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General Electric switching equipment is designed and con-
structed in strict compliance with the standards prescribed
in the Underwriters, National Electrical, and National Elec-
tric Safety Codes. All persons engaged in the installation,
maintenance, or operation of switching equipment should
familiarize themselves thoroughly with these codes and recom-
mendations, and should practice them at all times.

If further information is desired, address the nearest office
of the General Electric Company.
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Fig. 1. Removable-truck-type Switchboard Fig. 2. An Alternat-
with Superstructures ing-current 90-inch
Steel Switchboard

Fig. 3. Standard 90-inch Switchboard
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Fig. 4. Floor Stand with Extension Fig. S. A Generator, Feeder, and Transformer
Panel for Instrument and Bench-type Switchboard for Large

Control Equipment Central Stations



SWITCHING EQUIPMENT
SWITCHBOARDS

In all buildings where electricity is generated,
converted, transformed, or utilized to any great
extent, the control of the equipment is arranged,
in so far as practicable, for the most convenient
attention and operation. The control and indi-
cating devices are mounted on some form of
structure at a particular point, and the whole
assemblage is known as a switchboard.

The design of switchboards is dependent upon
the kind and capacity of apparatus to be con-
trolled, the types of devices to be used, the
buildings in which the switchboards are to be
installed, and upon future additions and align-
ments with existing installations.

General Electric switchboards are usually built
of slate, ebony-asbestos, rolled metal, or marble.

Switchboards may be divided into the follow-
ing classes:

1. Live-front boards (vertical).

2. Live-front boards (bench).

3. Dead-front boards.

a. Safety enclosed, vertical.
b. Safety enclosed, sectional.
c. Safety enclosed, truck.

Special designs are also built when necessary
to meet unusual requirements. Some examples of
different classes of switchboards are illustrated
in Fig. 1,2, 3,4,5,6,and 7.

Standard vertical switchboards are made in
hqlghts of 48, 64, 76, 90, and 99 inches. The
width varies and the thickness extends through a
range of from 1 to 3 inches, depending upon the
material used and the weight and operating
characteristics of theequipmentmounted thereon.

Bench boards are used primarily where the
vertical type does not give sufficient display and
mounting surface within a certain optical and
operating range.

Dead-front boards are particularly adapted
fqr‘u‘se where workmen are frequently in the
vicinity.

Special switchboards are built in various styles.
Fig. 6 shows such a board designed to harmonize
with the architecture of the surroundings. Fig. 7
shows a unique arrangement built as a miniature
representation of the equipment controlled.

Slate

The slate used in the construction of General
Electric switchboards is of the highest quality
obtainable. It is furnished either in natural black
with oil finish, or in dull black lacquered (marine
finish). Marine-finished switchboards are used
particularly for matching existing installations.

The maximum voltage limit for primary
apparatus carried directly upon natural black
slate boards is 1200 alternating or direct current.
For marine-finished slate, the maximum limit
for primary apparatus carried directly upon the

slate boards is 530 volts for direct current, and
440 volts for alternating current.

Marble

Marble is used sometimes where material with
highér insulation qualities than those of slate is
desired, but more often where it is preferred for
appearance. It is, however, more easily stained
or defaced. The various shades and markings
of marble panels commonly used are illustrated
in Fig. 8.

In many cases, the General Electric Com-
pany is called upon to match existing switch-
boards. It should be borne in mind that the
matching of marble can be only approximate,
even if the new material is ordered from the
same quarry as the previous material. This
usually takes more time than if the material
were taken from stock. In choosing marble to
match existing installations, the customer should
refer to Fig. 8 and specify the grade desired.

The maximum potential limit for marble
panels is 3500 volts.

Ebony-asbestos

A special grade of ebony-asbestos is used as a
switchboard material on account of its excellent
mechanical and dielectric characteristics. Its
strength per unit weight as compared to other
materials, together with its high resistance to
atmospheric conditions makes it desirable for
switchboard use. The usual potential limit for
this material is 4500 volts.

These panels will not warp, shrink, or crack
and are not impaired by moisture. The exposed
surface is sprayed with a dull-black lacquer hav-
ing high electrical qualities, and is unaffected by
moisture or oil.

Any slight blemishes such as oil, grit, or finger
marks can be readily removed by soap and water
or carbon tetrachloride (Carbona) applied with
a soft cloth. The lacquered surface should not
be rubbed, as this operation tends to polish.

EQUIPMENT FURNISHED WITH
SWITCHBOARDS

When switchboard orders are placed on
the General Electric Company, specifications
are prepared listing the main apparatus to be
supplied. The specifications, however, do not
include certain miscellaneous equipment which
is also furnished and which is as follows:

(a) Panel-supporting frame with mounting
bolts and necessary fittings, and fittings for
attaching wall braces. (Pipe for panel braces to
be furnished by purchaser.) _

(b) Necessary resistors, reactors, and other
auxiliaries to complete the instrument. (Meter
or relay equipment furnished by the Company.)

(c) “One card holder for each circuit.
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(d) Necessary material for small wiring
for interconnecting instruments, meters, relays,
and other apparatus mounted on the panels or on
a structure integra! with the panel-supporting
frame. (For panels as indicated by E, Fig. 9 and
11, this material is assembled on the panels.
For benchboard panels and structure integral

shipment. Unfabricated parts are furnished un-
painted.

(g) Standard doors for the front of oil circuit
breaker compartments but no other doors unless
specified. General Electric standard cell hard-
ware for circuit breakers (except see paragraph
“j" following).

Fig. 6.

with switchboard or benchboard panels as indi-
cated by A, B, C, D, and F, Fig. 9, 10. and 11,
this material is furnished in bulk unassembled.)

(e) Supports for shunts, current and poten-
tial transformers, etc., when mounted on the
switchboard or on a structure integral with
panel-supporting frame. (When the switchboard
1s not completely assembled at the factory, the
pipe for framework and oil circuit breaker sup-
ports, wire, rods, tubes, and bars for connections
and buses are not fabricated at the shops of the
General Electric Company, but are furnished
in bulk, in commercial lengths, with the neces-
sary fittings.)

(f) All iron and stee! parts fabricated by the
General Electric Company are painted before

Switchboard Built to Correspond with Architecture of Building

(h) One set of fuses for such fuse supports
as are specified for power circuits; two sets of
fuses for fuse supports as specified for the pri-
mary potential transformer circuits; and two
sets of fuses for such other purposes as are
deemed necessary.

(1) Oil for all apparatus requiring it.

EQUIPMENT FURNISHED BY
PURCHASER

(Unless Otherwise Expressly Agreed)

Certain equipment is necessary for switch-
board installation which is not furnished by the
General Electric Company unless expressly
named in the detail specifications when the
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order is placed. Such equipment, to be provided
by the purchaser, is as follows:

(j) Foundations, floors, and walls (including
all structural steel, bolts, nuts, or inserts in or
on them, concrete, brick or woodwork, floor
or wall braces); and supports on or against
which panels, compartments, and buses will
rest.

Fig. 7.

(k) Instrument and control wiring when not
mounted on the switchboard or a structure
integral with the panel supporting frame; cables
to connect generators, exciters, transformers,
etc., to the switchboard apparatus, and light-
ning arresters to the main lines; conduit for
instrument and control wiring and main cables,
and supports for cables and conduit.

(1) Insulation and taping required for buses
and their connections, because the taping and
insulating can best be done after the buses
and connections have been installed for service.

(m) Metal connecting rods for remote-con-
trolled devices.

(n) All coverings for openings in walls or
floors. All insulators and bushings in or on
floors, walls, ceilings. and concrete or brick
structure.

(o) Material for barriers, shelves, and parti-
tions; and doors for busbar or other compart-
ments (except see paragraph ‘‘g"’).

(p) Suitable drawings of the station buildings,
showing the location of all openings in walls,
all ducts and conduits, floor beams, etc., which
have a bearing on the proper execution of the
work under agreement.

SHIPMENT

Switchboards are inspected and checked, and
then packed carefully by men experienced in
the handling and packing of electric equipment.
To simplify installation work, it is sometimes
feasible to ship switchboards completely assem-
bled with their equipment and supports. This is
the general practice in case of dead-front-type,

Switchboard with Controlled Apparatus Built in Miniature
(Lock Control Board of Panama Canal)

truck-tvpe, and large switchboard panels with
complex equipment and wiring (see Fig. 12).
On the other hand, for convenience in shipment
and handling, large switchboards are sometimes
packed dismantled (see Fig. 13 and 14). The
several panels of the switchboard are usually
boxed separately.

Shipping memorandum accompanies each
shipment, and lists all separate or dismantled
parts, or the complete equipment if shipped com-
plete. Numbers are stenciled on the packing
cases. the numbers in turn being placed on the
shipping memorandum opposite the equipment
which the cases contain. Reference to the switch-
board assembly drawings and wirings is also
made on the shipping memorandum. If changes
have been made on these drawings, the date and
number of latest revision are specified so that
up-to-date installation drawings can be identified
directly from the shipping papers.

RECEIVING AND HANDLING

Upon receipt of a switchboard, open all boxes
sufficiently to examine the contents and check
the material with the shipping memorandum.
If parts are broken or missing notify the nearest
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A Mottled B Mottled

B Light Mottled C Mottled

B Clouded C Clouded

B Striped C Striped
Fig. 8. Blue Vermont Marble Used in General Electric Switchboards
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sales office of the General Electric Company at
once, and present a _claim to the transportation
company.

Boxes containing apparatus for immediate
use should be moved directly to the switchboard
floor. The boxes may be conveniently lined up
beside one another in front of the permanent
location of the panel sections which they contain.

UNPACKING

Great care should be exercised in unpacking
electric equipment so that nothing may be

broken or marred, and so that no screws, nuts,
bolts, or other miscellaneous material will be
left in the packing material. Small fittings are
usually packed in bags to avoid mixing with
the excelsior; but these bags may break during
shipment, and a careful examination should
be made of the packing material before it is
destroyed so that no small parts will be lost.

Use nail pullers or small wrecking bars to open
the cases, and avoid the use of chisels, sledges,
or crow bars. Check each part with the shipping
papers as it is removed from its case.

Fig. 12,

Method of Packing Switchboard with Complex Wiring. The four cross pipes

are temporary for shipping purposes only
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Instruments and meters are generally shipped
mounted upon the panels of which they are a
dependent part, but some are of such design
that they are more safcly shipped separately.
Care in unpacking this apparatus is particularly

Fig. 13. Method of Packing Small Switchboards

(Front View)

essential so that no injury to jewel bearings or
delicate mechanisms will result from excessive
vibration or sudden jars.

STORAGE

If material is not needed for some time, it
should be placed in a dry storeroom. Conditions
such as dampness caused by rain or changes in
atmosphere, cement dust, etc.,, should be
guarded against. As a suggestion, record of this
material should be kept by an assigned stock
clerk whose duty is to make note of all material
received or withdrawn. Large pieces may be
left in their boxes, while small pieces are best
unboxed and distributed in the storeroom for
convenience. By piling the boxes in tiers and
knocking out their front ends, they may be
utilized for bins.

Protect all apparatus from dampness, dirt,
falling debris, and other unfavorable conditions
which exist in a new or unfinished building. All
parts which are liable to rust should be oiled.

All apparatus packed in excelsior should be un-
boxed, as excelsior absorbs moisture.

On large installations, the shipping notices or
memoranda may be found too bulky for quick
and frequent reference. In such cases, the|pur-
chaser may find it more convenient to list the
material on small cards when unpacking. (See
suggestion for card on page 11.) He may even
desire to assign arbitrary nuwmbers to leach
part, so that these can be selected and with-
drawn by laborers using the number reference
only.

Instruction Books covering the principal de-
vices should be detached from the apparatus
and placed in responsible hands. Installation
or adjustment should never be attempted (with
any piece of apparatus until the Instrugtion
Book which accompanies it has been thoroyghly
read and understood. Additional copies of {such
instructions may be obtained from the Gemneral
Electric Company on request. The request should
give the nameplate rating of the apparatus|

Fig. 14. Method of Packing Smali Switchboards
(Back View) |

LOCATION OF SWITCHBOARD

The switchboard and switching equipment
in the modern power plant are seldom self-con-
tained devices; many pieces of apparatus are
necessarily located some distance away from the
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board proper. Much assistance can usually be
rendered the purchaser in the selection of proper
location, if drawings or sketches of the station
are provided when the order is placed. It is
also safe to say that, with full knowledge of
the available space and conditions, a better or
more suitable switchboard can always be pro-
duced. Many details can be adapted to meet
different conditions without affecting cost. The
data available with the order usually place the
switchboard either in the made-to-order or the
ready-made class.

In settling the location of switching equip-
ment, first consideration must always be given
to personal safety. Continuity of service de-
mands inspection, cleaning, and repair with
minimum interruption of service. Ample space
is the best safeguard and for that reason aisles
should always be liberal—particularly so for the
operation of disconnecting switches, and for
inspecting and adjusting other equipment. (See
Fig. 15.)

Before attempting to install the board, the
customer should become familiar with the reg-
ulations of the National Electric Safety Code,
and with any other local rules that may apply.
Where local rules govern the design of a switch-
board, the General Electric Company should
be informed accordingly so that the completed
switchboard will meet these rules.

In ordering switchboards, it is essential that
the manufacturer be advised of the altitude at
which the switchboard shall operate. This is
very important since the insulating quality of air
decreases rapidly at high altitudes as well as
the current-carrying capacity of apparatus. If
a board which has been designed for a normal
location is to be placed at a higher altitude, the
conditions should be referred to the General
Electric Company for approval before such
change is made

Switchboard equipments designed for indoor
installation should not be located in places
where they are exposed to excessive moisture
such as driving rain or condensation drip. They

Suggestion for Card:

should be installed in dry places of uniform
temperature, and where they are reasonably
free from corroding fumes, abrasives, and dust.
Any contemplated deviation from this rule
should be described when the order is placed.
Necessary precaution should also be taken that
high wind does not carry the arc from air cir-
cuit breakers to ground.

Rheostats and resistances should be so located
as to obtain sufficient ventilation, and so that
one cannot transmit heat to another, or to
other apparatus.

Space for future growth should always be
allowed so that additional equipment can be
installed with the least interference to service
and with the highest factor of personal safety.
It will be noticed on reference to Fig. 16 that
the switchboard, as well as the machines, has
been installed with the intention of providing
space for future growth. Note the blank panels
and spacious distribution of equipment.

FOUNDATION

The switchboard should stand on a level
foundation sill made of hardwood or channel
iron (see Fig. 17, 18, 19, and 21). The sill must
be rigid and heavy enough so that the panels
will not be thrown out of line by settling.
Standard 6-inch channels are best, although
hardwood sills 7 by 2 inches may be used and
are recommended where insulated framework
is required. The sill should be securely anchored.
Drill the channel sill for anchor bolts to suit
floor construction.

Fig. 20 shows a method of grouting the chan-
nels. A small brick pier should be built at each
end, and sand or plaster piled along the sides of
the channel to prevent the cement from leaking
out. The mixture should be about one part
sand to one part cement and should flow freely.
By pouring it into the piers until the level
rises above the top of the channel, a head will
be produced which will force the cement under-
neath the channel.

Withdrawn by

Drawing Number. ........................
Item Number.............................
Description............ ... ... i,
Shipping Memo. No.......................
Location, Bin No....................... ...
Number of pieces. . . ......................
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Fig. 15. Switchbeard Installation Wherein Ample Space is Provided Behind
the Panels to Permit Inspection and Adjustment of Apparatus. Operating
rods should, wherever possible, be run beneath the floor or in covered
trenches in the floor. The construction shown above is sometimes per-
missible with metal or slate gangway; but the question of head room

must then be considered
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Fig. 16. An Installation Wherein Provision is Made for Future Growth.
Note the blank panels and spacious distribution of equipment
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;'3_"-13 Bolts 1o
or Lag Screws z2-13 Tap
for Wooder Sill in Base

Channel Weight
10.5 Lbs. Per Foot

Side W_ .
21-'_ Elevation 10
2 ~ 23
b ¢
$—' [ 1 h J_%
L Ly S| o 6"_.1
Fig. 17. Standard Sill and Switchboard Sub-base
Arrangements

The tapped holes in the sill should be plugged
with wood before pouring the cement, or the
bolts for the floor flanges should be screwed into
the channel temporarily to the maximum
depth, in order to prevent the cement from
filling them and making it difficult to fasten the
flanges to the channel.

~~\4
'l,

O CXE W TN

A
| "Second Alternative
N
AN

First Alternative

§\ \_ \\\ N \X§

pi.] W) Preferred Location
.
Dotted Position of Hanger is Used
when Vertical Pipe at Oil Circuit
Breaoker is Under Tension when
Closing.

Fig. 18. Arrangement of Channel Base, Panel Sub-
base, and Panel Supports, Showing Preferred and
Alternative Locations of Lower Vertical Hanger for
Pipe Mechanism, for Remote-controlled Oil Circuit

Breakers

n
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Fig. 19. Arrangement of Channel Base When End

Grill is Not Used

The grouting should be allowed to set for
twenty-four hours before mounting the panels
on the sill.

It cannot be too strongly emphasized that
the leveling, anchoring, and grouting of the sill
are important operations and the final appear-
ance of the switchboard is dependent largely
upon the care and patience exercised.

The method of anchoring panel braces is
dependent on construction of the wall. Heavy
panel equipment requires solid fastenings. Ex-
pansion bolts, through bolts, or an angle iron
bolted along the wall may be used.

oo ve 4

Brick Pier Channel fron
Fig. 20. Method of Grouting Sill
rT‘\/\,——n
Side
End Panel ||{Moulding
o] [+]
J Wood Fillet

Furnished by
Purchaser

Fig. 21. Arrangement of Channel Base When Eud

Grill is Used
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ERECTION
The panel frame consists of either 1}4-in.
upright pipe supports, angle irons, or. in cases
where the equipment is exceptionally heavy,

Fig. 22.

The best results in a finished switchboard are obtained by first setting the frame structure ac¢urately.

first, plumbed, and braced securely. If the
supports are shipped separately the framework
should be set up and plumbed first, then the
panels bolted to it, first loosely to avoid crack-

Pipe Frame Structure for 90-inch Beard \

Plumb and align it carefully before bolting it to the sill and wall.

channel irons. Fig. 22 represents the standard
method of bracing switchboard panel sup-
ports.

Regardless of frame construction and method
of shipping panels, whether assembled or dis-
mantled, the middle panel should be erected

World Radio History

J

ing, and then securely. Flexible leatheroid
washers are placed between frame and panels
to prevent cracking of the panels when the
bolts are tightened, and to align the front sur-
faces of the panels (see Fig. 23). If shipped on
supports, each panel will be set up adjacent to

|
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the fixed panel and anchored in place. Shimming
should be done between the sill and bottom edge
of panels to plumb the free edge as illustrated
in Fig. 24 and 25. Sometimes it may be necessary
to file the edges of two adjacent panels by
means of a hacksaw blade inserted between
them, in order to fit them more closely,

The installation work is somewhat simpler
when the panels are shipped assembled on
their supports but even then plumbing and
shimming may be nccessary, as in Fig. 24 and

-

Benchboards are sometimes shipped assem-
bled, but more frecuently knorked down. When
erecting the board the sills are leveled and
bolted in place first, then the frameworks are
set up and anchored to the sills. Now the vertical
sections below the bench, and then the bench
sections are erected, always starting from the
middle of the board. Lastly the instrument
sections are set up. The grille or sheet iron.work
should be fitted, but should not be bolted into
place before the wiring has been done. Fig. 26
shows typical benchhoard construction.

Fig. 23.

Erecting a Switchboard of Three-section Panels Which Have Been

Shipped as Individual Sections

Leatheroid washers are placed between the panels and pipe fittings to align the front surface of the hoard. Each
row of sections is leveled and aligned completely before the panel bolts are tightened.
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FRAME STRUCTURE

The frame structure for supporting
General Electric switchboards is
generally made of 1}4-inch pipe with
threadless fittings. Fig. 27 illustrates
standard General Electric switch-
board pipe fittings, while some of
their uses are exemplified in Fig. 28
and 29. The fittings are adaptable
to pipes of standard sizes as carried
by local dealers in this material.
They are used because of their
stiffness and weight, their ease of
assembling and adjustment, and at-
tractive appearance. Note the sug-
gested method of bracing a switch-
board when the board extends across
a window or other opening in the
wall (Fig. 30).

All such structures should be well
braced together to avoid any flexi-
bility that might tend to affect opera-

tion of oil circuit breakers, ortransmit Fig. 25. Spacers are Placed Under the Lower Inside Corner
jars from them to the panels. The of the Panel When an Opening Appears at the Bottom

threadless clamp fittings offer in this

respect the best facilities for perfect adjustment. than three clamped or screwed joints in series
In heavy capacity installations, avoid care- for each ground connection.

fully any complete magnetic circuits around a Pipe caps should be slipped on the exposed

conductor carrying a great amount of current. ends of all pipes to improve the general appear-
Make sure of an effective ground and that ance of the installation.

paint on pipes or fittings does not prevent a All metal work should be painted from time

good connection. There should never be more to time for protection and appearance.

Fig. 24. Spacers are Placed Under the Lower Outside Corner
of the Panel When an Opening Appears at the Top

CONCRETE STRUCTURE

Concrete cells and compart-
ments are extensively used to-
day for supporting switching equip-
ment of medium-high poteptials,
but accuracy and care are es-
sential to the construction of the
forms. If they are not true, the con-
crete will be misshaped and diffi-
culty will be experienced when in-
stalling the equipment.

On account of the high strength
required, the narrow cross sections
necessary, and the smooth surface
desired, a concrete rich in cpment
should be used. The concrete mixture
best suited for this work is about one
part of cement, two parts of fine
aggregate, and three parts of roarse
aggregate.

Portland cement that meets the
standard requirements of the Ameri-
can Society for Testing Materials
should be used.

The coarse aggregate should
consist of crushed stone, gravel, air-
cooled btlast-furnace slag. or other
approved inert materials with similar
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*When board is mounted against wall this dimension is 14 in. greater.

tFor three-section back panels and two-section instrument panels only.
1 For two-section back panels and one-section instrument panels only.

characteristics. It should be composed of hard,
strong, durable particles free from injurious
amounts of soft, friable, thin, elongated pieces,
alkali, and organic or other harmful matter.
The maximum size of the aggregate for walls
and barriers more than three inches thick
should be such that it will pass a 1-inch screen,
but should not be less than one-half inch. Not
more than five per cent should pass a quarter-
inch screen. For shelves and barriers thinner
than three inches, the aggregate should be smaller
and should pass a screen with one-half inch
openings.

The water for concrete should be clear and
free from oil, acid, alkali, organic matter, or
other deleterious substances. It should pref-
erably be equal in all physical and chemical
properties to potable water. The strength of
concrete varies with the amount of mixing
water used. Five and one-half to six gallons
of mixing water per sack of cement is approxi-
mately the correct quantity for constructing
concrete bus-compartments. More than this
amount reduces the strength.

(This refers to 48-in. dimensions only.)

Concrete should be mixed in a batch mixer
for at least one minute after all the materials,
including the mixing water, are in the drum.
When concrete is mixed by hand it should
be on a water-tight platform. The cement and
fine aggregate should first be mixed dry, being
turned over until a mixture of uniform color is
obtained. The coarse aggregate should then be
added, and the whole mass turned at least three
times to a uniform mixture. Next, the water
should be put into the batch and the entire
mixture turned again at least three times, or
until a homogeneous mass of the required con-
sistency is obtained.

Care should be taken in placing the concrete
to see that it is thoroughly worked around the
reinforcing rods and that the faces of the con-
crete are well spaded. This will insure a good
bond to the steel and will keep exposed surfaces
free from stone pockets. For thin walls or in-
accessible portions of the forms where the use
of a spade is impractical, the concrete should be
forced into place by tapping or hammering the
forms.
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Fig. 27. Standard Switchboard Pipe Fittings
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Reinforcing rods, which are used very exten-
sivelv to give additional strength to concrete
structures, should be used with extreme con-
sideration in building switch and bus compart-
ments. They mayv be used without hesitation,
however, in the foundation and substructure
where thev are most needed, but their use is
not recommended for switch cells.

=======5FS2

]
e

Fig. 29.

Compartments with shelves either of soap-
stone or precast concrete are simpler to build
than those of monolithic construction. The
difficulty in the use of reinforcing bars is over-
come by employing precast units. Exper-
ienced men for supervision of this work are
not so essential as for the monolithic type of
construction.

The following method is suggested for con-
structing all compartments.

The center or longitudinal wall (or back wall
for single-bus arrangement) must be cast first
and not simultaneoulsy with the barriers. This
will allow access to the center wall while placing
the concrete and will permit finishing it when
the forms are removed. Fig. 31 illustrates how
far the wall should be built before the bus com-
partments are started.

Place the horizontal barriers in position,
grout them in, and cast a base even with the
lower precast slab. When the base has set suf-
ficiently, the lower forms for the vertical barriers
and the outside longitudinal wall, as shown in
Fig. 32, may be set up. This wall sheuld be
cast only up to the second precast horizontal
barrier and leveled off carefully to give an even

34

Applications of Benchboard Fittings

bearing surface for the second row of precast
barriers. The top of the vertical barriers and the
part of the wall which is not to be covered by
the precast slab should be made rough so as to
unite better with the concrete placed on top
of it.

The second and third bus compartinents
should be cast similarly to the lower bus com-
partment as described above, care being taken
to brace the forms properly to assure a perfect
line up (see Fig. 33).

A plan showing forms in position for casting
vertical barriers and outside wall of the bus
compartment is given in Fig. 34. .

The upper part of the main longitudinal wall
of the busbar compartment and the vdrtical
barriers should be cast in one block to produce
a monolithic structure and to increasé¢ the
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strength of the compartments. If through pipes
for the support of disconnecting switches or
other apparatus are to be cast in the concrete,
certain precautions should be taken. The forms
should be made in sections to facilitate their

B | em—

Fig. 30.
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The forms should be built of dressed and
matched lumber at least 7§ inch thick,
thoroughly braced in all directions exposed
to the pressure of the concrete. Before the
concrete is placed, the inside of the form should
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Angle
Iron
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in Watg T

A Suggested Method of Bracing a Switchboard When It Extends

Across a Window or Other Opening in the Wall. (An angle iron is bolted
across the opening and the rods are fastened to it)

removal from around the pipes, and to avoid
da;naging the green structure (see Fig. 35 and
36).

For concrete structures in an unheated sta-
tion, joints are recommended every forty or
fifty feet to prevent cracking due to expansion
and contraction. They should be constructed
with a key or notch and have several thicknesses
of tarred felt between the sections. All expan-
sion joints should be carried through the foun-
dation and no reinforcing steel should be allowed
to extend across a joint.

be brushed once or twice with crude oil or
soft soap to prevent sticking. A better method
is to use paraffine wax dissolved in kerosene. It
is advisable to design the forms so that they
can be taken down without wrecking. In addition
to the advantage of saving the forms, it permits
removing them earlier and allows the surface
of the concrete to be rubbed down without much
effort.

Setting of anchor bolts and inserts with the
required accuracy calls for considerable fore-
thought. These must be fastened to the form
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to prevent their becoming loose when the con-
crete is placed or spaded, and permit the easy re-
moval of the forms. Templates should be used for
setting and checking locations of all anchor bolts.

An important factor in the strength of con-
crete is proper protection after placing. All
concrete should be exposed to extreme dampness
or allowed to harden under wet coverings the
first ten days.

Detailed information on concrete work may
be obtained from the Portland Cement Associa-
tion, 111 West Washington Street, Chicago, Ill.

Finishing and Painting of Concrete Structures
By rubbing down the surface of a concrete
structure before it has become too hard. a
smooth finish can be obtained by very little
work. After it has hardened, it may be rubbed

1
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Fig. 31

down with carborundum blocks, but with
greater effort. Smoothing-over with cement
wash is seldom successful, and should not be
practised.

It is often desirable to paint concrete struc-
tures for appearance, and to preserve them in
cleaner condition. Care should be taken to
avoid the use of strong metallic paint for high-
potential compartments and cells. Linseed oil
paint will not permanently adhere to a con-
crete structure without the previous applica-
tion of some solution for neutralizing the action
of the alkali in the cement, which has a tendency
to saponify linseed oil. A solution made by
mixing one pound of zinc sulphate with one
gallon of water is often recommended for wash-
ing the structure to prepare it for the paint. It
may be sprayed or brushed as seems most
convenient. The same class of paints used on
wood may be wused successfully on cement
some time after application of the neutralizing
wash. This may be either interior flat wall
paint of any color for a flat surface, or interior
gloss paint for a gloss surface. The pores should
not be sealed up before the under surface is

dry.

Many reputable manufacturers of high-grade
paint carry special paint for concrete work that
may be used without hesitation. Their directions
should be followed in each case.

QUICK-HARDENING CEMENT

The time taken for a concrete structure to
harden so that the forms may be taken down

\ Filling )

Fig. 32

and the equipment bolted in place is often a
serious item in the installation work. For con-
ditions where the extra cost of the cement is
warranted by a saving in time, quick-hardening
LUMNITE CEMENT may be used advanta-
geously. This material behaves similarly to
Portland cement, except that it reaches a
strength after twenty-four hours at least equal
to that of Portland cement after months of
aging.
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Fig. 33

In using this cement the same proportions of
sand and coarse aggregate may be employed as
with Portland cement. Two things must, how-
ever, receive very careful consideration. First,
sufficient water should be sprayed on the struc-
ture during the curing period, else the strength
will not come up to the normal. Second, the
forms should be varnished, or treated in some
equally efficient manner, to prevent absorption
of moisture from the concrete, otherwise the
surface will have no strength. Metal forms are
far superior to wooden forms for this kind of
concrete.
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BRICK STRUCTURES

Under certain conditions, it is preferable to
use brick for cells and bus compartments in
place of concrete. While control conduits,
anchor bolts, and inserts are somewhat harder
to take care of, there are compensating advan-
tages. Shelves are then usually made of precast

Fig. 34

concrete, or of soapstone; and the walls and
barriers are made of some kind of brick in
keeping with the character of the building.

The bricks should be set in a mortar consist-
ing of two parts of best quality Portland cement
and six parts clean, sharp, screened sand. To
this should be added after mixing one-half part
lime putty (made from newly slacked lime and
allowed to settle).
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All copper connections used in masonry com-
partments or cells, which are dependent for
length, bending, or drilling on the accuracy of
the structure, should always be made on the
ground after the structure has been erected.
These structures cannot be built to exact
dimensions without comparatively high cost.

DRAWINGS

Factory drawings, typical examples of which
are shown in Fig. 37 and 38, are made up for

most switchboards, and blue-print copies of
them are sent to the purchaser. The wiring
diagrams are made up to accord with a stand-
ardized sequence of connections, and a stand-
ardized set of symbols is used which represents
the various devices that make up the installation.
The symbols which appear in these drawings
are illustrated in Fig. 39. with the names of the
devices which they indicate. In some cases it is
necessary to show conditions diagrammatically
as in Fig. 41.

~e

li Pipe Supporting
Disconnacting t

f

Switches

e

After a switchboard has been installcd and
placed in operation, the switchboard drawings
should be gone over by the purchaser. Notations
should be made on them of any deviation which
may have been made during installation, such
as changes in order of panels, distance to wall,
direction of cables, electrical connections, etc.
The prints so marked should be returned so
that the proper records can be made to take
care of future orders, changes, and extensions.

MAIN CONNECTIONS

The main connections, when made up by the
General Electric Company, are assembled and
marked. It is then a simple matter for a purchaser
to install them, by referring to the assembly
drawings which bear detail numbers corres-
ponding to those stamped, stenciled, or tagged on
the details. It is important to check these
drawings to see that they contain the latest
revisions according to the shipping memoranda.

Special attention should be given to all
joints, whether clamped, bolted, or soldered;
all contact surfaces must be clean and smooth.
Clamping and bolting must be such that the
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a Auxiliary Switch open when

main switch is open

Ammeter

b Aurxiliary Switch closed when
main switch is open

CB Circuit Breaker
CC Closing Coil
CR Control Relay

CSW Control Switch

CT Current Transformer
FI Prequency Indicator
PU use
GD Ground Detector
LG Lamp Green
LR Lamp Red .

PPI Power-factor Indicator
PT Potential Transformer
PP Potential Plug
RC Reactor
RE Receptacle
Res Resistor
RH Rheostat

RL.2 Inverse Time Limit Relay
RL.3 Definite Time Limit Relay
SI Synchronism Indicator

SH Shunt
SW Switch
TC Trip Coil
TD Testing Device
TI Temperature Indicator

VM Voltmeter

WM Wattmeter

. { Watthour Meter .

This drawing shows electrical connections only;
the relative location of apparatus must not be
read from it. Instrument and meter connections
may differ from the typical connections given
in the individual instruction books,

Por arrangement of ground buses, see M-2165088.

Secondary leads from below.

NOTICE TO PURCHASER
Refer to contract for material to be supplied by
the General Electric Company. The amount of
such material is not increased by anything
shown on this drawing,
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Standard Wiring Diagram Typical of General Electric Switchboards
(Reduced to one-tenth of its original size)
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RESISTORS SHUNT AUXILIARY AND PUSH MACHINE'S
BUTTON SwWITCHES
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I | l l | I FUuse Opening Closing '

Grid Type T

Size may be Varied TRANSFORMER (AUTO)

RHEOSTAT bD.CMachine
STA TESTING TERMINALS
AND LINKS

—e— —0—0— ,

Potential Current b l

TRANSFORMER (CURRENT) |INSTRUMENTS & METERS | | l

| ,

INDUCTANCE N

Arrangement

of Terminals
W for Instrumen
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Met £ Rel (KK X AC.Generator
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WINDINGS KNIFE SWITCHES l
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METHOD OF SHOWING
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& 4 4
? > H Sgncc::hronmis |
? ? 9 onverter
S.P D.P.

OlL CIRCUIT BREAKERS
|

1) Note -
These Symbols are Fundamental
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Fig. 39. Standard Symbols Used in General Electric Connection Diagrams
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pressure is evenly distributed, and that there is
no possibility of the opening of a joint through
vibration or temperature changes. This is
particularly important where the connections
and their joints are insulated after installation.
Lock washers and lock nuts are sometimes
necessary.

The conductivity of a bolted or clamped
joint is proportional to the pressure applied at
the joint; and inversely, a poor joint may heat
until the surface is annealed and oxidized, which
in turn causes increased heating.

In soldered connections, the solder has greater
resistance than the copper and, therefore, will
heat if not sufficiently distributed over the en-
tire joint. A heavy overload may cause sufficient
heating to melt the solder, and care must be
taken that there is no strain or tendency to
separate such joints.

Soldered connections should be made to insure
greatest possible contact area. It is therefore
necessary to use a good grade of soldering paste
to effect this condition. The General Electric
Company manufactures and recommends Sold-
ering Paste No. 293.

In clamping connections, iron clamps with
steel bolts may be used for direct-current work;
but for alternating-current connections and
buses, the clamps must be so constructed as to
guard against magnetic circuits around in-
dividual conductors, particularly for heavy cir-
cuits. A typical back-of-beard arrangement is
illustrated in Fig. 40.

All contacts of busbars and copper conductors
must be thoroughly cleaned with emery and
vaseline or oil. A coating of vaseline on the con-
tact surfaces before they are bolted together will
retard oxidation in the joint. It is also recom-
mended that the purchaser extend this operation
to the entire surface of joint. It is recommended
that the purchaserextend this operation tothe en-

Fig. 40.

Typical Back-of-board Connections

tire surface of the bars that are not to be insu-
lated after installation, and then give them a
coat of transparent lacquer to prevent tarnish-
ing and to preserve a bright appearance. It is
important that lacquer does not flow on the con-
tact surfaces, and it is, therefore, best to do
this work after the joints have been made. All
traces of oil must be removed before applying

c
L
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®
1

$

Fig. 41.

Lower

Diagrammatic Plan View of Double-tier Bus

(This is the practice that is followed on all switchboard drawings where such forms of buses are a part of the

switchboard equipment.

Although the diagram shows the four sections of the bus spread out in a row, it should

be understood that the sections shown on the outside of the larger circles are actually below the sections next to

the smaller circles.

The scheme is used so that connecti

ons to any section of a bus may be shown definitely.)
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Arrangement of Apparatus and Connections (3-phase Switchboard)

Fig. 42.
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the lacquer. When changing buses that have
been lacquered, the new contact surfaces should
be washed clean with alcohol and then care-
fully scraped.

For the sake of appearance as well as for
convenience incaring for the equipment, uniform-
ity and consistency in the order and arrange-
ment of conductors should be carried as far as
practicable. For instance, on direct-current
boards the positive bus and connections may
be located nearest the board, nearest the top,
and at right facing back of board. On alternating-

Bare rod 14 in. dia.
Bare rod % in. dia.
Bare rod 34 in. dia.
Bare rod 1% in. dia.
Bare rod 14 in. dia. ,
Insulated wire No. 1/0 B.&S. Up to 175 amp.
Insulated wire No. 4/0 B.&S. Up to 300 amp.
Fig. 44, page 30, shows a method of approximat-
ing amount of copper required for heavy buses.
Any special conditions should be referred to
the manufacturer for advice, with data on local
conditions because ventilation greatly affects

Up to 100 amp.
Up to 150 amp.
Up to 200 amp.
Up to 250 amp.
Up to 300 amp.
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Fig. 43.

current boards, phase 1 may occupy same posi-
tion as would the positive. Fig. 42 and 43 show
General Electric standard practice for order of
phases in alternating-current arrangements.

Complications will naturally arise when the
equipment is mounted away from the switch-
board. It then becomes necessary to determine
how far this uniformityshould be carried through
the station and to lines. Local conditions and
size of the power system are the governirg
factors.

Some of the larger stations paint different
conductors in different colors. This usually
extends also to steam, water, air, oil pipes, etc.,
and must, therefore, be developed for the station
as a whole when required.

All buses- and connections on the switch-
board are designed on the basis of maximum
temperature rise of 30 deg. C. above room tem-
perature. This limitation and mechanical stabil-
ity determine in general the size and shape of
switchboard conductors. For smaller current
capacities. round conductors are frequently used
as follows:

L
i

Arrangement of Apparatus and Connections (3-phase Switchboard)

L

.

the results. The following tabulation presents
the properties of unit wires of aluminum, copper,
galvanized iron, and galvanized crucible steel.

PROPERTIES OF UNIT WIRES
(1 Cir. mil. ft.)

ALUMINUM

Weight in 1b. 0.090000916
Resistance in ohms at 15° C. 16.16
CoPPER

Weight in 1b. 0.00000303

Resistance in ohms at 15° C. 10.074
GALvaNiIZED IRON

Weight in 1b. 0.00000264

Resistance in ohms at 0° C. 74.548

GaLvanizep CRUCIBLE STEEL

Weight in 1b. 0.0000026
Resistance 1n ohms at 0° C. 116.85
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Arrangement of Busbars for Various Conditions

Diagrammatic Illustration of Size, Number, and

and paralleling connections to give
the best distributions of current in
each individual lamination.
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Rigid supporting of all conductors is neces-
sary, not only for appearance, but to withstand
any electromagnetic stresses that abnormal
conditions may produce. The short-circuit force
measured in pounds involves several factors, as
for instance, frequency and reactance of circuit,
construction of supports, spacing and shape of
conductors, etc. Problems of this nature, en-
countered in the installation of a switchboard,
should be referred to the manufacturer for ad-
vice. A method is shown in Fig. 45 whereby bus-

when requested by the customer. If the cus-
tomer is furnishing his own bus and bar con-
nections, he must be careful in bending round
conductors so that the conductors shall not be
cracked at the bend. Make the bend on a
sufficient radius to avoid this. Bend all con-
nections and conductors before attaching them,
so that no breakage of apparatus will be en-
countered. Formulas for determining the de-
veloped length of rectangular copper bars with
various forms of bends are shown in Fig. 46. A

1“ l-

2 2
Q YN o | % % %
O — T T T —— =

Fig. 45.

Method of Offsetting Busbar Supports

Where the bus is held by two pins in the top of the insulator, and where adjustment is made for additional
bars in the bus by turning the insulator, it becomes necessary to offset the supports as illustrated.

bar supports are offset to accommodate ad-
ditional bars.

In alternating-current installations, iron parts,
such as supports, conduits, floor beams, etc.,
must not be placed between the different con-
ductors of a circuit in a manner to form magnetic
loops around a single conductor; and in dealing
with capacities of about 2000 amperes and
above, care must be taken to avoid large masses
of iron in close proximity to the circuit, other-
wise the iron will heat. This applies even to
reinforcing material in concrete compart-
ments.

To avoid ‘corona effect’”” on high-tension
conductors the following sizes should be used as
minimum for the spacings given in the following
table:

Volts Sizes B.&S.
35,000 No. 6
50,000 | No. 4
73,000 No. 1

115,000 No. 4/0

"The %olloxving rules apply (up to 15,000 volts)
for:

Direct-current switchboards.
Alternating-current switchboards with lever
switches.

Alternating-current switchboards with oil
circuit breakers on panel or panel frame.
Alternating-current arrangements with re-

mote-controlled oil circuit breakers on pipe
framework, or in cells when the buses are
mounted on open framework.
Rectangular bars are supplied for buses, and
material for insulating the bars is supplied only

tabulation is contained on page 32 which shows
the size of bolt holes and their spacings for copper
bar bolted connections. When special connec-
tions involve long runs with difficult bends,
wire may be used as a conductor.

For rigidity, one and one-half inch by one-
eighth inch should be the smallest section used
for oil circuit breaker connections. Long vertical
bars of this size should be as nearly straight as
possible, and should not exceed approximately
five feet in length unless a stay insulator is
supplied.

The following plan is followed by the Gen-
eral Electric Company in relation to the use of
insulated wire:

(a) When the length of the greater number
of connections in one circuit will be such that
the insulated portion of the conductor (after
stripping the ends) will be one foot or less,
rectangular bars are chosen in preference to
wire.

(b) For short pieces (where eight inches or
less of insulation would be left after stripping
the ends) these connections should be made of
bare rod, and the construction force is relied
upon to insulate properly the connection when
completing the installation.

STANDARD CABLE TERMINALS

General Electric cable terminals are of ample
design for all conditions of service if properly
installed. The temperature-rises in them on
normal loads and overloads are less than in the
cables for which they are used.

Too much importance can never be attached
to the soldering of the terminals and to bolting
or clamping them. Unsoldering of cable joints
under overloads is the result of poor soldering,
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STANDARD BOLTING FOR BUS AND CONNECTION BARS

(All Dimensions in Inches)
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poor bolted contact, or both. The practice of
soldering in rope-core cable without first remov-
ing the core is never recommended. The core may
be bored out with a wood bit, and a metal plug
of proper size inserted in its place.

Weight of cables and magnetic stresses must
not be transmitted to the terminrals; proper
supports must be provided for the cable.

Q)
rAf B
t

Dev Length V8 Thk.Bar = A+ B - Yo"
Dev. Length¥eThk.Bar - A + B-5ie"
Dev Length, Y4 Tk Bar = A+ B-7je"

4
&
!

Dev Length, V8 THk.Bar A+B- V2"
Dev Length, 346 Th'k.Bar =A v B - 13/ie”
Deviength, V4" ThikBar =A+8 -1 /g"

bl Length. /8" Thk Bar- *A+B+C+D+E-7/8" Dev.Length,V8 Thk Bar'=‘A +B+C
Dedlength, 1@ ThHk Bar-A+B+C+D+E-1J8 DeVlength, 316 Thk Bar:A+B+C
Devlength, V4 Thk Bar ~-A+B+C+D+ L -178" Dev Length, Y4 ThHk Bar- A+B+C

Fig. 46.

Dev. Length, /8" Thik.Bar = A+ B=5e
Dev Length, 36 Thik Bar
Dev Length, 4" Thk.Bar = A+ B~ 'Wie

Dev. Length. /8" Thi.Bar=A+B+C- Ve
Dev Length 346 Thk Bar <A+ B+C-'Vie'
Dev. Length,! 4" THK Bar <A+ B+C-'5146’

. A B~
|

O
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Size of terminal to be used on old

“A” and “B’ rated machines.... Table 2
Size of terminals to be used on 240/-
275-volt synchronous converters. . Table 3
Size of terminals to be used on 600-
volt svnchronous converters. .. ... Table 4
Size of terminal to be used on standard
railway motor-generator sets. . ... Table 5
i =A i
B B

Dev Length, V8" Thk Bar = 4 +B-3/8"
DV Length, N6 ThhBar - A+ B-9/g"
Dev Length, V8" Th'h Bar = A+ B-78"

A+rB-Va

~ A e e A -

' y [
8 Cc! B
i i .JJ L )
Devlength. Y8 ThkBar~A+B+C-8&’

Devlength, 3ieThk.Bar~A+B+C-1"
Deviength, Y4 Thk.Bar - A+ B +C -i 78

-

T‘ A=

DeV. Length, ! 8 THk, Bar = A
Dev. Length, 16 THk.Bar- = A
DeV. Lengthh, V4" THk.Bar = A

Formulas for Determining Developed Length of Copper Bars

with Various Bends (Bars are bent with a 3%-in. radius)

The following tabulations show the current-
carrying capacity of conductors and cables which
are recommended under certain specified con-
ditions. These conditions include station, sub-
station, and switchboard wiring and connections
to and from apparatus of all kinds. They 'do not
include internal connections of apparatus nor
connections from the interior of apparatus to
connection boards or terminals, the size of these
being dependent upon design conditions. All con-
nection boards, terminals, etc., should be ar-
ranged to use the number and sizes of cables
as described in the following text and tabula-
tions:

INnpEx TO TERMINALS AND CABLES
Size of terminals to be used on maxi-

mum rated machines............ Table 1
Size of terminal to be used on new
“A" and “‘B” rated machines.... Table 1

Size and number of equalizer terminals. Table 6

Cables that will fit standard terminals. Table 7

For proper selection of standard
cables...... 5000006003 ....Tables 8 and 9

Selection of Terminal Sizes

(1) Al apparatus, exclusive of synchronous
converters, maximum rated. (Includes ma-
chines, switchboards, transformers, etc.) Select
from Table No. 1 according to maximum current.

(2) All new apparatus, “A” rated (exclusive
of synchronous converters). Increase normal
current by 25 per cent and select terminals from
Table No. 1.

(3) All new apparatus, “B” rated (exclusive
of synchronous converters). Increase normal
current by 50 per cent and select terminals from
Table No. 1.

(4)  To avoid making sweeping changes, old
machines “A’ or ‘B’ rated, or such machines
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with a maximum rating may use terminals as
per Table No. 2 up to and including 1075 amperes
computed to include the overload rating. For
larger ampere capacities, use Table No .1.
Switchboards will follow Table No. 1 in all cases.
This may result in the switchboard and machine
using slightly different terminals, but this should
cause no inconvenience.

(5) Induction motors, with squirrel-cage
winding. Select terminals from Table No. 1.

(6) Synchronous converters. Tables No. 3and
4 assign terminal sizes for each standard machine.

(7) Direct-current equalizer cables. Table
No. 6 shows the size equalizer to be used after
the main cables have been determined from the
foregoing instruction.

Method of Figuring Maximum Current

For alternating-current apparatus, the kv-a.
rating and not the kw. rating should be used
to determine the current capacity.

The voltage used in calculating the maximum
current should be the exact voltage rating of the
machine.

In as much as many cables and switchboard
devices will reach their maximum temperature
in one or two hours time, such overload ratings
must be considered as continuous ratings in so
far as the selection of terminals is concerned.
The only reason for departing from this rule and
permitting the use of terminals listed in Table
No. 2 is as stated in (4).

Cable Sizes

The carrying capacity of a cable depends
largely on local conditions. For example, a

500,000-cir. mils cable may carry from 300 to 600
amperes with approximately the same temper-
ature rise.

It is obvious, therefore, that all conditions
must be known before selecting the size jof cable
and that the standardization of cable términals
must be such as to provide for the largest size
of cable which necessity may require.

Great care has been exercised in standardizing
the terminal sizes so that each size of terminal
can be used for three sizes of cables as given in
Table No. 7.

Listing of Terminals on Outline Drawings

Outline drawings specify the diameter of cable
holes for all terminals provided for external
cable connections. The size of cable which should
be used therein is of no concern to the designer of
machine or switchboard. But in order to give the
customer some idea of what size cable may be
used, the outline drawing gives the ‘‘Maximum
cir. mils cross section of copper which will ordi-
narily be required.”

See example below.

The arrangement of cables, when mare than
one is used per phase for alternating:current
work, 1is particularly important. Therefore,
outline drawings of such apparatus bear a
caution as follows:

“The arrangement and spacing of cables or
bars shall be such as regards self and mutual
induction and proximity to magnetic metals,
etc., that each conductor of any phase will carry
its pro rata of the total current.”

EXAMPLE

Number of Terminals per |

Connections Phase or Polarity

Size in Inches of Cable
Hole in Terminals

Max. Cir. Mils Crosg Section
of Copper Ordinarily Required

Main leads 2
Field Leads 1.
Exciter Leads 1

1.699 2—1,250,000 cir. mils
419 1/0 AWG
.586 [ 4/0 AWG
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TABLE NO. 1

SIZES OF MAIN LINE TERMINALS TO BE USED ON ALL MAXIMUM RATED
MACHINES AND ALL NEW A AND B RATED MACHINES

(The current rating of an “A’" or “B" machine is determined by including the overload.)

Maximum Ampere Size of Terminal in Inches Max. Cir. Mils Cross Section
Capacity (Diameter Cable Hole) Ordinarily Required
8 [ 137 No. 12 AWG or 19/25
15 .137 No. 10 AWG or 19/22
25 .20 No. 8 AWG
35 .20 No. 6 AWG
50 .25 No. 4 AWG
70 ‘ 3125 No. 2
110 .419 No. 1/0
130 | .461 No. 2/0
175 .586 No. 4/0
225 l .669 | 300,000 cir. mils
290 776 400,000 cir. mils
360 .881 500,000 cir. mils
450 \ .944 600,000 cir. mils
550 1.084 750,000 cir. mils
675 l 1.209 | 1,000,000 cir. mils
775 1.461 1,250,000 cir. mils
900 ‘ 1.699 | 1,500,000 cir. mils
1075 2.012 | 2,000,000 cir. mils
1300 2—2.012 | 2—1,250,000 cir. mils
1750 | 2—2.012 2—1,500,000 cir. mils
2100 2—2.012 2—2,000,000 cir. mils
2600 \ 4—2.012 | 4—1,250,000 cir. mils
3100 4—2.012 4—1,500,000 cir. mils
4200 4—2.012 [ 4—2,000,000 cir. mils
5200 6—2.012 6—1,500,000 cir. mils
6200 6—2.012 6—2,000,000 cir. mils

| l

NoTE.—A rating—normal load continuous—25 per cent overload for 2 hours.
B rating—normal load continuous—50 per cent overload for 2 hours.

TABLE NO. 2
SIZES OF TERMINALS FOR OLD A AND B RATED MACHINES

|
Normal Ampere Rating Normal Ampere Rating Diameter in Inches Maximum Size
of A" ﬁachines of “B" l\g:chines ‘ of Cable Holes of Cable
|
9 9 .137 No. 12 AWG or 19/25
14 14 [ 137 No. 10 AWG or 19/22
24 24 | 20 No. 8 AWG
36 36 .20 No. 6 AWG
56 56 .25 No. 4 AWG
84 84 3125 No. 2 AWG
124 124 ‘ 419 No. 1/0 AWG
169 169 ! .586 No. 3/0 AWG
184 184 ! .586 No. 4/0 AWG
224 224 .625 250,000 cir. mils
264 264 .669 ‘ 300,000 cir. mils
324 324 776 400,000 cir. mils
374 374 881 | 500,000 cir. mils
499 499 { 1.084 750,000 cir. mils
649 649 1.209 1,000,000 cir. mils
749 749 1.461 1,250,000 cir. mils
860 860 1.699 1,500,000 cir. mils

For larger current capacities, see Table No. 1.
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TABLE NO. 3
SIZES OF CABLES AND TERMINALS FOR 240/275-VOLT SYNCHRONOUS CONVERTER

.2?0 }’g"ng \f,;'(’)(/“ﬁ(;t{"“ 1.c. Cables A-c. Cables Starting Equalizer
3-Phase

100 kw. *120 kw. 500,000 cir. mils | 500,000 cir. mils 500,000 500,000

150 kw, 1,000,000 cir. mils 1,000,000 cir. mils 400,000 400,000

200 kw. 1,250,000 cir, mils | 1,250,000 cir. mils 500,000 500,000

300 kw. 2-—1,000,000 cir. mils  |2—1,000,000 cir. mils | 400,000 1,000,000

| |

6-Phase with or without Booster

150 kw. 180 kw. 1,000,000 cir. mils 400,000 cir. mils

400,000 | 400,000
200 kw, *240 kw. Y 750,000 ¢'r. mils 750,000 cir. mils 4/0 | 750,000
300 kw. 328/440 21,000,000 cir. mils | 1,000,000 cir. mils 400,000 1,000,000
500 kw, 530/660 2-—2,000,000 cir. mils | 2,000,000 cir. mils 500,000 2,000,000
750 kw. 800/ 1000 4-—1,250,000 cir. mils  [4+—1,250,000 cir. mils | 500,000 [ 2—1,250,000
1000 kw. 1060/1330  4-—2,000,000 cir. mils  [2—2,000,000 cir. mils 1,000,000 2—2,000,000

{

* Rated 270 volts instead of 240/300 vols.
For larger machines usc bar connections.

TABLE NO. 4
SIZES OF CABLES AND TERMINALS FOR 600-VOLT SYNCHRONOUS CONVERTERS

For special converters having voltage ratings different from those listed in Tables No. 3 and 4, select ftermi-
nals according to current ratings given in Table No. 4. If calculated current falls between the ratings given, choose
the next larger rating.

g R MAXIMUM RATING
L o D-c. Cables A-c. Cables Starting Equalizer
Kw. Nor. Amp. Kw. Amp.
3-Phase
100 166 120 200 4/0 4/0 4/0 4/0
150 250 150 300 400,000 cir. mils 400,000 cir. mils 400,000 cir. mils 400,000 cir, mils
200 333 240 400 300,000 cir. mils ‘ 500,000 cir. mils 500,000 cir. mils 500,000 cir. mils
300 300 360 600 750,000 cir. mils 750,000 cir. mils 750,000 cir. mils 750,000 cir. mils
400 666 480 800 ‘ 1,250,000 cir. mils 1,250,000 cir. mils 500,000 cir, mils 300,000 cir. mils
6-Phase
300 500 360 600 750,000 cir. mils 400,000 cir. mils 400,000 cir. mils | 400,000 (cir.mils
400 666 450 800 1,250,000 cir. mils 500,000 cir. mils 4/0 | 500,000 cir.mils
500 833 600 1000 [2— 750,000 cir. mils 750,000 cir. mils 4/0 750,000 [cir.mils
750 1250 900 1500 2—1,000,000 cir. mils 1,000,000 cir. mils 400,000 cir. mils | 1,000,000 (cir.mils
1000 1666 1200 2000 2—1,500,000 cir. mils 1,500,000 cir. mils 400,000 cir. mils [ 1,500,000 (cir.mils
1500 2500 1RO0 3000 4—1,250,000 cir. mils 2—1,250,000 cir. mils 500,00 cir. mits |2—1,250,000 cir.mils
2000 3330 2400 4000 4—1,500,000 cir. mils 2—1,500,000 cir. mils | 750,000 cir. m.ls ‘2—1.500,000k:ir.mils
! | |
STANDARD TERMINALS FOR ABOVE CABLES
— — — v" — _' e —
Size of Diameter in 1n. Size of Diameter in In. Size of Diameter in In.
Cable of Cable Hole Cable of Cable Hole | Cable of Cable Hole
— - - — -~ - —_ — — + —
|
4/0 .586 ’ 750,000 1.084 1,509,000 1.699
400,000 776 1,000,000 1.209 . 2,000,000 2.012
500,000 881 ‘ 1,250,000 1.461
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LOCAL CONDITIONS AND TERMINALS
AND CABLES

The application of cable terminals should be
determined from the foregoing instructions.
In order to select proper cables for interconnec-
tion between machines, switchboards, trans-
formers, etc., a thorough knowledge is necessary
of how the cables are to run in the station and of
other local conditions bearing on the current
capacity of cables.

The sizes of terminals proposed under Table
No. 1 are intended to provide for the largest
cables which will ordinarily be employed. Under
favorable circumstances such cables are unnec-
essarily large, which accounts for the latitude
given for using smaller cables as listed under
columns “Y" and “Z" in Table No. 8. But care-
ful consideration must be given to the following
points before determining on the use of smaller
cables. In fact, occasion may arise when larger
cables than those listed in column “X" may be
necessary.

(1) Whether cables are single or multiple
conductor.

(2) If hemp core is used as recommended.

(3) The nature and thickness of the insulat-
ing covering.

(4) Whether circulation of air is free or re-
stricted for cables supported in the open—a
very important factor.

(5) When run in ducts, if the heat can be
readily carried away from all ducts.

(6) If self or mutual inductance will disturb
the distribution of current between conductors
of the same or different circuits.

(7) The room temperature. This is impor-
tant in determining whether the total tempera-
ture will be injurious to the insulation.

(8) If-cables are adjacent to or affected by
other heat-producing equipment.

(9) If alternating-current cables are in prox-
imity to any magnetic metal.

It is obvious from the above that no set rules
can be made for selecting the size of cables, but
as a general guide Table No. 9 may be used.

Where more than two cables are used in mul-
tiple per phase on 50- or 60-cycle circuits, a very
careful study of all conditions is necessary
in order to determine the proper physical
arrangement of cables to minimize mutual in-
duction.

TABLE NO. 5
SIZES OF CABLES AND TERMINALS FOR RAILWAY MOTOR-GENERATOR SETS

Based on average operation at normal rated load and favorable conduit layout. Applicable only under above

conditions and for railway service.

For alternating-current cables and terminals, use Condition "X, Table No. 8, based on full load.

Direct Current

Machi Rating Terminal Si Main_ Cabl Circui Equalizer Cabl
e St Teeha i s S e Sniees o
’7 e —
600 Volts
200 333 .881 500,000 500,000
300 500 1.084 750,000 750,000
500 833 2—1.084 2— 750,000 1— 750,000
750 1250 2—1.209 2—1,000,000 1—1,000,000
1000 1667 2—1.699 2—1,500,000 1—1,500,000
1500 2500 4—1.461 | 4--1,250,000 2—1,250,000
2000 3333 6—1.461 6—1,250,000 3—1,250,000
o i 1500 Volts h
300 200 669 300,000 300,000
500 | 333 881 500,000 500,000
750 500 1.084 750,000 750,000
1000 667 1.461 1,250,000 600,000
1500 1000 2—1.209 2—1,000,000 11,000,000
2000 1333 2—1.461 2—1,250,000 1-—1,250,000
T - - 3000 volts o -
1000 333 .881 500,000 500,000
1500 500 1.084 750,000 750,000
2000 667 1.461 1,250,000 600,000
3000 1000 2-—1.205 2—1,000,000 1--1,000,000
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TABLE NO. 6
SIZES AND NUMBER OF EQUALIZER CABLES AND TERMINALS

The following table shows the sizes of equalizer cables and terminals to be used after the main cables and
terminals have been determined.

Main C
Size in Inches |
of Cable Holes
in Terminal
137 I
137
.20
.20
25
3125
419 ,
.461 [
586 ,
.669 |
776 [
.881 |
.944
1.084
1.209
1.461
1.699
2.012
2—1.084
2—1.209
2—1.461 I
2—1.699 [
2—2.012
4-—1.209 \
4—1.461
4—1.699
4—2.012 |
6—1.461 |
6—1.699
6—2.012
Dia. in
Inches of S
Cable Holes |
= E—
37 | 19722
20 [ No. 6 AWG
.25 No. 4 AWG
3125 | No. 2 AWG
419 1/0 AWG
.461 | 2/0 AWG
586 4/0 AWG
.669 300,000 cir. mils
776 ‘ 400,000 cir. mils
A81 500.000 cir, mils
944 600.000 cir. mils
1.084 750,000 cir. mils
1.209 1,000,000 cir, mils
1.461 1,250,000 cir. mils
1,699 1,500,000 cir. mils
2.012 2.000.000 cir. mils

CABLES THAT WILL FIT STANDARD TERMINALS

(This tabulation is given for general interest)

ables Equalizer Cables
. . Size in Inches . .
Maximum Size Maximum Size
of Cables ” oEnC%ZLeml;{no;fs of Cables
|
19/25 | 137 19/25
19/22 I 137 19/22
No. 8 AWG .20 No. 8 AWG
No. 6 AWG | .20 No. 6 AWG
No. 4 AWG | 25 No. 4 AWG
No. 2 AWG 3125 No. 2 AWG
1/0 419 i 1/0
2/0 'l .461 2/0
4/0 .586 i 4/0
300,000 cir. mils | .669 300,000 cir. mils
400,000 cir. mils |l 776 l 400,000 cir. mils
500,000 cir. mils | .881 500,000 cir. mils
600,000 cir. mils | .944 600,000 cir. mils
750,000 cir. mils 1.084 750,000 cir. mils
1,000,000 cir. mils .881 ‘ 500,000 cir. mils
1,250,000 cir. mils 944 660,000 cir. mils
1,500,000 cir. mils 1.084 750,000 cir. mils
2,000,000 cir. mils 1.209 1,000,000 cir. mils
2— 750,000 cir. mils 1.084 750,000 cir. mils
2—1,000,000 cir. mils 1.209 1,000,000 cir. mils
2—1,250,000 cir. mils 1.461 1,250,000 cir. mils
2—1,500,000 cir. mils 1.699 1,500,000 cir. mils
2—2,000,000 cir. mils 2.012 2,000,000 cir. mils
4—1,000,000 cir. mils 2—1.209 2—1,000,000 cir. mils
4—1,250,000 cir. mils 2—1.461 2—1,250,000 cir. mils
4—1,500,000 cir. mils ‘ 2—1.699 2—1,500,000 cir. mils
4-—2,000,000 cir. mils \ 2—2.012 2—2,000,000 cir. mils
£—1,250,000 cir. mils I 3—1.461 3—1,250,000 cir. mils
6—1,500,000 cir. mils 3—1.699 3—1,500,000 cir. mils
6-—2,000,000 cir. mils l 3—2.012 3—2,000,000 cir. mils
|
TABLE NO. 7

CARLE SIZES

Without Rope Core

2/0—1/0 AWG !
4/0 AW 2/0 AWG
| 300,000 cir. mils 4/0 AWG
400,000 cir. mils 300.000 cir. mils
500,000 cir. mils 400,000 cir. mils
' 600.000 cir. mils || 500.000 cir. mils 750,000 cir. mils
750,000 cir, mils 600.000 cir. mils |1,000.000 cir. mils* [ 750.000 cir.
| 1.000.000 cir, mils 750.000 cir. mils 1,250,000 cir. mils* 1,000,000 cir.
1,260,000 cir. mils 1,000.000 cir. mils |1,500.000 cir, mils* |1.250.000 cir.
1,250,000 cir. mils 2 ,000,000 cir. mils* l ,500,000 cir,

j 1,500,000 cir.

|

|

' 8

{ No.4 AWG No.
1/0—No. 2 AWG

With Rope Core

mils |

mils
mils
mils
mils

i
|

;

750,000 cir. mils
1,000,000 cir. mils
1,250,000 cir. mils

* Cables thus marked are slightly larger than the terminal holes; therefore, the copper strands must be shifted toward the center |after
the rope 1s removed,
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The current-carrying capacity of a cable for
a fixed temperature rise is dependent on many
factors, such as: the diameter of the cable, which
determines its radiation surface; the thickness
and kind of insulation, which determine the tem-
perature drop to allow for a certain flow of heat;
the position of the cable which may allow for
free air or restricted circulation of air; and the
installation of cables in ducts where the heat
dissipation is a function of the duct. It is obvious
that definite current ratings cannot be assigned
to the various sizes of cables; therefore, many
curves were prepared to show suitable ampere
ratings for cables of all classes and operating
under various conditions with the result that
there was a wide spread between the maximum
and the minimum safe rating for each size of
cable. This spread was divided into three zones

known as X. Y, and Z. The X zone, or condition,
was the most unfavorable, and the Z the most
favorable ordinarily met with in practice.

Table No. 9 is a gencral guide to show the
application of the X, Y, and Z conditions for
different sizes of cables suspended in free air and
in ducts with different kinds of insulation.

It will be noted that the classifications are
not applied bevond 1075 amperes; that is, they
stop at the last rating of single cables. The reason
is that it is impracticable to assign ratings for
large groups of cables in multiple without know-
ing the exact conditions. For direct-current
cables in multiple, the heat from onc cable will
affect the temperature of another; with the cables
closely spaced, the flow of circulating air may be
seriously reduced. For alternating-current cables
parallcled in groups, similar disadvantageous

TABLE NO. 8
STANDARD SIZES OF CABLES AND TERMINALS

For old “A” and “B" rated machines, use Table No. 2.
For synchronous converters, use Tables No. 3 and 4.

For equalizer cables, use Table No. 6.

For squirrel-cage induction motors, use Condition "*X"', Table No. 8.

Select size of terminal
from these sizes.

R Alternative cable ratings
depending on local conditinns. Select
size of cable from succeeding columns,

Maximum Ampere | i:ifze’r‘:rrixri‘rcx:;fs Cor‘l_dit'i_on Coxldi‘t'ion Condition
Capacity | Dia. of Cable Hole) X 2 Z
8 137 ' 19/25 19/25 19/25
15 137 19/22 19/25 19/25
25 .20 No. 8 19/22 19/22
35 .20 ' No. 6 No. 8 No. 8
50 .25 No. 4 No. 6 No. 6
70 .3125 ’ No. 2 No. 4 No. 6
110 419 1/0 [ No. 2 No. 4
130 461 2/0 1/0 No. 2
175 [ .586 4/0 2/0 1/0
225 .669 300,000 cir. mils 4/0 2/0
290 ‘ 776 400,000 cir, mils 300,000 cir. mils 4/0
360 .881 500,000 cir. mils I 400,000 cir. mils 300,000 cir. mils
450 .944 600,000 cir. mils 500,000 cir. mils 400,000 cir. mils
550 1.084 750,000 cir. mils 600,000 cir. mils 500,000 cir. mils
675 1.209 I 1,000,000 cir, mils 750,000 cir. mils 600,000 cir. mils
775 ‘ 1.461 1,250,000 cir. mils 1,000,000 cir. mils 750,000 cir. mils
900 1.699 1,500,000 cir. mils 1,250,000 cir. mils 1,000,000 cir. mils
1075 | 2.012 2,000,000 cir. mils 1,500,000 cir. mils 1,250,000 cir. mils
1300 2—1.699 | 2—1,250,000 cir. mils 2—1,000,000 cir. mils 11,500,000 cir. mils
1750 2—1.699 2—1,500,000 cir. mils | 2—1,250,000 cir. mils 2—1,250,000 ¢ir, mils
2100 \ 2—2,012 ‘ 2—2,000,000 cir. mils 2—-1,500,000 cir. mils 2-—1,250,000 cir. mils
2600 4—2.012 | 4—1,250,000 cir. mils 2—-2,000,000 cir. mils 2.—1,500,000 ¢ir. mils
3100 4—2.012 4—-1,500,000 cir, mils 4-—1,250,000 cir. mils 2.—2,000,000 cir. mils
4200 4—2.012 4—2,000,000 cir. mils 4--1,500,000 cir. mils 4—1,250,000 eir. mils
5200 6—2.012 6—1,500,000 cir. mils ’ 4—2,000,000 cir. mils 4—1,500,000 cir. mils
6200 6—2.012 | 6—2,000,000 cir, mils mils 4—2,000,000 cir. mils

and generally advantageous for direct-current circuits.

All cables 750,000 cir. mils and larger should have rope core. This is essential for alternating-current circuits

6—1,500,000 cir.

Single-conductor lead-covered cables above 600,000 cir. mils, 25 cycles, and 3/0 AWG, 60 cycles, should be
used only after special consideration has been given to the lead-sheath current.
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TABLE NO. 9

GUIDE FOR CHOOSING “X,” “Y,” OR “Z'" CONDITION

Single-conductor Cable

IN FREE AIR

IN DUCTS

i B . . P R
Maximum Varmshed Cambne or T aper Rubber _\arm_shcd C.\_mbnc_or Paper ) ' l}}xbber
Ampere . . . B o p to
foro Up to Up to Up to Up to Up to Up to p to ! -
Capacity 730 V. 3300 V. 15000 V. 750 V. OV, 3500\ 15000 V. | v
175 VA 7 Y Y Z Y Y ‘ Y
360 % Y Y Y Y Y Y Y
675 Z Y Y Y Y Y Y | X
1075 Z Y Y Y X X X ! X
Twin- or Triple-conductor Cables
N | IN FREE AIR ‘ - - "~ in puers B
| _ s _ S o I
MAar:\ip“c‘;lem Varnished Cambric or Paper Rubber Varnished Cambric or Paper Rubber
Capacity Up to Up to Up to Up to
15000 V. 750 V. ’ 15000 V. 750 V,
175 Y X Y X
550 Y X X X

For voltages above 15,000, special consideration must be given to dielectric losses as well as to thermal prop-

erties of cables.

conditions will be met, and in addition, the dis-
tribution of current between conductors due to
self and mutual inductance may be so great that
the temperature of any individual cable will be

far in excess of that which the insulation can.

safely and properly withstand. It is, therefore,
suggested that anyone not familiar with the
grouping of heavy cables, alternating-current or
direct-current, should not be guided by these
tables, but should seck information from the
General Electric Company.

CABLE AND CONDUIT DATA FOR POWER
STATIONS

(1) Refer to pages 35 to 40 for ampere ca-
pacity of cables.

(2) All cables tabulated herein, 750,000 cir.
mils and larger, have rope core.

(3) Conduit sizes are approximately 35 per
cent greater in diameter than largest cable rec-
ommended for them. Length of run and number
of bends are dependent upon cable diameters and
type of covering of cables. Cables approximately
1.25 inch diameter or less can be pulled in con-
duit runs 100 feet in length having not to ex-
ceed the equivalent of threc 90-deg. bends, a
bend at which a cable is introduced not being
included. For larger cables, bends should be
avoided, manholes and pull hoxes being used
at turning points.

(4) CABLE ENDS
NOAN-LEADED B ‘ LEADED o
Mlmmum: E‘::%r:& || Minimum ﬁ?g?ir:&
R=6D | R=9D | R=6D | R=12D
(3) Ducts should, wherever possible, be

properly drained.

(6) When there is sufficient assurance that
no moisture will come in contact with cables,
weatherproof braided covering may be wused;
otherwise leaded cables are recommended.

(7) Condulets should be used on all iron
conduit terminating at apparatus such as motors,
rheostats, etc. Bushings are sufficient back of
switchboards and at apparatus provided with
terminating boxes, which fit conduit.

(R) Conductors on only a single apparatus
should be carried in same conduit.
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should be used only on lighting circuits.
Cable end bells are recommended with

(10)

lead covered cable multi-conductor,

and abové¢, single-conductor,

used.

(11)

Conduit smaller than three-fourths inch

750 volts

2000 volts and
above, and in all cases where paper insulation is

For alternating-current circuits, multi-
conductor cables are recommended. Single-
conductor leaded cable should not be used for

alternating current except in special cases. Do
not run single-conductor alternating-current
cables in iron conduit.

(12)  Where many conductors are paralleled,
consult the General Electric Company with
reference to distribution of ducts to best ad-
vantage for heat dissipation and induction
effects.

(13)  Where fiber conduit is laid in concrete,
use Harmrgton or equivalent joint. Otherwise
use screw joints.

CABLE AND CONDUIT DATA FOR POWER STATIONS

éize of Ba\;‘e‘ Pniam. ! OratI:rssu. [ In Conduit or Ducts Dry In Conduit or Ducts Wet
C?:le U(Al“(":ﬂ{’? - _ VARNISHED CAMFRIC -
B.& S. Ingsetea?i o? Double |/ Double-braid V\eatherproof - Lead Covered o
Ci or] Wire When Braid Single | Nomunal]| Triple | Nominal | " Single Nominal| Triple Nominal
”c.‘i an Run in Flame- Con- | Size of on- Size of Con- Size of c ndlrx’ctor Size of
2 Conduit) | proof _ductor [ Conduiti ductor | Conduit! ductor | Conduit > Cﬁdu_ii
600 VOLTS
. Thickness of |! ¢ 1‘ | Il
No. 12 | 0081 wire =S Iation o Ve || Y4 % | !
0.092 cable Outside dia. ’,9_: 0.21 ,‘ 0.26 ’ l'i | | 1l
R | Thickness of | = [ il |
No.g | 0128 wire |M |3 | Mo || % ofl— | _! ‘ ‘
0.147 cable | "Oyiside dia. (1€ | 0.27 [|_0.35 035 | | [ Il
e P f - | |
No. 6 | 0-162 wire l T:’,:::]:i?::f llé z As l e l 15 " Vi Lo | % Ae-244 Y ” Yoo Yoo '/al 1%
| 0.186 cable ™ Oytside dia. 'l 29038 || 042 || o7 | | 042 || __o78
| - — || I
No.4 | 0204 wire ’ T,h,::l‘:lgilsgnd :'Dg_: e | Vie ‘ % Y44-Léa [ 1y "Ae- 14 Y| Yéa- Lea-344 1%
0.234 cable ‘_Outsnde dia._ ||y §0.420|| T047_| “ 091 |0 | 091 |
No. 2 0.258 wire TP,:::]:??::‘ I £ s lll s | % I %8¢ Va4 1 | LAe-As % ‘_.’44- l_,/“J 1
| 0.296 cable |“Outside dia. £ 051 | 055 l 1.04 ] || 056 | | 1.04 '
| Lol I
10 | 0-325 wire l T,h,:::{;et,s::f ® 54 ” 44 ‘ 1 As- 14 | [ %44-1Ae : 7 Ae-Lée- 52| 5
l 0.375 cable [“Outside dia. || 50.61_||_0.66 l || 138 | _ 067 | [ 132
20 | 0.365 wire ‘ Tlhnl::l:et?:r?f ( 544 'l 544 l | "Ae-Laa ‘ s/u Ae l e-Lae- 342 2
0.419 cable = “Outside dia. } 065 || 0.0 Y — |- 0T 1A |
4/0 | 0.460 wire Tll:::lr;e;znof Iz i 544 J 1.% I Le- Vo 21; -5/ 1y l/b Lée- 7/“ 214
0.533 cable | “Outside dia. || {075 || 081 {— 173 0.5 175 |
Thickness of ‘ [
250,000 0.576 L ' i ll Y|y l__%" | gy || B “ S vir 1/“! 235
_ | | Outside dia. |~ 0.89 ||_0.89 | 188 | | 003 l— | Tss
Thickness of
300'000! RCER l insuation || 342 342 1% S44-14 | l! 342-544 | 1% ll 4= Viz- 1/uf‘ &
) | Outside dia. ||~ 0.00 || 0.9 [ 201 | [To99 | 2.01
| I Thlckness of
400,000 0.720 | st | Y5 || Y4 1% |l 544 Vi2 3 352- 5/61 1% S6e-Via2-1% &
} Outside dia. || 1.00 || 1.0 | 221 | T109 I] 224 ‘
Thickness of | | s | 34,3 | |
500-000! 0.815 insulacion l 340 342 1% || 84~ Va2 | | 342-34, [ 1y || %6e- Va2 3% &
| Outside dia. || 1.17 || 117 2.44 |_120 | 2.44
Thickness of || i, 1s, | [| 743 I
600,000  0.893 insulation | 4 [ Vi |, ! Arbial gy || At (| Y36 | 5
Outside dia. | 1.28 || 1.28 | 2.68 1.31 | 2.68
l t | Thickness of || 14 14 Il i34
750,000 1.14 insulation || SN | 23 | 207 9y |
l Outside dia. ’ 1.54 l 1.54 IJ l 1.56 |
Thickness of || 74,03
1.000,000 135 ’ [_insulation a8 48 21 | Aol gy |
@| Outside dia. ll 1.75 I 1.75 | il 1.77 _k [
S| Thickness of | o l4/32.7
]‘250‘00()! 1'56 :l lnslllatlon 4/32 ” 4/32 ‘ ‘ ——re— ITM' l‘ —— l
| 2| Outside dia. | 1.99 1 1.99 ' 2.04 | |
| % | Thickness of || 5 y )
2 32-7
1.500.000]  1.78 | _insulation /32 || 43 3% | — (MO | g |
l Outside dia. 273 || 223 l l' | —228
- | - Thickness of > | . - — vz ‘
2,000,000 2,14 i | insulation || 3z | e [ 3% | M 315
i | Outside dia. | 2.50 || 2.59 | 262 |

l
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(14) For control cables, see description
opposite and table on page 49 and for conduit
sizes, see ‘‘Conduit Sizes for Control Cable,”
page 45.

CONTROL CABLES FOR STATION
WORK

Type A cable is 19 single conductors No. 25
(15) For lighting circuits, use No. 10 to No. 4-W.G. tinned wires. . o

14 A.W.G. standard cable insulated per N.E.C. Continuous current-carrying capacity is 12

For portable lights, use No. 12 A.W.G. standard amperes.

(packing house cord). Resistance per 1000 feet is 1.8 ohms.

CABLE AND CONDUIT DATA FOR POWER STATIONS

(Cont'd)
S(i:z:blgf Ba'i'; {)ni.am. Eg:rss“' H In Conduit or Ducts Dry I| In Conduit or Ducts Wet
i :l‘é‘;ﬁe - VARNISHED CAMBRIC
B.&S. Insetead of Double Double-braid Weatherproof Lead Covered
or B 5 : ey q T T q = 0 q g T
Cigutar | Wiz When } Brid | “Sodle” omingl| Tiple | Nominal “Siogle | Homival] gl | epfos
Mils Conduit) proof ductor | Conduit|| ductor | Conduit|| ductor | Conduit|| Conductor | & il G
3000 VOLTS
s Thickness of 1
0.081 wire ) f | 4/32 4/32
No. 12 | 00,2 cable | msu.latnof: %
s Outside dia. 0.44 0.45
: Thickness of
0.128 wire ) : 4/32 4/32
NO. 8 = msu_latxorl | % [
vt Outside dia. l 0.51 | 0.53 ’ | |
L Thickness of L]
Moo | 0162 wire | GOSN |5 32 | 42 w || Meviel 1y | 482 | YieVie e |
) 0.186 cable | 5u¢side dia. || S 6.52 1‘ 0.56 | 097 0.57 0.97
: Thickness of k] | |
S 0.204 wn:: nealation - 4/32 ‘I 4/32 q | Lie- 146 1% 4/32-144 1 L4e- e Se 134
0.234 cable | Burside dia. || § 0.58 ll 0.61 | Lo 0.62 1.07
No.2 | 238 wire e |[E4/32 || 432 | | Mo |, Y3 Ay (e
0296 cable | Byiside dia. | _f;_’ 064 || 067 1.24 0.68 (| 12 4
- Thickness of || ® 50 || 4/09 ‘ 14a-1 32-1 14a-344-3
1/0 gggg Wl{: ineaiztion g ¥/32 || ¥ 1% Ao e | 4/32-14, 1% As-lAe-Yi2 |
340 cable [ Oytside dia. =|>o.7o 0.75 1.41 0.76 1.41 |
R Thickness of 5
go | 0388 wire | ngulaton || | 432 || 432 |y || Melde| gy, | 4732 K gy ||
419 cable |5 tcide dia, 074 \ 0.80 1.51 0.84 1.51 ,
- Thickness of
4/0 0.460 wire inealation ‘ 4/32 ‘ 4/32 1% l 14e-14s . 4/32-%4, x L4e-1fe- s 3
0.533 cable |G icide dia. || { 0.84 0.91 1.84 0.95 ~1.84
= | Thickness of ||
T I el R ! va || et vasad | e |
! | Outside dia. |I 0.99 0.99 1.04 | 1.00 1.94
Thickness of
300000  0.631 insulation || 4/32 l 32 | gy AL | 3 s IR R
' Outside dia. (| _ 1.05 || 1.05 2.07 | 1.05 2.07 ]
Thickness of |
o000l 0.720 hicknessof || 4/32 || 432 | Yoths | g || MYl | Yo |
' J Outside dia. || 1.15 l 1.15 2.32 1.18 |7 232 |
Thickness of ’
sooo00| 0815 L a3 || 32 |, Sothe | g || ¥32% || Yo 3;[5
' Outside dia. 1.23 || 123 2.50 1.27 2.50 |
Thickness of ” z
' Outside dia. ~ || — 1.31_ (| _1.31 2.74 | 1.35 2.74 |
Thickness of 3
750,000|  1.14 insulation /32 e 21 432l 1%
Outside dia. 1.57 1.57 1.50
Thickness of 1
1,000,000 1.35 insulation || /32 || /32 |, hmial IPYY
T & | Outside dia. 178 || 1.78 1.83
9 | Thickness of
1.250,000 1.56 o | _insulation v | e 3 A2 A
o § | Outside dia. 1.99 | 1.99 2.04
Thickness of
1,500,000 178 | |_insulation 7 e 3% fhitias BEYY
) Outside dia. 2.23 2.23 2.26
Thickness of | 2 4/32 4/32-1
2,000,000, 2.14 l | insulation l. ||| S 3% |g 3% In
| Outside dia. ||~ 2.50 || 7259 ! 2.62 | [
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Type B cable is 19 single conductors No. 22
AW.G.
Continuous carrying capacity is 20 amperes.

tinned wires.

Resistance per 1000 feet is 0.86 ohms.

Conductors to have open spiral wrap of cotton,
& in. No. 333 and 353 rubber, vulcanize plain.

Single-conductor cables will be finished with

two 10/1 weatherproof braids; multiple-con-

ductor cables will have the single conductors

braided with 18'1 different colored braids as

CABLE AND CONDUIT DATA FOR POWER STATIONS -

given in table below and finished over-all with
0.010 DF tape and single braid 10/2-ply weather-

(Cont'd)
Sizeb of Bari: II)rilam o;‘atI:‘_ss“' “ In Conduit or Ducts Dry H In Conduit or Ducts Wet
C?n‘e U(M"(":afl' B VARNISHED CAMRRIC
B.& S. Insseteafi o% Double Double-braid Weathcrproof Lead Covered
ol Wire When Braid Single | Nominal|| Triple " Single | Nominal . Nominal
C‘ﬁﬁl“ Run in Flame- Con- Size of | Con- Slze of Con- Size of c Tr;ple Size of
At Conduit) proof ductor | Conduit ductor | Conduit ductor ' Conduit onductor | ~onduit
8500 VOLTS
. | Thickness of m
No. 12 0&8); “";j __insulation l ' | I ‘
o cable | OutS|de dia. 1 |
. “Thickness of | |
No. 8 8}3; w‘ﬁ insulation 83/2 |y | |
. cable "Outside dia. [ 0.76 ! \ |
. Thickness of | i
e 8'}% wire insalation || 2 8/32 8/32 1 |[a732-4/32 |2 | 8/325/64 1 130 |la/304/32.4 o
-180 cable | “Gutside dia. | € 0.79 0.81 1.40 | 085 1.40
. Thickness of || | 1
No. 4 8%21 w‘ﬁ insulation .§ 8/32 8/32 1% 4/32-4/32 | o 1 ||R/32-5/64 | 1% 4/32-4) 329 234
-23% cable | Outside dia. || § _0.83 0.86 1.50 0.90 1.50
No. 2 . Thickness of I
@ 0258 wite | insulation £ &2 || 8/32 | gy ||4/324732) 5y Hg/ 32:5/6%1 4y |la/224,32-8 | 2%
-<99 cable | Butside dia. £089 0.92 .66 | 0.96 1.66
- Thickness of
10 | 0823 wire | nsulation || & 8/92 | 8/%2 | gy |4/324/32 1 4 |8/32-5/ 64 1% |ly324/32-% | 3
0375 cable | 5 tside dia.__||7 1.00 || 1.0 83 | || TTos 1.83
. Thickness of 5 |
2/0 | 0365 wire | insulation 8/32 || B/32 | 4.0 [|4/32-4/32) 4 "-‘V 32-5/64 4 ||lgy32.4/32-% | 3
377 @ | Outside dia. ||| T1.05 1.09 1.93 | 109 1.93
q Thickness of G
4/0 o_ggg wire imsulation I 8/32 8/32 2 4132.4/32 3 |[B/32- 3/32 2 4/32-4/32-4/32 3
0.833 cable |Gy tside dia. ||| T.14_||_1.20 2.20 123 2.20
Thickness of | l
250,000, 0.576 insulation || 8/32 || 8/32 | 5 432-4/32| gy (l8/32:3/32, |4/32-4/32-4/32 314
Outside dia. | 1.25 1.25 [[—232 | T1.28 2.31
“Thickness of |
300,000,  0.631 insulation - 8/32 || &/32 | 4 4/32-4/32 | 34, 1"‘/32'3/ 32| o 4/32/4/32-4/32 3%
Outside dia. 1.30 1.30 2.44 [T134 | 2.44
“Thickness of | |
400000{ 0720 | insulation || 8/32 || 8/32 | 5 [14/32:4/32) 8/32-3/32| 4/32-1/32-4/32] 4
Outside dia. _|| ™ 1.40 1.40 |24 | 113 |26
Thickness of Z
500000 0815 | insulation || 8/32 || 8/32 | gy ||4/324/32| 8/32:3/320 9y |l4/30.4/32.4/32 4
{"Outside dia. ||~ 1.49 1.49 2.83 |52 2.83
| Thickness of - }
600,000 0.893 | insulation IEEREEEETR (B32T/6 | 245 ||a/214/32-4/37 434
Outside dia. || 1.56 1.56 3.00 |_res | [ 3.00
“Thickness of
750,000 ! | insulation l 8/32 8/32 3 l 8/32-7/64 3 '
1 Outside dia. ’1 1.82 1.82 | 1. 87 -
Thickness of |
1000000 135 || insulation || 832 | 832 | 4 '8/32 7/64
e Outside dia. :Il 2.05 2.05 B __‘ | T2.08 -
S| Thickness of || 8/32 8/32 ‘ |8/32-7/64 ‘
1,250,000, 1.56 o insulation | o 3% | ‘ 3%
& Outside dia. \ 2.26 2.26 ‘ 2.29 ”
& “Thickness of || . e
1,500.000{ 178 || insulation | /32 | 832 | 3y [8/32-4/32| 350 |
Outside dia. w 248 || 7248 | ' | T2se | 4l|
Thickness of | | 5
2000000 214 || insulation || 832 | /%2 |4 ' praz32l 4|
4| Outside dia. | 2.84 2.84 | | 290 i

io History
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proof for two-conductor 19/25 A.W.G. cable to
ten-conductor 19/25 A.W.G. inclusive, and two-
conductor 19/22 A.-W.G. to eight-conductor
19/22 A.W.G., inclusive. The other cables will
be finished with 0.010 DF tape and single-braid
8/3-ply weatherproof. Two-conductor cable will
be taped flat and the other multiple-conductor

cables will be stranded up without jute fillers
except the five- and six-conductor cables which
will have a jute center, and the eight- and nine-
conductor cables will have one conductor of
each built up with jute to take the other con-
ductors of the cables. .

The single conductors will have a single-braid

CABLE AND CONDUIT DATA FOR POWER STATIONS

(Cont'd)
S(‘:’:b]‘;f B:‘;A:i ?‘;‘am. O{'a::rss“' || In Conduit or Ducts Dry “ In Conduit or Ducts Wet
in ways VARNISHED CAMBRIC
B':‘,S' }Ls:tegfibcl)? Double Double-braid Weatherproof Lead Covered
Circular | Wire When Braid Single Npminal Triple | Nominal Single | Nominal Tripl Nominal
Mils Run in Plame- Con- Size of Con- Size of Con- Size of Co r:ip S Size of
Conduit) - proof ductor | Conduit ductor | Conduit ductor | Conduit nductor Conduit
13,500 VOLTS
. | Thickness of || 1 |
No. 12 888; w‘{j insulation
-094 cable | Outside dia.
. Thickness of
No. 8 8{3? w‘{j insulation
) cBb%€ | Butside dia. |
. Thickness of
No. 6 gllgg “:{)T insulation
) €2 | Dutside dia.
. Thickness of
No. 4 8%%3 wal{)ele insulation |
i ¢ OQutside dia.
. Thickness of
No. 2 8%82 :;{,e]e Reniation 12/32 12/32 2 6/32-6/32 3 12/32-4 2 6/32-6/32-3% 3
) Outside dia. 123 || _1.23 2.05 1.24 2.05 |
: Thickness of
1/0 gggg :;,{je ineulation 12/32 I 12/32 | 2 6/32-6/32 334 12/32-44 2 6/32-6/32-%4 1314
i Outside dia. 1.29 || 1.29 2.27 1.33 | 2.27 ]
: Thickness of
2/0 8'2?3 wire | Hnsuiation 12/32 || 12732 | 6/32-6/32 | s 12,32-4 ) 6/32-6/32-% lasg
: Outside dia. 1.34 1.34 | 2.37 | 137 2.37 |
. Thickness of .
a0 | Q80 wire | 12732 || 12732 |, 6/32.6/32| 127824 ||, 6/32:6/32-% | |,
) Outside dia. 1.45 1.45 2.61 1.48 2.61
Thickness of
250,000(  0.576 insulation 12,32 | 1232 | .. |@/326/32| 12/324 || . (6432673236 | |
Outside dia. 1.50 1.50 2.71 1.53 | 2.71 N
Thickness of
300,000, 0.631 insulation 12/32 || 12/32 214 o/3236/321 ‘12/32-»'1 214 6/32-6/32-% | |,
Outside dia. || 1.55 1.55 2.84 |_1.59 |~ 284 |
Thickness of it
400,000,  0.729 insulation || _1%/32 || 12/32 |, |6/32:6/32] 12/32-% 255 (/326324 ||
Outside dia. || 1.65_ || 165 3.07 I 3.07
Thickness of |
500000 0815 mssiaon || 1232 |12 |, PRI il IPYVRIN | Len O | IPYPRIN L L T P
Outside dia. || __1.74 . 1.74 3.25 T80 || 3.25
Thickness of [
600,000  0.893 insulation || 1%/32 || 12/32 |, "2/ 24 |l 5
Outside dia. 1.81 1.81 | 1.88
Thickness of [
750,000/ 1.14 t | _insulation Lyer 1282 3 112/32"1‘ 3
Qutside dia. 2.09 2.09 [ 2,12
Thickness ot P
1,000,000 1.3 insulation || 1%/32 || 12/32 | 4 B 12/32% || 4
[3 Outside dia. 2.30 | 2.30 | 2.36
_ 8| Thickness of |
1250000 156 ¢/ insulation 12/32 || 12732 | 4y, 12/323% || 5y
5| Outside dia. Z51 || 251 2.57
Thickness of
1,500.000/ 1.78 | insulation 1 12/32 | 12/32 | 12/32-34
| Cutside dia. 373 || 273 | |2m | |
Thickness of || P | 1 i N
2,000000 214 | l insulation || 12/32 || 1232 | ||12/32-%4 ‘ 1%
I ( Outside dia. _||__3.00 || 3.09 il I S
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18/1 weatherproof only, underneath the lead
covering. The two-conductor cable will be
braided with the colored cotton and leaded flat.
The other multiple-conductor cables will be

leaded over the 0.010 DF tape omitting the

outer braid.

Over-all dimensions of cables from one to
twelve conductors are tabulated below.

TYPE A TYPE B
No. . Over-all Di ter in Inch (| . Over-all Di ter in Inche
- :ctors Thl‘:‘;'aess ver-all Diameter in Inches ” Thl‘i‘;':f’s er-all Diameter in Inches
in Inches Braided Leaded in Inches Braided Leaded
- | |
1 & 0.28 0.312 & 0.317 0.349
g i 0.3%8;(4).526 0.3102x8.530 ! ::: 0.345x0.600 0.349x0.604
.548 .608 0.626 0.686
4 5 0.601 0.661 ’ 5 0.687 0.747
5 5 0.663 0.723 5 0.761 0.821
6 5 0.727 0.787 S | 0.835 0.926
7 5 0.727 0.787 [ s 0.835 0.926
8 & 0.798 0.889 | # 0.919 1.010
9 Frs 0.871 0.962 ! & 1.023 1.094
e S 0.940 1.030 eVl 1.105 1.208
12 “ & 0.960 1.030 . | 1.105 1.208
!
CONDUIT SIZES FOR CONTROL CABLE
CABLE BRAIDED INSULATION - LEADED INSULATION
Outside | Inside Outside l Inside
Makeup si £ Diameter of Conduit | Diameter of Diameter of Conduit Diameter of
Conductor 430 Cable Size in Inches Conduit able Size in Inches Conduit
in Inches | in Inches in Inches in Inches
1 19/25 0.28 % 0.824 0.32 34 0.824
19/22 0.32 A 0.824 0.36 % 0.824
2 It 19/25 0.28x0.50 % 0.824 0.32x0.53 34 0.824
\ 19/22 0.32x0.57 % 0.824 0.36x0.61 % 0.824
3 { 19/25 0.55 % 0.824 0.62 34 0.824
19/22 0.63 I 0.824 0.71 1 1.049
4 19/25 0.61 % 0.824 0.68 1 1.049
19/22 0.70 1 1.049 0.77 1 1.049
5 19/25 0.675 1 1.049 0.74 1 1.049
19/22 0.77 1 1.049 0.85 1Y% 1.38
6 { 19/25 0.74 1 1.049 0.81 1 1.049
19/22 0.85 14 1.38 0.96 1Y% 1.38
7 { 19/25 0.74 1 1.049 0.81 1 1.049
19/22 0.85 14 1.38 0.96 1Y 1.38
8 { 19/25 0.80 1 1.049 0.91 1Y 1.38
19/22 0.92 1Y 1.38 1.03 1Y 1.38
9 { 19/25 0.87 1Y 1.38 0.98 1Y 1.38
19/22 1.03 1Y 1.38 1.11 1% 1.61
10 { 19/25 0.945 1Y 1.38 1.05 1Y 1.38
19/22 1.12 1% 1.61 1.23 1% 1.61
12 { 19/25 1.015 ‘ 1Y 1.38 1.10 1% 1.61
19/22 | 1.17 ' 115 1.61 1.29 15 1.61

Above table is based on conduit being 30 per cent larger than outside diameter of cable, for three bends and
Use larger percentage for longer runs and more bends.

100-ft. runs.
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Fig. 47. Outdoor Transformer Installation

When using canduit for outdoor connections, it is
important that it be so arranged that water cannot
enter it and that it is not swayed by wind.

i

L

J: |

Fig. 48. Instrument and Control Board Wired
to Conduits that Terminate at the Top
of the Board

[World Radio Histo

Fig. 49. Solenoid-operated Field
Panel without Sub-base

On isolated panels, it is often an ad
the sub-base. However, when this is
conduits should be brought up above
of the panel. This will afford a prdtection to the

cables and will improve the appearance
tion.

Switch

antage to omit
Hdone, the floor
the lower edge

of the installa-




SECONDARY AND SMALL WIRING

Flat wiring, an example of which is shown
in Fig. 48, is the standard practice of the Gen-
eral Electric Company. A special method is used
in the connecting of all devices in so far as pos-
sible.

The exciter bus potential is not recommended
as a source of control, owing to the fact that the
variation in potential is of too great a range.
The use of batteries or some other permanent
direct-current source is recommended for control
purposes. The maximum permissible potential
drop in control leads is 1214 per cent, and the
potential on all control devices should be meas-
ured at the device.

All secondary connections from current and
potential transformers to instruments should be
metallic; the use of the earth as one of the con-
ductors is permissible only in very special
cases.

=

Fig. 50. Support for Control and

Potential Buses

The buses consist of %-in. copper tubing. They are
shipped in standard lengths and when installed they are
joined by sleeves. The illustration shows the approved
method of connecting control and potential leads, the
leads not yet having been sweated in place. Control
connections are joined to the bus by wrapping a few
turns of tinned copper ribbon over the bus and wire and
soldering the joint. Potential and other light current-
carrying connections are made by inserting the con-
nections through a hole drilled in the bus. This con-
nection must be soldered also. In some cases it is
advisable to insulate the bus after installation, by
means of a single or double layer of adhesive tape.
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Metallic conduit is recommended for all in-
strument and control leads between switchboard
and other equipment, but care should be taken
that all leads of one circuit are placed in one con-
duit. Control leads should not be placed in the
same conduit with secondary leads; and it is well
to make provision so that anyv reasonable repair

Fig. 51.

Potential Bus Supports Mounted
Directly on Pipe

The support, Fig. 50, is designed for the greatest
amour:t of flexibility in adjustment during installa-
tion. This feature may be abandoned when installing
the switcnboard if it is desirable to save space, by
drilling and tapping the pipe supports for the screws
holding tke cleats as shown above. It is evident that
this cannot be done until all pipes and fittings have
been permanently fixed.

or changes can be made without jeopardizing
the continuity of service. If the secondary and
control leads do not run beyond the switchboard
room, they frequently enter the switchboard
through conduits overhead; otherwise the best
practice is to embed the conduits in the switch-
board floor, terminating about two or three
inches above the finished floor, and as close to
the terminal boards as possible (see ‘A" Fig. 52).
The top of the conduits must be provided with
bell mouths or bushings to prevent injury to the
insulation on the wires. The openings are filled
by wooden plugs or oakum after connections
have been completed.
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The inside of the conduit should be about 35
per cent larger than the cable used in it. Uni-
formity of size, cven if larger than necessary,
is an advantage in appearance, as well as in pur-
chasing the material. Sharp bends in the conduit
must be avoided; and the number of bends be-
tween outlets held down to not more than three

Fig. 52.

or four. During construction work all conduit
ends should be sealed by corks or wooden plugs
until the cables are pulled in. Joints should be
water-tight, particularly if laid in concrete; but
provision should be made for drainage to elimi-
nate any water that may accumulate through
condensation or accident. All conductors of a
single or polyphase circuit must be run in the
same iron conduit; or fiber conduit may be used
for individual conductors. A wire or steel tape
should be used in pulling the cable through the
conduit. This work is materially lessened if talc
or soapstone powder is blown into the conduit
or dusted on the cable. It is very important to
clean the inside before pulling the cable through.

Another method of entering the board from
below is to let the conduits terminate in a trench
just back of the switchboard sill. In a plate pro-
jecting slightly over the switchboard side of this
trench are set insulating bushings for bringing
up the leads to the board. Removable plates
cover the trench. This arrangement permits a
certain amount of crossing of leads out of sight,
so that they can be brought up to the board im-
mediately below the terminal points.

To make the connections easier, multi-con-
ductor cable i1s usually furnished with different-
colored braid on each conductor. General Elec-
tric standard cables are made according to the
scheme shown in the table on page 49).

Multi-conductor stranded cable should be used
in conduits for secondary and control leads. This
should never be smaller than the equivalent of
No. 12 A.'W.G.; and heavier if required for cur-

rent capacity, or for strength for pulling it
through conduit with several bends. The size
of conductor must, of course, first be checked for
permissible potential drop. Weatherproof finish
is satisfactory if not subjected to dampness in
the conduits;otherwise, lead-covered cableshould
be used.

. o-
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Methods of Bringing Conduit to Switchboard

For exposed wiring on back of board, and on
framework, solid wire may be used, but with
flame-proof covering. In cleating wiring fo the
panels, a fixed order of leads is followed as far as
practicable; for instance, for each panel or ¢ircuit
the current leads may be brought up at the left
facing rear of board, the potential to right, and
control leads between.

Control and potential buses are run tke entire
length of the switchboards of the larger class.
Standard supports are used for these buses and
a standardized method of making connections to
these buses has been established (sce Fig. 50
and 51).

INSULATION

Rubber mats should be placed in front of
switchboards as a measure of increased safety.
Tile of high insulating quality serves the same
purpose and is more substantial and satisfactory.
Such a tile is on the market and is recommended.
It is prepared for setting in asphalt compound
and iz made with a rough surface to provide
good footing. This is an important factor both
in front of a switchboard and in operating aisles,
as it reduces the possibility of shpping

The main switchboard wiring for high-tension
alternating current should be insulated and car-
ried on suitable insulators securely mounted on
rigid supports.

It is the aim in all switchboard wiring to ob-
tain accessibility and at the same time to pre-
vent the danger of trouble which may occur on
one conductor involving other conductors.
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To prevent the weakening of the insulation,
avoid sharp turns, corners, and edges. The radius
of bend for rubber-covered, varnished-cambric
or lead-covered cable should never be less than
six times the outside diameter of the cable.
With small braided conductors, the radius of
bend may be five times the outside diameter of
the cable.

All cable and wire joints should be safely
insulated.

When conductors are carried in compart-
ments, or high enough above the station floor
to preclude the danger of accidental touch or
contact, they may be bare, relying on safe dis-
tances and suitable insulators.

The buses are an important part of the instal-
lation, carrying the whole energy of the plant in
a confined space. This makes it essential to use

extreme care, both in the selection of proper ma-
terials for construction and in the quality of the
workmanship. When building bus compartments,
arrangements chould be made so that the joints
are accessible for inspection and for such other
work as may be necessary. Connections between
switches and buses are practically part of the
buses, and the same care should be given to this
part of the installation. In the switchboard room,
or where connections are accessible from aisles,
no bare connections above 750 volts should be
allowed. Those for about 11,000 volts and above
are usually so far out of reach as to be harmless
and so well protected by space insulation as to
preclude the necessity for wrapped insulation.
The switchboard manufacturers cannot furnish
these connections insulated because the taping
should be continuous over the connections and

CONTROL CABLES FOR STATION WORK (Cont'd)

Color Scheme

No. of Size
Conductors No.
|

Color

o

Black
White

| Black
White
| Red

Black
White
Red

I Green

Black
White
Red
| Green
Red and white

0D

O bho= o

Ut OO o —

Black
White
| Red
Green
i Red and white
Green and white

D= W~

7 Center—blue
Black

\ White
Red
Green
Red and white
Green and white

(=3 IE VLR VR

Center—blue

Black

White

Red

Green

I Red and white
Green and white

Black and white

SISO WY~

Conductors No.

The following is the color scheme for braids on single conductor or multiple-conductor cables:

No. of Size Color

9 Center—blue
Black .

White

Red

Green

Red and white

Green and white

Black and white

Green and red

Q0 =1 Ut b QOO

10 blue
| Center {red and black
Black
White
Red
Green
Red and white
Green and white
Black and white
Green and red

blue
Center { red and black
’ blue and white
Black

White
Red
Green

[ Red and white
Green and white
Black and white
Green and red
Green and black

—
OO WS UL WD

12

—
o SO~ 1D U Wt
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the terminals or lugs. This is considered part of

VOLTS

the installation material. It is recommended that l Layers of
the customer also _insu}ate all connections and Above ] Up to and Tg.ig}‘z \}.nb.
terminal lugs for circuits below 750 volts using Including l -
enclosed switches or oil circuit breakers. (See ‘
Tables of Insulation below and on page 51) 1.000 ;vggg I i
While the lever switch with bare live parts is in 2/000 l 3'000 4
itself a caution notice, the oil breaker, for in- 3,000 | 4,000 ' 5
stance, being enclosed, inspires confidence and 4,000 5,000 ' 6
invites dangerous contact with terminals and gggg } gggg g
connections. It should, of course, be borne in 7'600 | 8’800 | 9
mind that a carefully wrapped conductor may 8,800 ] 10,000 ' 10
not be safe to handle alive. 10,000 11,600 11
In general, the connections installed in com- 11,600 13,400 ! 12
. 13,400 15,400 13
partments, and those operating at 15,000 volts 15.400 17°400 , 14
and above, are not insulated. Since insulation 17,400 19,400 ' 15
has a tendency to increase the temperature rise 19,400 | 21,200 16
of a conductor, the customer should not insulate 21,200 | 23,200 17
p . 9 23,200 | 25,000 | 18
connections designed to be left bare without first 25.000 26,800 19
consulting the manufacturer. 26,800 28,000 | 20
Under various conditions, it becomes necessary 28,000 30,400 22
to insulate rods or rectangular bars for safety as ggggg ggggg gg
vyell as operating purposes. The table at the 35'200 37,600 28
right shows the thickness of insulation for 37,600 40,000 30
various operating potentials. _ B ) _|> R R
APPROXIMATE AMOUNT OF INSULATION REQUIRED TO TAPE
ONE LINEAR FOOT OF RECTANGULAR BAR
- :_\'OL:S: T —'— INSULATIO}Q T SIZE OF RECT_A;GULAR COPPER RAR T
0.012 Thick n. Wi
134 in. Wide | o Wide 134 x & 2x K 2% x K 3y 4x ¥
Above Up to and Varnish Webbing Inches Inches Inches Inches Inches
| Including Cambric |
I _*Layers 14 Lap Winding_ WEIGHT OF INSULATION IN OUNCES
[ ] l
3| 04 | 3 37 | 43 5.5
‘ 1,000 i ' 1 1 1.2 14 | 16 2
4 3.2 4 4.9 5.7 7.3
1,000 | 3,000 | 1 1.1 1.3 1.5 1.7 2.1
i [ 5 4.1 5.2 6.3 7.3 9.3
RO Gttt 1 1.2 1.4 1.6 1.8 2.2
J 6 5 6.4 7.7 8.9 11.3
4,000 ALYy 1 I 1.3 | 1.5 1.7 1.9 2.3
7 6 ] 7.6 9.1 I 10.5 13.3
5,000 6,200 1 1.4 1.6 18 | 2 2.4
8 7 8.8 10.5 I 12.1 15.3
6,200 | 7,600 | 1 15 1.7 1.9 | 21 25
)| 9 8.1 10.1 12 .13.8 17.4
7,600 8,80 1 1.6 1.8 2 | 22 26
[ 10 { 9.3 114 13.6 15.6 19.6
gl LY { | 1 1.7 1.9 21 | 23 2T
| 11 10.5 12.7 15.2 17.6 1.8
10,000 | 11,600 ‘ ’ 1 1.8 2 2.2 2.4 28
12 11.7 14.1 16.8 19.4 4
SLJELY [ il | 1 1.9 2.1 2.3 2.5 2.9
13 12,9 15.6 18.5 21.5 26.2
|
e e | 1 2 2.2 2.4 2.6 3

One gallon No. 480 grey paint will cover approximately 49 sq. ft. of insulated bars (two coats).

*It will be understood from a consideration of Fig. 53 that a so-called layer of 14-1
of the term ‘‘layer’ which has been substituted for the correct word “winding” has esta

ap winding is in reality 2 layers of insulation..lpsa e
b?ished the belief that in winding a bar there is only

one thickness of tape. However, actually two thicknesses are obtained. for in the }4-lap winding process the tape is lapped back over itself

50 per cent as the winding is carried out to the end of the bar.
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Copper Bar Varnished

Cambric,wWound
Half Lap

Fig. 53.

The list indicates the number of 0.012-inch-
thick layers of varnished cambric required for
insulating rectangular bars and rods.

The table is based on one-half-lap winding.

Make as many wraps as required by the
tabulation and then apply a layer of good in-
sulating compound to the outside wrapping.
Over'this wind cotton tape to hold the varnish

PP

Webbirig Wound
Half Lap

2nd.Coat
Paint
1 st. Coat
Paint

Diagrammatic Illustration to Show Half-lap Winding

cambric. The cotton tape should then be covered
with two coats of gray flame-resisting paint.
The amount of tape required to insulate differ-
ent bars is shown 1in table at the bottom of page
30,

The following table gives the space insulation
in air between conductors and between con-
ductors and ground for different voltages as

TABLE SHOWING SPACE INSULATION IN AIR BETWEEN CONDUCTORS, AND BETWEEN
CONDUCTORS AND GROUND FOR DIFFERENT POTENTIALS

(This applies to :nstallation work only and not to apparatus)

DISTANCE RETWEEN POLARITIES IN INCHES

DISTANCE TO GROUND IN INCHES

Voltage of In Air On Surface In Air ll On Surface
Circuit — 5 | = - . . :
m- s -OV m- .. m- Mini- - S| ..
,ﬁii‘éed Minimum | @500 | ReSOT | Minimum | mended mam :cx?i'ﬁ,é’lﬁi 1 meodnd | Minimum
125 l Yy 14 10 1 34 |y %4 10 ‘ 1 Y%
250 1 3 15 1Y 1 3y 15 1Y% 1
800ac. 1| 13 1 20 2 1 | 1 = 144
750 d-c. { 1 - 2 2
j2opae 11 2 1% 29 214 2 1% 20 | 215 | 2
2500 a-c. { y B 2y
3000 d-c. i : . 215 40 | 3 23 214/ 38
3500 3y 3 45 34 3 2y 40 3
4500 4 31 50 4 3% 23, 42 31
7500 5V 4 54 115 3 45 |
15000 915 5 63 . R T 3 50 | . .
15001 12 {Figures in these | 7 Figures in these
25000 18 columns apply to 10 | {columns _apply to
37000 24 slate, marble, and | 14 slate, marble, and
50000 ! 3] | ebony-asbestos up | 18 | ebony-asbestos up
73000 44 | to 1200 volts, 3500 25 | to 1200 volts, 3500
88000 ' 52 s volts, and 4500 volts 3 volts, and 4500 volts
110000 64 Irespectively. |3 respectively.
132000 76 44
154000 89 51
220000 125 7

NoTeE.—The recommended clearances are used to compensate for variations in workmanship in installation

work and for better appearance and accessibility.

Minimum distances may be used in general design for rigid connections only. Where it is not possible or
practical to maintain these values, equivalent insulation must be provided by use of barriers, taping, or other

proper means.

Arc-over spacings given above are needle gap values,

Distances are suitable for altitudes up to 4000 feet,

Above 4000 feet, add 5 per cent for every 1000 feet.

This table does not apply to the design of switching apparatus.
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L—B;*;— W —]

FLOOR AND WALL BUSHINGS

Loi:‘kfe Ixésulator DIMENSIONS IN INCHES

Cat’ No. Voltage H c B I\T

7148 0 to 250 1 2 1 2%
7150 0 to 250 1% 214 1 3
7152 0 to 250 2 3 1 3%
7153 0 to 250 21 3% 1 4y
7154 0 to 250 3 4 1 4%
7155 251 to 1650 1 2 2 2%
7157 251 to 1650 1% 21 2 3
7159 251 to 1650 2 3 2 3%
7160 251 to 1650 214 3% 2 414
7161 251 to 1650 3 4 2 4%
7162 1651 to 3300 1 2 3 2%
7164 1651 to 3300 1% 2 3 314
7166 1651 to 3300 2 3 3 3%
7167 1651 to 3300 2% 3% 3 44
7168 1651 to 3300 3 4 i 3 4%

Standard lengths available with dimension “W’' 4, 6, 8, 10, 12, 14, 16, 18 inches.
When ordering, specify the number of laminae and width and thickness of busbar.

H = |-2’-1$andad Belt
( 758y
i3
- f
12+ |- D
4
L )]
orWatl
L
'__ - VOLTAGE | DIMENSIONS IN INCHES
oo o |” 1650 ! 3300 " 1
Cat. No. l B B . H ‘ D
9557 2 4 2 3
9558 2 4 2 ‘ 3%
9560 2 4 2 115
9562 2 4 2 5%

Standard lengths available with dimension ‘L 8, 12, 16, 20 inches.
When ordering, specify the number of laminae and width and thickness of busbar.
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FLOOR AND WALL BUSHINGS

Locke Insulator DIMENSIONS IN INCHES

Mfg. Co. Voltage

Cat. No. H C B M
7100 2001 to 5000 1 3 [ 3 3
7106 2001 to 5000 1% 3 3 4
7112 2001 to 5000 2 4 3 41
7118 2001 to 5000 21 4% 3 5
7101 5001 to 7500 1 3 41 3%
7107 5001 to 7500 1% 3% 416 4
7112 5001 to 7500 2 4 l 4% 414
7119 5001 to 7500 21 41 ' 414 5
7102 7501 to 12000 1 3 6 31
7108 7501 to 12000 1% 3% 6 4
7114 7501 to 12000 2 4 6 414
7120 7501 to 12000 2% 4% 6 5
7103 12001 to 15000 1 3 7% 314
7109 12001 to 15000 1% 3 7% 4,
7115 12001 to 15000 2 4 [ 7% 41
7121 12001 to 15000 24 414 7% 5
7105 15001 to 25000 1 3% 10% 4

Standard lengths available with dimensions “W" 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 inches.
When ordering, specify the number of laminae and width and thickness of busbar.

applicable to power switchboard practice. It
should be noted that this does not apply to dis-
tribution cabinets, panel boards, or to the
apparatus itself.

In all cases where conductors are carried
through walls or floors, whether such conductors
are insulated or not, some form of bushing should
be used. However, this rule does not apply to
conductors carried in conduit.

The tabulations on pages 52 and 53 list
the bushings which are recommended by the
General Electric Company for this purpose.

GROUNDS AND GROUND CONNECTIONS

Good, permanent, low-resistance grounds are
essential. The efficiency is defeated by poor
ground connections, which weaken the protec-
tion and may cause an ultimate loss of the
apparatus. Careful attention given to construc-
tion and maintenance of grounds is amply justi-

fied by the greater reliability of protection ob-
tained. The greater the importance of the service,
the greater is the need for good grounds and a
regular system of testing and inspection.

Before actually installing the ground elements,
determine the character of the soil, the depth of
permanent water or moisture level, and the gen-
eral topography of the section to avoid the possi-
bility of placing the grounds in unsuitable places
in a pocket of earth entirely isolated by rock
strata from the main earth section. Many valu-
able data along these lines can be obtained from
the Government Geologic Survey Reports and
also from the city and county engineering de-
partment records. In many cases an actual in-
vestigation will have to be made.

The number of grounds depends upon the
character of the soil and the size of the installa-
tion. In no case should less than two grounds be
installed. Where accurate records are to be kept
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Fig. 54. Pipe Ground Element

of ground resistance in order to calculate the
resistance of each pipe ground (see page 55), at
least three such pipe grounds should be made
with the individual pipes at least six feet apart.
For the average power or lighting station the
installation of four such grounds should be suffi-
cient.

There are two kinds of grounds—pipe and
plate.

The pipe ground is usually a 1-inch galvan-
ized iron pipe driven into the ground to the per-
manent moisture level (Fig. 54). When installing
a pipe ground, first drive a 2-inch pipe to a
depth of five feet. Then remove it. Place the 1-
inch pipe in this hole and pack rock salt around
it. Then drive the 1-inch pipe down to the per-
manent moisture line. Soak the rock salt with
water. A method of making connection to a pipe
ground is shown in Fig. 55.

The plate ground is usually a copper plate
placed below the moisture line (see Fig. 56).
The plate is usually packed in charcoal which is
covered with six inches of sand. The top of thesand
is even with, or below, the permanent moisture
level. The hole is then filled with the excavated
soil. The stranded copper cable is fastened to the
plate with copper rivets and straps.
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Fig. 55. Pipe Ground Connections

Sometimes two or more pipes are spaced at
least six feet apart to get the maximum benefit
of each and are connected together with heavy
copper strip.

Probably the best way is to have a ground
cable entirely around the station—a station
loop. The grounds from the apparatus are fast-
ened to this. In small stations there should be at
least two ground pipes or plates buried in the
earth on opposite sides of the station. Larger sta-
tions require four pipes or plates, one on each
side of the station. The pipes or plates and station
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Fig. 56.

Method of Making a Plate Ground
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loop must be connected together as directly as
possible.

Connect these earth pipes or plates to the iron
framework of the station and also to any water
mains, metal flumes, or trolley rails that are
available.

Connect all of the grounded station apparatus
to this ground except the lightning arresters,
which should be connected to an independent
ground but interconnected with the main station
ground.

Use stranded copper cable from the station
bus to the ground plates. A solid cable embedded
in the concrete floor is likely to break if the con-
crete floor cracks or settles. Stranded cable,
because of its ability to untwist and stretch, is
not so likely to break.

Do not pass the grounding cable through any
metal pipe. The pipe will act as a choke coil and
hold back the flow of the ground current.

Have the panel ground bus considerably above
the floor. If it is lying on the floor, the ground
leads from the instruments to the cable are liable
to be stepped on and broken.

Solder all splicings of the ground cable. Do
not rely upon solder alone for the connection
between the cable and the ground plate, but use
rivets and clamps to make certain of this con-
nection (see Fig. 56). If the splicing is clamped
only, oxidization will cause a high resistance
ground. A clamp splicing must have all of the
space around the clamp filled with solder.

Make a systematic examination of the grounds
and ground connections periodically. A record
kept on file and showing exact plans of the loca-
tion of the ground plates, ground wires, and
pipes, with a brief description, will be helpful
in this work.

The actual electrical efficiency of the ground
connection can be determined only by a meas-
urement of its resistance. The resistance of a
single pipe ground properly installed and main-
tained has an average value of about 15 ohms.
Where there are at least three ground pipes or
plates, not less than six feet apart, the actual
resistance of each ground can readily and accu-
rately be determined. With three grounds identi-
fied as A, B, and C, the series resistance of A
plus B, B plus C, and C plus A, can be obtained
by the fall-of-potential method. Solution of the
three equations will give the individual resist-
ances. The method of measuring is as follows:
Connect a 110- or 220-volt supply from either an
alternating- or direct-current source across two
of the ground pipes. Use a regulating rheostat
and an ammeter to limit the current to a safe
value (5 to 10 amperes) if the ground resistance
is low. Measure the drop across the two grounds
by a suitable voltmeter, allowing a few minutes
after the closing of the circuit for constant con-

ditions to be reached. The voltage drop divided
by the current gives the resistance of the two
grounds in series.

For example, assume the three grounds as
A, B, and C, measured with a current of five
amperes and a drop of 80 volts across .\ plus B.
This gives a total value of resistance of A plus B,
of 16 ohms. Similar measurements show B plus
C equals 18 ohms, and C plus A equals 10 ohms.

A+B=16 (1)

B+4+C=18 (2)

C+A=10 (3)
Subtracting (2) from (1) C—A=2(4)
Adding (3) and (4) C =6 ohms
Substituting 6 in (2) B =12 ohms
Substituting 6 in (3) A =4 ohms

Where there are but two grounds available,
this method will allow only the total resistance
of the two grounds to be determined. It is evi-
dent, however, that this will indicate a high re-
sistance in either ground, if it exists. Also, if the
two grounds are operated in parallel, the maxi-
mum value of operating resistance can be but
one-fourth of the measured series resistance.

A more approximate method of testing the
condition of the earth connections is to divide
the earth pipes in two groups and connect each
group to opposite sides of a 110-volt lighting
circuit with an ammeter in series. A current flow
of 20 amperes indicates a satisfactory condition
provided the earth pipes are properly distributed
around the station.

Equipment to be Grounded

Panel supports should ordinarily be grounded
except on grounded direct-current railway sys-
tems of 750 volts or less, where only the isolated
polarity is brought to the panel. If such direct-
current panels with ungrounded frames are in-
stalled in one board, together with alternating-
current panels with grounded frames, the panel
support between the two sections of switchboard
should be grounded. Insulating caps for panel
supporting bolts are supplied for thisintermediate
support.

Switchboard devices for operating at 150 volts
or more above the ground should have their ex-
posed bare metal parts, which are insulated
from the current-carrying parts, permanently
grounded. This rule covers, for example, alter-
nating current instrument and meter casings,
transformer frames, operating mechanism for
switches, oil circuit breakers, rheostats, com-
pensators, etc.

Instrument transformer secondaries should be
permanently grounded at the transformers.
Where secondaries cannot be grounded at any
point, the secondary wiring must be insulated and
installed safely to withstand primary potential.
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It is standard practice to run one common
ground bus, which is a copper strip, across the
back of the switchboard, to which the apparatus

an emergency source. Fig. 57 shows an ele-
mentary diagram for an emergency lighting
scheme.
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Fig. 57. Elementary Connection Diagram Showing Emergency Lighting Scheme

mounted on the switchboard intended for ground-
ing should be connected. The switchboard pipe
framework, except when insulated, should be
connected to this ground bus, one connection
being made for every three pipe joints in series.

Steel work supporting high-potential switch-
ing equipment should be carefully grounded at
several points in order to prevent the possibility
of high voltage occurring between sections of
the steel work. Ground connection for this serv-
ice should be of liberal capacity.

ILLUMINATION

Sufficient illumination should be provided in
the station, both for the front and the rear of
the switchboard, so that the switchboard may
be readily operated and instruments and meters
conveniently read. It has been found that in-
sufficient illumination and a badly arranged sys-
tem of lighting units are responsible for con-
siderable eyestrain and subsequent fatigue and
possible accident. The illumination should be so
arranged that all instruments and other parts
which are to be kept under constant supervision
are easily discernible without glare or reflection.
Therefore, the subject of proper illumination
should be given carcful consideration. Lamp
brackets on the board are not recommended.

It is strongly recommended that a separate
emergency source of illumination from storage
battery, lanterns, or other suitable source be
kept immediately available. Emergency lights
may be kept lighted continuously, or an emer-
gency throw-over switch can be furnished to
switch automatically all or part of the lights to

OPERATION

In as much as the switchboard controls all of
the machinery and other apparatus in the station
it is most essential to proper operation to become
familiar with all general or special instructions
referring to the apparatus.

Before putting the switchboard into service,
all connections to instruments, meters, relays,
etc., should be carefully traced and checked
with the drawings. A preliminary trial should
then be made to see that instruments, watthour
meters, etc., indicate or record in the proper
direction. In fact, before putting a switchhoard
into actual service, it is advisable to put current
through all parts at reduced voltage in order to
bring out any weak spots.

When putting the switchboard into agtual
service, every detail should be closely wafched
and anything out of the ordinary should be care-
fully noted and investigated. The switchboard
should be subjected to periodical inspections of
all parts. Attention should be given to the joints
in cables, buses, connection bars, current-carry-
ing studs, and to temperature rise, insulation,
cleanliness, etc.

In making inspection or repairs near live parts,
special care should be exercised to avoid acci-
dentally short-circuiting or grounding any of
the connections. The following instructions
cover only in a general way the routine to follow,
as it is obvious that details given, for instance,
for direct-current railway power plant would not
apply to a high-voltage, alternating-current
power plant. The operator, however, is urged to
familiarize himself with these details.
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(1) Before each starting of the plant, be sure
that all switches and circuit breakers involved
are open and that no other device is in such con-
dition as to cause trouble when voltage is thrown
on the panels. See that all devices are properly
marked with the name or number of the circuit
controlled so that there will be no confusion.

(2) After everything is adjusted and running,
take frequent readings of instruments to see that
no device is overloaded to a dangerous point.
This applies to conductors as well as to switches
and instruments.

(3) Make periodic tests of instruments and
meters to locate any inaccuracies, at the same
time noting any parts which may need adjusting
or repairing.

(4) Regularly inspect switches, circuit
breakers, and relays to see that contacts are in
good condition and that there is no sticking.
On relays which have bellows, rub a little neats-
foot oil over the bellows to preserve its flexibility.

(5) Where oil circuit breakers are used, see
that the tanks are supplied with G-E No. 6 Oil,
where the temperature is always above 0 deg.
Centigrade (32 deg. Fahrenheit). Where the
temperature is likely to fall below 0 deg. Centi-
grade, use G-E No. 21 Oil.

These oils have been carefully prepared and
specially treated for use in oil circuit breakers
and have high insulating value and flash point,
and have been subjected to the required tests at
the factory.

(6) Do not open and close an oil circuit
breaker successively a number of times (e.g.,
jogging a motor).

(7) Regularly inspect the back of panels
and keep all joints in perfect condition. Do not
allow dirt or refuse to accumulate behind
switchboards.

(8) Clean the switchboard and equipment
regularly, especially where they are subjected to
dust. Air pressure should be used from an in-
sulated nozzle, but extreme care must be taken
to see that there is no moisture in the air system.
There are several portable electric blowers on
the market which give excellent results in clean-
ing both front and back of the switchboard.

These hand blowers are usually very small,
weighing about 7 1b., and are provided with a
20-ft. cord for attachment to an electric outlet.

Wiping is not recommended, because on front
of board it has a tendency to polish all dull-
black finish, and on the back it is decidedly
dangerous.

(9) Knife switches in series with circuit
breakers of the carbon break or magnetic blow-
out type should be closed or opened after the
circuit breakers have been closed or opened.
When closing the switches, it is well to turn the
face away from the switchboard to avoid having
the eyes ‘“flashed’ in case the circuit breaker
should open. It is recommended that all lever
switches which are not frequently used be oper-
ated occasionally to keep the contacts in good
condition.

(10) Disconnecting switches in series with
oil circuit breakers on alternating-current cir-
cuits should never be opened until after the oil
circuit breakers have been opened, but should
always be closed before the oil circuit breakers
have been closed. Manually operated oil circuit
breakers with automatic attachments are ar-
ranged so that it is impossible for the breakers to
remain closed in case of short circuit or dangerous
overload. A trip-free relay can be furnished to
accomplish the same result with electrically
operated breakers in conjunction with overload
relays.

(11) Go over the entire equipment and pre-
pare a regular schedule for periodic test of instru-
ments, meters, and relays, and inspection of
other equipment. It is advisable to keep a card
or blank for this purpose in the form of a ques-
tionnaire on which can be noted each point as
observed.

Portable Testing Equipment

The following equipment is recommended for
making the aforementioned tests:

(a) Portable voltmeter, Type P-3, alternat-
ing-current 150 volts scale.

(b) Portable ammeter, Type P-3, alternat-
ing-current 5/10 amperes. (For instrument,
meter, and relay testing.)

GUIDE TO SELECTION OF PORTABLE TESTING INSTRUMENTS

Alternating-current Switchboard Instrument

Voltmeter, indicating or recording

Ammeter, indicating or recording

Single-phase wattmeter, indicating or recording
Polyphase wattmeter, indicating or recording
Single-phase or polyphase watthour meter
Frequency meter
Power-factor meter
Temperature meter
Synchroscope

Installing overload relay
Time-limit overload relay

for laboratory test

Portable Instrument

(Symbol letter refers to list of
instruments given above)
(a)
(b-f)
(d-f)
(d-f)
(e-f)

Remove from switchboard

(c-g)
(c-g-h)
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(c) Portable ammeter, Type P-3, alternat-
ing-current 30/60 amperes. (For relay testing.)

(d) Portable wattmeter, Type P-3, single-
phase, alternating-current 100-125 volts, 5/10
amperes, 500/1000 watts scale. (Two of these
are needed if check of running load is to be
made.)

(e) Portable test meter, Type IB-5, single-
phase, alternating-current 110 volts, 1-10 am-
peres. (Two of these are needed if check of
running load is to be made.)

(f) States portable phantom load ‘device
Type T manufactured by the States Co., Hart-
ford, Conn.

Meter testing load box, 110 volts, 0.25 to 15
amperes, may be used instead of phantom load
device.

(g) Relay testing load box 0.2 to 30 amperes,
Cat. No. 2018910.

(h) Synchronous timer, Type MF-2, 110
volts, 60 cycles, Cat. No. 260350. (May be used
on 50 cycles.)

Synchronous timer for 25 cycles not yet de-
veloped.

Portable power-factor meters are available
if desired.

INSTRUMENT TRANSFORMERS

Instrument transformers are accurate devices
for reducing pressures and currents to values con-
venient for measurement. They are divided into
two general classes as follows:

Current Transformers

As their name implies, these devices reduce
larger currents to values which can be readily
measured and at the same time protect the meas-
uring devices against the higher voltage of the
line.

The secondary of a current transformer should
never be opened when the primary is energized,
since, under this condition, the normal small
magnetizing current is increased to the full value
of the line current and in consequence a high
voltage, dangerous both to life and insulation,
is produced across the secondary terminals.
This excessive magnetization may also leave the
core more or less polarized, depending upon the
point on the wave at which it is interrupted, in
which event the transformer, without demagneti-
zation, is no longer suitable for accurate service.
If it 1s desired to make any changes in the sec-
ondary connections with the instrument in
service, the secondary of the transformer must
first be short-circuited.

Potential Transformers

These are highly accurate power transformers
of very limited volt-ampere capacity for use with

Potential
Transformer
Secondaries

5

Auto Transformer

Fig. 58. Diagram Showing Use of Auto-transformer

in Synchronizing

various forms of pressure-measuring devices.
Unlike power transformers, however, they are
designed for transforming pressure only, not
power. Furthermore, unlike the current /trans-
former, their secondaries should never be |short-
circuited. When the secondary of a current
transformér is short-circuited, the value of the
secondary current does not change; whereas, a
short-circuit on the secondary of a potential
transformer will give rise to destructive second-
ary currents. The secondaries of currerrt and

potential transformers should always be sub-
stantially grounded.
Detailed information regarding the instru-

ment transformers used on a particular instal-
lation should be obtained from the individual
instruction books accompanying them.
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Fig. 59. Diagram Showing the Use of Double Auto-

transformer with Reactive Volt-ampere Meter
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Auto-transformers

Auto-transformers are frequently used in con-
nection with switchboard devices to obtain
voltages differing from the normal displacement
of the circuit. For example, in synchronizing
across a power transformer bank connected Y-4,
the 30-deg. displacement of the line voltages
must be rectified at the synchronizer. This is
accomplished as shown in Fig. 58. In this figure

Fig. 60. Double Auto-transformer for R.V.A. Instru-

ments and Meters (cover removed)

the voltages 1’-2" and 1-2 are normally 30 deg.
displaced in phase when the systems are in syn-
chronism. To overcome this displacement at the
synchronizing device, a small auto-transformer
is connected across, say 1-3, on the delta side.
This auto-transformer is equipped with a middle
tap A and the synchroscope is energized from
the voltage 1’-2’ on the Y side and A-2 on the
a side, both of which voltages are in parallel
when the systems are in synchronism.

When using a polyphase wattmeter to meas-
ure reactive volt-amperes, it is necessary to shift
the phase angle of the voltages 90 deg. from
their normal positions when measuring watts.
This is accomplished by means of a double auto-
transformer mounted in a common case as shown
in Fig. 59 and 60. The auto-transformers are
wound to give a total potential across the entire
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Fig. 61. Diagram Illustrating Additive

Polarity

winding of 127 volts. They are equipped with a
tap at 110 volts for connection to the secondaries
of the potential transformers, and with another
tap at 63.5 volts to supply the quadrature volt-
ages A-3 and B-1 for the reactive volt-ampere
meter. These voltages, A-3 and B-1, are 90 deg.
displaced from the normal voltages 1’-2’ and
2.3/, respectively: and if the poteutials 1’-2’ and
2’-3" are 110 volts, the potentials A-3 and B-1
are also 110 volts, that is 127 X cos 30 deg.

Transformer Polarity

The polarity of a transformer is determined
by the relative direction in which the primary
and secondary turns are wound upon the core.
It is defined as either ‘‘additive’” or ‘‘subtrac-
tive,” depending upon the location of the primary
and secondary terminals of like polarity. For ex-
ample, in Fig. 61 the high-voltage terminal H,
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Fig. 62. Diagram Illustrating Subtractive Polarity

has the same polarity as the low-voltage ter-
minal X,, and the polarity is additive. The
nomenclature is derived from the fact that if
the terminals H; and X, be connected and volt-
age applied to the primary, the voltage across
the terminals H. and X, will be the sum of the
primary and secondary voltages. In a trans-
former of this polarity, the terminals of like
polarity are diagonally opposite; whereas, when
the polarity is subtractive, the terminals of like
polarity stand adjacent, as shown in Fig. 62.
The derivation of this term likewise arises from
the fact that if H, and X, are connected and
voltage applied to the primary, the voltage
across H, and X, is the difference between the
primary and secondary voltages,

These locations, adjacent and diagonal, apply
more particularly to power transformers. The
design of instrument transformers frequently
precludes exact adherence to them, and in such
transformers the relative location of the termi-
nals should never be relied upon when connecting
to secondary devices. To facilitate making such
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Fig. 63. Instantaneous Current Directions (Back View)

_ The arrows indicate the instantaneous directions through current and potential coils. However, instruments
will read correctly if all arrows are reversed from those shown. Switchboard connection diagrams show but one
of several possible equivalent connections.
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connections, instrument transformers manu-
factured by the General Electric Company have
one primary terminal painted white and marked
H,, and the secondary terminal of the same
polarity also painted white and marked X,.
The H,; and X, markings are omitted, since the
identification of one primary and one secondary
terminal is deemed sufficient. The significance
of these markings is as follows:

If at any particular instant the primary cur-
rent is assumed as flowing towards the H; mark,
the secondary current at the same instant is
flowing away from the X; mark.

The white markings are shown upon all
switchboard connection diagrams covering the
connections of instruments, meters, and other
devices operated from the secondaries of current
and potential transformers. The marks shown
on the diagram should be carefully followed even
though their relative location on the transformer
does not agree with the relative location shown
on the diagram.

INSTRUMENTS AND WATTHOUR
METERS

The successful operation and accuracy of in-
strument equipment is dependent upon care in
handling and periodic tests by experienced meter
men. Before attempting to install or operate
instruments or watthour meters, it is essential
that reference be made to the instruction book
covering them. These instruction books show
a definite connection for the apparatus for an
individual installation. It is not desirable, at
times, because of complex wiring, to follow this
connection when other devices are operated from
the same transformer. A reference to Fig.
63 shows the relative instantaneous direction of
current through instrument coils, from which
several combinations in wiring can be obtained.
For this reason, connections shown on the
switchboard connection diagram may differ from
those shown in the instruction book covering the
individual device.

It is often necessary to increase the capacity
of current transformers, which means a corre-
sponding change in the instrument equipment.
For watthour meters, only a new register and
nameplate are required. This change can easily be
made by the customer as the register is supported
to meter frame by only four screws. Indicating

instruments should be returned to factory for’

new scales.

POWER-FACTOR AND REACTIVE FACTOR

The power in an electric circuit is Elcose,
where ¢ is the angular displacement between the
voltage E and the current I. On a direct-current
circuit, there is no displacement; ¢ is, therefore,

O° whose cosine is 1, and the power is then
EIX1 or EIL

On an alternating-current circuit, ¢ usually
has some appreciable value so that cosine ¢ is
less than 1, and the power in such a circuit is
consequently less than EI. Cos¢ is known as the
“power-factor” of the circuit and Icos¢ is the
component of the total current which is in phase
with the pressure or voltage. Sing is called the
“reactive factor’’ and Isin¢ is the component of
the total current which is in quadrature with the
pressure. The former is the active, or power,
component, while the latter is the reactive, or
idle, component. On direct-current circuits there
can be no reactive component since the sine of
0°1is O.

These relationships are shown in Fig. 64.
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E =Voltage
I =Current
¢ =Displacement angle
R =Power component of I
X =1Idle component of 1
ER =Elcos¢ =watts=W
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In using power-factor and reactive volt-ampere
meters, it should be borne in mind that at high
power-factors (where ¢ approaches zero) the
sine varies much more rapidly than the cosine
with small changes in ¢. Consequently, although
an indication of say 97 per cent on the power-
factor meter may seem reasonably high, it should
not be forgotten that this represents a displace-
ment angle of 14 deg. whose sine is 0.2419. So
that though the power-factor is only 3 per cent
from unity, the reactive factor is almost 25 per
cent above zero.
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Fig. 65. Protective Covering for Instruments, Meters,
and Delicate Apparatus

Such a covering is recommended when construction work is being done on or near the switchboard.
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Fig. 66. Method of Connecting a Reactor in Con- Fig. 67. Diagram Ilustrating Phase Sequence lin the
junction with Lamps to Determine Phase Sequence Order of 1-2-3
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PHASE SEQUENCE

For the purpose of synchronizing, the actual
order of phase sequence is immaterial provided
it is the same on both the systems to be syn-
chronized. In connecting certain instruments
such as power-factor meters and reactive volt-
ampere meters, however, it is possible in the
absence of information regarding the phase
sequence of the system to connect these instru-
ments in such a way that they will indicate lead
when they should indicate lag and vice versa.
When such devices are connected directly in the
circuit of a synchronous motor, the correctness
of the direction of deflection may be checked by
increasing the field strength of the machine and
noting if the pointer tends to move towards the
side of the scale marked ‘“lead.” If it does so, the
connections are correct; if it moves towards the
side of the scale marked ‘‘lag' the potential con-
nections to studs marked A and D on the power-
factor meter should be interchanged, while the
potential connections to the coils of the reactive
volt-ampere meter should be reversed.

The connections shown on the switchboard
connection diagram are based on a phasesequence
in the order 1-2-3; that is, phase 2 reaches a maxi-
mum after phase 1, phase 3 after phase 2, and
phase 1 after phase 3. If the sequence of the sys-
tem is in the same order, the instrument should
give the correct deflection when connected in
accordance with the diagram. When the instru-
ment is not connected to a synchronous motor,
the sequence of the.system may readily be
determined by the method shown in Fig. 66.
The reactor may be a coil of any kind having a
reactance approximating the resistance of the
lamps. Because of the presence of the reactor,
the lamps will glow with unequal brilliancy, de-
pending upon the sequence of the phases. For
example, suppose lamp B is brighter than lamp
A, then the voltage E, across lamp B must be

greater than the voltage E, across lamp A. and’

the junction point O will fall on the right-hand
half of the circle shown in Fig. 67. Since the cur-
rents in the lamps are in phase with the voltages
E, and E,, they also will meet at the point O
and the current in the reactor will have the phase
I.. The voltage across the reactor will be the volt-
age E, from O to the upper corner of the triangle.
Since we know that the voltage across a reactor
leads the current flowing in it by 90 deg., it is
evident that the phase rotation is in the direction
shown by the arrow, and the sequence is in the
order 1-2-3.

If, however, lamp A should be brighter, then
the point O will fall on the left-hand half of the
circle as shown in Fig. 68, and the current through
the reactor will lie to the left of the reactor volt-
age, indicating a phase rotation opposite to that
shown in Fig. 67 and in the sequence 3-2-1.

Should the sequence of the system be fouad
opposite to that on which the switchboard dia-
gram connections are based, the connections to
the studs marked A and D on the power-factor
meter should be interchanged, -and the connec-
tions to the potential coils of the reactive volt-
ampere meter should be reversed.

A very simple check upon the direction of
deflection of a power-factor meter is shown in
Fig. 69. The instrument should be connected up
as shown in the figure and a short-circuiting wire
connected across the coil connected to the cur-
rent transformer. If this short-circuit causes the
needle to deflect towards the “lag’ side of the
scale, the potential connections are correct. On
the other hand, should it cause a deflection
toward the ‘“lead’’ side, the potential connections
to the studs marked A and D should be inter-
changed. After correct connections have been
obtained, the short-circuiting connection should
be removed.

Phase Rotation 3-2-1

~ \ /
~N
~ /
N\
~/
Diagram Illustrating Phase Sequence in the
Order of 3-2-1

Fig. 68.

SYNCHRONIZING

Before closing the paralleling breaker between
two sources of polyphase alternating current,
it must be ascertained that—

(1) The phase rotation of both systems has
the same sequence.

(2) The voltages of both systems are of equal
magnitude, and

(3) Thesevoltages are rotating coincidentally
in phase.
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Fig. 69. Diagram of Connections for a Simplified

Method of Checking the Direction of Deflection
of a Power-factor Meter

Phase Sequence in Same Order

The first of these requirements may be de-
termined by the method shown in Fig. 70. The
phases as numbered at the terminal board of the
new generator are temporarily connected to those
poles of the breaker which on the other side are

connected to corresponding phases
of the bus; that is, machine phase 1
is connected to the same pole as bus
phase 1, machine phase 2 to the same
pole as bus phase 2, and machine
phase 3 to the same pole as bus
phase 3. The polarity of all the poten-
tial transformers should be the same,
and care should be observed in con-
necting the lamps to insure that each
pair is connected across correspond-
ing phases of the new machine and
the system. With normal voltage on
both circuits, the pulsation of the
lamps should be noted. If they all
become bright and dark simultan-
eously the phase sequence of the new
machine is the same as the rest of
the system, and the circuit breaker
connections may be made permanent.
If, however, one pair of lamps is
bright when the other pair is dark,
the phase sequence of the new mach-
ine is the reverse of thatof the system.
To remedy this condition, two phases
of the main cable of the new machine
should be interchangedat the breaker
or at the machine. Both pairs of
lamps will now be found to become
bright and dark simultaneously, and
the breaker connections can be made
permanent. Now that the phase se-

stationary ¢

Equality of
This may

quences of the new machine and of
the system are the same, it is neces-
sary only to determine the moment
of synchronism across one and the
same phase of each, for at this
moment the remaining phases must
occupy coincident phase positions.

An alternative and possibly safer
method is shown in Fig. 72. In this
check all three lamps should become
bright and dark simultaneously. If
they do not, two of the phases most
readily accessible on the new mach-
ine should be interchanged.

On truck panel installations and
other switching equipments so de-
signed that the circuit breaker ter-
minals are not accessible when alive,
this procedure should be followed,
except that instead of testing| across
the circuit breaker termingls, the
tests should be made across the
ontact clips by blocking the|safety

shutters temporarily open, or back at the |cables
themselves if this is found to be more convenient.

Voltage
be obtained by means of the field

rheostat and generator voltmeter. It is advisable

t
2
3
Ooperi S R
or 2 |
Qpen
Closed Polarity E3pS 32 B
Marks
-
Potential Fuse
Transformers
. Field
321

Running Generator

Fig. 70.

321”

New Generator
or Line

Connection Diagram to Determine if Phase

Sequence of Two Systems is in the Same

Sequence
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Field
Starting Running
Machine Machine
Fig. 71. Diagram of Connections for Dark-lamp

Method of Synchronizing (Above 250 Volts,
Lamps on Swinging Bracket)

to read voltage on all phases to be sure that each
phase winding is in condition to be connected to
the bus.

Coincidence of Phase

In some small installations the moment of
phase coincidence is determined by means of
lamps. These are usually mounted on a bracket
visible to both the switchboard attendant and
the engine operator. The connections for this
method are shown in Fig. 71. With these con-

2 Bus

Potential
Transformer (8
and Lamps

011
@:@ Circuit
3 2 |Breaker

ANV

New
Machine

Fig. 72

nections, when the machine voltages are in syn-
chronism, the voltage arrows across the lamps
are in opposition. There is, consequently, no
current in the filaments and the lamps are dark.

The indication given by lamps, however, is
not close enough for accurate results, and a
method employing a special device known as a
synchroscope has been generally adopted. This
device is shown in Fig. 73. It consists of a small
motor whose field or stator is energized by the
voltage of one phase of the running machine or
bus. The rotor carries two windings, energized
in quadrature by means of a phase-splitting de-
vice from the corresponding phase of the incom-
ing machine, and rotates at a speed propor-
tional to the difference in the speeds of the two
systems. The direction of rotation of a pointer
fastened to the shaft indicates whether the speed
of the incoming machine should be increased or
decreased. This is accomplished by means of the
switch controlling the governor motor. When
the pointer comes to rest on the mark at the top
of the dial, the two systems are rotating at the
same speed and in the same phase, and are,
therefore, in phase synchronism. When it comes

Fig. 73,

Synchroscope on Swinging Bracket

to rest in any other position the speeds are equal
but the phases displaced, and the machines are
not in phase synchronism.

While exact synchronizing is desirable, it is
usually difficult of attainment during the period
available for the operation. A close approxima-
tion, however, may be obtained by closing the
paralleling breaker just as the pointer is slowly
approaching the top of the dial with the incom-
ing machine running fast. Under these conditions
the incoming machine will immediately take
load, and this load will assist the synchronizing
current in rapidly reducing the speed so that
when exact synchronism is reached there will be
little tendency to overshoot.

As the new machine takes up load, its field
current should be gradually increased and the
field current of the other machines correspond-
ingly reduced in order to keep down cross mag-
netizing current to the minimum and at the same
time maintain constant bus voltage. Load ad-
justment should be done by means of the gov-
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ernor and not attempted by means of the field
rheostat as with direct-current machines. If the
machines are of different sizes, the field currents
should be proportional to the capacities and
speeds of the individual units and also to the
loads they carry; in other words, the field
strength should be sufficient to maintain equal
terminal voltages on all machines. Cross mag-
netizing currents are wasteful and should be
avoided; they are not power currents but they
heat the generators and prevent them from car-
rying their full rated load. It will frequently be

armature bars of both machines, care should be
taken to keep its value within small limits. For
this reason the paralleling breaker should never
be closed when—

(1) The synchroscope shows any consider-
able phase displacement between the machines,

(2) The pointer is passing the synchronous
position too rapidly, or T

(3) The pointer is traveling away fro
synchronous position.

A typical connection for the synchroscope is
shown in Fig. 74. Connections for various other

the
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32
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1

New Generator

Fig. 74.

found that when the apparent load indicated by
the machine ammeters is just too great to permit
the shutting down of one unit, equalization of
the field strengths will reduce the ammeter read-
ings to a value sufficiently low to permit this.
On large units, magnetizing current is sometimes
eliminated by means of individual voltage regu-
lators on each machine, the exciters running
independently. The position of the control
magnet plunger on each regulator is controlled
by a current transformer in each generator
circuit connected in quadrature phase with the
voltage on the magnet.

When the paralleling breaker is closed elec-
trically, the time elapsing from the instant the
control switch is closed until the breaker con-
tacts meet should be duly allowed for in estimat-
ing the most favorable moment at which to oper-
ate the control switch.

Since the synchronizing current exerts a
powerful twisting action upon the shafts and

~ Line

Diagram Showing Typical Connection for a Synchroscope

applications willbefound in the individual instruc-
tion book accompanying the device, but for any
switchboard installation the connections shown
on the switchboard connection diagram should
be carefully followed. The latter, when the con-
ditions are unusual, may differ from any of the
connections shown in the instruction book for the
indicator. When connecting in accordance with
the switchboard connection diagram, the poten-
tial transformer polarity marks shown thereon
should be carefully observed and followed re-
gardless of their actual physical location on the
transformer case. In other words, if the switch-
board diagram shows the white polarity| mark
connected to the synchronizing receptacle, this
connection should be followed on the switchboard
even though the locations of the polarity mark
on the diagram and on the transformer do not
agree.

On account of the importance of the function
of synchronizing, the following final checks
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should be made before actually attempting to
put the new machine on the bus:

When the synchroscope is a new one, the posi-
tion of the pointer should be checked by con-
necting points B and E, Fig. 74, together and to
one side of a single-phase source of proper volt-
age, and points A and F together to the other side
of the same source. If the pointer is properly set
on the shaft it will point vertically upward to the
synchronism mark.*

After being sure that the pointer is correct,
carefully mark the leads at the terminal board of
the new machine, then disconnect and isolate
them as shown in Fig. 74. Insert the synchroniz-
ing plugs, one in the receptacle of a machine
running on the bus and one in the receptacle of
the new machine, then close the circuit breaker
of the new machine. This will impress the same
voltage on the stator and rotor of the synchro-
scope as in the preceding test and the pointer
should point vertically upward. If this is found
to be the case, the circuit breaker of the new ma-
chine should be opened and the connections to
the generator terminal board made permanent.
The new machine is now ready to be started and
paralleled with the bus. If, instead, it points
vertically downward the potential transformer
secondary connections to the receptacle of the
new machine should be reversed. Should it take
up a position 120 deg. away from the synchro-
nous position, an indication is given that the
voltage of the new machine is taken across the
wrong phase. Should the pointer take up any
other position, such as 30 deg. away from the
synchronous position, the connections should
be carefully checked with those shown on the
switchboard connection diagram, and if they are
found to agree, the matter should be referred to
the General Electric Company.

LIGHTNING ARRESTERS

Lightning arresters are necessary in most
systems to prevent such potential rises, as a
result of lightning disturbance, which might
cause damage to the insulation of the electric
equipment. It might be well to say that all ab-
normal rises of potential, no matter what their
cause, are generally termed lightning disturb-
ances and must therefore be guarded against.

Indoor-mounted lightning arresters must be
mounted with sufficient spacing above their
arcing gaps so that there shall be no condition
of grounding to any structure in the immediate
vicinity of the arresters. The location of arresters
in outgoing and incoming lines should be such
that all connections to the arresters are short
and direct and of sufficient cross section to have

*For complete details of this check refer to the Instruction
Book accompanying the synchroscope.

high conductivity, thus decreasing the possibility
of high inductance in the connections.

Iron connections to lightning arresters should
never be used.

Lightning arresters should be installed so that
there can never be a possibility of attendants or
others coming in accidental contart with the
lightning arrester installation. It is of paramount
importance that the best possible ground be used.

Before installing and operating lightning
arresters, read the instructions which cover the
particular type of arrester which is used.

RELAYS

Relays in general are mounted directly upon
the switchboard except in a few instances where
it is found best practice to mount them on the
pipe framework behind the panels, as for instance
auxiliary relays on which adjustment is not re-
quired.

Relays are used in electrical circuits to detect
practically all forms of line disturbances and to
close or open their circuits under such condi-
tions. In so doing, they control other protective
devices connected in the affected circuit to open
that circuit and thus relieve the controlled appa-

Fig. 75.

Type IA-201 Induction Over-current
Time Relay

ratus. They also function to close or open their
contacts to control other auxiliary devices which
give audible or visual indication of the positions
of protective devices. That is, they may control
the ringing of a bell, the sounding of a horn, or
the lighting of a lamp to call the attention of an
attendant to the fact that a particular oil circuit
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breaker is open. Fig. 75, 76, and 77 are illustra-
tions of standard General Electric relays.

For instructions pertaining to relays, refer to
the Instruction Book which covers the particular
relay in question.

}f

i
|
!

Fig.76. Type PQ Stand-
ard UnitInstantaneous
Circuit-closing Over-
current Relay

Fig.77. Type PQ Stand-
ard Unit Inverse-time-
delay Circuit-closing
Overcurrent Relay

OIL CIRCUIT BREAKERS

0Oil circuit breakers are used in connection with
alternating-current switchboards as protective
devices for controlled apparatus. When the cir-
. cuit in which a breaker is connected becomes
affected by abnormal conditions of dangerous
character, the breaker opens the circuit and thus
relieves the connected apparatus. Breakers are
rated according to their continuous current-
carrying ability consistent with the standardi-
zation rules of the American Institute of Electri-
cal Engineers. All ratings are based on circuits
whose frequency does not exceed 60 cycles.
However, on account of their structural design,
breakers may have the same’ current-carrying
capacity while their interrupting capacities may
differ greatly.

The so-called OCO+0CO Duty Cycle is as
follows:

The operating duty on which the standard
interrupting capacity ratings of the General
Electric Company’s oil circuit breakers are
based assumes that the breaker will interrupt
a circuit under the conditions imposed by two
unit operating cycles, with a two-minute inter-
val between the two cycles, each cycle consisting
of a closing operation followed immediately by
an opening operation (i.e., without purposely
delayed action). The breaker must perform its

rated duty under these conditions without Lmit-
ting flame and at the end of the duty cycle must
be in substantially the same mechanical condi-
tion as at the beginning, and the main circuit-
carrying parts must be in substantially the same
condition as at the beginning. However, the
interrupting ability of the breaker may be
materially reduced, and it is not to be inferred,
therefore, that the breaker may be reclosed with-
out making inspection, and repairs where
necessary.

Circuit breakers must not be subject to
current rushes greater than the short time ca-
pacities in r.m.s. amperes. S

The duty, including a statement of the pre-
scribed conditions, therefore, places a linjit on
the interrupting capacity of a breaker, and any
change in duty or prescribed condition§ will
necessarily affect the rated interrupting ca-
pacity.

Methods of Mounting Oil Circuit Breaker

In all, there are four standard mountings of
oil circuit breakers in connection with switch-
boards.

They are:

(a) On back of panel for small plant switch-
boards with panels 76 inches or less in height,
for circuits up to and including 2500 volts (for
railway work up to and including 600 qolts),
when the breakers do not exceed 800 amperes
in capacity. See Fig. 78 for representative :%ount-
ing.

(b) On panel frame for 90-inch switchhoards
up to and including 2500 volts (for railway| work
up to and including 600 volts), also for any panels
with breakers above 800 amperes capacity. See
Fig. 79 for representative mounting.

This mounting is not recommended when the
greater number of breakers are 800 amperes or
above in capacity. It is not a desirable moynting
for double-throw breakers.

(¢) On framework remote from panel for
circuits above 2500 volts up to and including
6600 volts (for railway work above 600 volts).
See Fig. 80 for representative mounting.

This mounting is recommended when the
greater number of breakers are 800 amperes or
over (not to interfere with rules for potential
limitations). However, when only one two
breakers are 800 amperes or larger and quite a
number are of lower capacity, all breakers should
be mounted on panel frame.

It is also recommended for doublesthrow
breakers, except in occasional cases wherg con-
nections can be made satisfactorily for breakers
mounted on back of panel, or on panel frame;
also for large tank-type breakers up to and in-
cluding 73,000 volts.
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Fig. 78.

K ) -
Oil Circuit Breaker Mounted on
Back of Panel

(d) In cells.

This mounting is for circuits above 6600 volts
(for railway work 6600 volts and above), when
the circuit breaker is suitable for cell mounting.

Standard arrangements of Types FKR-35
and FKR-132A oil circuit breakers are shown
in Fig. 81 to 87.

For reasons of safety disconnecting switches
should always be used with oil circuit breakers
for isolating them from buses and energized
circuits,

Operation

Switchboard breakers are operated either
manually or electrically. Manually operated
breakers make use of a lever mounted on the
switchboard, on a pedestal, or on the floor.The
lever may be either automatic or non-automatic
in opening the breaker.

For instructions pertaining to the operation,
installaticn, and maintenance of oil circuit
breakers, see the Instruction Book which covers
the particular breaker.

To Determine Ampere Capacity of Circuit
(Motors)
The efficiencies of both alternating- and direct-
¢urrent motors are likely to vary 10 or 15 per

cent, and the power-factors of alternating-cur-
rent motors vary over even a wider range.

The following formula is given to assist in
determining the capacity of a circuit breaker for
a particular circuit; the breaker should have an
ampere capacity no less than overload input
to the motor.

Current input =

Horsepower output X 746 X Constant B

Volts X efficiency X power-factor X Constant A
Power-factor=1 for d-c. motors
1 for d-c. motors
1 for single-phase motors
2 for two-phase motors
| 1.73 for three-phase motors

Constant A

Constant B

If “continuous rating'' of motor is used, this
constant will be unity; if ‘“nominal rating’ is
used, it should be 1.5.

If the actual efficiencies and power-factors of
motors to be controlled are not known, the fol-
lowing approximations may be used:

Efficiencies
Direct-current motors, 3 hp. and less, 0.80 to
0.85.
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Fig. 79.
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Fig. 81. Standard Arrangement of Type FKR-132 Oil Circuit Breakers, 2300 Volts
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Standard Arrangement of Type FKR-35 Oil Circuit Breaker, 2300 Volts
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Standard Arrangement of Type FKR-132A Oil Circuit Breaker, 6600 Volts
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Fig. 84. Standard Arrangement of Type FKR-35 Oil Circuit Breaker, 2300 Volts

Fig. 85. Standard Arrangement of Type FKR-132A Oil Circuit Breaker, 2300 Volts
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Direct-current motors, above 35 hp., 0.85 to
0.90.

Synchronous motors (at 100 per cent power-
factor), 0.92 to 0.95

‘““Apparent” efficiencies ( =efficiency X power-
factor)

Three-phase induction motors 25 hp. and less,
0.70.

Three-phase induction motors above 25 hp.,
0.80.

These figures may be increased slightly for
single-phase and two-phase induction motors.

AIR CIRCUIT BREAKERS

Air circuit breakers are used as current-inter-
rupting devices for all direct-current switch-

boards and occasionally for alternating-current
switchboards. They are made in single-, double-,
and triple-pole combinations. Standard air cir-
cuit breakers are illustrated in Fig. 88 and 89.
They are used almost invariably as automatic
devices to prevent harm to machines or other
electric apparatus which might result from ab-
normal conditions in the circuit. The abnormal
conditions may be short circuit or overcurrent,
reverse current, undervoltage, unbalanced volt-
age in three-wire systems, phase reversal, etc.

To obtain some forms of protection it is neces-
sary to use a relay in connection with the air cir-
cuit breaker.

For instructions pertaining to operation, in-
stallation, and maintenance of an air circuit
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breaker, refer to the Instruction Book which
covers the particular air circuit breaker.

Selection of Air Circuit Breakers

Electric circuits are generally subjected to
overcurrents of greater or less duration, and due
consideration should be given to this fact in de-
termining the current capacity of the breaker to
be used. The construction of air circuit breakers
is such that the maximum temperature is reached
in a considerably shorter time than that of the
apparatus protected, and they should therefore
have a continuous capacity equal to or greater
than the circuit or apparatus.

The selection of air circuit breakers by this
method allows an ample factor of safety in the
matter of heating and gives a good range of
calibration. General Electric breakers are cali-
brated from a minimum of approximately 50 to

[ gpeylopinr - 1

5 Y

Standard Arrangement of Type FKR-132A Oil Circuit Breaker, 15,000 Volts

80 per cent to a maximum of 150 per cent or
more of the rated capacity in the smaller sizes,
and have a much greater range in the larger
sizes.

When the ampere capacity of a circuit is
known, the following case may be considered
typical:

Normal eapacity of circuit....... 225 amperes

One-hour overload (25 per cent)
capacity...................... 281 amperes

Capacity of circuit breaker....... 300 amperes

For convenience we shall select a Type CP
breaker to illustrate the description. This breaker
has a minimum tripping point of 200 amperes,
and a maximum point of calibration of 450
amperes.

Rise in temperature at normal load (225 am-
peres)—15 deg. C. (approx.).
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Fig. 88. 200-amp., 650-volt, Self-contained
Solenoid-operated, Type CP-3
Circuit Breaker

Rise in temperature on one-hour overload
(281 amp.)—23 deg. C. (approx.).

Rise in temperature at rated capacity (300
amp.)—26 deg. C. (approx.).

Minimum tripping point: 89 per cent of nor-
mal load.

Maximum calibration: 200 per cent of normal
load; 160 per cent of one-hour overload.

AIR BREAK SWITCHES

Air break switctes manufactured by the Gen-
eral Electric Company are designed to meet all
the requirements of the National Board of Un-
derwriters. When in proper adjustment, no part
of these switches will exceed the heating limits
specified in the Standardization Rules of the
American Institute of Electrical Engineers when

S-P.S-T.

Fig. 90.

§-P.8-T.
Type LP-1 Lever Switches

Fig. 89. Air Circuit Breaker, Type CK-8, 2000 Amp.,
250 Volts, Doubie Pole, with Trip Free Handle
and Two Time-delay Overcurrent Devices

carrying its normal rated current, if the connec-
tions to the switch do not exceed this limit.

Disconnecting switches are not designed to
open circuits under load even if the load is only
the magnetizing current of transformers. They
are for the purpose of disconnecting apparatus
from the source of power after the circuit has
been first opeaed by some form of circuit-inter-
rupting device. When they are open, adjustment
may be made to switchboard equipment without
hazard to the maintenance men.

As a rule, disconnecting switches, when sup-
plied as a part of switchboard equipment, are
mounted on bases apart from the panels. Lever
switches are mounted directly upon the switch-
board panels. In cases where very heavy currents
are carried by lever switches, two or more
switches are connected in multiple.

D-P.S-T.
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7500 Volts 15,000 Volts 23,000 Volts

Moderate Duty—Type PB-1

7500 Volts 15,000 Volts 25,000 Volts
Heavy Duty—Type PC-1
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7500 Volts 15,000 Volte 25,000 Volts
Extra-heavy Duty

Fig. 91. Bus Supports for Indoor Service, Moderate,
Heavy, and Extra-heavy Duty

Fig. 92. Typical Flat Conductor Fittings for Use with above Supports
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Switch contacts should be kept in adjustment
at all times to insure that they will carry their
rated current without heating. Adjustment, if
found necessary, should be made in the following
manner:

Proper contact is obtained at the contact
tongue when the laminated blades bear uni-
formly on all points of the tongue within the con-
tact area. When the blade elements are as-
sembled, the blades are parallel to one another.
The blades should be curved inward slightly.
This is accomplished by placing a steel rod be-
tween the blades and against the end of the hold-
ing screw, and delivering one or two hammer
blows to the sides of the blades through a block
of wood or hard fiber. The rod used should have
a diameter approximately equal to the thickness
of the switch blade.

The contact surfaces of switch blades should
be coated with vaseline before testing for adjust-
ment. This will prevent undue wear of the parts
during adjustment.

The switch blades should then be moved until
the tongue is inserted between the blades, and
the surface tested for contact with a 0.002-in.-
thickness gauge at all points which can be
reached.

If good contact is obtained at the front of the
blades and the thickness gauge can be inserted
at the back, the blades should be withdrawn and
the operation described above repeated. When
properly adjusted, the switch blades should
close easily over the beveled edges of the tongue.

The operations mentioned are not necessarily
performed in the order named. The blades should
be closed and contact tested with the gauge to
determine the proper adjustment.

Do not use powdered emery or other similar
abrasive to grind the tongue into contact with
the blades. The use of an abrasive will injure the
contact surface and cause the switch to overheat.

Where lever switches are not operated fre-
quently, it is advisable to open and close them
several times in succession each week so as to
keep the contacts in good condition.

BUS AND CABLE SUPPORTS AND
CLAMPS

The supports illustrated in Fig. 91 are for
switchboard as well as station use where the
potential does not exceed 25,000 volts. Above
this range, post-type insulators, an example of
which is shown in Fig. 96, are used. Supports are
fitted with bases which permit turning of the
insulator at.any angle from 0 to 90 deg. They may
be firmly locked in any position by means
of bolts. They may be mounted on flat surfaces
or 1}4-inch pipe. Bus support clamps, which are
for use with the supports shown in Fig. 91, are
illustrated in Fig. 92, 94, and 95.

In mounting bus supports, it is good practice
to locate first the two which are at the ends of
the bus or cable runs. Then stretch a line between
the centers of these supports and mount the
necessary intermediate supports in line with the
end-supports. If the mounting structure is fiat,
the bases of the supports are bolted flat against
the mounting structure. If the mounting struc-
ture is of pipe framework, the supports are
mounted to the pipes by means of yokes and
nuts which are a part of the supports.

Supports as represented are used where bus-
bars are mounted flat or on edge. In all cases,
14-inch spacers are used between parallel bars
of the same phase to permit proper ventilation.
In some cases where bus runs are short, it may
not be necessary to use spacers in as much as
the clamped connections may suffice. However,
in long bus runs, it is generally necessary to use
copper spacers between the buses, held in place
by means of clamps on the outside of the outer
buses. Fig. 99, 100, and 101 show in progressive
assembly the use of spacers.

Where the particular line of supports as shown
in Fig. 91 cannot be used on account of the num-
ber of bars necessary to handle the capacity of
the circuit, bus supports as represented in Fig.
98 are used. These supports are capable of with-
standing exceptionally heavy electromagnetic
stresses and carrying large numbers of buses.

A bus consisting of four 4- by l4-inch lami-
nations is the largest capacity which can be used
with the ordinary type of bus support. Above
this capacity, the buses are arranged in tiers and
the proper supports should be chosen in accord-
ance with the arrangement of buses as indicated
in Fig. 44 on page 30.

The type of bus supports should be chosen to
take care of the ultimate size of the bus. That is,
while the present installation may require only
the ordinary type of bus support, future exten-
sion may require buses in tiers and the supports
should be chosen accordingly.

Standard bus clamps are represented in Fig.
97.

In bolting bus clamps in position, be sure to
tighten the nuts uniformly so as to avoid break-
age.

NAMEPLATES

All panels of General Electric switchboards
have identification nameplates which are usually
mounted back of board. These nameplates show
the voltage and current rating of the panel and
a certain identification number. This number is
the front view drawing number and the indi-
vidual switchboard section number. The num-
ber should be used for all factory correspondence
which relates to the switchboard or parts of it.
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Fig. 94. Typical Round Conductor Fittings for Use with Supports Shown in Fig. 91

Fig. 95.

CARD HOLDERS

Card holders are used on switchboards where
they are deemed necessary. They are made in
different sizes. Contract form 11919-1 contains
the clause, ‘“The Company will furnish one card
holder for each circuit.” This applies to the main
circuits controlled by the switchboard and con-
stitutes a definite rule. Apart from this, it is not
desired to make any set rules, in as much as
judgment must be exercised to insure that our
switchboards will be properly labeled to suit the
convenience of the operator and that an accept-
able appearance is optained.

The smaller card holders are used in many

Fig.97. Stand-
ard Bus Clamp

Fig. 96.
sulator for Bus Wire
and Bus Tube Supports

Post-type In-

Typical Base Fitting for Use with Supports Shown in Fig. 91

cases for the sake of better appearance. The
following points, for instance, are mentioned for
general guidance:

We have three sizes of card holders, Pu-413426
which may be considered the standard, since it
holds the larger size card; a smaller one, Pu-
413425; and a very small one, Pu-1713728.

In general, only one card holder is required per
circuit. This applies to double-throw oil circuit
breakers, connecting one circuit to either of two
buses, or to two or more single-pole, single-
throw lever switches when used for the different
leads of a single circuit.

Double-throw lever switches have card holders
for each tkrow when practicable.

Insulated Rod-type Insulator Showing Buses
Arranged in Tiers
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Fig. 99. When Multiple Bars are Used for Buses, it Becomes Necessary to Use Spacers.
This practice provides a means of ventilation as well as a perfect paralleling
of the bars. The method of using spacers is here shown in
progressive assembly illustrations

Fig. 100. Method of Using Spacers Shown by Progressive Assembly Illustrations.
The second baris positioned and the second set of spacers is in place (2nd step)

Fig. 101. Method of Using Spacers Shown by Progressive Assembly Illustrations.
The third bar is placed over the second set of spacers and the
bus clamps are fitted and tightened (3rd step)
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Fig. 102.

Card holders are seldom necessary for aux-
iliary circuits on & panel such as the rheostat and
governor control switches; but when their loca-
tion is such as to leave doubt as to the function of
the switch or device, a card holder, usually the
small size, is supplied.

SHUNTS

Shunts (see Fig. 102) are used in connection
with direct-current instruments where the cur-
rent is of such capacity that it is not practicable
to pass the entire line current through the instru-
ment. The shunt is a dependent part of an instru-
ment and is supplied with a pair of leads which
are precise only with the instrument and shunt
with which they were calibrated. Instruments
and shunts are supplied with numbers so that
there will be no difficulty such as connecting up
an instrument with a shunt other than the one
with which it was intended.

Shunts are mounted behind the switchboard
in the connection bars. They are located at a
sufficient distance from the panels so that there

Exterior

Fig. 103.

Form 4 Shunt, 75-8C0 Amperes

will be no condition whereby apparatus on the
panel will receive heat which might radiate from
the shunt.

In handling a shunt, be sure to avoid damag-
ing the leaves in any way, or the calibration may
be affected. Leads must not be cut or changed.

GROUND DETECTORS

On ungrounded systems, alternating-current
as well as-direct-current, it is necessary to install
some kind of equipment for detecting or reading
leakage to ground to accord with N.E.C.S. rules.
For low-voltage two-wire systems the simplest
method is to connect two lamps of the system
voltage in series across the two wires, with the
connections between the two lamps grounded.
Ground on one side will obviously short circuit
and darken the lamp on that side. Above 300
volts, electrostatic or glower type of ground de-
tector instruments is generally used. A typical
General Electric ground detector is shown in
Fig. 103.

Interior

Type E-7 Electrostatic Ground Detector
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Fig. 104. Ground Detector Connections
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A few connections for these ground detectors
are shown in Fig. 105, while suggested connec-
tions for lamps as ground detectors are shown
in Fig. 104.

Ground detectors should be mounted above
switchboards only when the high voltage bus is
located directly in the rear, and even then they
should be mounted beyond the reach of an at-
tendant. Where the buses are remote from the
board, the instruments should be located near
the buses and suspended from the ceiling.

Rheostats are not furnished with the switch-
board; supports when required for rheostats or
countershafts are to be furnished by purchaser.

Discharge resistors for machine fields are de-
pendent upon the machine characteristics, and
therefore are not furnished with a switchboard.

RESISTORS

_The standard practice is to mount small re-
sistors directly upon the back of the switch-
board panels. Resistors have serial numbers

NN o
0 <M Source
. Source PR
Tw ree BACK View l i By
p—— ’ \
y; \\‘\\ 7 O 6 \'
{ 7.\ : ‘*“"]/
\ I: ‘\ [ ]
3 : o/
Single-phasa B8 ~~——-", P oad B
Loed Three-phase
Three wire £-7
Load
Fig. 105. Connections for Electrostatic Ground Detector, T ypes
E-7 and E-8, 3300 Volts and Below
RHEOSTATS stamped upon their nameplates, The nameplates

There are different arrangements for operat-
ing rheostats, depending upon the size of the
rheostat and the local conditions. Exciter
rheostats are usually operated by means of
handwheels on the front of the switchboard,
connected to the rheostats. For generators up
to certain capacities, the handwheels for the
operation of the exciter and generator rheostats
are made concentric, the generator rheostat
being mounted in a convenient location and
operated by means of a chain and sprocket.
Generators of the larger capacities generally
have electrically operated rheostats, controlled
from the switchboard by double-throw control
switches.

Rheostats which are electrically operated are
usually placed where most convenient, as these
have no mechanical relation with the switch-
board.

The locations shown in Fig. 107 for rheostats
manually operated by means of a sprocket
wheel and chain mechanism are the ones ordi-
narily feasible. In each specific case a location
should be selected where the rheostat and mech-
anism will not interfere with cable leads or
switchboard apparatus and where the counter-
shaft, if required, will not exceed six feet in
length.

Sprocket wheels, chains, wire turn-buckles,
and countershafts are parts of the operating
mechanism included in panel equipments when
local conditions are known at the time of de-
signing the switchboard.

of instruments and meters with which they
are to be connected also contain the same serial
number so that there will be no error, such as
connecting a wrong resistor with a relay, meter,
or other device. In connecting resistors with
devices, be sure to check the serial numbers.

Fig. 106.

Small Resistors for Mounting on
Back of Switchboard Panel

BARRIERS

Barriers are used chiefly for the purpose of
making a safer installation.

Barriers are used with switches for voltages
above 750 volts up to and including 15,000
volts except where the switches are mounted
out of reach of accidental contact and where
switches are placed on adequate distances of
center lines. They are also used with the quick-
break type of lever switches above 500 volts
rating. Above 15,000 volts, barriers are seldom
used, since switches for this voltage are spaced
sufficiently far apart and out of reach.



84

GENERAL ELECTRIC

§ Dia.(Iron Pipe Size)
4 Brass Tube

J

Yokes for g"Tubz

3
| L

Whitney Chain No3-D. 1"Pitch
2'Inside Width

L

- Flcxlblc Steel Cable

/ I'Dia.

\¢ 2
(3 " r i
|, Two 90° Bends max. 6 rad
h, for each run of Tubing Min
]
II:‘\

|

Brass Tube

L
g"n;a./(lron Pipe Size) m

¢

:

-

L

Barrier s for apparatus mounted on panels are

usually m ade of the same material as the panels.
For protection around buses, asbestos barriers
are generally used. For apparatus mounted on
masonry cells, the barriers may be made of

brick, concrete, soapstone, or ebony-asbestos.

SUGGESTIONS FOR SWITCHBOARD
ATTENDANTS AND CONSTRUC-

TION MEN
Repair of Switchboards

Some switchboards are drilled to take future

Section"X-X"

Fig. 107. Suggested Locations
for Rheostats

the holes for the future apparatus
are fitted with buttons or plates to
give the switchboard a better
appearance. These are readily re-
moved when the apparatus fis to
be mounted.

If additional apparatus is to
be mounted on a switchboard, lay
out the drilling plan on the panel
and punch mark the center of the
holes to be drilled. Use the same
kind of a drill as is commonly
used for drilling iron except |that
the heels of the drill should be
ground off. Be sure that the drill
is sharpened well before using it
on marble.

If apparatus has been removed
from a panel for any reasan, the
holes may beé filled with cement
or plaster of paris darkened tp the
same color as the panel material.

Buttons may be obtained to fill holes

INSTRUCTIONS FOR REFINISHING
MARBLE PANELS WITH BLACK

MARINE LACQUER

Material Required

General Electric marine lacquer No. 5075.
General Electric thinner (same number).
One gallon of each, mixed, will cover about

apparatus as demand necessitates. In such cases,

200 square feet panel surface.
On refinishing work, the covering capacity
is somewhat greater.
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Fig. 108. Standard Bolt-hole Locations for Switchboard Panels of Various Sizes
Note.—Panels with heavy equipment such as large air circuit breakers sometimes require special location

of supporting bolts.

Preparation

The panel surface must be thoroughly cleaned
of oil or grease by gasoline or carbon tetrachlor-
ide, but this cleaning fluid must be carefully
removed by a cloth moistened with the thinner.

The polish should be removed by pumice
stone.

The panel equipment that cannot be removed
should be carefully masked with paper as
protection against the lacquer and thinner.

Application of Lacquer

The lacquer should be thinned to proper
consistency, which usually requires about equal
parts of lacquer and thinner. Apply either by
spraying or by a camel’s hair brush. In either
case it should be allowed to flow out to give the
best result. The service of an expert is usually
required.

Marred slate panels may be repaired by oil-
ing the mar if the switchboard is of natural



86

GENERAL ELECTRIC

Fig. 109. Different Forms of Holes Which are Necessarily
Made in Slate and Marble Switchboards

black slate. If the switchboard is of marine
finish, the panel may be marined to conceal the
mar.

Marble panels which receive oil stains may
be repaired so that their original appearance
will be practically restored by the application of
a mixture of benzine and plaster of paris to the
oiled spot. Allow the mixture to remain on the
panel at least 48 hours.

Lacquer thinner may be used to remove

marine finish from a switchboard. Soak a piece
of waste with the liquid and rub the panels.

3td. Washer for 3 Hex Bolt

5-13 Std. Hex. Nut

Panel Drilling

Drilling plans for the standard location of
panel-supporting bolts for different sizes of
switchboards are shown in Fig. 108. If addi-
tional apparatus is to be mounted uppn a
switchboard, it is sometimes necessary for the
purchaser to do the drilling. Brace and drill
for this purpose should be used from the front
side of the panel, and the pressure should be
removed from the brace before the drill has
passed completely through. If the pressure is
not removed, large pieces may be broken from
the panel back.

If large round or irregular holes such as
shown in Fig. 109 are to be made in a panel for
mounting instruments, operating levers, etc.,
it is recommended that the drilling be carried
out by a stone cutter.

In cases where a customer prefers to do his
own drilling, an inexpensive tool, as suggested

-

s

C.R.Steel Bar

1—'; — .' %

N 1 &
i we——1% Dia.
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fo—— }2- Die.

- =

-

Fig. 110.

Shamad oA
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Tool

1
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S 88 Shown
>

An Inexpensive Tool Which May be Constructed for the Purpose of

Drilling Circular Holes in Slate and Marble
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in Fig. 110, may be made for the purpose of
cutting round holes.

A square hole may be made by first drilling
the four corners of the square and then sawing
from hole to hole until the square is completed.

Irregular holes may be made by first laying
off the shape of the hole on the panel, and then
drilling holes along the mark. Each hole, of
course, must intersect the previous one. When
the hole has been made, the rough edge should
be filed smooth.

Spare Parts

To insure continuity of service, the customer
should order spare or renewal parts before he
actually needs them. The manufacturer will
gladly submit a recommended list, from which
these can be ordered for convenient delivery.
These spare parts should be properly tagged and
placed 1n safe, but convenient, locations, where
they can be found instantly in perfect condition
when needed. Fuses, indicating lamps, arcing
contacts, and parts subject to wear or burning
are suggested as the spare parts which should
be kept on hand.

Temporary Equipment

When it becomes necessary to
connect part of a switchboard for
operation, before the rest of it has
arrived, it is usually the best practice
to install temporary equipment
somewhat away from the permanent
board so that the final installation
can be undertaken without handicap
or danger from the temporary equip-
ment. By a little planning, this
changing over at the completion of
the board will necessitate very little
interruption in service.

ToDetermine Polarity of Low-poten-
tial Direct-current Wires A
The polarity of wires which are

to be connected for certain purposes

(e.g., battery charging) should be

definitely known before completing

the circuit. This may be determined
by connecting a voltmeter across
the wires and closing the circuit.

The voltmeter when connected

should read up-scale. If this con-

dition does not exist, the wires
should be reversed. The voltmeter
terminals are marked positive and
negative and when connected cor-
rectly indicate the polarity of the

connected wires. D
If no voltmeter is available, the

polarity of the wires can be deter-

mined by dipping the ends of

Fig. 112.

bl } | MO

Positive
Wire *HEE

Negative 7} .
Wire

tr 100

Fig. 111. Method of Checking Polarity

of Low-voltage Circuit

the two wires in a glass of water in which
a very small amount of common table salt,
potash, or acid electrolyte has been dissolved.
Keep the wires about one inch apart. When
there is current flowing, gas bubbles will form
on both wires, but the wire about which the
greater amount of gas bubbles is being formed
will be the negative side of the circuit (see
Fig. 111).

Ends Bared for
Connection

to Screws
—
—-—d
S
X
Rosette
Cap
B ¢ Co ra
Socket
Bushings
Socket ___,
Cap f

Method of Tying Underwriters’ Knot in Lamp Cord to
Prevent Strain on Terminals of Sockets and Fixtures
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Method of Splicing Cable
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*How to Tie Underwriters’ Knot in Lamp Cord

Every wireman knows that it is necessary
to tie the ends of lamp cord after it has been
inserted in socket caps and other fixtures, in
order to avoid the possibility of the wires being
jerked loose from the terminals by a strong
pull on the cord. Also, if the ends are tied there
1s less likelihood of the cord untwisting. Often,
however, the knot at the ends is improperly tied,
so that it is much less effective than it should be.
The illustrations in Fig. 112 show how the
Underwriters’' knot, as it is called, should be
tied when making installations.

Starting with the ends of the two conductors
slightly separated, as at (A), the one at the right
1s looped loosely around the other, passing back of
and in front of it, as shown in (B). The second,
or left-hand, conductor is then bent to the
left and looped (C) around the first, or right-
hand, conductor and the end passed through
the loop formed by the first conductor, as in
(D). When the knot is tightened by holding
the two ends and pulling on the cord, the knot
will assume the shape shown in (E). The con-
ductprs can then be cut off to the desired length,
the insulation skinned off, and the wires fast-
ened under the terminal screws as usual.

A knot made in this way will not slip or twist
and, as shown at the right, is large enough so
that it can not, under any ordinary circum-
itances, be pulled through the opening in the fix-

ure.

CABLE SPLICING

Method to be Followed in Jointing Three-
conductor, High-tension, Varnished-cambric-
insulated Cables Where the Working Voltage
is Not Over 25,000 Volts

First: After the two cables to be joined have
been trained around in the manhole and laid
as nearly as possible in their proper position
with their ends over-lapping, cut off the ends
of each. Be sure that the ends are square, so
that the two cables butt together. In handling,
be careful not to give the cables any sharp
bends. Mark with a knife the point where the
lead jacket is to be removed on each cable. For
about three inches back of where the jacket is
to be removed, scrape the lead so as to give
a clean surface for wiping. This is done before
the lead jacket is removed, to prevent the lead
ChlpS' from falling on and into the cable. The
lead jacket can now be removed the required dis-
tance, care being taken not to cut the insulation.
Bell out the lead as shown on page 88, using
a blunt-nosed tool of hard wood or fiber, being
careful not to cut the insulation. Remove the
over-all belt of insulation to a point about one
inch from the edge of the lead. Remove the

*F. Krug in Industrial Engineer.

jute fillers, cutting off at a point close to the
end of the belt insulation (see operations 1,
2, and 3, as shown in Fig. 113).

Second: Strip the individual conductors of
insulation the required distance from the end
of each conductor so as to leave approximately
14-inch space between the end of the insulation
and the end of the copper connecting sleeve.
Then pencil down the insulation on the single
conductors for a distance equal to six times the
thickness of the insulation on the conductors.
On a cable with 6/32-inch insulation, this would
make the length of the penciling approximately
114 inch. It is important that the penciling be
smooth and even. Tie the insulation down first
with paraffined thread before starting to pencil,
to prevent the tape from unwinding. Use a very
sharp knife or special tool in penciling the in-
sulation, and be careful not to nick the con-
ductors (see operation 4, Fig. 113).

Third: Slip the lead sleeve over one end of one
of the cables. Before slipping on the lead sleeve,
scrape both ends to give a clean, bright surface.
Clean the exposed ends of the bare conductors
by pouring a solution of resin and alcohol or
stearin over the strands, and then pour hot
solder over them so as to fill in between the
strands solidly with the solder. The ends of the
other cable to be jointed should be treated in the
same manner. See that the stripped ends of
both cables fit together nicely without twisting
the conductors. The bare conductor should now
be slipped into the copper connecting sleeves,
the slot in the sleeve being on top; the two con-
ductors in each sleeve butting together in the
center of the sleeve. The sleeve should then be
pinched together with heavy pliers so that it
will grip the conductors. The conductors should
then be soldered fast to the connecting sleeves
by pouring hot solder over the joint until it is
thoroughly heated and the solder runs freely
through the slot into the strands of the cable.
Before soldering, the tapered ends of the insula-
tion should be wrapped tightly with dry cotton
tape and tied into place to protect the insula-
tion from scorching during the soldering. All
lumps of solder which collect on the bottom
of the sleeve should be carefully removed, and
the sleeve left smooth and clean. This can best
be done with a piece of cloth before the solder
sets. After cooling, any sharp projections should
be smoothed off with a file and sandpaper.
The same operation applies to the other two
conductors (see operation 5, Fig. 113).

Fourth: After all the conductors are soldered
into the copper sleeves, the cotton tape over
the tapered ends should be removed, and each
joint taped with narrow strips of G-E splicing
rubber to a diameter equal to that over the insu-
lation on each conductor. Then tape over
the rubber with sufficient varnished-cambric
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OPERATION NO. 1

OPERATION NO. 3

OPERATION NO. §

Fig. 114.

-

OPERATION NO. 2

OPERATION NO. 4

OPERATION NO. 6

Method of Assembling and Sealing End Bells
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tape to give a total thickness of insulation equal
to 114 times the thickness of insulation on the
single conductors. The length of the taping from
the center of the joint to the end of the taping
should be twenty-five times the thickness of
insulation on the conductor, or, the total length
of the taping on the conductor fifty times the
thickness of the insulation on the individual
conductors of the cable. This reinforced taping
should taper out toward the ends as shown in
Fig. 113. The rubber splicing tape and the var-
nished-cambric tape must be applied smoothly
and tightly. This is the secret of making good
joints. After the three conductors are insulated,
as described, tape each single conductor with
a band of varnished cambric, the thickness of
the band equal to the thickness of insulation
on the single conductors of the cable. The single
conductors have this belt applied in order to
separate them so that the filling compound can
flow freely between the conductors (see opera-
tions 6, 7, and 8, Fig. 113).

Fifth: The three insulated conductors should
now be taped together with two belts of var-
nished cambric, each approximately 114 inches
wide, the thickness of the belt being 114 times
the thickness of the belt on the cable. These
two belts should be served with several wraps
of treated linen twine to keep the varnished
cambric from unwrapping (see operation 8§,
Fig. 113).

Sixth: Slip the lead sleeve into position and
beat the ends down to fit over the cable. Then
apply gummed paper about three inches wide
on the cable and on the sleeve in order to con-
fine the wiping solder at the proper point. Both
ends of the sleeve should be soldered to the
lead sheath of the cable with a wiped joint.
After the sleeve is wiped into place, file out
a round spot on the lead sleeve not quite through
the lead on the gummed paper at each end of the
sleeve. Then cut a ““V'’ shaped hole in the center
of each. The joint should then be filled with
No. 227 compound heated to a temperature of
about 275 deg. F. Tilt the joint so that the
filling hole will be slightly above the level of the
other hole. The compound should be poured
through the filling hole until the joint is filled,
and about one gallon of hot compound should
be allowed to run through the joint in order to
boil it out and remove any moisture which may
be present, If there is still frothing of the com-
pound after the one gallon is run through the
joint, the pouring should be continued until the
frothing ceases, as this frothing indicates
moisture.

Seventh: After the joint has been thoroughly
boiled out, it should be allowed to cool. After
cooling, any shrinkage should be made up by
the addition of more No. 227 compound. After
the compound is set, close the vent end of the

sleeve and solder shut. Then give the joint a
final fill, close the filling hole, and solder shut.
Be sure that the two holes are well soldered.
Clean the gummed paper from the lead, and do
not disturb the joint after this is done (see
operations 9, 10, and 11, Fig. 113).

General: It is important that each operatlon
be made in a neat and thoroughly workmanlike
manner,all care being taken that thehands of the
jointer are kept dry and that all material used
in making the splice is kept in a dry place. No
cable should be opened and left exposed to the
weather.

METHOD OF ASSEMBLING AND
SEALING END BELLS

First: Cut off the end of the cable square,
then remove the lead jacket the required dis-

‘tance from the end of the cable, being careful

not to cut the insulation (see operation 1,
Fig. 114).

Second: Remove the over-all belt of insula-
tion to a point about 134 inches from the end
of the lead, being careful not to cut the insula-
tion on the single conductors. Remove the jute
fillers, cutting off close to the end of the belt in-
sulation. Slip on the brass nut, and bell out
the lead as shown in operation 2, Fig. 114. Use
a blunt-nosed tool of hard wood or fiber, being
careful not to injure the insulation. The lead
should be belled out so that it fits inside the
brass nut.

For a two-conductor oval cable, the lead
must be belled out to form a circular flange
so as to fit the flanges of the bell. More care is
required in. belling out a flat cable to avoid
splitting the lead by working it out too fast.
On the long diameter of the cable it is necessary
to file off part of the lead flange to make it
circular.

Third: The brass bell should now be slipped
over the end of the cable and the flanges on
the bell and on the lead brought together. The
loose brass nut should then be brought up into
place and the nut on the bell screwed down,
drawing the two flanges tightly together (see
operation 3, Fig. 114).

Fourth: The wooden cap can now be slipped
over the single conductors (see operation 4,
Fig. 114) and then over the mica sleeves (see
operation 3, Fig. 114,). About one-half the length
of the mica sleeve should project through the

-cap

Flfth The bell should now be filled with No.
227 compound at a temperature of 275 to 300
deg. F. (see operation 6, Fig. 114). After cool-
ing, any shrinkage should be made up by the
addition of more No. 227 compound.

Sixth: Where the cable to which the bell
is being attached has paper insulation, it is
necessary to seal the insulation in the bell.
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This may be done by using the long type of end-
bell (see Fig. 115) connection on single-con-
ductor cables with rubber or varnished-cambric
insulation having the joint inside the bell. As

F16/

COMTR COMNC TOR
(PIRATIOY
|
1
ABLIL] COPROND
rs2.
c

w2y

SAuN JOINT

O-V_" il

[
Fare came o
FIT AT

Fig. 115. Outline of
Long End Bell

Fig. 116. Outline of
Short End Bell

an alternative, the short bell (see Fig. 116) can
be used by removing the paper from the single
conductors where they come out through the
top of the bell and then taping the bare con-
ductors with varnished cambric. The paper
should be removed for a distance of about
three inches below the top of the bell. If the
single conductor extends for a consideraq‘le dis-
tance from the top of the bell, single-conductor
cables with varnished-cambric insulation can
be connected to the three conductors, outside
of the bell, and then taped up with varnished
cambric where the paper has been removed and
over the joint.

Removing No. 280 Slushing Compound

The use of No. 280 compound for profecting
finished metallic surfaces in shipment has been
standardized by the General Electric Company.

The compound can be removed readﬁly by
using commercial benzol and kerosene in the
proportions of one to one. If benzol cannot be
obtained, use volatile coal tar solvent or coal
naphtha. Most of the paint-removers contain
benzol and will cut No. 280 compound; They
are, however, considerably more expensive than
the benzol and kerosene. Acetone will also cut
the compound.

In using any of these solvents great care must
be taken to avoid fire, as they are very volatile
and the gas is explosive.
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REMOVABLE-TRUCK
SWITCHBOARDS

Removable-truck switchboards consist of
one or more self-contained units which are
mounted side by side and connected mechan-
ically and electrically to form a complete switch-
board. For shipment, each unit is left as fully
assembled as is practicable, so that the work of
installation will be minimized.

Each unit consists of a housing and a truck,
or a housing with a superstructure bolted on top
and a truck unit (see Fig. 117). The housing and
superstructure of each unit are so arranged that
all apparatus which requires little or no atten-
tion and inspection, such as buses, disconnecting
switches, etc., is mounted therein. The truck
unit is arranged for mounting all apparatus
which requires attention and inspection, such
as oil circuit breakers, operating mechanisms,
instruments, and meters. It is customary to
mount all instrument transformers on the truck
unit, but where large potential transformers
with fuses are used, they are mounted in the
superstructure. In such cases, provision is made
so that the fuses are accessible by opening the
superstructure doors.

Housing

The housing is a cubicle which is made of
one-eighth-inch sheet steel shaped and welded
together to form a compartment for the truck
and a compartment for the buses (see Fig.
118). These two compartments are separated
by a removable barrier. Openings in the barrier
permit the passage of the primary disconnecting
devices. A movable shutter, which is actuated
by the movement of the truck, is mounted in
front of the barrier. The shutter is also provided
with .openings for the primary disconnecting
devices. When the truck is withdrawn from the
housing, the shutter covers the openings in the
barrier, making the live parts of the bus com-
partment inaccessible. As the truck is inserted,
it moves the shutter so that the openings in
both the shutter and the barrier coincide, thus
permitting the truck-mounted disconnecting
devices to enter the disconnecting devices in
the bus compartment. The movement of the
shutter is controlled by two arms which are
connected from the top of the shutter to the
upper front part of the housing. The truck rolls
in under these two arms, thereby raising the
shutter. When the truck is rolled out the shutter
is lowered.

When no superstructure is used, the housing
or truck compartment is ventilated by two
openings in the roof, which are covered by a
screen. On each side of the truck compartment

and just above the floor plate, are the housing
guide angles which guide the truck into its
proper place in the housing. These angles are
adjusted at the factory so that their vertical
faces are at right angles to the front of the
housing, and at a distance from the center line
of the housing as shown in the following tabula-
tion. The center line of the housing is marked
on the front flange of the floor plate.

DIMENSIONS IN INCHES

Standard Truck Distance from Housing Distance
Howng | Cquglingolrane | frgm Comer ine of
Widths Guide Bar of Angle

20 7H 8

28 1143 12

32 lm 14

36 1 16

44 194§ 20

48 214% 22
Superstructure

The superstructure is a cubicle made of 14-in.
sheet steel shaped and welded together. This
element has doors on the front, back, and top.
The front doors consist of two leaves, except
for the 20-in. unit. These leaves are fastened
by latches which are arranged to be operated
by a switch-hook. The rear doors, which also
consist of two leaves except for the 20-in. unit,
are fastened by a hand catch which can be
padlocked in its closed position. The top door is
not fastened by a catch, but means are pro-
vided for padlocking it. The truck compartment
ventilation is cared for by running rectangular
vent tubes through the superstructure. The
tops of these vent tubes are covered with a
screen.

Primary Disconnecting Devices

The housing, or stationary, members of the
primary disconnecting devices are fixed, while
the truck, or movable, members are flexible (see
Fig. 119). This flexibility is obtained by having
each finger contact floating between certain limits
and actuated by compression springs. This con-
struction makes this member self-aligning. The
capacity of each primary disconnect is governed
by the number of finger contacts. The bus com-
partment houses and supports the stationary
members of the primary disconnecting devices,
buses, connection bars, and incoming .or out-
going leads. The supports for housing discon-
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Fig. 117.

Typical Removable-truck Switchboard with Superstructure
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Fig. 118. Interior of a Removable-truck Switchboard
Showing the Compartment for the Buses and the
Compartment for the Truck

necting devices are bolted solidly in place, no
adjustment being necessary after leaving the
factory. The buses are mounted back of the
disconnecting devices on the same insulated
supports.

Secondary Disconnecting Devices

Secondary disconnecting devices are used to
disconnect all secondary or control leads en-
tering or leaving the truck, such as the leads to in-
struments, meters, relays, etc., when mounted
on the truck and required to function with
remotely mounted apparatus.

The secondary disconnecting device is of the
sliding contact type (see Fig. 121). It functions
when the truck is in the operating position
and when the truck is withdrawn to a position
wherein the primary disconnecting devices are
properly separated electrically. This device con-
sists of groups of contact units, any number
of which can be assembled together to take
care of specific requirements.

The fixed contact elements are reversible so
that a continuous ccntact surface can be ob-

tained or a contact at both the operating and

testing positions of the truck.
The movable contact unit consists of a pivoted-
finger arrangement which is actuated by a com-

pression spring and operated between certain
limits to take care of all vertical variations.
Lateral variations are overcome by floating
the finger-contact assembly crosswise with a
travel great enough for any crosswise variation.

The fixed member of the secondary discon-
necting device is mounted well to the front
and under the top sheet of the housing. The
movable member is mounted on a support
across the top of the truck. The fixed member
of the secondary disconnecting device is located
and adjusted crosswise to the center line of the
housing.

Truck and Panel

The truck is of heavy, riveted, angle-iron con-
struction capable of supporting the oil circuit
breaker, disconnecting devices, instrument trans-
formers, and other auxiliary devices. The panel
is of 0.156-in. stretcher-levelled sheet steel,
rigidly attached to the truck frame. Drop-
forged handles are attached to provide an easy
means of handling. Openings are provided in the
lower part of the panel to permit ventilation
of the interior of the truck. These openings are
protected by a screen fastened to the back of
the panel. The wheels are of drop-forged steel
with roller bearings. The axles are eccen-
trically related to the mounting by which
they are secured to the truck frame. This
eccentricity provides a means for levelling the
truck and is locked in place when the adjust-
ment is complete.

Floor

It is important that the portion of the sta-
tion floor on which the housings are to bemounted
and for a space at least 5 ft. 6 in. in front of the
housings, should be perfectly level in all direc-
tions. Means must be provided for securing the
housings to the floor, and a suggested method
for doing this is shown in Fig. 120. Any other
method may be used as long as the condition
of a level floor is obtained.

If sleepers as shown in Fig. 120, or their equiva-
lent are used, they must be set flush with the
level floor.

Special care should be taken that the sleepers
are set level with respect to each other and that
the 14-in.-13 holes for the anchor bolts are in
alignment and located as on floor plan drawings
furnished with each particular installation.

Fig. 119.

Construction of the Primary Discon-
necting Device
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It is recommended that the levelling of the
floor and sleepers be accomplished by an in-
strument rather than by the ordinary spirit
level and straight edge.

Anchor bolt holes should be located with
reference to the center lines of the housings.

Anchor bol, holes in the floor angles can be kept
clean by inserting bolts in them before grout-
ing-in the floor. These bolts will also provide
a reasonable clearance for the final anchor bolts.

Fig. 121. Construction of Secondary
Disconnecting Devices

When housings are to be mounted against
a wall, ample space should be allowed from the
wall to avoid installation difficulties.

Installation

After the trucks and housings have been un-
crated they should be thoroughly inspected.
All units are carefully tested at the factory
for proper functioning and for interchangeability.

All electrical connections should be inspected
and tightened. On the truck all connection bar
joints are left untaped for inspecting and tight-
ening the connection bolts. After all joints are
made, they should be taped with varnished cam-
bric for insulation with 14 lap according to the

following table, and then covered with linen tape

to hold the insulating tape in place. As a finish
over the linen tape, G-E No. 480 gray insulating
paint should be applied. Sufficient tape is fur-
nished with each switchboard.

In order to facilitate handling where crane
facilities are available, lifting slings, as shown in
Fig. 122 and 123, are furnished for the housings
and for the trucks.

To install the housings, locate them in their
respective places as shown on the drawing and
align them so that their front faces are exactly
flush and spaced in reference to their center
lines as indicated by mark on the front apron
of the floor plate of each housing. After aligning,
each unit is to be bolted securely to the sl'peper
angles by 14-in.-13 by 114-in. anchor bolts.

fter the housings have been located and
anchored, the finish strips should be fastened in
place with No. 10-30 flat-head screws and large
washers. The front top finish strip is to be placed
first. On a housing without superstructure 'with
the trucks in place, the clearance between the
finish strip and the tops of the truck panels
should be wuniform throughout the board.
On a superstructure unit, the clearance between
the front top finish strip and the superstructure

voLrs Layer of 0.012 in.
thick vamish

Above Up to and Including cambnc
0 750°* 3
750 1000 4
1000 3000 [ 4
3000 4000 5
4000 5000 6
5000 6200 7
6200 7600 8
7600 8800 9
8800 10000 10
10000 11600 11
11600 13400 12
13400 15400 13

* None except for service in cement plants and similar places.

doors should be uniform throughout the board.
The intermediate vertical finish strips are fo be
placed equidistant between the adjacent truck
panels and abutting the top finish strip. When a
superstructure is used, these vertical finish strips
will fit tightly between the adjacent horizontal
finish strips at the joint between the housings and
the superstructures. The end vertical and hori-
zontal strips covering the joints between the
housings and superstructures are left in place
during shipment. If they have been disturbed
during shipment, they can be easily readjusted
to their proper position. The strips on the top
and in the rear of the units should be placed
last. These strips are used to cover up the
openings between the units. When a housing is
mounted with its back against the wall, the
rear strips are omitted.

It is necessary to assemble intermediate com-
pound barriers between the housings. These
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FLOOR PREPARATION—3-inch ““I"" beams, 7.5 pounds per foot, are
recommended as sleepers on which'truck housings are installed. A trough,
5'inches wide, and 314 inches deep from the finished floor line, is re&uired
for shimming and grouting the “I"’ beams as shown. These sleepers should
be drilled and tapped for % in.-13 housing anchor bolts located as shown
on floor plan prepared for each switcliboard. It is important that these
sleepers be straight and level for their full length, at the correct spacing,
and that the flanges of both beams be parallel with each other. In order
to insure this condition, it is recommended that ties be bolted between
the sleepers at various intervals and the. lower flange of the beam be
shimmed to the groper. height (see Metal Gauges). In this way, the proper
spacing will be obtained. It is also recommended that sri;xaring and leveling
be accomplished by means of an instrument rather than by a level and
square. . .

Care should be exercised, when grouting the beams and J)lscinz the
finished floor, that the top flanges of the sleepers do not extend above the
finished floor line, as this may cause impro; operation of the racking
device. To provide clearance for final anchor bolts, temporary bolts should
be inserted while grouting.

ERECTION—Arrange the housing on the sgrzfared sleepers;as shown
on the arrangement drawing. The housing sho d be lined up exactly
flush face, keeping each house center-to-center as marked on the front lip
of the housing, disregarding the space between units. Housings must not
be pulled out of square to meet uneven sleepers.

METAL GAUGES—(See Fig. of Metal Gauges.)—Three types of
metal gauges are recommended—an “X' bar gauge, an intermediate bar
gauge, and a joint bar gauge. The “X" bar gauge should be placed at one
end unless the switchboard is over 20 feet in length, in which case one
should be used at each end. This “X'' bar gauge squares the back sleeper
with the front sleeper so that the anchor bolt holes are in their proper

laces. The joint bar should be used at the joints in the sleepers, and the
intermediate bar at points between, to space properly the back and front
sleepers and keep them parallel. These gauges also hold the steel sleepers
in position so that shimming to a level position is made easy.
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Fig. 122. Lifting Slings and Method of

Transporting Housing

intermediate barriers are bolted fast to the main
compound barrier of the housing when shipped.
It is necessary that the barriers be placed
between the housings to insure proper insulation
between bus phases.

Previous to the installation of the buses,

remove the shutter between the truck and bus

compartment of each unit. The shutter can be
removed by first removing the bolts on the
back end of the rocker arms that actuate the
shutter and then removing the six screws that
hold the shutter in place. Holes are left in the
front member of the shutter to give access to
four of these screws. Then remove the end
covers from the housings of each end unit. To
do this, it is necessary for one man to enter
the housing, release the cover catch, and then
force the cover outward so that a man outside
may lift it from the housing. Work should not
be attempted on the buses unless the automatic
shutter has been removed. When buses are to
be mounted in the superstructure, the covers
of this part of each unit must be removed.
To install the buses, first loosen the bus
clamps of each disconnecting device and push
the bars through as shown in Fig. 124. Make
certain that the contact surfaces on the busbars
are smooth and clean so as to obtain the maxi-

mum available contact surface. Poor contact
causes heating and unsatisfactory operation.
Guide the buses through the clamps from one
housing to the next. When the buses have been
inserted, clamp them in position and replace the
end covers.

The ground bus should be inserted through
the small rectangular opening in the sides of the
bus compartment and securely clamped to its
bracket in the housing.

The incoming and outgoing connections should
be made in accordance with drawings which are -
furnished for each equipment.

Cables entering from the bottom can be
located at any convenient position under the bus
compartment by keeping the edge of the conduit
at least 134 in. away from the outside dimen-
sions of the back, and 3 in. from either side of
the housing.

Secondary control leads can be brought up
through this same space under the bus compart-
ment through conduit to the metal box con-
taining the terminal board.

Fig. 123. Removable-truck Panel Unit, Showing
Method of Lifting Truck by Means of"
a Crane and Cable Sling
Attachment
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The housings having been permanently located
and the buses and shutters installed, the trucks
may now be inserted in their respective housings.
Proceed as follows:

1. Move the truck to a point approximately
in front of its housing. Trucks may be carried by
means of a crane and sling attachment as shown
in Fig. 123. Another method of moving the trucks
is by means of the transfer device (see Fig. 125).

Fig. 124, Method of Assembling Busbars

2. Align the first truck to be installed in front
of its housing using the transfer device for moving.

3. Detach the transfer device and insert the
cranking handle into the racking device and turn
the handle counter-clockwise until the rack is
fully extended (see Fig. 128).

4. Detach the cranking handle and push the
truck in as shown in Fig. 126 until the hook on
the end of the rack has engaged in the housing
floor catch (see Fig. 128B).

5. Insert the cranking handle and turn it
clockwise to draw the truck into the final (full
in) position (see Fig. 127 and 128A).

ADJUSTMENTS

Truck

The truck is in adjustment when the panel is
at right angles frontwise and crosswise to the
plane of the bottom of the wheels, and the bot-
tom of the panel 34 in. above this plane. The
wheels are adjustable vertically by means of an
eccentric hub arrangement.

Wheels

It is the practice to adjust the wheels and
lock the hubs at the factory. In casereadjustment
is necessary, turning the eccentric hub will raise

or lower the wheels to the proper adjustment.'
A heavy lock washer and keyed washer, whosel
purpose is to keep the hub from turning, are
placed under the nut which holds the hub. After
the wheel is in proper adjustment, the edge of the
keyed washer is driven in a hole provided in the
sill angle. If for any reason a wheel has to be
removed or disturbed, a new lock washer and a
new keyed washer should be provided.

Guiding-in Bars

Guiding-in bars, located on the side sill angles
of the truck, pilot the truck into position as it is
rolled into the housing. These bars are adjusted
and tack-welded in position at the factory. This
adjustment is such that the outer edges of these
bars are at right angles to the panel and at a dis-
tance from the panel center line as specified in
the tabulation on page 93.

Shutters

~The rollers for operating the shutter are
located at the top of the rear dngles of the truck.
They are adjusted in their proper position and
their supports tack-welded at the factory. This
adjustment is such that when the truck is in its
full “in”’ position, the rollers will raise the shutter
to such position that the openings in the mavable
member will coincide with the openings in the
fixed member.

PRIMARY DISCONNECTING DEVICES

The truck members of the disconnecting de-
vices are clamped solidly to an adjustable spider
which is bolted on the rear angles of the truck.
The spider is adjusted so that the contacts of the
disconnecting devices are in their proper relation
to the floor line and to the center line of the panel.
All trucks with like equipment and similar

Fig. 125. Method of Using Transfer Device
to Transport Removable-truck Panel
Unit
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arrangement of both primary and secondary
disconnecting devices are interchangeable.

Secondary Disconnecting Devices

The truck member of the secondary discon-
necting device is mounted on the top of the truck
just back of the panel. It is located and adjusted
to the panel center line.

Racking Device

The racking device, Fig. 128, is located at the
bottom and just back of the panel. This device
consists of a worm and rack with certain attach-
ments to perform the operations required. It is
operated by a crank inserted through the
escutcheon which supports the rack mech-
anism. This mechanism must swing freely from
its support in the escutcheon. It is removable by
disengaging three pins, two of which hold the
mechanism to the escutcheon, and one which
connects it to the trip rod. The end of the worm
rack is provided with a lug or hook which en-
gages a catch welded on the floor piate of the
housing.

1. The racking device is provided with an
adjustable screw (9) so that an adjustment may
be made if necessary to raise the end of the rack
(hook) to allow the rack, when fully extended,
to clear the upturned lip in the front of the hous-
ing floor by ¢ in.

Before the truck is inserted in the housing the
first time, it is important that a check be made
of the adjustment of the hook in the rack as
mentioned above. If an adjustment is necessary,
it may be secured by the lock nut (10) on the ad-
justable screw provided for that purpese (see
Fig. 128 C).

Fig. 126. Method of Inserting Truck to the Position
Where the Cranking Handle Must be Used

Interlock Mechanism

The racking device is connected to the
breaker mechanism by an adjustable trip rod
which controls the operation of the breaker in
relation to the position of the truck in the hous-

Fig. 127.

Method of Inserting Truck with the
Cranking Handle

ing. This rod is in adjustment when the follow-
ing sequence of operations can be performed.
With the rack fully extended and the truck ad-
vanced into the housing until the hook on the
rack has engaged the floor catch, the breaker
can be opened and closed at will. With the truck
still in this position and the breaker closed, one
or two clockwise revolutions of the racking-in
crank will trip the breaker if it is closed, when
attempting to rack the truck toward the full
“in’’ position. With the truck in its full “in”
position and the breaker closed, the truck can
be racked outward not more than 14 in. before
the breaker will trip. Counter-clockwise oper-
ation of the racking-in crank is necessary to
withdraw the truck. The breaker cannot be
closed when the truck is between the test posi-
tion and the full “‘in”’ position.

The adjustment of the trip rod which controls
a cam or interlock is done at the factory. The
interlock functions so as to permit the sequence
of operations mentioned above, but if for any
reason it should be necessary to readjust this
interlock, proceed as follows:
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‘The full-in position of the racking device is
obtained by pushing the truck into the housin
with the rack fully extended until the hoo
on the rack (1) engages the floor catch (2) as
shown at B; then insert the cranking handle
and turn it clockwise. This action revolves the

' worm (3) on the rack (1) and, by reason of the
rack-and-floor-catch engagement, draws the truck
into the housing to the position shown here. It
may be necessary to readjust the height of th
rack mechanism to clear the front lip of the house
ing. This is accomplished by loosening the locking

2

: i nut (10) and turning the bolt (9).

To remove the truck from the housing, insert
the cranking device through the escutcheon en
the front of the panel and turn the crank with a
counter-clockwise motion. The truck will roll for-
ward until the main disconnecting devices hgve
Parted and the pawl (4) rides over the upta ed
ip of the housing. This disengages the rackr?(l)
from the cutout (2) in the housing, and khe
truck may then be pulled out by means of jthe
handles on the front.

View C shows the racking device in position

with the pawl (4) passing over the upturned lip
of the housing.

After the truck has been withdrawn from the
housing, the rack will remain in the position
shown at B. If it is necessary to provide
clearance in the truck for removal of ml‘éanks.
the rack may be withdrawn into the device as
shown at A by a clockwise motion of the crank-
ing device. This action so sets the center pawl
(11) that it interferes with the upturned lip of
the housing when an attempt is made to run the
truck in the housing. It is, therefore. necessary

at all times to have the rack fully extended as

shown at B before the truck can be jnserted
in its compartment. This feature is [present
because it is desirable to place the truck in the
full "in'' position with a steady and funiform
motion by means of the cranking devide rather
than by pushing the truck in the 'housing
with undue force.

The secondary disconnecting deviges make
contact in the test position when the truck is
racked out to a point where the stenciled line on
the right side of the truck reading'* Test Position"

lines up with the front of the vertical finishing

Fig. 128.

strip.

Positions of Racking Device During Operation

of Removing Truck from Housing

Adjust the nut over the trip-rod support so
as to change slightly the position of the cam or
interlock. Then try the sequence of operations
mentioned above. Continue the adjustment un-
til all these conditions are obtained. When the
adjustment is completed, secure it with the lock
nut which is provided for that purpose.

Care

The truck should be pushed into its housing
without undue force, to avoid excessive jar on
the instruments.

The contact surfaces of both the primary and
secondary disconnecting devices should at all
times be kept clean and well lubricated with
petrolatum. The racking device, rollers, and
wheels should be kept lubricated with a good
quality of grease, and free from grit and dirt.

If the barrier and shutter between the truck
and bus compartment in any housing have to be
removed for inspection, repairs, or cleaning, the
equipment should be rendered electrically dead
and the buses properly grounded to make the
switchboard absolutely safe to be exposed and
worked upon. This also applies to the superstruc-
tures. Lock facilities are provided for the top
and rear doors of the superstructure and these
should be kept padlocked when the unit is in
service.

Means for padlocking the racking device of
the trucks are also provided so that 'the operat-
ing handle cannot be inserted when the padlock
is in place. This is also true when it [is necessary
to lock the truck in its operating or in its discon-
nected position.

On the FKR-35 and FKR-132A breaker
units the oil tanks can be remoyed entirely
from the truck with the truck on the floor.
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When larger breakers are used, the oil tanks
may be removed by lowering the tanks to the
floor and an overhead hoist employed to lift the
truck clear of the tanks. A pit may also be used
to advantage by lowering the tanks into the
pit, thus permitting repairs to, or inspection of
the contacts. In removing the oil tanks, the arm
of the racking device may be racked out of the
way, but it must be again extended before the
truck is inserted in the housing.

If the front of the panels should be acci-
dentally marred during or after installation, the
finish may be restored by spraying it with one
coat of black Egyptian lacquer made by the
Egyptian Lacquer Co. Before spraying, it may
be necessary to clean the surface of the panel
with carbon tetrachloride to remove grease or

dirt and to sandpaper it lightly to smooth the
surface. The spraying operation is done with a
spray gun. Paper masks should be used to
protect the nameplates, instruments, meters,
relays, etc.

When ordering replacement parts, give the
rating, panel number, requisition, summary
number, etc., as stamped on the nameplate of
the unit.

Instructions for apparatus mounted on the
truck are supplied with the shipment of each
equipment. Refer to these instructions for in-
formation as to the individual devices.

Additional copies of these Imstructions will
be mailed on request.

PUBLICITY MATTER

Publicity matter, issued by the General
Electric Company on switchgear, is classified
as descriptive, instructive, and supply part
information.

Descriptive matter is issued in the form of
Descriptive Bulletins, Folders, Sheets, and
Booklets. The publications illustrate and de-
scribe the device or apparatus, and also explain
outstanding features and available sizes.

Instructions are made in book form, cards,
and folders, depending upon the importance of
apparatus to which they apply, so that a pur-
chaser may have the necessary information for
installing, operating, and maintaining a pur-
chased equipment. They should be used as a
general guide by attendants, construction men,
etc., whenever repair, adjustment, or inspection
is to be made.

Supply part information consists of Part
Bulletins, Sheets, and Photographs. They should

be used by those interested when supply parts
are needed, in as much as they readily assist in
identifying parts and give the catalog number
by which such parts are known. By the use of
catalog reference when orders are placed, the
least delay is encountered in shipment.

It is recommended, for stations that are
equipped with General Electric apparatus, that
a complete file be maintained of all publications
pertaining to the installed equipment.

Copies of any publication available will be
mailed immediately upon request. When request-
ing installation instructions, it is well to give
the complete nameplate identification of the
device. Requests for publicity matter should be
made to the Distribution Section of the General
Electric Company, Publicity Department,
Schenectady, New York.
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Miscellaneous Formulae
I II
Current for 1 Kv-a. Usual Efficiencies of Machines
Voltage |1-pordc.| 2¢ | 3¢ Ind. Motors, 85% p.f. 88% eff. (Varies with speed
| Svn. M e (Il,heck ?&Ch case.
*
. yn. Motors, o eff. and 909, Power-factor
iég ggg 1(5)(5) igg Syn. Conv.—(above 200-kw.) 95%, eff. 99% p-f.
220 |4.55 297 263 Trans. 98% eff. Trans. and Conv. Combined 929,
240 [4.17 208 2.40 D-c. Motors up to 10 hp. 839, eff.
250 (4.00  2.00  [2.31 11 to 35 hp. 857 eff.
275 (3.64 1.82 2.10 36 to 75 hp. 889, eff.
300 13.33 1.67 1.92 76 to 1000 hp. 909, eff.
370 12.70 1.35 1.56 over 1000 hp. 92-939%, eff.
440 (2.27 1.14 1.31
480 (2.08 1.04 1.20 *Rating covers input.
500 |2.00 1.00 1.15
g;g 1.82 909  [1.05 mr
1.74 .869 1.00
600 |1.87 833 | .962 Induction Motor kv-a. = LY
650 |1.54 769 ‘888 1000 X eff. X Power-factor
750 |1.33 .666 770 =1.0 Xhp. for 889, eff. and 85% Power-factor
1,100 | .909 455 525
1,150 | .869 .434 .502 v
1,200 | .833 417 481 1
2,080 | .481 .240 277 Synchronous Converter Potential Ratios. (Full Logd)
2,200 | .455 227 .263
2,300 | .435 .217 .250 600 volts—74 % of d-c.
2,400 | .417 .208 240 2 ¢ and 6¢ Diametrical 250 volts—74 9, of d-c.
3,300 | .303 .152 175 125 volts—74 9, of d-c.
2'% %gg }32 igi 600 volts—64 %, of d-c.
4:150 241 121 :139 3¢and 6¢ Y or A 150 volts—64 9, of d-c.
5,500 | .182 0909 | .105 125 volts—64 % of d-c.
68,600 | .152 .0758 .0875
11,000 | .0909 .0455 .0525 v
12,000 | .0833 0417 .0481
13,000 | .0769 .0385 .0444 Rating of Circuits and Instruments
13,200 | .0758 .0379 .0437 (N = Normal Load)
16,500 | .0606 .0303 .0350 PR T
gg,% 8;83 8?2; gfgg Mach. and Feeder Overload Guarantees
35:000 .0286 0143 0165 Running ‘N 1259, N. 1509 N.
40,000 | .0250 .0125 .0144 Load' Continuously For 2 hr. For 2 hr.
44,000 | 0227 | .0114 | .0131 EeverlSwitch) 160% N.
55,000 | 0182 | 00009 | 0105 Cire. Breaker, |  100% N. | 125% N. ‘ of Special
86000 | 0155 | ‘00758 | 00875 Qe Sred cex
’ 1 L N
70,000 0143 00714 00825 D-c. Ammeter Same as Ammeter Scale
Shunt except for special conditions
80,000 0125 00625 00722 above 2000 Amp
100,000 01000 00500 00577 Doc. Ammeter Between =
110,000 | 90000 | Soate | sz Seate ™™™ |110 and 156% N1509, N. Min/180% N.Min.
140,000 00714 00357 00412 A-c. Ammeter Between . | .
180,000 005566 00278 00321 Scale 110 and 1509% N.|137% N. Mm.|155%N. Min.
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GENERAL ELECTRIC COMPANY

Sales Offices—Address nearest Office

Akron, Ohjo. . .......... ..o il 159 South Main Street
Amarillo, Tex....... ... ... L 806 South Grant Street
Atlanta, Ga...........coov i, 187 Spring Street, Northwest
Baltimore, Md. . ........................ 39 West Lexington Street
Binghamton, N. Y...... .. ... ... .. ... .. .... 19 Chenango Street
Birmingham, Ala........................ 203! First Avenue, North
Bluefield, W. Va...............................307 Federal Street
Boston, Mass.. ... ........ ... i, 140 Federal Street
Buffalo, N. Y.................. ... oL 39 East Genesee Strect
Butte, Mont............ ...t 20 West Granite Street
Canton, Ohio. . .. ...........ccouvu... 700 Tuscarawas Street, West
Charleston, W. Va.. . .........oooiiin. ....304 Capitol Street
Charlotte, N. C..... oot 200 South Tryon Street
Chattanooga, Tenn...............ooinneo.. .. 536 Market Street
Chicago, Il.. . ..... ... .. . .t 230 South Clark Street
Cincinnati, Ohio............... ... ... 215 West Third Street
Cleveland, Ohio.............oviviivinvn. e ..925 Euclid Avenue
Columbus, Ohic. .. ........ocvvviinn ... 17 South High Street
Dallas, Tex............ooiiiiiiiiniinnn. 1801 North Lamar Street
Davenport, Iowa..........coooovunn ... 511 Pershing Avenue
Dayton, Ohio..........covv i, 25 North Main Street
Denver, Colo............coviviiiivinnon. 650 Seventeenth Street
Des Moines, Iowa. . .........ovveeont. 418 West Sixth Avenue
Detroit, Mich. ... ....... ... ... ..o, 700 Antoinette Street
Duluth, Minn....... ... ..o oo, 14 West Superior Street
ElPaso, Tex.................oovviiiinn. 109 North Oregon Street
Erie, Pa.. .. .ot 10 East Twelfth Street
PFort Wayne, Ind. . ........... .. ... i il 1635 Broadway
Fort Worth, Tex......... ... .. 410 West Seventh Street
Grand Rapids, Mich............... 148 Monroe Avenue, Northwest
Hartford, Conn........... ... oo 8 Asylum Street
Houston, Tex......... .. ..o il 1016 Walker Avenue

...110 North Illinois Street
212 Michigan Avenue, West
....11 East Forsyth Street
.1004 Baltimore Avenue
..602 South Gay Street
..5201 Santa Fe Avenue
455 South Fourth Street
........ 8 North Third Street
.25 Southeast Second Avenue

Indianapolis, Ind..
ackson, Mich.. .
acksonville, Fla.
ansas Cn;l". Mo

Knoxville, Tenn

Los Angeles, Cali

Louisville, Ky.
Memphis, Ten

Miami, Fla............ ... ... ...

Youngstown, Ohio...............

Canada: Canadian General Electric Company, Ltd., Toronto

Milwaukee, Wis........................ 940 West St. Paul Avenue
Minneapolis, Minn......................... 107 South Fifth Street
Nashville, Tenn.. ............. ... .. ... 234 Third Avenue, North
Newark, N. J...............ooo ... 20 Washington Place
N'ew Haven, Conn............................. 129 Church Street
New Orleans, La............................... 837 Gravier Street
New York, N. Y.. ... ... 120 Broadway
Niagara Falls, N. Y........................... ..201 Falls Street
Oklahoma City, Okla.................... 15 North Robinson Street
Omaha, Nebr........................ 409 South Seventeenth Street
Philadelphia, Pa........................0...... 1405 Locust Street
Phoenix, Ariz............................ 11 West Jefferson Street
Pine Bluff, Ark................... .. ... 501 Main Street
Pittsburgh, Pa.. . ........................... 535 Smithfield Strect
Portland, Oreg.. . ........... ... .o i .. 329 Alder Street
Providence, R. L......................... ... 76 Westminster Street
Richmond, Va........................... 700 East Franklin Strect
Roanoke, Va.. . ........................ 202 South Jefferson Street
Rochester, N. Y.. ... ... ... ... o i it 9 East Avenue
St, Louis, Mo.. ................. L 112 North Fourth Street
Salt Lake City, Utah....................... 200 South Main Street
San Antonio, Tex. . ......... ... ... i, 201 Villita Street
San Francisco, Calif....................... 235 Montgomery Street
Schenectady, N. Y.. ..o .. . . i it River Road
Seattle, Wash................................. 821 Second Avenue
Shreveport, La...........oovuiiiinineinenn... 513 Marshall Street
Spokane, Wash.. ............... ... ... ..., 421 Riverside Avenue
Springfield, Il . . .............. ... ... ... 504 East Monroe Street
Springfield, Mass.. . . .................. ... .. .... 1387 Main Street
Syracuse, N. Y......... ... oo il 113 South Salina Street

acoma, Wash............................... 1019 Pacific Avenue
Tampa, Fla.............c.oiiiiiin ... 604 Ella Mae Street
Terre Haute, Ind............................. 701 Wabash Avenue
Toledo, Ohio, . .................ciiia.. .. 405 Madison Avenue
Trenton, N. Jo... ... oL, ......143 East State Street
Tulsa, Okla.........................oo... 409 South Boston Street
LAY W Yonng 0apacaanacacaanooacaggaag e anes 258 Genesee Street
Washington, D. C.................. 800 Fifteenth Street, Northwest

Waterbury, Conn.........coiiiiiininanneinnan.. 195 Grand Street
Wheeling, W. Va. : 40 Fourteenth Street
Worcester, MaSS.. . ... ..ooiiiiiiiiiiiiiainin, 340 Main Street

.............. 16 Central Square

Hawaii: W. A. Ramsay, Ltd., Honolulu

Motor Dealers and Lamp Agencies in all large cities and towns
SERVICE SHOPS

Atlanta, Ga.., .............. ... ... 496 Glenn Street, Southwest
Buffalo, N. Y. o e 318 Urban Street
Chicago, Il , . ...... ..o, 509 East Illinois Street
Cincinnati, Ohio. . ........... .. ... 215 West Third Street
Cleveland, Ohio.........coiviiviiiin ot . 1133 East 152nd Street
Dallas, Tex., . ......ccoovviivrnvnieninnn. 1801 North Lamar Street
Detroit, Mich........... .ot 700 Antoinette Street
Kansas City, Mo............... ... ... 819 East Nineteenth Street
Los Angeles, Calif......................... 5203 Santa Fe Avenue

Milwaukee, Wis.. .. .............. ... ... 940 West St. Paul Avenue

Minneapolis, Minn....................... 410 Third Avenue, North
New York, N. Y.................... ... 416 West Thirteenth Street
Philadelphia. Pa.................. ... ... 429 North Seventh Street
Pittsburgh, Pa.. . ...... ... ... .. oL, 16 Terminal Way
St. Louis, Mo.. . ...oiiii it 1009 Spruce Street
Salt Lake City, Utah................ 360 West Second gout.h Street
San Francisco, Calif.............................. 340 PFirst Street
Seattle, Wash.. ....................... 1508 Fourth Avenue, South

pecial service divisions are also maintained at the following works of the Company: Erie, Pa.; Ft. Wayne, Ind.; Oakland, Calif;

S
Pittsfield, Mass.; Schenectady, N.

Y.; and West Lynn, Mass—River Works and

vest Lynn Works,

BROADCASTING STATIONS

WGY, Schenectady, N. Y. KOA,
Short Wave Stations

Denver,
W2XAD—Schenectady w2

KGO, Oakland, Calif.
XAF—Schenectady

Colo.

INTERNATIONAL GENERAL ELECTRIC COMPANY, INC.

Executive Offices: 120 Broadway, New York City

SCHENECTADY, N. Y.

Cable Address: ‘‘Ingenetric New York"

FOREIGN OFFICES, ASSOCIATED COMPANIES, AND AGENTS

ARGENTINA: General Electric, S.A., Buenos Aires, Cordoba, Rosario de
Santa Fe, Tucuman, and Mendoza |

AUSTRALIA: Australian General Electric Company, Ltd., Sydne{.
Melbourne, Adelaide, Brisbane, Newcastle, Queensland, Rock-
hampton, Mafira, Colac, Townsville, Canberra, Albury, and
Lismore . i

BELGIUM AND CoLoNIES: Societe d'Electricite et de Mecanique
(Procedes Thomson-Houston & Carels)
Societe Anonyme, Brussels, Belgium . N

BraziL: General Electric, S.A., Rio_de Janeiro, Sao Paulo, Bahia,
Porto Alegre, Bello Horizonte, Juiz 'de Fora, Belem, Curityba,
Santos, and Recife .

CENTRAL AMERICA: International General Electric Co., Inc., Panama
City, Panama; Guatemala City, Guatemala; New Orleans, La.

CHILE: International Machinery Company. Santiago, Antofagasts
and Valparaiso. Nitrate Agencies, Ltd., Iquique X

CHINA: Andersen, Meyer & Company, Ltd., Shanghai; China General

dison Company. Shanghai . N

CoLomsiA: International General Electric, S.A., Barranquilla, Bogota,
Medecllin, and Cali .

CuBaA: (gencral Electric Company of Cuba, Havana, and Santiago de

uba

Ecuapor: Guayaquil Agencies Co., Guayaquil .

Ecgypr: British Thomson-Houston Company, Ltd., Cairo .

FrANCE AND CoLoNiES: Compagnie Francaise Thomson-Houston, Paris;
International General Electric Co., Inc., Paris; Compagnie Des
Lampes, Paris X X

GErMANY: H. B. Peirce, Representative, General Electric Co., Berlin

GREAT BRITAIN AND IRELAND: International General Electric Co.,
Inc., British Thomson-Houston Co., Ltd.. London, W.C.2;
British Thomson-Houston Co., Ltd., Rugby

Nov., 1930 (3m)

Greece AND CoLonies: Compagnie Francaise Thomson-Houston,
Paris, France
HoLLanD: Mijnssen & Co., Amsterdam
INDIA: International General Electric Company, Inc., Calcutta,
Bombay and Bangalore . L.
ITALY AND COLONIES: Compaw:ia Generale Di Elettricita, Milan
JAPAN: Shibaura Engineering Works, Tokyo; Tokyo Electric Com-
any, Ltd., Kawasaki, Kanagawa-Ken; International General
lectric Co., Inc., Tokyo
Ava: International General Electric Co., Inc., Soerabaia
EXIco: General Electric, S.A., City of Mexico, Guadalajara, Monter-
rey, Vera Cruz and El Paso, Texas
NEWFOUNDLAND: International General Electric Co., Inc., St. Johns
NEw ZeaLAND: National Electrical and Engineering Company, Ltd.,
Auckland, Dunedin, Christchurch and Wellington
PArRAGUAY: General Electric, S.A., Buenos Aires, Argentina
PeRU: International Machinery Co., Lima
PuiLIPPINE ISLANDS: Pacific Commercial Company, Manila; Inter-
national General Electric Co., Inc., Manila
Pong: R.xlco: International General Electric Company of Porto Rico,
an Juan
PorTUGAL AND CoLoNiES: Sociedade Iberica de Construcoes Elec-
tricas Lda., Lisbon
oUTH AFRICA: South African General Electric Company, Ltd.,
Johannesburg, Capetown, Durban, and Port Elizabeth
SpAIN AND CoLONIES: Sociedad Iberica de Construcciones Electricas,
Madrid, Barcelona, Bilbao, Valladolid, and Sevilla
SwiTZERLAND: Trolliet Freres, Geneva
URuGuAY: International General Electric, S.A., Montevideo
VENEzg.g;u: International General Electric, S.A., Caracas and Mara.
caibo






