shipment notice has been
accounted for, otherwise some small
piece of equipment might be lost, Iden-
tification tags should not be removed
from the different pieces of apparatus
until the equipment is completely in-
stalled.

Checking Shipment—When unloading
a shipment, the numbers on the boxes
and crates should be checked against
the package numbers on the shipment
notice. Also as the various boxes are
unpacked, their contents should be com-
pared with the list of material.

Shortage Claims—If any shortage is
discovered, claim should be made
promptly after receipt of shipment,
otherwise it will not be considered. The
letter making the claim should be di-
rected to the sales office of the Company
through which the order was placed.
It should give the Company’s general
order number, the Purchaser’s order
number and its date, the consignee, the
shipment and package numbers and the
name of the missing device as given on
the shipment notice.

Breakage Claims—Present all claims
for breakage to the carrier, as the Com-
pany is not responsible for damage to
apparatus after delivery of it to the
carrier. If notified of such claims, how-
ever, the Company will gladly lend assist
ance to secure adjustment.

Return of Material —Do not return
apparatus for credit or exchange with-
out first obtaining written approval and
shipping instructions from the sales
office Lhrough which the order was placed
Notification of such shipment, with a
copy of the shipping receipt must be
sent to the sales office. To obtain credit,
shipment must bear the name and ad-
dress of the sender,

Protection and
Storage of Equipment

General—Protection against loss of
equipment is an important precaution.
Trouble and delay will be avoided by
having good storage facilities arranged
so that the apparatus will be accessible
only to authorized persons and so that
it can be quickly located when required
in the erection program,
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Switchboard equipment, regardless of
whether it is to be installed immediately
or stored for a while Lefure being erected,
should be kept in a dry, clean place.
Conditions such as dampness caused by
rain or change in temperature, cement
dust, ete., should be carefully guarded
against. Covering the equipment with
tarpaulin is frequently necessary both
during storage and erection. The longer
the period of storage, the greater must
be the care taken for protection of the
equipment.

Crated apparatus which is not to be
erected immediately will store much
better if left crated. It should, however,
be inspected to make sure that no dam-
age has been incurred during transit.

Storage batteries should be given
special attention as soon as they are
received, They tchould be unpacked
immediately, their condition checked
and charged if necessary. They should
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never be allowed to stand uncharged.
Refer to the section on Storage Batteries
for information regarding their instal-
lation.

Recording Location Of Equipment—
When storing, the location of the differ-
ent crates and boxes should be marked
on the shipment notice. Boxes or other
packages containing castings and similar
details not requiring protection can be
unpacked.  The material with their
identification tags attached should be
placed in numbered bins which can be
made from the shipping cases. The
bin numbers should be marked on the
shipment notice so that the equipment
can be quickly located during erection,

Details such as bolts, nuts, etc,, are
usually shipped in cloth bags attached
to which are tags listing their contents.
This makes it unnecessary to empty
the bags until the material in them is
tequired for assembly,
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F16. 7—SEVEN PANEL SWITCHBOARD PARTIALLY CRATED FOR SHIPMENT.

Card File For Large Installations—
For large installations, the shipment
notice may be too bulky for quick and
frequent reference. In such cases the
material, when being unpacked, can be
listed on small cards as shown in Fig. 8.
The cards, when filed numerically by
Westinghouse drawing and item num-
bers, provide a convenient reference
for the location of the material during
the construction period and a record
of its withdrawal for erection purposes.

Apparatus Instruction Books

and Cards

Instruction books or cards are usually
shipped with the principal pieces of

Drawing No.. ..o iiiiiiiiiannnaenss
Ttem NO.. ... i iinri it inieneanns
Description . oovviinnni i iiiaaiaaas
Shipment Notice No.......... oiieiiiian
Location—Bin No........ ..ot
Number of Pieces. .......coiiiiiiiianenns
Drawn Out By.......... Date............

Fic. 8—RecommENDED Carp Form FOR RE-
CORDING LOCATION AND WITHDRAWAL
OF MATERIAL

apparatus such as instruments, meters,
relays, circuit breakers, etc. When un-
packing the equipment, these instruc-
tions should be detached and placed in
the hands of the person in charge of
erection. No attempt should be made to
install or adjust any device until the
instructions applying to it have been
carefully read and are thoroughly
understood.

Erection of Switchboard

General—Switchboards are erected
at the factory on true and level bed
plates to insure correct alignment.
Purchaser should prepare his foundation
with care, duplicating factory condi-
tions as closely as possible. Time spent
in assuring an accurate and level base
will be amply repaid in labor saved
during actual erection of the switch-
board.

Bases—Channel iron bases having a
depth of 6 inches, a flange width of
1.92 inches and weighing eight pounds
per foot are supplied for all steel panel
switchboards. They are also supplied
for switchboards comprising asbestos
or slate panels which have sub sections
except those for railway or other ground-
ed system installations operating at
600 volts or above. For these, the
switchboard is usually insulated from

ground by mounting it on a wooden sill |

which is usually furnished by the Pur-
chaser.

The channel iron base has tapped

holes for bolting steel panels or the i

frames for slab panels to it. In addition
to these. it has two other holes—one
13 and the other 1}4 inches—at each

19

panel position, The former are for the
holding down bolts and the latter for
pouring in the grout.

The method of placing the holding
down bolts in the floor will depend on
the construction of the latter. For a
new installation with a concrete floor,
good results will be obtained by locating
%% x 6 inch bolts at the proper places
before the concrete is poured. Large
washers should be placed above their
heads to secure greater bearing surface.
The bolts should extend not less than
three inches above the floor level for
receiving the channel base, washers
and nuts. Inserts or expansion sleeves
can be placed in the floor if this seems
preferable or it may be possible to use
through bolts.

Before erecting the panels, the channel
base should be placed on the floor,
leveled and bolted down as illustrated
in Fig. 9. It should also be grouted in
either before or after the panels have
been erected. If done beforehand, all
bolts must be in place in the channel
before grouting. If this precaution is
not observed, the grout will interfere
with their being placed later.

After the channel base has been bolted
down, its ends should be plugged with a
mixture of fairly dry mortar, then
dammed with boards or bricks as shown
in Fig. 10. Grout consisting of one part
cement and one part sand mixed with
enough water so that it will flow smooth-
ly, should be poured into the grout hole,
Sufficient grout should be poured so
that it will be slightly above the surface
of the channel to provide for settling.

After the channel base has been grout-
ed in, go over its surface lightly with a
rough file to remove high spots and other
matter which might interfere with the
proper alignment of panels.

Wooden sills, when used, should be
placed in the proper position on the
floor, leveled and bolted down. When
locating the holding down bolts, pre-
caution must be taken so that they will
not ground the switchboard frame,
When erecting the panels, their frames
are fastened to the sill with lag screws.

FiG6.9—CHANNEL IRON BASE SHOULD BE LEVELED
AND BOLTED TO THE FLOOR.



Fi1G. 10—AFrTER THE BaseE Has Brex LEVELED
aNp BorteEp Doww, THE ExNps oF THE CHAN-
NEL SuouLD BE CLOSED aS SHOWN AND GROUT
Pourep THroUGH THE LARGE HoLE NOTE
tHAT THE CORNER ANGLES SHOULD NOT BE RE-
MOVED UNTIL THE GROUT HAS SET.

Wall Braces—114 inch pipe is gener-
ally used for bracing the switchboard
to the wall in its rear as shown in Fig. 11.
The method of anchoring the braces
depends on the construction of the wall.
Heavy panel equipment requires solid
fastenings. Through bolts, expansion
bolts or lag screws can be used.

A temporary arrangement of wall
braces may be more convenient until
at least some of the panels are lined up
and plumbed. TFollowing this, the top
iron—when supplied—can be put in
place and finally the permanent wall
braces.

Westinghouse Switchboards

F1G. 12— WHEN UNPACKING, THE CRATE SHOULD BE TURNED ON EDGE AS SHOWN,
SUFFICIENT BOARDS HAVE BEEN REMOVED TO PERMIT HANDLING THE PANEL.

Uncrating Panels—After the switch-
board base is in position afid provision
made for wall bracing, the panels which
should still be in their crates, can now
be moved, as required, to the place of
their installation,

Crates for slate panels have extension
feet as shown in Fig. 12, so that the
panels will ride on edge during transit,
They are not necessary on crates for
steel or asbestos panels. When unpack-
ing slate panels, the crates should be set
on edge with one side resting on blocks
as shown. The wing braces for the
extension feet are first removed, then
the boards of the crate until it is possible
to lift out the panel.

L

¥1G. 11—CoRRECT METHOD OF ASSEMBLY, ALIGNING AND BRACING SWITCHBOARD PANELS,
NOTE THAT MIDDLE PANEL Has BEEN PLACED IN PosiTioN FIRST,
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Note that all panels, regardless of
their type, when shipped individually
for final erection in a multipanel switch-
board, should be uncrated with the
rear up as shown in Fig. 12 to safe-
guard the apparatus on the front and
facilitate handling the panel.

Middle Panel Erected First—Regard-
less of the type of panel or frame con-
struction, the best results in aligning
will be obtained by first placing the
middle panel in position as shown in
Fig. 11 and assembling toward either
end. This results in the distribution of
any slight inequalities toward each end.
A panel can be identified while still
packed by referring to its number which
1s marked on the outside of the crate.
Since this corresponds to the number
given on the assembly drawing, its
position in the switchboard can be
quickly determined.

Steel Panels Or Slab Panels On Angle
Or Formed Channel Iron Frame—A
switchboard comprising steel panels or
slab panels on angle or formed channel
iron frame, can be erected more easily
than one with pipe frame, since the
panel and its frame is taken as a unit
from its shipping crate, set in position
and bolted to the base and adjacent
panel.

Panels On Pipe Frame—Multi-slab
panels for pipe frame mounting are
usually shipped completely assembled.
Although this necessitates furnishing
extra pipe uprights which are used
solely for shipping purposes, it permits
complete wiring of the panels at the
factory and greatly simplifies Pur-
chaser’s installation work. The following
instructions and Fig. 13 should be
followed when assembling switchboards
mounted on this type of frame:

(1) Uncrate and place the middle
panel—designated as No. 8—in
position as shown in View A.

(2) Remove one pipe upright and its
mounting brackets from panel
No. 8 as shown in View B.



Panel Pipe Frame

Westinghouse Switchboards

Upright

Double Bracket

Panel 8 [ Panel 9
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Top View

Fi1G. 13—MEeTHOD 0F ERECTING PIPE-FRAME

(3) Uncrate panel No. 9 and convert
the single brackets on its left
hand upright to double brackets
as shown in View C, using the
single brackets taken trom panel
No. 8

(4) Move panel No. 9 to its position
as shown in View D. Bolt panel
No. 8 to its right hand frame,
making sure that the fuller board
washers are in place between the
rear of the slabs and the brackets.

(5) Continue this procedure progres-
sively on either side of the erected
panels until they have all been
placed in position.

Alignment Of Panels—If, when erect-
ing panels, it is found that large spaces
appear between edges of adjacent panels,
either at the top or bottom, they should
be raised and spacers inserted between
their bottom edges and the channel
iron base as illustrated in Fig. 14. In
order to secure a close fit, it may some-
times be necessary to cut the edges of
two adjacent slab panels with a hack
saw blade inserted between them.

Multipanel And Duplex Switchboards
Shipped As Complete Units—Instal-
lation of these equipments is compar-
atively simple. As shown in Fig. 7, they
are crated for shipment with the panels
in the vertical position. On arrival at
the place of installation, the switch-
board should be uncrated, placed in the
proper location and plumbed. If the
floor on which it is to be installed is
level, no difficulty will be experienced
in doing the latter. If not, shims will
have to be used to secure proper align-
ment. Following this, the channel base
should be bolted down and grouted in,

Control Desks

General—Modern Westinghouse con-
trol desks are made from 1% inch thick
stretcher leveled sheet steel. They are
built in sections and assembled in de-
sired combinations on channel iron
bases. The equipment is mounted on
the desk which is then completely
wired and tested. The construction is
such that the trim can be removed from
either end and sections added without
disturbing apparatus already installed.

Chanmal Iran Chanal lran
Fase Botm

- e

£ Fi—

] = T = 3

1t Operiing Appaars A1 Butium
Hors

Of Funel Place Smacers

SWITCHBOARD.

As shown in Fig. 18, they are designed
for mounting over a pit or opening in
the control room floor. This method of
installation is strongly recommended
since it facilitates making connections
and inspecting the wiring.

Each section has a horizontal wiring
trough so arranged that when all are in
place, a continuous run is provided for
the control and instrument buses.
Terminal blocks are located in the var-

1 Opaning kppers it Top OF
Panel Place Spacers Here

FiG. 14—METHOD OF ALIGNING PANELS.

ious sections for making connections to
these buses and to the cables coming
from separately mounted apparatus.

Shipment—Control desks are crated
for shipment in the vertical position and
wherever possible, as complete assem-
blies. If the latter is not feasible, they
are disassembled and the various sec-
tions crated and shipped individually
or in groups of two or three as conditions
permit.

FiG. 15—FroNT VIEw oF DUPLEX SWITCHBOARD,
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Fi16. 16 —REaAr View oF DUPLEX SwITCHBOARD SHOWN 1IN FIG. 15,

Unpacking And Installation—The pro-
cedure to be followed in unpacking and
installing a control desk is essentially
the same as that for a vertical steel
panel switchboard.  The foundation
should be carefully prepared in advance
and, if the desk has been shipped dis-
assembled, the channel iron base placed
on the floor, bolted down and grouted
in either at the time or after the equip-
ment has been installed.

The crated desk sections should then
be moved to the place of installation in
the order required for erection, and
unpacked. When doing this, care should
be exercised that the equipment is
neither damaged nor the desk finish
marred. Remove sufficient boards
from the crate so that the section can
be lifted out by means of the lifting
angles bolted to the top of the desk
section. These should be discarded
after they have served their purpose.

The middle section should be erected
first, and then the others, working pro-
gressively toward each end. After a
section has been placed it should be
bolted to the channel base and adjacent
section. When all sections are in place,
the control and instrument bus wires
should be pulled in the wiring trough
and connections made between these
busses and the terminal blocks in ac-
cordance with the wiring diagram.

If the transportation and handling
facilities permit shipment of the desk
as a completely assembled unit, instal-
lation work is greatly simplified. Except
for completing the external connections,
it is only necessary to set the desk in
place on the floor, fasten it down with

the bolts which should be placed before-
hand for that purpose and grout in the
channel iron base.

Precaution Necessary When
Swinging Hinged Panels

The rears of duplex switchboards and
certain types of control desks are gener-
ally equipped with hinged panels on
which are mounted meters and relays.
When swinging these panels, it is ex-
tremely important that it be done slowly
and without jar to prevent damage to
the meters and relays or false operation
of the latter.
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Hinged Instrument Panels
and Brackets

Instruments such as voltmeters, the
synchroscope, ete. whose use is common
to a number of panels or sections of a
board, are usually mounted on a formed
steel panel, hinged at one end, as shown
in Fig. 19. Connections between the
instrument panel and the adjacent main
panel are made through a terminal
block. The hinged panel is provided
with a rear cover to prevent contact
with live studs and to improve appear-
ance. When a duplex switchboard or
control desk is equipped with a hinged
panel, the interconnecting wires are
cabled and taken through a bushed hole
in the side of the adjacent section.

Regardless of whether the main board
is shipped assembled or in units, the
hinged instrument panel is usually
detached and packed separately. When
reassembling the equipment, the in-
strument panel should be unpacked
after its adjacent stationary panel has
been erected, and fastened in place by
inserting the pins in the supporting
hinges.  Connections should then be
made to the terminal block on the main
panel and the instrument panel set at
the angle which gives the operator the
best wvisibility, using the adjustable
stop provided for that purpose.

Secondary Wiring

General—Since the secondary wiring
is the vital part of a switchboard or
control desk, it must be given special
attention in the factory, during instal-
lation and after the equipment has been
placed in service. The wiring is care-
fully inspected and tested to insure
its leaving the factory correctly wired,

Fic. 17—TEN SectioN Type D-3-8 ConTrOL DESK ForR SUpkERVISION AND CONTROL OF A
TERMINAL SUBSTATION.
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With few exceptions, switchboards
and control desks are wired with solid
wire having flame proof covering, No. 12
and No. 18 being used for conventional
and miniature equipments respectively.
Flexible cable is used in making con-
nections between the terminal blocks on
hinged panels and the adjacent ones on
the housing. Also wire having a higher
current rating—usually for connections
to apparatus apart from the switch
board or for control buses—is some-
times required. Where this condition
exists, the size of wire to be used is
given on the wiring diagram. The dia-
gram should, therefore, be carefully
examined for such exceptions and wire
of the proper characteristics installed
where necessary.

Ammeter Shunt Leads—In most
cases d-c. ammeters are mounted
close to their shunts and standard No. 12
wire used for their interconnections,
since commercial accuracies can be
obtained under these conditions. When
required, special long leads are furnished
for connections to shunts located apart
from the switchboard and the ammeters
specially calibrated for use with these
leads. If when installing, there is any
excess length, it should be neatly rolled
and supported apart from the panel.
Under no condition should they be
shortened unless the ammeter is re-
calibrated.

Steel Panel Wiring—As illustrated in
Fig. 20, the vertical wiring is run in the
channel shaped sides of Westinghouse
steel switchboard panels and control
desk sections. The wires are easy to
place, accessible, and panels wired in
this manner, present a neat appearance.
Also, changes can be readily made when
desired.

Westinghouse Switchboards

Depth of Pit

a3 Desired

F1G. 18—EnND View oF Type D-5-S ConNTROL DESK ILLUSTRATING METHOD OF
INSTALLATION OVER PIT.

FiG. 19—HINGED STEEL INSTRUMENT PANEL.
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Fi1G. 20—REAR OF STEEL PANEL SWITCHBOARD SHOWING METHOD OF WIRING,

Slab Panel Wiring—Slab panel
mounted on the recommended formed
channel iron {rames are wired in the
same manner as steel panels. When
mounted on angle or pipe frames they
are wired in either of two ways—flat
wiring or bracket wiring. The method
used depends on the number of wires to
be placed and the space available. In
the former, wires are laid flat against
the panel and held in place by metal
cleats as shown in Fig. 21. Although
this figure shows eight wires, smaller
cleats are used for a lesser number.

Bracket wiring is used where a large
number of wires have to be placed in a
limited space. As shown in Fig. 22,
wires are located in a plane perpendic-
ular to the rear of the panel and held
securely in place by metal cleats bolted
to L brackets. This figure shows sixteen
wires supported on one bracket. Oc-
casionally wire groups are double decked
on both sides of the supporting bracket
when space is limited, although this is
avoided when possible since the inner
wires are not readily accessible.

Terminal Blocks—Moldarta terminal
blocks as shown in Fig. 23 are mounted
where necessary for making intercon-
nections on switchboards or control
desks and for connections to wires or
cables going to apparatus apart from
them. They are available in four sizes—

4, 5, 8, and 12 point—and have marking
strips on which wire designations are
painted as given on the diagram.

Wire Terminal Clamps—Tinned brass
terminal clamps are provided on all
terminal blocks and on other devices
where necessary. When making in-
stallation connections with solid wire,
the insulation should first be removed,
the wire bent into a hook shape, placed
in the terminal and the skirts bent
around to prevent fraying, as shown
in Fig. 24. For stranded wire, the
method is the same except that the end
should be twisted after the insulation
has been removed. ‘‘Straight-through”,
“right-angle” and ‘‘return’” terminals
are used for continuous runs of wire with
one or more intermediate connecting
points.

Instrument and Control
Buses
Brass tubing is usually supplied for
instrument and control buses on the
rear of Westinghouse multipanel switch-
boards. They are supported by insu-
lated brackets attached to the panel
flanges or frames as illustrated in Fig.
25. Buses made of this material do not
sag and connections can be quickly
made to them by means of the terminal
screws placed on the buses at the
factory for that purpose.

24

The bus is left in place when an equip-
ment is shipped completely assembled.
For a switchboard that has been shipped
disassembled, the bus should be mounted
in its proper location after all the panels
have been erected and connections made
in accordance with the wiring diagram.

When desired, buses can be insulated
with cambric or other insulating tape.
It is also possible to use micarta tubing
for insulating the sections between the
panel wiring connection points, these
usually being made near the bus sup-
ports. If tubing is used, it has to be
placed on the bus when the latter is
being assembled on its supporting
brackets and before connecting the panel
wiring to it.

The buses have to be spliced where
the length exceeds fourteen feet and
when additions are made to existing
equipment. Connecting bars are pro-
vided for this purpose where necessary.
In applying these, the inside of the
bus and outside of the bar should be
tinned and then soldered together, as
illustrated in Fig. 26.

Standard No. 12 wire is generally
used for instrument and control buses
in control desks. This is placed in the
wiring trough and connections made
to it through terminal blocks as pre-
viously explained.

Miniature Bus

Miniature bus is occasionally sup-
plied on switchboards and almost in-
variably on control desks. It represents
the power equipment and circuits con-
trolled and when installed with minia-
ture disconnecting switches, the at-
tendant can make a set up which will
show actual operating conditions.

Extruded metal is generally used for
miniature bus, although the circuits
are sometimes represented by painted
lines. In either case, different finishes
or colors are used to represent different
voltages.

F1G. 21 —=FLAT WIRING,
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FiG. 22—BRACKET WIRING.

The bus is put on the panels at the
factory and will not ordinarily require
attention if the equipment is carefully
erected on level bases. Extruded bus,
when used, is terminated at the panel
radius or bevel to eliminate possibility
of bending or marring during the un-
packing and erection period. Jumper
pieces are provided for slipping over
the bus at the panel intersections and
should be put in place after the equip-
ment has been reassembled.

Card Holders and Nameplates

Westinghouse switchboards and con-
trol desks are equipped with card hold-
ers or nameplates for circuit identifica-
tion if called for in the contract. The
former are generally supplied with the
simpler equipments. When a switch-
board having card holders is ready to be
put into service, cards with appropriate
legends printed or typed thereon, should
be inserted in the holders and pyralin
or other transparent material placed in
front of the cards to keep them clean.

Westinghouse Switchboards

Black anodized aluminum name plates
are generally supplied where something
other than card holders is desired.
When cut through the hard black film,
the white metal is exposed, giving an
excellent and permanent contrast to the
black surface. If, for some reason, the
circuit identification data is not avail-
able before the equipment is shipped,
to permit factory engraving, it will be
necessary for the purchaser to have the

Fi16. 23—E1GuT PoINT TERMINAL BLOCK.

plates engraved locally when the equip-
ment is being put into service.

Switchboards and control desks have
identification nameplates on the rear
of each panel or section. In addition
to other information, these give the
panel position and shop order number
which should be given in any corre-
spondence requesting information or
ordering renewal parts.

Erection and Maintenance of
Auxiliary Apparatus

Instruments, Meters And Relays—
Except in unusual instances, switch-
boards and control desks are shipped
with instruments, meters and relays
mounted in place. Regardless of how
shipped, all instruction books, leaflets,
or cards which are sent with the devices

Brass Tube
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Fic. 24—"Exp,"” “STRAIGHT-THROUGH,""RIGHT
ANGLE” AND “RETURN" TERMINALS.

should be carefully read before working
with them.

Whether the devices are shipped
mounted or unmounted, their mecha-
nisms are blocked to prevent movement
of parts that might otherwise be dam-
aged in transit. When installing, thein-
struments, meters and relays should
first be inspected for possible damage
and then the blocking removed.

When the devices are removed from
the panels at the factory for separate
shipment, they and their associated re-
sistors or reactors—if any—are packed
in small cartons and a number of these

Insulaling Micarta
Tube

Fi6. 25—Tuse Bus MoOUNTED oN STEEL PANEL SWITCHBOARD AND DEeTAlL VIEw oF MOUNTING BRACKET,

7in Inside of Tube and Outside of Plug and Solder
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Fi16. 26—METHOD oF SPLICING Bus WHEN LoNG RuUNS ARE REQUIRED,
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placed in a large packing case. They
should not be removed from their in-
dividual cartons until all construction
work has either been completed or as
nearly so as possible. After being un-
packed, they should be inspected for
possible damage and if in satisfactory
condition, mounted on the switchboard.
To facilitate reassembly, the serial
numbers of the devices are painted at
their respective positions on the panels.
They should then be connected in exact
accordance with the wiring diagram and
the blocking removed.

Occasionally it will be necessary to
start installation of the switchboard
while concrete is being placed or other
construction work is going on. If the
instruments, meters and relays have
been shipped in place, heavy paper
should be wrapped around them until
such work is completed. This will help
materially in keeping out gritty, abra-
sive dust that might otherwise be in-
jurious to the devices.

It should always be remembered that
the mechanisms of these devices are
delicate and that careful handling is
required at all times. They should
never be jarred or struck in an attempt
to free a moving element since a cracked
jewel or ruined pivot might result.
Sticking is an indication that friction
or misalignment is present and this
must be properly corrected to prevent
further trouble. Adjustments and re-
pairs should be made only by skilled
persons familiar with the equipment.

Voltage Regulators—Voltage regula-
tors, of which there are several types,
require the same care in handling as
other instruments. Instructions are
available for each type and a copy of
those which apply are either shipped

F1G6. 27—THE OutsipE BLADES oF THE HINGE
AND BrEAKX Jaws SHouLp FirsT BE CHECKED
70 SER THAT THEY ARE IN LINE. A STEEL
ScALE CaAN BE USED FOR THIS PURPOSE,
FIRST MAKING SURE THE SwiTcH 1s “DEAD.”
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with the equipment or mailed separately.
They should be referred to for detail
information on installation, operation
and maintenance. After the regulator
is in place on the switchboard, no work
should be done or adjustments made
on it until the regulator instructions
have been read.

The voltage regulator is  usually
shipped in place on its panel. After the
switchboard has been erected, the regu-
lator cover should be removed and the
regulator carefully inspected to make
sure that no parts have been loosened
or damage incurred during shipment.
After inspection, the packing pieces,
cord, etec. should be removed.

For those installations where the
regulator is shipped separately for ulti-
mate mounting on the switchboard by
the Purchaser, no attempt should be
made to put it in place until the switch-
board panels have been erected. When
this work has been completed, the regu-
lator should be unpacked, placed on the
switchboard and connections completed
in accordance with the wiring diagram.
The cover should then be removed, the
regulatorinspected and packing material
taken out.

Voltage regulators are equipped with
cases which provide effective protection
under ordinary conditions. The case
should always be in place and closed
except when servicing or adjusting the
regulator. If construction work has
to be done in the switchboard room with
the regulator mounted on its panel, it
should be covered with heavy paper or
otherwise protected as conditions re-
quire,

Knife Switches—All knife switches
are mounted on their panels and the
contacts “ground in" at the factory,

Fic. 28—IF THE HINGE AxD BREAK Jaws

ARE NOT IN LINE, THEY SHOULD BE TAPPED

INTO PositioN By UsING A FIBRE BAR anD
MacHiNIsT HAMMER AS SHOWN,
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They should be inspected by the Pur-
chaser before being put into service to
make sure that they have not been bent
or distorted when the panels were being
unpacked and erected.

Frequent operation of switches is
recommended in order to maintain their
efficiency since the contact surfaces
oxidize quickly when they are not op-
erated. Occasionally, it may be neces-
sary to re-contact switches which have
been in operation for a long period or
because of some accident, the jaws may
have been forced out of alignment. The
methods used are shown in Figs. 27 to
32 inclusive.

In case it is necessary to “grind in"
the contacts of a switch, vaseline mixed
with pumice or scouring powder should
be applied to the blade and jaw. The
switch should then be operated a suffi-
cient number of times to secure the con-
tact surface desired. TFollowing this,
the grinding mixture should be removed
and the contact surfaces covered with
a thin coat of pure vaseline before put-
ting the switch into service. Emery
dust or other hard abrasives should not
be used for *‘grinding in" a switch since
the copper will start cutting and the
contact surface will be destroyed.

If the jaws of a switch become an-
nealed due to overheating, poor contact
will result and they should be replaced
immediately with new ones. Annealed
jaws may be detected by tapping them
with an insulated object when the blade
is open. If the jaw rings when tapped.
it is not annealed. If a dull, dead sound
results, the jaw is annealed.

If a switch should become galled by
cause of friction between the copper
surfaces, smooth up the contact sur-
faces and tin either the hinge jaw or

Fi1G, 29—A ONE AND ONE HaLF THOUSANDTH
FEELER GAUGE 1S UsEp T0 CHECK THE CON-
TACT BETWEEN BLADES AND Jaw.



blade. The tinned surface seems to act
as a bearing and has eliminated such
trouble in many instances.

Plain break knife switches are ordinar-
ily not intended for opening a loaded
circuit. Precaution should, therefore,
be taken to see that the circuit breaker
or starting device in series with the
switch is opened first. Knife switches
with quick-break attachments can be
used for opening loaded circuits up to
their normal current rating.

Type AB *De-ion” Circuit Breakers
—These breakers perform three separate
duties when connected in a circuit; me-
chanical operation of opening and clos-
ing, efficient transmittal of current under
normal conditions and interruption of
the circuit on overload. Conventional
switchboard assemblies involving these
breakers—see Figs. 33 and 34—are
shipped with them in place and all
possible connections completed. In the
switchboard shown in these figures, the
type AB breakers are mounted behind
removable steel panels which are held
in place by screws at the top and bottom.
When their moulded covers have been
taken off, the breakers can be discon-
nected with a socket wrench and re-
moved from the front without disturbing
the bus copper or cables. This can be
done with the circuit alive if necessary.

In the equipment shown in Fig. 35,
the type AB “De-ion" circuit breakers
are mounted in frames which can be
readily moved into and out of their cells,
the units being equipped with roller
bearings to facilitate their movement.
There are two main positions for the
breaker unit within the cell: (1) ‘““CON-
NECTED"” position and (2) “DIS-
CONNECT" position, In the former,
the main and auxiliary contacts of the
removable unit are in full engagement
with their associated stationary ones.
Only the auxiliary contacts are in en-

F1G6. 30—IF THERE 1s AN OurwarD Bow In

THE JAWS, THE SwITCH BLADE 1S PULLED AS

FAR AS POSSIBLE AND THE JAW STRAIGHTENED

BY STRIKING LIGHTLY WITH A RAWHIDE
MALLET.
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gagement when the breaker unit is in
the “DISCONNECT" position. Space
is also available in these constructions
for a third position of the circuit breaker
at the front of the cell in which neither
the main nor auxiliary contacts are in
engagement, Detachable covers for the
fronts of the cells close the openings
whether the breakers are in or out of
them.

Switchgear equipment of this type is
shipped with the breaker units removed
from their respective cells. To facilitate
reassembly, each cell has a number

S

F1G. 31—AN INwarRD Bow IN THE JAws CAN BE STRAIGHTENED BY INSERTING A Rounp PiN

BETWEEN THEM AND SQUEEZING THE ENDS OF THE JAws TOGETHER WITH A PAIR OF PLIERS

HAVING ProTECTED FiBRE ENDS.

painted on it and the same number is
painted on both the breaker unit and
the cell cover.

After unpacking a breaker unit, the
roller mechanisms on the sides of the
frame should be inspected to make sure
that they are in good order and free of
any foreign mattter that might have
gotten on them from the packing. The
breaker unit can then be lifted into place
at the cell entrance and moved into the
“DISCONNECT"” position. While
here, the breaker should be operated to
check its mechanical performance and
in the case of a motor operated breaker,
to prove the control and indicating cir-
cuits. If everything is satisfactory, it
can then be advanced to the ‘““CON-
NECTED" position with the levering de-
vice which is provided for this purpose
and which should always be used when
moving a breaker unit into or out of
this position.

Type AB breakers require practically
no attention or maintenance. The trip
units, after adjustment at the factory,
are guarded against unintentional change
of calibration by soldering the calibration
screws in position. A cover is then put
on and sealed. Changes are not likely
to be required bul if necessary, the com-
plete trip unit should be exchanged for
one having the calibration desired.
When installing a new trip unit, care
must be exercised to see that all screws
are tight. If this precaution is not taken,
excessive heating may result.

If some part of a breaker operates at
too high a temperature, look for a loose
or otherwise defective contact between
the hot part and its associated current-
carrying parts. A loose or oxidized screw
or nut at the front or rear of the breaker
may account for the heating. A main
contact temperature higher than would
be permissible for copper brush contacts
is not necessarily harmful in type AB
circuit breakers since these parts are
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solid and are made of materials that do
not form non-conducting oxides at
temperatures that might be detrimental
to copper contacts.

Air Circuit Breakers—Air circuit
breakers are mounted on their panels or
bases and thoroughly tested at the fac-
tory by experienced workmen. If rea-
sonable care has been exercised in ship-
ment, unpacking and erection of such a
switchboard, little initial attention will
be required other than to make sure
that all packing has been removed and
that no parts have been loosened or
broken because of rough handling. The
breakers do, however, require periodic
inspection and servicing, the frequency
depending on operating conditions. This
should be done in accordance with the
breaker instruction book.

FIG. 32—]Aw BLADES THAT ARE NOT PARALLEL
SHOULD BE TWISTED INTO POSITION AS SHOWN.
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F16. 33—DEAD-FRONT DISTRIBUTION SWITCHBOARD WITH DRaw

Outr MaiN BREakErR aAND TyYPE AB BRANCH BREAKERS.

The same will also be true of those
switchboard constructions in which the
breakers are mounted on fixed bases in
the rear. The fronts of the breakers are
accessible through openings in the panels
which are normally closed by hinged
covers.

Air circuit breakers are used in the
assembly shown in Fig, 36. They are
mounted in frames and placed in cells
equipped with hinged front covers, in
the same general manner as previously
described for type AB ‘“De-ion”’ break-
ers. Figs. 37 and 38 are front and rear
views respectively of an individual
breaker unit.

A rail extension is furnished for at-
taching to the front of the open cell when

a breaker is to be placed therein. The
breaker unit, after being unpacked and
examined to make sure that it is in good
condition, should be lifted on to the rail
extension—a chain hoist will be required
for the large units—and then rolled by
hand into the *'DISCONNECT" posi-
tion,  After checking the operation
while in this position, it can be advanced
to the “CONNECTED" position by
the levering device provided for that
purpose. This should always be used
when moving the breaker into or out
of this position.

Barriers must be used with multipole
air circuit breakers on circuits over 250
volts d-c. and 480 volts a-c. and some-

F1G. 34—REAR VIEW OF DEAD-FRONT DISTRIBUTION SWITCHBOARD

SHOwN IN FiG. 33.

times for all voltages over 125 when the
poles are placed closer than standard
spacing. When required, these will be
supplied and shipped in place if their
size permits. If too large, they will be
removed from the switchboard and pack-
ed separately. In such cases, it will be
necessary to reassemble them when the
switchboard is being erected.

When installing a switchboard on
which there are front of board open type
air circuit breakers, care must be taken
to see that the arcing contacts of the
breaker are at least two feet from metal
beams or other grounded parts. If condi-
tions are such that this distance can not
be maintained, asbestos barriers should

FiG. 35—FroNT ViIEW OoF DRAW-OUT TyPE METAL-ENCLOSED AIR CIRCUIT BREAKER SWITCHGEAR ASSEMBLY,
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Fic. 36—FronT ViEw oF METAL ENCLOSED SwITCHGEAR AsSEMBLY Housing Draw-Out
Typre Air CircUIT BREAKERS,

be used to prevent the arc from going
to ground when the breaker opens on
overload or fault currents. Barriers are
provided in the constructions using back
of board and draw-out breakers to
guard against this condition.

Although the air circuit breaker in-
struction book should be referred to for
detail maintenance information, a few
general facts are given here., Copper
oxide or sulphide which forms readily on
copper contacts in air is a very poor
conductor. Consequently, unless a cir-
cuit breaker is operated at least once a
day, the main copper contacts should be
carefully cleaned and polished monthly
with fine sandpaper in order to prevent
overheating. One which normally
carries only a small percentage of its
rated current, does not require such
frequent attention.

In contrast to copper oxide, silver
oxide or sulphide is a comparatively
good conductor so that circuit breakers
having silver, silver alloy or silver plated
main contacts do not require the re-
moval of oxide. As a matter of fact,
sand paper should never be applied to
silver plated contacts since the useful
silver plating would thereby be removed.

While it is true that after the main
brush contacts have been properly ad-
justed, they will remain so indefinitely,
occasional inspections should be made to
see that all adjusting screws are tight.
If any of these screws are found loose,
the brush should be carefully examined
to make sure that the adjustment has
not shifted.

Excessive deposits of dust and dirt in

the operating parts of a circuit breaker
invariably cause binding of shafts, trig-

gers rollers and pins as well as the operat-
ing levers. Care should, therefore, be
taken to see that they are kept clean,
This is particularly true where the
equipment has been installed before the
building construction work has been
completed. In such instances, the entire
structure should be completely covered
by a tarpaulin to prevent plaster and
like material from falling on the break-
ers.

Undue heating of an air circuit breaker
may result from unfavorable conditions
entirely apart from it. Common among
these are insufficient lead capacity, poor
contact pressure on the adjacent con-
nections or defective cable joints. It is,
therefore, essential that not only the
breaker itself be inspected periodically
but also the adjacent connections to
make sure that they too are in good
order.

Oil Circuit Breakers—Oil circuit
breakers can be divided into two gen-
eral classes: direct control and remote
control. The former can be either panel
or panel frame mounted and the latter,
either manually or electrically operated.

According to the standards of the
National Electrical Manufacturers’ Asso-
ciation, oil circuit breakers may be
mounted on the back of panels on circuits
of grounded or ungrounded systems
having line voltages up to and including
5000 volts between lines. Also panel or
panel frame mounted breakers shall be
limited to 2000 amperes, continuous
rating, 5000 Kv-a. interrupting rating
and below. Although manually or
electrically operated remote control
breakers are often used where the cur-
rent, voltage and interrupting ratings
are within the specified limits, they
should be used where they are exceeded.

Regardless of the form of mounting
or method of operation, all oil circuit
breakers are completely assembled with
their operating mechanisms and aux-

F1G. 37—FronT ViEw oF DRAW-OuT AIR BREAKER UNIT.
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iliaries and thoroughly tested before
being shipped from the factory. Direct
control breakers are usually shipped
completely assembled on their panels.
The only exception is where a large
breaker is mounted on a slate panel
which might break in shipment because
of strains imposed on it by the circuit
breaker. The coverplates of all manual-
ly operated remote control breakers are
shipped in place on the switchboard.

It is impossible to give complete rules
here for the installation of each type
of oil circuit breaker. The instructions
sent with the equipment should be care-
fully studied and followed in order to
secure the best results, However, a few
general instructions which should be
considered in connection with their
installation and maintenance, are given
in the following:

Qil circuit breakers should be located
in a clean, dry place free from the de-
structive action of acids, alkalies or
gases, and where good ventilation can
be secured They should be readily
accessible for cleaning and inspection.
Sufficient space must be provided for
casy removal of the cil tanks.

Care should be used in unpacking so
that the insulators and small mechan-
ical parts will not be damaged or broken.
The packing material should be removed
and a careful inspection made to make
sure that no damage has been incurred
during shipment and that all the details
are in good operating condition.

The bushings must not be allowed
to strike against the panel, framework
or other objects when breakers are being
placed. Bushings are often broken,
cracked or loosened in their supports
by unnecessary jars due to careless
handling. Where heavy bushings have
to be mounted in position by the Pur-
chaser, a rope sling will be found con-
venient for handling them.

Care must be exercised when remount-
ing an oil circuit breaker which was
removed from a slate panel for separate
shipment, The supporting bolts and
nuts should not be overtightened since
the resulting strain might crack the
slate.

When mounting a remote mechanical-
ly controlled breaker unit on a wall or
supporting frame work, it should be
leveled as accurately as possible. After
it has been put in place, the coverplate
and breaker unit should be connected
with bell cranks and operating rods.
Three-quarter inch pipe—extra strong
for light and double extra strong for
heavy breakers—is used for the latter.
Any length of pipe exceeding twelve
feet should have an intermediate sup-
port. The operating rods should all be
in tension when closing the breaker to
secure the best results. This, however,
15 not always possible. In applications
where the operating rod next to the
breaker must be in compression, care
must be taken that this rod does not
buckle under the closing effort. All other
rods can be arranged to close the breaker
under tension. In some breakers the
toggle lever can be reversed so that the
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operating rods will all be in tension.
To make these changes, consult the
instruction book for the particular
breaker.

If a frame moynted oil circuit breaker
has been shipped assembled in its frame-
work, it will only be necessary to correct-
ly locate and fasten the frame in position
on its foundation. The foundation bolts
should be left loose to permit the frame
to be properly plumbed and leveled by
ingerting shims under the floor flanges
of the frame if necessary. After this has
been done, the bolts should be tightened,
securely fastening the circuit breaker
frame to its foundation.

Since the proper alignment of links,
pins, etc. of the operating mechanism
is essential to the satisfactory operation
of a circuit breaker, these should be
carefully checked and the detail in-
structions followed explicity when in-
stalling the equipment. A breaker mech-
anism should not be operated until it
bas been thoroughly inspected. An
electrically operated breaker should be
slowly operated by hand before it is
operated electrically. The operation
should be observed to see that it is
smooth throughout the closing and
opening of the breaker, that no binding
occurs and that there is no excessive
play between parts. Before attempting
to bend or force parts together, the in-
struyctions should be referred to, to see
if they have been followed. Considerable
time and trouble can be saved by avoid-
ing too hasty action,

The larger types of oil circuit breakers
are provided with vents or mufflers to
relieve internal pressure built up within
the breaker during short circuit interrup-
tion and also to vent inflammable gases
and retain the oil. They are equipped
with a top outlet for installations where
it is desired to pipe the exhaust upward
into a comimon header for conducting
the gases from the structure,

The frame of an oil circuit breaker
should be permanently grounded. A
ood, permanent, low resistance ground
1s essential for adequate protection. A
poor ground is worse than no ground
at all since it gives a false feeling of
safety to those working arocund the
equipment and also mght result in
ultimate loss of life or damage to the
apparatus.

Before the oil circuit breaker tanks
are filled with oil, all accessories such
as gauges and valves must be in place
and oil tight. Generally these will re-
quire no attention since the equipment
is shipped with them in place. If leaks
should develop, they can usually be
stopped by filling the threads with
shellac or Westinghouse No. 672 cement.
After making sure that the tanks are
free from debris and moisture, they
should be filled with oil of the proper
grade as described in detail in the Sec-
tion on Insulating Oil.

After a circuit breaker has been put
into service it must have regular, sys-
tematic inspection and care. The follow-
ing require specific attention:
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(1) Disconnect the breaker and its
operating mechanism from the
power and control circuits before

inspecting or repairing.

(2)

Make sure that the frame is well
grounded.

Keep the mechanism clear,

(4) Inspect the operating mechanism
periodically to make sure that all

parts work smoothly.

{5) See that the bolts, nuts, washers,
cotter pins and sll connections

are in place and tight.

{6) Examine the contacts frequently,
making sure that they are aligned
and that contact surfaces bear
with firm, uniform pressure. Re-
place badly pitted contacts before
they are burned away sufficiently
to cause damage to other parts of
the apparatus.

(7} Inspect the bushing supports as
the vibration incident to the op-
eration of the breaker may cause
the bushings to move slightly and
result in misalignment of the
contacts.

(8) Clean the bushings at regular in-
tervals where abnormal condi-
tions prevail, such as salt de-
posits, cement dust or acid fumes,
to avoid flashovers as a result of
the accumulation of foreign sub-

stances on their surfaces.

See that the proper dielectric”
strength of the oil is maintained
and that it is kept at the proper
level, adding new oil as may be re-
quired to replace that lost by
evaporation or other causes.

Filter the oil after successive
openings under short circuit if it
shows signs of carbonization, or if
the dielectric strength is lowered
because of dirt or suspended mat-
ter therein. Carbonization is in-
dicated by a black, flaky precipi-
tate which floats in the oil when
disturbed. Test the oil belore re-
placing it in the tank.

"

(10}

(11) Where the service is severe,
change or filter the oil every six

months or oftener,

(12) Do not allow moisture to come in
contact with the oil when filter-

ing.

(13) Remove all oil once a year and
thoroughly clean the tanks and

other parts.

Control And Instrument Switches—
Conventional switchboards and control
desks are equipped with type W control
and instrument switches. The former
are for operating the remote electrically
controlled devices and the latter for
connecting the various instruments to
their circuits.

Fig. 39 shows three switches mounted
on a panel and illustrates their dial
plates and handles. The pistol grip and
notched handles are standard for control



Fic. 39—TypE W CONTROL AND
INSTRUMENT SWITCHES.

and instrument switches respectively.
However, any of the switches can be
provided with a pistol grip, notched or
oval handle.

Sheet micarta side plates slide in
grooves in the top and bottom of the
switch, snapping snugly into the closed
position. These keep out dirt and pro-
vide easy access for inspection of the
contacts.

Type W circuit breaker control switch-
es, as illustrated in Fig. 40, have a
mechanical indicating device which in-
dicates the last manual operation of the

Fic. 40—Typre W Circult BREaKER CONTROL
SWITCH WITH S1DE PLATES REMOVED.

switch. After tripping the breaker, the
switch handle can be pulled out while
in the “TRIP” position and latched into
place, thus opening both the trip and
indicating lamp circuits. This feature
not only reduces the load on the control
battery but also provides means for
differentiating between automatic and
manual operation of circuit breakers
since the only green lamps lighted on
the switchboard will be those which in-
dicate automatic operation and there-
fore require the operator’s attention.

FiG. 41—FRroNT VIEW OF MINATROL.
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Fic. 42—REAR VIEw OoF MINATROL WITH
CoveER REMOVED.

Most type W instrument switches
have removable keys. These keys be-
sides being labeled, are so constructed
that they can beinserted only in the prop-
er switchand can be withdrawn only when
the switch ig in the off position. Thig
precludes the possibility of trouble when
several independent circuits are con-
nected to the same instrument through
similar switches. If only one key is
used, only one switch can be operated at
a time. A key from any dissimilar switch
can not be inserted.

In order to economize space, minia-
ture control switchboards and desks are
equipped with Minatrols—see Figs. 41
and 42—rather than type W switches.
This is a compact control or synchroniz-
ing switch having smaller dimensions
than the conventional ones. Type W
switches are equipped with Minatrol
face plates and handles where other
forms of instrument switches are re-
quired for matching Minatrols in a
switchboard assembly,

To testing apparatus

Since all control and instrument
switches are mounted and wired at the
factory, they require very little attention
when the switching equipment is being
installed. Before being put in service,
the covers should be removed and the

Fic. 43—TvreE M TEST SWITCHES MOUNTED
ANEL.

Front plate to be removed for testing

Testing Plug

F16.44—TvPE M TEST SWITCH AND PLUG FOR SEPARATE SOURCE TESTING.

31



Westinghouse Swilchboards

Crd. Term.
.
Line Frve RY. Type “CB-2"
3 ™ Two Elament
vy Watthour Bus Phase Rotation 1-2-1
A Meter !
W )
Hies ) 1 3
Test Cable: = £ Type “CR" Relays (RV.)
PFol. pg Test Fi E —— ¢+ Captro? Fuse
Type “M™ 1L Type M o -
Marks st Sw, l ] [T s Tem 5w 5|3 vy Pot.
(R.v.) Lo o (RY.} gooe Ehe T s Tranu.
Vi Line i
2 | $Cur. Trams. Gd, External Jumpers Zle | St v o3 Fuse
i Type “M" Test Plug IF.V.) Aun, ¥
Fuse Fuse For Separate Source Testing G | I oy
a
|
= Gd enl
5 B h []
$92 L Iees
Fot. Trana. o Conpect wn T i
foed e LRV, Connect Inetrument cur. $¥ 4T 1 T =
oM lmtn:?:nnn Tran. Crans. 3 3 ‘;[ = .Gd.
N3 Type “CB-3 Here pu. <=3 B
ype “CB" : .
Thres Elernent A Teat Sw. Vertically Mounted Marks Texting With Purtiol Pratection 1 =0
Watthour = WIEES RV, . For Separale
eter c“g;:“ . Type “CR" Relays Source Testing
(RV.)
c =
Pol, Typs "M” Taat[S665] Type “M" =g L ] 58
’_(’M.rk. TenSw. |8 hu:. 5 | Tont S e 1 ¢ %
¢ ®V) 2l <Ry clE 2 » ]
I™ 15 e Ll k. [}
11 % 6 Teat il
b & % i lodbol crite £l i Hillr:
#Gd 3 C T o T8 Tent
Eaternal 3 99893 RV Line
Fuse H T
N Rect. Bar Por dl| l;E_“——-&“ .
;} With Rolker Marhs 3z = s Testing Without Fastial Protection cT‘b'll
Y w Tent able
-l Typs "M Test Plugs i
For Separstc Source =3 Externnl Cable \59;1_“3_;1..
Testing (FV.} comect {[FT])  Connser  Jumaers ith Roller
annec
’;;} Instrumnents {[2 8 '“!'-‘:;‘,:"'I"‘" Type “M* Teat Plugs (F.V.)
Load Pot. Trans H Here For Separate Source Teating
o %,

F16. 45— CoNNECTIONS FOR TESTING AND CALiBRATING Type CB-2

aND TypeE CB-3 WattHour METERS wiTH TyrE M TEsT
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interior of the switches inspected to see
that no packing or other material has
gotten inside the case and that all fingers
are making contact.

When in service, the switches should
be operated with a positive motion,
Care should be exercised that instru-

ment switches are moved from one stop
position to the next when taking read-
ings. They should not be left at an in-
termediate point. The switch covers
should be removed occasionally, and the
contacts inspected to make sure that
they are in good order.
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Test Sw. Yertically Mounted {R.¥.)

F16. 47-—CoNNECTIONS ForR TYPE CR RELAYS WiTH Tyem M TrsT
SWITCHES AND “'SEPARATE SoURCE™ TEsT PLUGS.

Lamp Indicators—Lamp indicators
are connected in the control circuit of
electrically-operated circuit bregkers to
indicate whether the breaker is opened
or closed. They are also used to indicate
the condition or position of various
electrically-operated devices and the
continuity of control circuits. The in-
dicators are provided with glass caps of
different colors as required for their
service.

There are two types of Westinghouse
lamp indicators; the standard indicator
and the Minalite, ‘The former is an
assembly consisting of an 18 volt cande-
labra screw base lamp and resistor. The
ohmic value of the latter depends on
the voltage of the circuit on which they
are to be applied, units being available
for 25, 30, 125 and 250 volt service.
The standard indicators are used in
switchboard assemblies with type W
control switches and for all general
applications.

The Minalite is a small size switch-
board lamp indicator developed es-
pecially for minfature steel switchboards.
They are regularly used with Minatrols
and other applications where a small
indicator is required. The usual Min-
alite assemnbly includes a 55 voit slide
base bulb and suitable resistor for the
service voltage involved. However,
designs are available for control circuits
of 12.5 to 250 volts with a series resistor
or on control circuits of 12.5 to 50 volts
without a resistor.

Since lamp indicators are mounted
on the switchboard and completely
wired at the factory, they require no
attention when the equipment is received
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other than to make sure that they have
not been damaged during shipment
and that the lamps are making good
contact.

The bulbs will have to be replaced
at the end of their useful lives. This
can be done by first unscrewing the glass
cap and then the bulb if it is a standard
indicator or pulling the bulb out if it is
a Minalite. The lamp extractor fur-
nished with the equipment should be
used when changing the lamp in the
latter. No special precaution is neces-
sary when replacing bulbs in the stand-
ard indicators since the type used is
common for all applications. This is
not the case with Minalites and it is,
therefore, extremely important that re-
placements be made with lamps which
have the same characteristics as those
shipped with the switchboard.

Test Switches—Switchboards and
control desks are equipped with type M
test switches, as illustrated in Figs., 43
and 44, when called for in the contract,
These are modern devices for multi-
circuit testing of instruments, meters
and relays by any conventional system.
They are furnished with four or six
independent single-pole circuits which
can be used for current, potential or
trip circuits. Figs. 45, 46 and 47 show
typical connections.

The use of these test switches elimi-
nates the hazard of accidentally trip-
ping the circuit interrupting device
when making test connections since no
wiring changes are made on the board.
Instruments and meters can be checked
and calibrated against portable stand-
ards connected in series with the instru-
ment or meter being tested under ser-
vice conditions or by means of a phan-
tom load.

Relays can be tested without remov-

ing protection from any phase except
the one undergoing test. When required,

spare relays can be substituted while
the test is being made. Relays are gen-
erally tested by the use of a phantom
load or loading transformer and cycle
counter.

Two types of plugs—one for “SEPA-
RATE SOURCE'' testing and the
other for “SERIES" testing—are avail-
able for type M test switches. The
former provides for short circuiting the
current transformer secondaries and
“'break before make" action for cutting
in separate sources of energy. The
“SERIES” test plug is used where a
calibrating instrument or meter is to be
connected in series with the equipment
to be tested. It provides “make before

break' transfer of current transformer
circuits. “SEPARATE SOURCE' test
plugs are regularly furnished with
switchboard and control desk assem-
blies unless it is definitely known that
the series method of testing is to be used.

The two types of plugs can be readily
identified by either referring to the label
on the plug, or examining the plug con-
tacts or prongs. Those for the “SEP-
ARATE SOURCE™ test plug are of
unequal length, and for the “SERIES™
test plug, the same length. Extreme
care must be used to see that the type
of plug being used is suitable for the
test scheme since a separate source plug
cannot be used for the series method
or vice versa.

Both types of plugs have a keyed
guide and an operating arm so that the,
can be inserted only in the proper posi-
tion. The operating arm is slotted and
carries on its end a roller which engages
the actuating cam on the rotor of the
test swilch. Multi-conductor cable
connecled to the terminals on the handle
side should be used between the plug
and the test equipment.

Any number of circuits can be tested
in rapid succession since one plug can
be connected and checked for all devices
of a particular type which are to be
tested. Once the proper connections
are made to the plug, the tester simply
plugs in, takes readings and proceeds
to the next circuit.

The switches are mounted and wired
at the factory and require no attention
when the equipment is being installed.
The plugs are shipped with the required
jumper connections, separate plugs
being supplied for each testing com-
bination. The switches and their as-
sociated plugs are identified by letters
A, B, C, etc. on the wiring diagram.
Both the switches and plugs have these
designating letters painted on them to
facilitate identification by the tester.
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After the connections between the
plug and testing equipment have been
completed, the coverplate should be
removed from the test switch, first un-
screwing the thumb nut which holds
it in place. The plug can then be in-
serted for the test.

Assuming that a “SEPARATE
SOURCE" test plug is being used—see
Fig. 48 for typical connections—its con-
tacts, during the first part of their travel,
short circuit the current transformers
connected to the equipment being tested.
As the plug continues its travel, the
plug roller engages the actuating cam
and turns the rotor. This opens, through
the switch, the normal circuits of the
equipment being tested. When the com-
plete “in" position is reached, the test
contacts of the plug engage the switch
contacts connected to the equipment
to be tested. Note that the plug should
be all the way in for the test, there be-
ing no intermediate or inoperative
point. In withdrawing the plug, the
roller hooks the actuating cam on the
opposite side and returns the rotor and
circuits to the normal closed or operat-
ing position.

The operation when using a “SER-
IES” test plug—see Fig. 49—although
generally the same, differs in that the
contacts operate to insert the test equip-
ment in the current transformer circuits
before breaking the normal or operat-
ing circuits.

On completion of the test, the test
switch covers should be put in place and
fastened with the thumb screws.

Field Rheostats—Field rheostats for
generators, motors, etc. are either
mounted on the switchboard or apart
from it, depending on their size and the
available space. Even when mounted
apart from it, provision is usually made
for their operation at the switchboard
either by means of an operating hand-
wheel, cable and sprocket in case they
are manually operated or a control

Fig. 50 —DoueLE HaxpwuEEL REMoTE Cox-
TROL RHEOSTAT OPERATING MECHANISM
wiTH CovER ON.

FiG.
TROL
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switch if motor operated. There are a
number of types of rheostat mountings
and operating mechanisms available,
but all are similar in principle of assemb-
ly and operation. Figs. 50 and 51 show
an operating mechanism for two remote
mounted rheostats and Fig. 52, a com-
bination tetrapod and remote control
mechanism.

When of Westinghouse manufacture,
it is the usual practice to ship the operat-
ing mechanisms and the rheostats—if
their size permits—completely assembled
on the switchboard panels. This is
sometimes impossible since this material
is normally included as a part of the ma-
chine order and is not always available
when the switching equipment is being
assembled. However, the panels are al-
ways drilled for the rheostat mechanisms
except where equipment of other manu-
facturers is being used and drilling infor-
mation is not available. Field assembly
when required, should be done in accor-
dance with the instructions shipped with
the rheostat equipment.

Rheostats can be located in any con-
venient place where they will have suffi-
cient ventilation and will not transmit
heat to other apparatus. Fig. 53 shows a
number of typical methods of mounting
rheostats apart from panels. Rheostats
so mounted are operated by means of a
flexible cable which should be run through
14" pipe. This pipe is not furnished as a
part of the mounting because each in-
stallation differs in length of run, number
of turns, degree of angles, etc.

The pipe should be smooth inside with
ends reamed to prevent abrasion of the
cable and should run from the drum
housing on the panel to a point not less
than 24 inches from the rheostat
sprocket, Bends for all angles up to 90°
can be made with a radius not less than
six inches. If the rheostat and hand-
wheel are considerable distance apart,
requiring many bends in the pipe, roller
elbows which can be furnished on special
order, should be used at each turn
This will

instead of bending the pipe.

51—DouBLE HANDWHEEL REMOTE Cox-
RHEOSTAT OPERATING MECHANISM
wiTH Cover OFF,
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Fig. 52—CoMBINATION
MOTE CONTROL MECHANISM,

eliminate friction between the ceble and
pipe with resultant ease in operation.

Westinghouse remote control rheostat
operating equipment includes 40 feet of
flexible cable, 31 links of sprocket chain
and two turnbuckles in addition to the
mechanism for mounting on the switch-
board panel. When the operating mech-
anism has been mounted, the mid-
point of the cable should be fastened to
the drum with the screw and washer
provided for that purpose. After wrap-
ping two turns around the drum to fill
the groove, the loose ends should be
threaded through the pipe and attached
to the turnbuckles which should then be
fastened to the chain at the rheostat
sprocket. The turnbuckles are furnished
for making final adjustment and to keep
the chain and cable tight. Care must be
taken to see that the pointer on the hand-
wheel and the position of the rheostat
arm are in agreement and that the rheo-
stat operates properly over its entire
range.

Rheostats should be carefully in-
spected before putting them in service to
make sure that no damage has been in-
curred during shipment and that sta-
tionary and moving contacts are clean
and making good contact. The mech-
anism of a motor operated rheostat
should be inspected and then operated
by hand before attempting to operate it
electrically.  All rheostat equipment
should be inspected at regular intervals
when in service to make sure that the
contacts and operating mechanisms are
in good condition,

Field Discharge Resistors-—Switching
equipments for synchronous a-c. ma-
chines generally include provision for
disconnecting the fields of the machines
which they control. Sometlmes this
provision is also included in equipments
controllmg d-c. generators. Discharge
resistors must always be used when field
circuits are opened.

Except for synchronous motors, it is
Westinghouse practice to supply field

TETRAPOD AND RE-
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discharge resistors when required, as a
part of the machine equipment, The
resistors for synchronous motors are in-
cluded in the switching equipment since
the type to be used,depends on the scheme
of control. Occasional exceptions to this
will be those instances where the field
discharge resistor is included with the
motor because of a Purchaser's specific
request,

The field discharge resistor when in-
cluded with the switching equipment,
will be mounted on the panel near its
agsociated field switch or circuit breaker
and connections made to it if the design
permits of this, If not, it will be shipped
separately for mounting and wiring at
the place of installation. Where possible,
this same procedure will be followed in
applying resistors which are supplied asa
part of Westinghouse machine equip-
ment, When shipped apart from the
switchboard, it will be necessary to put
them in place and complete the connec-
tions. Once installed, they require no
further attention,

Resistors For Instruments And Other
Apparatus—These are shipped in place
on the switchboard whenever possible.
If any field assembly has to be done, care
must be exercised that the serial num-
bers of the resistors are the same as those
of the equipment with which they are
used and that they are connected exactly
as shown on the wiring diagram,

Ammeter Shunts—Shunts are used in
conjunction with ammeters for meas-
urement of large direct currents where it
is not practical to carry the full cutrent
of the circuit through the instrument.
They are shipped in place on the switch-
board except when because of their size
or for some other reason, it is inadvisable
to do so. When shipped separately, it
will only be necessary to bolt them in
place and connect the shunt leads, Care
should be taken te avoid buckling or
damaging the leaves on the manganin as
this may affect the calibration of the
shunt.

Instrument Transformers — Instru-
ment transformers are used for two rea-
sons: first, to provide protection from
contact with high voltage circuits, and
second, to permit the use of instruments
and other devices with a reasonable
amount of insulation and a reasonable
current carrying capacity. Their func-
tion is to deliver to the devices connected
to them, a current and voltage which is
always proportional to the primary cur-
rent and voltage and which does not ex-
ceed a safe potential above ground. The
secondaries of standard potential and
current transformers are designed for
115 volts and 5 amperes respectively.
Transformers having special ratings are
sometimes required and are supplied
when necessary,

Both potential and current transfor-
mers may be one of several types depend-
ing on whether they are for indoor or
outdoor service, the voltage of the in-
stallation and particularly with cirrent
transformers, the current carrying capac-
ity and degree of accuracy required,
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Since they require very little atten-
tion after they have been installed, in-
strument transformers for the higher
voltage installations—above 7500 volts
—should be located in compartments
or mounted overhead in structures
where there will be no danger of an
attendant coming in contact with them.
Those for use in lower voltage installa-
tions are mounted either on brackets
attached to the switchboard or in the
structure behind it. They are shipped
in place in the switchgear assembly
whenever possible. Where this is not
feasible, they will have to be mounted
and connected in the field.

The secondary circuits of both poten-
tial and current transformers should
be grounded as a precaution against
danger from the high voltage in case
the insulation should break down be-
cause of lightning or other abnormal
stresses. In polyphase groups, any
point of the secondary can be grounded
but it is preferable to use a neutral point
or a common wire between two trans-
formers. The wiring diagram furnished
with the equipment shows the required
grounding.

The secondary circuit of a current
transformer should never be opened
while the primary is carrying current.
If it is necessary to disconnect instru-
ments, meters, ete., the secondary should
first be short circuited. If the secondary
circuit is opened, a difference of potential
is developed between terminals. The
voltage may be high enough to endanger
the life of a workman or cause a break
down of the transformer insulation.
In addition to this, the magnetic con-
dition of the transformer core may be
permanently changed, impairing the
accuracy of the transformer.

Primary

d
Polarity Secondary

Marks t ]

To Instrument
Circuit.
CURRENT TRANSFORMER

WITH SINCLE PRIMARY
AND SECONDARY

Single- Phase
J-wire
circuit

ek

—

Polarity / ‘ Secondary
Marks
.

To Instrument
Circuit.

THREE-WIRE CURRENT TRANSFORMER
WITH A SINGLE SECONDARY

Primary

When connecting instrument trans-
formers, it is necessary to know the
relative instantanecus direction of cur-
rents in the leads, For this reason, one
primary and one secondary lead of the
transformer are provided with a white
polarity marker. The relation of the
marked leads is such that the instan-
taneous direction of the current in them
is the same; that is, toward the trans-
former in the marked primary lead and
from the transformer in the marked
secondary lead, or vice versa. The
arrows in Fig. 54 show the relative
instantaneous direction of currents in
instrument transformers.

The high voltage and low voltage
leads issue from opposite ends or sides
of potential transformers and the letters
H.V, and L.V., indicating the voltage
of the windings, are matrked on the trans-
formers adjacent to the leads. Care
must be taken to connect the high volt-
age leads to the line, as & dangerous
voltage will be produced if the windings
are reversed.

It is practically impossible to protect
a potential transformer against overload
with primary fuses, for the reason that
any fuse wire small enough and long
enough to open the transformer circuit
with certainty during an overload would
be mechanically too frail to be handled.
It is, however, desirable to protect them
against secondary short circuits and
internal faults. This can be done with
either type BA or type BAP fuses, Cur
rent limiting resistors should be used
in series with the fuses when the short
circuit capacity of the station or power
source exceeds the interrupting capacity
of the fuses, When the short circuit
capacity of the system is unknown, it is
recommended that resistors be used
when the connected capacity is in ex-

e W]

To Instrument
Circuits
CURRENT TRANSFORMER

WITH SINGLE PRIMARY
AND DOUBLE SECONDARY

——
Fuses
Primary
Polarity
Marks
Secondary

-

To Instrument
Circuit.

POTENTIAL TRANSFORMER

F16. 54—8vMB0OLS FOR CURRENT AND POTENTIAL TRANSFORMERS. THE SmaLL Arrows IN-
PICATE RELATIVE INSTANTANEOUS DIRECTION OF CURRENT IN THE PRIMARY AND SECONDARY
LEaDS.
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cess of 2000 kv-a. The resistors limit
the short circuit current to a value which
the fuses can interrupt. In normal op-
eration, the resistors carry only the
very small primary current of the trans-
formers and the resulting drop in volt-
age is inappreciable,

Disconnecting Switches—Disconnect-
ing switches are used primarily for
isolating apparatus from the circuit
for purposes of inspection and mainte-
nance. They may be single-pole hook
stick operated, either in single or double-
throw form, or as a double-throw selector
switch and in three-pole, single throw,
remote contrel form. Selector type dis-
connecting switches permit the transfer
without interrupting the circuit. Remote
control switches are usually group op-
erated and may be either manually
or motor operated,

Disconnecting switches should be
located at such a height or be guarded
so that it will not be possible for any
person to accidentally come in contact
with them. The arrangement should,
however, allow for easy manipulation
without requiring hook sticks of ex-
cessive length. They should be located
so that gravity will tend to open them,
carefully lined up and rigidly supported.
Excessive strains imposed by connect-
ing leads should be carried by auxiliary
supports.

All disconnecting switch jaws and
blades are aligned on their bases at
the factory. If the switch base is bolted
to an uneven wall or surface, it may
deflect, causing misalignment of the
jaw and blade. It is frequently necessary
to use washers or spacers when mounting

them on uneven surfaces in order to
obtain proper alignment.

Disconnecting switches, unless special-
ly designed, are not intended to be
opened under load and extreme care
should be used to guard against this
possibility. Unless there is some form
of interlock between the disconnecting
switches and their associated circuit
breaker, it is often desirable to place
warning signs in prominent positions
to emphasize this.

The instructions given for mainte-
nance of knife switches also apply to

disconnecting switches. They should
be operated from time to time to pre-
vent excessive oxidization of their con-
tacts. Misalignment should be corrected
in the manner outlined for knife switches.

Hook Sticks—A hook stick is supplied
with switching equipment requiring
one, A definite, dry, clean place should
be provided for keeping it. Before using
a hook stick, it should be inspected to
see that it is perfectly clean. If it is
provided with a grounding clamp and
chain, make sure that the chain is well
grounded. Rubber gloves should be
worn when using hook sticks,

Bus and Cable Supports—The proper
selection of bus supports to withstand
short-circuit stresses is a matter of ex-
treme importance. While a great many
articles have been written on the sub-
ject, they have not considered many
of the important factors. The methods
of calculations outlined in the National
Rlectrical Manufacturers Association's
“Power Switchboard Standards—Publi-
cation No. 37-39" have been carefully
checked and will give accurate results.
This publication should be referred to
for detailed information on this subject.
The Company should also be consulted
]freely in connection with actual prob-
ems,

Westinghouse bus and cable supports
are available for all applications and
are supplied when called for in the con-
tract. They are carefully inspected and
tested before being shipped from the
factory. When received in the field they
should be unpacked and inspected to
make sure that they have not been
damaged in shipment. Obviously, care-
ful handling will be necessary when un.
packing and placing them in their ulti-
mate location. They should be cleaned
both before and after betng put in ser-
vice. The frequency of the latter will

depend on the atmospheric conditions
where they are installed.
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Structures

General—O0il circuit breakers, in-
strument transformers, etc., when not
mounted on the back of the switchboard,
are generally located in a structure either
in its rear or on a different floor level.
The structure may be of pipe or strue-
tural steel shapes.

The structure location with reference
to the panels on which the operating
handles of manually operated circuit
breakers are located, should be such
that the length of the operating rods,
number of bell cranks and unsupported
pipes will be a minimum.

Structures should be designed so that
when assembled, there will be no chance
for any movement incident to the opera-
tion of the oil circuit breakers, Such
movement might transfer stresses to
the adjacent connections and disarrange
adjustments between the breaker and
operating handle on the panel.

In heavy capacity installations, care
must be taken that the supporting struc-
ture does not form a complete magnetic
circuit around heavy current carrying
conductors,

Structures are not fabricated and
assembled at the factory unless specifi-
cally called for in the contract. When
not assembled, the framework and cir-
cuit breaker supports, wire, rods, tubes
and bars for connections, buses and
similar material requiring assembly
and fitting during installation, will not
be fabricated at the factory, but will

be furnished in bulk, in commercial
lengths, with fittings necessary {for
complete assembly,

Pipe Frame Structures—Steel pipe
has long been recognized as a convenient
material for structural work, particularly
in connection with both indoor and out-
door electrical installations.

Pipe is light compared to its strength,
has a symmetrical cross section which
resists bending equally well in any di-
rection and can be cut easily and rapidly
with inexpensive tools by inexperienced
workmen, In addition to this it is avail-
able in a well graded series of sizes and
can be obtained anywhere in convenient
lengths with either black or galvanized
finish. For these reasons, most of the
structures are made of 114" pipe clamped
together with threadless fittings. Figs.
55, 56 und 57 show typical pipe struc-
tures mounting oil circuit breakers,
disconnecting switches and current trans-
formers.

Westinghouse fittings as illustrated
in Fig. 58 are used in pipe structure
assemblies. They are fully described
and style numbers are listed in Catalog
Section 37-400, a copy of which will be
furnished on request. The line of fittings
is unusually complete and flexible, it
being possible to make a large variety
of typical structures with the use of
only seven different types of fittings.
They are made of the highest grade of
malleable iron commercially obtainable.
These fittings use yokes and carriage
bolts for clamping so that a considerable
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area of contact with the pipe is secured,
As the fittings are bolted up they yield
slightly due to the malleable character-
istics of the metal until they fit the
pipe perfectly.

The square shank under the head
of the carriage bolt fits into the square
hole in the fitling. Since this prevents
the bolt from turning, the assembly is
readily accomplished with a single
wrench. Hexagonal nuts are used for
further convenience in assembly.

The fittings are furnished with either
a black-gloss baked finish for indeor
use, or galvanized for use in outdoor
installations. All carriage bolts for both
indoor and outdoor fittings are hot
dipped galvanized.

Although designed primarily for elec-
trical installations Westinghouse pipe
fittings are by no means so restricted
in their application. They will be found
economical and convenient for the con-

struction of racks, railings, frames,
fences, etc.
Pipe structures which have bheen

erected at the factory are generally dis-
assembled for shipment. They can, how-
ever, be forwarded with all material in
place when transportation and handling
facilities permit. When shipped disas-
sembled, the various parts of the struc-
ture have identification numbers cor-
responding to the item numbers in the
bill of material on the assembly drawing,
The equipment should be reassembled 1n
accordance with the drawings which ap-
ply. The structure members should be
put in place first and securely fastened
with the fittings, making sure that they
are accurately plumbed and leveled.
Following this, the bus supports, dis-
connecting switches, cireuit breakers,
etc. can be mounted in their proper
locations.

Pipe plugs as shown in Fig. 60 are
furnished with all pipe structures, They
should be inserted in the ends of the
pipe to improve the general appear-
ance and in the case of outdoor struc-
tures, to prevent collection of moisturein
the pipes. A few blows on the face of
the plug with a machinist's hammer is all
that is necessary to drive them into place.

Steel Structures - Structures made
from standard steel shapes which are cut
to size and welded in the desired com-
binations, are frequently used. They can
be built in sections for shipment in units
as necessitated by transportation and
handling facilities. Being completely
factory built and tested, the installation
time and cost are greatly reduced. The
equipment shown in Figs. 64 and 64-A
was shipped and installed completely
agsembled.

Wall Mounted Equipment — Some-
times the oil circuit breakers and discon-
necting switches are mounted on the wall
behind the switchboard, the buses being
supported on the wall braces. Where
the walls are of concrete, extreme care
must be used in placing the anchor bolts
or they will not register with the mount-
ing bolt holes of the apparatus. If they
do not fit, it is necessary to file the
mounting bolt holes,
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To eliminate this trouble, the West-
inghouse Company has designed an in-
sert—see Figs. 61, 62 and 63—which per-
mits moving the apparatus mounting
bolt to any desired position in a 84 inch
radius. They are available for use with
either 3¢, 14 or 5% inch machine bolts.

The use of these adjustable inserts will
save both time and money in any instal-
lation where equipment has to e bolted
to concrete walls or floors. Tests have
proven that their holding power is as
great as the strength of the bolts.

The construction of the insert is
shown in Fig. 63. The housing has been
designed so as to obtain the maximum
holding power when imbedded in con-
crete. The rotatable bolt carrier may be
turned to any desired position. A slot
in the top permits any bolt adjustment
within a 3% inch radius. Washer B is also
slotted, making it possible to fasten
apparatus with small bases or feet to the
insert. The retaining spring holds the
rotatable bolt carrier in position while
the insert is being bolted to the concrete
form or when fastening apparatus to the
imbedded insert. As will be noted in
Fig. 61, both the housing and the rota-
table bolt carrier are provided with teeth
which prevent any change in position
while in engagement.

Fig. 63 shows the insert fastened to
the concrete form with the nut in the
rotatable bolt carrier. This method of

securing the insert to the form is recom-
mended because the threads of the bolt
are often damaged when the stud pro-
trudes through the nut on the outside of
the form. After the form has been taken
down, the nut may be removed from
and the head of the bolt

the insert

FiG. 59—Pree_StrRUC
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placed in the rotatable bolt carrier with
stud protuding outward for support-
ing apparatus. Holes are provided in
the base of the insert as shown in Fig. 62,
for applications where it may be de-
sirable or even necessary to nail them in
place before the concrete is poured.

Grillework

Grillework is frequently placed at the
rear of a switchboard to prevent access
to the equipment by unauthorized per-
sons and also to improve its appearance.
Doors with locks provide access to the
enclosed area for inspection and main-
tenance.  Screening high-voltage live
parts, such as oil circuit breakers and
their connections along aisles and run-
ways, is also an added precaution to the
safety of the operators.

When included in the contract, grille-
work is fabricated and assembled at the
factory, being made up in sections that
can be handled conveniently, It is al-
ways shipped disassembled. After the
associated switching equipment has
been completely erected, the grillework
should be unpacked and assembled in
accordance with the drawings, fastening
the sections in place with the clamps and
bolts provided for that purpose.

Conduit

General —When the station is being
designed, care should be taken to see that
a sufficient number of conduits of the
proper size are provided for both the
main and secondary connections. It is
also well to make provision so that any
reasonable repairs or changes can be

RE MounTiNG ELECTRICALLY OPERATED OIL CIRcUIT BREAKERS,

DISCONNECTING SwWITCHES, INSTRUMENT TRANSFORMERS, ETC.
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made in the wiring without jeopardizing
the continuity of service.

If the secondary and control leads do
not run beyond the switchboard room,
they frequently come to the switch-
board overhead. Otherwise the best
practice is to embed the conduits in the
floor, terminating them about two or
three inches above the finished floor and
as close to the terminal blocks as pos-
sible. Although steel conduit is recom-
mended for all leads between the switch-
board and other equipment, tile or fibre
can be used if necessary or desirable,

Control lead should not be placed in
the same conduit with secondary leads
from instrument transformers. When
steel conduit is used, all wires on a single
phase or polyphase circuit should be run
in the same conduit. Where this is not
possible, a non-metallic conduit should
be used.

All steel conduits whether carrying
primary or secondary cables, should be
grounded.

Conduit Size—The inside diameter of
the conduit should be at least 30 per
cent larger than the outside diameter of
the cable to be used in it. Uniformity of
size, even if larger than necessary is an
advantage in appearance as well as
economy in purchasing the material.

Table A gives the number of wires or
cables that can be installed in various
sizes of conduits. It applies to complete
conduit systems and not to short sec-
tions of conduit used for protecting ex-
posed wiring from mechanical injury.

Bending Conduit—Sharp bends in
conduit must be avoided and such bends
as are necessary must be so made that
the conduit will not be injured. The
radius of the curve of the inner edge
of any field bend should not be less than
six times the internal diameter of the
conduit. The number of bends hetween
outlets should not be more than the
equivalent of four quarter bends, in-
cluding those at the outlets. Conduit
elbows are recommended for all conduits
which are too large to bend satisfactorily.

There are many different types of
conduit benders on the market. The
type to be used in any installation should
be determined by the size and amount
of conduit to be installed. If a small
amount is involved, a simple bender
can be purchased or one made as shown
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Table A—Conduit Sizes for Wires and Cables in

Two-Wire and Three-Wire Systems
Size of ~———————— NuMBER oF CoNDUCTORS IN ONE CONDUIT ————————
Conductor 1 2 5 6 7 8 9
B.&S.Gage ——— —————— Miximusm Size oF CoNpulT 1N INCHES —————————
No. 18 1% 14 19 14 14 e be ] 14 %
16 A 1a 1a 14 15 1q L kA EA
14 15 1g 13 15 % 4 % 1 1
12 14 18 g 3 3 1 1 1 134
10 14 34 34 34 1 1 1} 14 114
8 L4 34 1 1 14 114 134 14 114
6 Ly 1 114 144 113 114 2 2 2
5 84 14 114 144 14 2 2 2 2
4 1 1} 1} 1l 2 2 2 2 214
3 84 14 14 114 2 2 2 24 2
2 34 114 115 114 2 2 244 2% 214
1 i 114 115 2 2 214 244 3 3
0 1 144 2 2 244 243 3 3 3
00 1 2 2 214 24 3 3 3 315
000 1 2 2 215 3 ) 3 315 3l
0000 144 2 24 24 3 3 3 3% 4
200000 CM 14 2 244 214 3 3 34 3y 4
225000 144 25 215 3 3 3 v e e
250000 1Y 214 214 3 3 314
300000 144 2% 3 3 34 315
350000 144 214 3 3k 34 4
400000 14 3 3 3% 4 4
450000 114 3 3 3l 4 4lg
500000 114 3 3 34 4 414
550000 114 3 314 4 414 5
600000 2 3 315 4 414 5
650000 2 3l 315 4
700000 2 3 315 414
750000 2 314 314 4%
800000 2 315 4 4lg
850000 2 34 4 414
900000 2 313 4 41
950000 2 4 4 5
1000000 2 4 4 5
1100000 244 4 415 6
1200000 2L 414 414 6
1250000 215 41 415 6
1300000 215 414 5 6
1400000 214 414 5 6
1500000 215 44 5 6
1600000 24 5 5 6
1700000 3 5 5 6
1750000 3 5 5 6 ¥
1800000 3 5 6 6 .
1900000 3 5 6 vie .
2000000 3 5 6

NOTE: The above is from Table 2, 1937 N.E.C.

in Fig. 66 which illustrates the “‘hickey”
method of bending conduit. The
““hickey" is made of a piece of 134" pipe
approximately four feet long, with a
pipe tee screwed on one end. The con-
duit to be bent is laid on the floor and
the tee slid to the point of bending and
slightly pulled and then readjusted.
This pulling and readjusting should be

continued until the conduit has been
bent to the desired angle. Extreme
care should be used to see that read-
justments are made long and often
enough to prevent the conduit from
buckling.

Installing Conduit—The ends of all
conduit should be reamed before joining
the sections together. This will mini-
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mize the possibility of cutting the cable
insulation, Conduit unions should be
used where required, rather than ‘‘run-
ning" threads. Bushings should be
used at all outlets. Conduit fittings can
often be used to advantage on the ends
of conduit adjacent to machines, circuit
breakers, etc. The open ends of all
conduits should be plugged or capped
as soon as the conduits are in place and
they should remain so until the cables
are to be installed.

When placing conduit which is to be
imbedded in concrete, pipe compound
or white lead should be used on the
threaded joints to insure a water tight
connection. Provision should also be
made for drainage to carry off any water
that might accumulate because of con-
densation or accidents.

Fig. 67 is a construction view of a
power station showing the conduits
just before the concrete floor was pour-
ed. Note particularly the templates
that are used for holding the conduits
in position.

Conduits that are not embedded in
concrete should be rigidly supported to
withstand the strain incident to pulling
in the cable.

When the secondary and control leads
are to be run from the top of a panel to
a structure located directly in its rear,
they should be placed in steel conduits
supported at proper intervals along the
wall braces.

Terminating Conduit at Rear of
Switchboard Panels—Figs. 68, 69 and 70
show typical arrangements for terminat-
ing incoming instruments and control ca-
bles and their conduits at the bottom of
the switchboard. While a different type
of panel frame construction is shown in
each figure, either conduit arrangement
can be used with any type of switch-
board. By referring to the figures it will
be noted that the terminal blocks are
mounted perpendicular to the plane
of the panel. This arrangement pro-
vides the maximum amount of free
space directly behind the panel and
allows full access to its rear.

A neat arrangement is to embed the
conduits in the floor and have them all
terminate uniformly near the terminal
blocks as illustrated in Fig. 68. This
elbow should be embedded, allowing
two or three inches of the straight part
of the conduit to be exposed. This can
be easily done in thick floors, but when
they are thin, a coping with a curb
angle as shown, may have to be used.

— Retaining Spring
Rotable
Bolt Carrier

. Washer A

. Standard
Hachine Bokt

P ——— Washer 8
le——Form

—_ Point of footh
Engagement

Insert Housing

Insert for embedding in concrete. Adjustable in any direction within a 54 inch radius.
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Factory-Assembled
Structure Housed and
Fastened to Flat Car
as Received by The

Customer

View of Structure Being Swung Into Position
for Attaching to The Station Crane
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The accompanying illustrations show
how easily and quickly Westinghouse
factory-assembled switching equipment
can be installed. In this particular in-
stallation only one and one-half hours
were required to remove a completely
assembled and tested switchgear struc-
ture from a flat car to its final position
in the generating station.

Like all Westinghouse factory-assem-
bled switching equipment of this nature,
the nine-cell, arc-welded structure shown
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Structure Being Hooked
on to The Yard Crane




was shipped with circuit-breaker, switch,
and bus connections made. Exterior
connections, that is, connections from
the generator unit to the structure were
the only ones made at the point of in-
stallation,

These modern structures entirely
eliminate the costs of labor and material
in building concrete or other classes of
cell structures which were formally
required.

Structure Being Trans-
ferred From Tie Yard
to The Station Crane

AT AR s

Westinghouse Switchboards

-
-

LR

Swinging The Struc-
ture Into Place Just
Before Hooking It on
to The Station Crane
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Interior of Generating Station Showing The
Structure in Its Final Position
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Another method is to have the con-
duits terminate in a trench just back
of the switchboard sill as shown in Fig.
69. The trench should be of suitable
depth, provided with a drain and have a
curb around it to prevent the entrance
of debris. The trench is covered with a
series of plates. Short fixed sections
with bushed holes through which the
cables are brought to the switchboard,
are located adjacent to the terminal
blocks. Wider ones with a handhole
to facilitate removal, are placed between
the fixed sections, This method of
terminating conduits permits crossing
the leads in the trench instead of at the
rear of the panels as is sometimes found
necessary, thus making a neater in-
stallation,

Fig. 70 shows a method of terminating
conduits which are not embedded in
the floor. They are brought up through
an opening in the floor behind the
switchboard and which extends along
its entire length. The opening is covered
with metal plates similar to those de-
scribed in the foregoing paragraph, the
conduit ends extending through holes
in the stationary sections. For installa-
tions like this, placing of the conduit
should be started at the switchboard
end. This permits drilling the stationary
plates in a more uniform manner, thus
insuring a neater appearing job when
completed.

Pulling Cable Through Conduit—
Even though the conduits have been
plugged or capped as instructed in the

Westinghouse Switchboards

foregoing, they should be cleaned out
before any wire or cable is pulled in.
This can be done by blowing compressed
air through them—if this is available
—and if not, by pulling a cloth through.
The work of pulling the cable will be
materially lessened if talc or soapstone
powder 1s blown into the conduit or
dusted on the cable beforehand. Under
no circumstances should oil or grease
be used except on lead covered cable.

When pulling in wire and cable, a
flexible steel ribbon commonly called a
‘““fish wire”' or ““snake’’ is first run through
the conduit. If the cable to be pulled is
not too heavy, it may be attached direct-
ly to the “‘fish wire’" and pulled in. Where
the run is long and heavy cable is to be
installed, the “fish wire’" should be fol-
lowed by a heavier wire or rope.

A cable grip is recommended for at-
taching the wire or cable to be pulled in
by the “‘fish wire'” or rope. If oneisnot
available, the conductor can be fastened
directly to the wire or rope and the
junction taped to prevent it from catch-
ing in the conduit.

Wires and Cables for
Auxiliary Circuits

General — Coded multi-conductor
cable is recommended for connections be-
tween the switchboard and the instru-
ment transformers, circuit breaker oper-
ating mechanisms, etc., when the num-
ber of wires in each group is fairly uni-
form throughout the installation. The
use of this greatly facilitates installa-
tion work since the different wires in the
cable can be readily recognized by their
individual color. Single wires are gen-
erally used for connections where inter-
locking is required in the circuits for the
electrically operated devices which makes

About 40" ,
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it impossible to take all the wires from
the switchboard directly to the devices
controlled.

Size of Conductors—The size of the
conductors will depend on their length
and the current to be carried. When
selecting wire or cable for instrument
transformers the losses in the conductor
should be calculated and a check made
to insure that the combination of instru-
ment load and conductor losses do not
exceed the capacity of the transformer.
Also, it is quite important that the drop
in the circuit controlling an electrically
operated circuit breaker be checked to
insure proper operation.

Although each installation will have
to be given individual consideration, in-
formation on the following can be gen-
erally used where lengths do not exceed
500 feet.

The area of cable for current trans-
former connections should be at least
19,500 circular mills for long runs and
10,000 for very short ones. For potential
transformer circuits they should be
10,000 and 6,000 circular mills respec-
tively for long and short runs.

For small solenoid operated circuit
breakers, the closing coil leads should be

Fi1G. 67—CoNsTRUCTION VIEW OF POWER STATION SHOWING CONDUITS BEFORE CONCRETE
Froor was Pourebp.
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Ti:, 68—METHOD oF TERMINATING Cowpurrs EnTiRELY EMBEDDED IN CoNCRETE ExcerTiNg THE Erpow Ewnos
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These small plates to be drilled on
the jciob to suit the cables.
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TG, 69—CoNDUITS TERMINATING IN A TrExcHu. CABLES ARE BROUGHT T0 THRE SWITCHBOARD THROUGH Busnkp
HoLES IN THE TRENCH CovER PLATES, STEEL PANEL SWITCHBOARD.
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These small plates to be drilled on
the job to suit the conduit

Conuit
AA AL

Fia. 70—ARRANGEMENT FOR TERMINATING CoNDUITS WHICH COME To SwiTCHBOARD THROUGH OPENING IN THE
FLoor. Conputt Enps SurroRTED IN PLACE BY ISTA'!‘IONARY IroN PLATES. SWiTCHBOARD MOUNTED ON ANGLE
RON FRAME.
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approximately 19,500 circular mills and
the trip coil and indicator leads 6,000
circular mills. Heavier closing coil leads
should be used for larger breakers.

Control cable for governor motors,
electrically operated rheostats and simi-
lar equipment should have an area of
10,000 circular mills when the runs are
long and 6,000 when they are short,

If solid wire is to be used rather than
cable, Nos. 8, 10 and 12 wires can be
used respectively where the 19,500,
10,000 and 6,000 circular mill cables are
recommended in the foregoing,

Ingulation—Wire and cable for instru-
ment and control circuits in the con-
ventional installations should be insu-
lated for 600 volt service. Where some-
thing different is required, it should be
selected in accordance with individual
instructions applying to the equipment.

The outside covering will depend on
local conditions, If they are to be in-
stalled in a dry place, braid covered
cable will be satisfactory. If moisture is
present, the cable will either require a
lead sheath or a weatherproof covering,

Buses and Connections for
Power Circuits
General—The selection of material
for buses and their connections depends
on a number of factors such as current
to be carried, voltage and frequency of
the installation, atmospheric conditions,
etc. Regardless of the material used, it is
essential that the buses be well supported
and that all connections be made in ac-
cordance with the best practice for the
particular material involved.

Installations involving high currents—
particularly alternating current—re-
quire special consideration. Problems
invoiving currents higher than those
considered in the following should be re-
ferred to the Company for specific recom-
mendations.

All contections which are removed
from the rear of panels for shipping pur-
poses are stenciled or painted with a
number, The same number is painted
on the panel near the point of connection
to facilitate reassembly in the field.

Wire or Rod—Bare copper wire or rod
is used quite extensively in the wvery
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simple equipments and also in the more
extensive ones where this material is
particularly suitable for the conditions
involved. It can be bent in the desired
shapes with comparative ease and when
fitted to the terminals on circuit break-
ers, switches and other devices, makes a
very neat and satisfactory installation,

Table B gives the current carrying
capacities of bare copper rod having di-
ameters from 14 to 134 inches, These
values are based on 30°C. temperature
rise above 20°C, ambient.

Table B—Current Carrying Capac-
ities of Bare Copper Red

Diameter
in Inches D-C. 25 Cycle 60 Cycle
¥ 340 330 325
8 430 440 420
8 600 580 550
% 760 720 670
1 920 860 800
114 1080 1000 950
1% 1250 1170 1100
13% 1450 1330 1250
11¢ 1600 1500 1400
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Copper Bar—This material is the one o | _ B
most commonly used for buses and their } EEEEE R ETH T TR T Arrangement of Busses
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When equipment is received that has L me i 1
been completely factory built, it is only
necessary to put such pieces in place
that had to be removed for shipment.
If buses and connections have to be
fabricated in the field, the instructions
given in the following paragraphs should
be observed.
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Copper bar should not be bent at an
angle which will result in breaking the
fibre of the material. When making
flat bends the radius should not be less
than the thickness of the bar. Edgewise
bends should not be attempted unless
special tools for this purpose are avail-
able, Copper may be twisted, however,
but it should be annealed beforehand.
To anneal copper, first heat to a dull
red, then dip immediately in water. T
After bending, the dark stains resulting 1
from the annealing process may be re- :
moved by rubbing with fine emery cloth. ot
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Before placing copper bar in the slots
of laminated switch or circuit breaker
studs, thelaminationsshould be examined msnesasas T T Arran I&"sl of
to make sure that they are clean, smooth . - 1 ' T !
and parallel. When more than one bar ] o
is used for connection to equipment HHEH
having round studs, spacers should be - ! TR :
used between bars to obtain ventilating  : BEsass
space. Using thin nuts on the studs in- 27 4 SiEmRaaE EHERSa:
stead of spacers may cause excessive gyt I
heating unless they are properly “‘set- |
up”.

The factors which affect the contact
resistance of a copper bar joint are the
preparation of the surface of the joint
and the pressure with which the contact
surfaces of the joint are forced together,
To insure a satisfactory joint, the bar,
if rough or distorted, should be laid on
a smooth surface and the contact area
flattened by hammering with a raw-hide
mallet. If it is particularly rough, filing
may be necessary, The contact surfaces
of the bars should then be well cleaned
with emery cloth, wiped free of emery 7
dust and given a coat of vaseline or -HAH
boiled linseed oil. The vaselined or oiled :
surfaces should be rubbed slightly with F1G. 74—CurRENT CARRYING Capacity oF COPPER BArR—25
fine emery cloth to remove any trace of
oxidization and then clamped or bolted espaset of
together without the vaseline or “oil |
being removed. Surfaces prepared in Foa
this manner have little chance to oxidize, moe
since the pressure at the joint due to HH

F16. 73—CURRENT CARRYING CAPACITY oF CoPPER BarR—DirECT CURRENT.
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Table C—Capacities for Copper Bar In The Conventional Bus
Arrangement

Size in No. of 60 Céde
Inches Bars A-C.
3 1 1000
3 : %/f 2 1650
3x Yy 3 1800
3x 5 4 2100
4x Y 1 1350
4x M4 2 2250
4x 3 2500
4x ﬁ 4 3000
5x 1 1620
5x ﬁ 2 27100
S5z Y 3 3000
Sx 1§ 4 3600
6x 1 1890
6 x }}é 2 3050
6x 34 3 3500
6x 34 4 4150

the bLolting or clamping will force the
vaseline or oil from between the straps
to form a seal around the coated area.
Excellent results have also been ob-
tained by tinning the contact areas be-
fore they are clamped together,

When *‘setting-up” the connections,
particular attention must be paid to the
pressure between the contact surfaces,
The connections must be securely bolted
or clamped, since the conductivity of
the joint is proportional to the applied
pressure rather than to its area. Factory
made joints are usually bolted whereas
clamps are frequently used for those
which have to be made in the field. If
it is desired to bolt instead of clamp the
joints when fabricating connections n
the field, the dimensions in Fig. 71 are
recommended.

After the copper conneclions have
been placed and securely clamped, they
may, if desired, be cleaned and given
a coat of transparent lacquer.

Table C gives current carrying capac-
ities for copper bus bars arranged in
the conventional manner, By referring
to it, it will be noted that the rate of
increase of current carrying capacity
in a bus is not proportional to the in.
crease in the number of bars, This is
due to the mutual inductance and phy-
sical arrangement of conductors, etc,,
which must be taken into consideration
particularly when dealing with alter-
nating current. The data given is based
on an individual bar spacing of 1 inch.
The a-c. values apply to both single
and polyphase systems, The permissible
maximum or ‘“‘hot spot” temperature
rise has been fixed at 35°C. above an
ambient value of 40°C. When operating
at this limit, buses of more than one
lamination will have an average tem-
perature rise over the surface of all bars
of legs than 30°C,

——AMPERE CAPACITY-

25 Cycle Direct
A-g. Current
1050 1050
1680 1800
1880 2400
2250 3000
1375 1375
2300 2400
2610 3100
3200 4000
1650 1650
2760 2900
3040 3800
31860 4700
1920 1920
3120 3300
3660 4300
4450 5200

The ncarer the bus arrangement ap-
proaches a hollow square, the meore
efficient it will be. Fig, 72 shows a
modified hollow square bus support
which is guitable for 4000 volts maxi-
mum service, Their design is very
flexible and assemblies can be secured
for supporting from one to twelve bars.
Figs. 73, 74 and 75 give current carrying
capacities for various bar assemblies
mounted in these supports.

Copper Tubing—This material is
quite generally used for bus bars and
connections particularly in high voltage
or current installations. Iron pipe size,
hard drawn tubing is used to obtain the
required rigidity, Generally standard
tubing will be satisfactory although
extra heavy can be used where additional
strength is required.

Table D gives the current ratings of
various sizes of copper tubing for indoor
and outdoor service, The values are
the National Electrical Manufacturer’s
Association Standards and are 60 cycle
current ratings based on 30°C. tem-
perature rise above 40°C, ambient for
98 per cent conductivity copper.

Cables for Power Circuits

Selection of Cable—When selecting
cables for connections to machines,
transformers, etc., consideration must be
given to such factors as voltage, current,
frequency, temperature and the prev-
alence of water, moisture, oil, acids or
corrosive gases. The temperature limit
of the insulation should never be exceed-
ed. Particular care must be exercised
when cables are to be installed in con-
duit or unusually warm places.

Table E gives the allowable current
carrying capacities of insulated copper
wire and cable as adopted by the Na-
tional Board of Fire Underwriters for
interior conductors. It is considered in-
advisable to list here current ratings
other than these due to the number of
variable factors that enter into the selec-
tion of suitable cable. Specific recom-
mendations will be furnished if desired,
When requesting this, all pertinent in-
formaticn regarding the cable installa-
tion should be submitted to us.

For three phase leads where the cur-
rent is small, one three conductor cable
is preferable to three single ones. Since
it 1 not practical to manufacture three
conductor cables larger than 500,000
circular mils, single conductor cables are
recommended for higher capacities.

Particular attention must be paid to
the arrangement of cables when being
used in parallel. Since all three phases
of an alternating current circuit must
be run in the same steel conduit, three
cables should be run in one and three
in another if two leads per phase are
used, and a single condut is too small
to accommaodate all six, When a number
of cables are used and they are bunched,
the inner ones will be unable to dissipate
the required amount of heat and ex-
cessive temperatures will result. Lead
covered or weatherproof cable must be
used where moisture is present.

Bending Cable—To prevent weaken-
ing of the cable insulation, sharp turns,
corners and edges should be avoided
where possible. The radius of bends
for rubber covered, varnished cambric
ot lead covered cable should never be
less than six times the outside diameter
of the cable. With small braided con-
ductors the radius of bends may be five
times the outside diameter of the cable.
The minimum radius that should be
used in bending solid insulated wire is
six times its overall diameter.

Table D—Current Ratings of Copper Tubing

-AMPERE CAPACITY.

Size in InpoOR QuTooor

Inches Standard Extra Heavy Standard Extra Heavy

}!»2 410 460 550 620

515 875 680 770

1 575 750 860 1010

13y 875 1000 1130 1270

134 1025 1150 1285 1460

2 1300 1500 1585 1850

215 1700 1975 2010 2390

3 2175 2475 2560 3000

3.4 2525 2875 3040 3410

4 2850 3225 3400 3880

4lg 3100 3675 3700 4300

5 3425 4300 4100 5000

[ 4150 5100 4750 5850
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Table E—Allowable Current Carrying Capacities of Insulated Wire
and Cable for Interior Conductors

Dia. of Area in Ohms Per Column A Column B Column C
Size Solid Wire Circular 1000 Ft. Rubber Var, Cam. Other
AWG In Mils, Mils, at 77°F, ins. Ins. Ins.
— ——- - Amperes ———-—-—
22 25.4 642 16.46 . ..
20 31.9 1,022 10.35 .. o
18 40,3 1,624 6.510 3 . 6
16 50.8 2,583 4.094 5] .. 10
14 64.1 4,107 2.575 15 18 20
12 80.8 6,530 1.619 20 25 30
10 101.9 10,380 1.018 25 30 35
-] 128.5 16,510 .6405 35 40 50
6 162.0 16,250 4028 50 60 70
5 181.9 33,100 3195 55 65 80
4 204.3 41,740 2533 70 85 90
3 229 .4 52,630 2009 80 95 100
2 257.6 66,370 1593 90 110 125
1 289.3 83,690 1264 100 120 150
0 325.0 105,500 1002 125 150 200
00 364 .8 133,100 07947 150 180 2125
000 409.6 167,800 06302 t75 210 275
0000 460.0 211,600 . 04998 225 270 325
250,000 L0431 250 300 350
300,000 0360 275 330 400
350,000 0308 300 360 450
400,000 0270 325 390 500
500,000 L0216 400 480 600
600,000 0180 45¢ 540 580
700,000 0154 500 600 760
750,000 0144 525 630 800
800,000 0135 550 660 840
900,000 0120 600 720 920
1,000,000 0108 650 780 1,000
1,100,000 .00981 650 830 1,080
1,200,000 00899 730 880 1,150
1,300,600 .00830 770 920 1.220
1,404,000 0070 810 970 1,290
1,500,000 00719 330 1,020 1,360
1,600,000 00674 890 1,070 1,430
1,700,000 00634 930 1,120 1,490
1,800,000 00599 970 1,160 1,550
1,900,000 00568 1,010 1,210 1,610
2,000,000 00539 1,050 1,260 1,670

1 Mil=0.001 inch.

If it is necessary to make bends which
might be injurious, the insulation should
be removed and the bend reinsulated
after the cable has been installed. It is
advisable to taper the original cable
insulation for several inches on each
side of the bend in order that the cable
will present a neat appearance when the
new insulation is added.

Soldering Cable—When soldering
cable into a terminal, it is first necessary
to tin the inside if the manufacturer—
Westinghouse terminals are already
coated—has not done this. See that
the inside of the terminal is clean, Coat
this surface lightly with a good soldering
flux, Hold the terminal over a solder
pot with pliers and, using the ladle,
stowly pour it full of the hot metal. Spill
the solder back into the pot and repeat
a few times until the inside surface is
completely tinned. Very large terminals
can be held upright on the floor or a
bench, heated with torches and gradual-
ly filled with solder which melts and
tins the surface. An ordinary large
monkey wrench can be tightened on to
a large tube terminal, using pliers on
the thumb nut, and makes a good clamp
to hold the terminal upright.

The end of the cable should be cut
off to remove any distorted strands,
The insulation should then be cut off
sqjuarelv. far enough back to let the cable
go to the bottom of the hole in the termi-
nal.  The cable end should now be coated
with flux and held in a solder pot or
slowly lowered in the terminal which
is .partly “filled with solder and kept
heated with torches. It will probably
be necessary to surround the insulation

near the terminal with moist rags or
protect it with tape to prevent burning,
When the cable is tinned, it is ready to
be soldered into the terminal.

Be sure no water is in the terminal
or is dropped into the molten solder as
it may explode causing serious burns to
anyone nearby.

Heat the terminal and fill one quarter
of it with solder. Slowly push the cable
end into it, still applying heat so that
the solder remains molten. The excess
solder will run out over the end of the
terminal. Remove the heat and wipe
off the outside. Allow the terminal to
cool being sure the joint is not moved
till the solder sets. Large terminals can
be cooled with wet rags. Clean the
terminal. If the insulation tends to
fray, it should be corded or taped and
varnished to give a finished appearance.

Westinghouse tube terminals are coat-
ed on the inside with flux. If torches
are used on the terminals, be sure the
flux is not burned off before the solder
is applied or a good tinning job cannot
be obtained. Finely stranded cable
should be tied with fine wire before being
tinned to hold the strands in place. With
some types of braid it is advisable to
cord the insulation or protect it with
asbestos tape during the soldering op-
eration and then replace this with new
wrapping if the insulation frays when
it is removed.

Cable Terminals—Cable terminals
(potheads) are recommended for termi-
nating all cables in circuits operating
above 600 volts, especially for outdecor
service. They serve the double purpose
of adequately protecting the ends of the
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cables from mechanical injury or en-
trance of moisture, and of providing
convenient means for disconnecting the
aerial lines from the cable, as occasion
requires,

Terminalg are available with different
types of cable entrances, namely, wiped
joint for lead covered cables; stuffing
box for all non-metallic cables or lead
covered cables where a wiped joint can-
not be conveniently made; and conduit
connected for terminals mounted direct-
ly on the conduits carrying the cables.

Lead covered cable should not be un-
sealed until it is ready to be connected
as its exposed end will absorb moisture.

Suppoerting Cable—When cables are
not run in conduit, suitable supports
must be provided to keep them in posi-
tion, Where installed in long vertical
runs, they should be supported every
ten feet. If the conductor is very heavy,
supports should be used which clamp
the bare cable, the insulation to be re-
moved at the point of support for this
purpose, This will eliminate the possi-
bility of the conductor slipping through
the insulation. When supporting cable
in this manner, the insulators will have
to be suitable for the circuit voltage.

Grounding Metal Sheath Cable—
The metal sheaths of cables carrying
polyphase currents should be grounded
at several places. Lead or bronze sheath
single conductor eables carrying alter-
nating current must have their sheaths
grounded at one point only, preferably
in the middle, and the cable sheath must
be insulated from the support at all
other points. This prevents induced
sheath currents. If the continuity of
the sheath is broken, the individual
sections must each be grounded at
one point.,

Cable Insulation and Pergonal Safety
—Treat all circuits as if they were alive
unless it is positively known that the
are dead. DO NOT TRUST INSU-
LATION AS IT IS OFTEN INSUFFI-
CIENT EXCEPT AS A PROTECTION
AGAINST ACCIDENTAL CONTACT.

Tightening Connections

When installing equipment, it should
always be remembered that the con-
ductivity of a bolted or clamped joint
i proportional to the pressure applied
at the joint. All connections should,
therefore, be carefully inspected and
tightened before the equipment is
placed in service. Failure to observe
this precaution will result in trouble.

Insulating Connections

Where Required—No bare connec-
tions above 750 volts should be allowed
in the switchboard room, or where con-
nections are accessible from the aisles,
Connections for 11,000 volts and above
are usually so far out of reach as to be
harmless, and so well protected by space
as to preclude the necessity for wrapped
insulation.

Insulation is also recommended for
all connections and terminal lugs for
circuits below 750 volts in which en-



closed switches or oil circuit breakers
are used. While a knife switch with
bare live parts is in itself a caution
notice, a device such as a circuit breaker
being enclosed, inspires confidence and
invites dangerous contact with terminals
and connections. It should, of course,
beborne in mind that a carefully wrapped
conductor may not be safe to handle
alive,

Insulation cannot be applied at the
factory since it should be continuous
over all joints and terminals. Most types
of these have to be left exposed for in-
spection and tightening by the Purchaser
before being placed in service. In these
cases, the insulation must, therefore,
be applied at the time of installation
in Puarchaser’s plant and is considered a
part of the installation material. Since
insulation may have a tendency to in-
crease the temperature rise of a con-
ductor, the purchaser should not insulate
connections designed to he left bare
without first consulting the Company.

Methods and Materials Used—The
most common method is to cover the
parts to be insulat ed with tape. When
the joints are not symmetrical, the work
may be greatly simplified and the ap-
pearance of the finished job improved
if the uneven surfaces are filled in with
conducting paste over which the tape
may be mote easily applied.

The conductor should be wrapped
with half-lapped layers of .010 inch
varnished cambric tape (Westinghouse
Catalog No. 1266 Tan Treated Cloth)
applying the number of layers required
for the voltage range as given in Table
F. Apply a coat of insulating varnish
{(Westinghouse Catalog No. 311 Var-
nish) between layers. Cover the cambric
with one layer of .007 inch cotton tape
and wrap the ends with cord to keep
them in place. Finish with two coats
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of black insulating varnish {Westing-
house Catalog No. 414 Varnish).

Westinghouse tan treated cloth No
1266, one inch wide, .010 inch thick, is
carried in stock in 36 yard rolls and is,
therefore, available for quick shipment,
It is made from high grade materials
and is cut on just the angle and with the
right amount of tack needed to assure
a good, smooth, uniformly taped job.

Good results can also be secured by
covering the buses and connections with
tubing, angles or channels, made of
Micarta. Round tubing can be used to
advantage in covering bare wire or rod,
whereas rectangular tubing, angles and
channels can be used for covering copper
bar. Where bends occur in the con-
ductors, short lengths of these materials
can be used on the straight runs and the
bends or elbows insulated with tape.

Ground Connections

General—A good and reliable ground
connection is necessary for every switch-
board installation. It should be of suffi-
cient capacity to take care of any ab-
nermal conditions that might occur on
the system, and should be independent
of the grounds for lightning arresters
and other apparatus.

Instrument Casges, Switchboard
Frames and Associated Structures—
The established regulations for all a-c.
switchboards, regardless of the service
voltage, are that the cases of instru-
ments, meters and relays, frames and
associated structures be grounded.

All d-c, switchboards having one side
connected directly to ground, for example
a railway switchboard, should have
cases, frames and associated structures
insulated from ground. In general, they
should be grounded for other d-c.
switchboards.

Table F—Cambric Tape Required for Different Voltages and Shapes
of Conductors

e———AMOUNT OF 1-1NCH CAMBRIC TAPE
N Yps. pER LinraL FooT oF CONDUCTOR

*Number of

—

Voltage Half-Lapped Rod Rod Bar ar
Range Layers M | A PP K x4
0—1,0600 3 3.52 6.6 9.5 17.5
1,001—2,000 4 4.78 9.0 12,9 23.5
2.001—3,000 4 4.78 9.0 12.9 23.5
3,001—4,000 5 6.17 11.4 16.4 29.7
4,001—5,000 6 7.65 13.9 19.9 36.0
5.001—6,200 7 2,25 16,5 23.6 42.3
6,201—1,600 8 10.1 19.2 27.4 48.8
7,601—8,800 9 12.7 22,1 3.3 55.3
B.801—10,000 10 14.5 24.8 35.3 62.0
10,001—11,600 11 16.4 27.9 39.4 68.8
11,601 —13,400 12 18.4 30.8 43.7 5.7
13,401—15,400 13 20.5 34.0 48.0 82,7
15,401—17,400 14 22.6 37.1 52.5 89.8
17,401—19,400 15 24.9 40.0 57.0 97.0
19,401—21,200 16 27.2 43.8
21,201—23,200 17 29.6 47.2
23,201—25,000 18 32.1 50.8
25,001—26,800 19 34.7 54.5
26,801—28,000 20 37.2 58.0
28,001—30,400 22 41.9 65.6
30,401—32,800 24 48.8 73.7
32,801—35,200 26 55.0 82.0
35.201—37.600 28 61,6 90,6
37,601--40,000 30 68.5 99.5

*Each half-lapped layer equals two thicknesses of tape. As an example for the 10012000
voltage range, 4 half-lapped layers are required. This is equal to 8 thicknesses of tape.
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In mixed switchboards, for exatnple
one having both a-c, and railway panels,
a literal Interpretation of the safety
code requires that the a-c. panel frames
and associated structures be grounded
and d-c. panel frames and associated
structure be insulated. It will, however,
often be preferable to insulate the entire
panel framing of a mixed board even
though the associated a-c. structure is
grounded. Such cases should, however,
always be checked to make sure that the
arrangement selected is in accordance
with local requirements.

It should always be remembered that
when panel frames are grounded, the
cases of the instruments, meters and
relays should be grounded and vice versa,

All multi-section contro] desks are
provided with a ground bus. Also,
multi-panel switchboards have them
when they are required. It is bolted
directly to the rear flanges of steel
panels as shown in Fig. 20. Brackets are
used to support the ground bus for
switchboard assemblies having pipe or
angle iron frame. When erecting the
equipment in the field, care must be
taken to see that good electrical contact
is made between this bus and the panel
or desk frame. The secondary wiring
ground connections must also be made
to it as shown in the wiring diagram,
Ground connections for single panels are
made directly to the frame.

Instrument Transformer Secondaries,
Gil Circuit Breaker Frames, Conduit
and Cable Sheaths—These should be
grounded in accordance with informa-
tion given with the installation instruc-
tions for this equipment.

Temporary Grounds—Work on cur-
rent carrying parts should not be under-
taken until these parts have been dis-
connected from the system and con-
nected to the ground bus. Provision
should, therefore, be made by the Pur-
chaser for connecting flexible ground
leads so as to reach every part of the
switching equipment.

Method of Determining
Phase Rotation

General—When connecting two sys-
tems together it is essential that their
phase rotations are the same. Also in
connecting power factor meters, re-
active factor meters, reverse power re-
lays, etc., it is necessary to see that the

hase rotation is in accordance with that
indicated on the wiring diagram.

This cannot be checked from the
direction of rotation of the equipment
itself since the physical direction of rota-
tion of any given piece of apparatus is
not necessarily the same as the direction
of the phase rotation.

In the case of a power factor meter or
reactive factor meter, this can readily
be checked by following the directions
given on the instruction cards for these
instruments and this will serve as a
check on the balance of the apparatus,

Lamps and Inductive Load—Another
method of determining phase rotation is
by means of two lamps and an inductive
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load connected as shown in Fig. 76.
When so connected, one of the lamps
will be brighter than the other. If lamp
A is brighter than lamp B, phase rota-
tion is counter clockwise, ie., 1-2-3.
Conversely, if lamp B is brighter than
larznp A, phase rotation is clockwise i.e.,
3-2-1.

On special order the Company can
supply complete equipment of lamps and
reactance mounted in a compact and con-
venient portable form for checking phase
rotation.

Three-Phase Motors—When making
connections to starting taps for induc-
tion motors and self-starting synchro-
nous motors or converters, it is often
difficult to check the relative phase rota-
tion on the starting and running posi-
tions. This is, however, of the utmost
importance since it is obvious that if
with the switch in the starting position,
tendency to rotate is in one direction
and the opposite when the switch is
thrown to the running position, the ap-
paratus would probably be seriously
damaged when operation was attempted.

Phase rotation can be checked in this
case by the lamp and inductance method
as previously described, or it may he
more convenient to use a small three-
phase motor connected to the running
gide of the switch as shown in Fig. 77.
If the motor rotates in the same direc-
tion when the switch is thrown to the
running position that it did when the
switch was in the starting position, it
is evident that the connections are con-
sistent.

Checking and
Testing Connections

Installation Tests—After the switch-
ing equipment together with the appara-
tus which it is to control has been in-
stalled and all interconnections made, it
should be given a final check and test
before being put into service, This is
necessary to insure that the equipment
has been correctly installed and that all
connections are complete. Extreme
care must be exercised to prevent the
equipment to be controlled from being
connected to the system while the pre-
liminary tests are being conducted. If
disconnecting switches are not available,
the line leads should be disconnected
to accomplish this.

Testing Equipment Required—The
testing equipment required will depend
entirely on the type of installation.
Portable voltmeters—both a-c. and d-c.

Westinghouse Switchboards

—with a wide range of scales will usually
be required, If the equipment to be put
into service is quite extensive and com-
plicated, both a-c. and d-c. ammeters
should be available in case unexpected
trouble develops.

Some simple portable device for ring-
ing or lighting out circuits should be in-
cluded in the testing equipment, A
magneto is used for the former. A con-
venient method for the latter is to add a
solid contact point to the *‘lens end” of
a flashlight. At some other convenient
place on the flash light add a binding
post. The battery and lamp should be
connected in series between the contact
point and the binding post. Oneend of a
Aexible wire, four or five feet in length,
can be attached to the binding post and
the other end provided with a spring clip
for quickly attaching to the point to be
tested. Touching the contact point at
the other end of the circuit whose con-
tinuity is being checked should complete
the circuit through the lamp. The lamp
lighting will indicate that the circuit is
intact,

Checking Connections on the Switch-
board and To Devices Apart From It—
Although the inspection and tests given
the switching equipment at the factory
insures that all the connections on the
switchboard are correct and in good
order when it leaves there, they should
be examined to make sure that they
have not been loosened or damaged dur-
ing shipment or installation. All bolted
connections and joints should be tight-
ened to insure good contact.

After installation, the connections to
the equipment apart from the switch-
board such as instrument transformers,
circuit breaker operating mechanisms,
auxiliary switches, ete., should either be
rung or lighted out to make sure that
they are also correct. The extent to
which this will have to be done depends
on the thoroughness of the installation
work. There must, however, be definite
assurance that all connections are cor-
rect before an attempt is made to oper-
ate the equipment,

Checking Operation—In order to show
up any errors in the installation, the
different paris should be tried out by
putting current through them at reduced
voltage, This procedure should be con-
tinued progressively until all parts have
been proved. Any incorrect operations
during this trial period should be care-
fully noted and steps taken to remedy
them.

Care of Covers for Imstruments,
Meters, Relays and Other Devices
During Test—The covers for instru-

TRAKSFORMERS
WF REQUIAED

STARTING TAPS

ments, meters, relays and other devices
which have to be removed during the
course of installation and test should be
carefully stored when removed from
their normal positions. Since these are
made either partly or entirely of glass,
they may be broken if not properly
protected. If something, such as the end
of the working day, temporarily stops
the test work, all covers should be put
in place to keep dust and dirt from col-
lecting on the vital parts of the equip-
ment,

Record Drawings

As soon as the switcliboard has been
installed and put inte operaticn, the
drawings supplied with the equipment
should be gone over and notations made
on them of any deviation made during
the installation, such as changes in the
order of panels, distance to wall, di-
rection of cables, electrical connections,
etc, A set of these should be returned
lo the Company so that the tracings
can be changed for permanent record.
Obviously, this is necessary in order
that there will be no confusion in han-
dling future orders for changes or ex-
tensions,

General Operating, Inspec-
tion and Maintenance

Suggestions

Operating—When starting up a sta-
tion, a careful check should be made to
see that all switches and circuit breakers
are open and that all parts are in good
operating condition. Prominently mark-
ing the names or numbers of the circuits
on the operative devices, will often
avoid confusion, especially when the
station is started for the first time, and
will be of considerable help to new
operators.

The premises, particularly the switch-
board room, should be kept clean.
Compressed air or a hand bellows very
often answers for cleaning the switch-
board, especially the rear. The fronts of
the panels can be cleaned in accordance
with the instructions in the section on
Refinishing, Cleaning and Repairing
Switchboard Panels.

Inspection and Maintenance—In
order to obtain satisfactory operation
from switching equipment, it must have
proper inspection and maintenance.
The inspection must be done system-
atically and at regular intervals by ex-
perienced men and should cover all the
devices and connections.  Obviously,
when making these inspections, extreme
care must be exercised and that no cir-
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cuits are shorted or grounded and that
the inspector experiences no personal
harm. Any defect which is discovered
should be corrected immediately,

Prints of all drawings and copies of
all instruction books, cards, and leaflets
should be readily available so that in
case of trouble, the maintenance man
can refer to them for such detail in-
formation as may be required to correct
the situation.

Frequency of Inspection—The size
and nature of the installation will deter-
mine to a large extent how often the
equipment should be inspected. The
thoroughness and care with which the
inspector does his work may make fre-
quent inspection unnecessary, while
on the other hand, hasty and haphazard
inspection will eventnally result in
trouble even if made once a week. In-
spectors should, therefore, be thoroughly
instructed and experienced in both the
function and the adjustment of the
various devices and should have a uni-
form method of making the inspection.
Good results can very often be obtained
by furnishing the inspectors with detail
lists covering points which have to be
checked and reported on at stated in-
tervals.

Equipment Which is Not Put Into
Service Immediately After Installation
—Qccasionally, switching equipment is
not put into service until several weeks
after the installation work has been
completed. In such instances, it is
extremely important that the equip-
ment be maintained in good condition,
so that no difficulty will be experienced
when operation is started.

Renewal Parts

In order to insure continuity of ser-
vice, renewal parts should be ordered
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before they are actually needed. To
facilitate ordering these, a recommended
list of renewal parts will be furnished
on request. This list, in addition to
style numbers, will give the number of
gieces that should be carried in stock
ased on the number of devices in
service.

Renewal parts should be kept in
perfect condition and where they can
be instantly found when needed. A
systematic record should be kept of
the number on hand and additional
parts reordered when the available
stock is reduced to an established min-
imum.

Illumination of Switchboard

Both the front and rear of the switch.
board should be amply illuminated by
the station lighting system. It is sug-
gested that this include some emergency
circuits so that the switchboard room
cannot be put in darkness under any
abnormal condition,

In stations having storage batteries,
this can be accomplished most easily
by use of automatic throw-over switches,
which, on failure of the normal line
circuit, throw a number of lights on to
the battery. Fig. 78 is a diagram of
connections of such a switch. The com-
pany has a number of standard designs
of throw-over switches which can he
furnished on order,

Storage Batteries

General—It is not intended to give
here information relative to selection,
unpacking, installing and maintaining
the battery since the battery manu-
facturer's instructions are very specific
and should be carefully followed. It
should be noted, however, that when
the station is being laid out, a definite
place should be provided for the battery.
A few general suggestions are given
which should be followed in selecting
and preparing a location for it.

Battery Room—For the sealed jar
type of cell, a separate battery room
is not essential. The open type cell,
however, should be installed in a separate
room which is both well lighted and well
ventilated. If the location is such that
direct sunlight will fall on the cells, the
windows should be coated with an
opalescent paint. If natural illumina-
tion is not possible, the room should be
well provided with electric lights. The
battery should be located so that all
cells are readily accessible for adding
water necessary to replace loss from
evaporation.

The room should be dry and with a
temperature as near 70° F, as practical.
High temperatures (above 80° F.}
should be avoided, insofar as possible.
Low temperatures reduce the battery
capacity, but are not harmful, SINCE
THE GASSES GIVEN OFF DURING
CHARGING FORM AN EXPLOSIVE
MIXTURE, AN EXPOSED FLAME
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SHOULD NEVER BE BROUGHT
NEAR THE BATTERY.

There should be as little exposed pip-
ing and iron work in the battery room
as possible, particularly near the floor.
At the floor level and for the first four
or five feet, it is especially necessary
that the iron work be protected with
asphaltum paint. If radiators or coils
are present, they should be located as
high as possible from the floor and pro-
tected with asphaltum paint also, On
ceilings and walls above the top level
of the cells, a good white lead, linseed-
o0il paint should be used. The white walls
and ceiling will materially assist in
illumination of the room.

Electrical Clearances

Tables G and H give minimum elec-
trical clearances used in the design of
Westinghouse switching equipment.
Values for striking and creeping dis-
tances are given in Table G both for
systems rated up to 150 Kv-a. and also
for those above this. All secondary
connections from instrument trans-
formers are classified as less than 150
Kv-a. capacity. The values apply to
connections and bare parts mounted
on switchboards but do not apply to
individual pieces of apparatus.

Where one side of a circuit is per-
manently grounded, the clearance class
for parts of opposite Bolarity should be
used. For voltages above 3500, all live
parts should be supported on insulating
pillars.

Clearances in Table G do not apply
within the proximity of an electric arc.
Where arcs are likely to occur, non-
combustible barriers should be used
for voltages above 250 volts d-c. or
480 volts a-c.

Voltage limits for panel materials are;
Slate up to 750 volts.
Marble up to 2500 volts.

Micarta and ebony asbestos up te
3500 volts.

Voltage classes up to 69,000 volts
are maximum allowable, Voltages above
69,000 are nominal and a variation of
plus or minus 5% may be allowed with-
ocut changing the values given.

Insulating 0Oil

General—The insulating oil furnished
bgr the Company has been developed
after many years of research work in
cooperation with the oil refiners. In
response to requests from customers for
a reduction in the number of grades of
insulating oil used in electrical appara-
tus, the Universal Wemco C oil has been
developed which is particularly well
adapted for all Westinghouse oil insu-
lated apparatus such as oil circuit
brealeers, transformers, induction feeder
regulators, ete,

The insulating oil is just as much a
part of the apparatus in which it is used
as any of the other materials which are
built into the apparatus. In order to



insure the performance guaranteed for
the apparatus, only the insulating oil
furnished by the Company should be
used.

As all oil is subject to deterioration
in service even under the most favorable
conditions, it is essential to provide for
periodic inspection and test, and to
purify the oil whenever it is necessary
in order to maintain it in good condition.

The more handling which an insulat-
ing oil receives, the greater the oppor-
tunity for contamination unless ade-
quate precautions are taken.

A few general instructions are given
in the following relative to the care of
insulating oil.  See Instruction Book
5336—Westinghouse Insulating Oil for
Electrical Apparatus—for complete in-
structions for storing, handling, inspect-
ing, testing and purifying of insulat-
ing oil.

Shipment—Universal Wemco C oil
is shipped in tank cars, drums and cans.
The modern tank cars are usually lagged
to prevent rapid fluctuations in tem-
perature during transit and thus reduce
the amount of expansion and contraction
of oil. Changes in the volume of the
oil due to temperature variations tend
to cause breathing in of moist air result-
ing in condensation of moisture inside the
tank and lowering of the dielectric
strength of the oil.
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The drums are provided with screw
bungs having gaskets to prevent ad-
mission of water. The oil and the drums
are both heated above room tempera-
ture while the drums are being filled,
and the bungs are tightened immediately
after filling. After cooling to normal
temperature, the bungs are again
tightened.

When filling cans, they, as well as
the oil, are heated above room tempera-
ture and are hermetically sealed im-
mediately after filling.

Storage—1It is possible for bungs to
become loosened by change in tempera-
ture or rough handling in transit. As
soon as a drum of oil has been unloaded
the bung should be examined and
tightened if it is loose.

1t is very desirable that oil in drums
be stored in a closed room. Outdoor
storage of oil is always hazardous and
should be avoided if at all possible. If
it is necessary to store it out of doors,
protection against direct precipitation
of rain or snow should be provided.
Drums stored out of doors should be
placed on timbers so as to be clear of
the ground. They should always be
placed on their sides and never turned
up on end. The bungs should be turned
at an angle of about 45 degrees from the
top. It is recommended that the drums
be covered with tarpaulin.

Cans containing oil must not be ex-
posed to the weather., They should not
be unsealed before the oil is actually
needed. It is not necessary to make
dielectric tests on oil in sealed cans.

Screw caps are provided on the cans,
for use where the contents are only
partially used after the hermetic seal
1s broken, to prevent contamination
with moisture or dirt.

Placing Qil in Service—The most
careful precaution must be taken to
insure absolute dryness and cleanness
of the apparatus before filling it with
oil, and to prevent the entrance of water
and dirt during the transfer of the oil
to the apparatus.

When putting a new circuit breaker
or transformer into service, see that the
tank is free from moisture and foreign
material. When carbonized or sludged
oil is removed from a circuit breaker or
transformer in service, thoroughly clean
the interior of the apparatus so that the
new oil will not be contaminated. This
may be done by flushing with clean
insulating oil and wiping with clean dry
lint-free cotton cloths. Cotton waste is
undesirable for this on account of the
lint which may be introduced into the oil.

All vessels used for transferring the oil
should be carefully inspected to see that
t&k_ley are absolutely dry and free from

irt.

Table G—Minimum Clearance in Inches Between Live Parts or Bare Conductors

CREEPING DISTANCES ON SURFACES

VoLTAGE CLASS

STRIKING DISTANCES THROUGH AIR

Between Live
PArRTs AnD

BeTween Live GrRounD
Par1s or Oprosite
P Scave | _Bame
QLARITY CownducTom
Baneg
Coupveron
+ - -
Liwve
Wasrer
Scave

GRouNDED ANGLE
Frame

For Intermediate Voltages, Use
the Distance Given for the
Next Higher Voltage Class

Live Parts or Oprosite

Be Tween THE Nearest

Between Live
Parts Awp GRoumD

PoLamiTy

Indoor Application on Circuits Connected to Systems up to 150 Kv-a. Ca

of Instrument Transformers

pacity or Wiring Connected to the Secondary

34 S Up to 50 14 14

15 8 125 3% A

5% 14 250 3% !
1 87 600 iz ¥4
114 114 750 3; 84
134 134 1500 114 14

Indoor Application on Circuits Connected to Systems Above 150 Kv-a. Capacity

1 14 125 14 34
13 5 250 % 3%
2 1 600 1 15
214 14 750 114 34
215 184 1500 134 114
3 2ls 2500 214 2
314 3 3500 3 214
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Table H—~Minimum Clearances in Inches Between Live Parts or Bare Conductors in Air

For Rigid Conductors Only when Supported Clear of Surface.
For Flexible Conductors Increase Clearances Given by Twice the Maximum Sag.
Small Spacings may be used for Standard Apparatus When all Parts are Shaped to Minimize Electrostatic

Stresses.
Inpoor VoLTAGE CLASS QuUTDOOR
(See Fig. 79) (See Fig. 79) For Intermediate Voltages, it (See Fig. 79 (See Fig. 79)
Phase to Phase To Ground is Advisable to Use the Dist- Phase to Phase To Ground
X Y ance Given for the Next High- * Y*
er Voltage Class
Up to 3,500 6 6
314 214 5,000 6 6
4 314 7,500 6 6
7 514 15,000 12 9
11 814 23,000 17 13
16 12 34,500 24 18
.e 46,000 32 23
. 69,000 44 32
‘e 92,000 35 40
. 115,000 67 50
.. 138,000 81 59
. 161,000 %4 68
196,000 111 82
230,000 130 95

* All dimensions are minimum. More clearance than shown may be necessary to meet local conditions.

The preparation and filling of outdoor
apparatus should preferably be done on
a clear, dry day. If this is not pos-
sible, protection against water must be
provided.

Rubber hose must not he used in
handling oil. Always use metal hose, Oil
can easily become contaminated from
the sulphur in rubber and should not be
allowed to come in contact with it.

Temperature Of Qil—A drum of cold
oil when taken into a warm room will
Yisweat”, and the resulting moisture on
the surface may mix with the oil as it
flows from the drum, Before breaking
the senl the drum should, therefore, be
allowed to stand long enough to reach
room temperature, which may require
eight hours, or even longer under ex-
treme temperature conditions.

Straining Qil—Although the drums
and tank cars are thoroughly washed
and dried at the refinery before filling, a
certain amount of scale is sometimes
loosened from the inside in transit.
Therefore, oil which has not been filtered
should be strained through two or more
thicknesses of muslin, or other closely
woven cofton cloth which has been
thoroughly washed and dried to remove
the sizing. The cloth may be stretched
across a large size funnel and should be
renewed as often as necessary.

Inspecting and Testing—The oil
should be sampled and tested before
being transferred to the apparatus and
again before the apparatus is put into
service. Complete information for doing
this is given in I,B. 5336.

Periodic inspection and tests should
be made so that the oil can be renewed
when necessary., The frequency of these
will depend on the service to which the
apparatus is subjected. Circuit breakers
which are called upon to open the circuit
frequently under heavy loads require
much more frequent inspection and
purification of the oil than those sub-
jected to lighter duty.

It is recommended that operators
prepare a schedule for inspection based
on the operating conditions. Reference
to the station log, together with the
record of dielectric tests of the oil should
determine the frequency of inspection
and test, The period between successive
inspections should never be longer than
six months, When the dielectric strength

—_— — =
Y = X
X x
Live Parls Live Parls(
X = Yy =
F-—-— Y —» Y
Live Parts L 4
Single Ph. or Quarter Ph.

with Neutral Grounded or Three Ph. Delta or Star Three-Phase Star Con-

Ungrounded.

Connected Ungrounded.
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Variation of electrical re-
sistance with number of —
driven pipes in parallel
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of the oil drops to 20 Kv., in the standard
dielectric test the oil should be looked
upon with sugpicion and in no case should
it be allowed to drop below 18 Kv.

Qil Testing Service—Many users of
oil circuit breakers and transformers do
not have the necessary equipment for
testing insulating oil,  Although the
Company manufactures a special test
ing device for this putpose, an oil testing
service has been established for those
who do not care to buy the testing equip-
ment. Information regarding this ser-
vice is given in 1.B, 5336 and can also be
secured from the nearest Westinghouse
Sales Office.

Extinguighing Qil Fires—While the
Universal Wemco C oil furnished with
circuit breakers and transformers will
not take fire unless brought to a very
high temperature, it should be remem-
bered that under abnormal conditions
such a temperature can be reached, so
that proper precaution against fire
should be taken,

Suitable means should always be pro-
vided for drawing off oil from storage
tanks and extinguishing fire, The best
way to extinguish burning oil is to
smother the flames so that the supply of
fresh air is cut off, Chemical fire extin-
guishers may be used but under no cir-
cumstances should water be poured on
the fire.

Insulation Tests

Most operators have standing instruc-
tions for the periodic testing of insula-
tion either by high voltage or megger,
Such tests are recommended so that pos-
sible failures may be anticipated. Par-
ticular care should be taken to have a
separate test made upon any spare
equipment which is not in service at the
time the regular test is made as it is
exceedingly important that this is also
maintained in the best condition.

It is recommended that these tests be
made every three months where possible.
The room temperature and humidity of
the atmosphere should be noted and
subsequent tests should be made under
approximately the same conditions. It
is also advisable to p ot a curve of insu-
lation resistance as measured by the
megger over a period of years to deter-
mine how the insulation is helding up.

It is strongly recommended that a
megger test be made, as well as a high
voltage test, and that the megger test
always be made before the voltage test
is applied. No definite rules can be given
here for the passing requirements of the
megger test as these will vary with the
extent, and design of the bus structure,
and the number of insulators involved.
This emphasizes the value of a year to
year chart of insulation resistance so that
abnormal readings can be recognized.

Voltage tests for switchgear devices
such as breakers, instrument transform-

35

ers, disconnecting switches, etc., are
now listed (or in preparation) for low
frequency and impulse voltage flash over
values. The latter are based on a stand-
ard test wave form and values are listed
by the American Standards Association
and others, such as the A.LLE.E. and
N.E.M.A. High potential tests at 60
cycle are determined from the impulse
value and do not have a fixed ratio to
the voltage class of the apparatus,

The tabulation of the voltage tests is
not yet complete so that it will be neces-
sary to consult up-to-date catalogs for
information. Apparatus connected to
the same circuit should have the same
approximate impulse voltage rating,
Application is made according to catalog
recommendations. The question of ex-
posure to surge voltage should be given
consideration. Where such potentials
may occur, gaps or lightning arresters
are necessary. Apparatus for unexposed
circuits can all be coordinated to the
same test voltage, and, in some cascs,
lower values than for exposed circuits
are allowed. Flash overs practically
never occur s¢ gaps or arresters are not
necessary. In general the more valuable
and more difficult to repair apparatus
should be at least equal or slight?y higher
in impulse strength than the other de-
vices.

Periodic field tests on breakers and
structures should be made at lower volt-
ages than in the factory. A-c. voltages
not exceeding 75 per cent of the pub-
lished wvalue for one minute should be
used and similar tests for the same time
interval should be made on transformers
but at 65 per cent of the published value.

The A.S.A. Test Code includes some
instructions on di-electric tests in the
field. These should be referred to for
further information,

It is advisable to measure 60 cycle
testing voltage by a sphere gap before
applying it to apparatus. This insures
that the insulation will not be damaged
by too high potentials.

Impulse field testing at reduced gap
settings, while desirable, is not practical
because of the special apparatus re-
quired.

Mounted and wired switchboard ap-
paratus is tested at 1500 volts between
live parts and ground and beiween
separate circuits regardless of the volt.
age of the circuit. Egquipment such as
low voltage annunciators, clocks, tele-

hone circuits and the like, should not

e tested at this potential, Supervisory
control and telephone apparatus in
general can stand 500 volts to ground
and between circuits,

Method of Making Grounds

Water Systems—Water piping sys-
tems afford by far the best grounding
systems obtainable and should be used
for grounding purposes where possible.
Due to their great extent, water systems
have a very low resistance usually only
a fraction of an ohm. Furthermore,
they are of a very permanent mnature
and connections to them are generally
easy to install and inspect.
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Water systems have such a com-
paratively low ground resistance that
where they are in proximity to pipe or
plate grounds it has been found that a
difference of potential will exist between
the two during ground fault conditions,
which may constitute a hazard to life
unless they are connected together. An
additional hazard may also exist when
ground current resulting from a fault
foreign to the station returns to a piping
system which is isolated from the station
ground. For safety considerations, there-
fore, water pipes when adjacent to
equipment to be grounded should always
form an integral part of the grounding
system. Since there is no danger to
water pipes of electrolysis by stray
alternating-current, the permission to
ground to water system should not be
difficult to obtain especially in view of
the great advantage to the public in
the protection of life and the slight dis-
advantage if any to the water utilities,
In making connections to water piping
systems it is, of course, advisable to
ascertain if the piping is large enough
and if the material used in the pipe
joints has a low enough resistance and
sufficient thermal capacity to carry the
maximum possible ground fault cur-
rents. Care should also be exercised
to electrically connect all parts of the
piping system liable to be physically
disconnected and to shunt the pipe sys-
tem where necessary around meters and
shut-off stop-cock in order to keep the
connection with the underground piping
system continuous.

Pipe Grounds—In out of the way
places where water piping systems are
not available it is generally necessary
to resort to artificial grounds such as
pipe or plate grounds. The present
tendency seems to be away from the
use of plate grounds and toward the
greater use of pipe grounds due prin-
cipally to the fact that in most cases the

same results can be obtained with driven
pipes at a much less expense than with
plates. Although a single pipe ground
has a higher resistance than a single
plate ground, a pipe ground resistance
of almost any desired value can be ob-
tained by multiple grounding; that is,
by connecting numerous pipes in parallel.
In this way a ground of a given resist-
ance can be obtained more economically
with pipes than with the use of plates,
and in addition the multiple pipe ground
will have the advantage of providing a
well distributed ground which is a very
important requirement. Fig. 80 shows
the variation in resistance when pipes
are used in parallel.

In general 34-inch pipe is sufficient
and should be driven approximately
ten feet—mnot less than six—in moist
soil and in all cases should be below
the frost line. Where pipes must be
driven to greater depth in order to reach
the proper soil conditions a 1, 114 or
114-inch may be preferable in order to
stand the strain incident to driving.

Galvanized pipe may be used, pro-
vided it has a clean surface, presents
no grease, paint or other insulating
coating. An arrow-pointed pipe tip
will expedite driving of the pipe.

As about 909, of the resistance of a
pipe ground falls within a radius of six
to ten feet around the pipe the best
results will be obtained by using a spac-
ing of at least six feet; each pipe is in
this manner kept out of the dense current
field of the other and a minimum re-
sistance is obtained for the group of
pipes as a whole.

The electrical conductance of any
soil is by means of the electrolytes
formed by moisture combining with the
soluble acids, alkalies and salts and
where they are lacking their artificial
introduction will show excellent results,
The periodic introduction of copper
sulphate crystals and water in the ends
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of ground pipes usually gives excellent
results. It will not deteriorate the
ground-pipes. Where any artificial treat-
ment is used it should be renewed period-
ically.

Plate Grounds—In those cases where
pipes cannot be driven and the soil con-
ditions are not of the best, plate grounds
may be desirable. One method of mak-
ing a good plate ground is to dig a hole
four feet square until permanently damp
earth is reached. See Fig. 81. Cover the
bottom of the hole with charcoal about
pea size, over this lay ten square feet of
tinned copper plate. Solder and rivet
the copper ground wire securely across
the entire length of the ground plate,
cover the ground plate with two feet of
crushed coke or charcoal, then fill the
hole with earth with plenty of common
salt sprinkled in it, using running water
to settle. The size of ground wire or
cable should be of sufficient current carry-
ing capacity to prevent fusing. Special
care is necessary in power stations where
the generator neutral points are ground-
ed to have the ground cable of sufficient
capacity to carry the current which may
flow in case of short circuits or grounds
on the system.

Strip Grounds—Strip grounds are also
very satisfactory where the soil condi-
tions are poor. The strip should be
buried in a straight line. This will give
the greatest distribution and the most
effective ground connections, From the
data available on strip grounds it is ap-
parent that after a depth of three feet
has been reached, there will not be a
further marked decrease of resistance
with increasing depth.

Inspecting and Testing Grounds—
To obtain continuous and reliable ser-
vice from grounding systems requires a
systematic routine inspection and the
measurement of the electrical resistance
of ground electrodes and all connections
comprising the system.

The usual practice is to make these
tests at intervals of one year. This can
be considered as a satisfactory interval,
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since serious deterioration by corrosion—
except where chemicals or coke are used
——cannot be expected in a single year.
The possibility of mechanical injury,
however, exists at all times, and visual
inspections should be made at shorter
intervals in order that any defects which
may exist can be corrected at once.

Ground Detecting Equipment

When Required—It is usually neces-
sary to have some sort of ground detect-
ing equipment for any ungrounded sys-
tem. Direct current railway or mining
switchboards, where one side is ground-
ed, three phase, four-wire systems with
the neutral grounded or other similar
systems with a grounded connection, do
not need any ground detector devices.
Any ground on a bus or connection not
intentionally grounded would, of course,
result in a short circuit and the tripping
of breakers or blowing of fuses will give
all necessary indication.

Equipment Used—The standard prac-
tice is to use lamps or voltmeters on
voltages up to and including 300 volts,
This equipment can also be used on
voltages up to and including 750 volts
provided they are connected to ground
through push buttons or ground de-
tector switches. Static ground detectors
are used on higher voltages.

The simplest method for low-voltage
two-wire systems is to connect two
lamps of the system voltage in series
across the two wires with a ground con-
nection between the two lamps as shown
in Fig. 82, A ground on one side will
short circuit and darken the lamp on
that side. The same general scheme is
used for multi-phase systems.

On a three-wire, direct-current system
with ungrounded neutral, three lamps
can be connected in series between one
outside wire and the neutral, with a
ground between the lamp connected to
the neutral and the two other lamps,
See PFig. 82. The voltage rating of each
lamp should be the same as the line-to-
neutral voltage. With no ground on the
system, each lamp will have one third
of the line to neutral voltage impressed
on it. With a ground on the outside line
to which the ground detector lamps are
not connected, all lamps will burn at
full brilliancy. If the line to which the
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FiG. 83—CONNECTIONS FOR SYNCHRONIZING
Low VOLTAGE BINGLE-PHASE (GENERATORS.
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two lamps are connected is grounded,
the two lamps will go out, and the single
lamp will burn at full brilliancy, With
a ground on the neutral, the single lamp
will go out and the two other lamps will
burn at half brilliancy.

Synchronizing

General—The fundamental condition
necessaty when synchronous apparatus
is to be connected to a system already
in operation is that the electromative
forces of the incoming machine and of
the system to which it is connected shall
be approximately the same at each
instant. This requires that the fre-
quencies be the same; that the two
voltages be equal, as indicated by a
voltmeter; and that the two voltages
be in phase.

The elementary principle employed
in determining when generators are at
the samec frequency and in phase is
illustrated by (i"ig. 83 in which Aand B
represent two single-phase generators,
the leads of which are connected to the
bus-bars by the breakers and two series
of incandescent lamps which are con-
nected as shown. As the clectromotive
forces change from the condition of
phase coincidence to that of phase oppo-
sition, the flow of current through the
lamps varies from a minimum to a
maximum.

When the electromotive forces of the
two machines are exactly equal in phase,
the current through the lamps is zero.
As the difference in phase increases,
the lamps light up and increase to a
maximum brilliancy when corresponding
phases are in exact opposition. From
this condition the lamps will decrease
in brilliancy until completely dark,
indicating that the machines are again
in phase. The rate of pulsation of the
lamps depends upon the difference in
frequency, i.e., upon the relative speed.
It is usually necessary to place voltage
transformers between the main circuits
and the synchronizing circuits to reduce
the voltage at the switchboard to safe
limits, as shown in Fig. 84,

In order to determine whether the
lamps will be bright or dark for a given
synchronizing connection when the
machines are in phase, disconnect the
main leads of the first generator at the
generator and close in the main breakers
of both generators with full voltage
on the second generator. Since both
machine circuits are then connected to
one machine, the lamp indication will
be the same as when the main or parallel-
ing breakers are open and both machines
are in phase. If the lamps burn brightly
and it is desired that they be dark for
an indication of synchronism the con-
nections of one of the voltage trans-
former primaries or one of the second-
aries should be reversed. Dark lamps
as an indication of synchronism are
recommended. The lamps should be
adapted for the highest voltage which
they will receive, i.e., double the normal
voltage.
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Fi1G6. 84—CONNECTIONS FOR SYNCHRONIZING
THREE-PHASE GENERATORS.

Phasing-Out—In the case of poly-
phase machines, it is not only necessary
that one phase be in synchronism with
one phase of another generator but the
sequence of maximum values of voltage
in the several phases must be the same.
The “‘phase rotation” must therefore
be checked before making permanent
connections. The necessary connections
for two three-phase generators are
shown in Fig, 84,

Connect the generators temporarily
to their breakers so that the phase of
D wiil be in parallel with those of E.
For example, connect phase A-B to
1-2; phase B-C to 2-3; and phase C-A
to 3-1. Connect synchronizing apparatus
in any two phases as phase 1-2, A-B and
phase 2-3, B-C. Test out the synchro-
nizing connections with machine D run-
ning at normal speed and voltage, the
leads disconnected from E at the gen-
erator and the paralleling breaker
closed. Having changed the synchro-
nizing connections, if necessary, so that
both sets of lamps will be the same when
indicating synchronism, open the paral-
leling switches, reconnect the leads of
machine E and bring it up to normal
speed and voltage. Then observe the.
two sets of synchronizing lamps. If
their pulsations come together, i.e., if
both sets are dark and both are bright
at the same time, the phase rotation
of the two generators are the same and
the connections are correct for parallel-
ing the generators when the lamps are
dark. If, however, the pulsations of the
lamps alternate, i.e., if one is dark when
the other is bright, reverse any two leads
of cne machine and test out the syn-
chronizing connections again, changing
them if necessary so that they are the
same when indicating synchronism.
The lamps will not be found to pulsate
together and the generators may be
thrown in parallel at the proper indi-
cation, Synchronizing apparatus in one
phase only is sufficient for paralleling
the generators after the first time.

The procedure in synchronizing a
generator with an existing power system
is the same, the phase rotation of the
generator being changed, if necessary,
to agree with that of the system.



The paralleling of two phase genera-
torsisaccomplished in a similar manner,
In case of incorrect phase rotation the
two leads belonging to either phase must
be reversed instead of any two leads.

Synchroscope—A synchroscope is an
instrument that indicates the difference
in phase between two electromotive
forces at every instant. By its aid the
operator can see whether the incoming
machine is running fast or slow, what
the difference in speed is and the exact
instant when it is in synchronism. These
conditions cannot be observed with
certainty by the use of lamps alone and
it is usual practice for large machines
to have both synchroscope and lamps.

The synchroscope has a pointer which
shows the phase angle between the in-
coming and running machines. This
angle is always equal to the angle be-
tween the pointer and the vertical posi-
tion marked on the dial of the instru-
ment. When the frequencies of the two
machines are equal the pointer stops
at the same position on the scale, and
when the machines are in phase the
pointer coincides with the marker at
the top of the scale.

In order to check the synchroscope
connections, proceed in the same manner
as previously described for determining
whether lamps will be bright or dark
for a given synchronizing connection.
If the synchroscope pointer stops at
the bottom, reverse the leads at the
upper terminals. If it stops in the same
position the connections to the upper
terminals are made to the wrong phase,

Detailed instructions for synchroniz-
ing generators, frequency changers, and
synchronous converters are given in
the instruction books which are shipped
with the machines.

Refinishing, Cleaning and Re-
pairing Switchboard Panels

Refinishing and Cleaning—Black
marine finished slate, asbestos or steel
panels can be refinished by spraying
with lacquer. Approximately one quart
of lacquer is required to cover ten square
feet with two coats. Before applying
this, the equipment on the panel should
be covered to protect it from the lacquer,

Black marine finish may be removed
from a panel by rubbing with a piece

Fic. 85—ProPERLY GRrROUND DRILL FOR DRILLING SLATE.
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of waste which has been soaked in
lacquer thinner. Panels can be cleaned
by wiping with a chamois skin which
has been immersed in luke warm water
and wrung partially dry. They may also
be cleaned by wiping with a cloth to
which naphtha has been applied.

Plugging Holes in Steel Panels—If
apparatus has been permanently re-
moved from a steel panel, the exposed
holes can be plugged by first making a
steel plug of the same thickness as the
panel material and slightly smaller than
the hole to be filled. Next weld it in
place, making sure that it is exactly
flush with the face of the panel. File
or grind and emery both the front and
rear until it is perfectly smooth. A coat
of shellac should then be applied to the
plug and surrounding surface, followed
with a coat of sprayed lacquer. After
the lacquer has dried, it should be rubbed
with 7/0 emery paper, then resprayed
and rerubbed until a neatly finished
surface is obtained.

Plugging Holes in Slate or Asbestos
Panels—Holes in black marine finished
slate or asbestos panels can be readily
plugged with Westinghouse patching
cement. When doing this, the first step
is to remove any loose pieces of panel
material and roughen up the inside of
the hole with a file or emery cloth.
Next heat the end of a stick of the
cement and the spot to be plugged,
with a gasoline torch. This is done by
holding the flame on the cement with
the latter in such a position that the
flame is also directed onto the panel.
When the end of the stick is softened
enough to flow slightly, give the stick
a shake to remove the outer layer, which
is liable to be burned, and then apply
the plastic cement to the hole which
is to be plugged. Push the cement solid-
ly into place with a steel rod or other
suitable implement. When more cement
is needed, the surface of that already
applied should be reheated with the
torch. Till the hole from both sides of
the panel and smooth with a putty knife.
Final smoothing of the cement may be
done with a coarse file before the work
has cooled completely, or by rubbing
with abrasive stone or emery cloth after
it has cooled.

The part plugged and the immediate
surrounding surface of the panel should

THREE
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then be sprayed with lacquer and rubbed
down with very fine sand paper or emery
cloth, allowing the lacquer to dry before
rubbing down. This spraying with
lacquer and rubbing down with emery
cloth should be repeated until a satis-
factory finish has been secured.

Wooden plugs may be used to help
fill the hole. These plugs should be
cut in such a manner so as to be an easy
driving fit. When a plug is used, a 1%-
inch space should be left at each end—
both at the front and rear of the panel
—so that the cement can be applied.

Drilling Panels—Occasionally, it is
desired to add equipment to an existing
switchboard for which no drilling was
initially provided at the factory. When
this is necessary, standard drills can
be used for drilling steel and asbestos
panels. Drills ranging in size from No.
7 to 1% inch, when used for slate, have
to be specially ground as shown in Fig.
85. The point should be ground the
same as when used for iron except that
the heel should be entirely ground off.
Holes larger than this are drilled with
a lead drill, then followed with a stand-
ard drill of the proper size.

Safety First Suggestions

All upturned or protruding nails
should be withdrawn or clinched.

Loose nails, screws, bolts, etc., should
not be left strewn promiscuously on
any floor, scaffold, working platform
or other places where persons walk.

Worn out or faulty tools should be
promptly discarded.

All temporary openings in the floor
should be railed off.

Ladders, temporary platforms and
supports should be strong and safe so
as to eliminate any possibility of collapse
when loaded.

When men are working overhead,
the location should be roped off and
danger signs placed below.

Rope slings should be checked period-
ically to make sure that they are in good
condition and care taken to see that they
are not overloaded.

The links in lifting chains should be
annealed frequently when subjected
to long hard usage.

Loose clothing should not be worn
when working around moving machinery.

Wiping with rags around current
carrying parts—either dead or alive—
may cause trouble and should not be
permitted. Compressed air should be
used for such cleaning. The nozzle of
the air hose should be insulated and the
air filtered.

Where any shock or explosion hazard
exists, belts and rapidly moving parts
of machines should be grounded to
eliminate static electricity. No metal
planks or metal belt lacings should be
used in the presence of explosive gases
or dusts,

Tanks, pipes or drums used in the
storage, handling or use of flammable
or explosive volatile liquids or oils should



The paralleling of two phase genera-
torsisaccomplished in a similar manner.
In case of incorrect phase rotation the
two leads belonging to either phase must
be reversed instead of any two leads.

Synchroscope—A synchroscope is an
instrument that indicates the difference
in phase between two electromotive
forces at every instant. By its aid the
operator can see whether the incoming
machine is running fast or slow, what
the difference in speed is and the exact
instant when it is in synchronism. These
conditions cannot be observed with
certainty by the use of lamps alone and
it is usual practice for large machines
to have both synchroscope and lamps.

The synchroscope has a pointer which
shows the phase angle between the in-
coming and running machines. This
angle is always equal to the angle be-
tween the pointer and the vertical posi-
tion marked on the dial of the instru-
ment. When the frequencies of the two
machines are equal the pointer stops
at the same position on the scale, and
when the machines are in phase the
pointer coincides with the marker at
the top of the scale.

In order to check the synchroscope
connections, proceed in the same manner
as previously described for determining
whether lamps will be bright or dark
for a given synchronizing connection.
If the synchroscope pointer stops at
the bottom, reverse the leads at the
upper terminals. If it stops in the same
position the connections to the upper
terminals are made to the wrong phase,

Detailed instructions for synchroniz-
ing generators, frequency changers, and
synchronous converters are given in
the instruction books which are shipped
with the machines.

Refinishing, Cleaning and Re-
pairing Switchboard Panels

Refinishing and Cleaning—Black
marine finished slate, asbestos or steel
panels can be refinished by spraying
with lacquer. Approximately one quart
of lacquer is required to cover ten square
feet with two coats. Before applying
this, the equipment on the panel should
be covered to protect it from the lacquer,

Black marine finish may be removed
from a panel by rubbing with a piece
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of waste which has been soaked in
lacquer thinner. Panels can be cleaned
by wiping with a chamois skin which
has been immersed in luke warm water
and wrung partially dry. They may also
be cleaned by wiping with a cloth to
which naphtha has been applied.

Plugging Holes in Steel Panels—If
apparatus has been permanently re-
moved from a steel panel, the exposed
holes can be plugged by first making a
steel plug of the same thickness as the
panel material and slightly smaller than
the hole to be filled. Next weld it in
place, making sure that it is exactly
flush with the face of the panel. Tile
or grind and emery both the front and
rear until it is perfectly smooth. A coat
of shellac should then be applied to the
plug and surrounding surface, followed
with a coat of sprayed lacquer. After
the lacquer has dried, it should be rubbed
with 7‘}0 emery paper, then resprayed
and rerubbed until a neatly finished
surface is obtained.

Plugging Holes in Slate or Asbestos
Panels—Holes in black marine finished
slate or asbestos panels can be readily
plugged with Westinghouse patching
cement. When doing this, the first step
is to remove any loose pieces of panel
material and roughen up the inside of
the hole with a file or emery cloth.
Next heat the end of a stick of the
cement and the spot to be plugged,
with a gasoline torch. This is done by
holding the flame on the cement with
the latter in such a position that the
flame is also directed onto the panel.
When the end of the stick is softened
enough to flow slightly, give the stick
a shake to remove the outer layer, which
is liable to be burned, and then apply
the plastic cement to the hole which
is to be plugged. Push the cement solid-
ly into place with a steel rod or other
suitable implement. When more cement
is needed, the surface of that already
applied should be reheated with the
torch. Fill the hole from both sides of
the panel and smooth with a putty knife.
Final smoothing of the cement may be
done with a coarse file before the work
has cooled completely, or by rubbing
with abrasive stone or emery cloth after
it has cooled.

The part plugged and the immediate
surrounding surface of the panel should
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then be sprayed with lacquer and rubbed
down with very fine sand paper or emery
cloth, allowing the lacquer to dry before
rubbing down. This spraying with
lacquer and rubbing down with emery
cloth should be repeated until a satis-
factory finish has been secured.

Wooden plugs may be used to help
fill the hole. These plugs should be
cut in such a manner so as to be an easy
driving fit. When a plug is used, a 14-
inch space should be left at each end—
both at the front and rear of the panel
—so0 that the cement can be applied.

Drilling Panels—Occasionally, it is
desired to add equipment to an existing
switchboard for which no drilling was
initially provided at the factory. When
this is necessary, standard drills can
be used for drilling steel and asbestos
panels. Drills ranging in size from No.
7 to 1% inch, when used for slate, have
to be specially ground as shown in Fig.
85. The point should be ground the
same as when used for iron except that
the heel should be entirely ground off.
Holes larger than this are drilled with
a lead drill, then followed with a stand-
ard drill of the proper size.

Safety First Suggestions

All upturned or protruding nails
should be withdrawn or clinched.

Loose nails, screws, bolts, etc., should
not be left strewn promlscuously on
any floor, scaffold, working platform
or other places where persons walk.

Worn out or faulty tools should be
promptly discarded.

All temporary openings in the floor
should be railed off.

Ladders, temporary platforms and
supports should be strong and safe so
as to eliminate any possibility of collapse
when loaded.

When men are working overhead,
the location should be roped off and
danger signs placed below.

Rope slings should be checked period-
ically to make sure that they are in good
condition and care taken to see that they
are not overloaded.

The links in lifting chains should be
annealed frequently when subjected
to long hard usage.

Loose clothing should not be worn
when working around moving machinery.

Wiping with rags around current
carrying parts—either dead or alive—
may cause trouble and should not be
permitted. Compressed air should be
used for such cleaning. The nozzle of
the air hose should be insulated and the
air filtered.

Where any shock or explosion hazard
exists, belts and rapidly moving parts
of machines should be grounded to
eliminate static electricity. No metal
planks or metal belt lacings should be
used in the presence of explosive gases
or dusts.

Tanks, pipes or drums used in the
storage, handling or use of flammable
or explosive volatile liquids or oils should



FIRST POSITION

Fi1G. 86—PrLacE Hanps oN VicTIM's SIDES WITH THE BALL OF THE
TruMB RESTING ON THE FLOATING RiBs WELL AWAY FROM THE SPINE

be properly grounded to carry off any
static electricity that might be gen-
erated.

In case of fire, do not use liquid fire
extinguishers until all circuits have
been made dead.

Only heavy, reinforced cords should
be used for portable lamps and tools.
They should ge kept well insulated and
should be laid or strung so as not to
cause a tripping or catching hazard.

Electricians working above ground
should always wear safety belts. Rubber
gloves should be worn when working
on high voltage circuits. Such gloves
should be tested daily to detect the
presence of holes. Ground chains should
be used when necessary.

Wherever possible, no work should
be performed on electrical equipment
until the current has been turned off.
Switches, which have been opened for
that purpose, should be locked or blocked
open and a suitable warning device
placed thereon.

All connections should be considered
alive until the men expecting to work
on them assure themselves personally
that the circuits are dead, and every
possible precaution should be taken
to see that there is no chance of an
operator energizing a circuit while men
are working on it.

Westinghouse Switchboards

SECOND POSITION

Fi6. 87—WitH Arms HeLp Ricip, SWING YOUR SHOULDERS FORWARD
BRINGING YOUR WEIGHT TO BEAR GRADUALLY AND EVENLY ON THE
PaTIENT UNTIL vyou CouUNT THREE, THEN RESUME THE ORIGINAL
PosITION AS SHOWN ON FiG. 86 wHILE CoUNTING Two. REPEATING
ABout TWELVE TIMES A MINUTE. VicTiM SHOULD SHOW SIGNS OF

LiFe IN %4 Hour.

Only in extreme emergencies should
men be permitted to work around live
parts and then this work should be per-
formed only by experienced persons.
Every precaution should be taken to
guard against possible accidents. Tools
should be insulated, rubber gloves and
mats should be provided, all of which
should be tested frequently to insure
that they are in good condition.

Many fatal accidents have occurred to
persons working around low voltage cir-
cuits in which investigation has proven
that such fatalities were due to the vic-
tims being in poor physical condition.
It is, therefore, important to have the
physical condition of all men working
around live parts checked periodically.

The Prone Pressure Method
of Resuscitation

General —Many persons die from
electric shock, drowning or asphyxiation
from poisonous fumes when a few simple
measures might have saved their lives.
The victims are seldom killed outright
and only need to have their breathing
restored artificially.

The prone pressure method of resus-
citation is exceedingly simple, easily and
quickly learned, and involves the services
of but one person and no mechanical

NotE PosiTioN ofF VictiMm witH Heap oN SipE
RESTING ON LEFT ARM so THAT ToNGUE May Hanc Out oF MouTH

apparatus, Employes who are apt to
encounter emergencies where resuscita-
tion will have to be resorted to, should
be trained in accordance with the in-
structions outlined in the following. To
be effective, the procedure must be
carried out by a person who has had
previous training.

Artificial Respiration—To properly
understand artificial respiration, it is
necessary to familiarize oneself with nor-
mal breathing. As we know, the lungs
themselves have very little to do with
our breathing. They are just two bags
which hold the air that is taken into
the body.

The diaphragm is a broad, fan shaped
muscle which divides the trunk of the
body into two compartments and is the
real organ of breathing. In the lower
compartment or abdomen are the stom-
ach, intestines, etc.; in the upper, the
heart and lungs. These organs in the
abdomen are freely movable and are
made use of in the Schaeffer prone pres-
sure method of artifical respiration.

The diaphragm has an up-and-down
motion like the piston in an engine.
This motion is continuous unless some-
thing interferes, such as electrical shock,
poison gas or apparent drowning, which
temporarily paralyzes it, causing breath-
ing to cease.

F1G6. 88—O0n~Ly CovErR THE Two FLOATING RiBs wiTH THE HANDS AS
SHOWN WHEN GIVING THE SCHAEFFER METHOD OF RESUSCITATION,

Fi1G. 89—Do Not Cover aLL FivE RIBS WITH THE HAxDs As Snown
ABOVE WHEN GIVING THE SCHAEFFER METHOD OF RESUSCITATION. SEE
FiG. 88 ForR CORRECT METHOD.
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In the prone pressure method, pres-
sure is exerted on the body below the
diaphragm, the stomach, intestines, etc.,
being forced up against it and it in
turn forced against the lungs, squeezing
them and causing the air to be expelled

Pressure is then released when these
organs all drop back to their original
position and air is again sucked into the
lungs, causing them to refill.

Method of Operation—Start treat-
ment immediately and as near the
scene of the accident as possible,

The victim should be placed on his
stornach, as shown in Fig. 86, with head
resting sideways on one arm so that the
tongue of its own weight drops out of
the throat.

The operator should kneel, straddling
the victim well below the waist facing

Westinghouse Switchboards

toward the head; his hands on the vic-
tim’s side, with the ball of the thumb
resting on the floating ribs well away
from the spine.

The operator should then swing for-
ward with arms rigid, slowly bringing
his weight to bear evenly on the patient
until he counts three, as in Fig. 87.
The original position should then be
resumed as shown in Fig. 86 while
counting two, Repeat the operation
about twelve times a minute.

The fingers and the thumb should be
parallel o that they will be on the float-
ing ribs—two bottom ribs—only, as in
Fig. 88. If the fingers are spread out, as
in Fig. 89, about five ribs will be covered,
thus in some degree defeating the pur-
pose.

The treatment should be started im-

mediately; every second is precious as a
man can live only about three minutes
without air. When help arrives, a doctor
should be called. The victim usually
shows signs of life within a half hour,
but if not, the operation should be con-
tinued two hours or more, if necessary,
or until stiffening of the body occurs.

When the patient begins breathing
without aid, he should be placed on a
stretcher, kept warm, and removed to
the hospital or his home. TUnder no
circumstance should he be allowed to
walk, In all cases, he should be kept in
bed for several hours and under ob-
servation for not less than 48, Gassed
cases should be kept in bed two or three
days if possible and be watched very
closely for the first 12 hours. In case of
relapse, the operation as indicated above
should be repeated.
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F1G. 90—TyricaL METAL ENcLOSED STRUCTURE HAVING FRONT ENCLOSURE WITH FLUSH TYPE
INSTRUMENTS, METERS AND RELAYS FOR GENERATOR AND FEEDER CIRCUITS. BREAKER AT THE
RIGHT 18 IN OPERATING POSITION.

P16. 91—METAL-ENCLOSED STRUCTURE EQUirPED WITH PROJECTION TYPE INSTRUMENTS, ME-
TERS AND RELAYS FOR FEEDER Circuits; SHows ONE BREAKER UniT REMOVED FROM CELL
FOR INSPECTION AND MAINTENANCE.
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FiG. 92—TyricaL CUBICLE STRUCTURE WITH INSTRUMENT PANEL AND SUPERSTRUCTURE.
HingeEp Doors PRoVIDE CONVENIENT ACCESS TO THE CIRCUIT BREAKER AND DISCONNECTING
SwitcH COMPARTMENTS.

F16,93—A MurtipLE CirculT SwitcH House CoMPLETELY EQUIPPED WiTH OIL CIRCUIT BREAK-
ERS, DISCONNECTING SwITCHES, INSTRUMENTS, ETc. For Use 1N CoNjuncTioN witH OuT-
DOOR TRANSFORMER. WITH THE POWER TRANSFORMER THIS COMPRISES A UNIT SUBSTATION,
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