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PREFACE TO THE SECOND EDITION

This book has been rewritten to reflect the latest developments in
the electrical field; covering new techniques and materials, and
incorporating the latest additions and changes in the National
Electrical Code.

As in the first edition, this book uses the practical approach to the
problems ol Industrial and Commercial wiring. In conformance with
the National Electrical Code, principles are brought out through
the application of rules to specific installation projects. The project
method of teaching, found so eftective in the first edition, is again
utilized with new examples planned lor concise explanation of the
projects.

The beginning ot this volume deals with methods and materials
peculiar to the industrial and commercial field. The subject of light-
ing, starting with basic lighting terms and principles, and discussing
incandescent, fluorescent and mercury vapor lighting is covered
along with the subject of lighting design as applied to both indus-
trial and commercial applications. Principles learned in the first
chapters are applied immediately to the design of various lighting
and wiring installations.

The subject of motors is given a thorough coverage. Beginning
with various types and operating conditions, wiring, overcurrent
protection, controls and salety precautions are discussed making use
ot practical examples to demonstrate the code requirements and
principles of installation.

A new chapter is devoted to Commercial and Industrial calcula-
tions which makes use of newly devised procedures which greatly
simplify the necessary computations for an installation. Much of the
tedious figuring is eliminated, allowing quicker solutions to prob-
lems with greater accuracy.

The Publishers
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Chapter One

Industrial and Commercial
Wiring Methods

Comparison with Residential Wiring

Commercial and industrial wiring methods are no different
basically trom those for residential installations, but the general run
of problems varies somewhat from that met with in the simpler
type of construction. Operations are usually on a much larger scale,
a greater number of workmen being employed on a given project,
heavier conductors, switchgear, and panelboards being required.

The element of expense receives particular attention, calling for
mass production methods in handling materials, utilization of labor
saving devices that would not pay tor themselves on smaller jobs,
use of manufactured accessory items, and careful planning through-
out. This chapter describes some of the tools, materials and practices
found in commercial and industrial operations. Fundamental steps
in the bending of conduit, installing of conductors, soldering, splic-
ing and connecting, are set forth in the book, Interior Electric
Wiring—Residential, by the same author.

Note: The terms “Code” or “NEC” when used in this text, refer
to the National Electrical Code.

INSTALLING CONDUIT

Determining Location of Runs

When a single line of conduit is to be installed between two
points, for example between switchboard and panelboard location,
the first consideration is to select the exact path for the run. In some
cases, it is necessary only to choose a direct line, especially when the
work is to be concealed in the building structure. Quite often, how-
ever, conduit remains exposed in shop or manufacturing areas. In

1



2 Industrial and Commercial Wiring

such case, angular lines of conduit have an unsightly appearance. The
usual practice is to install exposed conduits parallel to walls or at
right angles to them, as the particular case may require, employing
elbows or pull boxes for changing direction.

The path, when determined, will consist bt one or more straight
lines between two or more points. In order to lay out these routes
a chalk line is often employed, the line being drawn taut and then
snapped sharply to mark a straight line upon the surtace. Another
method which may be advantageous where the surface is so uneven
that a line cannot be snapped, is the use ot a surveyor’s transit. One
man sights the telescope, the other marks points along the way with
crayon or chalk.

Trapeze Hangers

After the path has been marked out, methods for placing the
conduit should be considered. Where it is of large size, the weight
tactor becomes important. With small conduits, such as used in resi-
dential work, a single workman can install the run from a step-
ladder, moving it along as the work progresses. With heavy conduits,
such procedure is impractical. It is necessary, first, to install sup-
ports. For single runs ot conduit, one-hole straps are often used to
conserve labor. The straps are installed loosely, then the conduit is
slipped into place. Atter it is screwed to the next length, the straps
are tightened.

Where several conduits are run parallel, trapeze hangers like the
one shown at the left in Fig. 1 are employed, rather than straps. The
trapeze consists of two long bolts and a supporting bar. The bolts,
threaded at either end, are first installed in the ceiling. When they
are in place, the cross member is fastened to them by means of nuts
and washers as shown in the figure. These hangers are placed at

=

NOTE METHOD '—/ CROSSBAR
OF TIEING

Fig. 1. Trapeze hangers
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intervals of 10" or more, as indicated at the right in Fig. I, the spac-
ing depending upon the size of conduit.

The code does not specify how close together supports must be,
simply stating that raceways shall be securely lastened in place. In
any case, there must be a sufficient number of hangers so the weight
of conduit and conductors will not impose undue strain upon fasten-
ings. When the hangers have been installed, conduits are laid from
hanger to hanger, coupling two or more lengths together if necessary.

After a run of conduit is completed, it must be fastened to
the supporting bar. This may be accomplished with pipe straps,
patented fasteners, plumber’s tape, or galvanized iron wire. The
pipe-strap or fastener methods are expensive, and are considered
unnecessary in most cases. The weight is carried by the cross bar
and the sole purpose of additional tastening is to prevent shifting
of the conduit. The usual method is to employ the soft iron wire,
passing it around conduit and supporting bar in one diagonal di-
rection, then in the other diagonal direction, as indicated in Fig. 1.
The ends are twisted together to prevent unwinding.

It is sometimes convenient, where there are two or more parallel
conduits, to work on the various runs at the same time, screwing all
lengths tight before going on to the next hanger. When there are a
great number of conduits, double trapese hangers are often em-
ployed. The left illustration in Fig. 2 shows a hanger of this type.
It is better from the standpoint of appearance, as well as trom that
of accessibility, to use a double or even a triple trapeze rather than

a single wide hanger.
/SWOITING L

c
¥ conoun\ |
. soLTs —| -y

— " § conourr

NO. 10 GAGE —

U S S SHEET STEEL

Fig. 2. Double trapeze and punched hanger
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Fig. 3. Clamps for steel beams )
Courtesy of the Thomas and Betts Co , Inc

Other Types of Hangers

The punched hanger, which has become quite popular, is shown
at the right in Fig. 2. It is suitable especially for a large number ol
small conduits, making a neat, compact installation. The one in the
figure is arranged lor tour rows ol conduit, the upper ones being
%" and the two lower ones 14”. The metal is No. 10 gage USS
sheet steel, and the holes are made on a punch press.

Where necessary to support conduits on steel beams, trapeze
hangers may be employed, but the labor of fastening is so great that
patented devices, such as shown in Fig. 3, are otten called upon.
There are several varieties, all of them depending upon a clamping
type ol support instead ot screws or bolts. Brackets, like that shown
at the lel’l in Fig. 1, are used lor horizontal rows of conduit installed

HOLES FOR TIE WIRES

CONDUIT CLAMP

Fig. 4. Other methods for supporting conduit
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along a wall. Conduit runs are placed on them in the same way as
on ceiling trapese units. Multiple brackets are employed where nec-
essary. The punched hanger is equally serviceable lor wall mounting
of conduits up to 2” in diameter.

- —— ¥
y LA
; te

e

Fig. 5. Mobile scaffold
Courtesy of the Up-Right Scaffolds Div. of Up-Right Inc.




6 Industrial and Commercial Wiring

Another method ol supporting conduits includes Unistrut and
conduit clamps, as indicated at the right and bottom of the illustra-
tion. Unistrut is a patented device consisting of a partially closed
channel ot square cross section as indicated at the right in the figure.
The pipe clamp is a sheet metal hanging dévice which is inserted
into the channel, and which is held tightly to the conduit by a
clamping screw. For supporting vertical rows of conduit, Unistrut
channel offers many advantages over the pipe-strap method.

Conduits installed in concrete slabs should be tied to reinforc-
ing steel in order to prevent movement during pouring operations,
and they should be supported at intervals to keep them at an even
level. If permitted to sag, water pockets may form and insulation
trouble may develop later on.

Scaffolds

‘The use ot stepladders becomes impractical when installing large
sizes ot conduit. Scaftolds are usually employed for the purpose.

NOTE:
FOR BEST RESULTS
TAMP WASHERS SEPARATELY
TAMPING TOOL -
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Fig. 7. Fastening device using explosive cartridge
Courtesv of Ramset Fasteners Inc.

Where mechanics trom several trades are working in a particular
area, it is customary to erect fixed scaftolds. But where the installa-
tion consists ot long runs ol conduit, the mobile type shown in §7ig. 5
is more practicable. When the scafiold has been moved to the desived
location, its wheels are locked so it cannot move out of place u: - er
strains imposed by those working above.

Fastenings

For supporting objects on concrete or masonry, some torm of ex-
pansion anchor is usually employed. There are a number of such
devices, most of them depending upon the holding power of lead
which has been expanded into the bolt hole. The general principle
governing these devices is illustrated at the lett in Fig. 6. Two com-
mon types are shown at the right.

Manual Installation. In order to install a bolt, a hole slightly
larger than the head of the bolt is made with a star drill. The bolt
is inserted, the lead washers placed on its shank, and a tamping tool
is hammered against the lead. As the lead is forced into the hole,
it spreads out to fill crevices at the sides. When properly installed,
the device can withstand a pull equal to any load which the material
of the bolt itself can safely carry. Objects may be fastened to the
bolt after it is in place by means of nuts and washers.
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Where a nut is required in the ceiling, a screw anchor is installed
instead ot a bolt. The screw anchor consists ol a nut set into a lead
holder. When tamped down, the lead holder expands into the hole
grasping the nut firmly so that a bolt may be screwed into it.

Powder-Actuated Tool. A rapid method 1dr installing small bolts
in walls and ceiling, or for fastening conduit straps, is by means ol
an explosion device. Fig. 7 shows one ol these units. By means ol this
tool, screws or other tastening devices may be set into the concrete
without drilling holes. It makes use ol a small-calibre blunk cartridge
to shoot the hanging device into place when the trigger ol the “gun”
is pulled. Ominous warnings accompanied these tools when first
put into operation, but serious results tailed to materialize. Salety
shields and other improvements have made them quite sale in the
hands of skilled workmen.

This tool may be used also to install small bolts in steel beams
or channels. The pressure (reated by the explosion ol the cartridge
is sufhdient to force a hardened supporting -pin into the metal ob-
ject. A somewhat longer cartridge is used lor this purpose than for
attaching to concrete or masonry.

Concrete Slab. In concrete work, metal inserts like the one at
the left in Fig. 8, are placed on the wooden deck belore concrete
is poured. When the decking is stripped, the inserts ofter a con-
venient means for supporting hangers below. This application is
shown at the right in the fgure. Unistrut, Kindorf, and similar
patented supporting materials, may be cast in place in this way for
attaching conduits to walls or ceilings.

BODY CAST
OR PRESSED STEEL INSERTS

OF BASE \—- BOLTS ~/

RECTANGULAR NUT ——3 HOLLOW

METAL INSERT Fig. 8. Metal inserts
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Fig. 9. Conduit bender

Courtesy of Greenlee Tool Co.

Safety Considerations When Using Tools and Materials

The electrician should exercise care at all times for his own
safety and that of others in his vicinity. This is particularly true
with respect to use of power-actuated tools. Where a concrete or
brick surface is quite uneven, ricochets may occur even when the
shield is in place and the gun is held in the normally correct posi-
tion. Also, it is well to ascertain betorehand that the wall or ceiling
is thick enough that a projectile will not emerge from the other
side. See that no one will be working directly behind or above the
area, il there is any doubt.

A second point worth noting is the possibility of injury from
sudden loss of balance or position. This is most important in work-
ing from a scaffold. The electrician should brace himself when pull-
ing wire, for example, so there will be no danger of tumbling in
case the fishsteel should suddenly break loose during a heavy pull.

A third worthwhile precaution is to survey the working area for
possible sources of harm from or toward others working nearby.
This feature should receive special attention where material is be-
ing hoisted or lowered by ropes or winches.
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Bending Conduit

While hickeys may be used with small sizes of conduit, just as
in residential installations, larger sizes are shaped by means of
mechanical devices like the one illustrated, in Fig. 9. This is a
hydraulic bender which consists of a triangular supporting device,
a set ol conduit shoes, and a piston which is actuated by a hy-
draulic pump.

The conduit is marked at the point where the bend is to start,
allowing sufhcient total length so it can be made with ample radius.
The proper shoe is installed on the piston, the conduit is inserted in
the supporting device, and the handle of the pump is operated. The
shoe presses the conduit against two stationary shoes, causing it to
bend. Then pressure is released to permit moving the conduit, and
another portion of the bend is made. This operation is repeated as
often as necessary until a smooth bend is produced. The triangular
supporting element is adjustable to suit diflerent bending radii.

Although manutacturer’s literature provides detailed instruc-

HITCH AROUND BEAM

NOTE. STRAIGHT PULL

SNATCH
BLOCKS

b

NOTE: STRAIGHT PULL -- -

PULLING rore” h l
DEVICE - \ N :

Wl
HITCH AROUND
WIRE LOOP

-— THIN WIRE LOOP

AROUND CONDUIT
WHEELS BLOCKED BELOW COUPLING

Fig. 10. Wire puller
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tions on the method of handling the device, a certain amount ol
personal experience is required belore the wireman becomes expert.
The best plan, at first, is to go slowly, not taking too great a bend
at one time, moving the conduit back again to increase the degree
of curvature il necessaty. If bent too sharply at one point, the con-
duit tends to flatten and to show ridges where the edges of the
shoe press into it. Similar machines are employed tor bending
electrical metallic tubing. With one of these hydraulic units, it is
possible to make exactly duplicate bends tor conduits which are
to be run parallel with one another.

Horizontal Runs

Alter the conduit is tastened in place, the conductors may be
installed. For pulling heavy conductors, a steel fish tape is first in-
serted and a rope drawn through the conduit. If the conductors are
heavy or the runs long, it is impractical to draw in by hand power

.:_____ -A-L‘ o

Fig. 11. Modern cable puller

Courtesy Greenlee Tool Co
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alone. Where the installation consists of a single run ot conduit,
a block and tackle may be rigged up. But this method is slow and
laborious. If there are a number of runs, it is wise to make use of
a pulling device.

There are a number of such machines ont the market, one ot the
best consisting of a mechanical winch with an electric motor; as
illustrated in Fig. 10. In use, it is braced, as shown in the figure, and
a pair of snatch blocks are employed to carry the pulling rope trom
the end ol the conduit to the rotating drum.

A few turns ol rope are wound around the drum, and the motor
is started drawing the conductors through the conduit run. It will
be seen from the illustration that a straight pull is obtained at the
end of the conduit and also at the winch. Thus, a steady and direct
application of power is provided. It the other end of the run is out
of sight and easy hearing, it is well to have signal bells, & pair of
signal Tights, o1 an intercom telephone line connecting the feed-in
location and the winch.

A popular unit ol this kind, which is obtainable through an
electrical, supply house, is illustrated in Fig. 11. In pra(ti('e, this
winch also is often driven by an electric motor.

Reel Holders

Electrical conductors are shipped on wooden or metal reels.
These reels may be set up on improvised horses or jacks with a
piece of conduit through the center, or they can be mounted on a
portable rack, as shown at the left in Fig. 12. Where considerable

WOOD OR METAL REELS

N T ROLLERS

CHANNEL IRON FRAME "~ - ~—CHANNEL IRON FRAME
Fig. 12. Reel holders
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CLOCKWISE ROTATION
OF REELS

Qe
It
o 4

it

PULL CAN -~

—=——— REEL HOLDER

CONDUIT  —-—tr|

CONDUIT === —— o}

COUNTER-CLOCKWISE 't
ROTATION OF REELS

PULL CAN  —-

- REEL HOLDER

Fig. 13. Feeding conductors in conduit

wire pulling is to be done. a unit ol this kind is a valuable time
saver. Another device sometimes used for the purpose is a rec! roller
shown in the right-hand illustration. No “axle” pipe is needed. the
reel turning on steel rollers which contact its outer circumierence.

Vertical Runs

When installing conductors in vertical conduits ol high build-
ings, it is wise to take advantage of gravity leeding the wires from
above, as in the upper illustration of Fig. 13. The reels should be
so arranged that conductors pass from the top. With the conduit
on the right, as shown, the reels will turn in a clockwise direction. In
cases where it is more convenient to feed conductors from below,
the wire should pass from the bottom of the reel as shown in the
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MAPLE OR PLASTIC WEDGE

SPLIT INSULATOR

CLAMPING RING

Fig. 14. Wedge-type lamping device

lower illustration. With the conduit at the right, the reels will turn
in a counterclockwise direction. With heavy conductors, it is neces-
sary to provide some means tor braking the reel as wire is unwound.
If this is not done, the weight of free conductor may cause the reel
to spin out of control, and to dump the whole length of wire or
cable down the conduit run. Some manufactured reel holders are
provided with means tor braking the reel with a hand lever and a
friction shoe which presses against the outer circumference. For

INSULATING CLAMP
BOLTED TO CAN‘\ D / PORCELAIN KNOB
mM

onry

CONDUCTOR~_|

\—- CONDUCTOR

Fig. 15. Other methods of supporting conductors
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temporary setups, a plank may be arranged to provide such friction,
or a restraining rope may be used. It is wise, also, to make sure the
conductor will not slip free suddenly, and go plunging down the
conduit when the end winding on the reel has been reached.

Conductors in vertical raceways should be supported at intervals
not exceeding those prescribed by the NEC. The code provides that
cables shall be supported by clamping devices employing insulating
wedges, Fig. 14, or by other means. Where conductors are installed
in wire shafts or other raceways in which it is impractical to use the
wedge type of support, insulating clamps are mounted in junction
boxes as shown at the left in Fig. 15. In some cases. the method
shown at the right is employed, the wire being deflected horizontally
to pass around insulating knobs.

Attaching Wires to Pulling Rope

The manner of fastening conductors to the pulling rope is
rather important. With small wires, it is necessary only to remove
insulation and to wrap the wire around the fish steel. With large,
stranded conductors, it would be wasteful of material and labor to
do so. A popular scheme is to drill a hole in each cable a few inches
back from the end and to pass a soft iron wire through the hole
as indicated in the top illustration of Fig. 16. The ends of these
wires are twisted together and fastened to the pulling rope. Tape is

HOLE DRILLED
THROUGH CONDUCTOR

—— SOFT IRON WIRE

o, (.
t. i

- . LOOP WHICH FASTENS
( TO PULLING ROPE
CONDUCTORS

((;.(\».;c(«rnc« rr'«f*('(*" “;"‘C"" 3 Q
£ c"m\ XN IID \ ooty

Fig. 16. Attaching wires to pulling rope
Courtesy of Kellems Company
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/SETSCREW

M’,’:" - ;

Fig. 17. Pressure connectors
Courtesy of the Thomas and Betts Co . Inc

wound over the connection to prevent snagging as the wires are
drawn in. '

Another plan is to use a Kellems cable grip, shown in the bottom
illustration. This device consists of a cylinder made ol woven steel
or bronse wires. Its open end is slipped over the cable assembly and
the loop at the other end is attached to the pulling rope. When
a strain is imposed on the rope, the basket weave causes the device
to grip the conductors tightly. 'The nature ot this clamping action
is such that the greater the suain on the pulling rope, the tighter
the hold on the conductors.

SPLICING CONDUCTORS

Pressure Connectors

Unless an approved splicing device is used, the NEC provides
that conductors shall be first spliced or joined so as to be mechani-
cally and electrically secure. 'That is, they shall be twisted together
or wriapped tightly with copper wire. Then they shail be soldered
with a tusible metal or alloy, or shall be brazed or welded. Small
conductors may be joined by means ol wire nuts or screw connectors.
But with large conductors, the Code phrase approved splicing device
means some torm ol pressure connector.

At one time, practically all splices were made with solder. Heat-
ing of the conductor, incidental to the soldering process, olten re-
sulted in damage to conductor insulation. For this reason, among
others, the pressure connector was developed. The standard device
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utilizes compression established by a nut or a setscrew. Samples of
both types are shown in Fig. 17. The insulation is stripped back
a sufficient distance for insertion into the connector. The nut or
setscrew is then tightened by a wrench until the conductors are
pressed tightly together.eWken the operation is completed, the joint
is covered with insulating material. These devices are used for con-
necting wires to switches or to lugs. Right-angle taps may be made
with the proper type ot device.

Pressure Machines

Hydraulic pressure is olten employed in tastening lugs or con-
nectors to conductors. After the conductor is inserted into the lug,
hydraulic pressure causes a plunger to squeesze the metal of the
lug and the metal of the conductor together, forming a union which
appears almost as solid as it welded. Fig. 18 shows a tool which
pertorms a similar operation without the use of hydraulic pressure,
the crimpings or indentations being formed by rollers which press
the two metals together.

Thermit Welding

Another scheme which is used where conditions permit, is pre-

Fig. 18. Compression machine
Courtesy of F. M Anthony Company
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Fig. 19. Welding with thermit mixture

sented in Fig. 19. It a tap is to be formed on a conductor, as indi-
cated in the left-hand illustration, the main conductor and the tap
conductor are inserted into a mold lined with asbestos, as shown at
the right. A charge of thermit mixture is poured into a hole at the
top of the mold, the powder filling the space indicated by dotted
outline in the figure.

The thermit mixture consists of powdered copper-oxide, pow-
dered aluminum, and a quantity of flash powder. The powder is
ignited by a match or a spark-producing device. It flares momen-
tarily, combustion lasting only a few seconds. When the mold is
removed, it is found that molten copper has fused with the two
conductors, welding them firmly together. In this process, the heat
is so concentrated and of such short duration, that insulation on
the conductors near the joint is undamaged.

Plastic and Similar Conduit

Plastic, polyvinyl conduit has recently been introduced in the
electrical trade. One type is known as PVC (polyvinyl chloride). It
is made in two thicknesses, thinwall and standard, the former being
made in sizes up to and incdluding 2” trade size, the latter up to 4”.
Plastic couplings, box connectors, and elbows are also obtainable.

Couplings and fittings on lightweight conduits are secured by
means of quick-drying cement. The material is readily bent with
the aid of heat. Metallic outlet boxes can be used, enclosures and
devices being grounded where necessary by a separate conductor.
Heavier plastic conduit is furnished with standard size threads
and couplings.
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“Under Section 347 ot NEC, this material cannot be used under-
ground without a 2” concrete envelope, unless able to withstand
continuous (earth) loading. Provisions ot this section apply also to:
fiber, asbestos cement, and soapstone conduits.

These raceways shall be not less than 24” below giade, and
where the voltage exceeds 600, shall be encased in 2” of concrete.
They may be used in concrete walls, floors, and ceiling, but are not
permitted above ground outdoors, in hazardous locations, or in
concealed spaces of combustible construction.”

Mineral Insulated Cable

The material shown in Fig. 20 is known as mineral-insulated-
metallic cable, designated by the Code as type MI. One or mere
electrical conductors are enclosed in a liquid-tight, gas-tight metallic
tube, separated from each other and from the wall of the tube by
highly compressed insulating powder. The illustration also shows
the special gland-type fittings that must be used with the cable.

The Code states that type MI cable can be used for services,
feeders, and branch circuits in exposed or concealed work, in dry
or wet locations. It may be exposed to the weather, embedded in
plaster, masonry, or concrete, and run underground. It may be ex-
posed to oil, gasoline, or other materials that do not have a de-
teriorating effect on the metal sheath. MI cable is rather expensive,
as compared with ordinary wiring, but where extremely severe con-
ditions prevail, it is sometimes the only possible method that can
be employed. This material also finds applications where space is
highly limited, especially in alteration work.

DUCT SYSTEMS

General Nature

A method of wiring that finds wide application today may be
classified under the general heading ol duct systems. The term,
as used here, includes underfloor raceway, cellular metal raceway,
wireways, and busways. Each one has its particular field ot applica-
tion. But they have certain points in common, under provisions of
the code. None of these systems are permitted in a hazardous lo.a-
tion, a commercial garage, a storage-battery room, or where exposed
to corrosive vapors. All four systems are made of metal. One form ol
underfloor raceway made of fiber has limited application.
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It is necessary, first, to decide upon the location and layout of
runs, as in conduit installations. More care is required in the actual
placing of ducts because they must be maintained level. Those in-
stalled on ceilings or walls are supported with bolts or brackets.
These above-floor systems cannot be effectivély concealed, but must
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Fig. 20. MI cable installation and fittings
Courtesy of General Cable Co.
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QJ Fig. 21. Placing underfloor junction box

be run exposed except where they pass through dry walls or parti-
tions at right angles to them. They are permitted above luminous
ceilings where readily accessible through removal of glass or plastic
sheets.

Underfloor Metallic Raceway

Alter the directions of the runs have been laid out, the loca
tions of junction boxes must be determined. Junction boxes are
placed accurately aund leveled to the correct height with the aid ol
a surveyors transit or a tripod level, as indicated in Fig. 21. Alter
the finished floor height is obtained from architectural plans, the
telescope is set and the rod or height stick is marked so that junc-
tion boxes may be adjusted to this height. When the bottom of
the stick is at the correct level, the mark on the stick will coincide
with the cross hairs in the telescope.

The box is placed, and leveled with the aid of a spirit level.
The stick is then held vertically upright upon the upper surlace
of the box. The height is increased or decreased by means ol the
adjusting screws until correct. The box is then checked carefully
with the spirit level, making such adjustments as required before
grouting with cement to hold it in place.

While the cement is hardening, supporting saddles, illustrated
at the left in Fig. 22, are attached to the rough concrete floor at
intervals of about 5. They are fastened by rawl plugs, powder-
actuated screws, or other available means. The saddle consists of the
stationary base portion, and a movable part which can be moved
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Fig. 22. Saddle and coupling

Courtesy of National Electric Products Corp

up or down by adjusting nuts at either end.

With saddles in place, 10’ lengths ot raceway are laid upon them,
and extended from one junction box to another. Where the distance
is greater than 10’, a coupling, illustrated at the right in the figure,
is inserted. When runs are in position, they should be fastened to
saddles by means of tie wires. Then they should be leveled throughout
the whole length with the aid of the height stick, ducts being raised
or lowered by means of saddle adjusting nuts.

Fig. 23 shows an underfioor duct installation. As noted in the
figure, underfloor duct systems are usually run in multiple, one sec-
tion being for lights, a second tor telephone, and perhaps a third
for power. The junction boxes are designed so that each class of
circuit is completely isolated from other classes, but all are accessible
from the top.

Ducts may be connected to panelboards by special fittings and
conduit. In other than office locations the Code requires that race-
ways not over 4” in width shall be covered by not less than 34" of
concrete or wood. If more than 4” in width, or if separation between
ducts is less than 154”, they must be covered with concrete to a depth
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Fig. 23. Underfloor duct installation
Courtesy of National Electric Products Corp

ol not less than 114”. The Code limits the size of the largest con-
ductor to No. 0, and raceway fill to 40 percent of cross-sectional area.
Splices and taps must be made only in junction boxes.

The Code provides turther that ducts shall be laid in straight
lines, and that a marker or fitting shall be installed in the Hoor at
a point where a duct line ends. Atter concrete has been poured
cutlet hubs may be located by measurement, by marker screws
which have been inserted for the purpose, or by use of a magnetic
device. When the desired outlet points have been tound, the con-
crete is punched through with a hammer, and outlet caps are re-
moved to give access to the duct. Circuit and feeder wires are then
pulled in.

Cellular Metal Raceway

As shown in the illustration of Fig. 24, this type of duct is simi-
lar in many respects to underfloor duct. Cellular duct, however, is
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Fig. 21. Cellular floor installation
Courtesy of General Electric Co

a structural building member, being laid by structural iron workers
from steel beam to steel beam. When electrical, plumbing, and
other trades work is completed, concrete is poured on top of the
duct as indicated in the figure. Certain duct cells are assigned tor
the electrical installation. They are connected together, and to the
panelboards, by means of headers.

Where connections to panelboards are made above the floor, a
standard header is used. Where below the floor, a ceiling header is
employed. Special tools are called upon to make holes in ducts tor
insertion of receptacle outlets, conduit taps, or tor other purposes.
The lefthand illustration in Fig. 25 shows the connection ol a
standard header to a panelboard. At the right is a cross-sectional
view of the connection between a ceiling header and a panelboard
which has been installed in a partition below.

Code requirements with respect to this type of installation
parallel those for underfloor duct systems in regard to limitations
on use, size of conductors, and percentage of fill. As with under-
floor duct, splices and taps can be made only in junction boxes or
header access units.

Precast Ducts

Tile or precast concrete ducts are quite similar to underfioor
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Fig. 25. Conncecting to cells
Courtesv of General Electric Co

metallic raceway. Access headers are ol metal. The same Code rules
apply to it as to other such raceways.

Wireways

Wireways are sheetmetal troughs with hinged or removable cov-
ers, for housing electrical wires and cables. Their use is limited in
the same way as the underfloor systems. They are not allowed in
hoistways. Troughs must be supported at distances not exceeding
5’, unless specially approved supports are employed. In no case may
the distance between supports exceed 10".

The largest conductor permitted by the Code is No. 500,000
CM. Not more than 30 conductors, except control or signal circuits,
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are permitted in any cross section of wireway and the sum of cross-
sectional areas of conductors must not exceed 20 percent of the
interior cross-sectional area. Conductors, together with splices and
taps, shall not fill the wireway to more than 75 percent of its area.
Extensions from wireways are made with rigid or flexible metal
conduit, electrical metallic tubing, surfacesmetal raceway, or armored
cable.

Adjacent sections of wireway are connected by means of bolts
and nuts, or by special sheetmetal couplings. Wireways are manu-
factured with various fittings to suit particular requirements of in-
stallation. Some of these are shown in Fig. 27. A complete wireway
installation is shown in Fig. 26.

) ﬁﬁw_mr o m%

Fig. 27. Wireway fittings
Courtesy of National Electric Products Corp.
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Fig. 28. Busway units
Courtesy of National Electric Products Corp.

Busways

A comparatively recent addition to duct methods of wiring is
the busway or busduct system. Copper bus bars are enclosed in sheet
metal housings or troughs as shown in the lower left illustration of
Fig. 28. This type of wiring is permitted for feeders, branch circuits,
and services. It is supplied in standard 10’ lengths joined together
with bolts, compression washers, and heavy nuts. Housings are
fastened by means of metal plates and screws. Where the run is of
considerable length, expansion joints such as the one in the lower
right illustration of Fig. 28 are employed because of difterent rates of
expansion of steel and copper.

Two types of busways are used as feeders or branch circuits; the
standard type, and the “plug-in” type shown at the upper left in
Fig. 28. One of the plug-in units, a disconnect switch in this case,
is shown in the upper right-hand illustration. As in the case of
wireways, busways are made with a great number of fittings which
are suited to particular requirements of application. Fig. 29 shows
a typical busway installation.
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Tronsposition Section Circui! Breaker
I Plug-in Device

™ Satety Switch
Fused Plug-in Device

Overcurrent Profsctive Y || Funbie Dsconnect
Adapter Cubicle *

Flanged End ond Lo-Loss Feeder Busway

Switchboord Adapter

Swirchboord

Transformer Taps
Ebony Cover Plate

Bonk of 3 single phose Tronsformers
or
One 3 phose Transformer

Fig. 29. Busway installation
Courtesy of Na}wnal Electric Products Corp.

Under the Code, its use is subject to the limitations applying to
underfloor raceway, and also to a prohibition with respect to damp
locations or hoistways. Busways must be supported at intervals not
exceeding 5’, ¢xcept that special approval may permit the distance
to be increascd to not over 1(’. If the allowable current rating of a
busway uscd as a feeder does not correspond to a standard rating of
overcurrent device, the next higher rating, not exceeding 150 per-
cent of that of the busway, may be used.

Branches from busways shall be made with busways or rigid or
fiexible mctal conduit, electrical metallic tubing, surface metal race-
way, armored cable, or with suitable cord assemblies approved for
hard usage. Cords may be used only tor portable equipment, or tor
the purpose of lacilitating interchange of units of stationary equip-
ment. Overcurrent protection may be omitted at points where bus-
ways are reduced in size, provided the smaller busway does not ex-
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tend more than 50, and provided it.has a current rating at least
one-third the rating or setting of the overcurrent device which pro-
tects the larger conductor. A turther limitation is that the busway
shall not come into contact with combustible material.

Busways which are used as branch circwits, and which are de-
signed so that loads can be connected at any point, shall not, in
general, be ol a greater length, expressed in feet, than three times
the ampere rating of the branch circuit. Thus, a 15-ampere branch
circuit of this type should not be longer than 45’, and a 20-an\pere
circuit, 6(. ]

Ventilated Cableways

Raceways such as those illustrated in Fig. 30 have a somewhat
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Fig. 30. Ventilated cableways
Courtesy of Husky Diwision of Burndy Corp.
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more limited application than busways.

“Under NEC 318, they may be used only to support: MI, alumi-
num-sheathed, metal-clad, non-metallic sheathed, service-entrance,
UF, and factory-assembled cables approved for such use. Details
relative to spacing between individual cables are provided in the
section.”

Fig. 31. Trolley devices
Courtesy of Bulldog Electric Products Co
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Fig. 32. Trolley duct installation
Courtesy of Bulldog Electric Products Co.

Trolley Type Duct Systems

Trolley systems come under the general heading of busways.
Two of the more prominent systems are covered by the trade names
“Trol-E-Duct” and “Trolley-Closur.” Both make use of a semiclosed
channel which has contact bars along the sides as shown at the top
of Fig. 81. The lower left-hand illustration shows a portable trolley
unit, and the lower right-hand one, a fixed type. A complete instal-
lation is shown in Fig. 32.

Trolley systems are employed in offices for connecting tabulating
machines and other apparatus whose locations may be altered fre-
quently. They are used in industrial applications for hanging light
fixtures whose locations are not permanently fixed, and for con-
necting small portable tools which may be shifted along a bench or
from one part of the establishment to another as needed.

“Recent Code Changes—

NEC section 410-26 now states that in an assembly of end-to-end
fixtures, branch circuit conductors within 3” of a ballast shall be
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Type RHH AWG or equivalent, such conductors being approved
for temperature of 90° Centigrade. NEC 210-6(a) allows mogul-base
sockets operating at 151 to 300 volts to ground to be installed in
commercial locations, provided that they are at least 8 ft. from the
floor and do not include a switch integral with the fixture. Formerly,
this rule applied only to industrial locations. This section also
permits electrical discharge fixtures which operate between these
voltage limitations to be mounted less than 8 ft from the floor.

Attention should be called to the fact that Type ALS aluminum-
sheathed cable is approved for general feeder and circuit wiring,
not including services, hazardous locations, or direct burial in the
earth. Table 310-12 now lists a new conductor, Type THWN,
which has an outer braid of nylon. The term “armored-cable” has
been changed to *“metal-clad cable,” of which there are two general
types, AC and MC. The outer covering of Type MC may be alumi-
num, bronze, or suitable alloy.”

REVIEW QUESTIONS

What set of rules is referred to here by the term “Code”?

What is the first consideration in planning a conduit run?

Name the simplest type hanger for parallel conduit runs.

Name one other kind of hanger.

Are stepladders commonly used when installing heavy runs of

LRI
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conduit?
6. Name a common powder-actuated tool.
7. What device is useful for supporting conduits from a concrete
ceiling?
8. How should reels of heavy conductors be supported when in use?
9. What force should be taken advantage of when installing heavy
cables in vertical conduits?
10. Name a common type of device used to support heavy conductors in
vertical raceways.
I1. Name the patented device commonly used when pulling heavy con-
ductors through conduit.
12. How are connectors usually fastened to large conductors?
13. What instrument is most useful for leveling runs of underfloor duct?
14. How are couplings fastened to plastic conduit?
15. Would MI cable be permitted in a hot location?
16. What kind of headers must be used with a precast concrete duct
system?
17. Is “wireway” simply another name for busway?
18. What is the largest size of conductor permitted in a cellular floor
raceway?
19. Trolley duct is basically similar to what other type of wiring?
20. What types of non-metallic conduit are used for underground runs?



Chapter Two

Electric Lamps

Introduction

Lighting installations are designed primarily to furnish a sub-
stitute for natural illumination. Although artificial lighting may
never quite equal Nature’s product, electric lamp development is
bringing the two closer together, step by step.

The three most common types of lamps are: incandescent, flu-
orescent, and mercury vapor. The incandescent is often preferred
to the others because the color of its light more nearly approximates
that of daylight. Fluorescent lamps are superior to incandescent in
some respects, but are decidedly inferior with regard to color. Mer-
cury units have the least desirable color qualities of the three.

Through corrective measures, as will be seen later, color defects
of both fluorescent and mercury lamps have been partially elimi-
nated. Before discussing the various types in detail, however, it will
be necessary to consider certain fundamental principles applying
to light obtained from every possible source.

BASIC CONSIDERATIONS

Candlepower

The first important lighting term is candlepower, the standard
for lighting intensity. It represents the strength of light given off in
a horizontal direction by a source of light known as the Interna-
tional Candle. Fig. 1 illustrates use of the term. The International
Candle is manufactured according to rigid standards as to size, type
of wick, and composition.of wax. The ordinary wax candle has ap-
proximately one candlepower.

34
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Fig. 1. The international candle Fig. 2. The foot-candle and the lumen

The Foot-candle and the Lumen

The term candlepower refers to the sirength of illumination
present at the light source. But common observation shows that illu-
-mination weakens, or decreases, as one moves away from the source.
The intensity of light at a distance from the source is expressed in
foot-candles or in lumens. The two terms are closely related.

Fig. 2 represents a surtace whose area is 1 sq ft, and which is
part of a large sphere. Every point on this screen is exactly 1 ft
from the center of the candle lame. The strength ot the illumina-
tion on this surface is said to be 1 loot-candle, and the amount ol
light is said to be | lumen.

The difference between the two terms will be made clear with
the aid of Fig. 3.

It is well to think of each lumen as a pyramid of light which
spreads outward from a point source. In the figure, the surface to be
lighted is at a distance of 2’ from the candle, while the location ol
the smaller one used in Fig. 2 is indicated by dotted outline.

The area now lighted by a single lumen ot light is equal to
4 sq ft, the base of the pyramid having increased in size according
to the square of the distance from the candle. That is, its area at
a distance of 2’ is equal to 2 X 2 or 4 times what it was at a
distance of 1 ft. Thus a single lumen is now spread over an area
four times as great as in Fig. 2, and its new value can be only 14
lumen per sq ft.

If the screen were placed at a distance of 3’ from the candle
flame, the illumination per sq ft would amount to only 15 lumen.
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Fig. 3. Intensity of illumination varies inversely as square
of distance

This value is arrived at as follows: The square of the distance
equals 3 X 3, or 9. Since the lumen is now spread over 9 sq ft,
the value per sq ft must equal 145 lumen. The rule covering this
fact may be stated: Lighting intensity varies inversely as the square
of the distance from the source.

Reflectors used with lamps are so designed as to prevent the
lumens from spreading out, and to concentrate them within a given
area. The output of an electric lamp is rated on the number of
lumens which it can produce. Thus, a lamp whose filament produces
1000 lumens, all of which is directed onto an area of 100 sq ft, will
deliver 10 lumens to each sq ft. And, since each lumen per sq ft
is equal to one foot-candle intensity, the strength of illumination
would be 10 foot-candles. This subject will be discussed in detail
later on.

Foot-lambert

Another term which has become increasingly important as foot-
candle intensities have become greater is the foot-lambert, which is
the unit of brightness. It is particularly useful in the study of glare
and contrast. The brightness of any surlace is gaged by the amount
of light that it directs into the eye. For example, if a wall is illumi-
nated to an intensity of 40 lumens to the sq [t, and it reflects 20
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lumens into the eye ol a clerk sitting at a desk, the brightness of
the wall is said to be 20 foot-lamberts.

INCANDESCENT LAMPS
Types

The underlying structure ot the incandescent lamp has not
changed a great deal despite the fact that there are now hundreds
of types designed to suit a great variety of lighting needs. One note-
worthy ftact is the constantly decreasing size of the bulb for a given
wattage lamp. Another is the change from the original clear glass
globe to the standard inside frosted globe in order to 1educe objec-
tionable glare from a bare filament. Yet, it still consists of but three
essential parts: filament, enclosing globe, and base.

o~

-
__—MoGuL . MEDIUM
-7 SCREW-SHELL SCREW-SHELL MOGUL
— BASE BASE -7 B-pOST
- -
o BASE

Fig. 1. Lamp bases
Lamp Sockets

General use lamps in sizes up to 300 watts are furnished with
medium screw bases, Fig. 4. Those from 300 watts up are equipped
with mogul screw bases; while very large lamps, those trom 1500
watts up, are turnished with mogul bi-post bases. Lumiline lamps
have metal contact discs at either end, so that special sockets are
required. Smaller screw type sockets, designated as intermediate,
candelabra, and miniature, are employed on smaller sizes which are
used mostly tor decorative purposes.

_ A FILAMENT

VERTICAL
}' st FILAMENT

Fig. 5. Lamps with horizontal (left) and axial filaments (right).
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Lamp Filaments

Filaments may be straight, coiled, or doubly-coiled. Their com-
position has changed throughout the years, from carbon to tanta-
lum, to tungsten. Most filaments are mounted horizontally, as in
Fig. 5A, but a recent variation is to mount the filament axially, as
in Fig. 5B. The latter construction permits better control of the
lumen output.

Lamp Bulbs \

Incandescent lamps are classified as type B or type C. The type
B lamp is evacuated so that its filament operates in an approximate
vacuum, while the type C bulb is filled with inert gas.

Lamp bulbs are made in several shapes as indicated in Fig. 6.
The bulb shown at 4 is a general use type commonly tound in sizes

OV

T-10

Fig. 6. Incandescent lamp bulbs
Courtesy of General Electric Co.
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of 100 watts or less. G is round, or globular, PS is pear shaped, §
is straight sided, R is a reflector lamp, PAR is parabolic, and T is
tubular.

The most common types of glass enclosure are; inside frosted,
blue daylight, bowl enameled, and silvered bowl. The inside frosted
is the one commonly found in the home. The blue daylight is used
for special applications. The bowl enameled is employed with larger
sizes to reduce glare, and the silvered bowl is found in larger sizes
where it is desired to throw the greater part of the light upward.

The number used in connection with the type letter for designat-
ing incandescent lamps, is determined by the bulb diameter in 14’s
of an inch. Thus, the T8 lamp is 1” (eight 14’s) in diameter, and
the P52 is 615" (fifty-two 14’s) in diameter.

The type PAR bulb is called a “projector” unit, and is designed
for outdoor use, such as the lighting of yards and gardens. A similar
bulb, the type R, is designted only for indoor use. It is known as a
“reflector” unit. A new scries ol reflector lamps is designed to
radiate the hilament heat upward, through the back of the lamp,
while the light is directed downward. They are known as ‘“cool-
beam” lamps, and are used in meat cases or similar locations.
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Fig. 7. The Quartzline lamp

Courtesy of General Electric Co.

A Special Incandescent Lamp

A recent development in this field is the quartzline unit, Fig. 7,
which combines extremely small size with tremendous lumen out-
put. The bulb contains a small quantity of iodine, which acts to
prevent volatilized tungsten trom blackening the inside ot the tube.
The iodine actually causes the tungsten to be redeposited on the
filament while the lamp is in operation.

FLUORESCENT LAMPS

Principle of Operation

The- fluorescent lamp, Fig. 8, first appeared in 1938. It consists
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Fig. 8. Construction of a fluorescent lamp

of a glass tube which contains a small quantity of mercury. There
is a filament at either end of the tube. The flow of current heats the
filaments, and vaporizes the mercury. When an arc is established
through the tube from one filament to the other, invisible ultra-
violet light rays are created. These rays strike against the particles
of phosphor material with which the wall of the tube is coated,
causing it to give off visible light.

Types of Tubes

The original form of tube is called the preheat lamp. The fila-
ments heat a few seconds after the switch is turned on, before the
lamp starts to burn. Many preheat lamps are still used, but three
other general types have been developed.

The rapid start is similar to the preheat lamp, but there are
important structural differences, especially in the filaments. They
are more rugged, and preheat only momentarily until the arc strikes.
The instant start lamp has filaments which are not preheated,. the
arc striking across the tube the instant the switch is thrown. The
slimline lamp has no filaments, but only cylindrical metal cathodes.
It is called the “cold cathode” tube.

The simplified sketches of Fig. 9 will help explain the operation
of the tube circuits. Complete circuits of various fluorescent tubes
may be found in the Appendix.

Fig. 9A deals with the preheat lamp. Current flows from supply
wire I to tube filament FI, then through starter § to filament F2,
to ballast inductance B, and through it to supply wire 2. Starter
switch S breaks the circuit after the filaments have heated a suffi-
cient length of time. The sudden interruption of current through
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(C) RAPID START CRCUIT

the many turns of wire in ballast B generates a high voltage which
causes an arc to flash across the tube from FI to F2, starting the
lamp. After the arc has struck, it keeps the filaments hot so that
they continue to give off electrons.

In addition to helping start the tube, the ballast performs an
important service during normal operation. Without this induc-
tance in the circuit, a fluorescent lamp would burn out within a
few seconds after starting because an electric arc is unstable. Current
flow would increase rapidly until the metallic filaments were en-
tirely consumed. The inductance of the ballast supplies the necessary
stabilizing influence.

Fig. 9B illustrates the circuit for an instant start lamp. No starter
is present in this arrangement, but there is a ballast B and a trans-
former P. When the switch is turned on, the high voltage trans-
former causes a spark discharge between F/ and F2, thereby vaporiz-
ing the mercury and placing the tube in operation. The arc itself
excites the filaments so that they give off electrons without necessity
for them being preheated. Note that the filaments are not connected
in a “local” circuit, as are those of the preheat tube. In fact, the



42 Industrial and Commercial Wiring

ends of each filament are short-circuited upon one another inside
the tube. Here, as with all ﬂuorescem tubes, the ballast acts so as
to control the arc.

Fig. 9C shows the circuit for a rapid start tube. It combines fea-
tures of both the preheat unit and the instantt start lamp, because it
has preheated filaments and a transtormer. Three defects of the
other units are overcome, however.

The main difficulty experienced with the preheat lamp is the
fact that it does not start until some time after the circuit switch
makes contact. Also, the starter provides an additional source of
trouble. With the instant start lamp, the voltage generated in. the
transformer must be high enough to establish a spark from one end
of a cold tube to the other. This high voltage tends to destroy the
transformer, unless it is of expensive design, and especially if the
tube circuit becomes open through removal of a lamp, or otherwise.

The rapid start lamp employs sturdy filaments which need to be
preheated only momentarily betore they produce a great number
of electrons, so that iis transtormer does not have to create an
extremely high voltage to strike an arc through the tube. The lamp
starts up within a second or less of the time contact is made by the
circuit switch. It will be observed that the filaments remain heated
throughout the whole period of use.

The grounded metal strip indicated by a dotted line in Fig. 9C
is essential to proper starting of the tube. This strip, not more than
1” from the tube, and about 1” in width, extends from FI to F2.
A capacitive discharge between it and the filaments helps vaporize
mercury inside the tube, so that the arc strikes quickly. If the strip
is not grounded, so as to complete the capacitive circuit, trouble
is usually experienced in starting.

Lead-lag Circuits

Two lamps are usually arranged in lead-lag, or tulamp, circuits
to improve power factor of the load, one lamp having a capacitor in
series with it. The capacitor makes the current through its lamp lead
(start before) that in the “uncorrected,” or lag, lamp. Such arrange-
ments are employed with all three basic types: preheat, instant
start, and rapid start. Special ballasts are required in every case.

In the preheat lead-lag circuit, the life of the lead lamp tends
to be less than that of the lag lamp because it often starts before its
filament is hot enough. If a damaged lead lamp is not removed
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immediately, in the instant start circuit, the transformer may be
damaged. For this reason, the circuit is often arranged so that the
lamps start in sequence (one before the other), and operate in series.
Failure of one lamp, in such case, does not result in transtormer
trouble. Rapid start circuits are also arranged for sequence starting
and series operation.

Fig. 10. Slimline tube

Courtesy of General Electric Co.

Other Common Types of Fluorescent Lamps

The slimline, or cold cathode lamp, Fig. 10, employs a circuit
like the instant start. A relatively expensive transformer is incor-
porated in the ballast element. Its voltage is high enough to draw a
large quantity of electrons out of the cathode, and thus to establish
a steady arc as soon as the circuit switch makes contact.

The trigger start arrangement is similar to that of the preheat
lamp. Filaments are heated when a starting button is depressed.
Line voltage is generally high enough to establish an arc. When the
button is released, a resistor ballast is inserted and the filament
circuit is opened at the same time. Because the tubes are small, the
lamp continues to operate.

High-output lamps require more current than the comparable
standard lamps, and give about 40 percent more light. Super-hi and
Power-groove lamps require even higher values of current, but pro-
duce comparatively greater lighting output. All of these lamps work
on the rapid start principle. The circline tube once used the trigger
start circuit, but it has now been adapted to rapid start.

Special Types of Fluorescent Lamps

A lamp which is just emerging from the development stage is
the panel, or labyrinth lamp, Fig. 11, whose lighting surface has a
waffle pattern. It is a glass block approximately 1 ft square, and
114" thick. A labyrinth passage which extends trom one terminal to
the other, is between 4 and 5 ft long. Each panel is equipped with



44 Industrial and Commercial Wiring

GLASS CONTAINS
LABRYINTH

PATH FOR ARC
10 FOLLOW

11/2" THICK 7

1 saume [ ][] )]
| S]]
[ ][]
Frrrrr

Fig. 1. Panel fluorescent lamp

standard terminals so that it may be used singly, if desired, or in a
group which provides a lighted ceiling or a lighted wall.

An aperture lamp is similar to the ordinary fluorescent tube, but
the greater portion ot the tube cylinder is rendered opaque so that
a light beam emerges from only about one-twelfth of the circum-
ference.

Tube Bases

Tube bases, Fig. 12, are equipped with four types of contacts:
bipin, four pin, single pin, and recessed double contact. There are
three sizes of bipin bases: miniature, used with small lamps; me-
dium, used with average sizes; and mogul, used with large ones.
The tour pin type is employed only on the circline tube at present,
but may also appear on the panel lamp. Slimline lamps have a
single pin base, and high output tubes have the recessed double
contact base.

Effect of Low Temperature

Low temperatures affect the starting of fluorescent tubes, and
reduce their light output. For this reason, they were not employed
successfully out of doors until special measures were adopted. Since
the appearance of glass or plastic covers to entrap the heat and
protect the lamps from dratts, their use in such locations has been
widely extended. This is true especially of the newer high output
tubes. With special ballasts, they can even be employed in zero
or sub-zero locations such as refrigerating rooms.

Today, fluorescent tubes are often found in outdoor electric
signs, in service stations, and in street lighting electroliers. In gen-
eral, however, slimline tubes are not recommended for low tem-
perature work.
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Interchanging Fluorescent Lamps

The fact that preheat, rapid start, and instant start lamps may
all have medium bipin bases, does not mean that one lanip may be
interchanged in all cases with one of the other types. Instant start
lamps, because of their short-circuited filaments, must never be sub-
stituted for either of the others. Also, neither of the other two lamps
should be substituted for an instant start.

Although a rapid start lamp serves quite well in place of a
preheat lamp, the reverse is not true. The filament of the preheat
lamp will not hold up under the heavy current required by the
rapid start circuit.

SPECIAL OPERATING CONDITIONS

Dimming Incandescent Lamps

The lumen output of an incandescent lamp may be altered as
desired, from maximum value to zero, by adjusting the voltage
across its terminals. The simplest method is to insert a variable
resistor in series with the unit. This method is inefficient, however,
because power which is normally converted into light by the fila-
ment of the lamp must be absorbed by the material of which the
resistor is composed.

Another disadvantage is that heat developed in the process may
prove objectionable. Thus, where the dimming unit is installed in
a wall outlet box, the increased temperature may damage insulation
on supply conductors. When a single lamp of moderate size is con-
cerned, heat may not represent an important factor, but when a
number-of lighting outlets are involved, the rise in temperature
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may be great enough to require special provisions for ventilating
the controller.

If a series reactor is substituted for the resistor, the amount of
heat generated in the controller will be considerably less, because
the voltage induced in the turns of the reactor winding will oppose
circuit voltage. Thus, its value will be lowered without consumption
of a great deal of power. In comparison with the resistive controller,
the reactor’s principal short-coming is that lamp voltage is varied
in a certain definite number of steps rather than in a continuously
smooth sequence.

An autotranstormer dimmer is more satisfactory than elther of
the others. This unit develops little heat during normal operation,
but it suffers the same defect as the reactive type with respect to
the definite number of voltage steps. In practice, the device is con-
sidered quite acceptable.

The output of fluorescent lamps is not so easily regulated as that
of incandescents. This problem will be taken up in the next chapter,
in connection with glare and contrast.

Flashing Incandescent Lamps

Incandescent lamps are readily adaptable to flashing or cycling
operation. The life of small and moderate sizes used in such appli-
cations, is not affected. Fluorescent lamps present certain difficulties
that will be explained as mentioned above.

MERCURY LAMPS AND SODIUM VAPOR LAMPS

Mercury Lamps

The left-hand illustration of Fig. 13 shows a tubular mercury
lamp which has a double-wall enclosing globe. The inner bulb is
made of quartz, the outer one of ordinary bulb glass. The outer
bulb shields the inner from effects of varying temperatures and
drafts. The inner one contains an arc chamber with two main elec-
trodes and a starting electrode. It holds a quantity of liquid mer-
cury and a small amount of argon gas.

The gas starts the arc when a high voltage is imposed across the
electrodes. This arc stream gives off very little illumination, but
creates heat sufficient to vaporize the mercury. As the mercury va-
por expands, it fills the tube to form a conducting path from one
main electrode to the other. When current flows through the vapor,
a light of intense brilliancy is developed. This lamp is quite effi-
cient as compared to an incandescent unit. Although the 400-watt
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Fig. 13. Mercury-vapor lamps
Courtesv of General Electric Co
lamp shown in the middle ot Fig. 13 is perhaps the most popular,
they are made also in 1,000-watt and 3,000-watt sizes.

Light produced by the mercury arc contains no red rays, making
it unsuitable for applications in which color must be recognized or
maintained. It was common practice, theretore, to group mercury
and incandescent lamps for the purpose of adding these rays. Color-
improved mercury lamps are now manufactured. The outer globe
is coated with material that fluoresces to produce the needed colors.

he light is similar to that from combinations of mercury and in-
candescents. One of these lamps is shown at the right in Fig. 13.

A disadvantage of the mercury lamp is that it takes {our to eight
minutes to attain operating brilliancy. If turned ofl, either inten-
tionally or accidentally, the same period of time must elapse before
it relights. Auxiliary ballasts are required for supplying the high
starting voltage.

Sodium-Vapor Lamps

Fig. 14 shows the sodium-vapor lamp which is similar in princi-
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Fig. 14. Sodium-vapor lamp

Courtesy of General Electric Co.

ple to the mercury-vapor. As indicated in the left-hand illustration,
it has dual enclosing globes, the inner containing a quantity of the
metal sodium and a small amount of neon gas. At starting, the gas
acts as the sole conductor until the sodium becomes vaporized in the
heat created by the arc. When the vapor begins to conduct, it gives
off a golden yellow light which is suitable only for outdoor areas.
Where color distinguishing is of importance, this light will not be
acceptable. A unit similar to the one shown at the right in Fig. 14,
is excellent for such locations as street crossings, where the primary
consideration is visibility. Unlike the mercury lamp, the sodium-
vapor lamp restarts at once if momentarily turned off.

REVIEW QUESTIONS

. What term refers to lighting intensity at the source?
. What is a lumen?
. What term defines intensity of light striking upon a surface?
. Name the unit of brightness.
. Is it correct to say that lighting intensity varies directly as the dis-
tance from the source?
6. What type of socket is found on a 500 watt incandescent lamp?
7. Are most incandescent lamp filaments mounted vertically?
8. What term designates the PAR bulb?

Qv OO0 N —
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9. Name the three general types of Huorescent lamps.

10. Does the construction of the slimline lamp resemble that of the
rapid start lamp?

11. Can the instant start lamp be used in a rapid start circuit?

12. Can a rapid start lJamp be used in an instant start circuit?

13. May rapid start and preheat lamps be used interchangeably?

14. What other term describes the slimline lamp?

15. What is the advantage of using the tulamp circuit?

16. Is the quartzline a fluorescent lamp?

17. What other term is often used for a tulamp circuit?

18. Is the arc voltage maintained constant as a fluorescent lamp is
dimmed?

19. Does the mercury lamp start immediately after the circuit is
broken for an instant?

20. Is the sodium-vapor lamp preheated by a filament?



Chapter Three

Modern Lighting Practice

Factual Background

Electrical fixture practice, in the beginning, was the offspring of
gaslighting methods. Light sockets were installed upon extensions
from the old gaspipes, using the original enclosing globes, if any.
Often, since the only purpose of the original globe was to prevent
air currents from tearing fragile gas mantles, it was dispensed with
altogether.

As brighter and higher-powered lamp filaments were produced,
their intense glow proved annoying to the eye, so that measures for
shielding were adopted. Translucent enclosures proved satisfactory,
and also deep reflectors. Progress in design of both types gradually
resulted in more efficient and better looking units.

The old gaslight fixtures had to be mounted on exposed surtaces
tor reasons of safety. Electrical installations continued this practice,
even though the basic cause was no longer present. In the course of
time, cove lighting, and wholly or partially concealed lighting
sources were employed on special occasions. Manufacturers experi-
mented with units that reflected some of the light onto the ceiling
instead of directing it straight down, but the over-all design of
lighting fixtures was more or less fixed.

Advent of the fluorescent tube in 1938 served to shock the in-
dustry into action. The long, cylindrical light source was not adapted
to conventional enclosing globes, and the higher intensities of
illumination now readily available, brought about a new concept
of the whole problem. Under the leadership ot the Illuminating
Engineering Society, the truth became widely accepted that a light-
ing system should provide the right kind of light at exactly the
right spot.

50
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The changed ideas which appeared along with the fluorescent
tube, carried over into the incandescent field. Today, the general
public demands much more of a lighting source. Recessed lighting
has found broad application. Luminous ceilings are seen in offices,
stores, and more recently, in homes. Also. the color-corrected mer-
cury lamp has proven quite satisfactory for many commercial and
industrial applications. Architects have come to view lighting equip-
ment as part of each master plan, rather than a necessary inclusion
that has to be suffered. This chapter presents the essential features
of modern lighting systems.

Surface and Pendant Fixture

Early incandescent lighting outlets consisted of a socket mounted
directly upon the ceiling, or dangling from a cord pendant, Fig. 1A
and B. In both cases, light radiated in all possible directions, much
of it being absorbed by dark ceiling and wall surfaces. Presently, a
frosted enclosing globe was used in connection with the ceiling out-
let, and a plain reflector was applied to the pendant, views C and
D, Fig. 1. The enclosing globe reduced objectionable glare, while the
reflector partially shielded the eye from the bright filament, and
directed much of the light downward onto the working plane.

Through the process of gradual improvement, reflectors were
incorporated into enclosing globes, and enclosing globes were added
to the simple reflector. The reflector inside the enclosing globe,
Fig. 1E, reflected much of the light downward, and the enclosing
globe, Fig. IF, shielded the eye from direct glare. Today, both types
are fundamentally the same as earlier units, although they have
changed considerably in detail. Ceiling and wall fixtures have be-
come more efficient and outwardly pleasing to the eye. The pendant
fixture is not usually suspended on a cord, but is hung from the
outlet box by means of a chain or a stem.

Light Patterns

Attention was directed, in the course of time, to the more efh-
cient use of light created by a fixture. By then, the lighting fixture
had come to be known as a “luminaire.” Pendants were still quite
popular in the high-ceilinged rooms of that period, but they were
changing in form. Architects realized that more light could be di-
rected onto the working plane by painting walls and ceilings with
light-colored paint which reflected more lumens than darker hues.
Luminaire manufacturers began experimenting with reflector ar



Modern Lighting Practice 53

rangements that would spread lumens over a greater area, and thus
soften troublesome glare. Their combined efforts resulted in light-

ing units which offered a variety of distribution patterns, as illus-
trated in Fig. 2.

DIRECT SEMI-DIRECT
0-10% upward, 90-100% dounuard 10-40%%6 upward, 60-90% dounuard

GENERAL DIFFUSE SEMI-INDIRECT
40-60% upward, 40-60% downward 60-90% upward; 10-40% dounward

INDIRECT
90-100% upward, 0-10% dounward

Fig. 2. Patterns of light distribution for standard types of luminaires

Courtesy of Sunbeam Lighting Co.
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A luminaire that sends 90 to 100 percent ot the light downward
is termed a direct-lighting unit. The simple reflector talls within this
class. One that sends down only 60 to 90 percent of its light is
termed semi-direct. If only 40 to 60 percent is downward, and the
remainder upward, it is called general-diftusing, or direct-indirect.
Where 60 to 90 percent of illumination is upward, and the remainder
down, the unit is said to be semi direct, and where all the light is
projected upward, it is termed indirect. Some ot these types are

illustrated in Fig. 3. \

(A)

Fig. 3. Pendant Incandescent luminaires (A) Direct lighting unit
(B) General-diffusing luminaire (C) Luminaire suitable for
either indirect or semi-direct lighting

The one to be selected for a particular application is determined
by thefesult desired. In high-bay tactory locations where workmen’s
eyes are not subjected to glare, direct lighting is satisfactory. It is
also usetul in small stores or offices that seldom need artificial light,
and other such places where moderate lighting intensities are not
objectionable. Semi-direct units are suitable lor passageways in
which shadows are undesirable, but where most of the light is
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needed on the floor. General-diftuse lighting imparts a more even
illumination which is olten desirable in offices and stores. Semi-
indirect luminaires create an even distribution that is highly pleas-
ing to the average person. Indirect lighting, wherein the whole ceil-
ing takes on the charalter of a reflector, is extremely easy on the
eye, and practically tree ol shadows.

Fluorescent Lighting

The early fluorescent unit consisted of a bare tube mounted
upon a narrow rectangular box, and fastened directly to wall or
ceiling. The fact that source intensity was so much lower than that
of an incandescent globe, made shielding less imperative. Most
people experienced no discomfort in gazing at the bare tube. Some-
times, reflectors that were designed to toncentrate more lumens
onto the working area, introduced glare from bright reflecting sur-
faces, and shielding was required. In general, however, enclosing

Fig. 4. End to end Hluorescent units
Courtesy of General Electric Co.
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globes were seldom employed in connection with surface-mounted
fluorescent lamps.

Incandescent lighting arrangements for large offices and stores
usually consist ol luminaires, ceiling type or stem-hung as the case
may be, located at corners of evenly-spaced Squares of ceiling area.
This plan has been found necessary in order to create a reasonably
even distribution of light. It soon became evident that a like proce-
dure could not be followed in the placing of tubular luminaires.
The tube is in a line-source of illumination which projects lumens
at right angles to the length of the tube, whereas the incandescent
lamp is a point source which projects light in a more or less cir-
cular pattern. Fluorescent lamps, therefore, supply an even pattern
of light in these locations, only when installed in continuous rows.
Lines of end-to-end fluorescent units, Fig. 4, appeared shortly in
commercial establishments.

Where high ceilings prevailed, as in supermarkets, these rows
were hung on long pendant stems, Fig. 5A, or on chains. A popular
method, illustrated in the figure, has been to fasten individual
luminaires to a supporting channel, such as Unistrut or Kindorf
preparatory to suspending them. Under NEC rules applying to end-
to-end assemblies, a line of fixtures can be supplied by a circuit
which enters at one end of a run and carries through to the other.
Some channels are approved for use as raceways, in addition to
furnishing support.

Egg-crate and similar types ot louvered shielding, illustrated in
Fig. 5B, are often provided to spare the eyes from reflector glare.
Supporting stems for these installations are often equipped with
ball, or swivel, joints at the ceiling to insure even distribution of
weight and to allow for side sway. Less frequently, and usually in
earthquake regions, the stems are also jointed at the bottom to
permit end sway.

A surface type fluorescent luminaire, Fig. 5C, which is 2 ft wide
and either 4 ft or 8 ft long is particularly suitable for small ofhices.
This unit, of shallow construction, sometimes has translucent sides.
It is equipped with a plastic cover for diffusing the light.

A type similar to this unit in appearance, but which is sus-
pended from the ceiling on short stems, is the *“floating panel”
luminaire. It, too, is frequently installed in small offices. When
such a panel is expanded for use in a larger area, by joining sev-
eral standard luminaires, the effect resembles that of the luminous
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ceiling, which will be discussed later on.

Recessed Incandescent Lights

The first real departure from surface-mounted luminaires is
represented by the recessed incandescent units, some of which are
illustrated in Fig. 6. They are manufactured in a variety of shapes
and sizes, depending upon the application for which they are in-
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Fig. 6. Recessed incandescent luminaires

tended. Figure 6A, B, C shows square, cylindrical, and rectangular
luminaires. The original ones were designed to fit between two
standard ceiling joists.

This form of device is installed flush with the ceiling, and se-
cured by hanger lips or strips attached to structural ceiling mem-
bers. With an opalescent glass or a plastic cover, the light is thrown
straight down in a narrow cone which has but little side “spill.” If
a prismatic lens cover is employed, light rays may be diverted side-
wise to form a larger cone of distribution. Glare is minimized, but
dark ceiling spots between the outlets prove annoying in some
applications.

The cylindrical “high-hat” luminaire, Fig. 6D, is often combined
with an R type lamp to give a concentrated beam for illuminating
particular objects. Similar luminaires are employed tor spot and
accent lighting in stores, cocktail bars, and theaters. When so used,
they are generally provided with concentric or circular-disc baffles
which protect the eye from lamp and reflector glare. They are some-
times termed ‘“downlights.”

Recessed Fluorescent Lights

Recessed fluorescent luminaires, called troffers, came soon after
the recessed incandescent unit. They are usually arranged end-to-
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end, and furnished with louvered shielding. Sometimes they have
opalescent glass or plastic covers which produce a lighted panel
eftect. The first troffers, Fig. 7A, were about 12” wide, also dimen-
sioned to fit between standard ceiling joists, but the 24" type, Fig.
7B, is currently popular, especially for othce lighting.

Trofters 4 ft wide and 8 [t long are found in stores where they
are used with louvered or plastic ceiling cover to highlight a par-
ticular display, or section of the room. When several ol these units
are joined together, they provide the equivalent ot the luminous
ceiling, which will be discussed in the next section.

As shown in Fig. 7C, wrofters are sometimes combined with air-
conditioning apparatus. Air drawn in at the sides ot the unit, from
the room below, passes around the inner shell to a flexible tube
which connects to an air-conditioning duct. Heat from the room
and from the ballast of the trofter, is carried oft in this manner. It
may be observed that air does not flow across the lamps. It it were
to do so, trouble might be experienced in operation ot the fluo-
rescent tubes.

LUMINOUS CEILINGS

General Features

A notable teature ot modern commercial architecture is the
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lowered ceiling height. One of the primary reasons for the trend is
the progressive mechanization ot office equipment. Mechanical de-
vices are driven by electric motors, which radiate considerable heat
while in operation. Air ducts and blowers are required for with-
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drawal of excess heat, in order that personnel may have a reasonably
comfortable place to work. Since this equipment requires a great
deal of room, the logical solution is to lower ceilings for the
purpose. %

This procedure has been tollowed throughout the whole coun-
try, a plenum space being provided above the visible ceiling to
house not only air-conditioning apparatus, but the electrical lu-
minaires, water, gas, and steam pipes, sprinkler heads, sound equip-
ment, telephone cables, and other facilities. Acoustical baffles are
sometimes placed here, too, because plenum chambers are often
subject to hollow reverberation, and to magnification ot incidental
noise, such as ballast hum.

Air may be drawn into the plenum from the room below in a
manner similar to that discussed in connection with trofters, or
through special ventilating openings. The latter is the usual plan,
but many others have been tried. One scheme called for evacuating
the air through holes in acoustical tiles which are often placed be-
tween luminous ceiling elements to deaden sound originating in
the room itselt. T'his particular method did not prove very suc-
cessful.

Lower ceiling heights made the use ol recessed incandescent
luminaires impracticable. It doomed also, every kind ol pendant
fixture. Narrow trofters were unsatistactory in this situation, unless
the rows were very close together. Through a process ol elimination,
the luminous ceiling came into being. There are two general types,
the louvered and the translucent (light shines through). Some manu-
tacturers use the term “translighted” to cover both types.

Arrangement of Luminaires

Lighting units are in most cases single fluorescent strips which
are mounted in a number of ways, depending on the particular con-
ditions met with in each individual installation. Position ol air ducts
and other equipment largely dictates the method to be followed.

Figure 8A shows a simple plan, the lighting strips being attached
directly to the concrete surlace of the primary ceiling. This scheme
is otten impractical because of interterence trom other elements or
apparatus. Consideration of it, however, will serve to bring out other
factors worth mentioning at this time.

One point is the matter ot spacing the end-to-end rows. If, in a
large room the strips were installed on the surlace ol the visible
ceiling, they would have to be spaced evenly in order to give a
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symmetrical appearance. Even though more light were required in
a certain area, lor example directly above a line of desks close to a
wall, the architect would not likely agree to uneven spacing for
accomplishing the purpose. But, since light sources above the ceil-
ing are not in direct view, their spacing can be varied to suit the
condition, without danger ol creating an unsymmetrical layout.

Another advantage is that lighting intensity in certain spots may
be varied at will through substitution ol other luminaires directly
above them. Here, oo, the desired 1esult may be gained wit\mut
spoiling the general appearance of the room. The substituted upnits
may be of difterent size o1 shape from others in the room but this
fact is eftectively concealed. ‘

In Fig. 8B, the strips are fastened 1o stems which drop them far
enough o clear ducts and pipes. The end-to-end luminaires are
olten mounted upon a piece ol channel iron, or on one of the
patented channels. Circuit wires are connected at one end ol the
strip, and run thhough to the other, as explained earlier. Lumin-
aires should not be lowered to a point where individual bright spots
are aeated on the plastic material, or where lines of brightness are
visible from below.

Figure 8C illustrates a method commonly employed on large
installations. Luminaires tastened together as in view B, are at-
tached to a channel-iron tramework, which is suspended from the
primary ceiling at the most convenient distance tor clearing ob-
structions. Ballasts are not placed inside the body of the luminaire,
but are attached to vertical members, where they are accessible for
quick replacement. They also remain cooler in this open position.
The vertical members are tastened to a network of T-bars which
support plastic or glass surtace material. The plenum, as well as
ducts and pipes, are olten painted glossy white to provide good
rellection. A Tuminous ceiling is shown in Fig. 9.

Translucent Materials

The material which forms the diftusing ceiling may be glass or
plastic, customarily the latter. Where glass is used, it is often pris-
matic, and designed to create a desired pattern of illumination
directly underneath. The two common types of plastic are vinyl
and acryli¢, their names being abbreviations of their chemical for-
mulas. Vinyl usually comes in rolls, while acrylic material is gen-
erally supplied in sheets or panels.
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Louver Ceilings

The problems connected with installation ol louver ceilings are
much the same as in the diftusing type. Placing of luminaires is
much the same, and the mounting ol the supporting structures.
Louvers are otten clipped onto U-bars instead ol T-bars, however.
Louvers are made in a variety ol patterns and materials. Some
have large cells on the order of the familiar egg-crate used with
troffers. Others have small cells whose dimensions are as small as
14”. They are composed of sheet steel, plastic, and aluminum.

Incandescent luminaires are sometimes employed in particular
areas, with this type of ceiling, reflector lamps providing brilliant
highlights where desired. As with the highhat units mentioned ear-
lier, this kind ot lighting is otten tound in show windows, particu-
larly in jewelry stores.

The bare lamps can be seen, looking directly upward [rom be-
low, but where the layout is skilltully designed, the height ot lumi-
naires above the louver surface, and the size of openings in the
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louver, are such that lamps are not visible to the casual observer.
One trouble with louver installations is that bright lamp filaments
cause annoying reflection from glass, enameled, or painted work
surfaces directly underneath. o

OTHER PHASES OF MODERN LIGHTING

Foot-candle Intensities

The matter of toot-candle levels required for efhcient pertprm-
ance ol various tasks has received a great deal ol attention. Unuil
the past lew years, however, recommendations were based upon
trial and error. Through experiments conducted at the University
ol Michigan under the sponsorship ot the Illuminating Engineering
Society, scientific values have been determined.

‘They are, generally, much higher than older standards. Thus,
for dithcult ofhice work, the older value was 50 toot-candles, but the
new recommendation is 150 loot-candles. For exacting machine
work, in factories, the older standard was 100 toot-candles, whereas
the new one is 500 loot-candles. In numerous tests based upon the
recent findings, improvements in worker efficiency and decrease in
eye fatigue have been noted.

Glare and Contrast

Increased lighting intensities have brought greater attention to
the problem of glare and contrast. Glare is unwanted light. Ex-
pressed in another way, glare is light which is uncomlfortable to the
eye. Direct glare is that which comes directly from the light source.
Reflected glare is that which comes trom a lighted surtace.

The original incandescent lamp caused annoyance on account
ot filament brilliance. Frosting the inside of the globe diftused, or
scattered, the light trom the filament so that the objectionable qual-
ity was removed. Reflectors proved the next source ot discomtort,
their glossy surfaces reflecting bright rays into the eye.

Fluorescent lamps were considered tree of glare because of their
low surtace brilliance. As reflectors were added for the purpose ot
controlling light distribution, however, the old trouble appeared.
It became customary to provide the luminaires with 45° shielding.

The reflectors were so designed that anyone viewing them from
an angle of 45° or less, Fig. 10, would be unable to see the bright
areas. In those cases where the shape of the unit did not permit such
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shielding, baffles were incorporated to provide both lengthwise and
crosswise protection. Trofters which did not have a diftusing cover
were treated in the same manner. It might be added here, that in-
candescent luminaires which contain bright lamps, must also be
shielded within the 45° sone. This is usually done with concentric
baffles. Tests show that with any type ol lighting, reflected brightness
is seldom noticed where intensities exceed 50 foot-candles.

Closely allied to the subject of glare is that of contrast. It the
brightness of a ceiling is 100 foot-lamberts and that ot an adjacent
wall is 20 foot-lamberts, contrast between the two degrees of bright-
ness is annoying to the eye in much the same way as glare. Lighting
experts feel that the contrast ratio between lighted areas which are
normally within range of the eye at the same time, should not be
higher than 3 to 1. In the example stated above, the brightness ol
the wall should be increased, by adding lumens from a special
source, to 33 or more foot-candles.

Dimming

The brightness of fluorescent lamps, whether preheat, rapid start,
or instant start, can be decreased to some extent through reduction
of circuit voltage. The method is not recommended, however, be-
cause the degree of control is very small, and when the lamp is
turned off, it will not restart at the lowered voltage setting.

When equipped with a special ballast, the brightness of preheat
lamps may be readily controlled, especially the 40-watt, rapid start
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Fig. 11. Simplified dimming circuit \
type. The circuit, illustrated in Fig. 11, is so arranged that filaments
FI and F2 are supplied with their normal voltage at all times, while
the voltage supplied to the arc is varied by controller C. '

Controller € may take any one of several forms. An electronic
variety, which has two Thyratron tubes, provides a smooth dimming
range ol about 100 to 1. A potentiometer, or variable resistor, is
employed to adjust the grid voltage ol the tubes so that current will
flow during only a portion of each cydle.

Such a device is capable of handling a single lamp, a whole cir
cuit, or even a leeder which supplies two or more circuits, depend-
ing on the capacity of the unit. ‘The control potentiometer, since it
requires a very small current at a low voltage, may be placed some
distance away from the lamps il desired. Thus, it could be in the
manager’s ofhice of a nightclub, or in the projection booth of a
movie theatre.

Another form ol controller tor providing a smooth variation ol
lighting intensity is the variable autotransformer. A third torm has
a series inductance. It is only about one-half as eftective as the other
types. Neither of these units allows control from such a remote dis-
tance as the electronic type. A fourth controller includes a magnetic
amplifier and a dry rectifier unit. Results with this device are com-
parable to those obtainable with the electronic unit. Dimming is
widely employed in theaters, restaurants, and places of public
assembly. It is also used in stores, offices, and conference rooms for
the purpose of what is termed “mood” control, the intensity of the
light being altered to suit a desired emotional mood.

Flashing

Until recently, fluorescent lamps were not adapted for use in
Hashing signs. Filaments deteriorated rapidly in this kind of service
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so that the life of a lamp was greatly reduced. By inserting a dim-
ming type ballast, however, which maintains filaments at a constant
temperature while the arc is turned on and off, flashing signs of this
sort have become pop‘llar.

Color

Color has become an important element in commerdial lighting.
Incandescent hues may be readily varied to suit special require-
ments through the medium of tinted globes or scmeens. The color
of other torms ol lighting is not so readily manipulated. As men-
tioned earlier, steps have been taken to remedy color detects in both
fivorescent and mercury lamps. This is true, particularly, of the
fluorescent tube.

The rapid start lamp is obtainable in a number ol shades of
white, as well as in other colors. It is listed as cool white, deluxe
cool white, warm white, deluxe warm white, white, daylight, sott
white, cool green, blue, pink, red, and yellow, the latter being the
insect-repellent lamp. Lumen output is sacrificed to some extent in
varying the natural color of the source.

Difterences between the several whites will be presented briefly.
Cool white is blue-white that contains no yellow or red rays. Deluxe
cool white contains some yellow and red, but more blue-white than
an incandescent lamp. Warm white gives an orange tinted white
glow, but does not contain much yellow or red. Deluxe warm white
is slightly pinkish. White. lies between cool white and warm white.
Daylight contains more blue than the cool white lamp. The soft
white tube emphasizes the reds.

Showcase, Display, and Show Window Lighting

The nature ot some merchandise requires that it be placed in
tighted showcases. The portable showcase ot Fig. 12A is essentially
all glass. Lighting is accomplished by one or more narrow reflector
lamps placed along the upper rear edge of the interior. Either in-
candescent or fluorescent lamps may be used, both types being
shown in the figure. Wiring to the lamp is carried up from the base
in small diameter brass tubing which is approved lor such appli-
cations.

When a fluorescent tube is used, the ballast is placed underneath
the lower shelt as indicated. Incandescent showcase lamps some-
times have selt-contained reflectors. The reflector lamp usually has
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a spring fastened to its center contact so that it will remain tight
in the socket when turned to the most effective position for lighting
the material.

A wall case is illustrated in Fig. 12B. End-to-end fluorescent
strips are commonly employed for lighting these units, the lumin-
aires being concealed behind a valance. Shelves are frequently
lighted in this matter also, the valance supported on brackets ex-
tending out from the top of the shelving.

The show window of Fig. 12C offers difficult lighting problems.
High intensities of illumination are required, especially in daytime,
to combat reflections of objects located outside the window. Since
high lighting intensities require high wattage, some method for
carrying off the heat must be provided. Fluorescent ballasts are usu-
ally located remotely from the show window luminaires, in a place
where their heat can be more readily dissipated. The cool-beam
reflector lamp, mentioned in Chapter 2, is one of the popular in-
candescent lamps for this sort of application.

Color receives a great deal of attention in this connection, along
with flashing and, in certain particular cases, dimming for mood
control. Dimming can be employed quite effectively at night, when
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the problem of outside reflections is much less severe.
High-frequency Lighting

Although a supply trequency ot 60 cycles is standard through-
out the nation, Huorécem lamps operate more efhciently, produc-
ing more light for a given input, at trequencies around 400 cycles.
There are numerous reasons why it would be impractical for
utility companies to deliver current at the higher trequency, but it
has been tound advantageous in many instances, to generate such
current locally.

Under high-cycle operation, the efhciency ot the lamps them-
selves is increased because of the lower percentage ol electrode
losses. The greater saving, however, is in the lamp ballasts which
are about 14 as heavy as 60-cycle ballasts, and which consequently
produce less heat. In some installations, where small capacitors are
used alone, the saving in ballast weight may run as large as 90
percent.

Higher frequencies have been tried with good results, some as
great as 840 cycles. Such extremely high values are obtained by way
ol motor-generator converters. The general run of high-cycle appli-
cations is based upon a frequency of approximately 400 cycles.
Either motor-generator converters or magnetic trequency multi-
pliers are suitable. It is widely accepted that the best potential tor
the 400-cycle system is in the neighborhood of 600 volts. With
center-tapped windings on the generator or multiplier, voltage to
ground may be held within the 300-volt limitation of the NEC.

The lead-lag principle is adhered to in order to maintain a
reasonably high power factor. Inductive ballasts are included in
one-half the ballasts, and capacitors in the other half. When it is
desired to use capacitor ballasts for all lamps, lumped inductance
must be provided in the supply feeder or in the generator itsell.

Saving in ballast cost is more than offset, as a rule, by the ex-
pense of conversion apparatus. It has been found in some plants,
that reduction in over-all ballast heat makes it possible to reduce
the size of air-conditioning apparatus to a point where savings here
make the whole installation economically worth while.

INDUSTRIAL LIGHTING

Comparison with Commercial Lighting

The. problem of illuminating industrial plants is not different
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Fig. 13. Mercury lighting in a steel mill
Courtesy of General Electric Co. )

basically from that encountered with commercial establishments.
Details vary, however, according to the nature ot the particular
location. For example, a foundry may have a low general average
lighting intensity; a machine shop may need a background inten-
sity of 30 to 40 foot-candles, and high intensity spot lighting over
special machines; an electronics factory, where small parts are as-
sembled at long tables, may require an even distribution of 150
foot-candles. In other words, the problems connected with indus-
trial lighting are highly individualized.

Required Types of Industrial Luminaires

The kind of lighting for a given occupancy is trequently dictated
by the physical character of the surroundings. Thus, in a high-bay
machine shop, mercury lamps at the roof level, or suspended on
stems, Fig. 13, according to the distance from the floor, could pro-
vide either a moderate background intensity or a high average value
of illumination. In the former case, luminaires could be high up
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Fig. 11. Fluorescent lighting in a machine shop
Courtesy of General Eleciric Co.

and lar apart; in the latter instance, they would be lower, closer
together.

With a flat rool or ceiling in a modern factory building, the
machine shop could be illuminated at high average loot-candle in-
tensity with either fluorescent or mercury luminaires, the rool or
ceiling being painted white o improve reflecting qualities. If the
electronics lactory werc under a high-arched roof, the lighting prob-
lem could be solved through the use of end-to-end fluorescent lumi-
naires suspended above the tables at a convenient height, the rows
being spaced so0 as to avoid shadows.

The present trend emphasizes an even and rather high loot-
candle value in most industrial areas, Fig. 14, rather than depend-
ence on spot lighting for individual machines. There are no rules,
however, that can be applied strictly in every case. Thus, in a high-
bay shop where mercury lights would be used ordinarily to provide
all necessary illumination, the presence of traveling cranes might
introduce disturbing shadows which could only be avoided through
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individual lighting of heavy machines underneath the runways.

Auxiliary Industrial Locations

Storerooms, warehouses, receiving and ’shipping departments
will be illuminated to a degree which depends to a large extent
upon the nature of materials stored or handled. The foot-candle
level in a rough casting warehouse might be fairly low, while that
in a storeroom devoted to small electronic parts would be moder-
ately high. If the goods were stored in open bays and racks through-
out the building, an even general distribution would be desirable.
Where parts were stored in bins that had narrow aisles between
them, luminaires could be suspended over the aisles. \

Factory ofhice requirements resemble those in commercial estab-
lishments, except that appearance is not so important. Higher ceil-
ings make practical the use of pendant or recessed luminaires. Foot-
candle values will depend on the sort of clerical work done there. A
testing laboratory must have a fairly high over-all lighting intensity,
and a drafting room must have something on the order of 200 foot-
candles tor best results.

Rest and lounging rooms, especially those tor women employees,
are treated like similar commercial locations, more attention being
given to the factor of appearance. Cover lighting, use of colo1, and
perhaps dimming may be included.

Safety Considerations in Lighting Practice

One of the primary concerns of NEC rules governing minimum
lighting intensities is the matter ot salety, both to the general public
and to employees of the occupancy involved. The prescribed mini-
mums are usually adequate, but upon occasion they prove rather
low. In this regard, a value of 14 watt per sq It tor halls and corri-
dors may or may not be sufficient, depending upon local conditions.

Thus, passageways or stairs leading to storage rooms in com-
mercial and industrial locations should be illuminated to a point
consistent with lighting intensity of surrounding areas. 1f the gen-
eral level is 100 foot-candles, for example, a workman coming sud-
denly upon a l4,-foot-candle stairway may find the contrast almost
as great as if entering a place that is in total darkness.

OUTDOOR APPLICATIONS

Area Lighting
Outdoor lighting includes the surtace illumination of areas such
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as neighborhood parking lots, shopping centers, or thoroughfares,
and the floodlighting ol buildings or signboards. The irst of these
types will be considered in this section.

Area lighting is usually accomplished with the help of poles or
towers, luminaires being mounted in groups to project light in se-
lected directions. For play fields, the light is aimed at right angles
to boundary lines; tor large parking lots, having poles arranged at
corners of evenly spaced squares, the light is distributed in all four
directions.

Incandescent lighting is still found in connection with sports
areas, but fluorescent and mercury lighting have forged ahead in
most other locations. The fluorescent tube is not suited for projec-
tion ol light any considerable distance. Its use is limited theretore
to situations in which light is needed within a small radius of the
foot ol the pole. Street intersections are representative ol this appli-
cation, lamps being shielded from the weather by plastic or glass
enclosing globes.

Mercury lighting has proven excellent for parking lots in big
shopping centers, Fig. 15. Relatively tew poles are required, since
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Fig. 15. Mercury lighted shopping center

Courtesy of General Electric Co.
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they may be spaced up to 200 ft apart, depending on their height.
Luminaires may be obtained in varying styles to suit particular
needs. Some are designed to project a light beam in one general
direction, while others are made to spread light throughout a com-
plete circle around the pole.

Towers are used where the supporting structure must be quite
high, or where a great number of lamps is grouped at one location.
Poles are used more often. They are made of steel or aluminum.
Circuits, run to the poles in conduit or approved cable, are dften
controlled by light sensitive photoelectric cells which operate mag-
netic contactors. \

Quartz-iodine incandescent lamps which have a relatively small
luminaire, entered this field recently. These are mounted on poles
in the same way as mercury units. This lamp is burned in a hori-
zontal, or nearly horizontal position.

Floodlighting of Structures

The methods for lighting vertical signboards and tacades of
buildings have undergone changes too, through improvements in
lighting equipment. Signboards, formerly illuminated by incandes-
cent floodlights or sign reflectors alone, are now lighted by a wide
choice of luminaires. Fluotescent lamps are used in many cases. The
newer aperture type fluorescent tube which emits a narrow beam of
light, has been applied to this service.

Facade lighting is still done to some extent by standard incan-
descent units, but the mercury lamp has proven more economical.
The latest entry in the field is the quart/-iodine lamp, which is also
highly satisfactory.

REVIEW QUESTIONS

1. What percentage of a direct lighting unit’s output is in a down-
ward direction?

2. In what sort of factory location is direct-incandescent lighting
satisfactory?

3. A wube represents what kind of fundamental light source?

4. Egg-crate shielding is used on surface fluorescent luminaires to
shield the eyes from what kind of glare?

5. What is a common name for recessed fluorescent luminaires?

6. What is the most notable feature of modern commercial archi-
tecture?

7. Why are surface incandescent luminaires usually spaced evenly?
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8. What members actually support the plastic material in a luminous
ceiling installation?

9. What may be said generally of the newer footcandle intensities?

10. State the meaning ot the term “diffused.”

11, Surface luminairgs are usually shielded within what minimum
angle?

12. What should be the maximum ratio between brightness of sur-
faces visible at the same time?

i3. Are dimming ballasts used with instant-start lamps?

14. Is the life of a fluorescent lamp in a modern electric sign consid-
erably shortened by this kind of service?

15. High intensities ot lighting are required in show windows to
combat what type ot reflections?

16. 'The most common frequency for high-trequency lighting is about
what value?

17. What prindiple is called upon to maintain a reasonably high
power factor in circuits devoted to fluorescent lamps?

18. Are mercury lamps unsuited for high-bay machine shops?

19. Are fluorescent lamps adapted for use in parking lots of big
shopping centers?

20. What type of incandescent lighting is being successfully adapted
to the lighting of parking centers?



Chapter Four

Lighting Design

Foreword

Determination of lighting requirements for a given othce, store
or lactory is covered by the phrase “lighting design.” The term in-
cludes estimates of the number and kind of luminaires, their spac-
ing, and the size of lamps to be installed in them. Certain facts
apply to every project, however large or small, while others refer
solely to the particular equipment used in a .si)cci(i( case. The man-
ner ol solving the various problems will be set torth in this chapter.

Difhculty of Applying Basic Rule

The distance rule given in Chapter 2 states that intensity of
illumination varies inversely as the square ol the distance trom a
source of light. This formula can be used successtully only where
the source is isolated from everything else, as for example a candle
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Fig. 1. Reflection complicates distance rule
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flame in the open air. In the practical business of lighting an
enclosed area, such as a room, the source is not isolated, but is
surrounded by the ceiling and walls, all ol which reflect light rays,
as in Fig. 1.

The direct light rays, 1), would provide at the working level,
an intensity that might be calculated {rom the distance formula if
the candlepower of the lamp were known. But reflected rays, R, also
provide illumination at the working level, so that the calculation
becomes of no value. It may be stated, theretore, that the distance
rule for calculating lighting intensity is unworkable in practical
situations.

Lumen Method

Most lighting calculations are made today by the lumen method.
The basis for this procedure is a table of dara supplied by the lamp
manufacturers. Such a listing gives the nuwuber of lumens pro-
duced by each lamp. For example, Table 1 shows that a 100-watt,

Bulb Bulb Initial Ra'ted
Watts Voits Shape ;’252; Base Lumens (%‘::.)
INSIDE FROST LAMPS. Burning position —-ANY, except as noted.
15 120 A-15 |V F. Meo. 142 1,200
25 120 A-19 I F. Med. 266 1,000
40 120 A-19 I F, Med. 470 1,000
50 120 A-19 L F. Med. 665 1,000
60 120 A-19 |1 F, Med. 840 1,000
75 120 A-19 |ILLF. Med. 1,150 750
100 120 A-21 |LLF. Med 1,640 750
100 120, 125 A-19 | F. Med. 1,750 750
100 115-125 A-23 | F. Med. 750
150 120 A-23 |LF. Med 2,700 750
150 120 PS-25 {I. F. Med. 2,640 750
200 120 PS-25 {1 F. Med. 3,820 750
200 120 PS-30 |I. F. Med 3,720 750
300 120 PS-30 |I. F. Med. 6,000 750
300 120 PS-35 | F. Mog. 5,750 1,000
500 120 PS-40 |I. F. Mog. 9,900 1,000
750 120 PS-52 |I. F. Mog. 16,700 1,000
1000 120 PS-52 ]I F. Mog. 23,300 1,000
1500 120 PS-52 |I. F. Mog. 33,000 1,000

Table I. Incandescent lamps
Courtesy of General Electric Co.
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type A-21 incandescent lamp has a rated output of 1640 lumens.

Starting with this fact, it is possible to learn in advance how
many footcandles of light will be found on the working plane of a
room whose dimensions are stated, when this lamp is employed
in a certain luminaire. The reverse problem may also be worked
out, beginning with the desired intensity on the working plane,
and carrying through the various steps to the size of lamp that will
be needed. The process is altogether systematic.

Before turning to practical examples of commercial and \indus-
trial lighting installations, it is necessary to consider some important
terms which are used in making calculations. One of them is “Co-
efficient of Utilization,” abbreviated “CU.”

Coefhlicient of Utilization

Table 1T deals with the proportion of total lamp lumens which
manages to reach the working plane. This imaginary plane or level

FLOOR REF 10%
CEILING REF. 80% 70% 50% 30%
NOp sE TYPE WALL REF 50% | 30% ] 50% [ 30% | 50% | 30%] 30%] 10%
D.B.JM.F | R.R. COEFFICIENT OF UTILIZATION
! Indirect G.7125 [ .34 | 32] 33 .32 .32 | .3
oF Incand 1.2 [m63] 3. 36 | 34| 32| 32] 31 [ .3
Comm'} P.55] 4. 39 | 37] .35 | .34 32 | a2
750 W. 5. | .43 | 40| 38 | .37] .35 | .34
Rec . G.75(2.5 | .62 | .60 | .62 ] .60 | .59
TR % Incand. 8 (M.65] 3 64 | 82| 63 61| .62 ] .60
Comm'l P.55] 4 .85 | 63| .65 | .63 ] .63 | .62
500 W. 5. | .66 | 85| 66 | 64| .64 | .63
Troffer G.75(2.5 | .53 | .50 ] .52 | .50 [ .51 | .49
[:14 foood | Fluor 1. |[M.70}3. .55 .52 | .54 52| 54 | .5
7 Comm'l P.60|4. .56 | .55 ] .56 | .54 .55 | .53
4T-48" 5. .58 | 581 .57 | .56 .56 | .55
Direct. G.75]2.5 75 | 71| 73 | 70| .68 | .66
15M é Mercury 1. |M.65(3. .78 74 | .76 g3 .72 .69
Indust . P 55 |4, .81 sl .| .77 .76 | .74
1000 W. 5. 83 | 81|82 .80[.78 | .77
Gen. Dif. G.712.5 64 | 60| .60 | 56 ] .53 | .51
19F & Fluor. 1. | mMs3]3. 67 | 63].63 | 59| .55 | .54
Indust . P.55 4. 2 | 67| .65 | .63 ] .59 | .57
2G 96" 5. 73| .m|.68 ] &5 .61 ] .&
DB—Distance between = multiplier x mounting Height
MF=—Maintenonce Foctor = Good - Medium - Poor
RR—Room Ratio

Table II. Coefhcient of utilization (CU)

Gourtesy of General Electric Co.
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is usually taken at 3 ft from the floor in a store or an office. It is
worth noting that the luminaire itself, regardless of how efficient
it may be in the matter of reflecting light rays, absorbs some of the
lumen output of the lamp.

The CU factor is affected by the amount of reflection to be ex-
pected from ceiling, walls, and floors, light-colored surfaces absorb-
ing fewer lumens th:n darker. Tables such as 11, here, show difter-
ent CU ratings for different reflecting values of ceiling, wall, and
floor.

Thus, commercial ceiling reflectance is estimated to vary from,
50 percent to 80 percent, while that of an industrial ceiling varies
from 30 percent to 70 percent. Similarly, commercial wall reflectance
is shown as varying from 30 percent to 50 percent. and industrial
from 10 percent to 50 percent. Floors, in both cases, show values
ranging trom 10 percent to 30 percent. It may appear strange that
reflectance of the Hoor should be considered at all in determining
intensity of light on the working plane. However, light rays falling
thereon are reflected upward again to the ceiling and to other ob-
jects in the room, reaching the working plane finally through multi-
ple reflection. The value ot 10 percent is commonly used for all
locations, unless some special feature is present, such as a highly
polished surface.

The size of the room is important, oo, because the quantity of
light which strikes the walls, and the amount reflected back into a
room depends on its width relative to its length. Wall reflection
in a room 20 ft wide and 60 {t long will have a greater general eftect
than that in a room which is 40 tt wide and 60 ft long. This im-

LUMINAIRE HEIGHT—40% LT. DN. CEILING HEIGHT—LESS THAN 40% DN.
WIDTH NGTHE 1 |z 13 15 WIDTHE  BGTH s hisy/2] e 2v
40 0 | 24 |20 L9 |16 40 0 |24 20 [ 19 )6
6 | 28 |25 |23 | 1.9 6 |28 |25 | 23| 1.9
80 | 3.1 |28 | 2.5 | 2.1 80 | 3.1 |28 | 25 | 2.
100 | 3.4 | 3.0 |27 |23 100 | 3.4 | 3.0 | 2.7 | 2.3
120 | 3.5 |32 |29 | 2.4 o0 135 137 1 99 | 2.4
50 50 [ 2.9 [ 2.6 | 2.4 |20 50 50 |29 [2.6 | 2.4 | 2.0
70 [ 3.4 |31 [28 2.3 70 [ 3.4 [31 | 28] 2.3
100 | 3.9 | 3.5 [3.2 |27 00 | 39 | 3.5 | 3.2 | 2.7
140 | 4.3 | 3.9 |35 |29 40 | 43 |39 | 35 | 2.9
1170 | 45 J 4o J3.7 3.2 ] 170 | 45 | 41 | 3.7 | 3.0

‘Table 111. Room ratio (RR)

Courtesy of General Electric Co.
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portant factor is taken care of in a Room Ratio Table which sup-
plies numerical values to be used in connection with the CU table.
The abbreviation for this term is “RR.” A portion of the Room
Ratio Table is shown in Table 111. The complete table is included
in the Appendix.

Spacing of luminaires also affects CU, the distance between them
depending upon the height above the floor. This distance is nor-
mally the same as the mounting height. With recessed types, how-i‘
ever, the spacing of adjacent units may vary from .5 of mounting|
height for a downlight, o .9 for a troffer. In some cases, the ratio

of spacing to mounting height may be greater than 1, but’it is
’ ¢ N
seldom more than 1.2.
T riem 105, Roflectance * Fiowr T 19%, Rotiestasce® ]
Shielding Media Cetling 9%, Reflectance Shielding Maedia _ Coliimg 0% Noflestonce __ |
tor Panels Watle s s for Louvers Wae | w% . W% |
Room Coethiclent of Avem Costtisiont of
{171
06 19 W 06 ] Ir
08 2 » 08 2% B
Xy 2 29 10 3 25
12 Jg ;; Small Scale translucent :;5 i; -;;
Diftusing  plashic  panels 15 4. plastic louvers providing 45°
20 50 aQ 20 a8 a
ususlly acryhc or winyl H b “ shielding 28 5 o
30 58 53 30 5% 51
w 6 5 w0 sn F
50 o 63 50 6 59
————
06 7 T 06 19 n
08 ] 0 o8 25 "
10 3 ) 10 30 2
Cleat contigurated glass Iy s S Smalt scale white anameled 2 » 3
of plastic brghtness control 20 51 % metal louvers providing 45° 20 "% 0
ling panels 5 57 52 shielding 25 50 45
30 6l 5 30 53 “
a0 I3 6 a0 131 )
50 & “ 50 0 s

Mantenance Factors far Louvers
Good—0 70, Med - 0.65, Poor -0 55

Mantenance Factors for Panels
Good- 065, Med — 055, Poor- 045

‘Table 1V. Coefhicients of utilization for luminous and louver ceilings
Courtesy of General Electric Co.

CU values for luminous ceilings, Table 1V, are somewhat easier
to apply. They are based, primarily, on a reflectance of 80 percent,
because plenums are invariably painted, as mentioned in the pre-
ceding chapter. CU ratings for louver ceilings are slightly different
than for the plastic diffusing type. Floor and wall reflectances are
the same as for standard commercial units and locations.

Maintenance Factor

Another term necessary to lighting calculations is “Maintenance
Factor,” abbreviated “MF.” It deals with reduction in light which
comes through use. Gradual deterioration of the lamp filaments, dust
accumulation, and the sort of care received by the equipment, are
the essential elements. Illuminating Engineering Society publica-
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tions treat MF on the basis of three divisions: Good, Medium, and
Poor. If the atmosphere in the room is clean, luminaires frequently
dusted, and lamps are replaced systematically, the MF is deemed
Good. If the atmosphere is smoky, but units are given reasonabie
care, the MF is deemed Medium. If the atmosphere is quite dirty,
and fixtures receive only haphazard attention, the MF is deemed
Poor.

MF is listed in the CU table with each type of luminaire, rang-
ing from 50 percent in the worst examples to 85 percent in the best.
It can never be equal to 100 percent because of decrease in lumen
output of the lamps themselves in the course of normal operation.
In any case, application of the MF factor during a lighting calcula-
tion, always reduces the effective value of CU.

MF for luminous ceilings varies from 0.65 tor Good, to 0.55 for
Medium, to 0.45 for Poor. Those for louver ceilings range trom
0.7 for Good, to 0.65 for Medium, to 0.55 for Poor.

APPLIED LIGHTING CALCULATIONS

Project 1—Incandescent Pendants

The dining room in Fig. 2 is 40 ft wide and 42 it long. Al-
though recommended foot-candle intensities have incrcased greatly,
requirements for this kind of occupancy have remained much the
same. Old practices are still followed, because lighting in restaurants
and nightclubs is based upon atmospheric considerations rather than

42
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14' SPACING
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|
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STEM-HUNG “© @
PENDANT —————— 4>

© © O

Fig. 2. Hotel dining room with 9 luminaires arranged in a pattern of squares
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on sharpness of vision. The owners have requested lighting on the
tables equal to about 15 foot-candles, and have selected indirect
incandescent luminaire No. 6F, mounted on a 3-ft stem. Cove light-
ing is to be employed along the walls, for decorative purposes, but
it will be of such low value that its overall effect may be ignored.

The floor area is: 40 ft X 42 ft, or 1680 sq ft, and the amount
of light needed to provide 15 foot-candles per sq ft is: 1680 X 15,
or 25,200 net lumens. Walls and ceiling, which is 15 {t high, are
surfaced with white acoustical plaster, (-’X

Referring to the RR table, the room ratio for a space 40! ft by
42 ft is slightly more than for one 40 ft by 40 ft, or about 2.5. :Note
that the 15-ft column of the table on the right is used, because less
than 40 percent of the lumens are sent downward. The CU table
gives a value of .34 for the No. 6F type of luminaire, and states MF
values of .7, .63, and .55 for Good, Medium, and Poor, respectively.
In this sort of establishment, dust is likely to collect, and lamps
are usually changed until they burn out. Maintenance, therefore,
must be considered Poor, and the value .55 selected. The corrected
rating of CU, then, equals: .55 X .34, or .19. The total number of
lumens must be not less than: 25,200/.19, or 132,500.

The CU table shows that the distance between luminaires should
not be greater than 1.2 times mounting height. Since the units are
12 ft from the floor, the spacing should not be greater than 1.2 X
12 ft, or 14.4 ft. In order to obtain a perfectly even distribution of
lighting, the distance between the wall and the nearest line of
fixtures should be equal to one-half that between lines of fixtures. It
may be seen in Fig. 2, that the lengthwise arrangement is perfect
for a spacing of 14 ft between units in the row, because there is
one-half this distance, or 7 ft remaining at either end wall.

The width ol the room does not permit quite as good an
arrangement, because, for the same spacing between rows, the
distance to either side wall is only 6 ft. To provide more space from
the wall, the distance between rows could be reduced to 13 ft 6 in
without any particular harm. However, the change is hardly worth
considering, here, especially since cove lighting is present. In gen-
eral, the square arrangement of Fig. 2 should not be departed
from in laying out a group of incandescent pendants.

There are three rows of three each, or a total of 9 luminaires.
Each lamp must contribute at least: 132,500/9, or 14,720 lumens.
Table I shows the nearest standard lamp to be a 75(-watt, PS 52,
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‘ ATURE OF VISUAL TASK

F.C.

OFFICES

CLERICAL TYPING 100

ACCOUNTING 150
SCHOOLS

EASY READING 30

CLASSROOMS 70

AUDITORIUMS 30
FACTORIES—SHOPS

DRAFTING 200

BENCH WORK 50

MACHINE, MEDIUM 100

MACHINE, FINE 500

GRINDING 1000
STORES

MERCHANDISING 100

SHOWCASES 200

Table V. Recommended foot-candle intensitics
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From National Electric Code
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Fig. 3. School auditorium
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inside frost type, which has an output of 16,700 lumens. These
lamps will produce: 16,700/14,720 X 15 foot-candles, or 17 foot-
candles, which is quite acceptable.

A word of advice might be timely at this point. Always obtain
the manufacturer’s data applying to the particular luminaire that
is to be used. The lamp tables given here are from a standard lamp
manufacturer, and the RR table is a condensation of a st."'indard
form which is reprinted whole in the Appendix. The CUjtable,
however, is made up of luminaires taken trom more thah one

source. ‘la

Project 2—Recessed Luminaires \

The auditorium, Fig. 3, is 50 ft wide and 100 ft long, with a 15
It ceiling. White acoustical tile is used on walls and ceiling. In Fig.
3A, the room is lighted with recessed incandescent luminaires. The
floor area is: 50 ft X 100 tt, or 5000 sq tt. The amount of light to
provide 30 foot-candles per Table V equals: 5000 X 30, or 150,000
lumens. .

The RR table shows a room ratio ol 2.7. Carrying this value to
the No. 10R luminaire in the CU table, the CU rating is found
to be .63. Maintenance in school properties is consistently good, so
that the MF tactor of .75 will be selected. The corrected CU factor
is: .75 X .63, or .47. The required amount of lighting equals:
150,000/.47, or 320,000 lumens.

The CU table states that the distance between centers of lumi-
naires should not be greater than .8 X mounting height, or .8 X
15 ft, which is 12 tt. The most even square arrangement, as indi-
cated in Fig. 3A for luminaires approximately this far apart, gives
8 rows of 4 each, or 1 rows of 8 each, depending upon the observers
point ol view, a total of 32 luminaires.

Each lamp must produce: 320,000/32, or 10,000 lumens. Table 1
indicates that a 500-watt, inside trost, type PS 40 lamp has a rated
output of 9,900 lumens, which makes it precisely correct for this
installation.

If it were decided to substitute troffers for the incandescent sys-
tem, and a four-lamp, 48-in, rapid start, glass covered unit were
agreed upon, the calculations would be carried out in much the
same way. The Nq. 8T troffer would be selected, its CU factor
being .54, and the MF factor .75. The corrected value of CU be-
comes: .75 X .54, or .41. The amount of light that must be supplied
is: 150,000/.41, or 366,000 lumens.



Lighting Design 85
Tvee | BuLB WATTTNGTH INTIALLUMENS 1 Amps
(Nomina whtre | CEWC
ey | 2 40 a8 | 3100 425
pAriabt BRIV 40 ag" | 2650 | 2050 | .425
PR | v 90 o | s300 | 3000 |1.52
e | e 74 96" | se00 | 4100 | .425
g‘ggg‘vgc 17 215 96" | 15000 [11000 [1.5

Table VI. A selection of Huorescent lamps
Courtesy of General Electric Co.

The maximum distance between centers, from the CU table, is
equal to mounting height, or 15 ft. The arrangement of Fig. 3B is
worth trying. There are six rows of five troffers each, a total of
30 units. Since each has tour lamps, the number of tubes is 120.
Each tube will have to provide: 366,000/120, or 3050 lumens. Table
IIT lists a rapid start tube which produces 3100 lumens, and thus
makes it acceptable here.

Project 3—Luminous and Louver Ceiling—Store Details

The store illustrated in Fig. 4 is 50 tt wide and 106 ft long. The
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Fig. 4. Modern store building with luminous and louver ceiling
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primary ceiling height is 16 ft, the finish height 12 {t. Show windows
and a 10-ft entrance cover the front, or East end of the building.
The main section is lighted by a plastic luminous ceiling, except
for the Northwest corner, which is devoted to a women’s apparel
department, and which has a louver ceiling. A jewelry department,
in the Southeast corner is especially illuminated by downlights.

The plastic ceiling will give 100 foot-candles of lighting intensity
to that portion which it covers. The women’s apparel section is illu-
minated by open louvers to an intensity of 200 foot-c;mdle;\ and
the jewelry department, particularly the display case area, is lighted
to an intensity ot 350 to 400 toot-candles. Each phase of the problem
will be treated in turn.

The area beneath the plastic ceiling is 4070 sq ft, that under the
louvers is 630 sq ft, that of the jewelry department is 100 sq ft, while
show windows and entrance take up 500 sq it. Since the show win-
dows are outside the main body of the store, the room ratio will
be determined on the basis of the dimensions: 50 ft by 96 {t.

The light required for the main ceiling is equal to: 4070 X
100, or 407,000 net lumens. The RR rating for a room 50 ft by 96 ft
is 3.6. This dimension is not listed in Table III, so it had to be

Width X Length
(MH — 3) (Width + Length)
50 X 96

calculated by the formula: RR

Applying the formula here: RR = — .-
(12 — 3) (50 + 96)

Table 1V lists a CU rating of .60 for such a room with MH
(mounting height) of 12 ft. In this sort of occupancy, it is not sate
to assume a maintenance condition better than Medium, for which
the table shows a value of .55. The corrected CU rating becomes:
.55 X .6, or :33. The total amount ot lighting to be supplied, there-
tore, must not be less than: 407,000/.33, or 1,235,000 lumens.

Note—Use this formula only with left portion ot Table TII.

Specifications ask for 96-in, Deluxe Cool White Slimline lamps.
Table VI gives a rating of 1100 lumens for this lamp. The number
required is: 1,235,000/4100, or about 301. It is a good plan, at this
time, to make a fixture layout. Numerous alternatives for arranging
the fluorescent strips, present themselves. There are three separate
portions of the main ceiling: one from the apparel section to the
front of the store, the second trom the West wall to the East end
of the room, and the narrow portion of shorter length that extends
from the West wall to the jewelry department.
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Strips above the first mentioned section could be arranged either
lengthwise or crosswise, while those in the remainder of the ceiling
are arranged lengthwise. It is quite apparent that the ones in the 5-ft
wide section next to the jewelry department must be arranged
lengthwise if the main body ot the ceiling is laid out in this manner.
After due thought, it is decided to use a lengthwise pattern insofar
as possible.

The next problem is to decide upon how many rows of lumi-
naires, and what type. With so many lamps, the number of rows
of single-tube units would be excessive, and the hanging expense
almost double that for a two-lamp fixture. The distance between rows
of the two-lamp units should not be greater than the distance from
the finish ceiling to the primary ceiling, which is 4 ft. And. since
part of the lamps will be somewhat lower, in order to clear ducts
and piping, the distance between rows will have to lie somewhere
between 3 ft and 4 {t.

The main section is the full length of the room, or 96 tt. Lumi-
naires are slightly longer than 8 ft, so that 11 of them can be placed
in a single row. Area ol this section, leaving out the narrow strip
adjacent to the jewelry department, is equal to: 25 X 96, or 2400
sq ft. Net lumens to provide 100 foot-candles ot lighting can not
be less than: 2400 X 100, or 240,000 lumens. Usetul output per
lamp is equal to the corrected CU factor times rated lamp lumens:
.33 X 4100, or 1353 net lumens. The number of lamps needed for
the area must be: 240,000/1353, or 177. With 22 lamps per row of 11
luminaires, the number of rows should be equal to: 177/22, or
approximately 8.

Proceeding on this basis, the plan ot Fig. 4 is arrived at, the
final result showing a total of 16 parallel rows: 7 with 11 luminaires
each, 7 with 7 each, and 2 with 9 each. There are also two crosswise
rows of 5 each at the East end of the room. The spacing, center to
center between rows, is 3 {t-4 in. In all, 151 luminaires arc nceded,
with 308 lamps.

The area of the apparel corner is 630 sq ft, and the desired foot-
candle intensity is 200, so that the required lighting amounts to:
630 X 200, or 126,000 net lumens. Small-scale, translucent plastic
louvers are specified. Although the dimensions of the space are small,
the area is part of the large room, so that the original value of
RR, 3.6, will apply. There are only two walls, however, making it
necessary to use the 30 percent wall reflectance column.
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Ceiling 80% 70%, 500 30%

Walls 50% | 30% | 50% 30% | 50% 30% | 30% | 10%

Room Ratio Multlilylng Factor
0.6 103 | 102 | 103 | 102 1.02] 1027 101 1.00
0.8 1.04 | 102 | 1.04 | 1.02] 1.03 | 1.02 | 1.01 | 1.01
1.0 1.05 | 1.03 | 1.04 | 1.03| 1.04 | 1.02 | 1.02 | 1.01
1.25 1.06 | 1.04 | 1.05 | 1.04 | 1.04 | 1.03 | 1.02 | 1.01
1.5 107 | 1.06 | 1.07 | 1.05| 1.05 | 1.04 | 1.02 | 1.
2.0 1.09 | 1.07 | 1.08 | 1.06 | 1.05 | 1.04 | 1.03 1.22
2.5 110 | 1.08 | 1.09 | 1.08| 1.07 | 1.05| 1.04 1.03\
3.0 112 | 110 | 1.10 | 1.09| 1.08 | 1.06 | 1.04 | 1.03"
4.0 114 | 112 | 112 | 1.10| 1.08 | 1.07 | 1.04 | 1.04
5.0 115 113 | 113 | L11| 1.09 | 1.08| 1.05]| 1.04

Table VIL. Multiplication factors for 30¢, Hoor reflectance
Courtesy of General Electric Co.

Table 1V lists a CU rating of .54 tor such an area which has 80
percent ceiling and 30 percent wall relectances. Assigning the Me-
diumm MF of .65, the corrected value of CU becomes: .65 X .54, or
.35, Yet another factor is involved here, the matter of floor lumi-
nosity. Calculations up to this time have been tounded upon 10
percent floor reflectance, which is normal for most locations. But
in this department, the Hoor is highly polished, so that its reflectance
may be taken at 30 percent.

Table VII shows that the Cl! estimate should be multiplied by 1.11,
the true value of CU becoming: 111 x .36, or .40. Specifications

Approx.

. Bulb : Rated
Ordering Bulb : Initial :
Watts Volts Abbreviation Shape 8'1: '8;5'2' Total h:fe
Lumens (hrs.)

CLEAR PAR LAMPS. Burning position—ANY. Heat-Resistant Glass.

200 120 200PAR46/3NSP |PAR-46|Narrow Spot| 2,250 2,000
200 120 200PAR46/3MFL |PAR-46|Med. Flood 2,250 2,000
300 120 300PAR56/NSP |PAR-56 |Narrow Spot| 3,720 2,000
300 120 300PARS56/MFL |[PAR-56|Med. Flood 3,720 2,000
300 120 300PAR56/WFL |PAR-56|Wide Flood 3,720 2,000

500 120 SOOPARG64/NSP |PAR-64|Narrow Spot] 6,500 2,000
500 120 SOOPAR64/MFL |PAR-64|Med. Flood 6,500 2,000
500 120 S500PAR64/WFL |PAR-64|Wide Flood 6,500 2,000

Table VIII. A selection of reflector lamps
Courtesy of General Electric Co.
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200-300 AND 500 WATT
PAR LAMPS.

Minimum Footcandles =
(useful hght Limit)

Maximum Footcandles
(on beam Axis)

Mounting distance

MAXIMUM LIGHTED AREA MINIMUM
LAMP FOOTCAN DLES| LENGTH wioTH | FOOTCANDLES
200-W PAR46/NSP 368 4-FT. JFT. 36
200-W PAR46/MFL 124 7FT. 3% FT. 12
300-W PARS6/NSP 788 3% FT. | 2% FT. 72
300-W PARS6/MFL 260 6 FT. 3 FT. 1}
300-W PARS6/WFL 116 11% FT. | 5% FT. 12
500-W PARG5/NSP 1208 3% FT. | 2FT. 104
500-W PAR64/MFL 468 6 FT. 3% FT. 52
500-W PARG4/WFL 128 12% FT. | 6 FT. 16

Comparison Data for 10-Foot Mounting Distance.
Table IX. Spot arcas of PAR lamps

Courtesy of General Electric Co.

state that one-third of the illumination here shall be incandescent,
and two-thirds fluorescent, with as little glare as possible irom the
glossy floor.

Under this condition, the amount ot light supplied by incan-
descent lamps must be: 14 X 126,000, or 12,000 net lumens. That
of the fluorescent lamps must be the remainder, or 81,000 net lu-
mens. The total quantity of incandescent light will be equal to:
42,000/.4, or 105,000 lumens, while the fluorescent component is:
84,000/.4, or 210,000 lumens.

Although glare is much less troublesome where the intensity of
illumination exceeds 50 foot-candles, the warning given in the
specifications merits some attention. As a precaution, the incan-
descent lighting will be furnished by reflector lamps that throw
their light upward onto the plenum ceiling. Table VIII lists a
500-watt reflector lamp with a rating of 6500 lumens. The number
required to produce 105,000 lumens is: 105,000/6500, or 16.

Examination of specifications reveals that 96-in, Cool White
Power Groove lamps will be accepted tor the location. Table VI
gives a rating of 15,000 lumens for this tube. The number of them
to create 210,000 lumens will be: 210,000/15,000, or 14 tubes. Single-
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tube luminaires, arranged in 7 rows ol 2 each can be fastened
directly to the plenum ceiling, making sure that no ducts or pipes
interfere with them. The 16 incandescent lamps may be spread out
as evenly as possible, underneath them.

The third problem concerns the jewelry department. Parabolic
reflector lamps may be used here, the 500-watt PAR64/MFL being
chosen from Table VIII to provide from 350 to 400 foot-candles
at counter height. The reason this lamp is selected, may be leﬁmed
from Table 1X.

This type of reflector lamp projects the rays in parallel lines,
so that a confined spot of high intensity is produced. The table
shows that the rays from this lamp, when it is mounted 10 ft above
the area to be lighted, make a bright spot whose dimensions are
approximately 3145 {t by 6 tt. Four lamps will be employed, the
spacing between centers, 5 {t. The confined, overlapping beams will
provide an intensity within the specified range, or somewhat greater
than this when the lamps are new. Carpenters will construct a
suitable valance to shield the bright lamps from direct view.

Show windows, according to the specifications, are to be illumi-
nated to an intensity of 500 foot-candles, using Cool Beam re-
flector lamps. The 300-watt PAR56/MFL. type listed in Table V1II,
falls within this class. Each window has an area of 200 sq ft, re-
quiring: 200 X 500, or 100,000 lumens. Since the lamps are rated
at 3720 lumens, the number per window is equal to: 100,000/3720,
or 27. The entrance passage offers no difhiculties, specifications stat-
ing that it is to be lighted with 10, 150-watt downlights.

Project 4—Industrial Location—Mercury or Fluorescent Lighting

The building of Fig. 5 is to be lighted with an intensity of

- 90 -

1000 WATT MERCURY

i \;r-—-wmmmss SPACED

i/ 15 FT. APART
1)

Fig. 5 Industrial location using mercury luminaires
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approximately 120 foot-candles. Either mercury or fluorescent light-
ing is satistactory, depending upon relative cost. Dimensions of the
building are 45 ft by 90 {t, by 19 ft high. Mercury lighting will be
considered first.

The area, Fig. 5, is: 45 ft X 90 f1, or 4050 sq ft. For an intensity
of 120 foot-candles, the amount of light must be: 4050 X 120, which
is 486,000 net lumens. In order to reduce danger of glare, it is de-
cided that mercury lamps should not be (loser than 15 {t to the
floor. Ceiling, wall, and floor reflectances ave taken at: 70 per-
cent, 30 percent, and 10 percent respectively. The RR table
does not list a room with these dimensions. Therefore, the value
must be calculated, as explained earlier. This rating is equal to:

LA X g
(15 — 3) (45 4+ 90)

A type I5M mercury luminaire selected from Table X will be
tried with a 1000-watt lamp. Reterring the RR factor to the proper
column in Table I, the CU factor is given as .71. Since maintenance
in this particular location is good, the MF will be chosen as .75,
giving a corrected GU value of: .75 X .71, or .53. The total number
of lumens necessary here must equal: 486,000/.53, which rounds
out to 917,000.

Color improved lamps are requested tor this operation, the
H1000 of Table X being selected. This unit has an initial output
ot 51.000 lumens. The number required will be: 917,000/51,000, or

INITIAL LUMENS

Tvpe | Buts | WATTS |LENGTH SERVICE
Vert. Horiz.

H175 | clear | 175 g1/4 | 7000 | 6650 [Her
Indoor

H400 | CLEAR | 400 | 111720 | 21000 | 20000 |Ourdoor

COLOR do

H400 a0 {12 | 20500 | 19500 |ideer

oo | clear | 700 | 14516 36500 | 34600 |55
H1000 | CLEAR | 1000 | 15 1/16" 54000 | ---  |indoor
Hi000 | SOLOR [ 1000 |15 1/1670 51000 | --= | indoor

Table X. A selection of Mercury lamps

Cowurtesy of General Electric Co.
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Fig. 6. Industrial location using fluorescent luminaires

18, permitting an even layout, Fig. 5, ot 3 rows which have 6 lumi-
naires each, and which are spaced 15 ft apart. For an even distribu-
tion of light, the table designates a spacing that does not exceed
mounting height. Since the mounting height is 15 ft, the tentative
spacing is satisfactory.

A comparative arrangement of Huorescent luminaires will now
be made. A No. 19F, two-tube industrial unit will be selected. This
type of fixture can be mounted within 12 ft ot the Hoor without
introducing glare trouble. Proceeding as before, a rating of 3.3 is
calculated for a mounting height ot 12 ft. Table II lists a CU value
of .64 for this unit, and a Good MF of .7, making the corrected CU
value: .7 X .64, or .45. The total amount of lighting supplied can
not be less than: 486,000/.45, or 1,080,000 lumens.

This luminaire is equipped with two Power Groove tubes. Table
VI lists a rating of 11,000 lumens for the 96-in Deluxe Cool White
lamp deemed suitable for the location. The total number of lamps
equals: 1,080,000/11,000, which is 98, requiring 49 fixtures.

Before deciding upon a definite number, it is well to investi-
gate possible layouts. It would be possible to install 11 luminaires
in a lengthwise row, or 5 in a crosswise row. After some trial and
error attempts, it is apparent that the best plan is to use 5 rows of
10 luminaires each, Fig. 6, making a total of 50 units. This amounts
to 1 more than the calculated number, so that lighting intensity
will be slightly greater than the necessary value.

Project 5—Area Lighting of a Neighborhood Parking Lot

The lot, Fig. 7, which is to be lighted with mercury luminaires,
measures 80 {t on a side. Usual practice calls for an intensity of 2 foot-



Lighting Design 93
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MERCURY
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80 CANDLES LUMINAIRES

Fig. 7. A neighborhood parking lot

candles. It is impractical to perlorm step-by-step calculations as
with interior locations, because there is no roof structure from which
to hang evenly spaced luminaires. Also, the number ot poles must
be kept to a minimum.

Tests in which standard lamps and fixtures are employed, show
that about .05 watt of mercury lighting is required to produce I
foot-candle of illumination, .06 watt ot fluorescent lighting, and .15
watt of incandescent lighting. For 2 foot-candles, in the present in-
stance, .1 watt of mercury lighting is needed. The area is: 80 tt X
80 ft, or 6400 sq ft, so that necessary lamp wattage must be: 6400
X .1, or 640 watts.

The height of the four poles at the corners of the lot should be
not less than 14 the distance between lights, or 20 tt. Each lamp
must contribute 14 X 640 watts, or 160 watts. Relerring to Table X,
the nearest standard mercury lamp is the H175 clear, which is rated
at 175 watts, the value being close enough to the required wattage
of 160. The luminaire is an M250 in the manulfacturer’'s catalogue.

The shopping center of Fig. 8 is 500 ft square. It is to be lighted
with mercury lamps. Such areas are usually illuminated to an
intensity of 5 watts per sq ft. Allowing .05 watt per foot-candle, the
power needed for 5 watts is: 5 X .05 watt, or .25 watt per sq ft.
The total power is equal to: .25 X 250,000, or 62,500 watts. It is
proposed to use 1000-watt lamps in No. M1000 luminaires. The
required number can not be less than: 62,500/1000, which is 62.5
lamps. This result should be changed to the nearest larger even
number, which is 64.
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Large areas should be divided into equal spaces with poles along
the center line of each. As an aid toward dividing the area and
spacing the poles, it must be remembered that the distance between
poles should be approximately four times the height of a pole which
height, for case of maintenance, should not greatly exceed 60 tt. If
the plan ol Fig. 8 is carried out, the poles will be 62.5 high, 250 ft
apart, and one-half that distance trom a pole to the edge of the
space. Since there are 64 lamps on four poles, or 16 apiece, each
group of lamps may be arranged in a square or, preferably, circular
pattern at the top of the pole.

Project 6—Flood Lighting a Vertical Surface

Floodlighting differs from both general lighting and area light-
ing with respect to method of calculation. The procedure is based
upon data which must be supplied by the manufacturer of the
particular floodlighting equipment which is to be used. The most
important factors are beam lumens, and beam spread.

The building tacade, Fig. YA is to be illuminated to about 10
foot-candles from a distance of 50 ft, using 1000-watt incandescent
floodlighting equipment. No. F84 floodlights with 1000-watt lamps
appear satisfactory. The manufacturer’s data states that beam lu-
mens are 6400, beam spread 30 degrees horizontal and vertical, with
beam efficiency of .45. The term beam lumens means the total num-
ber of lumens in the projected beam. Beam cfhciency refers to the
proportion of this beam which is actually confined to the main cone
of light.

The effect of beam spread can be learned with the help of Fig.
9B. A vertical line is drawn, representing a distance of 50 ft to any
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Fig. 9. Floodlighting a building

convenient scale. From the lower end, O, ot the line, an angle of
30 degrees is laid out with a protractor, 15 degrees on each side as
shown. A horisontal line is drawn through the upper end H, at
right angles to the vertical line, and the sides of the angle are con-
tinued to meet it, torming the triangle OMN. The line MN is
measured, and compared with the length ol OH, which represents
50 ft. MN is tound to measure approximately 26 ft. In the present
case, both yertical and horizontal beam spread is 30 degrees. More
olten, they are difterent, so that a triangle must be drawn separately
for each one.

It is necessary, first, to check the result against the vertical height
of the surface which is to be lighted. The beam spread is equal to
26 ft, and the vertical height ot the target surlace is 25 It, an
acceptable comparison. The next step is to determine how many
floodlights are needed, making use ot the lormula: Number of

lamps = __{1?,Qﬁtll._>_< ,.Wi.(.lfl‘__x F”O_['_(ﬂﬂfl“le?_ MF, the mainte-

Beam lumens X Effciency X MF

nance factor, is generally .75. Applying the tormula to the facts,
¢

Lamps = 100 > 25 x 10— 11.6, or 12.

6400 X .45 X .75

One further consideration must be noted. The distance between

floodlights shouid not be greater than one-hall the horizontal beam
spread, which is one-half ol 26 It, or 13 (. If the length of the wall
is divided into twelve equal spaces, floodlights will be 8 {t-6 in apart,
which satisfies the requirement. The reason that floodlights must
be so spaced is that intensity ol a spot tormed on the target area
by a beam of light decreases from the center to its edge. Overlapping
of spots becomes necessary, therelore, to overcome the tendency for
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separate bright spots to appear instead of a uniform brilliance.

Since the line of floodlights is divided into twelve equal spaces,
with a unit at each division, there will be 13 ot them instead of 12.
The effective value ot lighting produced, nevertheless, is equal to
only that of 12 floodlights, one-halt of the light trom the two end
ones being wasted as indicated in Fig. 9A.

LIGHTING BRANCH CIRCUITS
Comparison with Dwellings

Branch circuits for commercial and industrial locations are
treated by NEC on much the same basis as those for residential
applications. The 15-amp general lighting circuit and the 20-amp
utility circuit use No. 14 type R, or equivalent conductor for light-
ing, the circuit being protected by a 15-amp fuse or circuit breaker
because the allowable carrying capacity ot the wire, under NEC
rules, is 15 amps. The utility circuit uses No. 12 wire, which is pro-
tected by a 20-amp fuse because the carrying capacity ol the con-
ductor is 20 amps. l

Detailed circuit calculations will not be taken up until a later
chapter. For the present, it is sufficient to note that these circuits are
furnished with overload devices whose ratings are not greater than
the carrying capacity of the circuit wires. Two additional lighting
circuits are allowed in non-dwelling occupancies, provided that only
heavy duty lampholders are connected to them, the 30-amp circuit
and the 50-amp circuit. In most cases other than dwellings, No. 12
is the smallest conductor used on lighting circuits because of the
need to limit voltage drop.

Industrial practice is similar to commercial in this regard, ex-
cept that 30-amp and 50-amp circuits are more common. One reason
is the widespread use ol mercury luminaires in manufacturing
plants. In sizes larger than 100 watts, these lamps are equipped with
mogul sockets, which come within the code definition of heavy duty
lampholders.

Phase and Voltage

The nature of the power supply should also be mentioned at
this time. In single-family residences, the service is always single-
phase, usually 115-230-volt, three-wire, from which either two-wire or
three-wire circuits may be run to points of distribution. Three-phase,



Lighting Design 97

four-wire, 120-208-volt, so-called network systems, are sometimes em-
ployed in large apartment houses. Today, this form of circuit, or a
similar one, is the rule in commercial and industrial buildings. A
popular variation is the 277-480-volt system used with heavy fluo-
rescent lamp loads.

REVIEW QUESTIONS

1. What method is used for most lighting calculations?
2. What term indicates the proportion of total lamp lumens which
reach the working plane?
3. State the height of the working plane in an office.
4. What is the average value of ceiling reflectance in an industrial
location?
5. What is the average value of Hoor reflectance?
6. RR is the abbreviation of what term?
7. What is the maximum spacing ratio with respect to mounting
height?
8. What is the standard value of reflectance for a plenum cavity?
9. MF deals with reduction in light which comes through what?
10. State the three classes of MF.
11. What is the first calculation usually made for an area which is to
be lighted?
12. By what factor is the first CU rating multiplied in order to obtain
the corrected value of CU?
13. Whay general arrangement is best when laying out a group of in-
candescent pendants?
14. Arca must be multiplied by what number in order to obtain net
lumens?
15. What is the maximum permissible distance between rows of fluo-
rescent strips in a luminous ceiling?
16. What is the nature of light rays projected by a PAR lamp?
17. To what intensity is the usual neighborhood parking lot illu-
minated?
18. How much power is required to produce 1 foot-candle intensity
in a parking arca, using mercury lamps?
19. In floodlighting, what beam characteristic is equally as important
as beam lumens?
20. Should the distance between floodlights be equal to the beam
spread?



Chapter Five

Wiring for Motors

Required Knowledge

The inside wiremah must be tamiliar with outward characteris-
tics of motors in order to intelligently carry out the work of con-
necting them. It is unnecessary, however, for him to have a technical
knowledge of windings and internal details equal to that of the
motor-shop electrician. He should be able to recognize and to dis-
tinguish between the numerous types from information recorded
on the motor nameplate. And from this data, he should be capable
of deciding what materials and methods are best suited to the par-
ticular task.

In order to be thus competent, he must understand factors which
control the matter ot wire size, circuit tusing, motor protection,
controllers, and starting methods. He must know the meaning of
code letters found on nameplates, and standard markings for motor
lead wires. As part of his mental equipment, he must also be
acquainted with code requirements for hermetic motors, group in-
stallations, and machine tools. Among other things, he must be
reasonably well informed with regard to cranes, elevators and es-
calators, IBM machine wiring, and the underlying principles of
carrier-system remote control devices. The present chapter seeks to
impart this information.

Kinds of Motors

Today, alternating current induction motors practically mo-
nopolize the electric-drive field. They are manufactured in single-
phase, two-phase, and three-phase, although the two-phase type is
seldom encountered. Direct-current units, still very scarce, have
enjoyed a revival in some branches of industry where their stable
variable speed qualities are highly important. The printing trade
has always preferred direct-current. Recently, the electronically-
controlled direct-current motor has become an essential element in

98
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closed-cycle operations connected with automation.

Single-phase motors are found only in relatively small sizes, usu-
ally less than 1 hp. Common types are: repulsion, repulsion-start,
and capacitor split-phase, particularly the latter two. Except in
special cases, the nominal operating speed is 1800 rpm. They are
widely used for portable and semi-portable refrigerating equipment
such as ice-cream cabinets, as well as for conveyors, blowers, or other
air-conditioning units.

Three-phase motors appear in all sizes and speeds, from 1 hp
or less to 1000 hp or more, and at speeds trom 3600 down to 600 rpm
or less; the slower speeds being with the very large sizes. As with
single-phase, the 1800 rpm is the most popular 60-cycle type. Most
are standard, constant duty, squirrel-cage motors, but there is a
great variety such as: high-torque, brush-shifting variable speed.
intermittent duty, and wound-rotor.

The usual current frequency in this country is 60 cycles, and the
usual voltages 230, 440, 550, and 2300. The supply potential may
vary somewhat trom these amounts, but manutacturers customarily
guarantee their motors to operate satistactorily on circuits whose
voltages difter not more than 10 percent from the value stamped
on the nameplate. Thus, a 220-volt motor may be used successtully
on a 208-volt circuit. It should be mentioned, however, that a 208-
volt motor is now available for network systems.

ESSENTIAL TERMS
Motor Nameplate

The best place to start is with a simple nameplate, Fig. 1.
Every motor, according to the NEC, must be equipped with a

AMERICAN
NO. 832943 TYPE §-477¢
HP15 VOLTS230 AMPS. &

RPM 1725 THREE-PHASE

CONT. 40-DEGREE copE []

Fig. 1. Motor nameplate
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nameplate that gives the maker’s name, the rating in volts and
amperes, the normal full-load speed, and the interval during which
it can operate at full load, starting cold, before reaching its rated
maximum temperature. All motors, except those for driving arc
welding generators and hermetic units are marked in horsepower.
If the motor has a built-in protective device, this fact must be stated
on the nameplate. Those for sizes 14 hp or larger, with the excep-
tion of the polyphase wound-rotor type, must be marked with a
code letter. :

The most important notations for the wireman are: HP, Volts,
Amps, Phase, Duty, and Code Letter. The horsepower rating is
necessary in determining circuit switch size for all motors over
2 hp. The current rating is required in the selection of an over-
current device.

Ambient Temperature

The normal temperature of a random location is taken to be
40 degrees Centigrade, which is equal to 104 degrees Fahrenheit.
This is called the ambient temperature. The notation, “40-degree”,
refers to the maximum temperature rise above the level of ambient
temperature, that will occur while the motor is operating at full
load. Since this is a 40-degree unit, it will not heat beyond the point:
40 degrees + 40 degrees, or 80 degrees, Centigrade.

Insulation on the windings deteriorates rapidly if this maximum
temperature is exceeded. For example, if the motor were used in a
location where the thermometer showed an ambient temperature
of 50 degrees Centigrade, the insulation would fail if the unit were
operated at full load for a considerable length of time.

There is also a standard 50-degree motor whose insulation is of
a somewhat better grade that can withstand higher temperatures.
Such a unit may operate at 90 degrees Centigrade, under full load
conditions, without suffering insulation damage.

Duty

The term “Continuous” stands for “Continuous Duty.” This
means that the motor can be operated steadily at full load, even
twenty-four hours a day if necessary. Besides continuous duty mo-
tors, there are intermittent types rated at 5-min, 15-min, 30-min,
and 60-min. They can be operated at full load only the stated length
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of time before reaching the maximum allowable temperature, which
is usually 55 degrees above the ambient value. An equally long rest
period is usually in order before the motor can again be operated
at full load. Cranes and hoists are often supplied with such units.

Code Letters

The Code letter shows locked-rotor current of the motor. This
is the amount of current that will flow into stator windings when
the rotor is blocked so that it cannot turn. Under this condition,
the motor will draw a current several times as large as the running
value. Consider, for example, the motor whose nameplate is shown
in Fig. 1. Normal full load current is 40 amps. If the rotor is held
fast while lead wires are connected to the supply line, a current of
more than 200 amps could flow, the actual amount depending upon
the electrical nature of the windings.

These electrical characteristics are expressed by the code letter
stamped on the nameplate. Table 430-7(b) of the NEC (See App.)
lists code letters from A to V, inclusive. Under locked-rotor condi-
tions, a motor with letter A will draw a certain percentage of nor-
mal current, one having letter B will draw a larger percentage of
normal current, one with letter M very much more, and so on. An
important NEC table which is to be discussed later on, groups these
code letters as follows: A, alone; B, C, D, and E; F, G, H, and all
other letters to V inclusive.

The code letters have such individual values that if the motor
of Fig. 1 has the letter A on its nameplate, its locked-rotor current
will not be greater than 120 amps, which is 300 percent of normal.
With one of the letters from B to E inclusive, the locked rotor
current will not exceed 200 amps, or 500 percent of normal. With
one of the remaining letters, the locked rotor current will be 240
amps or more, which means 600 percent of normal, or greater. For
standard squirrel-cage induction motors, this value of 600 percent
may be accepted as maximum.

The practical importance of locked-current ratings will now be
explained. At the instant of starting an induction motor behaves as
if its rotor were actually unable to turn. Even though its shaft is
perfectly free in the bearings, it hesitates for a moment while draw-
ing a current equal to the locked-rotor value. This term, then, ex-

presses the instantaneous starting current of the motor under con-
sideration.
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METHODS FOR STARTING

Need for Starting Methods

A large percentage ol squirrel-cage induction motors have wind-
ings that draw 600 percent of normal current if connected directly
to the supply wires. If the motor is of small size, for example 2 hp
and a normal full load current of 6 amps, the initial surge of cur-
rent does not exceed 36 amps. This amount is not large enough to
strain the capacity of the power company’s supply transformer; es-
pecially when the higher current persists for only a short space of
time. With a motor as large as that in Fig. 1, however, and a load
which takes a halt minute to accelerate, the eftect might prove quite
disturbing to supply equipment.

For this reason, power companies usually prohibit connection of
motors larger than 5 hp without some means lor limiting current
inrush. There is another inducement for cutting down starting
current, this time from the owner’s viewpoint. The sudden heavy
flow of current may shock the motor and its driven machinery to
such an extent that constant repetition over a period of time will
result in costly damage.

Features Common to all Starting Methods

All starting procedures are based upon application of a reduced
voltage to the motor terminals. The reduction in voltage produces
a lower starting torque than would be obtainable at full line volt-
age. The term “torque” means “turning eflort.” Torque causes a
motor to start from rest, and to carry its load. Since it is created by
the action of current which flows in the stator winding, it will cer-
tainly be less when the current flow decreases because of reduced
voltage.

Tests have proven that torque for a given motor, varies as the
square of the voltage. For example, it tull line voltage is 200, and
it is lowered to say 100 volts by one means or another, the torque
at this reduced voltage would compare with that at full line voltage
as: 100 squared/200 squared, which is equal to: 10,000/40,000, or
14 as much.

The starting torque of an average squirrel-cage induction motor
with full voltage impressed on its windings is about 150 percent
ot normal full-load torque. It the voltage is reduced to one-half, the
maximum starting torque becomes: 14 X 150, or 3714, percent of
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full-load value. The required turning effort is dependent upon the
nature of the load. When a motor drives a fan or blower, very
little torque is needed to move the rotor, because the starting load
is practically zero. As the propeller speeds up, and thus agitates the
air, the load gradually increases.

An air compressor with an unloading device that permits the
drive motor to come up to speed before meeting with resistance, is
another easily started machine. Here, the weight ot the pistons and
crankshaft offer the only opposition during the accelerating process.
Starting conditions, generally, are more severe than this, but in most
cases, somewhat less than full-load torque is sufficient to set the ma-
chine in motion.

Older equipment sometimes offered 1 choice ot four starting
voltages over a range covering {rom 85 percent to 40 percent. Mod-
ern starters provide three voltage selections: 80 percent of normal,
65 percent, and 50 percent. The percentage of across-the-line start-
ing torque offered by the three steps, as calculated by the preceding
formula, are: 64 percent, 42 percent, and 25 percent, respectively. In
terms of full-load torque, these values become: .64 X 150 percent,
42 X 150 percent, and .25 X 150 percent, or 96 percent, 63 percent,
and 3714 percent, respectively.

Series-Resistance Method

The first plan likely to occur to one for reducing starting cur-
rent, is to insert resistors in series with the supply wires, as in Fig. 2.
This principle is used by a well-known manutacturer. The arrange-

SHORT CIRCUITING CONTACT

1
1

R3

L
MOTOR
r=—"""VVV\V\
LINE CONT RESISTOR TERMINAL
. Fig. 2. Series-resistance starting

A
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ment of Fig. 2 consists of three elements, the main contactor with
three contacts, L1, L2, and L3; the resistor bank R/, R2, and R3,
together with contacts CI, C2, and C3, and the motor which has
terminals PJ, P2, and P3.

Supply wires are connected to LI, L2, and L3. Resistor R is in
series with L/ and motor terminal PI. R2 is in series with P2, and
R3 with P3. When the main contacts close, current passes from the
supply wires through the resistors to the motor terminals. The re-
sistors limit the flow of current, while the voltage across the motor
terminals becomes less than that between line wires. The rotor
begins to accelerate, and after a certain interval whose length is
governed by a timing device, contacts CI, C2, and C3 close, short-
circuiting the resistors, and presenting full line voltage to the mo-
tor terminals.

If the resistors are of such value that the voltage at motor ter-
minals is 80 percent of normal, the starting torque will be 64
percent of full-load value, while the current taken from the line
wires is 80 percent of the across-the-line value. With the 15-hp mo-
tor of Fig. 1, this current will amount to: .8 X 240 amps, or 192
amps. If the starting voltage at the motor terminals is 65 percent,
and the resulting torque 63 percent of full-load, the current taken
from the line will be: .65 X 240 amps, or 156 amps. Again, if the
starting voltage is limited to 50 percent, and the resulting torque
371, percent of full-load, the current from the supply wires is: .5 X
240 amps, or 120 amps. To sum up these results, the motor exerts 96
percent of normal torque for a line current input of 192 amps, 63
percent for a line current of 156 amps, and 3714 percent for a
line current of 120 amps.

The voltage at the motor terminals depends, of course, on the
value of the series resistance which is employed. Note that the
change from starting to running position is made here without open-
ing the circuit between supply wires and motor terminals. For this
reason, the series-resistance unit is said to be a closed-transfer starter.
Before going on, it should be stated that the commercial type re-
sistance starter often uses but two resistors. The one between L2
and P2 is omitted, thus simplifying the equipment, but still accom-
plishing the same purpose.

Series-Reactance Method
The series-reactance starter of Fig. 3 is quite similar to the
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Fig. 8. Series-reactance starting

series-resistance unit; reactors being substituted for resistors. The
principle is the same, and the relative values of currents and start-
ing torques are the same. The series-reactance starter also falls
within the closed-transfer classification. One important defect is that
reactors disrupt the power factor of the supply system. The term
power factor will be discussed later in the chapter.

Auto-Transformer Method

The auto-transformer starter of Fig. 4 includes a main con-
tactor, two other sets of contacts, and two auto-transformers. At
starting, one end of the winding from auto-transformer T/ is con-
nected to the wire from L/, by means of contact §1. The other end of

CLOSED AT C1 | o—OPEN AT START
START —}
51 51
Ly N Nl
1f AN L
SUPPLY n VITAPS
\ L2,
LA
AUTO-TRANSFORMER —>
T3 v3
% %
LINE CONTACT 53 $3 MOTOR
L TERMINAL
call

Fig. 4. Auto-transformer starting
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Fig. 5. Principle of the autotransformer

T1 is attached to the wire from 1.2. One of the VI taps on the wind-
ing of T/ is connected to motor terminal P/. One side of contact
C1 is attached to the wire from L1, the other side to the wire from
Vito PI.

Auto-transformer T3 is connected in a similar way, one end go-
ing to §3, the other to L2. Its tap, V3, is attached to a wire from
motor terminal P3. The left side of contact C3 runs to the
wire from L3, the other side to the wire from V3 to P3. Contacts
§I and $3 remain closed during the starting period, while C/ and
C3 remain open, auto-transformers T/ and T3 furnishing a re-
duced voltage to motor terminals. After the rotor has accelerated to
a certain point, the timing device operates, and contacts $/ and §3
open, thus interrupting current flow to the motor. An instant later,
contacts CI and C2 close, so that full line voltage is applied to
motor terminals.

Since it is necessary to open the circuit to the motor during the
change from starting to running positions, the auto-transformer
starter is classed as an open-transter device. Opening and reclosing
the circuit causes a temporary reduction in rotor momentum, and
then a sudden increase. The resulting shock strains both motor and
driven machinery, an undesirable effect that is not encountered with
either resistance or reactance starting. In this respect, these types
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Fig. 6. Voltages and currents in auto-transformer starter

are considered superior to the auto-transtormer, but the latter offers
so many other advantages that it is the form most widely used today.

One of its principal recommendations is that the current taken
from line wires during the starting interval is much lower than with
the other methods. Before making a comparison with the aid ol the
15 hp motor of Fig. 1, it is well to review briefly the principle of
the auto-transformer.

An auto-transformer has a single winding that is connected
across line wires L/ and 1.2, Fig. 5A. If the line voltage is 100 volts,
and tap wires are brought out at points which include 80 percent,
65 percent, and 50 percent of the turns from L/ to L2, the voltages
from taps to wire L2 are: 80 volts, 65 volts, and 50 volts, in that
order.

In Fig. 5B, a non-inductive resistance of 1 ohm is connected be-
tween wire L2 and the 80 percent tap. The current flowing through
R is 80 amps, 16 amps being supplied by transformer action, while
64 amps flow from the line wires. It the load is connected to the
65 percent tap, Fig. 5C, current through R drops to 65 amps, of
which 23 amps are supplied by transformer action and 42 by the
line wires. When R is connected between the 50 percent tap and
wire L2, current drops to 50 amps, of which 25 amps are supplied
by transformation and 25 amps by line wires.

Fig. 6A is similar to Fig. 5A except that the line voltage has
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Fig. 7. Auto-transformer-reactor starter

been changed to 230 volts. Tap voltages are now 184 volts, 150 volts,
and 115 volts. Referring back to the motor ot Fig. I, it may be re-
called that the across-the-line current at starting was 240 amps.
If the motor is connected to the 80 percent tap, the starting current
through the windings becomes: .8 X 240 amps, or 192 amps, as in
Fig. 6B. Applying the same ratios as those illustrated in Fig. 5B,
the current supplied by transtormation is 38 amps, and that by the
line wires, 154 amps.

On the 65 percent tap, Fig. 6C, current through the windings is
reduced to 156 amps, of which 55 amps are supplied by transforma-
tion, and the remainder, 101 amps, by the line wires. With the 50
percent tap, current through the motor falls to 20 amps, Fig. 6D,
60 amps coming by way of transtormation, and 60 amps from the
line.

These results are slightly optimistic, because a magnetizing cur-
rent of about 10 amps is also carried by the line wires. Upon mak-
ing the necessary adjustment, it is seen that the motor draws a
line current of 164 amps while exerting a starting torque equal to
96 percent of full-load. On the 65 percent tap, a line current of 111
amps provides a turning effort equal to 63 percent of normal, while
on the 50 percent tap, a line current of 70 amps results in a start-
ing torque which is 3714 percent of normal.

When these results are compared with those obtained with series-
resistance and series-reactance starters, it is obvious that the auto-
transformer starter causes far less strain on supply equipment. It is
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more efficient, too, because it is not burdened with the power loss
consumed in series resistors.

Combination Starting Method

In order to avoid the shock incident to the change from starting
to running positions when using an auto-transformer starter, the
circuit illustrated in Fig. 7 has been devised. It is similar to Fig. 4,
except that the § contacts have been omitted, and a new set of W
contacts have been installed. The procedure at starting is exactly the
same as with the standard auto-transformer arrangement. When the
motor has accelerated to the right speed, however, contacts W1 and
W3 open, disconnecting one end of each auto-transformer.

Motor current is not interrupted, but a portion of auto-trans-
former T/ remains in series with motor terminal P/, serving as a
reactor, and a portion of T3 remains in series with P3. Current
through the windings increases, and the rotor gains speed. Then,
contacts CI and C3 close to short-circuit the reactor windings, and
to 2pply full voltage to the motor terminals. Thus, a closed-trans-
fer occurs between starting and running positions, and the equip-
ment is not subjected to shock. This method is used in special cases,
particularly with large units.

Star-Delta Method

The star-delta scheme of Fig. 8 is infrequently employed, and
only in special situations. Six lead wires from the windings are
brought out to a contactor which groups them into a star, or Y,
pattern for starting, and a delta pattern for running. The change
from starting to running position is, of course, an open-transfer
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Fig. 9. Arrangement for part winding starting

type. The line current at start is reduced to about 58 percent of
across-the-line value, while the torque is only about 50 percent
of full-load torque.

Incremental Starting Method

In Fig. 9, the stator winding has two circuits. Only one of them
is connected to supply wires at starting. As the rotor gains speed, the
other circuit is connected. Thus, the change from starting to run-
ning positions is ot the closed-transter type.

Standard 230-volt induction motors generally have two-circuit
windings so that they may be reconnected when necessary, for 460-
volt service. If the supply is 440 volts, however, and it is desired to
use part-winding starting, the motor will need a stator especially
wound for the purpose.

Should the 15-hp motor of Fig. 1 be adapted to incremental
starting, and one of its two stator windings be connected to the
supply wires, it would draw a current of approximately 130 amps,
while producing a torque equal to 75 percent of full-load value.

Starting Wound-Rotor, High-Reactance Squirrel-Cage, and
Direct Current Motors

The ordinary squirrel-cage induction motor has a low-resistance
bar winding on the rotor. If it were possible to greatly increase the
resistance of this winding during the starting period, methods for
limiting the flow of supply current would be unnecessary. This fact
is taken advantage of in the wound-rotor unit of Fig. 10. Its stator
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Fig. 10. Schematic diagram of a wound-rotor motor

winding is identical with that ot a squirrel-cage motor, and the
rotor has a similar winding. Through the aid of slip-rings, an ad-
justable resistor bank is connected in circuit with the rotor winding.
The resistance is relatively high at starting, but as the rotor speeds
up resistance is gradually reduced until its value is nil in the full-
speed position. The same arrangement may be employed to pro-
vide speed control during normal operation, the rotor slowing down
as resistance is cut into circuit. Starting torque as high as 150 per-
cent of full-load torque may be obtained with a current inrush of
between 150 and 200 percent.

The rotor resistance of a high-reactance induction motor is much
higher than that of an ordinary squirrel-cage unit. When the motor
terminals are connected directly to supply wires, the inrush of cur-
rent at starting is only one-half to two-thirds that of the standard
motor. It finds application for elevator, crane, hoist, and like service
where it would be impractical to insert a starting device. In the so-
called “line-start” motor, whose squirrel-cage winding is of peculiar
and more expensive design, rotor resistance at starting is much
greater than after normal speed is attained.

YYYYYY
SHUNT FIELD WINDING ——3

/

VARIABLE STARTING
sureLy RESISTOR ARMATURE

Fig. 11. Schematic diagram of a direct-current motor
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Starting characteristics of direct-current motors resemble those
of the wound-rotor induction motor. A resistor is connected in the
armature circuit, as illustrated in Fig. 11, but it is gradually cut out
as the armature comes up to speed. A starting torque of 150 percent
of normal is obtainable with a current inrush of approximately the
same amount.

CIRCUIT REQUIREMENTS

National Electrical Code

Motor circuit wiring must conform to provisions of the  Na-
tional Electrical Code. The wireman should have a copy at hand.
For purpose of quick reference, however, some of the most important
NEC tables are reprinted here, in the Appendix. Presence of such
tables is indicated by the notation, “(See App.)”. Reference to less
frequently used tables is made by the notation, “(See NEC)”. Rules
governing motor installations are concentrated in Article 430 of
NEC, but there are comparatively minor groupings for particular
applications in: Article 500 Hazards; Article 610, Cranes and
Hoists; Article 620, Elevators; and Article 670, Machine Tools.

Conductors

The NEC provides that branch-circuit conductors supplying a
single, continuous-duty motor, shall have a carrying capacity not
less than 125 percent of the motor full-load current rating. One
reason for the added 25 percent is to allow a heating margin for the
high, but short duration, starting current. Another is to provide
for the small percentage of overload which the continuous-duty mo-
tor is designed to withstand. Smaller circuit conductors are permitted
with intermittent-duty motors, under strict code limitations, but all
motors are deemed continuous-duty unless the nature of the driven
load is such that continuous operation is impossible.

In the case of the 15 hp motor of Fig. 1, whose running current
is 40 amps, the supply conductors must have a carrying capacity of
at least: 1.25 X 40 amps, or 50 amps. Assuming that Type R con-
ductors are used, the nearest size listed in NEC Table 310-12 (See
App.) is No. 6, which has a carrying capacity of 55 amps.

Disconnecting Means

Every motor larger than 14 hp must have a disconnecting means.
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It shall be a motor-circuit switch, rated in horsepower, or a circuit
breaker. There are two principal exceptions. First, motors rated at
2 hp or less, 300 volts or less, may be disconnected by a general-use
switch whose ampere rating is not less than twice {ull-load current
rating. The second main exception concerns motors exceeding 50
hp. Here, the disconnecting means can be a general-use switch rated
in amperes, or an isolating switch.

Applying this code rule to the 15 hp example, a motor-circuit
switch rated at not less than 15 hp must be employed. The switch
must be within sight of the device which controls operation of the
motor, or else it must be arranged for locking in the open position.
It must disconnect all ungrounded supply conductors from both
motor and controller, and it must have a continuous carrying ca-
pacity of at least 115 percent of the nameplate current rating of the
motor. The term “within sight” as used in the NEC, means visible,
and not more than 50 ft distant.

Motor Controller

A controller is a switch or other device normally employed for
starting and stopping a motor. In some cases, the disconnecting
means may serve as the controller, or it may be in the same enclosure
as the controller. The controller must be horsepower rated, the only
important exception being one for motors of 2 hp or less, the pro-
vision worded exactly as in the case of the disconnect switch.

Unless the controller is also the disconnecting means, it need not
open all supply conductors, but only a sufficient number to interrupt
flow of current to the motor. When not within sight of the motor
which it controls, it should be locked; otherwise, a switch that will
prevent starting of the motor must be placed within sight of the
motor location. An auto-transformer starter used to control the
familiar 15-hp motor would be required to open only two of
the circuit wires.

Branch-Circuit Overcurrent Protection

The branch-circuit overcurrent device must be able to carry the
starting current of the motor. Overcurrent devices are either fuses or
circuit breakers, Fig. 12. A fuse will not blow immediately unless sub-
jected to a current equal to 200 percent or more of its rating. Circuit
breakers are of two kinds, instantaneous-trip, and time-delay. The
former are used only with direct-current motors. The latter may
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Fig. 12. Fused switch and dircuit breaker
Courtesy of General Electnic Co

have either a magnetic or a thermal tripping mechanism, the
thermal type being more common in small or medium-size classes.

NEC Tables 430-152 and 430-153 (See App.) list maximum al-
lowable ratings or settings ol branch-circuit protective devices, the
first dealing with those having code letters, the second with all
others. As mentioned earlier, all new alternating-current motors
Vo-hp and larger, except polyphase wound-rotor motors, must have
a code letter stamped on the nameplate. A great many were manu-
factured, however, before the code rule went into eftect. Table
430-152 relates to them, as well as high-reactance, wound-rotor, and
direct-current motors.

The fuse and circuit breaker ratings are expressed in percent of
full-load current. Table 430152 lists them in two sections, the upper
one referring to all single-phase motors and to polyphase squirrel-
cage or synchronous motors which are ftull-voltage-, resistor-, or re-
actor-starting. The lower portion deals with squirrel-cage and syn-
chronous motors with auto-transformer starting.

In all cases, motors with code letter A have both fuse and cir-
cuit breaker ratings of 150 percent, because the maximum starting
current to be expected with a motor of this kind is 200 percent of
normal. The ratings for auto-transformer starting are, generally,
lower than the others.
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If the 15 hp example motor had a code letter A, its maximum
circuit protection would be either a 60-amp fuse or a 60-amp circuit
breaker, since its full-load current is 40 amps. With a code letter
B to E, and across-the-line-, or resistor-, or reactor-stacting, the maxi-
mum fuse rating would be 100 amps, the maximum circuit breaker
rating 100 amps (nearest standard 1ating to 80 amps, which is called
for—see NEC 240-6). For a letter from F to V, the maximum per-
missible tuse would be 125-amp (nearest standard rating to 120-amp),
and the circuit breaker 100-amp.

Under auto-transformer starting, tor a code letter trom B 1o E,
the largest fuse would be 80-amp, the circuit breaker 100-amp (near-
est standard rating to 80-amp). With a code letter from F to V, the
tuse rating could not exceed 100-amp, the dircuit breaker 100-amp
(nearest standard rating to 80-amp).

Turning to NEC Table 430153, if the 15 hp motor did not have
a code letter, it would be handled on the same basis as an F to V
motor in the other table. with but one exception. With an auto-
transtormer starter, the maximum fuse rating would be 80-amp
instead of 100-amp. This is true because the table makes a distine-
tion between motors drawing more than 30 amps, as compared
to those drawing 30 amps or less.

It was stated at the beginning ot this section that the branch-
circuit overcurrent device must be able to carry the starting current
of the motor. In some cases, the maximum allowable fuse is not large
enough. Thus, under across-the-line starting, a motor with code
letter H may draw 700 percent ol full-load current, and the 300
percent fuse will blow. NEC Section 430-52 makes provision for
such conditions, stating that the tuse size may be increased, where
necessary, but that it may never exceed 400 percent of full-load
current. The purpose behind all these restrictions is to insure that
the rating of branch-circuit protective devices is as small as practi-
cable.

It will be recalled that lighting circuits are fused according to
the carrying capacity of the branch-circuit conductor. This is cer-
tainly not true of the motor branch-circuit. The conductor used
with the 15-hp motor, for example, is No. 6 Type R, which has a
carrying capacity of 55 amps. Yet, the fuse in the circuit switch
may be as large as 125 amps. The situation is basically undesirable,
but the only alternative would be to demand a wire having the same
carrying capacity as the fuse rating. This requirement would impose
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Fig. 13. Motor switch with thermal overload device

such a burden upon the public that it could not be permitted. The
next section will show, however, that the condition is not quite so
bad as it may appear.

Overcurrent Protection

An alternative term for this section is, “motor running overcur-
rent protection.” It is intended, primarily, to safeguard the motor
windings. The NEC provides that continuous-duty motors shall be
guarded against running overcurrent by an approved means. There
are a few unimportant exceptions: small high-impedance motors
such as electric clocks; a motor which is part of an approved as-
sembly which has built-in safety controls, an oil-burner for example,
and a manually-started portable motor of 1 hp or less that is within
sight of the controller.

All other motors must be protected by an overcurrent device,
Fig. 13, which is responsive to motor current. It may be a separate
unit, rated at not more than 125 percent of full-load current in the
case of 40-degree or hermetic motors, and not more than 115 percent
of full-load current for all other types. This latter rule applies, of
course, to the 50-degree motor. The overcurrent device may be a
thermal protector integral with the motor, and which acts to in-
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terrupt current flow when a dangerous condition arises. Tempera-
ture detectors embedded in the windings may be employed with
motors larger than 1500 hp. Motors in service which is basically
short-time duration, are considered protected against overcurrent
by the branch-circuit overcurrent fuse or circuit breaker.

In the case of the 15-hp example motor, the rating of an over-
current unit cannot be greater than: 1.25 X 40 amps, or 50 amps.
This value is acceptable only if the motor is a 40-degree or a her-
metic type. If the motor were 50-degree, the overcurrent protector
should not be rated higher than: 1.15 X 40 amps, or 46 amps. The
NEC permits a slight variance in these ratings.

There are two general types of overcurrent units: adjustable,
and non-adjustable. The overcurrent setting of the furst type may
be changed by means of a screw or a nut; the setting ot the second
cannot be altered. As with fuses, the latter are supplied in a number
of standard sizes. Although the adjustabie type must be set at the
125 percent or the 115 percent point, as the case may be, the nearest
higher standard non-adjustable rating is acceptable it there is no
exact standard size.

NEC 430-34 imposes a definite limit on the amount of variation,
however. The device for a 40-degree or a hermetic motor cannot
exceed 140 percent of full-load current, and that of other types 130
percent. Returning for a moment to the 15-hp motor, if there were
no standard 50-amp non-adjustable overcurrent device, a substitute
one having a rating not exceeding: 1.4 X 40 amps, or 56 amps in
the first case, or 1.3 X 40 amps, which is 52 amps, in the second.
The NEC also states that the smallest acceptable rating of an over-
current device is 115 percent of full-load current.

A few additional observations are in order. The overcurrent de-
vices may be part of the motor controller. Under certain conditions
of manual operation, the overcurrent units may be shunted out dur-
ing the starting period. Thermal devices which are not capable of
handling short-circuit currents, must be preceded by fuses or circuit
breakers rated at not over 400 percent of motor full-load current.
The code states that, after tripping, an overcurrent device must not
allow the motor to restart automatically if there is any danger of
injury to persons. The number of units required for motors used on
various supply systems is governed by Table 430-37 (See NEC).

At the end of the foregoing section, it was said that lack of
circuit pratection was not so bad as it may have seemed. Since the



118 Industrial and Commercial Wiring

current which can flow through the conductor, under normal op-
eration, is limited to 125 percent of full-load motor current, and
since the carrying capacity of the circuit conductor is also 125 per-
cent, overloading of the wire is not likely to occur. The only possi-
bility of higher current flow is through the happening of a ground
or a short-circuit at a point between disconnect switch and running-
overcurrent device. In this case, the current will be far greater than
full-load value, and the branch-circuit fuse or circuit breaker will
act. For this reason, branch-circuit protecnon is sometimes c’alled
“short-circuit and ground fault protection.’

USE OF NEC TABLE 430-146

Content of Table

It is unnecessary to perform all the above calculations in order
to find allowable branch-circuit and running-overcurrent protection.
NEC Table 430-146 (See App.) presents these values on the basis of
full-load motor current. The first column lists currents from 1 to 500
amps, while columns 2 and 3 give maximum ratings: of running-
overcurrent protective devices for the 40-degree and hermetic mo-
tors. Column 2 states ratings for non-adjustable units, column 3 for
adjustable ones. Remaining columns, 4 to 7 inclusive, are concerned
with branch-circuit protection.

Each ot these branch-circuit columns has two sections, fuses being
indicated at the left, circuit breakers at the right. Column 4 deals
with single-phase, squirrel-cage, and synchronous motors which start
across-the-line, or with resistor-, or with reactor-starters. It applies to
all such motors having code letters F to V, and to those without code
letters. Column 5 supplies ratings for use with the same classes
of motors and starters, but with code letters B to E. It also includes
auto-transformer-started motors having code letters F to V, and non-
code motors drawing not more than 30 amps. High-reactance motors
drawing 30 amps or less are also covered.

Column 6 treats of squirrel-cage and synchronous motors using
auto-transformer starters, and having code letters B to E. It in-
cludes non-code-letter motors of these types, and also high-reactance
motors, which draw more than 30 .amps. Column 7 is confined to
motors with code letter A, direct-current motors and wound-
rotor motors. A headnote to the table states that ratings for branch-
circuit protection may be taken from the table, but that running-
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overcurrent values must be based upon current value stamped on
the motor nameplate.

There is a practical reason tor this rule, which is NEC 430-6 (a).
Drawings or sketches showing horsepowers of motors are in the
hands of the electrician while the job is still in the rough stage. In
order for him to decide upon the size of wire and conduit, circuit
switch, and branch-circuit protective devices, he must depend upon
current ratings taken from NEC Table 430-150 (See App.), because
the actual motors are not yet available. When it comes time to
install running-overcurrent units, however, the equipment is al-
ready in place.

Another headnote explains that ratings shown in columns 2 and
3 are to be reduced by 8 percent for motors other than 40-degree
and hermetic types. This factor is used because 115 percent is 8
percent less than, or 92 percent of, 125 percent. That is, 115 = .92 X
125. The table will now be employed in connection with some
practical examples of motor wiring. Single-line diagrams are used
to show motor-circuit elements, including wire, conduit, and equip-
ment.

Wiring a 5 HP, Three-Phase, 230-Volt, Squirrel Cage, Induction
Motor

The nameplate of the 5 hp motor, Fig. 14, shows it to be a 40-
degree type with code letter D. The current stamped on the name-
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Fig. 14. 5 HP motor with magnetic Fig. 15. 10 HP motor with auto-
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plate is 15 amps, which checks with the value given in Table
430-150 (See App.). Current carrying capacity of the conductors
must not be less than: 1.25 X 15 amps, or 18.75 amps. Type R wire
is to be used, and the nearest size listed in Table 310-12 (See App.)
is No. 12, whose rating is 20 amps. Three conductors are necessary.
Table 1, NEC Chapter 9 shows that 3 No. 12 Type R wires may be
installed in 14-in conduit. '

Checking requirements for a 15-amp motor current in coluymn 1
of Table 430-146, the rating of a non-adjustable overcurrent device
is found to be 20 amps, an adjustable one 18.75 amps. Across-the:line
starting is customary for 5 hp, three-phase motors. Column 5 of: the
table, which includes full-voltage starting of motors with code let-
ters B to E, gives either a 40-amp fuse or a 30-amp circuit breaker
for branch-circuit protection. The fuse will be chosen here, with a
60-amp switch. The disconnect switch must be horsepower-rated be-
cause it is in excess of 2 hp, and the magnetic switch, which serves
as controller here, must also be horsepower-rated.

Wiring a 10 HP, Three-Phase, 230-Volt, Squirrel-Cage, Induction
Motor

The motor of Fig. 15 is not immediately available for examina-
tion. Drawings state that it is 15 hp, started with an auto-trans-
former starter, and wired with Type RHW conductors. Table
430-150 gives a current rating of 27 amps for a 15-hp, 230-volt
motor. The carrying capacity of the conductors must be at least:
1.25 X 27 amps, or 33.75 amps. The nearest size listed in Table
310-12 is No. 8 Type RHW, which has a carrying capacity of 45
amps. Table 1 of NEC Chapter 9 reveals that a 34-in conduit is large
enough for the 3 No. 8 conductors.

There is no listing for 27 amps in Table 430-146, so the next
larger figure, 28 amps must be chosen. Since the code letter is un-
known, it is not safe to assume that it will be higher than the F-to-V
bracket. Column 5 provides ratings for F-to-V motors, and for non-
code-letter motors drawing 30 amps or less, and which are auto-
transformer-started. The motor could well fall within either of these
classes. Here, the size of fuse and circuit breaker are both 70 amps.
A 70-amp circuit breaker will be selected.

Upon arrival, the motor proves to have a nameplate rating of
30 amps and a code letter H. Referring to the 30-amp current listing
in column 1, it may be seen that the maximum rating of a non-
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Fig. 16. Drum controller with 15-hp wound-rotor motor

adjustable overcurrent device is 40 amps, while that of an adjust-
able device is 37.5 amps. It a disconnect switch is used in addition
to the branch-circuit circuit breaker, it must be a 10-hp motor-rated
unit.

Wiring a 15 HP, Three-phase, 440-Volt, Wound-Rotor Motor

Primary Circuit

The full-load current tor a 15 hp, 440-volt, wound-rotor motor,
Fig. 16, is given in Table 430-150, as 20 amps. The conductor rating
canrot be less than: 1.25 X 20 amps, or 25 amps. Type TW wire
is to be used here, and Table 310-12 shows the nearest size to be
No. 10, which has a carrying capacity of 30 amps. According to
Table 1, NEC Chapter 9, a 34-in conduit is large enough for the three
conductors. Column 7 of Table 430-46 gives a rating of 30 amps for
either non-adjustable or adjustable branch-circuit protective device,
a 30-amp fuse with a 30-amp switch being chosen in this instance.

The current rating stamped on the motor nameplate, 20 amps,
agrees with the value stated in Table 430-150. Columns 2 and 3
of Table 430-146 list the same value, 25 amps, for either non-adjust-
able or adjustable running-overcurrent device.
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The left-hand illustration in Fig. 16 shows the circuit tor this
motor. The controller and the grid-resistor are included. The con-
troller is a drum type used for regulating motor speed. The illus-
tration at the right shows a drum controller connected to a bank
of resistors. The controller makes and breaks the circuit between
line and stator of the motor, which represents the primary circuit.
It also varies resistance included in the rotor or secondary circuit.
The primary and secondary windings of the motor are entirely
separated. Running, overcurrent devices are included in the pri-
mary circuit, but there are none in the secondary. The Code é;ates
that secondary circuits ol wound-rotor motors, including conductors,
controllers, and resistors, are considered as protected by motor-run-
ning overcurrent devices.

Secondary Circuit

Conductors between the secondary of a continuous-duty wound-
rotor motor and its controller must have a carrying capacity not less
than 125 percent ol full-load secondary current. Where the second-
ary resistor is separate from the controller, as in the figure, the
carrying capacity of conductors between controller and resistor shall
not be less than the values given in Table 430-23 (exception). (See
App.).

It will be assumed that the type ol service here is continuous-
duty. The carrying capacity of the wire between controller and
resistor, under this condition, is given at 110 percent of full-load
secondary current. The lull-load secondary current is given on the
nameplate of the motor as 32 amperes. The carrying capacity ot the
wire must be at least 1.10 X 32, or 35.2 amperes. The conductors
must withstand considerable heat, sometimes as high as 200°C,
so that only types A and AA are suitable here. Table 310-12 gives
the carrying capacity of No. 12 as 40 amperes, which is more than
enough for the purpose. The asbestos-insulated wires will be grouped
or bundled, as indicated in the illustration, and will be taped to-
gether with asbestos tape in order to provide rigidity.

Use of Capacitors

Capacitors are sometimes employed to raise the power factor ot
a motor circuit, as indicated in Fig. 17. The subjects ot “Power
Factor” and “Capacitors” will be taken up in the next chapter. The
NEC states three limitations upon the use of capacitors in this
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Fig. 17. Capacitor in motor circuit

connection: they must be wired according to rules governing capaci-
tor installations, they must not be larger than the size needed to
raise circuit power factor to unity, and the lowered value of motor
current which results from their application must be used in de-
termining the size ol running-overcurrent protection.

For example, consider a 100 hp, 230-volt motor whose nameplate
current rating is 250 amps. Columns 1 and 2 of Table 430-146
list a rating of 300 amps for a non-adjustable device, and 313 amps
for an adjustable one. If a capacitor unit has the effect of lowering
motor current to 210 amps, this value must be selected in column
1 of Table 430-146, so that the maximum rating of a non-adjustable
protector becomes 250 amps, and that of an adjustable 263 amps.

Wiring a 7%2 HP, 230-Volt, Direct Current Motor

The nameplate of the motor referred to in Fig. 18 shows a cur-
rent rating of 31 amps. Table 430-147 (See App.) lists a current of
29 amps. The vaiue given in the table, 29 amps, may be used for
determining the size of conductor. Its carrying capacity cannot
be less than: 1.25 X 29 amps, or 36 amps. Type R wire is to be
used, and Table 310-12 shows the nearest size to be No. 8, with a
current rating of 40 amps. Table 1 reveals that a %;-in conduit is
required for 2 No. 8 conductors. A third, No. 14, conductor runs
from the rheostat to the motor field circuit.
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Because a notation tor 29 amps is not shown in column 1 of
Table 430-146, the next larger number, or 30 amps, will be used.
Following across to column 7, a 45-amp fuse and a 50-amp circuit
breaker are indicated as branch-circuit protective devices. A 45-amp
fuse will be employed here in the 714,-hp motor-rated switch that is
to serve as disconnect as well as branch-circuit switch. Column 1 ot
Table 430-146 shows no designation for the 31-amp current stamped
on the motor nameplate, so that the next larger one, 32-amps, shall
be used. Columns 2 and 3 state that either 40-amp non-adjustable or
40-amp adjustable running-over-current device will be acceptable.

208-Volt Motors

A lootnote to Table 430-150 states that tull-load current values
given for 220-volt motors must be increased by 6 percent to obtain
full-load current ratings tor 208-volt motors. In the case of a 15 hp,
208 volt motor, full-load current rating would be 106 percent of
that given for the corresponding 220-volt motor, or; 1.06 X 40 amps,
which gives 42 amps. This value would have to be used when check-
ing branch-circuit requirements in Table 430-146.

Motor Feeders

Although the subject ot Feeders will be reserved, generally, for
a later chapter, a discussion of motor feeders seems appropriate at
this time. In Fig. 19, a 5 hp, 230-volt, three-phase motor without code
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letter, a 15 hp, 230-volt, three-phase, auto-transformer-started, squir-
rel-cage motor with code letter F, and a 25 hp, 230-volt, three-phase,
auto-transformer-started, squirrel-cage motor with code letter D are
connected to the same feeder.

NEC 430-24 states that the carrying capacity of conductors sup-
plying two or more motors shall have a current carrying capacity
not less than 125 percent of the full-load current rating of the high-
est rated motor in the group, plus the sum of the full-load current
ratings of the remainder. NEC 430-62 states that the rating of a
feeder overcurrent device must not be greater than the largest rating
of the branch-circuit protective device for any motor of the group,
plus the sum of the full-load currents of the other motors.

Applying these rules, current ratings of the three motors taken
from Table 430-150 are: 64 amps for the 25 hp, 40 amps for the 15
hp, and 15 amps for the 5 hp motor. The current carrying capacity
of a Type R conductor must not be less than: (1.25 X 64 amps) +
40 amps + 15 amps, which equals 135 amps. Table 310-12 gives
the nearest size conductor as a No. 00 which has a carrying capacity
of 145 amps. Table 1 shows that 2-in conduit is required. The
largest branch-circuit protective device for any motor in the group
is determined from column 6 of Table 430-146 to be the 150-amp
rating which applies to the 25 hp unit. Feeder-circuit protection
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cannot be greater than: 150 + 40 amps + 15 amps, or 205 amps.
A 400-amp switch with a 225-amp fuse, or else a 225-amp circuit
breaker can be used. Busway, discussed in chapter 1, is sometimes
used as motor feeders.

Synchronous Motors

A synchronous motor has a stator like that of the inductign
motor, but its rotor is excited by direct current. Separate circuits
run from control panel to stator and rotor, as indicated in Fig. 20.
A direct current generator is often mounted on the end of the motor
shaft for supplying the direct current needed by the unit. In any
case, wires are run from both units as called tor in blueprints fur-
nished with the apparatus. ‘The problem is not difierent from that
of wiring other pieces of electrical equipment, except that allow-
ance must be made for power factor in determining size of branch-
circuit conductors.

Values of current given in Table 430-150, tor synchronous ma-
chines, are based upon unity power tactor. If the motor operates at
some other power factor, such as .8, allowance must be made for
the fact. For example, suppose that a 25 hp, 220-volt synchronous
motor is to operate at a power factor ol .8. Relerring to Table
430~150, the current is listed at 54 amperes. But this value applies
to a motor operating at unity. To determine the current at .8 power
factor, the footnote should be consulted. It says that for motors op-
erating at 90 percent and 80 percent power tactor, the values given in
the table must be multiplied by 1.1 and 1.25, respectively. Here, since
the power factor is .8, the current must be multiplied by 1.25, so
that the motor draws 1:25 X 54, or 67.5 amperes. Wire size, branch-
circuit protection, and running overcurrent protection must be de-
termined on this basis.

Motors Over 600 Volts

In addition to other code requirements, high-voltage installa-
tions are subject to certain special ones. NEC Article 430, Section ]
states that motors operating at potentials greater than 7,500 volts
between conductors must be installed in fire-resistant motor rooms.
Running overcurrent protection shall consist either of a circuit
breaker, or of overcurrent units integral with the controller, which
shall open simultaneously all ungrounded conductors,

Each motor branch circuit and feeder of more than 600 volts
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shall be protected against overcurrent by a circuit breaker, by high-
voltage luses approved ftor the purpose, or by a diflerential protec-
tive system. See NEC 430-124(c). The circuit breaker, or set ol
fuses, may constitute the disconnecting means it they comply with
other requirements specified in connection with lower voltage in-
stallations.

GROUP-MOTOR AND SIMILAR INSTALLATIONS

Group Motors

NEC 430-53(b) states that two or more motors of any rating, each
having individual, running, overcurrent protection, may be con-
nected to one branch drcuit under certain specified conditions.
Each running overcurrent device must be approved for group instal-
lation, and each motor controller must he approved tor group in-
stallation. The branch circuit shall be protected by tuses Laige
enough to carry the starting current ol the largest motor, plus an
amount equal to the sum of the tull-load current ratings ol all other
motors connected to the circuit. The fourth rule states that branch-
circuit fuses must not be larger than allowed under NEC 13010,

This section provides that thermal cutouts, thermal relays, and
other devices not capable ot opening short drcuits, shall be pro-
tected by fuses or circuit breakers with ratings or settings not over
four times the rating of the motor, unless these devices are especially
approved for group installation and are so marked. Conductors to
individual motors shall have the same current rating as the branch-
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Fig. 21. Wiring for group of motors
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circuit conductors unless they have a capacity not less than one-third
that of the branch circuit, and are not more than 25 ft in length.

Fig. 21 shows such an installation, consisting ol tour motors, a 1
hp rated at 4 amps; a 114 hp, rated at 5 amps; a 2 hp, rated at 6.5
amps; and a 3 hp, rated at 9 amps; all three-phase, 230-volt, squirrel-
cage, and all driving parts ot a single machine. The largest motor is
the 3 hp. Its nameplate shows no code letter. The starting fuses for
this motor, under Table 430-153, should be 300 percent ol 9 amps,
or 27 amps. The rating of the branch-circuit fuse will be equal to
27 + 6.5 + 5 + 4, or 42.5 amps. The nearest standard fuse is 5
amps. The rating of the single disconnecting means is determined
with the aid of NEC 430-112 which states that the disconnecting
means which serves a group of motors shall have a motor rating not
less than that of the sum of the horsepowers. Here, the rating should
be equal to 3 + 2 + 14 + 1, or 714 hp. The capacity of branch-
circuit conductors must be equal to (1.256 X 9) + 6.5 + 5 + 4, or
26.75 amps. Table 310-12 shows the nearest size of type R con-
ductor to be No. 10. The circuit conductors to each of the motors
will be No. 14, since all come within 15 amps. These conductors are
tapped directly to No. 10 branch-circuit wires. Three of the motors
are grouped near the disconnecting switch, but the 1 hp is 15 ft
away. It is permissible to use No. 14 here besause its carrying ca-
pacity is more than 14 that of No. 10, and the length of conductor to
the running overcurrent device does not exceed 25 ft.

It is assumed, in the present instance, that overcurrent devices
connected in each motor circuit are approved for group installation.
If not so approved, only the 3 hp unit comes within the rule of
NEC 430-40. It states that devices for running, overcurrent protec-
tion shall be protected, in general, by fuses or circuit breakers with
ratings not more than four times that of the device. In such case,
individual switches with running-overcurrent devices would be
needed ahead of each of the other three motors.”

Metal-working machine tools having two or more motors are cov-
ered by NEC 670-4. This section merely rephrases provisions of NEC
430-24, with respect to the current-carrying capacity of conductors
supplying this type of equipment.

Two or More Motors with One Controller

A single controller may be used for two or more motors, under
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NEC 430-87, provided that the motors drive several parts ot a
single machine or piece of apparatus, or where the group is located
in a single room within sight of the controller location. The term
“in sight” means, of course, visible and within 50 ft. Fig. 22 illus-
trates the use of one controller with’two motors.

Two or More Small Motors on One Branch Circuit

Under NEC 430-53(a), motors not exceeding 1 hp, and each
having a full-load current not exceeding 6 amps, may be connected
to a branch circuit which is protected at not more than 20 amps
at 125 volts, or 15 amps at 600 volts or less. As indicated in the line
diagrams of Fig. 23, which shows three small motors connected in
this way, individual, running, overcurrent protection is not needed
tor each motor provided it is within sight of the circuit disconnect-
ing means, and is not started automatically. NEC 430-42(a) points
out that motors may be connected to 15-amp or 20-amp circuits
along with lights and plug receptacles, provided the individual
ratings do not exceed 6 amps.

SPECIFIC APPLICATIONS

Wiring a Hermetic Motor

The definition of a sealed refrigeration compressor is given in
NEC 430-3 as a motor and compressor, both ot which are enclosed
in the same housing, with no external shalt or shalt seals, the motor
operating in the refrigerant atmosphere. These hermetic type re-
frigerating units must be provided with a nameplate giving all nec-
essary data, including a tull-load current ot the motor, as well as
locked-rotor current in certain cases.
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Fig. 24. Hermetic unit
Courtesy of Tecumseh Products Co.

Wire and Conduit

Fig. 24 shows a single-phase, 230-volt hermetic refrigeration unit
at the left, and a line diagram of its circuit at the right. Locked-rotor
current of single-phase motors having full-load currents greater
than 9 amps at 115 volts, and more than 4.5 amps at 230 volts, is
indicated on the nameplate. The locked-rotor currents of all poly-
phase motors is stated. It the unit has an integral protective device,
the nameplate must be so marked.

In the present instance, it will be assumed that the nameplate
shows a full-load current of 11 amps, 40°C rating, and a locked-
rotor current of 55 amps. No protective device is indicated. Under
NEC 430-6(b), the nameplate current of 11 amps is to be used as
the basis for determining size of conductor. The carrying capacity
of No. 14 is 15 amps. Since this is the smallest permissible size for
branch-cireuit conductors, two No. 14’s will be installed in 14 in
conduit.

Running Protection

NEC 430-32 provides that a running, overcurrent device shall be
rated or set at not over 125 percent of motor full-load current. The
nameplate value of a hermetic unit must be used here. For a current
of 11 amps, the highest permissible setting is 1.25 X 11, or 13.75
amps. NEC 430-34 permits use of the next higher rating of over-
current unit, not exceeding 140 percent of full-load value where
the standard device is of a higher rating than the calculated value.
In the present instance, the rating of the overcurrent device might
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Fig. 25. Across-the-line starter with special overload devices
Courtesy of Allen-Bradley Co

be increased to a maximum value of 14 amps.

Automatic Controller

An automatic controlling device, such as shown in Fig. 25, is
used to start and stop the motor. NEC 430-83(Ex. 3) states that
motor controllers rated in terms of full-load current and current-
interrupting capacity shall be selected on the basis of both nameplate
full-load current and locked-rotor current, respectively, ot the com-
pressor. This section means that a controller marked in amps rather
than in horsepower shall be able to carry full-load current of the
motor, and shall be adequate to interrupt locked-rotor current of
the unit as well. In the present case, for example, a device rated at
15 amps, with interrupting capacity of 45 amps, would not be
acceptable. Although the carrying capacity here is great enough for
controlling the unit under normal operating conditions, its interrupt-
ing capacity would be insufficient to permit breaking the circuit to a
“frozen” compressor. If so used, electrical damage and fire may result.
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The Code states, further, that for full-load current, the horse-
power rating shall be selected from Table 430-148 (See App.) and
for locked-rotor current, the horsepower rating shall be selected
from Table 430-153 (See App.). Thus, if the controlling device is
rated in horsepower, Table 430-148 shall be used to determine the
horsepower corresponding to a given full-load current, and Table
430-153 (See App.) shall be used to determine the horsepower cor-
responding to a given locked-rotor current. The section continues,
stating that where currents do not correspond exactly to curment
values stated in the tables, the next higher values of horsepo‘x'er
shall be selected. Finally, the section provides that if two different
horsepower ratings are obtained by applying nameplate values to
the tables, a rating at least equal to the larger of the two shall be
selected.

In the present case, the full-load current of 11 amps does not
correspond exactly with values given in Table 430-148. A 114
hp single-phase, 230-volt motor draws a current ot 10 amps, and a
2 hp motor draws a current of 12 amps. Under the ruling, the
controller must be rated at least 2 hp. Turning to Table 430-153, a
locked-rotor current of 55 amps at 230 volts applies to a 114 hp
motor. But the value obtained in checking full-load current is the
greater of the two, and a 2 hp controlling device must be employed.

Disconnecting Means

The disconnecting means, also, must be selected on this basis.
But NEC 430-109(b) permits a general-use switch lor motors of
2 hp and less, provided its rating is twice the motor full-load current.
Here, the disconnecting.unit must be rated at 2 X 11, or 22 amps.
In practice, a standard 30-amp, externally-operated knite switch
would be installed.

The rating of the branch circuit protective device, as per NEC
430-52 and Table 430-153, should not exceed 175 percent ol the
full-load motor current marked on the nameplate. The rating may
be increased to a maximum value equal to 225 percent of full-load
current if the smaller device will not handle motor starting current.
In the present case, an overcurrent device not larger than 17.5 amps
should be selected. If it does not permit inrush of the required start-
ing current, a 22.5-amp unit may be employed. A 30-amp branch
circuit disconnect switch will be needed.
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Sealing

In connection with retrigeration units, it may be well to mention
a provision contained in NEC 300-6. It states that portions ol
raceway systems exposed to widely different temperatures, as in
refrigerating and cold-storage plants, shall be arranged to prevent
circulation of air from a warmer to a colder section. The reason
for this rule is that warm air holds a larger quantity of water than
cold air.

Referring to Fig. 26, suppose the temperature in retrigerating
box B is 40°F, and that the temperature in surrounding area R is
65°F. A given volume of air in the R section holds more water than
the same volume of air inside B. As air passes from R through the
conduit into B, it will lose some ot its moisture, depositing water
inside boxes and fittings. After a time, the moisture will break down
insulation on the wires and cause trouble. It a seal or block is
installed at the point where the conduit emerges from the wall, as
indicated at the left in the illustration, circulation of air will be
prevented.

A method for sealing is shown at the right in the illustration.
A condulet, installed in the conduit run at the outer wall of the
box, is stuffed with duct seal or other approved material after the
control, lighting, or motor circuit wires have been installed. An
EYS fitting should be used where differences in temperatures is very
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great, as, for example, when the temperature of the outer space is
65°F, and that ol the box is 20°F.

WIRING CRANES AND HOISTS
Carrying Capacity of Wire

The Code lists special carrying capacities for rubber and ther-
moplastic-insulated wires used on crane and hoist circuits. 'l"he
smallest size of wire listed is No. 16 which is permitted lor certain
motor and control circuits, where it is protected trom physi*ul
damage. |

The short time duty under which these motors operate causes
less heating ol conductors. For allowable carrying capacities ot con-
ductors having shorter duty cycles, values given in Table 610-14(a)
(See NEC), may be increased by 12 percent for the particular type
ol insulation.

Disconnecting Means

NEC 610-31 calls for a disconnecting means between runway
conductors and power supply. This device shall be readily accessible
and operable from the ground. It must be within sight ol crane or
hoist and the runway conductors. Tt must be arranged tor locking in
the open position and must open, simultaneously, all ungrounded
conductors. It shall consist of a motor-circuit switch or circuit
breaker. The left-hand illustration in Fig. 27 shows this arrangement.

The disconnecting means may be a general-use switch, if a motor-
circuit switch or a circuit breaker is used in connection with a cab-
operated crane, and is placed within the cab or at one end ol the run-
way within reach of the cab. This arrangement is shown in the right-
hand illustration.

The continuous ampere rating ol the switch required here shall
not be less than 50 percent of combined short-time ampere ratings ot
the motors, and shall not be less than 75 percent of short-time ratings
of motors required lor any single crane motion.

Protection

Other points should be noted in connection with crane motors.
NEC 610-34 requires that limit switches be installed for upper limit
ot travel on crane hoists. NEC 610-42 requires that if more than one
motor is employed on a crane, each motor shall have individual
overcurrent protection. When two motors operate as a single unit,
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Fig. 27. Disconnecting means for (rane

they may be protected by a single overcurrent device. NEC 610-51
provides that the entire crane or hoist structure shall be grounded.

WIRING ELEVATORS, DUMBWAITERS,
ESCALATORS, AND MOVING WALKS

Service Classification

Elevators and dumbwaiters are classed as intermittent service ap-
plications. This means that elevator motors need no protection other
than that oftered by the branch-circuit overcurrent device. Branch-

circuit conductors may be chosen on the basis ol Table 430-22 (a-
exception) (See NEC), which allows a capacity of 85 percent ol tull-
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Fig. 28. Escalator - continuous service application

load nameplate value tor 5-to-15-minute motors, and 90 percent tor
30-t0-60-minute motors.

Escalators, one ol which is shown in Fig. 28, are classed as con-
tinuous service applications. Branch-circuit conductors must have
a carrying capacity ot 125 percent ol full-load current, as required by
NEC 4130-22. Running protection tor a 40°C motor, used in this con-
nection, should be 125 percent of nameplate current. Provisions re-
lating to escalators also apply to moving walks.

Wiring

Motor lead wires not over 6 {t in length may be carried directly
to terminals on the control panel without regard to carrying ca-
pacity. Wires between control panels and motors may be cabled
and taped, it not over 6 it long, the group being supported at
intervals not exceeding 3 tt.

A disconnect switch tor the motor must be provided adjacent to,
and visible from, the elevator machine. It the elevator is driven by
a motor-generator, a disconnect switch in the control circuit of the
driving motor will satisty the requirement il it is adjacent to, and
visible from, the elevator machine.

Under certain conditions, elevators driven by direct current mo-
tors may be subject to overspeed. NEC 620-91 and 620-92 require
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that measures be taken to insure that elevator speed may not attain
a value greater than 125 percent of its rated up-direction speed at
full load. All metal parts of an electric elevator shall be grounded,
the metal raceways on elevator cars shall be bonded to the frame
of the car.

Wiring in elevator shafts, which is not included in traveling
cables, must be encased in rigid conduit, electrical metallic tubing,
metal wireways, or MI cable, except short lengths of Hlexible con-
duit, armored cable, or approved rubber cord at gates and doors.
Traveling cables must be special types E, EO, ET, or other approved
types. The size of wire for operating and control circuits may be
No. 20, and this size may be paralleled, in a cable, to equal a No. 14
conductor for a lighting circuit. The reason for this provision is to
avoid the necessity for making up costly special cables with various
sizes ol wire. Lighting and power conductors may be run in the
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Fig. 29. Remote-control diagrams



138 Industrial and Commercial Wiring

same traveling cable. No. 16 and No. 18 control or operating circuit
conductors are considered protected by a 20-amp fuse.

Clearances

In general, a clearance of 30 in must be preserved in front of an
elevator panelboard, and 24 in behind it. Since these clearances are
not obtainable in the case of escalators they may be waived, pro-
vided the control panel is connected with flexible leads which per-
mit its removal from normal position for inspection and repair.\

1
[}
V

REMOTE-CONTROL CIRCUITS

General Rules for “Wired” Circuits

NEC 240-5 (Ex. 5) provides that conductors ot remote-control
circuits shall be considered, in general, as protected from overcur-
rent by devices that are rated or set at not more than 500 percent
of their carrying capacity. At the top of Fig. 29 is a two line diagram
of a single-phase motor circuit containing switch §, controller C,
and motor M. There is also a pair of wires trom remote-control
device R for operating controller C, the circuit including the sole-
noid of controller C. If conductors of the control circuit are No. 14,
with a carrying capacity of 15 amperes, the overcurrent device in
switch § could be 5 X 15, or 75 amperes without violating the rule.

NEC 430-72 adds two more exceptions to the requirement for
overcurrent protection. Such protection is not required if the whole
control circuit and the controller are contained within the structure
of a single machine or where opening of the control circuit by an
overcurrent device would create a haczard, as for example, a fire
pump.

NEC 430-74 requires that control circuits be disconnected from
supply wires when the disconnecting means for the motor circuit is
opened. But the disconnecting means may consist of two separate
switches or devices, one of which cuts off the motor and controller,
the other the control circuit. The two disconnecting devices must
be immediately adjacent to one another, as indicated in the lower
left illustration of Fig. 29. The section adds one further provision
with respect to a transformer used to obtain a lower voltage for the
control circuit. The transformer must be connected to the load side
of the disconnecting means, as shown in the lower right illustration.
Article 725 NEC permits No. 18 and No. 16 conductors for remote
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Fig. 30. Elements of high-cvdle remote-control system

control circuits, il installed in raceway or cable, and protected by a
tuse not larger than 20 amps.

“Unwired” Remote-Control Circuits

A comparatively new method of remote control is by means ol
high-frequency carrier waves that are transmitted over the existing
wiring system. Motors driving pumps or air-conditioning apparatus
may be started o1 stopped, lighting circuits may be turned on or off.
There are three major components, as illustrated in Fig. 30, a
control panel A, a signal generator B, and a number ol dual-coded
relays C.

Impulses at frequencies of 3510, 1200, 5000, or 6000 cycles
originate in the signal generator. The control panel, which performs
automatically under a programming mechanism, imposes the signal
between one leg and ground of the supply feeder by means of
capacitor-coupling. A relay coded tor the particular signal being
transmitted, receives the impulses and doses the circuit to a mag-
netic switch which controls a motor or lighting circuit. At the
proper time, the relay causes the maguetic switch to drop out when
another signal is transmiuted. Panel 4 has indicating lights which
flash to show that the distant unit has obeyed the signal.

BASIC MOTOR-CIRCUIT CONNECTIONS

Start-Stop Circuit

The wireman should be so thoroughly familiar with certain
motor-circuit connections that he can sketch them oft-hand. One ot
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the more important is the stop-start circuit ot Fig. 31. It is advis-
able to become acquainted first with the single-line diagram ot Fig.
31B, observing the two symbols tor normally-open and normally-
closed contact pairs. Alter this one has become a routine exercise,
the more complete drawing ot Fig. 31A may be attempted.

Reversing Starter

The circuit of the reversing starter Fig. 32A need not be com-
mitted to memory. It is included at this point, to show how more
complicated circuits may be analyzed by the method explained
above. The limit switches, suggested by dotted outline, will not be
used. Betore going turther, a small sketch of the rather involved
start-stop assembly at the right side ot the figure should be made,
lettering each contact point as in view B.

A line diagram of the Forward circuit should now be made as
in view C, identitying contacts of start and stop buttons by the
letters marked on them in view B, and in the order they are passed
through. When this sketch is finished, the path of the Reverse
circuit should be drawn as in view D. It is possible, with the aid of
such line diagrams, to analyze the most difhcult control circuits, and
to answer questions that come into the mind when looking at a
strange blueprint. Here, lor example, it may have been wondered
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at first glance, why contacts ¢, g, and i were connected together.
Tracing through the sketches, the reason becomes quite obvious.

Lead Markings on Three-Phase Motors

The wireman should be familiar with connections for 9-lead
dual-voltage motors. Connection diagrams are marked on name-
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plates of the newer motors, but not on older ones. And nameplates
are sometimes lost or defaced. Figure 33A shows standard lead
markings and groupings for star-connected stators. Figure 33B il-
lustrates like arrangements for delta-connected stators. If the elec-
trician doesn’t know whether the winding is star or delta, he may
soon learn with the aid of a test lamp. Only one set of three leads
will light out in a star-connected winding, but there will be three
sets of three in a delta-connected one.

Starter for Direct Current Motor

The left illustration of Fig. 34 shows a direct current rheostat,
commonly known as a starting box. It consists of a metal enclosure
which contains starting resistors, a set of contact buttons which are
tapped to points along the resistor bank, and to a movable handle
which is rotated slowly over the contact buttons. The circuit for this
device is shown at the right, the contact handle being marked H,
the resistors R, contacts B, retaining coil E, and overload device O-C.

As H is brought into contact with the left-hand button, current
passes from circuit wire I through resistor R, retaining device E,
overload contacts O-C, and armature A to circuit wire 2. As the
armature gains speed, the handle is moved to the next contact,



Wiring for Motors 143

Fig. 34. Birect-current starting rheostat
Courtesy of Cutler-Hammer, Inc

gradually passing across the {ull arc of the contacts until it touches
against retaining device E. Here, an electromagnet attracts an iron
“keeper” which is attached to H, holding the handle in this posi-
tion so long as the unit is in operation. When the current is turned
off, a spring returns the handle to the “off” position. It should be
noted that a parallel crcuit, which includes the field coils and
retaining coil E, is maintained from the instant that contact arm H
reaches the first contact button.

The motor is stopped by pressing a button which short-circuits
coil E, or by tripping a latch which causes handle H to return to
the “off” position. Under NEC 430-39 the motor controller may
serve as the running overcurrent device, in a direct current circuit,
if it is operative in both starting and running positions. Here, O-C
is connected to operate in this manner. The reason for the require-
ment is to protect starting resistors from damage, and to prevent the
handle from being moved too rapidly from one contact button
to another.

Speed Regulator for Direct Current Motor

An adjustable-speed motor is one whose speed may be readily
altered, and which maintains a fairly constant speed under varying
load conditions. NEC 430-88 provides that an adjustable-speed
motor, which is controlled by field regulation, shall be equipped and
connected so that it cannot be started under weakened field unless
the motor is especially designed for this service.
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The left illustration in Fig. 35 shows a line diagram of this unit.
The rheostat is much like the one used for simple starting duty, ex-
cept that it has an extra set of resistors which are connected into
the field circuit. The motor is started in the usual way by moving
handle H across the contact buttons. When the contact arm reaches
the running position, the main portion of the handle, marked Y
in the right-hand illustration, is held in this position by retaining
device E. But portion X of the handle, which has a carbon contact
at its upper end, is Iree to rotate backward over small contact but-
tons Z. As it does so, it causes resistance to be inserted in series with
field coils F, increasing the speed of the motor.

A pair of contacts, T, short-circuit this field resistor until Y
makes contact with the retaining device. At this instant, contacts T
are forced open so that arm X may cause resistance to be inserted as
explained above. When the arm swings back to the “off” position,
contacts T again short-circuit the field resistor so that the motor
cannot be started on a weak field. It is necessary to include this
feature in connection with the standard adjustable-speed motor be-
cause its starting torque is greatly reduced under a weakened field,
and the armature draws a heavy current which may damage the
windings.

Safety Precautions in the Wiring of Motors

Motor wiring demands particular care on the part of the electri-
cian, especially toward the finish of an installation, when it becomes
time to throw the circuit switch. A first consideration is direction of
rotation. The proper rotation should be learned from arrows marked
on the equipment, from personal investigation or experience, or
from inquiry where necessary.
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It the unit is belt-driven, the belt should be removed for purpose
of test. 1t it is direct connected, the coupling or drive gear should
be loosened. In any event, the switch should be closed only mo-
mentarily to avoid possibility of damage in case ol error. The second
consideration is unusual noise. A low-pitched, growling sound may
indicate magnetic abnormality due to a wrong voltage arrangement
of the motor lead wires.

Finally, a workman should protect himself from inadvertent or
accidental starting of a motor or its driven machinery. It is worth
noting that the 1962 edition ot the NEC has tightened the rule
governing a motor not within sight of the controller. A manually-
operable switch is now required within sight of the motor. For-
merly, a locked button in the control circuit was deemed sufficient.

REVIEW QUESTIONS

1. What is the meaning of the abbreviation “Cont.” on a nameplate?
2. What is the ambient temperature, expressed in Centigrade degrees?
3. Name the best code letter designation.
4. 1If the average squirrel-cage, induction motor is connected directly
to the supply wires, what percentage of full-load current is it likely to draw?
5. What percentage of full-load torque is it likely to develop?
6. What is the most common starting method for medium-size, squir-
rel-cage motors?
7. Does the auto-transformer starter provide a closed-transfer?
8. Is an auto-transformer usced for incremental starting?
9. Are intermittent motors used on cscalators?
10. What is the rating of branch-circuit conductors in percentage ot
motor full-load current?
11. What distance does the term “within sight” includer
12. What is the maximum allowable branch-circuit protection in terms
of full-load motor current?
13. What is the smallest percentage rating for a running-overcurrent
device?
14. Do overcurrent requirements for hermetic motors parallel those
for 50 degree motors?
15. Overcurrent requirements for D.C. motors parallel those for
motors with what code letter?
16. Can the branch-circuit switch be used as the controller?
17. Is the current for a 208-volt motor greater or less than the value
listed in the NEC motor tables?
18. Must the carrying capacity of a feeder be at least as great as 125
percent of the sum of all motor full-load currents?
19. What device picks up the high-frequency signal transmitted by the
remote-control panel?
20. How many groups of three wires each will be found in a nine-
lead, dual-voltage, delta motor?



Chapter Six

Transformers, Capacitors,
and Generators

TRANSFORMERS

Definitions

A transformer is a device for changing the voltage ol an alternat-
ing current supply to some other value which is desired by the user.
Although power company employees deal also with those which
change a lower voltage to a higher, the inside wireman is interested
only in those which change the higher voltage to a lower one. The
first type is known as a step-up translormer because it makes the
voltage climb, or increase; the second type is termed step-down for
the opposite reason. It is unnecessary for the interior wireman to
learn technical details of transformer design. But he should possess
a working knowledge of first principles, which are explained in the
tollowing section.

Nature of the Transformer

Fig. 1A presents a photograph ol a modern distribution trans-
former. Outwardly it consists of a sheet metal case and two sets of
terminals. One set is connected to the supply wires, the other to the
consumer’s service. The interior ol the transtormer, Fig. 1B, is also
simple, having an iron core and two windings. The primary winding
is designed for connection to the high-voltage circuit, current flow-
ing through its turns setting up a magnetic lux which generates a
voltage in the turns of the secondary winding.

As shown in the figure, the primary winding of a thousand turns
ot wire is connected to a supply line whose voltage is 2200. Flow of
current in these one thousand turns results in the generation of 220
volts in the secondary winding which has one hundred turns of

146
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wire. This relationship between the number of turns in each wind-
ing, and the voltage at ity terminals, is a most important one. Since
the number of primary turns is ten times the number of secondary
turns, and since the voltage at the primary terminals is ten times
that at the secondary terminals, it is clear that the relationship be-
tween the two voltages is the same as that between primary and
secondary turns. The first transformer rule may now be stated: The
voltage ratio between primary and secondary winding varies di-
rectly as the respective number ot turns.

The only additional rule which needs to be learned is one con-
cerning the relationship between primary and secondary currents.
When the high-voltage winding is connected to the supply line, it
causes a voltage to appear immediately at the secondary terminals.
If a lamp, a motor, or any other load is attached to the secondary
lead wires, current will flow through the circuit which includes the
load and the secondary winding. This current generates a magnetic
flux which opposes primary flux, and results in the primary wind-
ing drawing more current from the supply line. just enough cur-
rent lows to counteract the effect of the secondary turns, and to
maintain the transformer flux at the original value.
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This state ot balance continues. If the secondary requires more
current, the primary current also increases. If the secondary current
decreases, that of the primary does likewise. But the additional
amount of current that Hows in the primary is less than in the
secondary. The reason is easily seen. The strength of magnetism
created by a winding depends upon two things, the number of
turns, and the current flowing through them. i

Here, since the primary has ten times as many turns as the sec-
ondary, one one-tenth as many amperes need flow in ordéer to
counteract the magnetism of the secondary windings. If the loé\d is
10 amps, the primary current needed to balance it is 1 amp, the
turns multiplied by amperes being the same in each case. The
second rule may now be stated: Current flow in primary and sec-
ondary windings varies inversely as their respective number of turns.
It should be mentioned that the current needed to establish the
original primary flux is so small that it may be neglected. In the
present instance, it might be as low as 14, amp.

Transformer Construction

The main problem in the operation ol transformers is dissipation
of heat created by How of current through resistance ot the wind-
ings. If insulation is to be maintained in a normally good condi-
tion, heat generated deep inside the turns of wire must be carried
away before it builds up dangerous temperatures. Various methods
are employed in this regard. With small units, the iron core and
the surface of the coils may be exposed directly to the air. Heat is
not removed fast enough, however, in many applications because
the exposed area is too small. The area may be increased by enclos-
ing the unit in a sheet metal box which is filled with epoxy resin.
This material conducts heat rapidly to the metal cover, and pre-
vents the interior trom becoming too hot under rated load. In
larger units, core and windings are surrounded by a sheet metal
case through which air is forced under pressure, the heat being
literally swept away by the stream of air.

Another common method is to fill the case with oil, the liquid
penetrating the innermost crevices of the apparatus, and quickly
transferring heat to the surface. Oil transformers are used for out-
door installations, such as on poles, or in ground-level pads. Here,
the liquid tends to exclude damp air and moisture, as well as
carrying on its main purpose. Oil is also used for extremely large
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units, known as power transformers. Cooling is often assisted in
these by assemblies of metal radiator tubes through which the oil is
caused to circulate while electric fans blow air through them. A
non-inflammable liquid known as Askarel, is frequently substituted
for oil, especially in medium-size units.

That type which is of particular interest to the wireman is the
general purpose, or lighting, transformer rated at not over 600 volts.
It may be dry, oil-filled, or Askarel-filled, but the dry type predomi-
nates. Such transformers are frequently grouped in rooms which
contain necessary control panels and other equipment. Although
pressure cooling methods are seldom employed, the rooms are
ventilated.

Feeder conduits that enter transtormer cases are olten provided
with some form of patented coupling, such as an Erickson, or a
no-thread fitting, so that the transformer may be replaced, it neces-
sary, with a minimum of labor. Like considerations also influence
the placing of individual units.

Transformer Polarity

In order to properly connect banks of transformers with the
least difficulty, the wireman must understand the difference be-
tween polarities. Transformer nameplates are usually marked to
indicate whether the lead arrangement is such as to provide additive
or subtractive polarity. If not so marked, he can readily determine
the fact himself. The meaning of the term polarity will be explained
with the help of Fig. 2.

Fig. 2A represents the top of a transformer whose primary lead
wires are marked H! and H2, the secondary leads, X/ and X2.
Primary voltage is assumed to be at a particular instant, in a gen-
eral direction as indicated by the arrow, from the lower-numbered
terminal to the higher; that is from H/ to H2. Primary current
flow will induce, at this moment, a secondary voltage from X/ to
X2. Before current is turned on, a temporary jumper wire is con-
nected from primary lead H/ to the secondary lead on the same
end of the transformer, X2. If a volumeter reads 2200 volts from H/
to H2, and the turns-ratio of the unit is 10 to 1, the reading from
X1 to X2 will be 220 volts. When the meter is now applied to lead
wires H2 and X1, it will read 2460 volts. This lead arrangement,
with HI and X2 at one end of the transtormer, and H2 and X/ at
the other, is.said to be additive.
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Fig. 2. Additive and subtractive polamy

Consider now the unit of Fig. 2B. Primary lead H! is connected
temporarily to the secondary lead on the same end, which in this
case is X/. When a test is made, the voltage between primary and
secondary lead wires H2 and X2 on the other end of the trans-
former is less than that across the primary circuit, being equal to
2200 volts minus 220 volts, or 1980 volts.

The test may be performed more safely under low-voltage con-
ditions. Instead of connecting the 2200-volt circuit to H! and H2,
the low voltage wires may be attached thereto. With a turns-ratio
of 10 to 1, secondary leads will show 22 volts. 1f the meter is con-
nected across H2 and X/ as in Fig. 2A it will read 242 volts, and
across H2 and X2 as in Fig. 2B, 198 volts.

Paralleling Single-Phase Transformers

When it is necessary to parallel two transformers that have no
polarity indications, each set of primary wires should be marked
HI and H2. A jumper should be installed between H/ and the
secondary lead wire on the same end of the unit. If the voltmeter
shows a greater reading between H2 and the remaining secondary
lead, the arrangement is additive, and the secondary wires should
be marked as in Fig. 2A. Should the meter give a lower reading
when making the test, the secondary leads should be identified as
in Fig. 2B.

Two additive transformers can be paralleled as in Fig. 3A. Both
H1 primary leads are attached to one of the supply wires, the H2
leads to the other. On the opposite side, both X2 leads are attached
to one secondary wire, the two X/ leads to the other. Subtractively
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polarized transformers may be connected in a similar lashion, as in
Fig. 3B. In either case, the X/ and X2 paralleling jumper wires fol-
low the same pattern as the primary lead connections.

The paralleling of an additive unit with a subtractive one is
done as in Fig. 3C. Here, it may be noticed that the secondary paral-
leling jumpers do not follow the same pattern as on the primary
side. The inner terminals attach to one jumper, outers to the other.
Only two primary lead wires are brought out ordinarily, but there
are always four secondary leads. The two middle ones should be
joined and taped, as in Fig. 3D, while the outers are treated as the
ends of a single winding, during a test.

Connecting Three-Phase Transformers

Three-phase transformers may be connected in a number of
ways, depending upon the primary and secondary voltages con-
cerned. Three arrangements are shown in Fig. 4, starstar, delta-
delta, and star-delta, the first word in each term referring to the
primary, the other to the secondary.

In Fig. 4A, three additive polarity transformers are connected
star-star, the HI primary leads going to the supply conductors, the
H?2 leads joining to form the primary star. The X/ secondary leads
connect to the feeder wires, and X2 leads make a secondary star.
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Each primary supply wire in the delta-delta scheme of Fig. 4B
goes to an HI and an H2 lead. Secondary feeder wires are handled
in a similar way, each one attaching to an X7 and an X2 lead. The
primary arrangement in the delta-star scheme of Fig. 4C is identical
with that of Fig. 4B, but the X2 wires of the secondary connect to
feeder conductors, while the X/'s form a star.

All three methods can be varied in detail, so long as an orderly
process is followed. For example, in Fig. 4A, the H2 leads could be
attached to supply wires, and the HI leads to the star. In Fig. 4B,
the HI lead of the transformer on the left may connect to the H2
lead of the middle one, the HI lead of the middle one to the H2
lead of the transformer at the right, and the H/ lead of this unit to
the H2 lead of the left-hand one. To avoid confusion, the pattern
chosen for the high-voltage side in a delta-delta grouping, should
be followed with respect to the secondary.

Fig. 4D, E, F repeat the connections illustrated in Fig. 4A, B,
and C, except that two additive transformers are used with a sub-
tractive in view D, two subtractives with an additive in view E, and
two subtractives with an additive in view F. No difficulty will be
experienced in handling these or similar groupings if secondary lead
markings are carefully observed. In view D, lead wires of the sub-
tractive secondary are crossed, as compared to the additives. The
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secondary leads of the additives in views E and F appear crossed as
compared to those of the subtractives.

The star-star scheme of views A and D is used only with poly-
phase power or motors, rarely for lighting. Delta-Delta transformers,
views B and E, are employed for either power or lighting. The
delta-star connection of views C and F is, however, the most desir-
able one for both power and lighting. I a fourth wire is attached
to the secondary star jumper, the popular network system results.

Transformer Impedance

Another matter which must be considered upon occasion when
paralleling transformers, is impedance. Impedance is the opposition
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Fig. 5. Checking transformer impedance

that windings offer to flow of current. It is composed ol resistance
and reactance. Fig. 5 shows how its value may be determined. The
secondary winding is short-circuited, and the primary is connected
to a source of power which need not be more, usually, than about
ten percent of normal supply voltage.

An ammeter and a variable resistance are placed in series with
the high-voltage winding, and a voltmeter across its terminals. The
resistance is adjusted until normal full-load current flows in the
primary circuit. The voltage across HI and H2 is read at the same
time. Impedance is equal to rated voltage divided by the reading of
the voltmeter. Thus, if normal voltage is 2200, and a test voltage
of 132 produces full-load current, the impedance is equal to: 2200/
182, or 6 percent.

When two identical transformers are to be paralleled, that is
two of the same capacity, voltage, and manufacture, impedance is of
no concern. If they are of different manufacture, however, it may be
important. And where transformers are of different sizes, say a 3714
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Fig. 6. Transformer protection

kva and a 15 kva, ammeter readings should be taken under load to
see if they are providing current output in accordance with their
individual kva capacities.

Overcurrent Protection

Under NEC 450-3, a transtormer may be protected by an over-
current device in the primary side, rated or set at not more than
250 percent of full-load current, as in Fig. 6A. Existing circuit pro-
tection, within this limit, is also acceptable. A secondary protective
device may be substituted, Fig. 6B, for the primary one if rated at
not over 250 percent of secondary current, and if certain conditions
are satisfied.

In such case, the primary teeder overcurrent device can not be
of higher rating than 600 percent of primary transformer current
for a unit having up to 6 percent impedance, and not more than
400 percent for one having 6 percent to 10 percent impedance. This
rule applies also to network transformers that are equipped with
special circuit breakers. Transformers paralleled, or “banked,” may
be protected as a unit, Fig. 6C, if their impedances are such that
they divide the load in proportion to their kva ratings.
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Grounding

The NEC provides that transformers shall be protected against
physical damage and accidental contact. They shall, except in a few
instances, be grounded. It is a good plan to ground them at all times.
When they are supplied by wiring in metallic enclosures, the con-
duit or the cable sheath furnish such grounding automatically.

Transformers installed on outdoor pads should be guarded and
grounded as in Fig. 7. Note that the cases and the wire fence are
attached to driven grounding electrodes. Also observe that portions of
the wire fence which must be removed upon occasion, are equipped
with flexible bonding jumpers. The grounding conductor, when
connected to a driven electrode, need not be larger than No. 6 cop-
per wire. The grounding of transformer neutral conductors will be
discussed in the next chapter.

Dry-Transformer Insulation

The kind of insulation employed in dry-type transformers is
marked on nameplates. There are three grades: Class A, which is
good for a temperature rise of 55 degrees above ambient; Class B,
which retains its insulating qualities at temperatures up to 80 de-
grees above ambient; and Class H, which can safely withstand a
temperature rise of 150 degrees above ambient. Ambient tempera-
ture, as with motors, is taken as 40 degrees Centigrade.
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BARRIER

Location of Transformers

The NEC states clear details regarding permissible locations for’,
the different types of transformers. Dry types rated at not over
600 volts, not over 11214 kva, and completely enclosed except for
ventilating openings, can be installed anywhere indoors, even
against a wooden partition. Those larger than 11214 kva must be
installed in fire-resistant transformer rooms unless constructed with
Class B or Class H insulation. They must also be separated from
combustible material by an approved barrier, or by a distance not
less than 6 ft horizontally and 12 ft vertically, as shown in Fig. 8.
All transformers rated at more than 35,000 volts must be installed
in approved vaults (see NEC).

Oil transformers not over 11214 kva capacity may be placed in
less expensive vaults than the standard type, the dimensions being
set forth in the NEC. A vault is not required for transformers of
600 volts or less, if suitable precautions are taken with respect to
danger from oil fires. The total capacity cannot exceed 10 kva in a
combustible location, or 75 kva in a fire-resistant structure. They
may be installed in suitable detached buildings, without vaults, if
accessible only to qualified personnel. When used outdoors, they
must be so placed and guarded as not to endanger combustible
structures, or to constitute a threat to fire escapes, doors, and win-
dow openings.

Mounting Transformers

Indoors, transformers are mounted on floors, walls, or ceilings,
depending upon their size’and construction, as well as the type of
building. Small ones, generally, hang from walls or ceiling, while
large ones rest on the floor. They should be handled carefully, not
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subjected to shock or dragged over uneven surfaces. Lugs or eye-
bolts should be made use of when raising them.

The most common problem is the suppression of noise, this
factor being more important with respect to offices or stores than
with industrial locations. Characteristic 60-cycle hum, which is
really 120 vibrations a second, is seldom objectionable in places
where mechanical operations are in progress. If the noise level is
fairly low, however, it becomes quite disturbing.

Various methods are available for combatting the trouble.
Manufacturers can turnish suppressor pads that are effective in
some instances. Floor mounted transformers can be set upon
wooden strips. Units may be placed at an angle instead of being
aligned parallel to a wall, and the best angle determined by trial
and error. If noise is “telegraphed” out of the room along conduit
runs that are attached to the transformer cases, short lengths of
flexible conduit may be inserted in runs close to the units.

Additional Transformer Arrangements

There are three other common transtormer connections in addi-
tion to the star and delta groupings already discussed in the study
of polarity. Two of them are illustrated in Fig. 9. Fig. 9A shows
open-delta transtormers. The arrangement is really a three-phase
delta pattern, but with a transformer missing. If a third unit were
spanned across supply wires C and 4, a completed delta would re-
sult. Power companies make use of the open-delta grouping because
it saves equipment.

Where a single-phase transformer has been supplying lighting
services, and a consumer in the area demands three-phase power
to feed motorized appliances, it is customary to add a single small
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transformer to care for his needs. The original large transformer
continues to furnish single-phase current to the lights, and with the
help of the smaller unit, three-phase current to the motors.

A four-wire delta group is illustrated in Fig. 9B. The pattern is
exactly the same as other delta connections examined before, except
that a neutral conductor, N, has been attached to the middle tap of
one transformer. Lamp loads may be connected between neutral
conductor N and either (a) or (c). Three-phase power is supplied
by conductors (a), (b), and (c). Wire (b), which does not carry aIy
of the lighting current, is usually termed the “power leg.”

The T-connection, whose principal use at one time had been in
transformations from two-phase to three-phase, has enjoyed a re:
vival the past few years in the field of three-phase transformation.
It resembles the open-delta system to the extent that only two trans-
formers are needed, but the similarity ends there. In principle, it is
more like star-star. Fig. 10 shows the method. Two transformers are
employed, the one on the left, M, being the main unit, the one on
the right, T, being the teaser.

M is a standard transformer, with mid-point taps brought out
on both primary and secondary. T is a special unit, its primary
and secondary windings having approximately 86 percent as many
turns as the respective primary and secondary coils of M. The sec-
ondary winding of 7 has a tap, N, which includes approximately
67 percent of the number of turns in the coil. This tap becomes
the neutral feeder wire.

Connections between the transformers are made as shown, the
HI lead of T going to the mid-point, P, of M’s primary, and the
X1 lead of T going to the mid-point, (p), of M’s secondary. Three-

MAIN

TRANSFORMER " nf 7 1__‘ Pa""‘:j’“ RN ERMER
sscommv
SECONDARY T TAP

° 509 b N
TAP
NEtJTlAL
WIRE

Fig. 10. T-Connected three-phase transformers
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phase supply wires are attached to H/ and H2 of M, along with the
H2 lead of T. Power may be taken from secondary conductors (a),
(b), and (¢), while lighting circuits may be connected between neu-
tral wire N and any or all of the other conductors.

The secondary output is exactly the same as that obtained from
the network scheme. When lighting circuits are connected between
any one of the three “phase” wires and neutral, without any load
on the other two, neither primary nor secondary voltages are dis-
turbed. Voltage relationships within the various connections will
be discussed in the next two chapters.

Potential and Current Transformers

The term potential transformer is applied to small units which
are employed in connection with electrical instruments for reducing
line voltage to a safe value. Thus, a 20-to-1 potential transtormer,
Fig. 11A, may be used in connection with a switchboard installation
for reducing a generated voltage of 2,300 to a value of 115 volts.

The NEC requires fuses in the primary circuits of potential
transformers. It limits their value to 10 amps for voltages not ex-
ceeding 600, and 3 amps for those in excess of 600. The Code
recommends a series resistor in the primary circuit to limit possible
short-circuit current. The normal current is so small that voltage drop
in the resistor is negligible. In case of a short circuit, however, the
current is high and the voltage drop considerable.

Current transformers, Fig. 11B, are used to reduce a compara-
tively high teeder current to a value low enough for a recording

220 PRIMARY WINDING
VOLTS FUSE NOT IN SERIES WITH ONE
PRIMARY OVER 10 AMPS CIRCUIT CONDUCTOR—
600 VOLTS,
) 3 AMPS OVER

o > 600 VOLTS
115 VOLTS SECg'&D‘“"
SECONDARY ——3

Fig. 11. Instrument transformers
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meter. The usual ammeter or wattmeter has a 5-amp element. That
is, its maximum carrying capacity is 5 amps. It the line current is 75
amps, a 15-to-1 step-down current transformer will be required.

CAPACITORS, RESISTORS, AND REACTORS

Power Factor

Capacitors, also known as condensers, are used to improve the
power factor of a circuit. It may be well to define the term belote
going on. Power in a direct current circuit is equal to volts timds
amperes. The same rule holds good in alternating current circuitg
if voltage and current are exactly in step. If they are out of step,
because of inductive reactance, volts times amperes do not equal .
watts, but volt-amperes. It is for this reason that alternating current
apparatus such as generators and translormers, are rated in kva
(kilovolt-amperes) instead of kilowatts. To obtain kilowatts, it is
necessary to multiply the product of volts and amperes by a decimal
number which is called the power factor. The value of this number
depends upon how far apart the volts and amperes are; that is, how
much inductance is present.

It should be mentioned at this point, that most alternating cur-
rent devices possess inductance, the harmtul effect of which is to
require a larger current to produce a given amount of power.
Larger alternators, larger supply transtormers, and heavier conduc-
tors are needed. For this reason, generating plants charge a higher
rate if a customer’s power factor is too low. Steps are often taken
to improve the condition.

The manner in which this can be done will be explained with
the help of Fig. 12. The illustration shows both voltage and current
as curves, or half-waves. In Fig. 12A, voltage half-wave 4-B and

N

/l @ \\
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L 180 __D i ’lc I D\
4/vom::G::EoN 30-C. GREES 30-DE GREES

CURRENT IN CURRENT LAGS VOLTAGE LAGS
STEP (IN PHASE) VOLTAGE BY 30 CURRENT BY 30
DEGREES (OUT OF PHASE) DEGREES (OUT OF PHASE)

Fig. 12. Power factor
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current half-wave C-D are exactly in step, the ends 4 and C to-
gether, B and D together. They are said to be in phase, the power
being equal to the product of effective volts and eftective amperes.
In this case, the power factor is 1, or unity.

Voltage and current in Fig. 12B are no longer in step, but are
said to be out of phase, inductance preventing the current half-
wave from starting upward until the voltage halt-wave has pro-
gressed some distance. A half-wave spans 180 electrical degrees. The
distance between two half-waves can be expressed therefore, as a
certain number of degrees, depending on the fraction of a whole
width that it represents. Thus, if the space between A4 and C is 1
of a whole distance, they are: 1; X 180 degrees, or 30 degrees
apart. That is, the current lags the voltage by 30 degrees. The
power factor, here, would be .87 or, as it is often stated, 87 percent.
If current lagged voltage by 60 degrees, the power factor would be
.5, the value decreasing as the lag increased.

Capacitive reactance, or capacitance, has exactly the opposite
effect, causing the voltage to lag the current as in Fig. 12C. If the
right amount of capacitance is chosen the effect of inductance may
be neutralized.

Use of Capacitors

Capacitors are used for the purpose of improving power factor.
They are rated in kilovars, abbreviated kvars, instead of in kilowatts

»CARRYING
10 CAPACITY 135%
g%sga l CAPACITOR CURRENT
DUCTOR

~ DISCONNECT
RATING 135%
CAPACITOR CURRENT

< O-C SETTING—185%
TO 250% CAPACITOR
CAPACITORS CURRENT RATING

-CONNECTED
STAR

7
/

.1,

V.

=" ~=———— GROUNDED

Fig. 13. Capacitor circuit
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or kilovolt-amperes because their output is practically all reactive
current. That is, the voltage lags the current by approximately 90
electrical degrees.

Article 460 of the NEC sets forth a number of rules applying to
capacitors. As illustrated in Fig. 13, most of them state a 135 per-
cent requirement. Conductors supplying a capacitor must have a
carrying capacity not less than 135 percent of nameplate current. A
disconnecting means is required, unless the unit is connected on the
loadside of a motor overcurrent device, but it need not open ag
conductors simultaneously. It must have a pole in each ungroundeq
conductor, and must have a continuous current carrying capacity
of 135 percent of nameplate value. .

Transformers, which are sometimes employed to ‘“couple” a
capacitor to a higher-voltage circuit, must have a kva rating not less
than 1385 percent of capacitor kvar rating. An overcurrent device
is required in each ungrounded conductor, its rating being as low
as practicable. In practice, it has been found that this rating is be-
tween 165 percent and 250 percent of nameplate current, the exact
setting depending upon the nature of short-time surges, or “spikes”
that occur during normal operation. Cases must be grounded, and
a means for draining the stored charge must be provided (see NEC).
A unit which contains more than 3 gallons of combustible oil must
be placed in a vault.

Capacitors are essential elements in static-magnetic voltage regu-
lators, which also include transformers and reactors. These devices,
which have no moving parts, are designed to maintain a sieady
veoltage on a service or feeder, despite irregularities in the supply.
They are needed upon occasion, where apparatus is particularly sen-
sitive to voltage changes, for example, certain IBM installations.

Resistors and Reactors

Such devices in the immediate vicinity of ignitible substances
should be immersed in oil, or enclosed in tight metal boxes. Resist-
ors and reactors which are not mounted on switchboards, or in a
manner to be described, must be separated from combustible ma-
terial by a distance of not less than 1 ft.

If less than 1 ft from such materials, they must be attached to
a slab or panel of noncombustible, nonabsorptive material such as
slate, soapstone, or marble. It must not be less than 14 in thick
and should extend beyond the edges of the device. Support is fur-
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nished by bolts countersunk at least 14 in below the surtace. These
bolts are to be covered with insulating material.

When cabinets or cases which hold such devices are mounted
on a plain surface, an airspace of at least 14 in between case and
surface, is required except at points of support. Such an installation
is shown in Fig. 14. In general, wire with insulation suitable for
90°C operation shall be used. For motor starting service, other types
of insulation are acceptable.

NEC 470-8 limits use of incandescent lamps. They may be em-
ployed as protective resistors for automatic controllers or as series
resistors for other devices, where local authorities so permit. But
they cannot be used to carry the main current, nor may they con-
stitute the regulating resistance of the unit. Where incandescent
lamps are used, they shall be mounted in porcelain receptacles. To-
day, lamps are seldom employed.

GENERATORS

Two-Wire Generators

Constant-potential generators, except alternating current gen-
erators and their exciters, must be protected from excessive current
by circuit breakers or fuses. Alternating current generators Fig. 15A
are exempted from need of overcurrent protection because their
impedance limits short-circuit current to such a value that damage
to windings is unlikely. Exciters for all generators, separately-excited
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direct current as well as alternating current machines, are usually
operated without overcurrent protection. It is considered better to
risk damage to the exciter rather than have the generator shut down
through operation of an exciter overcurrent device.

Conductors leading from a generator must have a carrying ca-
pacity, at least 115 percent of generator nameplate current rating,
Fig. 15B. The frame of a generator operating at a terminal voltage
in excess of 150 volts to ground must be grounded, or permanently
and effectively insulated from ground.

A two-wire direct current generator may have the overcurrent
device in only one conductor provided it is actuated by the whole
load. A generator operating at 65 volts or less, and driven by an
individual motor, is considered adequately protected by the motor
overcurrent device if this unit will open the circuit when the unit
is delivering not more than 150 percent of full-load current.

Balancer Sets and Three-Wire Generators

Balancer sets must be equipped with overload devices which dis-
connect the three-wire system in case of excessive unbalance. Three-
wire direct current generators must be provided with overcurrent
devices, one in either armature lead, which are arranged to discon-
nect the whole three-wire circuit in case of heavy overload or ex-
treme unbalance. Fig. 16 shows a line diagram of a balancer set at
the left, and a three-wire direct current generator at the right.
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Emergency Generators—Motor-Generator Sets

Small diesel- or gas-engine-driven generaiors that will carry a cer-
tain percentage ol the total load have become common, not only for
places of public assembly, but also tor hospitals, department stores,
and commercial buildings. Current for a low-voltage starting motor
is supplied by a storage battery which is kept in a state ol charge by
either a tube type or a dry type rectifier. In the usual arrangement,
the generator starts immediately upon occurrence ot a power tailure,
an automatic throw-over switch connecting it to the desired circuits
or leeders.

Motor-generator sets are Irequently employed to generate direct
current for special motors or machine tools. They are also used to
provide high-frequency current that is required in the class ot fluo-
rescent lighting system discussed in Chapter Three.

Safety Measures in Connection with Transformers and Capacitors

The electrician should work on a “hot” transformer only when
this becomes absolutely necessary. Terminals should be protected
from accidental contact, in such case, especially those on the high-
voltage side. When installing a new bank, secondary connections
should be made first with temporary wires of small cross-section,
unless the workman is certain that they are right. And, the secondary
mains should not be connected to a parallel feeder until the voltage
and phasing of the transtormer bank are checked against those of
the feeder.

The NEC takes special note of high-voltage transformers in
section 710-10. Paragraph (a) sets forth precautions necessary with
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regard to transformers in public places; paragraph (b) deals with
locations frequented only by employees; and paragraph (c) gives
requirements for places accessible only to qualified persons.

The most important safety measure applying to capacitors is to
avoid contact with open terminals until absolutely sure that it is
safe to do so. After the capacitor disconnect switch has been opened,
terminal lugs should be short-circuited with a piece of insulated
wire whose ends have been exposed. Although the NEC requites
that each capacitor be provided with a means for automatically
draining stored charge, it is well to follow the suggested step in
order to allow for mischance. \

i

REVIEW QUESTIONS

I. What determines the voltage ratio of a transformer?
2. What other factor, in addition to the value of current, determines
the strength of magnetism of a transformer coil?
3. What is the main problem in the operation of transformers?
4. Name the type of transtormer of greatest interest to the inside
wireman.
5. What letter is used to mark primary transformer lead wires?
6. Is the output voltage of a subtractive transtormer less than that of
a comparable additive transformer?
7. What instrument is used when making a polarity test?
8. Can additive and subtractive transformers be paralleled?
9. Could two additive and one subtractive transformer be connected
star-star?
10. Is it ever advisable to connect the primary in delta and the sec-
ondary in star?
11. What effect does impedance have on flow of current?
12. Is impedance usually important when two identical transformers
are to be paralleled?
13. Is it permissible to fuse the transformer primary at a value greater
than 125 percent of rated current?
14. What factor must be taken into consideration when a transformer
is to be fused only on the secondary side?
15, Namec the three types of insulation used in dry type transformers.
16. Do 12,000-volt transformers have to be installed in vaults?
17. What is a common trouble connected with the setting of
transformers?
18. How many transformers are required for a T-type three-phase
transformation?
19. By what quantity must kilovolt-amperes be multiplied to obtain
equivalent kilowatts?
20. In what terms are commercial capacitors rated?



Chapter Seven

Services —
Interior Distribution

Modern Trends

For many vears, the established practice was to provide a single-
phase service for commercial lighting. It elevators, ammonia com-
pressors, or other large pieces ol electrical equipment were present.
a three-phase power service might be added. In many instances,
however, the motor load was so small that it, too, could be handled
by the single-phase supply. Industrial plants were often turnished
with 440-volt or 575-volt, three-phase current for motor loads. But
industrial lighting was usually taken care ot with the conventional
type of service.

Electrical power was generated at a number ot different tre-
quencies, ranging from 25 cycles to 133 cydes, with 60-cycle current
predominating. Only a lew years ago, one ol the huge electrical gen-
erating concerns of the nation was supplying 50-cycle current to a
large metropolis. Today, 60-cycle current is used lar and wide. The
same kind of progress has been made with 1espect to voltage and
phase of current delivered to commercial and industrial users. The
trend today is toward higher service potentials, and to three-phase
supply. And there is widespread use ot the customer’s own trans-
formers to produce on-the-spot voltages at particular locations on his
premises. This chapter deals first with low-voltage services and dis-
tribution. Later on, it considers high-voltage applications.

SERVICES UP TO 600 VOLTS

Number of Services

The first important section in NEC Article 230 deals with the
number of services permitted in a building, stating that a structure
should be supplied through only one set of conductors. A number

167
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Fig. 1. Service conductors outside building

of exceptions are listed, two of which are of interest at this time. One
declares that the requirement may be waived if capacity needs make
this desirable. The other extends the waiver to buildings of large
area.

Rapid growth of population, space-age needs, and soaring real
estate values, have resulted in both horizontal and vertical expan-
sion of business structures. Introduction of new methods and ap-
pliances, meanwhile, have witnessed a vast increase in electrical
consumption per square foot of plant. These tactors have created a
need for enlarged supply facilities, and for multiple services.

Important NEC Sections

NEC 23045 states that service conductors in conduit or duct
which are under at least two inches of concrete beneath a structure,
or encased in two inches of brick masonry or in concrete within a
wall, Fig. 1, shall be considered outside the building. This rule is
of great value when it becomes necessary to install service conduc-
tors between a street manhole and a point remote from property
lines. It is worth noting, at this time, that the rule applies to high-
voltage services as well as to those of 600 volts or less.

Where property under a single management consists of more
than one occupancy, conductors supplying each unit must be pro-
vided with a readily accessible means within or adjacent to it, for
disconnecting all ungrounded conductors. The main building in
Fig. 2 is marked “4”. Feeder conduits run from it to B and C. This
rule has given rise to much controversy, centered around the mean-



Services — Interior Distribution 169

DISCONNECT SECONDARY
REQUIRED VAULT WINDING
\ N ‘//
SERVICE BUILDING B j g /
LOCATION / DISC
BUILDING A FEEDER YO B @ SWITCH ARD.
PRIMARY O.C DEVICE
DISCONNECT WINDING
REQUIRED
HERE SECONDARY
, \J S E‘//wmomc
>
FEE DER PRIMARY 77 E o swiTcH
T0¢ C-B OPER- apres
ABLE FROM
BUILDING A BUILDING C outsice vaulr (B) NEEDED HERE
Fig. 2. Conductors supplying Fig. 3. Scrvice Overcurrent

additional buildings protection

ing of the term “adjacent.”

Some authorities would allow the fteeder switches in 4 to satisfy
the meaning of “adjacent” under all circumstances. Others claim
to agree in this practice only if distances between units is “not too
great,” a very indefinite interpretation. It seems that the intent of
the code is violated in either case. The Article says, turther, that
overcurrent protection may be located in the building served or in
another on the same property. In other words, the disconnect
switches in B and C may be unfused, the feeder overcurrent devices
inside A4 satisfying the requirement.

Another section of Article 230 deals with overcurrent protection.
Ordinarily, the service disconnect and overcurrent devices must be
located in secondary leads from the supply transformer, as in
Fig. 3A. An exception is made in the case illustrated by Fig. 3B,
where the transformer, or bank, feeds a single main, and the primary
circuit breaker is manually operable from a point outside the vault.
In this event, the overcurrent device of the primary circuit breaker
must protect the secondary conductors.

Service Switches

A service switch must have a blade, or pole, in each ungrounded
supply conductor. Means for disconnecting the ungrounded con-
ductor must be provided within the metal.enclosure. For the latter
purpose, the switch may either have an extra pole, or a connection
block which may or may not be insulated trom the metal surface.
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Courlesy of General Electric Co.

This is the common “solid-neutral” switch ol Fig. 4. Three types ol
general use switches are manutactured, HD, ND, and LD. These
type letters mean: heavy-duty, normal-duty, and light-duty, re-
spectively. The latter is not made in sizes larger than 200 amps.

Section 380 ot NEC provides that knife switches rated at more
than 1200 amps, 250 volts or less, and at more than 600 amps, 251
to 600 volts, shall be used only as isolating switches, and shall not
be opened under load. Auxiliary contacts of a rencwable, quick-
break, or equivalent type, are required on all 600-volt knile switches
designed for breaking currents over 200 amps. To interrupt currents
greater than 1200 amps at 250 volts, or 600 amps at 251 to 600 volts,
a circuit breaker or a switch of specdial design approved for such
purpose, shall be used.

A special unit known as a bolted-pressure switch is approved for
use up to 6000 amps. This switch has double-lealed blades which
squeeze the stationary contacts when the switch is closed. Pressure is
obtained by way of screw-thread construction at the hinge point and
on both sides of the fixed member at the top of the switch, resulting
in firm, low-resistance contact at either end of the blades.

Another device approved for low-voltage currents up to 4000
amps is the load interrupter switch of Fig. 5 (left). This unit has butt-
type multiple contacts, along with arcing tips and current-limiting
fuses, which will be discussed shortly. The mechanism, shown in
Fig. b (11ght). is ruggedly constructed so that it will break up to twelve



Services — Interior Distribution 171

Fig. 5. High-current air-break switches
Courtesy ol General Electric Co.

times normal current without damage to itself.
Circuit-Breakers

The NEC states that the service disconnecting means can be a
manually-operable circuit breaker. A push-button torm of remote
control circuit may be used in addition to the manual handle. The
circuit breaker, in fact, can be of a type which is operated trom a
remote point by electrical, hydraulic, or pneumatic means, provided
that it can also be closed and opened manually. As to construction,
there are two general types, the rugged, steel-enclosed unit and the
molded-case breaker. The steel unit is shown in Fig. 6.

Both types can be designed to open quickly under a short-circuit,
and to drop out more slowly under simple overload. In the tully-
magnetic unit, a mechanical time-delay leature such as an air or
hydraulic plunger is introduced. Under moderate overloads, the
plunger moves slowly toward the tripping mechanism. But it the
current is several times normal, as when a short-circuit occurs, the
plunger moves rapidly to strike the release catch. In the thermal-
magnetic type, the magnetic clement is not affected by ordinary
overloads, the thermal element causing disconnection il the high
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Fig. 6. Circuit breakers
Courtesy of (Left) General Electric Co.
(Raght ) I-T-FE- Circuit Breaker Co.

current persists more than a lew seconds. A current as great as ten
times normal, however, causes the magnetic plunger to strike the
tripping mechanism instantly.

Less expensive «(jrcuit breakers are made without this dual fea-
ture. One of the most important items connected with a circuit
breaker is its short-circuit interrupting capacity. It depends to some
extent upon size. This range varies from about 1000 amps for small
breakers to over 100,000 amps for large ones, but it may be ex-
tended by the addition of current-limiting fuses. Some thermal-type
breakers have temperature correcting elements which change the
overload setting automatically, to compensate for higher or lower
than normal ambient temperatures.

Safety Precautions in Connection with Switches and
Circuit Breakers

When it becomes necessary to operate the service disconnect for
purposes of repair or maintenance, it is wise to first open feeder
switches or breakers. This is most desirable in the case of knife
switches, in order to minimize burning of contact members.
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FIBER WEAK SPRING

FUSIBLE
ELEMENT

Fig. 7. Cartridge tuses

It might be well to note here, that one should never stand di-
rectly in front of a knite switch that is to be pulled. The workman
should stand to the right ot the device, manipulating the lever with
his left hand. This is especially necessary when the switch is opened
under emergency conditions. An arc caused by a short-circuit may
be so violent as to burn through the metal switch cover, spewing
hot metal in the immediate vicinity.

After work has been completed, the teeder circuit switches or
breakers should not be touched until the main device has been
dlosed. Then, they should be manipulated one at a time.

Cartridge Fuses

The standard non-renewable cartridge tuse is shown in Fig. 7A.
The tusible element is soldered to the end pieces, and is surrounded
by arc-quenching powder. It will carry 100 percent of rated current
indefinitely when inside a switch enclosure, but will blow in a
short time at a value slightly greater than this amount. On short-
circuit, it will open immediately, although there is danger of de-
structive arcing, or even explosion, if the current exceeds 10,000
amps. This fuse is unsuited to applications where momentary over-
loads are to be expected, or where spiking may occur.

The renewable variety of Fig. 7B has weak points on either
side of the central portion of the link. In the simplest form, it ofiers
somewhat greater time-delay than the non-renewable tuse because
the plate, washers, and screws that secure the link at the ends, absorb
a certain amount of heat from a small-time overload. On short-
circuit, the weak points melt quickly. Operating characteristics,
generally, are similar to those of the non-renewable fuse. A similar
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time-lag device has a built-up central element which absorbs enough
of the heat created by a moderate overload that an appreciable
operating delay is introduced.

Figure 7C shows a dual-element type which combines a soldered
portion with a short piece of standard link. The weak points melt
quickly under short-circuit, but not from simple overload. The over-
load element, which is capable of a great number of variations in
design, consists here of two copper discs that are soldered together.
One is attached to the standard fuse link, the other by means of a
flexible wire, to the end piece of the assembly. A coiled spring exerts
tension on this half. With an overload, the solder melts, and the
discs are pulled apart, breaking the circuit. The imerruptiﬁg
capacity of this fuse is sometimes as great as 100,000 amps. ‘

Current-Limiting and High-Capacity Fuses

The general appearance of a current-limiting fuse is illustrated
in Fig. 8A. Terminais and fuse clips are made non-standard in order
to prevent substitution of ordinary types in applications designed
for current limitation. The nature of this device will be explained
with the help of the next illustration.

Figure 8B represents a half-wave of short-circuit current pro-
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NOTCHED JCLP  SHORT-CIRCUIT AL VAL
BLADE — . CURRENT WAVE -

THROUGH BOLT
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FUSE INTERRUPTS

CURRENT AT
CURRENT-LIMITING ———at POINT M
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BOLTED-TYPE
CONTACT BLADE ___8 ZERO
A 1 LINE
N " |
OUTER SHELL

SILVER
FUSE ELEMENTS
EMBEDDED IN SAND

REMOVED

HI-CAP FUSE

Fig. 8. Special fuses



Services — Interior Distribution 175

duced by a fault which occurred at zero point of the circuit voltage
wave. Current tends to rise to a peak value several times normal,
creating effects similar to z lightning stroke. Lightning current flows
the merest fraction of a secomd, but it wreaks tremendous destruc-
tion. Flow of short-circuit current, during two or three cycles, could
wreck circuit breakers, switches, motor windings, and other equip--
ment.

A current-limiting fuse must be able to withstand a flow ol
200,000 amps in case of necessity, but the essential requirement is
that it act swiftly enough to disrupt current flow before it rises to
the peak represented by point P in Fig. 8B. Melting and arcing time
of the element must be short enough to arrest the current at an
intermediate point such as H. The resulting “let-through” current
is then only a fraction of maximum possible value. Total destruc-
tion of equipment is prevented, and strains are reduced to harmless
proportions.

The high-capacity, or hi-cap, unit of Fig. 8C is a low-resistance
device with silver fuse elements. It is similar in many respects to
the current-limiting fuse, being made in sizes up to 6000 amps,
and having an interrupting capacity of 200,000 amps. The circuit
is not broken with the same great speed, however, the “let-through”
current being somewhat greater. These fuses are often employed in
series with switches or circuit breakers that carry motor loads.

POWER COMPANY'S

OVERCURRENT DEVICE
AT REMOTE POINT

|

SERVICE /

DROPS /
SERVICE
SERVICE CONDUIT
HEAD
METER
SOCKET
THREADED HUBS A /
OR BONDING HERE
i
GROUND nas
WIRE
WATERPIPE ___ o t
ELECTRODE
SERVICE — POINT 8
SWITCH FUSES

Fig. 9. Bonding service raceways
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Grounding Service Raceway

Bonding of service raceways is illustrated here, by way of example.
When a ground develops beyond point B, Fig. 9, which represents the
service overcurrent device, fault current is readily interrupted before
serious damage results. Should the ground occur in the service run
ahead of B, however, there is nothing to limit ow of current except
the power company’s primary overcurrent unit, which may be qulte
remote from the service location. |

It is for this reason that either a threaded hub or bonding must
be relied on here. Resistance of the ground circuit must be x:Xde
as low as possible, the object being to increase the rate of flow, if
possible, so that the power company's remote protective device will
operate to disconnect the supply wires. Connection between the
service equipment and the grounding electrode should be as direct
as possible, for a like reason.

Switchboards

The old job-fabricated switchboards are no longer found in
modern commercial and industrial installations of any size. Free-

SUPPLY
/ TRANSFORMER

SERVICE SERVICE

/‘/SW"CH SWITCH \\
TIE /
- SWITCH

~
~

FEEDERS

® ©®

Fig. 10. Modern switchboards
Courtesy of I-T-E Circust Breaker Co.
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standing, totally-enclosed, factory-built units like the one shown
in Fig. 10A are more compact and less expensive. They contain
service, metering, and feeder control equipment.

On large projects, the double-end switchboard, illustrated by a
line diagram in Fig. 10B, is widely accepted. Two bus-duct service
runs emerge from the power company vault on the other side of a
concrete wall. A pair of load-interrupter switches are employed,
each feeding approximately one-halt of the board. A tie circuit
breaker makes it possible to connect the whole board to either
service when desired.

Connection of bus-duct sections is largely a mechanical opera-
tion of assembling parts already engineered as to size and location.
But the routing of conduits, pulling of wire, shaping and fastening
it to lugs on the switchboard, still calls for individual initiative.

DISTRIBUTION SYSTEMS

Essential Components

The kind of distribution system in a given instance, is based ol
course upon the nature ol the incoming service. It includes teeders,
sub-feeders, and branch drcuits, all of which have changed consid-
erably in the course of a few years. Belore analyzing them in detail,
it is worth while investigating available torms ol current supply.
Their basic character was outlined in the chapter dealing with
transformers. The matter of voltage between conductors, and that
to ground, will now be considered.

Single-Phase, Three-Wire Circuits

Single-phase current is usually turnished from a transtormer

GROUNDED
AT MIDPOINT

GROUNDED

AT MIWOINT——\

+——120 VOLTS 120 VOLTS ———~

230 VOLTS -— —— - --| L—— ————————— 208 vons——————-]

Fig. 11. Single-phase diagrams
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whose secondary coils are joined outside the transformer case to
form a center tap. Fig. 11A shows this connection, the midpoint be-
coming the grounded neutral conductor cf the three-wire main. In
this and following drawings, the primary winding is omitted in
order to simplify. Potential between outer wires is 230 volts, that
between either one and the neutral, 115 volts. This is also the
voltage to ground. i

Figure 11B represents a three-wire, single-phase circuit taken
from the four-wire, three-phase, network system. Potential between
the outer conductors is 208 volts. From either of them to the neutral
conductor or to ground, it is 120 volts. Methods for calculating volt-
ages in these diagrams will be explained in Chapter 8.

R 208 vOUIS

i

. 7

STAR POINT 120 VOLTS
GROUNDED GROUND
NEUTRAL -
WIRE Y
b 208 VOLTS——
120 VOLTS -

®

Fig. 12. Network and T connections

Three-Phase, 120-208-Volt Circuits

Potential between any two of the phase wires in Fig. 12A is 208
volts. That between any one of these wires and the neutral con-
ductor is 120 volts. Ground potential, too, is of course 120 volts.

Figure 12B shows the T connection for obtaining four-wire,
three-phase, 120-208-volt current, a main and a teaser transformer
being used. The neutral conductor, which is grounded, is connected
to a point V3 the distance from the midpoint of the main winding
to the upper end of the teaser coil. Three-phase current may be
taken from the outer wires at 208 volts, as in the network system,
and single-phase current between any one of them and the neutral
conductor, at 120 volts.
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Fig. 13. 277-480-Volt star connection

Three-Phase, Four-Wire, 277-480-Volt System

The arrangement of Fig. 13 is similar to the original network sys-
tem of Fig. 12. Note that the voltage to ground is higher, 277 volts
instead of 120 volts. This system was popularized by the introduc-
tion of 277-volt fluorescent lighting. Motors are connected to the
three 480-volt wires. Incandescent lighting and outlets for office
machines must be supplied by single-phase 115-230-volt transtormers
or by three-phase 120-208-volt units. Variations of this connection
are found upon occasion, such as the 240-416-volt and the 265-460-
volt systems. Ground potentials in these cases are 240 volts and 265
volts, respectively.

Three-Phase, 480-Volt, Delta Connections
A three-phase, three-wire delta supply, Fig. 14A, is often found

o199 VOLTS —~

T~ NEUTRAL WIRE

GROUNDED

Fig. 14. Delta systems @
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in locations where there are a number of motors, and where load
centers are established throughout the area for lighting and appli-
ance panelboards. The open-delta connection ol Fig. 4B is olten
used by power companies, as mentioned earlicr, but it is seldom
used in private installations.

The arrangement ol Fig. 14C was also touched on in connection
with transtormer polarity. Four-wire services ol this form are com-
monly provided where the motor load is small as compared, to
lighting requirements. The main point to note here is that the po-
tential between the neutral conductor and either lighting wirc"-\is
only 115 volts, whereas that between the neutral conductor and
the power leg is 199 volts.

Feeder Systems

Fig. 15A shows the type of feeder commonly used in the past.
Service wires at 115-230 volts, single-phase, connected to the main
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bus. Feeder switches extended overcurrent protection to individual
feeders which supplied the various smgle phase lighting and ap-
pliance panelboards.

The first significant change was the acceptance of 480-volt, three-
phase supply from the power company, Fig. 15B. Polyphase feeders
were run to load centers at various floors or locations, where step-
down transformers converted the supply into the 120-208-volt, four-
wire network system. This method has proven serviceable and
economical in a majority of instances, because the original cost,
including transformers, is not far different than the 115-230-volt
system, and voltage regulation is far better.

Yet it lacks certain qualities that are desirable in the high-rise
building, where runs are of considerable length, and where provi-
sions for later expansion should be incorporated at the time ot
installation. Feeding upward from the basement and downward
from the roof has been tried, because its effect is to reduce the
height of the building by one-half. The two widely separated serv-
ice locations, however, introduce complications.

The use of bus duct feeders, Fig. 15C, is the most recent change
in high-rise wiring. The duct occupies comparatively little cross-
sectional space, and steps may be readily taken at the time of the
original work to insure ease of future expansion. For example, floor
chases can be made wide enough to accept paralleling runs of duct,
and space allotted in electric rooms for additional distribution
panels. Stab-in circuit breakers are inserted in the duct at each loca-
tion to feed step-down transformers which, in turn, supply the
panelboards.

Grounding Load-Center Transformers

A knotty problem connected with load-center distribution is the
grounding of transformer secondary windings. The transformer case
is grounded by the feeder conduit run. Some electricians also ground
the neutral wire to the conduit, as in view A of Fig. 16. This is
perhaps the most common method, but it is not a universally ac-
cepted one. The plan of using a ground bus which runs back to the
service grounding electrode, Fig. 16B, is also followed. Another
scheme is to ground it to the nearest waterpipe.

NEC 250-5 states that any wiring system operable at not more
than 150 volts to ground must be grounded. Others should be
grounded if operable at 300 volts or less to ground. Section 250-
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Fig. 16. Grounding transformers

112(a) requires that the neutral ground be made to a water pipe.
This rule might seem to apply here, but the intent is clouded by
Section 250-81 which speaks of a “metallic underground water
piping system.”

A load center is an isolated location, altogether remote from
advantages to be gained from an underground network of piping.
Faults occurring on circuits connected to the transformer should
result in only “local” current flow. Any method which helps to thus
restrict fault current would seem to be desirable. Certainly, a
grounding bus which travels all the way back to a remote service
location is not a reasonable answer.

One cffective method is to bond conduits at a remote point, and
to carry this “ground” back to the transformer. Since this is an
expensive operation, the most practical sclation is to rely on the
conduit system, making certain that locknuts are tight and that
crimping is properly done. If trouble eventually develops in this
connection, code authorities will make definite provisions for cor-
recting it.

Unprotected Taps

NEC 240-15 states that overcurrent devices shall be located at
the point where a conductor receives current. It lists two important
exceptions that are illustrated in Fig. 17. View A shows a No. 12
Type R conductor not over 10 ft in length, tapped to a No. 500
MCM Type R feeder. This method is acceptable if the carrying
capacity of the No. 12 wire is not less than the sum of the allowable
current-carrying capacities of other conductors which it supplies,
the No. 12 conductor is encased in metallic raceway, and does not
extend beyond the device to which it is connected.
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No. 500 MCM No. | TYPE R
TYPE R FEEDER / FEEDER
No.BTYPE R __ TAP NOT OVER
No. 12TYPE R —— | TAP NOT OVER ~ T
+—10FT. LONG - BFI.LONG
/e——— TAP MUST END
% IN A FUSED SWITCH
7
smaLL -7
FUSE PANEL (

T CIRCUITS

®

Fig. 17. Unprotected taps

The other exception is shown in Fig. 17B. A No. 8 Type R wire,
not over 25 ft long, is tapped to a No. 1 Type R conductor. This
practice is allowed provided that carrying capacity of the tap con-
ductor is not less than one-third that of the larger conductor, and
that it terminates in a single circuit breaker or set of fuses which
limits flow of current to the allowable carrying capacity. In Fig. 17B,
the carrying capacity of the No. 8 Type R conductor is 40 amps,
while that of the No. I Type R conductor is 110 amps. The switch
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Fig. 18. Lighting and appliance panelboard
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or circuit breaker may control a number of circuits or devices, as
shown in the figure.

Panelboards

The NEC defines a lighting and appliance branch circuit panel-
board as one having neutral conductors for at least 10 percent of its
overcurrent devices which are rated at 30 amps or less. Fig. 18 shows
a panelboard attached to a four-wire, three-phase feeder. There are
three three-phase motor circuits and one three-phase lighting é"r-
cuit; a total of 12 overcurrent devices. A neutral wire is associated
with the lighting circuit, which has 3 overcurrent devices. Thus, 25
percent of them are provided with a neutral connection, and the
panelboard falls within the above definition. Such a panelboard
may not have more than 42 overcurrent devices, altogether, in a
single enclosure.

NEC 384-16 states that a panelboard whose teeder has an over-
current device larger than 200 amps ahead of it, shall be protected
by overcurrent devices rated at a value not greater than that of the
board. Fig. 19A illustrates this requirement. If the feeder is pro-
tected at 300 amps, and the panelboard is rated at 100 amps, a 100-
amp overcurrent device will be needed. It should be noted, how-
ever, that if the panelboard were rated at 300 amps or more, no
additional protection would be required.

Fig. 19B presents a variation of the rule, where the 115-230-volt

FEEDER PROTECTED

AT 70 AMPS
FEEDER PROTECTED - —-— ——== 460-VOLT ._.___.\L
BY 300 AMP TRANSFORMER
OVERCURRENT DEVICE
OVERCURRENT -~ o 100-AMP
DEVICE NOT OVERCURRENT ————
OVER 100 AMPS DEVICE RREQUIRED
100 AMP
o 115-230 VOLT ~—————— - ]
100 AMP PANELBOARD
PANELBOARD — 7

® ®

Fig. 19. Panelboard protection
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panelboard is rated at 100 amps and the 460-volt supply transformer
has 70-amp feeder protection. This panelboard must have a 100-amp
overcurrent device directly ahead of it because the protection of-

fered by the 70-amp fuse at 460 volts is equivalent to that of a
140-amp fuse at 230 volts.

Steady-Burning Loads

NEC 384-16 requires that overcurrent protective devices ahead
of panelboards installed in commercial and industrial buildings
where loads continue for long periods of time, shall have a rating
not less than 125 percent of permissible circuit loading. This section
merely calls attention to feeder and circuit limitations. Section
210-23(b) states that circuits for steady-burning loads shall not carry
more than 80 percent of their current rating. Section 220-2 states
that in such instances the unit loads specified in Table 220-2(a)
(See App.) shall be increased by 25 percent.

Since these provisions are sometimes found confusing, an exam-
ple is offered in Fig. 20. The office area supplied by the panelboard
in the figure has an area of 4416 sq ft. Table 220-2(a) specifies a
unit load of at least 5 watts per sq ft, or a total of: 4416 X 5 watts,
which is 22,08) watts. NEC 220-2 requires that the feeder to the
panelboard shall be large enough to handle 25 percent more than

FEEDER MUST HAVE
120 AMP CARRYING CAPACITY

FEEDER
CONDUIT

20 AMP CIRCUIT
- MAY BE LOADED
ONLY TO 16 AMPS EACH

OUTGOING /
CONDUITS ~~ A

il NEUTRAL FEEDER
"\ m)/ CONDUCTOR

9795590008
S
/
NEUTRAL
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Fig. 20. Rules for steady-burning loads
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this, or 27,600 watts. At 230 volts, the current equals: 27,600
watts/230 volts, or 120 amps.

There are twelve 20-amp circuits on the 3-wire, 115-230-volt
panelboard. According to NEC 210-23(b), they cannot be loaded
above 80 percent of 20 amps, or 16 amps. The total current that
they can handle is equal to: 6 X 16 amps, or 96 amps on either side
of the three-wire teeder. These lighting circuits will furnish the
area with lighting power equal to 5 watts per sq ft, but they will
be loaded to only 80 percent of their rating. The leeder, meanwhile,
will be supplying current which loads the conductors to only B0
percent of their rating. \

To allow for business machines and other electrical equipment,
in addition to lighting, engineers often estimate load in a proposed
office building at values trom 7 watts per sq ft all the way up to 35
watts per sq ft. It is worth observing that under NEC 220-2(b) the
current needed by each general use plug receptacle is assessed at

114 amps.

Color Code

NEC 210-5 requires that color coding shall be followed. For
three-wire circuits, the colors are: one black, one white, and one
red. In four-wire circuits, the colors are: one black, one white, one
red, and one blue. Wires of a given color must all be connected to
the same feeder conductor. A green wire may be used only for
grounding, and the white .as an identified (neutral) conductor.
Where more than one multi-wire circuit is carried through a single
raceway, additional colors may be employed. This becomes neces-
sary at times when 277-480-volt and 120-208-volt circuits are used
in the same general area of the building.

HIGH-VOLTAGE PRIMARY SYSTEMS

Use of High-Voltage Circuits

High-voltage distribution has made rapid progress. Although
limited mostly to industrial plants, it has been tried in commercial
locations where considerable power is needed at points remote from
the service location. In a number of instances, 4160-volt, three-phase
feeders have been installed between the main switchboard and load
centers throughout a building. Voltages up to 13.2 kv have also
been used for this purpose. Services teeding industrial plants do not,
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ordinarily exceed 15,000 volts. Under NEC rules, service equipment
shall be installed only in transformer vaults, or connected to approved
metal-clad switchgear, when the voltage between conductors is greater
than 15,000 volts.

Services

Modern high-voltage services are connected to unit substations,
such as Fig. 21. Isolating switches or draw-out units are employed

. S

Fig. 21. Unit substation and metaldad switchgear
Courtesy of I-T-E Circuat Breaker (o
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to disconnect the main circuit breaker or switch and the overcurrent
devices, for repair or maintenance. The circuit breaker may be an
automatic type, or it may be combined with approved fuses. An im-
portant precaution here, as with all switchboards, is to make certain
that the frame is properly grounded.

INDUSTRIAL POWER DISTRIBUTION

Low-Voltage Radial System

Industrial power within a plant may be distributed in numerous
ways. The simplest is the low-voltage radial system shown in the
single-line diagram of Fig. 22. The plant consists of {our buildings
or distributing points. High-voltage service is obtained from the
supply company at point S. A transformer or bank of transformers
reduces the voltage for distribution to motors and lights. A separate
low-voltage feeder is installed between the main switchboard and
each distributing point. With this plan, failure ot one low-voltage
feeder will cut off power to its section of the plant.

This method has little to recommend it, aside trom simplicity,
for it requires a great deal of copper, and its constant losses are
greater than in other systems. It is used, therefore, only in small
establishments where distributing points are not too far removed
from the service location. The supply could be single-phase if the
load were predominantly lighting and small motors. But single-
phase loads are rather uncommon with industrial plants. It will be

LOAD CENTERS
LOAD CENTERS

TRANSFORMERS
T Wil
SWITCHBOARD
Y
i 1 j Hl
LOW-VOLTAEE/ HIGH-VOLTAGE //
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SERVICE & HIGH-VOLTAGE

FEEDER
TRANSFORMER SWITCHES

Fig. 22. Simple distribution system Fig. 28. High-voltage distribution
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assumed here that a single-line conductor represents a three-phase,
four-wire feeder, and the single-line transformer, a bank of three-
phase units.

High-Voltage Radial System

Fig. 23 represents a high-voltage radial layout. It is similar to
the low-voltage arrangement except that high-voltage feeders are
run to transformers at each distributing point. There, the voltage is
reduced to its operating value. Copper losses are greatly reduced,
but the initial cost of four small transformers is greater than that
of a single large one.

Although this plan is superior, basically, to the first, it does not
provide any greater assurance of continued service. If a feeder is
damaged, its section is completely isolated from source of power,
just as in the low-voltage scheme. A variation is sometimes employed,
a single high-voltage feeder being extended from the service switch
to a central location from which branches extend to each distribut-
ing point. Its only advantage is an initial saving in high-voltage
cable.

Simple Loop System

Fig. 24 shows a layout which is superior, in certain respects, to
the others. From the service location, a short feeder extends to point
T, where it branches to a pair of circuit breakers which are con-
nected to another feeder which makes a complete circle or loop. The
loop taps off to each of the distribution centers 4, B, C, and D, and

/-mnsrom
CIRCUIT BREAKER

LOAD CENTERS

Fig. 24. Distribution loop Fig. 25. System using bus-ties
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it will be noted that a circuit breaker is inserted between each two
distribution centers.

With this arrangement, any section of damaged feeder may be
isolated Irom the others. If trouble develops in the transformer as-
sociated with section A, the nearest of the circuit breakers at T is
opened, as well as the one between 4 and B. The remainder of the
system will continue to operate. But electrical equipment in section
A will be without power, as in the other two examples.

!

Loop System with Bus-Ties

v

Fig. 25 represents a system designed to eliminate complete s\hut-
down of one part ot the plant because ot sectional feeder or tr\;ms-
former trouble. Fundamentally, it is similar to the plan of Fig. 24,
but it has, in addition to the looped primary feeder, a loop connec-
tion between adjacent transtormer secondaries. These connections,
with circuit breakers at each switchboard location, form a continu-
ous circle from 4 to B, to C, to D, to A.

There is considerable additional copper, but also complete as-
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Fig. 26. Connection to bus-ties
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surance that sectional primary faults will not isolate any section of
the plant from a source of power. If the transformer in section 4
develops trouble, it may be cut out of the circuit and the section
will continue to receive power from stations on either side by way
of the secondary loop system.

Bus-Tie Conductors

These low-voltage loop connections are termed secondary or bus-
ties. NEC 450-5 defines a secondary tie as a circuit operating at 600
volts or less between phases, and connecting two power sources or
supply points such as secondaries of two transtormers.

If loads are connected only at transtormer supply points, and
the bus tie is not protected by tuses limiting maximum current to
150 percent of conductor capacity, the current rating ol the tie
conductor shall not be less than 67 percent of full-load secondary
current of the largest transformer. The lower right-hand illustration
in Fig. 26 shows this system.

The carrying capacity of this same kind ol tie must not be less
than 100 percent of the rated secondary current of the largest trans-
former, if loads are also tapped trom points other than at transformer
locations. The lower left-hand illustration in Fig. 26 shows this tie.

A further variation is represented by the upper illustration.
Here, the tie consists of multiple conductors per leg, with loads
tapped to individual conductors between transformer locations.
Unless such loads are tapped to every one of the tie conductors, the
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Fig. 27. Bus-tie circuit and limiter
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combined capacity of the conductors between stations shall not be
less than 133 percent of the rated secondary current of the largest
transformer.

Limiters, Circuit Breakers, and Switches

Both ends of each tie conductor must be equipped with a pro-
tective device which will open under short-circuit conditions. This
protection may consist of a fusible-link cable connector commonly
known as a limiter, or an automatic circuit breaker set to oﬁerate
under the same conditions. Secondary ties provided with limiters
must have a switch at either end if the operating voltage exceeds
150 volts to ground. ‘

In addition to these requirements for protection of tie conduc-
tors, transformers used in connection with these ties shall have, 'in
the secondary circuit, an overcurrent device rated or set at not over
250 percent of rated current. And each transformer shall have a
circuit breaker, actuated by a reverse-current relay, to disconnect
the secondary winding if reverse current greater than rated, sec-
ondary current flows into the unit. The upper illustration in Fig.
27 shows a tie circuit with all the protection demanded by this
section. The lower one shows a limiter.

Network Systems

A simple network system 1s represented at the left in Fig. 28. It

LOAD BUS-TIE HIGH-VOLTAGE
CENTERS CONDUCTORS SUPPLY LINE
LOAD CENTERS (ONE OF FOUR)
E 3
ICUIT
BREAKERS
D [ F
wla
s2
1) D [ G
SWITCHBOARD
BUS TIE
[ ] H
TRANSFORMER
52 - NETWORK
A s TRANSFORMER

TWO HIGH-VOLTAGE SUPPLY LINES
Fig. 28. Simple networks
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has a secondary system identical with that of the preceding type,
but the primary is somewhat different. Two primary feeders supply
the transformers. Primary feeder S/ is connected to the transformers
which supply sections 4 and C, while $2 is connected to those sup-
plying B and D.

The illustration at the right shows a more complicated network
which consists of eight distribution points fed by four primary
feeders. The secondary circuits in both illustrations form a con-
tinuous circle of bus ties. This system provides the best guarantee
of continued service and it is often employed in large plants.

The transformers used here are known as network units. They
have secondary overcurrent devices, reverse-current relays, and co-
ordinated, primary circuit, disconnects which reinove the whole
transformer from the line in case trouble develops within it or in
the feeder circuit to which it is connected.

Cable and Conduit

Outdoors, high-voltage lines are protected by rigid conduit, duct
like that in Fig. 29, or by the outer covering of direct-burial cable.
Conduit runs should contain long sweeps rather than short bends,
in order to reduce strain when drawing in cables. They should also
be arranged to drain so that water pockets cannot form. Indoors,
interlocked armored cable or approved unarmored cable may be
placed in ladder-racks which are suitable for locations where direct
physical hazards are unlikely.

Shielding

Nonleaded, fibrous-covered, rubber-insulated conductors used at
voltages higher than a certain value shall be provided with a metal-

Fig. 29. Clay tile duct
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lic or semiconducting shield which will confine the dielectric ﬁe\‘ld
This shield is indicated at the left in Fig. 30. The term dielectric
field refers to the static strain which is present in the air surround-
ing nonshielded high-voltage cables. This dielectric field breaks
down oxygen in the air to form ozone and corona discharge which
damage rubber insulation.

Shielding is required where conductors in damp locations are
run in ducts or conduit, and where the voltage exceeds 2,000. In
dry locations, shielding is not required unless the voltage exceeds
2,000 in a system with grounded neutral or 2,000 with ungrounded
neutral. See NEC Table 710-5.

Stress Cone

The shielding material must be stripped back a sate distance
where the cable terminates, such as in potheads or at joints. It is
necessary to build a stress cone with rubber tape or other suitable
insulating material, as indicated at the right in Fig. 30. Copper tape
is wrapped over the insulation to a point about 14” from the
middle of the cone. This wrapping is soldered together and to the
shielding on the conductor. The purpose of the stress cone is to
increase the length of leakage path at the end of the cable. Unless
this is done, cable insulation often breaks down and carbonizes
there.

Potheads

The code states that where cable conductors emerge lrom a
metal sheath, and where protection against moisture or mechanical
injury is necessary, the insulation of the conductors shall be pro-
tected by a pothead or other approved means. Fig. 31 illustrates a
pothead. After cables are inserted, the body of the fitting is filled
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Fig. 31. Pothead

Courtesy of G & W Electric Speaialty Co.

with sealing compound. Although it is permissible to merely tape
the ends of rubber or varnished-cambric cables, engineers usually
specify that potheads be used in all cases, tor terminating runs of
cable.

Circuit Protection

High-voltage circuits may be guarded by circuit breakers or tuses
of approved types. Figure 32 illustrates an oil-lled cutout which is
made in sizes up to 300 amps and 7800 volts. Three of these units are
connected to a gang-operating mechanism in the figure, so they may
be used for disconnection, as well.

Motors

The code requires that motors operating at more than 7500
volts between conductors shall be installed in fire-resistant motor
rooms. Motor branch circuit overcurrent protection may consist of
a circuit breaker, suitable dry fuses, or oil-filled cutouts. A discon-
necting means must be provided. If the branch circuit breaker
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Fig. 32. High-voltage fuses

Courtesy of G & W Electric Speaialty GCo

satisfies other code requirements as to location, it may serve in this
capacity. The ganged oil-fuse cutout ot Fig. 32 might be used in
this way, too.

Running overcurrent protection may be a circuit breaker or a
set of overcurrent units integral with the controller. Their rating is
obtained from NEC Table 430-146, the same as tor low voltage
motors. Differential protection may be employed as running over-
current protection. It consists of two or more sets ot current trans-
formers with associated relays.
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REVIEW QUESTIONS

1. How far must a service conduit be from the inner surface of a
wall in order to be considered outside the building?
2. On which side of a transformer are service disconnect and over-
current devices usually placed?
3. Would a circuit breaker whose operation is fully automatic be
approved as a service disconnect?
4. State the maximum interrupting capacity of a non-renewable cart-
ridge fuse.
5. State the interrupting capacity expected of a current-limiting fuse.
6. Is a hi-cap fuse the same as a current-limiting fuse?
7. Is the T neutral connected to the junction of main and teaser
windings?
8. What is the voltage between phase wires when the voltage to the
star points is 277 volts?
9. What is the most recent type of feeder used in high-rise buildings?
10. A wiring system must be grounded if not over what voltage to
ground?
11. State another name for-an isolated center of distribution.
12. What is the longest permissible unprotected tap?
13. What is the minimum relative size of feeder and tap wire?
14. What size disconnect is required ahead of a panelboard which has
200-amp feeder protection?
15. What additional carrying capacity is required of a feeder that
supplies a panelboard which serves steady-burning loads?
16. What steady-burning load is permitted on a 15-amp circuit?
17. What type of switchgear is used for high-voltage services?
18. In what kind of fitting should high-voltage cables be terminated?
19. What type fuse is required for a 15,000-volt circuit?
20. Does a 5000-volt motor require a special motor room?



Chapter Eight

Industrial and Commercial
Calculations

Effect of NEC Rules

Discussion of commercial and industrial lighting in Chapter
Four was based upon foot-candle intensities desired in certain loca-
tions. The NEC offers no recommendation as to the number of foot-
candles, but Section 220-2(a), with its accompanying table, lists
minimum values of watts per sq ft that must be supplied to a given
area by its lighting feeder. Different *“watts-per-sq-ft” ratings are
assigned to several kinds of occupancies.

Although one type designated as an “Industrial Commercial
(Loft) Building” is given a rating of 2 watts per sq ft, industrial loca-
tions are pretty much neglected. This treatment is to be expected,
in the light of the countless, highly diversified industrial operations.
Many commercial occupancies, on the other hand, are sufficiently
standardized that specific values can be assigned them, for example:
garages, restaurants, stores, and office buildings.

The minimum requirements for lighting power are usually
exceeded today, especially in jobs which are properly engineered,
because of emphasis on “easy seeing.” In addition to carrying
enough power for adequate illumination, feeders must provide en-
ergy for plug receptacles. The NEC contains no mandatory regula-
tions dealing with them, except in respect to residential occupancies.
This matter is left entirely to the discretion of the owner and his
electrical representatives.

Chapter Plan

Calculations made necessary by the NEC rules will be explained
in the early part of the chapter. This will be done largely by means
of examples which include services, feeders, and circuits. The next

198
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Fig. 1. Store building

section is concerned with principles relating to voltage, current, and
power. Diagrams are made use of, and simplified mathematical
methods are introduced. The final portion of the chapter is de-
voted to specialized items, some of which are constantly recurring
in practice.

CIRCUITS, FEEDERS, AND SERVICES
SINGLE-PHASE LOAD

General Lighting

The interior of the store, Fig. 1, measures 60 ft by 90 ft, exclud-
ing the show window area, which is roughly 10 ft deep, its dimen-
sions being noted on the illustration. The lighting service is 115-230
volts, single-phase. NEC Table 220-2(a) specifies a unit load of not
less than 3 watts per sq ft for this occupancy. The floor area is equal
to: 60 ft X 90 ft, or 5400 sq ft. Required lighting power is found
by multiplying this area by 3 watts, giving a total of: 5400 X 3
watts, or 16,200 watts.

Store lighting usually falls within the classification of continuous-
burning load, so that individual circuits may not furnish more than
80 percent of rated output. If 15-amp circuits are used for illumina-
tion, their maximum current is limited to: .8 X 15 amps, or 12
amps. This current will transmit power equal to: 12 amps X 115
volts, which is 1380 watts. The number of circuits to provide this
wattage equals: 16,200 watts/1380 watts, or 11.7, which rounds
out to 12.
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Show Window Lighting

The minimum wattage for show window lighting is set forth in
NEC 220-2(c) Ex. 2, which states that the amount can not be less
than 200 watts for each linear foot of such window, measured hori-
zontally along its base. This distance is equal to 29 ft for either one,
or 58 ft in all. The minimum wattage is: 58 X 200 watts, which is
11,600 watts. It is worth noting here, that in some cases, depending
upon circumstances, inspection authorities may class show-wiyf\dow
lighting as continuous burning, so that the 80 percent and the¢ 125
percent rules would apply. In the present case, it will not be \con-
sidered so. "‘:

If 20-amp circuits are employed, they will each supply: 20 amps
X 115 volts, or 2300 watts. The number of these circuits must be
at least: 11,600 watts/2300 .watts, which is 5+. Six fully-loaded cir-
cuits will include enough excess power to take care of lighting
vestibule and entrance, the total load becoming: 6 X 2300 watts, or
13,800 watts.

Plug Receptacles

There are 80 general use plug receptacles in the building. NEC
220-2(b) designates these as “other outlets,” and assigns a load rating
of 1145 amps to each. Since they will be distributed by three-wire
circuits, service and feeder must supply: 40 X 114 amps, or 60 amps,
which represents power equal to: 60 amps X 230 volts, or 13,800
watts. Plug receptacles are installed on 20 amp circuits, as a rule,
each circuit furnishing power equal to: 20 amps X 115 volts, or
2300 watts. The required number will be not less than: 13,800
watts /2300 watts, which gives exactly 6. Customarily, at least two
additional circuits would be provided to allow for expansion, but
it will be assumed here that this factor was already taken account of
in the large number of such outlets which are specified.

Feeders

The feeder to main panelboard §, Fig. 1, must have current
carrying capacity equal to 125 percent of actual lighting require
ments, in addition to the plug receptacle load. The lighting allow-
ance is equal to: 1.25 X 16,200 watts, which is 20,250 watts. Adding
13,800 watts for plug receptacles, the power rating of the feeder is:
20,250 watts + 13,800 watts, or 34,050 watts. The current equals:
34,050 watts/230 volts, which is 148 amps.
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NEC 220-4(d) states that the neutral feeder load shall be taken
as the maximum unbalanced load. In other words, it is the greatest
current to which the neutral conductor may be subjected if one of
the main conductors were suddenly disconnected while the system
was operating at full capacity. Here, such occurrence would find the
neutral carrying a load of 148 amps, the same as the outer con-
ductors. It must, therefore, be of the same size. Type RH-RW
conductors are specified. Table 310-12 lists the nearest size of cop-
per wire as No. 000, requiring a 2-in conduit.

The feeder to panelboard W, Fig. 1, which controls show win-
dow circuits, must have a carrying capacity not less than: 13,800
watts/230 volts, or 60 amps. Table 310-12 shows that No. 4 Type
RH-RW conductors are satisfactory, while Table 1 lists the proper
size of conduit as 114-in.

Service

Service conductors must be large enough to accommodate power
supplied by the two feeders, the total amount being: 34,050 watts
+ 13,800 watts, or 47,850 watts. Their current rating must be equal
to: 47,850 watts/230 volts, which is 208 amps. The nearest accept-
able Type RH-RW conductor listed in Table 310-12 is No.
250MCM, which can be installed in 214-in conduit.

NEC 220-4(d) contains another provision which could be em-
ployed here if the situation warranted. The section states that a
demand factor of 70 percent may be applied to that portion of the
unbalanced load in excess of 200 amps. In the present instance, the
excess is only 8 amps, which could be reduced to 6 amps by use
of the factor. Such result is of no advantage because the neutral
conductor must remain No. 250MCM, as before.

If the current had been 220 amps, however, requiring No.
300MCM main conductors, a smaller neutral could have been used.
The excess over 200 amps of unbalanced load would be equal to:
220 amps — 200 amps, or 20 amps. When multiplied by the 70
percent demand factor, the excess is reduced to: .7 X 20 amps, or
14 amps. The neutral conductor would be considered as carrying:
200 amps + 14 amps, which is 214 amps, a value that falls within
the capacity of No. 250 MCM Type RH-RW.

It should be noted that such demand factor may not be applied
to any portion of load which consists of electric discharge lighting.
The reason is that third harmonic current flows in neutral wires to



202 Industrial and Commercial Wiring

which fluorescent units are connected. The subject of third har-
monic current will be discussed later in this chapter.

Aluminum Conductors

Substitution of aluminum for copper in feeder and service con-
ductors, will now be considered. A 148-amp conductor is needed as
the feeder to Panelboard . NEC Table 310-14 (See App.) lists the
normal current carrying capacity of No. 000 Type RH-RW alumi-
num wire as 155 amps. However, a footnote to the table gisants
this conductor and a few others an increased carrying capacity when
used for single-phase, three-wire, service and feeder runs. The No.
00 conductor, whose normal rating is 135 amps, is approved for 150
amps under the specified condition, and it may be used here. The
conduit size remains 2-in, as before.

The feeder to panelboard W carries 60 amps. NEC Table 310-14
shows that a No. 3 conductor is satisfactory. In this case, also, the
conduit size remains the same as before, 114-in. Current in the
service conductors is 208 amps. Table 310-14 lists the carrying ca-
pacity of No. 350MCM conductor as 210 amps, making it the
required size. Table 1 shows that 3-in conduit is necessary, one size
larger than was needed for equivalent copper conductors.

THREE-PHASE LOAD

Survey of Location

The office location, Fig. 2, has an electric room in the Northwest
corner. There is a data processing section at the Northeast end, a
120-208-volt panelboard in the Southeast corner, a 277-480-volt pan-

AIR COND

RISER N DATA PROCESSING
FEEDER INO6-1"C __ ——=3NO10-34"C_ CENTER 7 .
ELeCT ¥ 4
OOM
— L inoe-r1yac
DISTRIBUTION
CENTER
4 NO 10-3/4°C 4NO6-11/4"C ,
5 12% PAW 60
PANEL 4 NO t-l 1/4“(:

UNIT LTG LOAD
5 WATTS SQ FT
OFFICE

LII_GHTING HERE

INCANDESCENTz

) 9 EPANEL— I .
i - - e 150 -

Fig. 2. Office building
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elboard on the West wall, and a similar one on the East wall. The
electric room receives gower by way of a 480-volt, four-conductor,
busduct riser. Most of the lighting is at 277-480 volts, fluorescent
units being connected bétween phase wires and the neutral con-
ductor. A small part of the lighting, and all plug receptacles, are
connected to a 120-208-volt system obtained from delta-star trans-
formers located in the electric room. The data processing center is
also furnished with 120-208-volt power, except for a 15 hp, 400-cycle,
motor generator to which a 480-volt, three-phase feeder runs from
the electric room. Feeder switches for the 20 hp, 480-volt, three-
phase air-conditioning system is also contained in the electric room.

277-480-Volt Lighting

The overall dimensions of the space are 60 ft by 150 ft, but the
electric room takes up an area of 10 ft by 15 ft. Since the small
room will be illuminated by a circuit taken from the secondary
of the 120-208-volt transformer within the room, its area may be
subtracted from the gross amount in determining lighting require-
ments. The office area is equal to: (60 ft X 150 ft) — (10 fv X 15 ft),
which is 8850 sq ft. NEC Table 220-2(a) specifies a minimum unit
load of 5 watts per sq ft, and Table 220-4(a) (see NEC) lists no de-
mand factor for this type of occupancy. The necessary amount of
lighting, therefore, is equal to: 8850 X 5 watts, or 44,250 watts.

All lighting will be at 277-480 volts, except for the space marked
in dotted outline at the Southeast corner, which requires 120-208
volts for incandescent fixtures. The area of the section is 20 ft by
30 ft, a total of 600 sq ft. Its lighting needs represent: 600 X 5 watts,
or 3000 watts. This amount can be subtracted from the total light-
ing power in order to find how much will be supplied at 277-480
volts. Taking 3000 watts from 44,250 watts, leaves 41,250 watts at
the higher voltage.

It is customary to employ No. 12 as the smallest lighting con-
ductor in large offices, despite the fact that the NEC permits No.
14. In some cases, 15-amp overcurrent devices are provided, even
though No. 12 wire is used. Here, 20-amp circuit protection will be
employed, the rating of the circuit being taken at 20 amps under
provisions of NEC 210-3. Offices today, are generally continuous-
burning loads, so that the circuits may not be loaded beyond the
80 percent point, which is equal to: .8 X 20 amps X 120 volts, or
1920 watts.
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The number of 277-volt circuits will be: 41,250 watts/1920 watts,
which gives 21 + or 22. This choice is subject to further modifica-
tion, because the number of circuits in a standard, three-phase,
four-wire panelboard is divisible by three. The nearest such figure
in the present case is 24. Since the lighting is evenly divided between
the two higher voltage panelboards, they will have 12 circuits each.

120-208-Volt Lighting and Power i

The 120-208-volt system must take care of 3000 watts office light-
ing. If 20-amp circuits are employed, each may be loaded to, 80
percent of capacity, which is 1920 watts. Two of them will be
needed. There are 85 miscellaneous plug receptacles. At 114, amps
each, they will need: 85 X 114 amps X 120 volts, which is 15,300
watts. A fully-loaded 20-amp circuit will provide 2400 watts, so that
the number required for all will equal: 15,300 watts /2400 watts, or
6.4, which means 7. The 120-208-volt panelboard, therefore, will
have 9 circuits.

The 120-208-volt transformers must also furnish 15 kva, three-
phase, four-wire power to the processing center. A feeder will be run
directly from the electric room to the location. The panelboard for
this area is especially designed to handle the various machine cir-
cuits and the control equipment needed for the 400-cycle generating
equipment.

Total required 120-208-volt power may now be determined by
adding the various loads. The small panelboard takes: 3000 watts
+ 15,300 watts, or 18,300 watts. The data processing center needs
15 kva, which is a high-power-factor load that may be added directly
to the lighting value. All that remains is the relatively small amount
of power needed to illuminate the electric room, and which may be
taken at 600 watts. Adding these amounts, the total cannot be less
than: 18,300 watts + 15,000 watts + 600 watts, which is 33,900
watts.

Sub-Feeders

The size of the sub-feeder to the 120-208-volt panelboard is
based upon: (1.25 X 3000 watts) + 15,300 watts, or 19,050 watts.
Three-phase line current is equal to watts divided by the product
of 1.73 and phase voltage. Phase voltage here is 208, which, multi-
plied by 1.73, gives 360 volts. Line current equals: 19,050 watts/360
volts, or 53 amps. NEC Table 310-12 shows the nearest size Type R
wire as No. 6, with a carrying capacity of 55 amps. Table 1 shows
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that 4 No. 6 conductors may be installed in 114-in conduit. The
next section of the chapter will give simplified methods for solving
three-phase problems.

Each of the 277-480-volt panelboards must supply one-half of
the total lighting load. Since this is a steady-burning application,
the total load is equal to: 1.25 X 41,250 watts, or 51,560 watts.
Each panelboard will require a feeder capable of supplying:

51,560
2 X 1.78 X 480 volts
wire listed in Table 310-12 is No. 8, whose current-carrying capacity
is 40 amps. Three No. 8 conductors in 34-in conduit will supply the
West panelboard. Because of voltage drop (see later), the East panel-
board is supplied by three No. 6’s in 114-in conduit.

NEC Table 430-150 lists a current of 20 amps tor the 15 hp,
three-phase, 480-volt motor that drives the high-frequency genera-
tor. This value is to be multiplied by 1.25, as explained earlier, so
that the rating of the conductor may nct be less than: 1.25 X 20
amps, or 25 amps. No. 10 wire and $%4-in conduit are required.

The Table shows a current of 26 amps for the 20 hp, three-phase,
480-volt air-conditioning motor. This value, too, is multiplied by
1.25 so that the rating of the supply conductor can not be less than:
1.25 X 26 amps, or 33 amps. Table 310-12 shows the nearest size
Type R conductor to be No. 6. Three of them require a 1-in conduit.

One sub-feeder remains, the 120-208-volt run from the electric
room to the data center. The necessary power is 15,000 watts. Using
the three-phase formula, current equals: 15,000 watts/360 volts, or
42 amps. Table 310-12 lists No. 6 Type R as the nearest size, and
Table 1 indicates 114-in conduit.

, or 31 amps. The nearest size of Type R

Main Feeder

The power to be furnished by the main feeder is obtained by
adding that supplied at 480 volts to that at 208 volts. First, it is
advisable to change into watts the current and voltage for the 15 hp
motor which drives the motor-generator, and the 20 hp motor
which drives the air-conditioning system. This may be done in a
way that is precisely the opposite to that for determining current
from voltage and wattage. Line current and phase voltage are
multiplied together, along with the factor 1.73.

The 15 hp motor requires 20 amps at 480 volts, the equivalent
power being 1.78 X 20 amps X 480 volts, which is approx. 16,600
watts. Power for the 20 hp motor equals: 1.73 X 26 amps X 480
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volts, which is 21,600 watts. A further adjustment is necessary. NEC
430-24 states that conductors supplying two or more motors shall
have a carrying capacity equal to 125 percent of the full-load current
rating of the highest rated motor plus the sum of full-load currents
of the remainder.

NEC 430-25 carries the matter a step further, stating that when
a feeder supplies a load which combines lighting and motors, an
allowance equal to that required by NEC 430-24 shall be included
in the feeder capacity. Taking 125 percent of motor current here,
is the same as multiplying the above value of power by 1.25. Power
for the larger of the two motors becomes: 1.25 X 21,600 watts, or
27,000 watts. Feeder capacity for both must be the sum of these
two, or: 27,000 watts + 16,600 watts, giving a total of 43,600
watts.

Total feeder load equals: 43,600 watts + 51,560 watts + 19,050
watts + 15,000 watts + 600 watts, or 129,810 watts. This value may
be used in determining current in the outer conductors. The only
current in the neutral conductor will be from the 277-480-volt light-
ing. It may appear at first glance, that the 120-208-volt lighting
power should be included, because the circuit has a neutral wire.
The fact must be noted, however, that this conductor is entirely
isolated from the main feeder, its current being obtained solely by
way of transformation.

Current flowing in the outer conductors will equal: 129,810
watts/830 volts, or 157 amps. That in the neutral conductor will be:
51,560 watts/830 volts, or 62 amps. NEC 328-2 states that bare
copper conductors in unventilated enclosures shall be permitted
a continuous current-carrying capacity equal to 1000 amps per sq
in of cross-section. For ventilated enclosures, the allowable capacity
may be increased to 1200 amps per sq in. The duct will be classified
as unventilated, so that the cross-sectional area of outer conductors
will be: 157/1000 X 1 sq in, or .16 sq in. That of the neutral
conductor will be: 62/1000 X 1 sq in, or .06 sq in.

Practical Observations

It is seldom necessary for the electrician to concern himself about
the size of busduct conductor. This equipment is furnished under a
manufacturer’s nameplate, which states carrying capacity assigned
it by the U-L Laboratories. Another practical fact is that a 150-amp
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busduct feeder would not likely be run from the service location to
a single floor of a building. A more economical procedure would be
to extend a 600-amp or larger duct to four or more floors of the
building, with a circuit breaker tap connection at each electric
room. This matter was discussed earlier, in connection with high-
rise feeders.

Both installations analyzed here in detail, impose a balanced
load on the phase conductors. That is, each of the three main
feeder wires carries the same value of current. Such is the usual
condition found on new projects, distribution layouts being de-
signed with this object in view. It is not always possible to gain a
perfect balance, however, where an existing plant is involved. For
example, in the expansion of a huge manufacturing establishment,
one of the buildings may have a large single-phase system which it
is impractical to change. In this event, it is necessary to accept the
unbalanced demand on the supply conductors and other equipment.
Calculations relating to this sort of load will be considered in the
next section of this chapter.

VOLTAGE, CURRENT, AND POWER
Three-Phase Chart

Two methods for determining three-phase voltage relationships
are explained in this section. One makes use of diagrams or charts,
which involve only measurement of distances. The other employs
simple tables whose application requires no mathematical opera-
tions other than addition. Although the second plan gives more
accurate solutions, the diagram scheme will be presented first be-
cause it clearly illustrates the principles involved.

The upper chart in Fig. 3 consists of two straight lines which
meet at an angle of 120 degrees, each line being exactly 150 units
in length. The scale shown underneath the chart is to aid in taking
measurements. A length unit may represent any convenient number
of volts. Thus, if each is taken as 2 volts, a whole line, measured
from the zero point on the chart, would stand for 100 volts. Again,
if it is desired to mark a point representing 120 volts, this would
be done at the 40th division if each stands for 3 volts, or at the
30th if each stands for 4 volts. The only necessary precaution is to
see that the same value is assigned to a unit of length throughout
the whole process.
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Fig. 4. Star or Y connection
Star Voltages

View A, Fig. 4 illustrates the usual Star diagram, which is both
a symbol and a true sketch of voltage relationships existing in the
circuit. Phases are designated as 4, B, and C, one end ol each meet-
ing the others at the common, or star, point O. They may be con-
sidered as three primary or secondary windings of transformers, or
as stator windings of an alternating current generator. Voltages
between the outer ends and the star ends of the three phases are
called star voltages. Those between the open ends, 4 to B, B to C,
and C to 4, are called line or phase voltages.

When either voltage is known, the other may be determined
with the help of Fig. 3, which actually represents any one of the
three triangular areas, 40B, BOC, and COA4 of Fig. 4. Suppose
it is known that the star voltage is 126. To obtain phase voltage,
proceed as in Fig. 4B, which is a small-scale drawing ot Fig. 3.

If each division on the two legs of the figure equals 3 volts, 42
of them will stand tor 126 volts. Lay a strip of transparent paper
across the diagram as shown in Fig. 4B, and mark two such points,
one for either leg. Transter the paper strip to the measuring scale,
as indicated in Fig. 4C, ihe lefthand dot coinciding with the zero
point on the scale. The second dot will then fall on the 73rd divi-
sion, and since each one is rated at 3 volts here, phase voltage is
equal to: 73 X 3 volts, or 219 volts.



210 Industrial and Commercial Wiring

® © X

Fig. 5. Delta connection

found by proceeding in the reverse order, as shown in Fig. 4D. Lay
the transparent strip on the measuring line, as indicated, and mark
a dot at the zero point. If each unit is allowed to represent 6.volts,
69 of them will denote 414 volts, a value sufhciently close for the
purpose. Mark this point on the paper strip, and then place it on
the angle diagram, Fig. 4E, adjusting the position until start and
finish dots are evenly distant from center O. This will occur at the
40th divisions, so that star voltage is equal to: 40 X 6 volts, or
240 volts.

In order to simplify discussion, the paper strip and the meas-
uring scale will be omitted from remaining illustrations. But the
reader should understand that they are employed in all cases.

If phase voltage were known to be 416, star voltage cq(}l;ld be

Delta Voltages

View A, Fig. 5, is the familiar delta symbol. Unlike the star
diagram, it is merely a symbol, and does not illustrate the true re-
lationship between phase voltages. In the figure, the angle between
any two phase windings appears to be only 60 degrees. Actually,
it is 120 degrees, just as in the star connection.

Views B and C, Fig. 5, will help explain the situation. Let the
delta of view A be turned through a small angle to make the B-4
leg vertical, Fig. 5B, the lettering remaining unchanged. Now,
separate the three windings and arrange them as in Fig. 5C, each
phase leg parallel to its original direction. Winding 4 is in the
vertical position of B-4 in Fig. 5B, winding B is parallel to B-C of
Fig. 5B, and winding C is parallel to C-A4.

The effect is exactly that of a star winding, except for the open
star ends. If the line end of phase B (called B-line) is joined to the
star end of phase 4 (called A-star), A-line to C-star, and C-line to
B-star, as indicated by the dotted lines in Fig. 5C, a true representa-
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Fig. 6. (A) Finding voltage from power leg to neutral;
(B) Angular relationships in the delta connection.

tion of the delta connection is seen.

There is a single instance in which use of the charts is not rec-
ommended. This is in connection with the power-leg voltage of the
four-wire, 120-240-volt delta arrangement discussed in Chapter 6. In
order to find the voltage from power leg to neutral, the conventional
delta diagram may be used, as shown in Fig. 6A. If the figure is
drawn accurately to scale so that each side represents 240 volts, the
voltage from the power connection B to the neutral point N will be
found to measure approximately 208 volts.

This result may seem incorrect in the light of earlier paragraphs,
since the conventional delta diagram, Fig. 6A, shows an angle of
only 60-degrees between phase voltages instead of 120 degrees. Yet,
the voltages ol the three phase supply line are certainly 120 degrees
apart.

Referring to Fig. 6B, the angular relationship may be seen by
checking the angles outside the triangle which have been extended
to show the 120 degree relationship with the delta symbol.

Voltages in Delta-Star Transformation

Fig. 7A illustrates a transformer whose primary windings are
connected delta, and whose secondary windings are connected star,
the turns-ratio between primary and secondary being 9 to 1. Pri-
mary phase voltage is the same as line voltage, which is 2500 volts.
Since turns-ratio is 9 to 1, the voltage induced in each star leg of
the secondary by the corresponding leg of the primary will be:
4 X 2500 volts, or 277 volts.

This is the star voltage of the secondary winding. In order to
find secondary phase voltage, the chart of Fig. 3 may be called
upon, as shown in Fig. 7B. Allowing 6 volts for each division, 46 of
them will equal 276 volts, which is sufficiently close here. Laying
off 46 divisions on either leg, and then measuring between them,
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80 of the 144 marks are included, showing that secondary phase
voltage is: 80 X 6 volts, or 480 volts. Thus, when a pressure of 2500
volts is applied to the terminals of a 9 to 1, delta-star transformer,
the secondary winding will produce 480 volts.

Voltages in Star-Delta Transformation

The transformer in Fig. 8A has star primary, and delta secondary
windings. Primary phase voltage is 4160, and the turns ratio between
primary and secondary windings is 10 to I. Referring to Fig. 8B,
which is of course Fig. 3 in miniature, an allowance of 50 volts
per division on the measuring scale will require approximately 84
of the 144-in marks for 4160 volts. Placing the scale on the diagram,
the distances from center O are balanced at 48 on either leg, show-
ing that star voltage of the primary winding equals: 48 X 50 volts,
which is 2400 volts.

Since turns-ratio is 10 to 1, each primary coil will induce in its
secondary coil a voltage equal to 14, X 2400 volts, or 240 volts.
In the delta connection, secondary winding voltage is also the phase
voltage, so that phase or line voltage is 240. It is evident, then, that
a star-delta, 10 to 1, 4160-volt transformer will have a secondary
voltage of 240.

T-Voltages

It was stated in Chapter 6 that the method of obtaining the
neutral voltage in the T transformer would be explained later. View
A of Fig. 9 shows secondary main and teaser windings of a set of T
transformers. Voltage across the terminals of the main winding is



Industrial and Commercial Calculations 213

[-

180
VOLT
VOLTS vO 1
. l ous i
] ]
208 1
vours— ™ "—voolfrs—d

® ®

Fig. 9. T diagram

208, while that of the teaser winding is 180, the lower end of the
teaser coil being connected to the mid-point of the main coil, as
noted earlier. The neutral point is taken 14 the distance upward
from the lower end of the teaser winding.

Figure 9B shows voltage relationships. The right triangle MNP
is drawn to scale, base M P representing 104 volts, which is one-half
that of the main winding. Vertical leg MN, drawn to the same scale
as MP indicates 60 volts, which is 15 of 180 volts. Measurement of line
NP, which indicates voltage between the neutral point and one
end of the main winding, shows its value to be 120 volts. The same
result will be obtained between the neutral point and the other end
of the main winding. Also, the voltage from N to B, the upper end
of the teaser winding, equals: 180 volts —60 volts, which is 120
volts. Between any one of the line wires and the neutral point,
therefore, the voltage is 120.

Current in Star and Delta Windings

It is obvious that current flowing in each leg of the star windings
of Fig. 10A, 69 amps, is exactly the same as that in the supply wire
to which it is attached. This is not true of the delta connection of
Fig. 10B, because current from any one of the line wires passes into
two windings. The current in each delta leg is found to be: line
current/1.73. Thus, if the supply current is 69 amps, the current
per leg, or “coil current” as it is often designated, is equal to 69
amps/1.73, or 40 amps.

This same result might have been obtained with the aid of Fig.
3, as indicated in Fig. 10C. The 69th division mark is noted on the
measuring scale. When the scale is laid on the diagram, and ad-
justed until the “end” marks are equally distant from point O, the
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Fig. 10. Current relationships

readings are found to include 40 divisions, which means 40 amps
per leg.

With current per delta leg given, line current may be obtained
by the reverse process, Fig. 10D. Coil current here is 126 amps. Al-
lowing 3 volts per division, 42 of them are marked on each leg
of the diagram. Measuring between them, the number of divisions is
found to be 73, which shows line current equal to approximately:
73 X 3 amps, or 219 amps.

Unbalanced Three-Phase Loads

In practice, unbalanced three-phase loads must frequently be
considered. Fig. 11 shows this kind of circuit, the three elements
of an industrial heating unit being of different sizes. The element
connected between phase wires A and B draws 80 amps, the one
between 4 and C draws 70 amps, and the one between C and B
draws 60 amps. Current flowing in each of the line wires may be
discovered with the aid of Fig. 3.

Views B and C of Fig. 11 illustrate how the current in each
of the line wires is tound. The chart of Fig. 3 is used, each unit
representing 2 amps. Wire A4 supplies 80 amps to phase leg B4 and
70 amps to leg AC. In Fig. 11B, 40 divisions are marked off on one
leg of the figure, and 35 on the other, representing 80 amps and 70
amps respectively. Measurement shows the distance between them as
65 divisions, which means: 65 X 2 amps, or 130 amps.

Wire B furnishes 80 amps to B4 and 60 amps to BC. Referring
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Fig. 11. Unbalanced delta

to Fig. 11C, 40 divisions representing 80 amps are noted on one leg
of the figure, and 30 divisions for 60 amps, on the other leg. The
distance between marked points is 61 units, so that current in B
equals: 61 X 2 amps, or 122 amps. Line C furnishes 70 amps to leg
AC and 60 amps to leg BC, requiring the notations 35 and 30. Here,
the distance between is about 56-14 divisions, which are equal to:
56.5 X 2 amps, or 113 amps. (Draw sketch for current in wire C),
The above method can be employed in all cases of unbalanced
three-phase circuits. For those who may prefer mathematical proce-
dures, however, a not too complicated formula will be set forth:

L = line current
L =Y b2 + ¢ + bc b = .current in one leg
¢ = current in second leg

Thus, for line wire 4 in Fig. 11A:
L= Y 802 + 702 + (80 x 70)
= N 6400 + 4900 + 5600

= N 16,900 = 130 amps, the same value
obtained by the use of Fig. 3.

Combining Single-Phase and Three-Phase Loads

In view 4, Fig. 12, the current per leg of the delta-connected load
is 40 amps, and the line current is approx. 69 amps. A single-phase
heater which draws 40 amps is to be attached across phase wires
A and B, view B, Fig. 12. It is common practice to add the single-
phase current directly to existing three-phase current in order to
find the new value of line current in supply wires 4 and B. Here,
the current would equal: 69 amps + 40 amps, or 109 amps.

This solution is not exactly true, because the original three-phase
current will be somewhat out of phase with the added single-phase
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Fig. 12. Single-phase and three phase diagram

current. They must be combined as shown in Fig. 12C. The illus-
tration is similar to Fig. 3, except that the legs of the diagram meet
at an angle of 150 degrees instead of 120 degrees. As shown in the
small view, Fig. 12D, where each 144-in represents 2 amps, spaces
representing 69 units and 40 units are laid off. When the distance
between them is measured, line current is seen to be about 106 amps
instead of 109 amps.

As shown here, the error is usually not great enough to warrant
departure from the customary approximation. The facts are set
forth, however, in order to give a fully rounded discussion. For
those who prefer mathematical solutions, a formula similar to the
earlier one is presented:

L=V a+ b + (173 X a X b)
Substituting the figures:
L= Y69 + 402 + (173 X 69 X 40)
= V4761 + 1600 + 4775 = \ 11136 = 105.5 amps.

Power

The next section of this chapter includes certain tables which
make the calculation of power a simple procedure. Before looking
at them, however, standard formulas will be listed for reference:

Direct current power = Amps X Volts

Single-phase power at 1009, power factor = Amps X Volts

Single-phase power at any power factor = Amps X Volts X P.F.

Three-phase power at 1009, P.F. = 1.78 X Amps X Volts
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Table 1. Line voltage and star voltage, D-C and single-phase power

Three-phase power at any P.F. = 1.78 X Amps X Volts X P.F.
(Note: The three-phase formula applies for either star or delta
connection)

TABULAR CALCULATIONS

Preliminary Explanation

With the aid of the three tables which follow, it is possible to
determine direct current, single-phase, and three-phase power with-
out performing any multiplications whatever. Also, the value of
current for direct current, single-phase, or three-phase loads may be
found without arithmetical division. All that is needed, aside from
the tables, is a sheet of columnar paper. The method will be set torth

by means of examples.

Problems Under Table 1

Example 1-The star voltage of a set of three-phase transformers

THREE-PHASE
LINE VOLTAGE

1.73 x 277;
(1277 + 2-0'S
(%277 + 1-0
3x277

TOTAL

MARK OFF 2
DECIMAL PLACES

CONVERT TO
NEAREST STANDARD
VOLTAGE

Fig. 13. Illustration for example 1

THREE -PHASE
STAR VOLTAGE
DIVIDING BY 1 .73
1S THE SAME AS ~
CT1 1] MULTIPLYING BY.577} 1T
.577 x 460 _j.nn"lflﬂﬂ
IZIZIIL (5x460) + 2 - 0'S — I
meE=- _‘hhh (7x 480)+ 1 -0 - o oxltn
,__Jm'- LA i A S N O
| 7 x 480 | 1 1 l2l2]o]
b o
1 TOTAL - vy RravaLN
EEE T
s MARK OFF 3 =
BEPONTEE  DCIMALPLACES [ [ d2[s 5[ | ||
32 A JAL]  converTTO 1]
- = NEAREST STANDARD"
VOLTAGE

Fig. 14. Illustration for example 2
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is given as 277 volts. What is line voltage? (See Fig. 13)

Since line voltage is equal to star voltage X 1.73, the procedure
is as follows:

Find the column headed “277” in Table 1.

Locate the first numeral of the multiplier which is 1 in the
column which is headed, “Multiplier.”

Follow across to the 277 column and set the result down on the
squared paper, adding two zeros as shown in the illustration, Fig. 13.

Locate the second numeral of the multiplier, which is 7, and
follow across to the 277 column, noting the amount shown \there
directly under the first notation, after adding one zero. !

Locate the third numeral of the multiplier, which is 3, and fol-
low across to the 277 column, noting the amount directly beneath
the other two (with no zeros added in this last notation).

Total the columns, and mark off two decimal places (because
there are two in the multiplier), obtaining the answer 479.21 volts,
which is accepted in practical numbers as 480 volts.

Example 2—Line voltage is 460. What is star voltage? (Fig. 14)

Star voltage is equal to line voltage divided by 1.73. But, division
by 1.73 is the same as multiplication by .577. This will be done here.

Proceed as before, locating the 460-volt column, and taking the
numbers 5, 7, and 7, one after the other in the multiplier, noting
the results on squared paper, as shown.

Add the numbers, and mark off three decimal places (because
there are three in the multiplier), giving 265.4 volts, or the practical
value of 265 volts.

Example 3—A direct current motor draws 125 amps at 230 volts.
How much power does it consume? (See Fig. 15)

DIRECT CURRENT SINGLE-PHASE
POWER KVA
125 x 230 —~ . ™ 63 x 240 P~ ~
(1x250) + 2 - 0‘S - 2[3fofofo (6x240) + 1-0 - 1lala b lo
(2x230)+ 1-0 - 4]6[0]0] 3x240 - 71210
5 x 230 - 1 [ 5 [0 TOTAL vial-1lshi2 bk
TOTAL - WAT 2l817]510 CONVERT TO KVA klviak s {2 ]-
BY MARKING OFF
CONVERT TO KW W FYNGAn 3 DECIMAL PLACES
BY MARKING OFF
DECIMAL PLACES
SAME AS DIVIDING Lt~ — LA
BY 1000)

Fig. 15. lllustration for example 3 Fig. 16. Illustration for example 4
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Table 2. Three-phase KVA

Follow the same method as before, locating the 230-volt column,
and using multipliers I, 2, and 5 in turn. The answer is seen to
be 28,750 watts, which may be changed, by marking off three deci-
mal places, to 28.75 kw.

Example 4—A 240-volt, single-phase heater draws 63 amps. How
many kva does this amount to? (See Fig. 16)

A point to note here is that only one zero is added to the first num-
ber written down, because there are only two figures in the multi-
plier. The answer to the example is 15.12 kva. 1t the power factor is
unity, the power is also equal to 15.12 kw. This is true of all ex-
amples presented here.

Problems Under Table 2

Example 5—A small plant draws 127 amps, three-phase, at 460
volts. What is the kva input? (See Fig. 17)

Note that the values given in the columns are not simple multi-
ples of the voltages at the top. As shown in the illustration, the pro-

THREE-PHASE THREE -PHASE
KVA INPUT KV INPUT
127 x 460 -~ 345 x 416 . - —
M+ 2 05 - [7191elo]o I
- 2160 + 2-0'S - 1ielololo
1592+ 1 -0 - 10519 Q
5572 - Ll Ilsizl2] 20+ 1.0 - 218le jojo
111" Tt
TOTAL vial=- 1 jo b Jolo [2] se0o - alslojo
CONVERT TO KVA KIVIAl- 11 oo e 2] ToTAL - vIal [2{4lela]0
BY MARKING OFF 7 ]
3 DECIMAL PLACES -~ ﬁ- -1 CONVERT TO KVA | Klv 2]4(8 e
B ] ) BY MARKING OFF
0 0 ) O N &
1 de ;/wJ\J 3 DECIMAL PLACES ——cd "

APPROX-101 KVA

-

Fig. 17. Hlustration for example 5 Fig. 18. Hlustration for example 6
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Table 8. (A) single-phase and three-phase amps. \

(B) single-phase. (C) three-phase i

cedure is the same as with Table 1.
Example 6—A heavy lighting load draws 345 amps, three- phdse,
at 416 volts. What is the kva input? (See Fig. 18)

Problems Under Table 3

Two auxiliary tables are required in connection with Table 3,
which gives the number of amps necessary to produce a certain
value of kva or, in the case ot D.C., kw. Table 3A lists multipliers
for single-phase and D.C. Table 3B lists those for three phase.

Example 7—How much current will be needed to deliver 9 kva
single-phase power at 230 volts? (See Fig. 19)

Reterring to Table 3A, the multiplier for single-phase, 230
volts is 434. Proceeding as in the illustration, the current is found
to be 39 amps.

Example 8—How much current is necessary to produce 10 kva at
208 volts, three phase? (See Fig. 20)

Table 3B shows the multiplier tor 208 volts, three phase to be

SINGLE-PHASE THREE-PHASE

AMPS AMPS i

434 x 9 [~ N ~r~y 278 x 10 - o~ -~

4x9+ 2-05 - 316 10]0 (2x10) + 2-0'S - 2|10f0]0

3x9+ 1-0 - ' 21{7j0 (7x10)+ 1 -0 - 7{0]0

4x9 36 8x 10 - 8|0
TOTAL 3]9.106 TOTAL - 2]718j0

]

CONVERT TO AMPS [ CONVERT TO AMPS Al 217.18 |-

BY MARKING OFF [ 4 BY MARKING OFF 4

2 DECIMAL PLACES NNy ] 2 DECIMAL PLACES — T SneN

APPROX. - 39 AMPS
Fig. 19. lllustration for example 7 Fig. 20. Illustration for example 8
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THREE-PHASE
AMPS

120 x 17
o ~
(@) 120 x 10
(1x10) +2-0'S - ofolo
(2x10)+1-0 - 210 J0
0x 10 - 0
(b) 120 x 7
(x7+2-05 - 710]o
2x7)+1-0 - 140
Ox7 - 0
CONVERT TO AMPS. Al 2[0.4 |-
BY MARKING OFF 1
2 DECIMALS PLACES )

Fig. 21. Hlustration for example 9

278. Following through, as in the illustration, the current is found
to be 27.8 amps.

Example 9—How much current is needed to deliver 17 kva,
three phase, at 480 volts? (See Fig. 21)

The first thing to notice in this example is that the table has
no listing for 17 kva. In such case, it is merely necessary to select
any two listings which add up to the desired amount. Thus, 10 kva
plus 7 kva equals 17 kva. These two quantities may be chosen.
Table 8B shows the multiplier for three phase, 480 volts to be 120.

The notations are recorded in two parts, (a) and (b). Those
applying to the 10 kva portion are set down in the proper columns,
followed by the ones for the 7 kva load. Adding the columns, and
marking off the two decimal places, the current is found to be 20.4
amps.

ADDITIONAL CALCULATIONS
The Problem of Voltage Drop

The NEC has no mandatory requirements with respect to volt-
age loss in conductors. Section 215-3 recommends that feeder
voltage drop to the final distribution point be limited to 3 percent
for power or heating loads, and to 1 percent for lighting or combina-
tion loads. Voltage sensitive office equipment and the present trend
in the direction of higher lighting intensities, however, are forcing
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consideration of this matter in the design of modern installations.

Voltage Drop Formulas

Voltage drop may be calculated by means of the simple formu-
las given below:
2 X K X L X1
Cir mils
Single-phase three-wire: E = 1 X KXL X1

(balanced) Cir mils
1.7 X K X L X I

Cir mils

Three-phase, four-wire: E = 1 X K_ a 'L x 1
(balanced network) Cir mils

K = 115 for copper

Single-phase, two-wire: E =

Three-phase, three-wire: E =

(Note: The value 104, commonly given in texts, does not take
into account the normal operating temperature of insulated
conductors)

K = 18.2 for aluminum

L = one-way length of feeder (in ft)

I = current in amps

Cir mils = circular mil area of wire as given in AWG wire

Table.

Voltage Drop Calculations—Copper Conductors

Example 1-What is the voltage drop in a No. 10, two-wire,
single-phase feeder that is 100 ft long, and which carries 25 amps?

. 100 FT - ®

< — 1
NO 10 COPPER 3 "% i‘50\'«:;%)15
SUPPLY LOAD
TERMINALS
25 AMPS

MAAL CURRENT
ZERO UNDER
BALANCED LOAD

Fig. 22. Illustrations for examples 1 & 2
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2 X 115 X 100 X 25

10380

Example 2—What is the voltage drop between line and neutral

conductor in a balanced single-phase, three-wire, No. 4 feeder that
is 90 ft long, and which carries 60 amps?

E= 1 X115 X 90 X 60 _ .9 15 vols.

41740

Only the resistance of one conductor is taken into consideration
in Example 2, because the neutral carries no current under a per-
fectly balanced condition. If the circuit should become completely
unbalanced, that is all lights on one side turned off, the voltage across
each lamp on the side in use would be twice 3 volts, or 6 volts.

Example 3—What is the voltage drop per phase on a three-phase,
three-wire, No. 1 feeder that is 70 ft long, and which carries 100
amps?

E = = 5.5 volts (approx.)

E= 173 X 15 X 70 X 100 _ s approx.

83690 :
This is the voltage loss per phase, not per wire. If the voltage
between any two line wires is 230 at the supply end, it will be:
230 volts — 1.7 volts, or 228.3 volts at the receiving end.
Example 4—What is the voltage drop in a balanced, three-phase,
four-wire, No. 2 feeder that is 120 ft long, and which carries 85
amps of incandescent lighting?

E — 1 X 115 X 120 X 85 = approx. 1.8 volts

66370
This is the voltage drop between any phase wire and neutral,

p———————— 70 FT —————= @

1.7 voLTs
SUPPLY NO } COPPER DROP
® PER
100 AMPS PHASE
. ]
H 1.
&= 120 FY
PP NO 2 COPPER

SUPPLY
T NEUTRAL
85 AMPS

7 1.8 VOLTS
- 7 DROP IN
NEUTRAL CARRIES SCLE
NO CURRENT UNDER
BALANCED LOAD ®

Fig. 23. Illustrations for examples 3 & 4
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because the neutral conductor has zero current under balanced load
conditions. If one phase is entirely inactive, the neutral will have
the same load as each of the two phase conductors, but the current
will be 60 degrees out of phase with that of the phase conductors.
In this case, the voltage drop between phase wires and neutral will
be less than twice that for one conductor. If two phases are inactive,
the voltage drop between line and neutral in the remaining phase
will be 2 times that for balanced load.

Skin Effect \

In large sizes of wire, alternating current crowds to the quter
layers of the conductor because of inductance, thus increasing
apparent resistance. This tendency is called “skin effect.” It need
not be taken into account with sizes No. 0000 or smaller, but as
diameters increase the added resistance becomes troublesome. For
example, the A.C. resistance of No. 500MCM copper wire at 60
cycles is 13 percent higher than its D.C. value. Table 9 (see NEC)
lists multiplying factors.

Short-Circuit Current

The fundamental nature of short-circuit currents was discussed
under the heading of Current-Limiting Fuses. Although exact de-
termination of available short-circuit current is a highly technical
operation, the general method should be understood by the electrical
worker. Fig. 24 shows a 112-14 kva, three-phase, four-wire, 120-208-
volt transformer bank, consisting of three single-phase transtormers,
and supplying panelboard I, which is 100 ft distant. The feeder
has four No. 500MCM copper conductors. A “dead” or “bolted”

THREE-PHASE

1ses0 Aves  THREETuA

AT POINT STAR TRANS-

A \l} FORMER BANK

cs T

I R 1

NO 500 MCM H

COPPER—>| 100 !

FEEDER ~FT :
,.LT“
S ¢'

9300 AMPS A

AVAILABLE MOTOR

AT B LOAD

Fig. 24. Short-circuit current flow
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short-circuit between a phase wire and neutral is assumed to have
developed.

Suppose the fault to have occurred at point 4, immediately
beyond circuit breaker CB. In this case, the only impedance is that
of the transformer, which is given as 2 percent. The normal current
delivered by one transformer is equal to: 37,500 va/120 volts, which
equals 313 amps. On short-circuit, the available current at this point
is: 100/2 X 313 amps, or 15,650 amps. Circuit breaker CB would be
subjected to this maximum value of current.

If the short-circuit had developed at point B, on or adjacent to
panelboard L, the current would have a lower value, depending
upon impedance offered by the transformer windings plus that of
the feeder conductors. The resistance of 200 ft of No. 500MCM wire
is .0046 ohm. Applying the correction factor of 1.13, tfrom Table 9,
the resistance or impedance becomes: 1.13 X .0046 ohm, or .0052
ohm. Impedance oftered by the transformer is equal to: 120
volts /15,650 amps, which is .0077 ohm. Total impedance is: .0052
ohm + .0077 ohm, or .0129 ohm. Current flow under short-circuit at
point B will have a maximum value of: 120 volts/.0129 ohm, or
approx. 9300 amps, far less than was available at point 4.

Where rotating equipment is present, as indicated by dotted
outline in the figure, a somewhat greater current is available. Motors
will supply to the fault, during a period of about 3 cycles, current
equal to about four times their rated input, but the effect will
quickly dissipate.

Third-Harmonic Current

A 60-cycle half-wave ot current is shown at M in Fig. 25A. A

MAXIMUM HEATING OF PHASE WIRES
VALUE 25% INCREASED 3% BY THIRD
MAIN OF MAIN HARMONIC WAVE
WAVE WAVEl A 1
B
H /L
-
THIRD
HARMONIC NEUTRAL CURRENT
WAVE ® 75% OF THAT IN

PHASE LEGS BECAUSE
OF THIRD HARMONIC WAVE

Fig. 25. Third harmonic
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third-harmonic current, which has a frequency of three times 60
cycles, or 180 cycles, is shown at H. Third-harmonic current is gen-
erated by flux variations in transformers and in ballasts of fluo-
rescent units. The small wave in the illustration is said to be a 25
percent harmonic because its maximum value is 14 that of the main
current wave.

Additional heating in the phase wires caused by the third-har-
monic current, Fig. 25B, is only 3 percent greater than if it were not
present In the neutral conductor, however, which should be carry-
ing zero current, the harmonics from each of the three phase \3vres
add together, producing a heating effect equal to 75 percem of
full-load, 60-cycle, current value. It is for this reason that the 70
percent neutral reduction factor is denied when fluorescent lighting
is supplied. The third-harmonic current was taken here at 25 per-
cent. It is often greater than this amount. If it were 33 percent of
the main wave, it would heat the neutral conductor to the same
point as if carrying full load 60-cycle current.

REVIEW QUESTIONS

1. What is the minimum requirement per linear foot for show-
window lighting?

2. What is the load rating of a general use plug receptacle?

3. What demand factor is sometimes applied to neutral feeder load
in excess of 200 amps?

4. What unit load does NEC specify for office locations?

5. How many amps per sq in are allowed a bare copper conductor
in an unventilated enclosure?

6. Does the electrician usually calculate the size of busduct con-
ductors?

7. What kind of load is represented when three feeder conductors
carry the same current?

8. How far apart are star voltages in the three-phase diagram?

9. How many times star voltage is phase voltage?

10. Is star current less than phase current?

11. How many times coil voltage is delta phase voltage?

12. What is the secondary voltage of a deltastar, 4 to 1, 2300-voli
transformer bank?

13. What is the secondary voltage of a star-delta, 4 to 1, 2300-volt
transformer bank?

14. What is the voltage to neutral in a 208-volt, three-phase, T-con-
nected transformer?

15. If the delta coil current is 10 amps, what is the line current?
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16. Are unbalanced three-phase loads commonly found in practice?

17. Are single-phase amps usually added directly to three-phase amps?

18. In order to determine three-phase power at 100 percent P.F., volts
times amps must be multiplied by what number?

19. What value is used for K in calculating voltage drop in copper
wire?

20. What causes increased A.C. resistance of large conductors?



Chapter Nine

Special Applications
— Hazards

COMPUTING MACHINES

Description

During the past ten years, automated machinery has invaded the
factory and the office, particularly the latter. Tasks once performed
by great numbers of clerks are now done more rapidly and efficiently
through devices supervised by a comparatively few technically
trained employees. When a group of selected units is properly as-
sembled and connected, as in Fig. 1, it may carry on involved
operations that formerly needed a very large staft of workers.

These units are electro-mechanical in nature, but those which
perform computations are almost entirely electronic. Until recently,
electron tubes were employed throughout, but in the newer models
tubes are replaced by transistors, germanium diodes, and magnetic
cores. Power consumption has been greatly reduced, heat lessened.
Nevertheless, considerable wattage is still needed for large in-
stallations.

Fig. 1. IBM Data processing system

Courtesy of IBM Corp.

228
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Units are electrically joined, by means of signal and power
cables, to carry out a sequence of operations. Various types of plugs
and receptacles are employed in order to render unlikely an im-
proper connection. Patented connectors such as Twistlock, L-slot,
Usslot, and other special types of connectors are used.

Raised Floors

In order to avoid unsightly and potentially dangerous mazes ol
cables, raised floors such as in Fig. 2 have been adopted. The two
basic types, pedestal and stringer construction, are illustrated. Ca-
bles are passed downward through suitable small openings directly
under the machines into the space below, and extended to other
units as desired. The floors consist of metal plates, plywood, or simi-
lar material. The chamber thus formed may be used as an air-
conditioning plenum, or for concealing auxiliary equipment such
as small air-compressors which supply pneumatic doors often found
on the various units. Because individual sections of the raised por-
tion may be easily removed, these devices are readily accessible.

REMOVABLE SECTIONS

STRINGER N@Téﬁ

STRINGER TYPE RAISED FLOOR

Fig. 2. Pedestal and stringer raised floors
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Cables and Feeders

The maximum length specified for a power cable is determined
by the allowable voltage drop. The manufacturers recommend that
cables up to 40 ft in length should be given a 125 percent “current
factor.” The term current factor means that the size of the con-
ductors should be at least 125 percent of that required by the NEC
tables. It is recommended, further, that for cables or feeders from
40 ft to 100 ft in length, the current factor should be 300 percent.

Power

Three-phase electrical power is generally used for data process-
ing systems. Most of the equipment operates on 60-cycle current, but
certain large units are designed for 400 cycles. When both types of
units are present, separate 60-cycle and 400-cycle panelboards are
employed.

SWIMMING POOLS

Safety Considerations

NEC 680, a new article, is devoted entirely to the consideration
of safety in connection with swimming pools. Figure 3 emphasizes
certain of these requirements, particularly those concerned with
grounding. The Code provides that all metal which is part of the
installation shall be bonded together and attached to an approved
common ground. This rule-includes the metal conduit, metal por-
tions of lighting fixtures, piping systems, ladders, metal supporting

JUESKoN  BONDING WIRE TO DR TAL
OX . COMMON GROUND
e S acl . [-DIVING BOARD
e o CONCRETE DECK

ONDING WIRE ¥ . e sy
ONNECTED TO L EARTH
LL METAL PARTS h

LIGHTING FIXTURE
(EITHER WET OR DRY
NICHE PERMITTED)

ING . .

* REINFORC
STEEL —— -

Fig. 3. Swimming pool
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structure of the diving board, and also the reinforcing steel inside
the concrete walls.

The maximum permissible voltage to lighting fixtures is 150.
It is recommended that where the potential exceeds 30 volts, a
ground-detector which automatically disconnects the circuit in case
of trouble should be installed. The Code recommends also that
isolating transformers of special design be employed. All metal parts
of fixtures and a fixture supply conduit below grade level shall be
of brass or suitable copper alloy. The same rule applies to junction
boxes less than 4 ft from the perimeter of the pool, and less than
8” above the concrete surface.

Transformers, unless approved for wet locations, shall not be
installed less than 4 ft from the perimeter, 12” from the concrete
surface, or 12” above maximum water level. No attachment re-
ceptacle is permitted within 10 ft of the inner walls of the pool
unless it is an integral part of an approved lighting fixture.

An unbroken, insulated, No. 14 AWG or larger copper ground
wire must be installed between the deck box and the grounding
connection of the distribution panelboard. No service drops may
be installed above the pool or within 10 ft horizontally of the pool or
its accessory apparatus.

X-RAY EQUIPMENT
General Considerations

X-ray units are employed in foundries and machine shops for the
purpose of inspecting metals, especially castings, tor detects not
visible on the surface. X-rays are not permitted in hazardous lo-
cations, nor on a supply voltage of more than 600. Although the code
mentions guarding requirements for installations with open high-
voltage wires, most jurisdictions will not permit such apparatus for
industrial purposes. Completely enclosed units with shockproof
cables are generally installed. In any case, noncurrent-carrying metal
parts of tube stands, fluoroscopic devices, and other apparatus shall
be grounded.

Both the radiographic and fluoroscopic type of units are found
in industry. With the radiographic device, X-ray photographs of the
material are taken. These photographs are then examined by men
expert in such work. With the fluoroscopic type, the examiner views
a screen on which is cast an X-ray shadow of the material. Fig. 4
shows an industrial X-ray unit.
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Sy

Fig. 4. Modern X-ray unit

Courtesy of General Electric Co.

Installation

Section 660-15 states that transformers and capacitors which are
parts of an X-ray device shall not be required to conform to general
code requirements for transtormers and capacitors. This permission
avoids necessity for vaults. In view of the nature ol the apparatus,
and the limited amount ot power which is involved, no fire hasard
is incurred through this waiver of the general rule.
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Means shall be provided to drain the capacitor charge automati-
cally where the unit, or wiring thereto, are within 8 ft of the floor
and accessible to other than qualified persons. If the equipment is
within 8 ft of the floor, draining need not be provided for if it
is enclosed in grounded metal or insulating material. In general,
permanently connected X-ray units must be supplied by one of the
usual approved wiring methods. NEC 660-3(a) permits the use of
a suitable plug and cord for equipment supplied by branch circuits
not larger than 30 amperes.

Portable apparatus of any capacity may be connected by cord
and plug. A fused disconnecting means of adequate capacity (for
at least 50 percent of the momentary rating) must be provided in a
locaiion readily accessible trom the X-ray control area. For appa-
ratus connected to a 115-volt supply line, and fused at 30 amperes
or less, a plug and receptacle may serve as the disconnecting means.

Control

The low-voltage circuit of the step-up transtormer used with
stationary equipment must contain a circuit breaker which protects
the radiographic circuit. If the circuit breaker is not manually
operable, there shall be a manually-operable switch in this circuit,
the switch being part of the equipment or directly adjacent to it.

With portable equipment, Section 660— waives the use of a
circuit breaker when all high-voltage parts, including the X-ray tube,
are within a single metallic enclosure which is provided with means
for grounding. Industrial X-ray apparatus must be furnished with
a switch that opens automatically except when held closed by the
operator. Foot switches must be provided with a shield over the
contact button in order to prevent accidental closing. Separate high-
voliage switches are required where two or more pieces of apparatus
are connected to the same high-voltage source.

METHODS OF UTILIZING ELECTRICAL HEAT

Conduction

Electrical heat for industrial processes may be obtained in a
number of ways. The earliest method employs high-resistance con-
ductors in the form of straight wires, coils, ribbons, or cast grids.
The power expended in forcing current through the conductors
shows up as heat. This type of heating is often found in electric
ovens.
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Fig. 5. Infrared oven

Courtesy De Vilbiss Company

Infrared Lamps

Another form of industrial heating which is quite popular to-
day consists of banks of incandescent lamps which operate at tem-
peratures somewhat lower than that of the ordinary incandescent
lighting unit. Because of the low operating temperature, the lamp
emits a high percentage of infrared rays which create heat in ob-
jects they fall upon. This form of heating is often employed for
drying painted or lacquered objects, finding wide application in the
automobile industry. Fig. 5 shows a modern oven.

Infrared heating lamps rated at 300 watts or less may be used
with lampholders of the medium-base unswitched porcelain type,
or other types approved for the purpose. But screw-shell lamphold-
ers shall not be used with infrared lamps over 300 watts rating un-
less the lampholders are especially approved for the purpose. Lamp-
holders tor intrared lamps may be operated in series on circuits of
more than 150 volts to ground, provided the voltage rating of the
lampholders is not less than circuit voltage. Each panel or strip
carrying a number of intrared lampholders is considered as an
appliance. Section 422-26(C) requires that infrared lamp heating ap-
pliances shall have overcurrent protection not exceeding 50 amps.
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HIGH-FREQUENCY
LEAD WIRE
] ELECTRIFIED
PLATES - —
L a

\
MATERIAL
TO BE HIGH-FREQUENCY

HEATED " LEAD WiRe

Fig 6 Inductive and dielectric heating

INDUCTION AND DIELECTRIC
HEAT-GENERATING EQUIPMENT

Principles

In both these processes, heat is generated by high-irequency elec-
tric current. Induction heating is employed with metals or other
conducting materials, while dielectric heating is used for noncon-
ducting materials such as plastics. Induction heating is accom-
plished, as shown in the illustiation at the lett in Fig. 6, by placing
the material inside an inductor coil. Dielectric heating is accom-
plished by placing the material between two electrodes. This scheme
is illustrated at the right.

High-frequency current required tor these purposes is sometimes
obtained from motor-generators. But rotating apparatus cannot be
used to generate trequencies in excess of 15,000 cycles per second.
Other types of generators, theretore, are employed in the greater
number of installations, mainly spark-gap converters, inverter-oscil-
lators, or vacuum-tube oscillators.

For dielectric heating, the vacuum-tube oscillating units are em-
ployed almost exclusively. With these devices, current taken during
heating periods is much greater than when the equipment is idling
on the line. The idling current is termed standby current in the
code.

Supply Circuits
Conductors for motor-generator equipment must contorm to sec-

tions of the code already studied. For other than motor-generator
equipment, Section 665-5(b) requires that the current-carrying ca-
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pacity of conductors shall be determined by the nameplate rating.
It shall be 100 percent of that rating for a single piece of equipment.
Where two or more units are supplied, the carrying capacity must
be equal to at least 100 percent ot nameplate currents of all units,
unless simultaneous operation is rendered impossible.

Where all units do not operate at the same time, the capacity
of the feeder must not be less than 100 percent of the nameplate
currents of the largest group of machines capable of simultan{eous
operation, plus standby currents of remaining machines. For ex-
ample, the nameplate current of each of ten dielectric heating units
is 10 amps, and the standby current 1.5 amps. If not more than
four machines can operate at a given time, the size of feeder don-
ductors should be based upon a current equal to (4 X 10) '+
(6 X 1.5), or 49 amps.

Overcurrent Protection and Disconnecting Means

Overcurrent requirements for high-frequency motor-generators
are no different than for general applications. For other generating
devices, overcurrent protection for the unit must not exceed 200
percent of nameplate current. The disconnecting means must be
readily accessible, and must have a current-carrying capacity at least
100 percent of nameplate current rating.

et [,

Fig. 7. Induction and dielectric heaters
Courtesy of Allis-Chalmers Manufacturing Co.



Special Applications— Hazards 237

Output Circuits

Fig. 7 shows an induction heating unit on the left, and a dielec-
tric heating unit on the right. The output circuits include all high-
frequency components outside the generator, such as connecting
leads and work applicator. Section 665-9 requires that connecting
wires between generator and work applicator shall Le enclosed or
guarded with noncombustible material if more than 2 ft in length.
It also directs that the generator output shall be at direct current
ground potential. The direct current ground potential is that of
the chassis of the electronic generating device, and may be a few
volts higher than actual earth potential. The generator output often
consists of a single-turn coil to which terminals of the heating coils
or plates are attached. This output coil, under the requirement
expressed here, must be grounded.

An exception to the rule is mentioned in Section 665-10 which
states that commercial frequencies at not over 150 volts may be
coupled to the output for control purposes, it they are limited to
use only during periods ot circuit operation. Other sections provide
for additional safety measures, including bonding ol noncurrent-
carrying metallic parts, guarding ot work applicators so they are not
liable to inadvertent contact during “live” periods, locking or elec-
trical interlocking ot doors giving access to potentials greater than
500 volts, enclosing of generating apparatus in noncombustible
housing, shielding ot tootswitch contact buttons, and use of warn-
ing labels.

Remote-control switches or stations are required to be electri-
cally interlocked. Capacitors of more than .1 Mid. capacity are re-
quired to have bleeder resistors when installed on main crcuits
operating at voltages higher than 230, or on auxiliary circuits, re-
gardless of voltage, and the maximum permissible R-F potential
in a keyed oscillator circuit is limited to 100 volts.

Safety Measures with Respect to X-ray Units and
Electronic Heating Devices

The first precaution with regard to X-ray and Electronic units
is to avoid contacting exposed high-voltage terminals. If it is part
of the electrician’s duties to replace defective X-ray tubes, he should
lock the circuit switch in the open position, and then make sure
that capacitor units are in a discharged state. Only then, should he
proceed to dismantle the covering element of the tube.
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Electronic heating devices, both inductive and dielectric, are
often employed in conjunction with hydraulic or pneumatic pres-
sure machinery. The elegtrician should make certain that oil or
air valves are shut off before venturing to place his hands upon
working surfaces.

ELECTRIC WELDERS

Types ‘

There are, in general, three kinds of electric welders, the \‘.rans-
former arc, the motor-generator arc, and the resistance welder.| The
first two perform welding operations through the medium of an arc
drawn between the work and a metal rod, called an electrode. The
resistance unit welds by virtue of an exceedingly heavy current
which flows through the small area of materials which happens to
be in contact at a particular instant.

In the arc types, material from the electrode rod is added to the
weld. In the resistance type, no metal is added, and fusing is accom-
plished by pressing the two parts together as they reach the molten
state. Manual as well as automatic welding is done with both types.

Transformer Arc Welders

Conductors. The current-carrying capacity ot conductors for
these units shall not be less than rated primary current times a
duty-cycle factor, a table of which is provided in NEC 630-11(a).
The term “duty-cycle” will be explained shortly. For a group of
welders, the current-carrying capacity of the feeder may be less than
the sum of current values as obtained above. Its rating should be
determined, as per NEC 630-11(b), according tc the use to be made
of each welder, also taking into consideration the fact that all units
may not be operating at the same time.

It is suggested in the NEC section, that conductor ratings based
on 100 percent of the input value calculated for the two largest
welders, 85 percent of that for the third, 70 percent for the fourth,
and 60 percent for all others, should provide an ample margin of
safety. The real basis, however, is actual field data obtained from
identical or similar applications.

Overcurrent Protection. Each welder shall have overcurrent pro-
tection rated at not more than 200 percent of its rated primary
current, except where supply conductors are already protected at a
rating not in excess of this value. Overcurrent devices protecting
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conductors which supply one or more welders must be rated or set
at not more than 200 percent of the conductor rating.

Disconnect. A disconnecting means is required in the supply
connection of each welder that is not equipped with a disconnect
mounted as an integral part of the welder. This switch or circuit
breaker shall be large enough to accommodate the overcurrent
device.

Example. A certain 220-volt, single-phase installation consists of
nine transformer arc welders, all used on a 50 percent duty-cycle
application. Two are rated at 100 amps, one at 75 amps, one at
60 amps, two at 50 amps, and three at 40 amps. It is necessary to
determine the sizes of conductors and overcurrent devices, Type R
copper wire being used for circuits and feeder.

The table in NEC 630-11(a) lists a multiplying factor of .71 for
a 50 percent duty-cycle application. Applying this factor, the
100-amp welders may be assumed to draw 71 amps, the 75-amp
welder 53 amps, the 60-amp welder 43 amps, each of the 50-amp
welders 36 amps, and each of the 40-amp welders 28 amps. Under
the method suggested in NEC 630-11(b), current for each of the
two largest units will be 100 percent of 71 amps, or 142 amps for
both. That drawn by the 75-amp unit will be 85 percent of 53 amps,
or 45 amps. Proceeding in the same manner, current for the 60-amp
welder is 70 percent of 43 amps, or 30 amps. Current for each
50-amp welder is 60 percent of 36 amps, or 22 amps, so that two
of them draw 44 amps. Each of the 40-amp units will take 60 per-
cent of 28 amps, or 17 amps, so that the three will draw 51 amps.

Feeder current is equal to the total: 142 amps + 45 amps + 30
amps + 44 amps + 51 amps, which equals 312 amps. Referring
to NEC Table 310-12, a No. 500MCM Type R conductor with a
carrying capacity of 320 amps is needed. The overcurrent device for
this feeder should not be larger than 200 percent of 320 amps, or
640 amps. But the nearest standard fuse is 800 amps, and the nearest
standard non-adjustable circuit breaker is 700 amps, either of which
will be approved as per NEC 630-12. Overcurrent devices for each
separate welder should not be larger than 200 percent of rated
primary current, which means a 200-amp device for the 100-amp
units, a 150-amp for the 75-amp unit, a 125-amp (nearest standard
size) for the 60-amp welder, a 100-amp for each 50-amp welder, and
an 80-amp for each of the 40-amp welders.

Nameplate. The nameplate must provide information as to both
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primary and secondary current, open-circuit secondary voltage, and
the basis upon which the unit is rated.

Motor-Generator Arc Welders

Although these units are subject to the general rules covering
motors and generators, there are certain additional rules. Section
430-22 provides that the carrying capacity of a conductor for a
motor-generator, single-operator, arc welder may be 90 percgnt of
nameplate current rating. *.

No motor overcurrent device is required for this conditis‘n of
service. The branch-circuit overcurrent device is deemed sufficient
protection for the motor if it does not exceed Table 430-152 or
Table 430-153 values. Section 430-52, however, relaxes the rule
somewhat, allowing the branch-circuit overcurrent device to be in-
creased where necessary to a value not in excess ot 400 percent of
motor full-load current.

If a motor-generator arc welder is driven by a 10 hp, three-phase,
230-volt, code letter D, motor whose tull-load current is 27 amperes,
the carrying capacity of the conductor should not be less than .9 X
27, or 24 amperes. With type R wire, Table 310-12 shows that No. 10
is required. The branch-circuit overcurrent device, according to Ta-
ble 430-152, should not be over 250 percent ot 27 amperes, or 68
amperes. A 70-ampere fuse and a 100-ampere branch-circuit switch
should be employed. The motor controller, or disconnect switch, is
10 hp.

Resistance Welders

Fig. 8 shows a resistance welder. Rated, current-carrying capacity
of conductors for a single welder used on varying operation must
not be less than 70 percent of rated primary current tor seam and
automatically fed welders, or 50 percent of rated primary current
for manually-operated welders. The term “varying operation,” here
means unplanned or intermittent duty. Where the term “specific
operation” is used, it means an operation which occurs and reoccurs
according to a set plan.

Current-carrying capacity of supply conductors for a single
welder whose actual primary current and duty cycle are known,
must ot be less than the product of primary current and a multi-
plier which depends .n duty cycle. This multiplier is given in Sec-
tion 630-11(a), but it may be determined without reference to the ta-
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Fig. 8. Resistance welder
Courtesy of Taylor-Winfeld Corp.

ble, if occasion demands, by taking the square root of the duty cycle
expressed in decimal form. Thus, if the duty cycle is given as 50
percent, it may be expressed as a .50 duty cycle. The square root of
.50 is equal to .71, the value given in the table. If the duty cycle is
25 percent, or .25, the multiplier is equal to the square root of .25,
or .5. .

Duty Cycle. The term duty cycle expresses the percentage of time
during which the unit is actually welding, or the percentage of time
during which current flows through the work. It the supply is 60
cycles per second, and the device makes welds for only two 15-cycle
periods per second, it is operating for a space of 30 cycles. Its duty

cycle is equal to ?-0- X 100, or 50 percent.
)



242 Industrial and Commercial Wiring

A 15-cycle period is only 14 second, an interval too small for
human determination. An electronic timer is used in conjunction
with other automatic devices which move the work during the rest
periods between welds.

Example. Consider a 12 kva resistance welder whose primary
current is 65 amperes. If this welder is used on varying duty, the
conductor size must be chosen on the basis of .7 X 65, or 45
amperes, which requires No. 6, type R wire. If used on manual’duty,
the conductor may be chosen on the basis of .5 X 65, or 33 amperes,
requiring No. 8, type R wire. If applied to a specific operauon\ em-
ploying four 3-cycle welds per second, the duty cycle is equdl to
4 X3

X 100 percent, or 20 percent. The multiplier for this duty

cycle is found to be .45. The conductor, in this case, is chosen on
the basis of .45 X 65, or 29 amperes, which calls for No. 10, type
R wire.

Group of Welders. The rated current-carrying capacity ot con-
ductors which supply two or more welders shall not be less than
the sum of the value obtained for the largest welder, plus 60 percent
of that obtained for the remaining units. A certain installation con-
sists of three resistance welders, the 12 kva unit referred to above,
and two 6 kva units whose full-load primary currents are 32 amperes
each. The three welders are used on specific operations, the large
one on a 20 percent duty cycle, as before, and the small ones on a
30 percent duty cycle.

The rated current-carrying capacity of the feeder for the three
units must be determined on the basis of 29 amperes already ob-
tained for the larger welder, plus 60 percent of the value obtained
for the smaller ones. Since the duty cycle is 30 percent, the multi-
plier is .55. The current used in determining carrying capacity for
either of the small units is equal to .55 X 32, or 17.6 amps. But,
only 60 percent of this amount is to be added, for each unit, to the
29 amperes required for the large unit. This value of current is
.6 X 17.6, or 11 amps. The total current used in determining
conductor size is equal to 29 + 11 + 11, or 51 amps. Table 1
shows that No. 6, type R, is required.

Overcurrent Protection. Each welder must have an overcurrent
device rated or set at not more than 300 percent of rated primary
current. For the 12 kva welder, the overcurrent device should be
set at not more than 3 X 65, or 195 amps. For the 6 kva units,
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the overcurrent devices should be rated or set at not over 3 X 32,
or 96 amps.

The feeder overcurrent device, must be rated or set at not more
than 300 percent of conductor rating. In the above example, the
rating of No. 6, type R, conductors is 55 amps. The rating of
the feeder overcurrent device should not be greater than 8 X 55, or
165 amps.

Disconnecting Means. A switch or circuit breaker must be pro-
vided for each welder. The current-carrying capacity of the dis-
connecting means cannot be less than the rating of the conductors.

Nameplate Data. It should be noted that NEC 630-34 calls for
the welder to be rated according to kva output at 50 percent duty
cycle. If the device were used at some higher value of duty cycle, its
kva capacity would be lowered proportionally. In practice, however,
the 50 percent value is usually not exceeded.

ELECTRIC SIGNS AND OUTLINE LIGHTING
General Rules

Every outline lighting installation and every sign, other than
portable, must be controlled by an externally-operable switch which
opens all ungrounded conductors. It must be within sight of the
sign, or able to be locked in the open position. Switches, flashers,
and other devices controlling transtormers shall have a current
rating of not less than twice that of the transformers.

NEC 608=5 requires grounding, or isolating and insulating, of
non-current-carrying parts of all but portable signs. Circuits which
supply lamps, ballasts, and transformers, or combinations thereof,
may be rated not to exceed 20 amps. Those supplying only electric
discharge lighting transformers shall be rated not to exceed 30 amps.
Cutouts and flashers are to be installed in separate compartments
or in approved metal boxes. Outdoor enclosures should have drain
holes.

Wood, used for external decoration, must not be closer than 2
in to the nearest lampholder or current carrying part. Metallic
parts should be galvanized or otherwise protected. See NEC 600-8(e)
for minimum thickness of metal enclosures.

Installations Over 600 Volts

Fig. 9 shows a neon sign. An exterior view is presented at the
left, an interior view at the right. Conductors are required to be
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Fig. 9. Ncon sign

ol a type approved lor purpose and voltage, and shall not be smaller
than No. I4. Sharp bends in conductors should be avoided because
the insulation tends to develop weak spots at such points. When
run indoors, open conductors shall be mounted on noncombustible,
nonabsorptive insulators which maintain a separation of at least
1145 in between wires, and between wires and other surfaces. Ex-
posed porcelain insulators shall be glazed.

Concealed conductors are governed by the same rule, except that
separation may be reduced to | in for voltages of 10,000 or less.
They must be installed in channels lined with noncombustible ma-
terial. In damp locations, the insulation on all conductors must
extend beyond the metal covering or raceway at least 4 in lor volt-
ages over 10,000, 3 in for voltages down to 5,000, and 2 in for
voltages of 5,000 or less. In dry locations, the insulation shall extend
not less than 214 in, 2 in, and 114 in, respectively.

Transformers. Where the transformer is at some distance from
the tubing, as with outline installations, not more than 20 ft ol
cable from a single transtormer shall be run in a metal raceway
where potential between cable and raceway exceeds 5,000 volts.
Transtormers must be accessible, and their ratings cannot exceed
4,500 volt-amperes. The secondary voltage is limited to a nominal
value of 15,000 for center-tapped transformers, or 7,500 volts for
end-tapped transformers. The “tapping,” here, refers to grounding
point. High-voltage secondaries may not be connected in parallel
nor in series, except to establish a mid-point grounding connection
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equivalent to that of a single unit.

Glass Tubing—Electrodes. Tubing should be supported on non-
combustible, nonabsorptive supports which maintain a clearance of
at least 14 in from the nearest surface, where the voltage is greater
than 7,500. Glass supports are employed for this purpose in con-
nection with neon signs. Terminals of tubing must be separated
from grounded metal and from combustible material by approved
barriers or by 114 in of air. Electrode receptacles shall be approved
for the purpose.

When electrodes enter outdoor signs or indoor signs operating at
more than 7,500 volts, they must have noncombustible, nonabsorp-
tive bushings unless receptacles are provided, or unless the sign is
wired with bare wire mounted on approved supports which main-
tain the tubing in proper position. Where bare wire is used, the
conductor shall not be smaller than No. 14 solid copper.

SIGNAL SYSTEMS
Types

Under the broad head ol signalling are included intercommuni-
cating, fire-alarm, watchman’s, paging, programming, nurse-call,
burglar alarm, sprinkler, smoke detection, and loud speaker systems.
Loud speaker systems consist of microphones or tape recorders,
amplifiers, and speakers. Wiring connected with them will be
touched upon in the following pages. Other types mentioned above
have certain features in common. These will be set torth through
investigation of two of them.

NEC Rules

Article 640 of the NEC presents regulations governing sound
equipment used for public address or for music reproduction. It
seems unnecessary to list all these provisions, but a few of the more
important will be noted. Conductors in wireways and auxiliary
gutters for general wiring cannot occupy more than 20 percent of
the cross-sectional area. For sound-recording and reproduction, how-
ever, they may take up 75 percent of this area. Where power-
supply conductors and sound conductors are grouped in the same
enclosure, the sound conductors must have insulation at least equal
to that of the power conductors unless the two are separated by a
continuous metallic covering.

Article 725 deals with remote-control, low-energy power, low-
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voltage power, and signal circuits. It specifies two types of wiring:
Class 1 and Class 2. Methods approved under Class 1, already men-
tioned in connection with remote-control motor circuits, are the
same except in minor respects as for ordinary interior wiring. It
should be mentioned here that amplifier output circuits carrying
audio-program signals of 70 volts or less, and whose open-circuit
voltage will not exceed 100 volts, may employ Class 2 wiring.

Transformers supplying low-voltage power circuits to | coin-
operated devices and similar equipment may not have ratings in
excess of 1000 va and 30 volts. Those on low-energy power c'i‘lgcsuits
for paging systems, signal lights, and such applications cannot have
ratings in excess of. 100 va. They must be protected by a fuse not
larger than 20 amps. The kind of insulation on conductors for
Class 2 systems need only be suitable for the particular voltage, but
open conductors must be kept at least 2 in from lighting or power
wires. Branch circuits connected to secondary leads of low-energy
transformers need not be separately fused.

Nurse-Call System

There are two general classes of signal circuits, open-circuit, and
closed-circuit. Programming, paging, and smoke-detection circuits
are of the first type, which is illustrated by the nurse-call system
shown in Fig. 10. Its main components are an annunciator, bedside
pushes, and hallway signal lights. In the illustration, the supply
conduit is shown entering the annunciator box. If the signal wiring
is at reduced voltage, a step-down transformer will be found here,
and cable will likely be run to signal lights and bedside pushes. If
the circuit operates at supply voltage, the signal wiring will be run
in conduit.

CABLE IF REDUCED SIGNAL LIGHTS OVER

VOLTAGE SYSTEM; HALLWAY DOORS
CONDUIT IF 115 VOLTS

c\:ﬁﬂﬁﬂ o T
:
I
I
I

ANNUNCIATOR—] FRREARAA

STATION RESET BUTTON

BEDSIDE PUSH BUTTONS
Fig. 10. Nurse-call system
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When the patient uses the bedside push button or toggle switch,
one of the annunciator drops will fall to uncover a white number,
and a buzzer will sound. At the same time, the hallway light outside
the patient’s room will come on. The nurse at the annunciator
station will observe the exposed number, and press the station
reset button to restore the shutter and disconnect the buzzer. The
light outside the patient’s door will remain on, however, until she
enters to reset the bedside push.

Fire-Alarm System

The circuit of Fig. 11 is characteristic of such applications as:
burglar-alarm, sprinkler, and watchman’s circuits. The control
panel, which contains the necessary relays, is connected to 115-volt
supply wires. A transformer and a rectifier convert the alternating
supply current into reduced voltage direct current. The D-C circuit
passes through break-glass sending stations which are connected in
series. If someone breaks a glass to repcrt a fire, a normally-closed
switch inside the box opens, and current flow ceases. The D-C relay
inside the control panel drops out, closing 115-volt contacts which
ring the 115-volt alarm bells. If the 115-volt supply is interrupted
for any reason, a low-voltage trouble bell rings. Signal lights are
often combined with these systems.

HAZARDOUS LOCATIONS
Definitions

A hazardous location is one in which fire or explosion may occur
unless special precautions are observed with respect to the nature
and operation of electrical equipment. Locations associated with
inflammable vapors, gases, or dusts are covered by this definition.

TROUBLE

o

—— ALARM BELLS

3 ¢ BREAK-GLASS
of Lc/;tdomc srmo::7\q-‘r
N Y N g
supPLY _ ™
CLOSED-CIRCUIT
CoNmoL Commm-_ STORAGE THROUGH ALL
PANEL CELLS SENDING STATIONS

Fig. 11. Closed-circuit firc-alarm system
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Article 500 of the National Electrical Code divides hazards into
three classes and prescribes detailed measures for handling them. It
would serve no purpose to repeat these details, but it is worth while
noting important requirements and their application. A thorough
treatment of hazards will be found in the author’s National Electric
Code and Blueprint Reading.
Classes of Hazards :

Class 1 locations include those in which inflammable gasés or
vapors may be present in quantities sufficient to cause fire or explo-
sion. A dyeing and cleaning establishment in which naphtha is
used falls within this classification, as does a paint spray ropm
operated in connection with a furniture manuvfacturing plant.

Class II locations are those in which combustible dust may be
present. Grain mills and coal-pulverizing plants come under this
heading.

Class I1I locations have ignitible flyings or fibers in the air. A
bag tactory or a hosiery mill come within the scope of this classi-
fication.

Each of the above classes is broken down into Divisions 1 and 2.

Types of Wiring and Equipment for Class I Locations

In general, Class I locations require special electrical equipment
which is approved for operation in the hazardous areas. Explosion-
proof boxes and fittings are needed in Division I locations. Con-
duits must be sealed in both Division 1 and Division 2 classifications
to prevent transfer of gas, vapor, or fire from one portion of the
electrical installation to another. An EYS fitting, shown at the left

. BRASS
> PLUG
— =
ﬁ;—-—-— RS
CONDUIT RUNS

'/

¢ A

{7

EYS EITTING

Fig. 12. Sealing of conduits



Special Applications—Hazards 249

of Fig. 12, may be used for purposes of sealing. The fitting is inserted
in the run of conduit, as indicated in the right-hand illustration,
and is filled with an approved sealing compound after the con-
ductors have been pulled in.

Rigid conduit is required in Division 1 locations, but electrical
metallic tubing may be used in Division 2 areas. Although explo-
sion-proof boxes with threaded hubs are not required in Division 2
installations, locknuts and bushings shall not be depended on for
ground continuity. Bonding jumpers must be installed. Where rigid
conduit is employed, it is deemed explosion-proof if at least five
threads of the coupling are engaged.

Types of Wiring and Equipment in Class 11 Locations

Class II, Division 1 areas must be wired with rigid conduit and
threaded boxes and fittings, the fittings having dust-tight covers.
Electrical metallic tubing and dust-tight fittings may be used in
Division 2. Sealing may be accomplished as in the Class I locations,
or by a horizontal section of raceway not less than 10 ft in length.
It may be accomplished between pieces ot equipment by a vertical
section of raceway not less than 5 {t long and extending downward
from the dust-tight enclosure. The 10 it horizontal length of conduit
allows dust to settle betore passing through to the other end.

Type of Wiring and Equipment in Class 111 Locations

Rigid conduit is required here in both Division 1 and Division
2 areas. Boxes and fittings shall have tight-fitting covers. No sealing
of conduits or enclosures is required.

ABOVE FLOOR LEVEL
18~ LEVEL
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" EXCEPT AS NOTED
IN TEXT
3 oo of D.°
(\%,’!’\\\\t i\\i”/ ¢
———————— 1 PIT REPRESENTS
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La—" " AREA ,\\\ji? T HAZARDOUS
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Fig. 13. Hazards in commercial garage
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Commercial Garages

In general, the floor area of a commercial garage is considered
a hazardous location to a level of 18 in above grade, as indicated
at the left in Fig. 13. A pit-below floor level, shown in the illustra-
tion at the right, is also a hazardous area. In order to comply with
safety measures required by the 18 in rule, no wall plug receptacles
should be installed in the area, nor should battery charging equip-
ment be located in the room. Electrical equipment installed or used
in a pit should be of the explosion-proof type called tor in Class I
locations. \

Metallic conduit, type M1 cable, or type ALS cable may be used
in garages. Equipment less than 12 tt above the floor, and which
gives off sparks or particles of hot metal, should be either totally
enclosed or provided with protective screens. Portable lamps must be
unswitched. When used in a hazardous area they must be of a
type approved for this service.

Aircraft Hangars

Requirements for aircraft hangars parallel those for commercial
garages, insofar as the 18 in and the pit rules are concerned. No
battery charging is permitted within the hazardous space. In addi-
tion, the area within 5 ft horizontally of aircraft engines, fuel tanks,
or aircraft structures which contain fuel, shall be considered Class I,
Division 2 locations to the level of 5 ft above that of the upper
surfaces of wings and engine enclosures.

Gasoline Service Stations

A dispensing island for gasoline is shown in Fig. 14. There are
three electrically-driven pumps mounted in the dispensing area, a
lighted canopy directly above the pumps, and a light standard with
floodlight 15 ft away from the island.

The dangerous area includes all space within 20 ft, horizontally,
ot the dispensing area. At the pumps the hazardous area extends
vertically to a height of 4 ft, and it must be treated as a Class I,
Division 1 Jocation. Beyond the island, the hazardous area extends
upward to a height of only 18 in because gasoline vapor or fumes
tend to settle near the ground level. This outer space must be
treated as a Class I, Division 2 location.

Motors and junction boxes in bases of pumps must be of the
explosion-proot type, and an approved seal must be provided in
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Fig. 14. Gasoline dispensing area

each conduit entering a dispensing pump. No union, coupling, box,
or fitting may be placed in the conduit between the sealing fitting and
the point where the conduit leaves the Class I, Division 1 area. Usu-
ally, a separate conduit is run from the panelboard location to each
of the pumps.

It should be noted that the luminaires in the canopy above the
pumps are higher than the 4 ft limit of hazard. Therefore, they may
be ordinary lighting units. Although the lighting standard at the
right of the figure is within the 20 ft horizontal limit, the light is
several feet above the 18 in height. An ordinary plug receptacle
could not be placed at or near the base of the lighting standard
unless it were more than 18 in vertically from grade level.

Each circuit supplying equipment in or on a dispensing pump
shall be provided with a means for disconnecting all conductors of
the circuit from the source of supply. This provision is generally
satisfied by using double-pole switches on circuits which enter the
pumps, even though the supply is a 115-volt circuit with one
grounded leg.

Outside area within 10 tt horizontally of any tank fill-pipe shall
be considered a Class I, Division 2 location (unless, of course, it is
already within a Class 1, Division 1 area). Also, the spherical volume
within a 3-ft radius of a tank vent-pipe which discharges upward
shall be considered a Class I, Division 1 location. If the pipe dis-
charges downward, the cylindrical volume below this point, ex-
tending to the ground, shall be considered a Class I, Division 2 lo-
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cation. This Division 2 rule also applies to the volume between the
3-ft radius and a 5-tt radius. In any case, the hazardous area does
not extend beyond an unpierced wall.

Spray Booths and Spray Areas

Fig. 15 shows a spray booth with its ventilating duct. All area
inside spray booth and exhaust duct must be treated as Class I,
Division 1 hazards. Areas outside the booth, for 20 ft in every direc-
tion from the open face of the booth, must be treated as Class I,
Division 2 hazards.

Class 1, Division 1 treatment must be extended also to locations
where spraying operations more extensive than “spot” or “touch-up”
are conducted outside spray booths, and to all space within 20 ft
horizontally from dip tanks and drainboards. Additional space
within an open spraying area, beyond the 20 ft limit, is considered
Class I, Division 2.

A spray booth may be lighted through glass panels provided the
lighting fixtures are especially approved for the application. The
glass panel must effectively isolate the hazardous area from the
lighting unit.
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Fig. 16. Hazardous area in hospital operating room

Hospital Areas

The dangerous hospital areas, from standpoint of lite or fire
hazard, are the operating rooms where combustible anesthetics are
given, and the rooms where such anesthetics are kept. Any room or
space where combustible anesthetics or volatile disinfectants are
stored must be treated as Class I, Division 1 location. Rules per-
taining to operating rooms may be explained with the did of Fig. 16.

The whole area within which the anesthetic is administered or
used is designated Class I, Division 1 to a height ot 5 ft. The reason
for the 5 ft limit is that fumes tend to settle downward. All electrical
equipment and devices installed within this 5 ft height limit must
be suitable for Class I, Division 1 locations. Conduits installed
within hollow walls or partitions come within the scope of this
rule. It is customary to install plug receptacles and switches above
this height. Conduits entering the hazardous zone must be effectively
sealed.

Extension cords must be of the hard-usage type, and provided
with cord reels or equivalent means for taking up surplus length.
Portable lamps must be approved for Class I, Division 1 service. Plug
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receptacles used with these lamps must be polarized. Circuits enter-
ing the hazardous area shall be isolated from the general supply by
transformers or by other methods. Normal conditions must be
indicated by a green lamp which is lighted when the circuit is in
use, and which is readily visible to those concerned. Wiring above
the hazardous area may be in metal raceway, Type MI cable or Type
ALS cable.

These circuits are controlled by switches, usually double-pole,
which break all circuit conductors. Neither the primary nor the
secondary voltage of an isolating transformer may be greater tha
300 volts. Both case and core of a transformer used inside the oper-
ating room must be grounded. No overcurrent device may be in-
stalled within the hazardous area.

Electrical apparatus which frequently contacts bodies of persons,
and which is used at a voltage greater than 8, are to be encased in a
metallic case or sheath. All metal raceways and noncurrent carrying
metal parts, except where the potential is 8 volts or less, shall be
grounded. Resistors or impedances used in connection with appa-
ratus must be approved for Class I locations, and so constructed
that surface temperatures will not exceed 80 percent of the ignition
point of the most volatile anesthetic.

X-ray apparatus and devices must be approved for Class I service,
and arranged to prevent accumulation of electrostatic charges. This
requirement is usually answered by use of high resistance grounds
which remove static, or by conductive rubber floors.

TV apparatus employed within the operating room must con-
form to Class I requirements, and must be suitably guarded or
screened against possibility of accidental hazards.

Motors in Class 1 Locations

In Class 1, Division 1 locations, NEC 501-8(a) requires that mo-
tors, generators, and other rotating machinery shall be explosion-
proof, positive pressure ventilated, or filled with inert gas. Flexible
connections at motor terminals must also be explosion-proof.

In Class I, Division 2 locations, motors, generators, and other
rotating electrical machinery in which centrifuga’ or sliding contact
mechanisms are used shall be of the explosion-proof type, unless arc-

ing and resistance devices are provided with enclosures approved for
Division 2 areas.
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Motors in Class II and Class II1 Locations

Electrical machinery used in Class II and Class III areas shall
be totally enclosed, nonventilated; totally enclosed, pipe ventilated;
or totally enclosed, fan-cooled and approved for such locations.
Electrical equipment shall not be installed in locations where dust
from production of magnesium, aluminum, or aluminum bronze
powders may be present unless totally enclosed, or totally enclosed,
fan-cooled, and specially approved for these locations.

REVIEW QUESTIONS

1. How are cables for IBM installations hidden from sight?
2. What current factor is recommended for a 75-ft cable?
3. Must X-ray installations comply with general code rules as to
transformers and capacitors?
4. What is the rating of the largest branch circuit to which an X-ray
machine can be plug connected?
5. What is the rating of the highest overcurrent device permitted
with an infra-red-lamp heating device?
6. What percentage of nameplate current governs the carrying ca-
pacity of circuit conductors for a dielectric heater?
7. What percentage of nameplate current governs the maximum
overcurrent protection for an electronic high-frequency generator?
8. What is the maximum allowable circuit protection for a 50-amp
transformer type arc welder?
9. What size switch, rated in horsepower, is needed for a 100-amp,
230-volt, transformer arc welder?
10. What term expresses the percentage of time that a unit is actually
welding?
11. State the maximum rating of an overcurrent device allowed with
a 100-amp resistance welder.
12. State the maximum rating of a branch circuit for an electric sign.
13. What is the smallest size of conductor allowed inside a high-voltage
electric sign?
14. Name a common type of seal fitting used in conduit runs entering
or leaving a hazardous area.
15. To what height from the floor is a Class 1 hazard assumed to exist
in a hospital operating room?
16. What types of motors are permitted in a Class 1 hazardous area?
17. How is the buzzer silenced in a nurse-call system?
18. How is the hallway signal light extinguished in a nurse-call system?
19. What type of circuit is used in a fire-alarm system?
20. Does the trouble bell on the fire-alarm system studied here, operate
on A-C or on D-C?



Appendix

Tables in the Appendix from the National Electrical Code are
reprinted by permission of the National Fire Protection Association.
The National Electrical Code is published by the National Board
of Fire Underwriters and single copies may be obtained from their
offices listed below:

85 John Street, New York 38, N.Y.
222 West Adams Street, Chicago 6, 111.
465 California Street, San Francisco 4, Calif.
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Connection diagrams for direct current shunt motors. (A) Nonreversing,
commutating-pole type; (B) Reversing, commutating-pole type; (C) Non-
reversing, without commutating poles; (D) Reversing, without commu-
tating poles.
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Connection diagrams for direct current series motors. (A) Nonreversing
type; (B) Reversing type; (C) Nonreversing commutating-pole type; (D)
Reversing commutating-pole type.
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Table 1. Maximum Number of Conductors in Trade Sizes
of Conduit or Tubing

Derating factors for more than three condnctors in
raceways, see Note 8, Tables 310-12 through 310-15

Types RF-2, RFH-2, R, RH, RW, RH-RW, RHW,
RHH, RU, RUH, RUW, SF and SFF
“s”::u“’ T, TW, THW and THWN

(See Section 300-17, 300-18, 346-6 and 348-6)

Size Maximum Number of Conductors in Conduit or Tubing
AWG| (Based upon % conductor fill, Table 3, Chap. 9, for new work)
o Wl %| vy 1y 2]2u] s|su|l 4| 5] 6
MCM| 1nch|Inch|Inch|Inch|Inch |Inch|Inch | Inch 1neyﬁ Inch{Inch |Inch
18 T1 12| 20| 8| 48] 80| 116| 176
16 6] 10| 17( 80| 41| 68| 98] 150
14 4 6] 10| 18| 25| 41) 58] 90| 121| 1565
12 8 5 8] 15| 21| 84| 50| 76| 108| 132| 208
10 1 4 T 18] 17| 29| 41| 64| 86| 110{ 173
8 1 3 4 7| 10| 17| 26| 38| b2| 67| 106] 152
6 1 1 8 4 6| 10| 15| 28{ 82| 41| 64 98
4 1 1 1 8 b 8| 12| 18| 24 31| 49| T2
3 1 1 3 4 T| 10| 16| 21| 28| 44| 63
2 1 1 3 8 6 9 14( 19| 24| 38| b5
1 1 1 1 3 4 71 10} 14| 18| 29 42
0 1 1 2 4 6 9| 12| 16| 25| 87
00 1 1 1 8 ] 8{ 11| 14| 22| 82
000 1 1 1 8 4 7 9| 12| 19| 27
0000 1 1 2 3 8 8/ 10| 16| 23
250 1 1 1 8 5 8 8] 18| 19
300 1 1 1 3 4 b 7 11} 18
850 1 1 1 1 3 13 6| 10| 15
400 1 1 1 8 4 6 9! 18
500 1 1 1 3 4 5 8] 11
600 1 1 1 3 4 6 9
700 1 1 1 3 3 8 8
750 1 1 1 3 8 5 8
800 1 1 1 2 3 b 7
900 1 1 1 1 8 4 7
1000 1 1 1 1 8 4 8
1250 1 1 1 1 3 b
1500 1 1 1 3 4
1760 1 1 1 2 4
2000 1 1 1 1 3

*Where an existing service run of conduit or electrical metallic
tubing does not exceed 50 ft. in length and does not contain more than
the equivalent of two quarter bends from end to end, two No. 4
insulated and one No. 4 bare conductors may be installed in 1-inch
conduit or tubing.

Table 1. National Electrical Code
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Table 8. Properties of Conductors

Concentric D. C. Resistance
Lay Stranded Bare Ohms/M Ft.
Conductors Conductors at 25°C. 17°F.
Size Area |
AWC Cir. Dia. *Area Copper Alumi-
Mils No. | Each | Dia. Sq. num
Wires | Wire {lnehu Inches
Inches Tin'd.
Cond. | Cond.

1624 | Solid | .0403 | .0403] .0013}6.510 l6.77 1
2583 | Solid | .0508 | .0508| .0020/4.094 |4

4107 | Solid | .0641 .0641] 0032|2575
i .0808

575
630
681 . .
400000 . .728 .416 | .0270 | .0278 .0443
500000 37 .1162 .814 .520 | .0216 { .0225 .0354
893
964
998

.626 | .0180 | .0185 .0295
.730 | .0154 | .0159 .0253
.782 | .0144 | .0148 .0236
.835 | .0135 | .0139 .0221
.093 .938 | .0120 | .0124 .0197

1.042 | .0108 | 0111 .0176
. 1.305 | .00864| .00890| .0142
.412 | 1.566 | .00719] .007: .0118
1.829 | .00617] .00636] .0101
2.089 | .00539| .00555] .00884

*Area given is that of a circle having a diameter equal to the overall
diameter of a stranded conductor,

The values given in the table are those given in Circular 31 of the Na-

tional Bureau of Standards t that those shown in the 8th column

;;e tm given in Specification 333 of the American Society for Testing
ate .

The resistance values given in the last three columns are applicable onl
to direct current. When conductors larger than No. 4/0 are used wit
alternating current the multiplying factors in Table 9, Chapter 9 should
be used to compensate for skin effect.

Table 8. National Electrical Code
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Table 220-2(a). General Lighting Loads by Occupancies

Type of Occupancy

Unit Load per
Sq. Ft. (Watts)

Armories and Auditoriums

Banks

Barber Shops and Beauty Parlors

Churches

Clubs

Court Rooms

*Dwellings (Other Than Hotels)

QNN =2 QO]

Garages — Commercial (storage)

Hospitals

*Hotels, including apartment houses without
provisions for cooking by tenants

Industrial Commercial (Loft) Buildings

Lodge Rooms

2
1/2

Office Buildi%

Restaurants

Schools

Stores

wWiWwinjo

Warehouses Storage

Ya

In any of the abowve occupancies except single-
family dwellings and individual apartments
of multi-family dwellings:

Assembly Halls and Auditoriums
Halls, Corridors, Closets
Storage Spaces

3
%

®All receptacle 1 of 15-ampere or less rating in single-family and
multi-family dwellings and in guest rooms of hotels
to the receptacle circuits specified in Section 220-3
as outlets for general illumination, and no additional load need be included
for such outlets. The provisions of Section 220-2(b) shall apply to all
other receptacle outlese

except
)] may be considered

ose connected

Table 220-2 (a) National Electrical Code
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Table 430-7(b). Locked Rotor Indicating Code Letters

ilovoit-Amperes

Code l:erllznA r
Letter with Loc Rotor
A...... PP teececreaneens 0 — 314
B...... ceeesaeeas ceeeea 3.15 — 3.54
C ottt ittt it . 3.55 — 3.99
D ottt ittt ittt . 40 — 449
E .......... ceceeccene e 45 — 499
D . 50 — 5.59
G ittt it ettt . 56 — 6.29
H .. it 63 — 7.09
[ 7.1 — 799
K......... ceesiassaaas 80 — 8.99
) e . 90 — 9.99
M ....... Cieessarestacnanan 100 — 11.19
. ces 11.2 — 1249
) . 125 — 1399
R ........ . 140 — 15.99
1 2 . 160 — 17.99
[ Ceeeec e 180 — 19.99
U .ivivneennn e eeesis et 200 — 2239
/2 224 — and up

The above table is an adopted standard of the National Electrical Manu-
facturers Association.

The code letter indicating motor input with locked rotor must be in an
individual block on the namcplate, properly designated. This code letter
is to used for determining branch-circuit overcurrent protection by
reference to Table 430-152, as provided in Section 430-52.

Table 430-7 (b) National Electrical Code

Table 430-23 (Exception)

Carryi cit ire i
Resistor Duty Classification okiy Sk 1w P
S y Current
Light starting duty ......... .. s, 35
Heavy starting duty , .. ................ .. 45
Extra heavy starting duty ............coctoee . 55
Light intermittentduty . ............. e 65
Medium intermittent duty ..... O &~
Heavy intermittent duty ....c..cccveevcernness 85

Continuous duty .....ccocecvavscaseencsacas. 110

T'able 430-28 (Exception)-National Electrical Code
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Notes To Tables 310-12 through 310-15.
Current-Carrying Capacity. The maximum, continuous,

current-ca

ing capacities of copper conductors are given in

Tables 310-12 and 310-13. The current-carrying capacities of
aluminum conductors are given in Tables 310-14 and 310-15.

1. Explanation of Tables. For
explanation of Type Letters,
and for recognized size of con-
ductors for the various con-
ductor insulations, see Sections
310-2 and 310-3. For installa-
tion requirements see Section
310-1 through 310-7, and the
various Articles of this Code.
For flexible cords see Tables
400-9 and 400-11.

2. Application of Tables. For
open wiring on insulators and
for concealed knob-and-tube
work, the allowable current-
carrying capacities of Tables
310-13 and 310-15 shall be
used. For all other recognized
wiring methods, the allowable
current-carrying capacities of
Tables 310-12 and 310-14 shall
be used, unless otherwise pro-
vided in this Code.

3. Aluminum Conductors. For
aluminum conductors, the al-
lowable current-carrying ca-
Ppacities shall be in accordance
vivgth Tables 310-14 and 310-
4. Bare Conductors. Where
bare conductors are used with
insulated conductors, their al-
lowable current-carrying ca-
pacity shall be limited to that
permitted for the insulated
conductors of the same size.
5. Type MI Cable. The tem-
perature limitation on which
the current carrying capac-
ities of Type MI cable are
based, is determined by the
insulating materials used in
the end seal. Termination fit-
tings incorporating unimpreg-

Notes to Tables 310-12 through $10-15 National Electrical Code

nated organic insulating ma-
terials are limited to 85°C.
operation.

6. Ultimate Insulation Tem-
perature. In no case shall con-
ductors be associated together
in such a way with respect to
the kind of circuit, the wiring
method employed, or the
number of conductors, that
the limiting temperature of
the conductors will be ex-
ceeded.

7. Use of Conductors With
Higher Operating Tempera-
tures. Where the room tem-
perature is within 10 degrees
C of the maximum allowable
operating temperature of the
insulation, it is desirable to
use an insulation with a
higher maximum allowable
operating temperature; al-
though insulation can be used
in a room temperature ap-
roaching its maximum al-
owable operating temperature
limit if the current is reduced
in accordance with the Cor-
rection Factors for different
room temperatures.

8. More Than Three Con-
ductors in a Raceway or
Cable. Tables 310-12° and
310-14 give the allowable
current-carrying capacities for
not more than three conduc-
tors in a raceway or cable,
Where the number of conduc-
tors in a raceway or cable ex-
ceeds three, the allowable
current-carrying capacity of
each conductor shall be re-
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duced as shown in the follow-
ing Table:

Per Cent of
Values in

Number of Tables 310-12
Conductors and 310-14

4t 6

7 to 24 70
25 to 42
43 and above 50

Exception — When conduc-
tors of different systems, as
provided in Section 300-3, are
installed in a common race-
way the derating factors shown
above apply to the number of
Power and Lighting (Articles
210, 215, 220 and 230) con-
ductors only.

Where single conductor or
multi-conductor cables are
stacked or bundled without
maintaining spacing and are
not installed in raceways, the
individual current-carrying ca-
gacity of each conductor shall

e reduced as shown in the
above table.

9. Where Type RH-RW rub-
ber insulated wire is used
in wet locations the allow-
able current-carrying capacities
current carrying capacities
shall be that of Column 2 in
Tables 310-12 through 310-
15. Where used in dry loca-
tions the allowable current-
carrying capacities shall be
that of Column 3 in Tables
310-12 through 310-15.

10. Overcurrent Protection.
Where the standard ratings
and setting of overcurrent de-
vices do not correspond with
the ratings and settings al-
lowed for conductors, the next
higher standard rating and
setting may be used.

Except as limited in Section
240-5.

11. Neutral Conductor. A
neutral conductor which car-
ries only the unbalanced cur-
rent from other conductors, as
in the case of normally bal-
anced circuits of three or more
conductors, shall not be
counted in determining cur-
rent-carrying capacities as pro-
vided for in Note 8.
In a 3-wire circuit con-
sisting of two phase wires
and the neutral of a 4-
wire, 3-phase WYE con-
nected system, a common
conductor carries approxi-
mately the same current as
the other conductors and
is not therefore considered
as a neutral conductor.

12, Voltage Drop. The al-
lowable current-carrying ca-
pacities in Tables 310-12
through 310-15 are based on
temperature alone and do not
take voltage drop into con-
sideration.

13. Deterioration of Insula-
tion. It should be noted that
even the best grades of rubber
insulation will deteriorate in
time, so eventually will need
to be replaced.

14. Aluminum Sheathed Cable.
The current-carrying capacities
of Type ALS cable are deter-
mined by the temperature lim-
itation of the insulated con-
ductors incorporated within
the cable. Hence the current-
carrying capacities of alumi-
num sheathed cable may be
determined from the columns
in Tables 310-12 and 310-14
applicable to the type of insu-
lated conductors employed
within the cable. See Note 9.

Notes to Tables 810-12 through 310-15 National Electrical Code
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Table 310-12. Allowable Current-Carrying Capacities
of Insulated Copper Conductors in Amperes

“Not -More than Three Conductors in Raceway or Cable or
Direct Burial (Based on Room Temperature of 30° C. 86° F.)

___Paper |
Rubber T;m‘k
e
ek (i Aabestoe
Type RW |7 RUH  |__Type TA 1
Type RU (14-2) Thermo- 'm|
uw plastic Asbestos na
1 ‘g ) x& ﬁ'w Type TBS | Var-Cam | Asbestos A';ybdr
AWG 7 See [T EuWicome | AVA- | TP | WY
MCM RH-RW Note 9 Type S8A T, 14-8) Type AA
See Note 9 m Var-Cam A (220
Thermo- Type V
f;"“"b Th-ﬂgg- ¢.b-u-
pe plast! ar-Cai
Type TW | _Type THW | o %h
THWN MT Cable
t
14 16 15 25 30 %0 30
12 20 20 30 86 40 40
10 30 80 40 45 50 85
8 40 45 50 60 85 70
6 3 65 70 80 86 95
4 70 85 90 108 115 120
8 80 100 105 120 130 145
I S
0 125 160 1 1 200 226
00 146 115 185 215 230 250
000 168 200 210 5 265 285
0000 196 230 23 218 810 840
250 216 285 270 316 335 eeee
800 240 2865 846 880 cere
850 2 810 826 390 420 cees
400 2 336 360 450 PR
500 820 880 406 470 600 ..
366 420 465 526 B45 eees
700 886 460 490 600 cere
750 400 475 500 680 620 ceee
m 410 :g :gg 600 640 ceee
T Ty 773 E8E 580 780 o
1250 495 530 845 veee cees
1600 626 700 786 eses veee
1750 545 €50 736 .eee eene eese
560 665 778 840 cee- .
CORRECTION FACTORS, ROOM TEMPS. OVER 30° C. 86° F.
C. F.
40 104 o2 88 90 4 95 eose
45 113 a1 A2 85 20 92 cene
50 122 58 76 S50 B87 59 ecene
56 131 Al 67 74 83 ] vens
0 140 .68 67 Ki] 88 o1
7 1 35 B2 a1 76 87
% 167 ceee A3 8 T2 86
17 cens en- 30 61 -69 B4
90 194 veee 50 61 30
100 212 PR PPN sece cons 51 a7
120 248 PP cese PO ceee cese .69
140 284 .59

tThe rryi cities f RHH ductors for sizes AWG 14, 12 and 10
shall Do the samme a4 deslgnced for Trpe Tl cordieron 1o ha Fabi 4

Table 310-12 National Electrical Code
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Table 310-14. Allowable Current-Carrying
of Insulated Aluminum Conductors in Amperes

Not More than Three Conductors in or Cable or
Direct Burial (Based on Room Tempera 80° C. 86° F.)
=
Paper
Rubber Thermo-
Rubber As! o2
RUH LY:
akﬁ% . (14-2) Thermo- x:,‘
Size (12-2) B}Zﬁ‘w __Type TBS | Var-Cam | Asbestos | Ashestos
S5 | amEw | ey [ S RC | WL
McM RH-RW Type SA AVA ad
Note 9 m VarC 'rw 14-8, Type AA
Thermo- Ther Type V A pe
plastic
Pw® | _Type THW | VarCam
T Type AVB
MI Cable
RHH?
12 15 15 25 26 30 [
10 26 256 80 as 40 45
8 80 40 40 45 50 55
[] 40 50 56 [ 75
4 55 [ 13 170 90 96
3 es 15 80 100 118
2 5 90 95 108 118 130
he § 88 100 110 185 150
*0 100 120 126 150 180 180
*00 115 148 170 180 200
*000 1 165 165 196 210 225
M 158 1 185 216
250 170 206 215 250 270 vensn
800 230 240 27 805 esse
350 210 260 260 810 3as ecee
400 8 270 290 835 360 ecoe
600 310 830 880 408 csns
gsg 285 340 870 425 440 ecse
810 876 396 456 weoe
50 320 885 40 470 cecn
800 330 896 415 520 cese
900 858 425 4 PSS RS esse
1000 376 445 480 560 600 seee
1250 405 485 530 s csne sees
1500 435 520 580 650 eses cees
1750 456 548 6158 oo eeee asee
2000 470 560 650 708 cees ceee
CORRECTION FACTORS, ROOM TEMPS. OVER 30°C. 86° F.
C. F.
40 104 a2 28 90 4 26 cece
46 118 J1 42 88 90 o2 asee
50 122 S8 K3 40 87 A9 e
55 131 Al 87 T4 838 86 _eees
~&0 140 eee 67 KT) - * T )
70 158 oo L2 27 I8 BT
75 167 POPSS A8 06 -2 ]
176 cess o 30 81 89 B84
194 cece ecen esse &0 61 E
100 212 eece P ceen caee 51 a1
120 248 cove PR PO aces [N K]
140 284 cess oo sees sese sose 58
®For three wire, single service and sub-service circuits, the allowable currend»
sarrying capacity of -RW, RHH, RHW, and THW alumin conductors

RH, e
be for sizses #2-100 Amp., #1-110 Amp., 81/6-1“ Amp., $2/0-150 Amp., #8/0-17¢

Table 310-14 National Electrical Code
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*High-reactance squirrel-cage motors are those designed to limut the starting current by means of deepslot secondaries or

double-wound secondaries and are generally started on full voltage.
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Table 430-146 National Electrical Code (Continued)



274

Appendix

Table 430-147. Full-Load Currents in Amperes
Direct-Current Motors

The following values of full-load currents are for motors running at base
specd.

e

HP 120V 240V

% 29 1.5

14 3.6 1.8

z: 5.2 2.6

. 7.4 3.7

1 9.4 4.7

1% 18.2 6.6

2 17 8.5

3 25 12.2
5 40 20
V% 58 29
10 76 38
15 55
2 2
30 106
40 140
50 178
60 206
s 255
100 341
iz &
200 675

Table 430-147 National Electrical Code

Table 430-148. Full Load Currents in Amperes
Single Phase Alternating Current Motors

The following values of full-load currents are for motors running at usual
speeds and motors with normal torque characteristics. Motors built for
cially low speeds or high torques may have hig:ner full-load currents, in
which case the nameplate current ratings should used.
To obtain full-load currents of 208- and 200-volt motors, increase cor-
respondi: 230-volt motor full-load currents by 10 and 15 per cent,
respectively.

The voltages listed are rated motor voltasu. Corresponding nominal

systcm voltages are 110 to 120, 220 to 240, 440 1o 480.

HP 116V 230V 440V
Y% 4.4 2.2 ..
A 58 29 ..

y 1.2 3.6 ..
3 9.8 4.9 .
A 13.8 6.9
1 16 8
1% 20 10
2 24 12 ..
3 34 17 ..
§m 2 % 21
10 100 50 26

Table 430-148 National Electrical Code
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Table 430-150. Full-Load Current*
Three-Phase A.C. Motors

Induction Synchronous Type
Squirrel-Cage and Wound Rotor {Unity Power Factor
Amperes Amperes

HP || 110V | 220V | 440V | 550V 2300V || 220V | 440V | 560V |2300V

K| e 2 1 8

%l s6]| 28] 14] 12

1 7 35| 18| 14 it

134 || 10 3 25| 20

2 18 65| 33| 26

3 9 45| 4

5 16 75| 6

7% 22 | 11 9

10 27 {14 |1

16 0 | 20 | 16

20 62 | 26 | 21

25 64 | 32 | 26 | 7 B4 | 27| 22 | 54
80 78 | 39 | 81 85| 65| 33| 26| 65
40 104 | 62 | 41 [106])| 8 | 43| 35| 8
50 126 | 63 | 50 | 13 108 | 654 | 44 |10
60 150 | 76 | 60 | 16 128 | 64 | 51 |12
75 185 | 93 | 74 |19 161 | 81 | 5 | 1B
100 246 [123 | 98 | 25 211 | 106 | 85 | 20
125 310 [156 |12¢ | 31 264 | 132 | 106 | 25
150 360 | 180 |144 | 37 158 | 127 | 30
200 480 |240 |192 | 48 210 | 168 | 40

For full-load currents of 20b- and 200-volt motors, increase the corresponding 220
volt motor full-load current by 8 and 10 per cent, respectively.

*These values of full-load current are for motors running at speeds usual for belted
motors and motors with normal torque characteristics. Motors built for especially low
apeeds or high torques may require more running current, in which case the nameplate
current rating should be used.

tFor 90 and 80 per cent P, F. the above figures should be multiplied by 1.1 and 1.28
respectively.

The voltages listed are rated motor voltages. Corresponding nominal system voltages
are 110 to 130, 220 to 240, 440 to 480 and 550 to 600 volta,

Table 430-150 National Electrical Code
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Table 430-151
Locked-Rotor Current Conversion Table
As Determined from Horserower and Voltage Rating
For Use Only With Sections 430-83, Exception No. 3, and

430-110(b)
Max. .
H.P. Single Phase Two or Three Phase
Rating 118V 280V 110V 220V 440V 550V
8 29.4 24 12 € 48
828 41.4 33.6 16.8 84 8.6
1 96 42 21 10.8 8.4
1% | 120 60 60 30 15 12
g 144 1(’3 K;:} a 2.8 %‘5.8
5 336 168 — 90 45 36
10%| &8 3 = 162 8% %
15 — — —_ 240 120 98
20 — — — 312 156 126
2% - = — 384 192 156
30 = - — 468 234 186
20 - = - 624 312 246
50 - = — 50 378 300
60 - = — 900 450 360
5 —_ — —_ 1110 558 44
100 —_ —_ —_ 1476 738 588
125 —_ — —_ 1860 930 744
150 —_ — —_ 2160 1080 864
200 —_ —_ — 1440 1152

Table 430-152. Maximum Rating or Setting of Motor-
Branch-Circuit Protective Devices for Motors Marked
with a Code Letter Indicating Locked Rotor KVA
“Per Cent of Full-Load Current

Fuse Rating Circuit-

Breaker Setti
Type of Motor Tahle 430-146, Tnstan: Time.
Columns taneous Limit
4,8,6,7) Type Type
All AC single-phase and polyphase
squirrel cage and synchronous mo-
tors with full-voltage, resistor or
reactor starting:
Code Letter A ............... . 150 e 150
Code Letter B to E .. . 250 .ee 200
Code Letter Fto V ._.......... 300 cee 250
All AC squirrel cage and synchronous
motors with auto-transformer start-
mg:
%ode Letter A .............. .. 150 ees 150
Code Letter BtoE ........... 200 200
Code Letter FtoV ........... 250 .. 200

For certain excaptions to the values specified see Sections 430-52 and
430-54. The values given in the last column also cover the ratings of non-
adjustable, time-limit types of circuit-breakers which may also be modified
as in Section 430-52.

Synchronous motors of the low-torque, low-speed type (usually 450 RPM
or lawer), such as are used to drive reciprocating compressors, pumps, etc.,
which start up unloaded, do not uire a fuse rating or circuit-breaker
setting in excess of 200 per cent of full-load current.

For motors not marked with a Code Letter, see Table 430-153.

Table 430-151 National Electrical Code
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Table 430-153. Maximum Rating or Setting of Motor-
Branch-Circuit Protective Devices for Motors not Marked
with a Code Letter Indicating Locked Rotor KVA

Per Cent of Full-Load Current

Fuse Ra -Breaker
Type of Mot~ (Berates Table.  Growans B e
430-146, Columns taneous Limit
48,6 17 Type Type
Single-phase, all types...... 800 ceee 250
Squirrel-cage _ and syn-
chronous (full-voltage,
resistor and reactor
starting)................ 800 . 250
Squirrel-cage and syn-
chronous (auto-trans-
former starting)
Not more than 80 am-
peres ................ 250 oeee 200
More than 30 amperes. .. 200 esee 200
High-reactance squirrel-cage
Not more than 30 am-
peres ................ 250 cese 260
More than 30 amperes. .. 200 eene 200
Wound-rotor.............. 150 eeee 150
Direct-current
Not more than 50 H.P... 150 250 150
More than 50 H.P... .. .o 160 176 150
Sealed (Hermetic Type)
Refrigeration Compressor*
400 KVAlocked-rotororless **175 . 175

For certain exceptions to the values specified see Sections 430-52,
and 430-59. The values Yiven in the last column also cover the ratings
of non-adjustable, time-limit types of circuit-breakers which may also
be modified as in Section 430-52.

Synchronous motors of the low-torque low-speed type (usually 450
R.P.M. or lower) such as are used to drive reciprocating compressors,
pumps, etc., which start up unloaded, do not require a fuse rating or
circuit-breaker setting in excess of 200 per cent of full-load current.

For motors marked with a Code Letter, see Table 430-152.

*The locked rotor KVA is the product of the motor voltage and the
motor locked rotor current (LRA) given on the motor nameplate di-

vid:d by 1,000 for single-phase motors, or divided by 580 for 3-phase
motors.

**This value may be increased to 225 per cent if necessary to permit
starting.

Table 430-153 National Electrical Code
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5 —w
E

RELAY CONTACTS CAPACITOR
; ——— ,Z __________
i

et —

GLOW RELAY BIMETAL STRIP

Wiring diagram of fluorescent lamp using glow relay starter

I 9 <— LAMP (LAGGING CURRENT) —- 6]

GLOW STARTERS —'< STARTING COMPENSATOR

Wiring diagram of two-lamp fluorescent unit

e



INDEX

A

Alternating current motors, 98

Aluminum conductors, 202

Ambient temperature, motors,
100, 101

Arc welders, 238-240

Area lighting, outdoor, 72, 73, 92-94

Askarel filled transformers, 149
Automatic motor controllers,
181, 182
Autotransformers, motor starting,
105-113
B

Bolted pressure switch, 170
Branch circuits

lighting, 96, 97

motors, 113-116, 129
Bulbs, types of, 38, 39
Bus duct feeders, 181
Busways, 19, 28-30

C

Calculations,

aluminum conductors, 202

current, 213-216

feeders, 200-207

general lighting, 199-203

plug receptacles, 200

power, 216-221

service conductors, 201

short circuit current, 224, 225

show window lighting, 200

third harmonic current, 225, 226

voltage, 207-213

voltage drop, 221-223
Candlepower, 34-37
Capacitors, 122, 128, 160-162
Cartridge fuses, 173, 174
Circuit breakers

for motors, 118-127

for services, 171-178, 195

Circuits

single-phase, three-wire, 177

three-phase, four-wire, 178, 179

three-phase, three-wire, 179, 180
Circuits, motor

start-stop, 139, 140
Coefficient of utilization, 78-81
Color in lighting, 67, 68
Computing machines, 228-230
Conductors

aluminum, 202

bus-tie, 191

service, 167-169, 182-184, 201
Conduit

bending, 10, 11

installation, 1-6

installing conductors, 11-16

plastic, 18

sealing, 133, 134
Connectors

twistlock, 229

L slot, 229

U slot, 229
Contrast, 64, 65
Controllers, motor, automatic, 131
Cranes, 134
Current

short circuit, 224, 225

third harmonic, 225, 226
Current factor, 230
Current limiting fuse, 174, 175
Current transformer, 159, 160

D

Delta-star voltages, 211, 212
Delta voltages, 210, 211
Delta current, 213-216
Diagrams
delta connection, 210
delta-star connection, 212
star connection, 209

279
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Diagrams (Continued)

star-delta connection, 212
Dimming methods, 45, 46, 65, 66
Distributing systems

high voltage, 186-197

high voltage radial, 189

loop, 189-191

low voltage, 177-186

low voltage radial, 188, 189

network, 192, 193
Duct Systems

busways, 19, 28-30

cellular metal raceway, 19, 23, 24

precast, 24, 25

trolley, 32

underfloor metallic raceway,

19, 21-23

wireways, 19, 25-27

Dumbwaiters, 135-138

E
Electric Signs, 243-245
Electric Welders
motor-generator arc, 238-240
resistance, 238-242
transformer arc, 238, 239
Electrical Heating
conduction, 233
dielectric heat generators, 235-237
induction heat generators,
235-237
infrared lamps, 234
Elevators, 135-138
Escalators, 135-138

F
Fasteners, 7, 8
Feeders, 200-207
Feeders, bus-duct, 181
Fixtures, lighting, 52
Flashing lamps, 46, 66, 67
Flood lighting, 74, 94-96
Fluorescent lamps, 39-46, 50-52
Fluorescent lighting, 55-68, 85, 90-92
Foot-candle, 35-37, 64, 65, 83
Foot-lambert, 36, 37, 65
Fuses

Index

cartridge, 173

current lighting, 174, 175
ganged oil cutout, 195, 196
high capacity, 174, 175
motor circuits, 113-121

G

Generators
alternating current, 163
three-wire, 164
two-wire, 163, 164
motor, 165

Glare, 64, 65

Grounding .
load center transformers, 181, 182
service raceways, 176

H

Hangers, conduit
trapeze, 2, 3, 4
punched, 4, 5
Hazardous locations
aircraft hangars, 250
classes of hazards, 248
class 1 locations, 248, 249
class 11 locations, 249
class I11 locations, 249
commercial garages, 250
gasoline service stations, 250, 251
hospital areas, 253
motors, 254, 255
spray booths and spray areas, 252
Hermetic motors, 129, 130
High frequency lighting, 69
Hoists, 134
1

Incandescent lamps
sockets, 37
filaments, 38
bulbs, 38, 39
Incandescent lighting
recessed, 57, 58, 84
pendants, 81-84
Incremental motor starting, 110
Infrared lamps, 234
Instant start fluorescent lamp,
40-45, 65



L
Lead-lag fluorescent circuits,
42, 43, 69
Light patterns, 52-54
Lighting calculations, 199, 200
Lumen, 35-37
Luminaires, 52-74
Luminous ceilings, 59-62, 80, 81,
85-90

Louver ceilings, 63, 64, 80, 81, 85-90

M
Maintenance factor, 80, 81
Mercury lamps, 46, 47, 70-74, 90
Mercury lighting, 90-94
Mineral insulated cable, 20
Motors
ambient temperature, 100, 101
capacitors, 122, 123
code letters, 101
conductors, 112
controllers, 113-117
duty, 100, 101
feeders, 124-126
group, 127-129
hermetic, 129, 130
lead markings, 141, 142
nameplate, 99, 100
overcurrent protection, 113-127
starting, 102-112
synchronous, 126
torque, 102, 103
types, 98, 99
Motor generator arc welders, *
238, 240
Motor starting
autotransformer, 105-109
direct current, 110-112, 142,
143, 144
high-reactance squirrel cage
110, 111
incremental, 110
reversing, 140, 141
series-reactance, 104, 105
series-resistance, 108, 104
star-delta, 109, 110
wound rotor, 110, 111

Index

N
Nurse call systems, 246, 247

o
Overcurrent protection
motors, 113-127
service, 169-174, 182, 183, 192
transformers, 154

P

Panel fluorescent lamp, 43, 44
Panelboards, 184-186
Pedestal raised floors, 229
Plastic conduit, 18, 19
Plug receptacles, 200
Potential transformer, 159
Potheads, 194, 195
Power factor, 160, 161
Preheat fluorescent lamp, 40-42,

45, 65
Pressure connectors, 16, 17

R

Raceway

cellular metal, 19, 23, 24

underfloor, 19-23

ventilated, 30, 31
Raised floors

pedestal type, 229

stringer type, 229

Rapid start fluorescent lamp, 40-45,

65, 67
Reactors, 162, 163
Remote control circuits, 138, 139
Resistance welders, 238-242
Resistors, 162, 168
Reversing starter, 140, 141
Room ratio, 80, 86

S
Safety precautions
capacitors, 165, 166
circuit breakers, 172, 173
electronic heating devices,
237, 238

motor wiring, 144, 145
swimming pools, 230, 231
switches, 172, 178
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Safety precautions (Continued)
transformers, 165, 166
X-ray units, 237
Scaffolds, 6, 7
Sealing, conduit, 133
Series-reactance motor starting,
104, 105
Series-resistance motor starting,
104, 105
Services
distribution systems, 177, 181
feeder systems, 180, 181
low voltage, 167-177, 186
Service switches, 169-173, 192
Shielding
service conductors, 193, 194
Show window lighting, 200
Signal systems
nurse call, 246, 247
fire alarm, 247
Single-phase, three-wire circuits,
177,178
Single phase transformer, 150,
151, 157
Skin effect, 224

Index

T
Thermit welding, 17, 18
Three-phase, four-wire circuits,
178-180
Three-phase, three-wire circuits,
179, 180
Three-phase transformer, 151-153,
157, 158
Torque, 102, 103
Transformer
Askarell filled, 149
connections, 150-159
construction, 148, 149
current, 159, 160
dry type, 148, 149
grounding, 155
impedance, 153, 154
insulation, 155
load center, 181
locating, 156
mounting, 156, 157
network, 193
oil-filled, 148, 149
overcurrent protection, 154
polarity, 149, 150

Slimline fluorescent lamp, 40, 43, 44 potential, 159

Sodium-vapor lamps, 47, 48
Splicing conductors, 16-18
Star current, 213-216
Star-delta motor starting, 109-110
Star-delta voltages, 212
Star voltages, 209, 210
Steady-burning loads, 185, 186
Stress cone, 194
Stringer raised floors, 229
Substations, 187, 188
Swimming pools, 230, 231
Switchboards, 176, 177
Switches

bolted-pressure, 170

knife, 170

limiters, 192

load-interrupter, 170

service, 169, 170

solid neutral, 169, 170
Synchronous motors, 126

principle, 146, 148
single-phase, 150, 151, 157
three-phase, 151-153, 157, 158
Transformer arc welders, 238, 239
Trapeze hangers, 2, 8
Troffers, 58, 59
U

Unistrut channel, 6

A
Voltage calculations, 207-213
Voltage drop, 221-223

w
Wireways, 19, 25-27

X
X.-ray equipment
control, 233
fluoroscopic, 231
installation, 232, 283
radiographic, 231
safety considerations, 237



Tables and Data

Useful Information

To find the circumference of a circle, multiply the diameter by 3.1416.
To find the diameter of a circle, multiply the circumference by .31831.

To find the area of a circle, multiply the square of the diameter
by .7854.

The radius of a circle X 6.283185 = the circumference.

The square of the circumference of a circle X .07958 = the area.
Half the circumference of a circle X half its diameter = the area.
The circumference of a circle X .159155 = the radius.

The square root of the area of a circle X .56419 = the radius.
The square root of the area of a circle X 1.12838 = the diameter.

. To find the diameter of a circle equal in area to a given square, mul-
tiply a side of the square by 1.12838.

To find the side of a square equal in area to a given circle, multiply
the diameter by .8862.

b T(’;Of;‘id the side of a square inscribed in a circle, multiply the diameter
Y - .

To find the side of a hexagon inscribed in a circle, multiply the diam-
eter of the circle by .500.

To find the diameter of a circle inscribed in a hexagon, multiply a
side of the hexagon by 1.7321.

To find the side of an equilateral triangle inscribed in a circle, mul-
tiply the diameter of the circle by .866.

To find the diameter of a circle inscribed in an equilateral triangle,
multiply a side of the triangle by .57735.

To find the area of the surface of a ball (sphere), multiply the square
of the diameter by 3.1416.

To find the volume of a ball (sphere), multiply the cube of the diam-
eter by .5236.

Doubling the diameter of a pipe increases its capacity four times.
To find the pressure in pounds per square inch at the base of a column
of water, multiply the height of the column in feet by .433.

A gallon of water (U. S. Standard) weighs 8.336 pounds and contains
231 cubic inches. A cubic foot of water contains 724 gallons, 1728 cubic
inches, and weighs 62.425 pounds at a temperature of about 39° F.

These weights change slightly above and below this temperature.
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Safety precautions (Continued)

transformers, 165, 166
X-ray units, 237
Scaffolds, 6, 7
Sealing, conduit, 133
Series-reactance motor starting,
104, 105
Series-resistance motor starting,
104, 105
Services
distribution systems, 177, 181
feeder systems, 180, 181
low voltage, 167-177, 186
Service switches, 169-173, 192
Shielding
service conductors, 193, 194
Show window lighting, 200
Signal systems
nurse call, 246, 247
fire alarm, 247
Single-phase, three-wire circuits,
177,178
Single phase transformer, 150,
151, 157
Skin effect, 224

Slimline fluorescent lamp, 40, 43, 44

Sodium-vapor lamps, 47, 48
Splicing conductors, 16-18
Star current, 213-216
Star-delta motor starting, 109-110
Star-delta voltages, 212
Star voltages, 209, 210
Steady-burning loads, 185, 186
Stress cone, 194
Stringer raised floors, 229
Substations, 187, 188
Swimming pools, 230, 231
Switchboards, 176, 177
Switches

bolted-pressure, 170

knife, 170

limiters, 192

load-interrupter, 170

service, 169, 170

solid neutral, 169, 170
Synchronous motors, 126

Index

T
Thermit welding, 17, 18
Three-phase, four-wire circuits,
178-180
Three-phase, three-wire circuits,
179, 180
Three-phase transformer, 151-153,
157, 158
Torque, 102, 103
Transformer
Askarell filled, 149
connections, 150-159
construction, 148, 149
current, 159, 160
dry type, 148, 149
grounding, 155
impedance, 153, 154
insulation, 155
load center, 181
locating, 156
mounting, 156, 157
network, 193
oil-filled, 148, 149
overcurrent protection, 154
polarity, 149, 150
potential, 159
principle, 146, 148
single-phase, 150, 151, 157
three-phase, 151-153, 157, 158
Transformer arc welders, 238, 239
Trapeze hangers, 2, 3
Trofters, 58, 59
U

Unistrut channel, 6

v
Voltage calculations, 207-213
Voltage drop, 221-223

w
Wireways, 19, 25-27

X
X-ray equipment
control, 233
fluoroscopic, 231
installation, 232, 233
radiographic, 231
safety considerations, 237



T ables and Data

Useful Information

To find the circumference of a circle, multiply the diameter by 3.1416.
To find the diameter of a circle, multiply the circumference by .31831.

To find the area of a circle, multiply the square of the diameter
by .7854.

The radius of a circle X 6.283185 = the circumference.

The square of the circumference of a circle X .07958 = the area.
Half the circumference of a circle X half its diameter = the area.
The circumference of a circle X .159155 = the radius.

The square root of the area of a circle X .56419 = the radius.
The square root of the area of a circle X 1.12838 = the diameter.

To find the diameter of a circle equal in area to a given square, mul-
tiply a side of the square by 1.12838.

To find the side of a square equal in area to a given circle, multiply
the diameter by .8862.

b Tgoi_i;id the side of a square inscribed in a circle, multiply the diameter
Y . .

To find the side of a hexagon inscribed in a circle, multiply the diam-
eter of the circle by .500.

To find the diameter of a circle inscribed in a hexagon, multiply a
side of the hexagon by 1.7321.

. To find the side of an equilateral triangle inscribed in a circle, mul-
tiply the diameter of the circle by .866.

To find the diameter of a circle inscribed in an equilateral triangle,
multiply a side of the triangle by .57735.

To find the area of the surface of a ball (sphere), multiply the square
of the diameter by 3.1416.

To find the volume of a ball (sphere), multiply the cube of the diam-
eter by .5236.

Doubling the diameter of a pipe increases its capacity four times.
To find the pressure in pounds per square inch at the base of a column
of water, multiply the height of the column in feet by .433.

A gallon of water (U.S. Standard) weighs 8.336 pounds and contains
231 cubic inches. A cubic foot of water contains 712 gallons, 1728 cubic
inches, and weighs 62.425 pounds at a temperature of about 39° F.

These weights change slightly above and below this temperature.



T ables and Data

In accordance with the standard practice approved by the American
Standards Association, the ratio 25.4 mm = 1 inch is used for convert-
ing millimeters to inches. This factor varies only two millionths of an
inch from the more exact factor 25.40005 mm, a difference so small as to
be negligible for industrial length measurements.

Metric Measures

‘The metric unit of length is the meter = 39.37 inches.

The metric unit of weight is the gram = 15.432 grains. ‘

The following prefixes are used for sub-divisions and multiples:
Milli = y4%7. Centi = 1}5, Deci = 1%, Deca = 10, Hecto = 100, Kilo
= 1000, Myria = 10,000. ‘

Metric and English Equivalent Measures
MEASURES OF LENGTH

Metric English

1 meter = 39.37 inches, or 3.28083 feet, or 1.09361 yards

.3048 meter = 1 foot

1 centimeter .3937 inch

2.54 centimeters 1 inch

1 millimeter .03937 inch, or nearly 1-25 inch

25.4 millimeters 1 inch

1 kilometer 1093.61 yards, or 0.62137 mile
MEASURES OF WEIGHT

Melric English

1 gram 15.132 grains

0648 gram

1 grain
28.35 grams

1 ounce avoirdupois

(U T

1 kilogram 2.2046 pounds
4536 kilogram 1 pound
) 9
1 metric ton ~ {3}825 :3\"( of 2240 pounds
1000 kilograms N ( :

12204 6 pounds

1 ton of 2240 pounds

i}

1.016 metric tons
1016 kilograms

MEASURES OF CAPACITY

Metric English
61.023 cubic inches

.03531 cubic foot

.2642 gal. (American)

2.202 Ibs. of water at 62° F.
28.317 liters . . . . . 1 cubic foot

3.785 liters , . . . . I gallon (American)

4543 liters . . . . . 1 gallon (Linperial)

1 liter ( = 1 cubic decimeter) =

i

I



T ables and Data

English Conversion Table

Length
Inches
Inches
Inches
Feet
Feet
Yards
Yards
Yards
Miles
Miles
Miles
Circumference of circle
Diameter of circle

Area
Square inches
Square inches
Square feet
Square feet
Square yards
Square yards
Dia. of circle squared
Dia. of sphere squared

Volume

Cubic inches

Cubic inches

Cubic inches

Cubic feet

Cubic feet

Cubic feet

Cubic yards

Cubic yards

Dia. of sphere cubed
Weight

Grains (avoirdupois)

Ounces (avoirdupois)

Ounces (avoirdupois)

Pounds (avoirdupois)

Pounds (avoirdupois)

Pounds (avoirdupois)

Tons (avoirdupois)

Tons (avoirdupois)

XXXXXYXXXX XXXXXXXUX XXXXXXXXXXXXX

XXXXX XXX

.0838 = feet
.02778 = yards
.00001578 = miles
.8833 = yards
.0001894 = miles
86.00 = inches
3.00 = feet
.0005681 = miles
63360 00 = inches
5280 00 = feet
1760 00 = yards
3188 = diameter
3.1416 = circumference
. 00694 = gquare feet
.0007716 = square yards
144.00 = square inches
11111 = square yards
1296 00 = square inches
9.00 = square feet
.7854 area
S 1416 = surface
.0005787 = cubic feet
.00002148 = cubic yards
.004329 = U. S. gallons
1728.00 cubic inches
.08704 = cubic yards
7.4805 = U. S. gallons
46656.00 = cubic inches
27.00 = cubic feet
.5286 = volume
.002286 = ounces
. 0625 = pounds
.00003125 = tons
16.00 = ounces
.01 = hundredweight
. 0005 = tons
82000 00 = ounces
2000.00 = pounds



Tables and Data

English Conversion Table

Energy
Horsepower
B. t. u.
Ton of refrigeration

Pressure

Lbs. per sq. in.

Ft .of water (60°F.)
Ins. of water (60°F.)
Lbs. per sq. in.

Lbs. per sq. in.

Ins. of Hg (60°F.)

Power

Horsepower
Watts
Horsepower

X 88000.

X
X

XXXXXX

XXX

778.26
200.

2.31
.438
.0361

27.70

2.041

.490

746.
.001341
42.4

=ft.-lbs. per min.
={t.-lbs.
=B. t. u. per min.

= ft. of water (60°F.)
= lbs. per sq. in.

= lbs. per sq. in. \
= ins. of water (60°F,)
= ins. of Hg. (60°F.)’
= lbs. per sq. in.

watts
= horsepower
= B. t. u. per min.

Water Factors (at point of greatest density—39.2°F)

Miners inch (of water)
Cubic inches (of water)
Cubic inches (of water)
Cubic inches (of water)
Cubic inches (of water)
Cubic feet (of water)
Cubic feet (of water)
Cubic feet (of water)
Cubic feet (of water)
Cubic foot of ice
Ounces (of water)
Pounds (of water)
Pounds (of water)
Pounds (of water)
Pounds (of water)
Tons (of water)

Tons (of water)

Tons (of water)

1. S. gallons

U. S. gallons

U. S. gallons

U. S. gallons

U. S. gallons

English gallons (Imperial)
English gallons (Imperial)
English gallons (Imperial)
English gallons (Imperial)
English gallons (Imperial)

HAEXKXKXXXXXXXKXXKXXXXXKXXXXXXXX

8.976
.57798
.036124
.004329
.003607

62.425
.03121
7.4805
6.232
57.2
1.73
26.68
.01602
.1198
.0998
32.04
239.6
199.6
231.00
.13368

8.345
.8327

3.785

277.41
.1605

10.02
1 201
4.546

U. S .gals. per min.
ounces

pounds

U. S. gallons
English gallons
pounds :
tons

U. S. gallons
English gallons
pounds

cubic inches
cubic inches
cubic feet

U. S. gallons
English gallons
cubic feet

U. S. gallons
English gallons
cubic inches
cubic feet
pounds
English gallons
‘liters

cubic inches
cubic feet
pounds

U. S. gallons
liters

T T O 1



Length

Millimeters
Maillimeters
Centimeters
Centimeters
Meters
Meters
Meters
Kilometers
Kilometers
Kilometers

Area

Millimeters
. Millimeters
Centimeters
Centimeters
Meters
Kilometers
ectares

£LLLLL

T

Volume

Cu. Centimeters
Cu. Centimeters
Cu. Centimeters
Cu. Meters

Cu. Meters

Cu. Meters
Litres

Litres

Litres

Litres

Litres
Hectolitres
Hectolitres
Hectolitres
Hectolitres

Weight

Grams

Grams

Grams (water)
Grams
Kilo-grams

Tables and Data

Metric Conversion Table

XAEXXXX X+ X

XXX X A XXXXXX A+ XXX X+ X

X+ 4+ X

.03937
25.4
.3937
2.54
39.37
3.281
1.0936
.6214
1.6093
3280.8

.00155
645.2
. 155
6.452
10.764
247.1
2.471

16.387

29.57
35.314
1.308

61.023
33.82
.2642
3.785
28.317
3.531
2.838
.1308
26.42

LT O O

[T I T

lllll(llll"llllllﬂl!lll!llll

ponng

inches

inches

inches

inches

inches (Act. Cong.)
feet

yards

miles

miles

feet

sq. in,
sq. in.
sq. in.
sq. in.
sq. ft.
acres

acres

u in.

fl. drs. (U.S.P.)
f. oz. (us.r.)
cu. ft.
cu. yards
gals. (231 cu. in.)
cu. in. (Act, Cong.)
fl. oz. (U.S.P.)
gals. (231 cu. m;
gals. (231 cu. in
cu. ft.

cu. ft.

bu. (2150.42 cu. in.)
cu. yds.

gals. (231 cu. in.)

grains (Act. Cong.):
dynes

fl. oz.

oz. avoirdupois

lbs.
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Metric Conversion Table (Cont.)

Weight
Kilo-grams
Kilo-grams
Tonneau (Metric ton)
Tonneau (Metric ton)

Unit Weight
Grams per cu. cent.
Kilo per meter
Kilo per cu. meter
Kilo per Cheval
Grams per liter

Pressute
Kilo-grams per sq. em.

Kilo-grams per sq. em.
Atmospheres (international)

Energy

Joule
Kilo-gram meters

Power
Cheval vapeur
Kilo-watts
Watts
Watts

Miscellaneous
Kilogram calorie
Standard gravity

(Sea level 45° lat.)
Frigories/hr. (French)

XXX XX XXX XXXX+ XXXX

+ X

<

35.22
.0011023
1.1023
2204 .6

27.68

[06243
235
.06243

14.
32
14

223
843
696

.7376
.233

.9863

746.
L7373

3.968
980.665

3023.9

/IR T nhn

LI

(]

o

oz. avoirdupois

tons (2000 lbs.;

:gns (2000 Ibs.
s. :

\.

Ibs. per cu. in.
Ibs. per ft.

Ibs per cu. ft.
Ibs per h. p.
Ibs. per cu. ft.

Ibs. per sq. in.
ft. of water (60°F.)
Ibs. per sq. in

ft. lbs.
ft. Ibs.

h. p.
h. p.

h. p.
ft. Ibs. per sec

B. t. u.

centimeters per sec.
per sec.

Tons refrigeration



Tables and Data

The following pages show temperatures on Fahrenheit and Centigrade thermometers.

Equivalent Temperature Readings for Fahrenheit
and Centigrade Scales

‘Fahren- | Centi- Fahren- | Centi- Fahren- | Centi- Fahren- Centi-
heit grade heit grade heit grade heit S:de
Degs. Degs. Degs. Degs. Degs. Degs. Degs. gS.

—459 4 —273 2. —290.4 17.6 -—8. 56. 13.3
—438 —270. —~20 2 —29. 18. —7.8 67. 13.9
—418. —260. —20. —28.9 19. —-7.2 57.2 u".
—400. —240. -19. ~—28.3 19 4 -1. 58. 14.4
~—382. —230. —18.4 ~28. 20. —6 7 59. 16.
—~364. —220. -18. —27.8 AN. —6 1 60. 15.6
~346. —210. —-17. —27.2 21.2 —6. 60.8 1.
—328. —~200. —16.6 2. 2. 5.6 61. 18.1
-~310. —190. —16. -26.7 23. —5. 62. 16.7
—292. —180. —15. —26.1 4. —4.4 62.6 17.

—274. —170. —14.8 —26. 24 8 — 63. 17.2

—258. —160. -14. —25 6 25. —3.9 64. 17.8

~238. —150, —13. —25. 26. -3 3 64.4 18.

—220. —140 -—12. —24 .4 26.6 -3. 65- 183

-—202 —130 —I1 2 —A. 0. ~28 66. 18.9

—184. —120. -11. —23 9 28. —22 66.2 19.
—166. —110 —-10. —233 28.4 -2 67- 19.4
—148 —100 — 904 —23 29 —1.7 68. 20.
-139. — 85 — 9. —22 8 30. —1.1 69. 20.6
-—130. - 90 — 8. —22.2 30 2 -1. 69.8 a.
—121 — 85, - 1.6 - 3 —0.6 70. 211
—112 — 80 - z. —~21,7 32. 0. n. 21.7
—103 — 75 — 6. -21.1 33. +0.6 71.8 2.
— 04, - 170 — 58 2. 33.8 1. 72. 222
— 85 — 65 — 5. —20.6 1.1 13. 22.8
- 78 — 60. — 4. - 35 1.7 734 2.
- 87 — 55 — 3. —19.4 35.8 2. ;4. 3.3
— 58 — 50 - 2.2 -19. 36 2.2 5. 2.9
- 49 — 45 - 2. -—-18 9 28 75.2 2.
— - - —18.3 37.4 3. 716. 24.4
-3 — 394 — 0.4 -—18. 33 1. 25.
—382 | — 0. —17.8 39 18. 25.6
- 38 — 38.9 + 1. —17.2 39.2 4. 78.8 26.
- 3. — 383 1.4 -—l'l. 44 ~ 79 26.1
— 36 4 — 38. s —167 41. B. 80. 26.7
— 36. — 37.8 . —16.1 5.6 80.6 2.
- 36. — 372 3.2 —16. 428 6. 8. 27.2
— 346 — 37. 4. —15.6 43 6.1 82. 27.8
- . — 367 5. —18. 6.7 82.4 3.
32.8 — gg 1 g.s --“.4 44.6 ;.2 g gg
- 5. — 35.6 z —139 46. 7.8 84.2 29.
— 3. - 35. . —13.3 46.4 8. 85. 20 ¢
— 30. — 34 ¢ 8.6 -13. 47. 83 86. 30.
-20.2 — 34. 9. —12.8 . 8.9 817. 306
-—. — 339 10. —12.2 48.2 9. 87.8 3.
- a8 - g} }('J 4 -.‘1? . g§ ‘3.4 gg g};
- 27. - 33. . - B . . .
- . — 32.8 12. —11.1 51. 10.6 89.6 3.
- - - gg 2 %%2 ——ll%.c 51.8 Illll g? ggg
- 25,6 - 32. . —10. . . . .
— 26. - 317 }4. -—10. . 11,7 91.4 .
-N. — 31.1 5 —~ 9.4 53.6 12. 9. 133
- 23.8 - 31. 15.8 - 9. M. 12.2 93. 3.9
— 2. — 30.8 g -89 85. 12.8 93.2 .
- - 30. - 8.3 85.4 13. %“. 3.4




Tables and Data

Equivalent Temperature Readings for Fahrenheit
and Centigrade Scales

Fahren- Centi- Fahren- Centi- Fabren- | Centi- Fahren- | Centi-
heit rade heit ade heit grade heit ade
Degs. gs. Degs. egs. Degs. Degs. Degs. egs.
. 35. 134. 56.7 172.4 78. m. 99.4
. 35.6 134 6 57. 13- 783 H 212- | 100-
96.8 36. 135- 57.2 74. 78.9 213- | 100.6
97. 36.1 136. 57.8 74.2 1. 213.8 ot1.
. 36.7 136.4 68. 75. 79.4 214. 01.1
-6 3/- 137. 58 3 76- 80. 215. 101.7
. 37.2 38. 58 9 1. 80.6 215.6 | 102.
100. 37.8 38 2 59. 77.8 81. 216- 102.2
100 4 38. 39. 59.4 178. 81.1 217. lg.s
10%. 38 3 40. 66- 19. 81.7 217.4 } .
} . 38.9 4. 60.6 79.6 . 218. 03.3
02 2 39. 41.8 61. . 82.2 219- 103.9
103- 39.4 42 6l.1 81. 82.8 219.2 104.
104. 40. 43 617 81.4 83. go. 104.4
105. 40.6 436 62. 182. 83.3 | . ,os.
105 8 4]. 14. 62.2 83. 83.9 - 05 6
106 41.1 45. 62.8 83.2 8. 222.8 106.
107. 417 45 4 63. 84. 84.4 223. 106.1
107 6 42. 146 63.3 85. 85. 224. 106.7
108. 42 2 147 63.9 86. 85.6 224 6 107.
‘83‘ 42 8 147.2 [*R 86.8 86. . 107.2
109 4 43. 48. 64.4 87. 86 1 6. 107 8
110. 433 49. 65- 88. 86.7 226 4 }08-
11 439 5 65 6 88.6 87. 227. 083
111.2 Y. 50 8 66- 89. 87.2 228. 108.9
12. 4.4 51. 66.1 90. 87.8 228 2 10’.
113. 45. 52. 66.7 90.4 88. 229. 09.4
4. 45.6 52 6 67- 9. 88 3 230. 110
4 8 46. 53. 67.2 92. 88.9 231. 110 6
15- 46 1 b4. 67.8 92 2 89. 231.8 "1.
16. 46 7 54.4 68. 193. 89 4 232. 1t
16 6 4. N 68 3 94. 9. 233. 111.7
1. 47.2 56. 68 9 95. 90 6 233 6 12.
8. 47.8 56.2 69- 95 8 91. 234. 112.3
8.4 48. 157. 69.4 96 91.1 235. 112.8
19. 48 3 158. 70. 97. 91.7 235.4 113.
20. 48 9 159- 70 6 97.6 9. 22%. 113.3
20.2 49. 159.8 1. 98. 92.2 . 113.9
Ig. 49.4 160- 71.1 99. 92 8 237.2 14.
122. 50. 161 71.7 99.4 9%a. 238. 14.4
‘Ig. 80.6 161.6 72. 200. 93.3 239. 116.
123.8 b1. 162. 72.2 201. 93.9 240. 115.6
14. 511 63 72 8 201 2 9. 240.8 116-
125. 51.7 63.4 73. 202 94 4 241. 116.1
125.6 52. 164 733 203. 9. 242. 116.7
126- 52.2 165 73.9 204. 95.6 242.6 17.
121. 52.8 165 2 74. 204.8 96- 243. 117.2
127.4 3. 66 74 4 2056. 96 1 244. 117.8
128. 53.3 67 78. 206. 9% 7 244 .4 118.
l”. 53.9 68. 75.6 206.6 97. g:z 118.3
29.2 4. 68 8 76. 07. 97.2 . 118 9
130. 54.4 99. 76.1 08. 97.8 246.2 119.
131. 55. . 76.7 208.4 93. 247. 119.4
132 55.6 70.6 1. 209 98 3 . lg.
132 8 56. 1. 771.2 Ig. 98.9 . .6
18. 86.1 1 77.8 10.2 9. 249.8 121.



