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APPROVED FITTINGS

For satisfactory work, only approved fittings
should be used. A pamphlet entitled * Approved
Electrical Fittings,” designed to aid wiremen by
showing them in advance just what will be ap-
proved, is issued by this department.

Fittings not listed should not be used without
special approval, which will be freely given on the
application of members if the device is found to be
reliable.

¢ Approved Electrical Fittings* is subject to
semi-annual revision in April and October.



PREFACE TO NINTH EDITION:

Asin previous editions, the National Electrical Code is given
in full, with explanatory notes to make the reason for each rule
clearer and to point out the special danger against which it
guards. In some cases these notes so modify the rules or ex-
tend their application as to have practically the effect of addi-
tional requirements applying to factory work. A number of
cuts illustrating excellent methods of construction have also
been included to still further emphasize and make clear impor-
tant points frequently overlooked. The testimony of many wire-
men and mill managers and our own experience have shown
that the suggestions contained in these additional notes and
cuts have been carried out to advantage in many cases, result-
ing in a more convenient and safer electric plant. In the Ap-
pendix is some additional information which could not well’ be
included in the body of the Rules.

Power Stations, Transformer, Lightning Arresterand Switch
Houses have in a number of instances been constructed largely
of wood, which is objectionable ; even where well built originally,
stations have been rendered unsafe by the introduction of com-
bustible materials for apparatus, wire frames, platforms, etc. In
this edition, therefore, a special chapter, page 3, has been added,
in whichis outlined the important points essential for safe build-
ings and equipments of thls kind. This matter is considered
,of great importance.

To enable those not especially familiar with electrical mat-
ters or too busy to give more than a few minutes to the sub-
ject, to quickly gain an idea of the Rules, a brief abstract of the
requirements applying to Factory Mutual mills is ‘dlso given,
page 13, and special attention is called to this section.

It is impracticable to prepare a set of rules which will
wisely cover gvery case, and the applications of electricity are
still in a state of frequent change. If, therefore, in any instance

_it may appear that these rules do not cover the peculiar exist-
ing conditions in the best way, this department will be pleased
to give special consideration to the case.

The notes in connection with the rules and cuts have been
prepared in consultation with Professor William L. Puffer, of
the Electrical Engineering Department of the Massachusetts
Institute of Technology.

oth Edition, 6000, -
July, 1904. )
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The “ National Electrical Code,” as it is here presented (seel
page 23), is the result of the united efforts of the various in
~ surance, electrical, architectural and allied interests which have,

through the National anierence on Standard Electrical Rules, .
composed of delegates from various national associations, unani-

mously voted to recommend it to ‘their respective associations
“for approval or adoption The following is  a list of the

associations represented in the Conference, all of which have

approved of the Code :

‘American Institute of Architects:

American Institute of Electrical Engineers.

American Society of Mechanical Engineers.

American Street Railway Association.

Associated Factory Mutual Fire Insurance Companies.
National Association of Fire Engineers.

National Board of Fire Underwriters. °

National Electric Light Association.

National Electrical Contractors’ Association.
Underwriters” National Electric Association.



POWER HOUSES, TRANSFORMER STATIONS, AND
GENERAL SUGGESTIONS FOR LARGE MILL
' POWER AND LIGHTING PLANTS.

0

These suggestions are intended especially for electric
plants of fairly large capacity or high voltage, and for the
rooms or buildings containing such equipments. Large values
are frequently concentrated in such power and transformer
houses, so that there is a chance of large loss from fire or water.
There is often delay in repairing or replacing damaged elec-
tric machinery, which may easily result in a greater loss tha®

-the fire itself, due to the stoppage of motors and lights which
are directly dependent on the power station. It is therefore of
the greatest importance that these centres of power be made as
fireproof as possible. :

It is not intended in these suggestions to include the ordi-
nary engine room, in which a few comparatively small, low-vol-
tage generators are installed. Such rooms should ordinarily have
the usual sprinkler protection of the mill. In brief, the construc-
tion must be fireproof, or else sprinklers must be provided.

Locations. — The location of the power house will usually be
fixed by convenience to water or coal supply, as in the case of
the water power station »
shown in Fig. 1. Where
step-up transformers of
large capacity or forvery
high voltages are used,
a separate transformer
building, detached from
the main power house,
is desirable, in order to
keep the high voltages
and possibilities of light-
ning*roubles absolutely
out of the power house.
For smaller equipments, Fic. 1.

a transformer room in the ISOLATED POWER HOUSE.

power house, but with a '

fire wall between it and the main generator room, may be pro
vided. :

Where current from outside is transformed at the mill, it

is desirable to place the transformer house outside the main
building groups so that the high-voltage wires will be absolutely
out of the way in case of fire. Such a transformer house would
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contain the necessary lightning arresters and switches, so that
all current could be cut off from the buildings.

Fig. 2 well illustrates just such a building. This transformer house is
located on the bank of a
river opposite the mill sup-
plied by the transformers,
the 550 volt secondary wires
which are carried across
the river being plainly seen
in the cut where they leave-
the building. The 2000 volt
primary wires are brought
along the river bank and
enter the transférmerhouse
as shown at the-left of the
cut. As fire in the wood-
en shed back of the. build-
ing could not be -fought
from the river side, the
high-tension wires would
not be in the way of the
Fi1G. 2. firemen even in case of
SEPARATE TRANSFORMER HOUSE. fire here, so that the loca-
. tion of the transformer
house is excellent. The arrangement of lightning arresters, switchboard,
transformers, etc., is well shown in Fig. 6, page 8.

Where there are no transformers, a small switch and light-
ning arrester house near the point where the wires enter the
yard, and away from main  buildings, is. desirable for similar
reasons. It isa good plan to carry the wires underground from
such a. transformer or switch house to the buildings, but where
this cannot be done, the overhead wires should be most care-
fully arranged, so as not to be in the way in case of fire.

Fig. 3 shows a terminal house for a 13,000 volt line. This house contains

only the lightning arresters and high-tension switches, and is located well
. away from other buildings.
From this house .the high-
voltage wires are carried
underground to the trans-
former house, 3o that the
chance of accidental con-
tact with these dangerous
circuits, or their interfer-
ence with firemen in .the
vicinity of the main build-
ings, is reduced to a mini-
mum. This terminal house
is entirely fireproof, and
the only openings are the
window shown in the cut
and a door in the opposite
wall. Where a connection
from a high-voltage trans-
mission line must be

T e ' brought into a mill yard

" . Mg 3 the above arrangement ié

FIREPROOF LIGHTNING ARRESTER AND excellent from a fire stand-
- SwiTtcH HOUSE. point.

¢

Construction, — Power houses and transformer and switch sta-
tions should be thoroughly fireproof. The walls should be of
‘brick or equivalent, and should be bare on “the inside, without
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combustible finish of any kind. Pressed -or enameled brick
may be used where artistic finish is desired. The floors should
be fireproof, and with no wood or combustible top flooring
except such small sections as may be desired around high-
voltage apparatus, and any such sections should have no hollow
spaces under them in which dirt might collect or a fire gain
headway. For large stations the roofs should also be entirely
incombustible. For stations of moderate size, 1000 H. P. or
less, and where the roofs are 20 or 25 feet above the electrical
machinery and free from wiring, a solid plank and timber roof
may _be built if an incombustible roof is objectionable on
account of expense or for other reasons. . The exposed wooden
surfaces of both plank and timber in such a roof should then be
fireproofed. Where there are no wires near the roof, this fire-
proofing may be done by covering the surfaces with expanded
metal lathing and bard plaster. Where wires; especially of
high-tension circuits, run over such ceilings, metal lathing is
not desirable, and a covering of two layers of 14 inch Sackett
plaster board or equivalent laid to break joints, and the whole
covered with hard plaster, may be used.

In general, such fireproofed roofs may be used also on all
except large transformer stations, and on switch and lightning
arrester houses unless these contain apparatus of considerable
value, in which case an entirely fireproof building would gene-
rally be advisable.

The above points are well illustrated in. Fig. 4, which shows an in-
terior view of the power house shown in Fig. 1, page 3. Attention is
called to the very high -
roof which in this caseis
built of plank and timber
fireproofed with expanded
metal and plaster as sug-
gested. See also Fig. 6,
page 8, where this same
style of roof is sho#vn for
a transformer house.

The objection to
metal lathing in the vicin-
ity of high-tension circuits
is that in case of a short-
circuit or other disturb- .
ance on these wires, the -
arc might follow to the
metal work, and in at-
tempting to get to the
ground, would be liable to
start other arcs at differ-
ent points, which might
destroy the ceiling or ig- F1g. 4.
nite the woodwork back of
the fireproofing. In such INTERIOR OF POWER HOUSE SHOWN IN F1G. 1,
cases, therefore, the plas- PAGE 3.

‘ter board is preferable.

Wire Towers, — Where the distributing circuits are run over-
head, a wire tower is frequently the most convenient and best
method of connecting with the outdoor lines. Such a tower
should be entirely fireproof, and completely cut off from the
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rest of the station. ~ There should be as-few openings as conve-
nience will permit between the tower and the station, and each
opening should have a standard self-closing fire door.

In order to keep as much of the wiring out of the mainroom
as possible, the switchboard can often be advantageously built
into the wall of the tower, but leaving no opening between the
tower and the main room, except as above. = This arrangement
brings the-back connections on the board into the tower, where
they can be readily connected to the risers, and it puts the con-
siderable mass of wires, which necessarily concentrate toward
the back of a large switchboard, where short-circuits or fire can
do no damage to the main and expensive part of the apparatus,
and furnishes a convenient place in which to make repairs
and changes in wiring, switchboard connections, etc.

In Fig. 4, *@ge 5, the main switchboard may be seen on the right-
hand wall. This Board is located at the bottom of the wire tower shown in
Fig. 1, page 3. Fig.5
gives a nearer view of
the board, which, as
shown, is set . flush
with the wall asabove
suggested. The open-
ing at the right of
the board, however,
should be protected
ny an automatically
closing fire door in
order to thoroughly
cut off the tower from
the main room. Back
. F16G. 5. of the board are lo-

SWITCHBOARD BUILT INTO WALL AT Borrom or Cated the switch-
WIRE TOWER. board, transformers,

) ) oil switches, etc. This
makes a very convenient and safe arrangement for switchboard and wire
tower.

Underground Conduits and Wire Tunnels.— W here the distributing mains
are run underground, a conduit system is believed ‘the safest
and best arrangement. A tunnel for the wires may, however,
be built if preferred, but should not open directly into the power
station or transformer house nor into any important building ;
connection into such buildings should be made by wires-pass-
ing through bushings built in the walls. If necessary to enter
the tunnel from a station or other building, a small doorway
may be provided in the separating wall and protected with a
standard automatically closing fire door. Other access to the
tunnel may be provided by outside openings suitably protected
from the weather.

Long wire tunnels, especially those of any considerable size,
should be subdivided by brick walls about every 250 feet, the
wires passing through the walls in bushings cemented in and
of such sizes as to fit the wires as closely as practicable. The
wires should then be built up with tape, if necessary, to entirely
fill the bushings. = Small doorways may be made through such
walls, each opening being equipped with an automatically closing
fire door. '
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The subdividing walls are desirable in order to limit any trouble to a
small sgction.” Otherwise a bad short-circuit or a fire from any cause might
extend the entire length, as the ordinary insulations, even where a slow-
burning outer braid is‘used, will burn when thoroughly heated, and in such
wire tunnels there are likely to be so many wires running close together
that in the aggregate. there would be considerable tombustible material.
 The-ordinary methods of fire-fighting would not be applicable in such cases,
as access to the seat of the fire would be prevented by smoke and heat.
Each section should be ventilated out of doors so.as to keep the tunnel
cool, and also to facilitate the escape of smoke and: gases in case of acci-
gent. I&1 tunnels, wire having a slow-burning outer insulation should always

e used. :

It is therefore evident from the fire standpoint that the conduit sys-
tem is preferable, as a short-circuit or other disturbance would rarely
extend beyond the point of starting, and would be much less liable to
involve all of the circuits. Convenience of ogeration and extension, such
as the withdrawal and insertion of wires an the‘addix:i% of new circuits,
can be readily taken care of by meéans of manholes at different points and
the laying of a few extra ducts when the system is put in.

In conduits the wires-are not. subject to great changes in tempera-

~

ture, as often occur in tunnels, where steam pipes, water mains, etc., are
often placed along with the wires. i

« Partitions, Offices, Supply Rooms, and General Interior Finish. — Many other-
wise excellent stations and transformer houses have been ren-
dered - absolutely dangerous by the introduction of wooden
sheathing; partitions, shelvings, etc. Starting with the furda-
mental idea that the station shall be fireproof, it is essential
that, in addition to incombustible walls, floors, and roofs, there
should be almost nothing inside the building which can burn.
Where the electrician’s office is more than a simple desk and
chair occupying one corner of the main room, for example, it
should be cut off by fireproof partitions and protected by auto-
matic sprinklers.  The supply room should be cut off and
sprinkled. ~Basements, although built all fireproof, almost in-
variably at times have more or less combustible material stored
in them in the shape of supplies, packing .cases, etc., so that
they should generally be sprinkled. It is in fact rather better,
where possible, to build stations without basements, putting
the main-floor directly on the ground and providing storage
and office rooms in an adjacent section, cut off by a fire wall.

: Boiler rooms, where adjoining power or transformegr houses,

should be separated by fire walls with but few openings
through them, and standard automatically closing fire doors
should be provided at each opening. :

Arrangement of Apparatus, — The’ apparatus, such as generators,
switchboards, transformers, etc., should not be crowded, but
should have liberal space around each piece in order to give
free access to all parts for changes, repairs, etc., as well as for
convenient care and manipulation. ; .

These points have been well carried out in the generator and trans-
former rooms shown in Figs. 4 and 6, pages 5 and 8.

Wiring. — All open wiring in stations, transformer and switch
houses, wire towers and tunnels, should have incombustible
insulations or at least slow-burning outer braids. For low-
voltage equipments (550 volts and. less) slow-burning weather-

o
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proof insulation (see Rule 42, page 88) is satiéfactbry. For high

voltages rubber insulation is necessary, but this should have a
heavy, slow-burning outer cover which will prevent flames run-
ning over the wire or the rapid combustion of the rubber.

Rubber wires with such slow-burning outetr braids have been in use
for some time, although to a limited extent. They can, however, be
readily procured from most of the wire manufacturers. Wire having
insulation composed largely of asbestos has recently been placed on the
market. This is mainly incombustible, and therefore especially adapted

for power station work in dry places. It would not do where there was

danger from dampness.

Transformer Building. — Transformers, as stated, should not be
located in the main power house except for comparatively small
plants. The construction and fitting-up of a transformer house
i should follow closely
the preceding sugges-
tions for.power houses.
The main point is to
have practically no-
thing to burn, and to
have all parts of the ap-
paratus readily accessi-
ble. The transformers
should be set-on brick,

dations, and, where of
the air blast type, all
air passages should be

en wireracks andframes
should be avoided, and,
where some ‘wood is de-
sirable for insulation, it
should bein solid pieces,
generally hard wood,
R ~ and with not enough
- TFIG- 6. - - . bunched together in
Srrepion or TRuvesoRkEs Koted any one place to sup-
port combustion.

The transformer house should be well ventilated to prevent

the .accumulation of explosive vapors which may be given off
from the oil when hot, and to facilitate keeping the room cool,
thus preventing overheating of the transformers. Good venti-
lation also assists in removing smoke in case of fire in the
. 53 o N
transformers, and allows men to enter and extinguish the fire,
which would not be possible were there not free outlet for the
smoke. Floors should also be kept clean and free from oil.
Fi%. 6 gives an interior view of the transformer house of Fig. 2, page
4, and shows a very good arrangement. of the apparatiis. The primar
wires are brought directly to fuses and oil switches on the switchboard,

" and_then run to the several transformers. The remainder of the board is
used for the secondary fuses and switches, as each secondary circuit is

. concrete, or stone foun-

incombustible. Wood-
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controlled at this point. As a rule, this would not be considered necessar{,

but was done in this case for convenience and to permit of cutting off all
current from circuits not in use. The room shown is 27 ft. by 13 ft. by 16
ft. high. The ceiling is fireproofed with wall board and hard plaster. It
would have been better to-have made the wire racks largely of angle iron
instead of wood, in order to have as little combustible material in the room
as possible. The cut also shows the desirability of using slow-burning in-
sulation on the wires, for where they are grouped as in this. case the ordi-
nary-weatherproof -or rubber insulation would allow fire at the transformer
or switchboard to spread rapidly throughout the room. 2,

Lightning Arrester Room. — Lightning arresters and choke coils
should generally be in fireproof rooms. At the station these
may be at the top of the wire tower ; at the transformer build-
ing they may be in a small section partitioned off from the
main transformer room. Woodwork should be avoided in the
construction and mounting of choke coils, and in general the
same entire absence of combustible materials should be re-
quired as in the power station itself.

Fire Protection. — Although*the intention is to have practically
nothing to burn in’ the buildings under discussion, experience
shows that even with the best of care combustible material
frequently gets into such places, as, for example, packing boxes
and blockings, stagings, etc., used during-repairs, temporary
woodwork used in connection with experiments or:for some
other special purpose not originally  contemplated, but often
resulting in sufficient fuel to be ‘dangerous. A moderate
amount of protective equipment. is therefore necessary for
reasonable safety. | ‘

With the thoroughly fireproof construction advised, auto-
matic sprinklers would generdlly not be necessary in the main
generator or transformer room or in switch houses. There
should, however, be a good ‘supply of fire pails kept full at all
times. There should also be several lengths-of approved brand
1% inch linen hose, with smooth nozzles. Enough lines
should be provided so that a stream of water can quickly be
brought to bear at any point, and two streams at any place
where there may be special danger. ?}Fr:inklers should be pro-
vided in basements, supply rooms, offices, locker rooms, etc.,
where there is sure to be more. or less burnable material. Fire-
proof construction does not prevent the contents of a roo
from burning with dangerous results. : '

In older stations which -may have plank roofs and floors,
sprinklers should usually be provided throughout, as it is better
in.most cases to take the risk of some added water damage than
the certainty that under many conditions fire would destroy the
station. Where ‘the danger- of fire is not foo great, sprinkler
heads in such cases” directly over generators and switchboards
may be supplied through a separate pipe, and the water kept
shut off by a valve accessibly located outside of the room pro- -
tected. ' N : :

For stations “of considerable value, or of great importance
for the maintenance of electric current supply, one or more

sf
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frostproof hydrants outside, from which streams may be ob-
tained in cage of some unexpected need, should be provided.
It is well to. cover these hydrants with standard hose houses
fully equipped with hose, play-pipes, etc. The capacity of such
outside equipment needed will of course depend on the value
and importance of the station, its construction, the probability
of combustible materials_ever being introduced, and the expo-
sure in case of fire in any surrounding buildings.

There may seem little need for this heavier apparatus where the sta-
tions ‘are all incombustible ; our whole experience, however, shows that
conditions often change, that dangerous teatures creep in now and then,
and that temporary needs often result in objectionable expedients ; so that,

taking it altogether, to make such & station thoroughly sate and 4s good a

risk as the average fully equipped Mutual mill, it.is necessary to have some
outside equipment, though ot lesser extent and capacity, on account of the
fireproof construction, than would be required for a factory building of
‘the same value. - = y

5

Small hose and sprinklers must be supplied from some
reliable gravity source,as a good public water system, a private
reservoir-on a near-by hill, or a liberal tank on a high trestle.
The same souree of supply is desirable for hydrants, although a
pump could of course be used where it could be located so that
it would be safe and have power even though there were a bad
fire in the station. A gopd public fire department quickly avail-
able and with some reliable water supply would lessen and
perhaps remove the need of outside equipment.

"The power house shown in Fig. 1, page 3, is a good example of an
isolated station: needing just 'about such a fire protective equipment as
above outlined, as the plant-is not within easy reach of a public depart-
ment or other outside aid. A reservoir of about 60,000 gallons capacity was
therefore built on the hill shown in the cut, giving about 50 1bs. pressure at
the power house. An 8 inch main from this reservoir supplies two 2-way

ard hydrants, a few sprinklers around heating apparatus, etc., and several

ines of inside hose.. A pump goed for one fire stream is also connected and
ordinarily used for filling the reservoir.. It, however, would be of consider-
able service in case of brush fires in the vicinity of the station or in the
event of fire in any neighboring dwellings which might be built for the use
of the station men, etc. Moreover, by locating this pump in a safe place, as
abo;rfe suggested, it would be available at time of fire in the power house
itself.

Important transformer stations should have substantially
“the same sort of protection. Small switch and lightning
arrester houses having comparatively little value would not
ordinarily need special protection other than a few fire pails,
but should be kept absolutely free from combustibles, as a slight
fire might be troublesome from interruption of the service,
though the actual money loss might be slight.
While the above covers the general requirements, each case

usually needs some special study to get at the best results, so.

that it is desirable to take up this whole question of fire protec-
tion, as well as the general arrangement of the electric equip-

ment, with the Underwriters before contracts are finally made. -

For extinguishing fires in transformers, especially where
oil cooled, so-called” dry powder extinguishers thrown into the
cases during the early stages have been found very effective.

=
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The efficiency of such powders for this work is undoubtedly
due to the fact that the casings confine the gases from the
powder so that they displace the air, and the fire, which has.not
gained great heat, goes out from lack of oxygen. With oil
transformers water is of little use except to protect the sur-
roundings, and the fire in the transformer must be smothered
either by such gases or by stopping up all vents.

Such fires cannot be handled at a distance, but must be foughtat close
range, which also emphasizes the necessity of so building and ventilating
the houses that they can be entered during gfire. With an air blast trans-
former on fire, the dampers should 'be immediately ‘closed and the fans
stopped; then the powder-extinguishers or other methods can be applied.

A dry powder mixture of bicarbonate of soda and oxide of iron in the
proportion of 9 pounds of soda to 1 pound of iron makes'a good tire extin-
guisher. The sodabreaksup with heat, forming carbonic acid gas. The pur-
pose of the iron oxide is-simply to prevent caking due to dampness. The
oxide should therefore be thoroughly mixed with the soda. It is well to
keep such powder in metal cans with a fairly tightly fitting cover, thus
keeping it practically dry. ° T



12 STOCK' ROOM
It is strongly urged that every mill having an electric light
or power plant should set aside a small room for the systematic
storage of approved fittings, and should keep on hand a suffi-
cient supply to insure that all repairs or extensions may be

properly done. This will frequently prevent the use of make-
shifts when fittings give out, and will be an incentive to the man

Fi6. 7. -
STOOK ROOM FOR ELECTRICAL FITTINGS.

in charge of the electric plant to keep everything about it in
first-class condition. This room should be kept locked, and
none but authorized persons should have access to it.
This is undoubtedly a large part of the secret of keeping
a plant in good shape and up to date without special periods of
more or less expensive overhauling.
Fig. 7 shows a section of a well arranged and well kept mill
stock room for electrical supplies. This room also contains the
electrician’s drawing table, electrical measuring instruments, etc.



THE RULES IN BRIEF.

.

The following abstract of the Rules gives in concise form the,
general requirements for average Factory Mutual mills, and calls
special attention to a number of important points frequently over-
looked when laying out a plant. ; AR

Contracts. : ’

It is advised that all contracts for electrical work contain
the following clauses: — e

All work shall conform strictly to the requirements given
in “Rules for Installing Electric Light and Power Apparatus,”
issued by the Inspection Department of the Associated Factory
Mutual Fire Insurance Companies. e S

No fittings shall be used which are not listed in the latest
edition of “ Approved Electrical Fittings,” issued by the In-
spection Department of the Associated Factory Mu{xal Fire
Insurance Companies. R

\

Generators.

‘Generators should be located in clean, dry- places, away
from combustible materials ; and a light location rather than a
dark one is always preferable. It is not desirable to place -
them in the work-rooms of a plant where combustible material
abounds, as in the ordinary textile mill, though they may some-
times be so located if properly cut off from the main room by a -

" dust-tight plank partition. A location suitable for a first-class
steam engine is none too good for a generator.

A solid foundation is necessary for smooth running. The generator
frame should, where possible, rest on timber supports; and should be
fastened to them by lag screws or bolts which do not pass through in such
a way as to electrically connect the frame with the ground. Two parallel
timbers, as shown in Fig. 14, page 34, are preferable_to a four-sided frame-
V\;ork, which encloses a place under the machine that is difficult to keep
clean. :

Motors.

The use of voltages above 550 in rooms where manufactui-
ing processes are being carried on is rarely advisable or neces-
sary, and will only be approved when every possible safeguard
has been provided. Plans for such installations, should be

submitted to the Inspection Department before work.on them
~ is begun. S :

Direct-current motors and alternating-current motors with
brushes should be so located or enclosed, especially in dusty
or linty places, that inflamnfable matexjal or flyings cannot
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accomulate around them and become ignited by serious spark-
ing at the brushes. - Similar protection should also be provided
in wet places, as most electrical machinery is injured by con-
tinued exposure to moisture.

' Alternating-current induction motors of the type without
brushes can be safely located in almost any part of a textile
plant without being enclosed, being generally no more dangerous
than any other piece of machinery running at the same speed.
~For light work, direct-current motors' which have all of the
working parts enclosed in an iron case are on the market, and
these “enclosed ” motors may be treated in the same way as
induction motors without brushes.

Where an enclosure around- the whole motor is provided,
it should include the starting rheostat or auto-starter, as well
as the main switch and fuses or circuit-breaker, and should, if
possible, be of such a size as will permit the attendant to enter
it and easily get at any part of the apparatus. It should prefer-
ably be made largely of glass, so as to keep the motor in full
view of the attendants, thus promoting cleanliness and making
it possible to quickly discover any derangement. (See Figs. 17
and 18, pages 36 and 37.) It should also be thoroughly ven-
tilated, in order to prevent undue heating of the electrical
machinery.

Where a motor is permitted to be used in a dusty or linty
place without being enclosed, or if the enclosure provided for it
is too small to include anything else, the rheostat or auto-starter
and the main switch and fuses or circuit-breaker should be
placed in a dust-tight wooden cabinet. (See Fig. 16, page 35.)
Similarly, in wet places, these accessories should be protected
from moisture in a cabinet which is thoroughly water-tight.

Switchboards.

Switchboards should be made of slate or marble; supported
on metal frames, and should be located well away from com-
bustible materials. They should always be open at the sides,
and a space of at least 12 inches should be left between the
floor and the.board, and 3 feet, if possible, between the ceiling .
and the board, in order to lessen the danger of communicating
fire to the floor or ceiling, and to. prevent the formation of a
partially concealed space, very Hable to be used for the storage
of rubbish, oily waste, ete. (See Figs. 9 and 10, pages 27 and
28.) ~ it :

The instruments should be neatly arranged and the wiring
on the back should. be laid out in a careful and workmanlike
manner.

It is recommended that all live parts, such as bus-bars and other con-
ductors, be protected against accidental contact as far as practicable by
suitable insulation, which shall be ¢ ftame-proof ’’ or ¢ slow-burning” and
designed to withstand a reasonable amount of abrasion. The chances of
accidental short circuit and arcing at these points may thereby be greatly.
reduced. Imsulated cable for bus-bars and connections is excellent for
this purpese. However, the conductors could be wrapped or taped if this
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should be found more conveniént, but this methed should never be used
unless it can be done well. -Special precautions might also be necessary
with eithgr method if applied to high-voltage switchboards. (See Rule
3 a, page 27.

Irgl addZ‘tion to the usual mgasuring instruments and other apparatus,
the switchboard should contain reliable devices for testing for grounds.
The usual forms of ground detectors are described in the Appendix, page123.

Dynamo Room Wiring. : _

Since there is generally a considerable number of wires
brought close together in this room, particularly in the vicinity
of the switchboard, the use of a “slow-burning ” insulation is of
great importance, and attention is therefore called to the para-
graph on “Inside Wiring,” page 16. As automatic sprinkler pro-
tection is not always advisable in dynamo rooms, the necessity
for reducing as far as possible the chances of a fire at this point
is at once evidert. The desirability of fireproof construction
throughout the dynamo room is especially emphasized in the
chapter on power houses, etc., page 3.

Special care should be exercised in rigidly supporting and
thoroughly insulating the wires from generator to switchboard,
as the main fuses are usually on the switchboard and a short-
circuit between these wires would, therefore, be likely to burn
out the armature. W

Outside Wires.

All outside lines should be carefully laid out through mill
yards, so as not to interfere with fire streams or ladders, a
definite plan being determined upon before work is commenced.
Many wiremen are very careless about this matter, and if not

~ cautioned will run the wires in the easiest way, regardless of
looks or safety. ' :

Wherever a high-voltage circuit enters the mill yard from a
distant station, outside emergency switches should be so placed
that in case of fire or other accident the current can be quickly .
and safely cut entirely out of the yard. (See Rule 22 g, page 65.)
Telephone or call-bell service from the mill to the power station
is not usually sufficiently reliable to make these switches un-
necessary. Lightning arresters should be provided on all wires
which aré liable to receive lightning dischargés.

Fire Lights. : iy

Itsis a good plan, where possible, to arrange in yards and
buildings, on circuits entirely out of the way of ladders or fire
streams, a few lights which may be thrown on at the time of.a
fire when the main lights are off, enabling firemen to move about
quickly and safely. : :

Such lights can generally be best a’rranied on entirely separate cir-
cuits, and will often be useful for repair work and for lighting the help
into’'and out of the mill, when thé main lights are off. : These circuits may
take current from a sma}l, separate generator, driven by an independent
engine or water-wheel; or from outside lines; or possibly from a storage
battery, so 1Solated from the main buildings,as not to be affected by a fire
in them.
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Transformers, ... ~

Where transformers are to be connected to high-voltage
circuits, the Inspection Department should always be consulted
before work is begun or the apparatus is purchased, as it is
necessary in many cases, for best protection to life and praperty,
that the secondary system be permanently grounded, and this
cannot be done unless provision is made for it when the trans-
formers are built.

Transformers should always be located ouside of buildings,
unless special permission is given to put them inside. In gen-
eral, it is dangerous to locate transformers with oil-filled cases
inside, as it is entirely possible for a break-down of insulation
to ignite the oil, which may result in a very stubborn fire. For
the same reason, the placing of these transformers on roofs is
also objectionable. :

Even transformers which are not oil cooled may contain a
considerable amount of combustible material which, if ignited,
would make a hot fire, especially if the cases are ventilated as
‘is customary with these types of transformers. Moreover a
burn-out in the windings may cause dense smoke, which m¥ght

-easily be mistaken for a fire and cause fire streams to be thrown
into the building, with a resultant water damage. They can,
therefore, be permitted inside of buildings only after the cir-
cumstances have been carefully considered and the necessary
safeguards provided. : R

Inside Wiring.

Rubber-covered wire must be used in all damp places, in all,
conduit, moulding or concealed work, and throughout all sys-
tems on which the voltage exceeds 550. : ' :

For “open” work in dry places where the voltage is not -
over 550, rubber-covered wire may be used if desired, but slow-
burning weatherproof wire fulfills every requirement for such’
work, in fact is preferable, and is less expensive. This wire has. °
special merit for use in linty and dusty places, for lint does not
readily adhere to the hard, smooth, outer surface, as i the case
with wires having a weatherproof braid on the outside which in"
warm rooms begomes sticky. Moreover what little lint may
collect upon it can be easily brushed off, so that when “ sweep-
ing down " there is much less liability of breaking the insulators
or badly deranging the wires. '

Where of necessity a considerable number of “ open ” wires
are brought close together as, for example, about the ordinary
distributing switchboard, the wires should have either the slow-
burning weatherproof insulation as just described, or a rubber
insulation protected by a heavy “slow-burning ” outer braid.

: The weatherproof and rubber insulations in common use contain a |
large amount of inflammable material, which ignites easily and produces

a fierce fire and dense smoke. It is therefore desirable to reduce, as far as
possible, the amount of this inflammable material and to surround it with '
a tight, ¢ slow-burning > cover to prevent rapid combustion. To still fur- .
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ther reduce the amount of combustible material,the porcelain  insulators
by which the wires are held in place may be supported on an iron frame.
(See Fig. 8, page 26.)

Before beginning work the circuits should be carefully
mapped out and the work so planned as to secure the very
simplest arrangement. The wiring should then be put up in
a neat manner, and should present a thotoughly workmanlike
appearance. (See Fig. 83, page 57.) -

In many cases far too little attention is given to this matter while
the work is in progress, the result being a general disappointment to all
interested in the plant, espeéially to those who understand what a really
first-class job of wiring looks like. - This-disappointment is probably felt
by nobody more than by the owner, when he realizes that with reasonable

care and common sense a better and undoubtedly safer equipment could
have been installed at practically the same expense.

In mill work, “open ” wiring securely supported on porcelain
insulators is generally best. Mains-of No. 8 B. & S. gage wire
and larger are usually most conveniently carried through space
from timber 'to timber.and supported at, each timber only.
Smaller wires: thus supported would be liable to be broken, and
should therefore be wrapped around-the beams or carried through
them in holes bushed with porcelain, or they may be fastened to
strong running-boards, well put up. The idea is to have the wires
so rigidly supported on proper insulators that, even if they were
bare, the insulation of the system would be perfect. All joints
should be securely made ang then carefully soldered and taped.

Wires should be carefully protected where liable to be de-
ranged or injured, as in passing from story to story up side
walls or columns, or near belts, or over shelves and similar places
where anything is likely to be piled against them. Excellent
protection can be secured by carrying them through iron pipe,
first reinforcing the insulation of each wire by enclosing it in
flexible insulating tubing. On alternating-current systems, the
two or more wires of the same circuit should be run in the same
pipe to avoid induction effects. (See Figs. 85 to 38, pages 69 to
71.) Even on direct-current systems this arrangement is best,

» as then the expense and inconvenience of rewiring is avoided

. when it is desired to change such systems to, alternating cur-

* rent, which frequently happens. Protection may also be obtained
" by strong wooden boxing, with a slanting top to keep out dirt,

- the holes through which the wires enter the top being bushed

~ with shért porcelain tubes. (See Fig. 35, page 69.)

\ The use of incandescent lamps in series on constant-poten-
tial systems is not approved. (See Rule 21 & note, page 64.)
-Switches.

Knife switches should be enclosed in cabinets in all dusty
lor linty places or when so located that persons would be liable

“‘to come in contact with the. bare terminals. Up to 250 volts

. and 30 amperes, approved indicating snap-switches are consid-
' ered preferable for use on lighting circuits.

twl/
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Cut-Outs. \

Link fuses are not advised for general use about a factory,
" and . will not be approved, unless mounted on slate or marbie
bases made to conform to-the specifications given in Rule 52,
page 101,and enclosed in dust-tight, fireproofed cabinets. (See
Figs. 43 and 44, page 109.) The ordinary porcelain link-fuse
cut-outs are not permissible. Approved plug and cartridge
fuses may be used almost anywhere in the ordinary manufac-
turing plant without the enclosing cabinet, such cabinets being
necessary only. in specially hazardous places, or where persons
would be liable to come in contact with the bare terminals.
- These fuses of the enclosed type are strongly recommended
for general use. .

The enclosed fuse has recently been standardized by a special committee
of the underwriters in consultation with the fuse manufacturers. (See
specifications, page 105.) This was found necessary in order to secure an
interchangeable fuse for any given capacity regardless of the make. This
feature has heretofore been sadly lacking, and the result has been great
inconvenience or theé use of dangerous substitutes, such as fuse wiré, wire
nails, etc. The great advantages of an interchangeable fuse are evident,
and it lils urged that the National Electrical Code Standard fuse be used
generally.

Rosettes.

Either fused or fuseless rosettes may be used as desired.
With fuseless rosettes the number of 16 c. p. lamps per circuit
should not exceed 12, and for convenience the branch cut-outs
should be located over alleys or in other readily accessible
places. With fused rosettes, 30 or 40 lamps could be placed on
one circuit if desired, but it is better practice to have a smaller
number, so that the blowing of the fuse at a branch cut-out
will not extinguish so many lights.

Flexible Cord.

With the exception of wet rooms, storehouses, and specially
hazardous rooms of textile mills and the like, approved flexible
cord may be used for all pendants which hang freely in the air. If
the lamp is to be moved about, so that the cord is liable to come
in contact with surrounding objects, reinforced flexible cord like
that described below for « Portable Lamps ” should be provided.

The two conductors which form the cord should be carefully
knotted together in both socket and rosette, so as to prevent
any strain from coming on the small binding screws in these
fittings.

Portable Lamps.

In this class of work the fittings are subjected to much hard -
usage, and the very best possible construction is therefore
necessary. Instead of the ordinary flexible cord made for pen- -
dant lamps, a special cord having an extra covering of rubber,
reinforced by a tough outer braid, should be used. A-list of
manufacturers who can supply such cord is given in “ Approved
Electrical Fittings.”
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The cord should be securely fastened to the wall or ceiling
by a cleat or split knob near the point at which it connects to
the rosette or supply wires, so that no strain can come on this
connection. (See Fig. 41, page 80.) It should also be knotted
inside the socket, as explained above under * Flexible Cord.”
An approved metal shell socket with an outlet threaded for
% inch pipe should be used, so that the whole cable may be
drawn into the socket and still permit the use of a proper socket
bushing. )

The bulb of an incandescent lamp frequently becomes hot
enough to ignite paper, cotton and similar readily ignitible
materials, and in order to prevent it from coming in contact
with such materials, as well as to protect it from breakage, every
portable lamp should be surrounded with a substantial wire
guard. Many of the lamp-guards now on the market are very
flimsy and utterly worthless. ‘

Waterproof Pendants.

For incandescent lamps in wet places, approved water-
proof sockets should be used. These sockets should be sus-
pended by separate, sfzanded, rubber-covered wires, soldered
to the socket leads and also to the overhead wires. Where
the pendant is over 3 feet long, the wires should be twisted
together. The entire weight of the pendant should be borne by
cleats or some other independent means, in order to prevent
any strain on the connection to the overhead wires. (See
Figs. 39 and 40, page 79.)

Arc-Lamps.

“Enclosed arc” lamps having tight inner globes may,
in general, be used wherever desired, although in “ Especially
Hazardous Places,” mentioned below, it is believed that the
incandescent lamp makes the safer light and is generally as
satisfactory. Its use in these rooms is therefore recommended
- in preference to the arc lamp. Any switches attached to arc
lamps, or resistance coils used with them, must be so arranged
and protected that dust cannot gather around them and become
ignited by a spark from the switch or by overheating of the

- resistance or magnet coils. Each lamp or series of lamps must

be protected by a separate cut-out, and the lamps may be
groupedtand controlled by switches as desired.

As 4 matter of regulation it is not advisable to have a very large
number of lamps controlled by one switch, as annoying momentary fluctu-
ations in the voltage of the generator may result when the switch is closed
or opened. . ;

In general, the use of arc lamps in series on constant-poten-
tial systems should be avoided if possible. However, if other
. arrangements of circuits are impracticable, this may be per-
mitted on low-voltage circuits, provided the lamps are specially
designed for this service and are favorably located. (See Rules
21 4 and 29 g, pages 64 and 80.)
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Especially Hazardous Places (such as Picker and Carding
Rooms, Napping Rooms, Dust Chambers, Etc.). :

For incandescent lamps in these more hazardous places, an
excellent pendant can be secured by using reinforced flexible
cord and a keyless socket with an outlet threaded for 3 inch
pipe and properly bushed, as advised for “ Portable Lamps ” on
page 18." The cord should be securely supported from the ceil-
ing by a porcelain cleat or split knob, and the two conductors
should then be separated and soldered to the overhead circuit.
(See Fig. 41, page 80.) The regular “ Waterproof Pendant”
described on page 19 could also be used. As far as possible cut-
outs should not be located in these rooms, but if this cannot be
avoided they should be of the plug or cartridge type and should
be enclosed in dust-tight wooden cabinets. ' (See Rule 54, page
108.) If it is desired to control the lights from points in these
rooms, it should be done by snap switches, which should be
either enclosed in dust-tight cabinets or located where lint and .
flyings cannot accumulate around them.

» Storehouses.

The best and safest light for storehouses is the incandescent
lamp. Special care should be taken to so locate and protect the
wires that the handling of storage in the building could never
derange them. The pendants should be of the type advised
above for ¢ Especially Hazardous Places.” The cut-outs and
switches should be grouped and enclosed in dust-tight wooden
cabinets. Strong lamp guards should be provided, as advised
for ¢ Portable Lamps ” on page 18. : : i

Telephone, Call Bell, and Similar Circuits.

The arrangement of these wires should be as carefully
planned as that of the lighting or power circuits. They should
be so placed as never to be in the way of fire streams or lad-
ders. Where possible, the signal wires about the yard should
be kept entirely away from lighting or power circuits. This
avoids the liability of the two systems crossing if breaks occur,
and dangerous currents being conducted into buildings over
wires ordinarily considered harmless.

Where the arrangement is of necessity such that crosses
might occur if wires broke, protectors should be provided near
the point where the signal wires enter each building. Pro-
tectors should also be provided on all foreign lines, such as
public telephone or fire-alarm wires, and on all private lines
which are liable to receive lightning discharges.



GENERAL PLAN

GOVERNING THE ARRANGEMENT OF RULES

CLass A.—STATIONS AND DYNAMO ROOMS. In-
cludes Central Stations; Dynamo, Motor, and Storage-Bat-
tery Rooms Transfolmer Sub-Stations ; Ete. Rules 1to 11.

CrLass B. — QUTSIDE WORK, all systems and volt-
ages. Rules 12 to 13 A.

Crass .C.— INSIDE WORK : —
General Rules, all systems and voltages. Rules 14 to 17’,&
Constant-Current Systems. Rules 18 to 20. B -
Constant-Potential Systems : —

General Rules, a// voltages. Rules 21 to 23.
Low-Potential Systems, 550 volts or less. Rules 24 to 34,
High-Potential Systems, 550 t‘o 3500 wolts. Rules 35
to 37.
_ Extra-High-Potential Systems, over 3500 wolts. Rules
38 and 39.

Crass D. — FITTINGS, ‘MArTERIALS, AND DETAILS
%?‘ (égNSTRUCTIOV, all systems and voltages. Rules
to !

Crass E.— MISCELLANEQUS. Rules 64 to 67.
CLass F.— MARINE WORK. Rules 68 to 83. (As the

Factory Mutuals do not enter this class of work, this part of the Code is
omitted from this book.)

The Rules are printed in large type, thus: —

¢. Must be thoroughly insulated from the ground wherever
feasible..

2+ The fine-print notes belonging to the National Electrical
Code are in the smaller fine type, thus: —

A high- -potential machine which, on account of great weight or for other reasons,
cannot have its frame insulated from ’the ground, should be surrounded with an in-
sulated platform.

The explanatory notes added by the F actory Mutuals are
printed in the larger of the fine types, thus: — .

By “ground” is to be understood the earth, walls or floors of
masonry, pipes of any kind, iron beams, and the like,

= 21



GENERAL SUGGESTIONS.

In all electric work, conductors, however well insulated,

should always be treated as if they were bare, to the end that .

under no condition, existing or likely to exist, can a ground or
a short-circuit occur, and so that all leakage from conductor to
conductor, or between conductor and ground, may be reduced
to the minimum. ' o s

In all wiring, special attention must be paid to the mechani-
cal execution of the work. Careful and neat running, connecting,
soldering, taping of conductors, and securing and attaching of
fittings, are especially conducive to security and efficiency, and
will be strongly insisted upon.

In laying out an. installation, except for constant-current
systems, every reasonable effort should be made to secure distri-
bution centres located in easily accessible places, at which points
the cut-outs and switches controlling the several branch circuits
can be grouped for convenience and safety of operation. The
load should be divided as evenly as possible among the branches,

~and all complicated and unnecessary wiring avoided.

The use of wire-ways for rendering concealed wiring perma-
nently accessible is most heartily endorsed and recommended ;
anc this method of accessible concealed construction is advised
for general use. ' .

Architects are urged, when drawing plans and specifications,
to make provision for the channeling and pocketing of buildings
for electric light or power wires.

&



RULES

“ NATIONAL ELECTRICAL CODE.”

CLass A. "~ - -
STATIONS AND -DYNAMO ROOMS.

Includes Central Stations ; Dynamo, Motor, and Storage Bat-
tery Rooms ; Transformer Sub-Stations ; Etc.

1. Generators.

a. Must be located in a dry place.

If generators are allowed to become wet, there is likely to be more or
less charring or burning of the cotton insulation of the wires, due to the
fact that shellaced cotton will conduct electricity when wet. The current
leaking over this moist conducting path, the resistarice of which is being
constantly decreased by the formation of copper salts by electrolytic
action, may eventually develop excessive heat or evep fusion of some of
the metallic parts. ;

6. Must never be placed in a room where any hazardous
process is carried on, nor in places where they would be exposed
to inflammable gases or flyings of combustible materials.

Any generator, if badly designed, improperly handled or overloaded,
is liable to produce sparks, which may be of sufficient intensity to set fire
to readily inflammable gases, dust, lint, oils and the like.

¢. Must be thoroughly insulated from the ground wher-
ever feasible. Wooden-base-frames used for this purpose, and
wooden floors which are depended upon for insulation where,
for any reason, it is necessary to omit the base-frames, must be
kept filled to prevent absorption of moisture, and must be kept
clean and dry. :

Where frame insulation is impracticable, the Inspection
Department having jurisdiction may, in writing,” permit its
omission, in which case the frame must be permanently and
effectively grounded. '

A high-potential machine which, on account of great weight or for other rea-
sons, cannot have its frame insulated from the ground, should be surrounded with an
insulated platform. This may be made of wood, mounted on insulating supports, and
so arranged that a man must always stand upon it in order to touch any part of the
machine.

In the case of a machine having an insulated frame, if there is trouble from
static electricity due to belt friction, it should be overcome by placing near the belt a

metallic comb connected with the earth, or by grounding the frame through a resist-
ance of not less than 300,000 ohms.

By “ground ” is to be understood the earth, walls or floors of masonry,
pipes of any kind, iron beams and the like.

Jf frame insulation is not provided, a slight fault in the insulation of
the niagnet or armature coils is likely to ground the electric system, and
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1. Generators — Continued. .

a short-circuit will then occur the instant another ground occurs at any
point on the system. | g

The reason for requiring a positive ground wherever frame insulation
is impracticable, is to provide a definite path for leak currents and thus
prevent them from escaping at points where they might do harm. A good
ground can be made by firmly attaching a wire to the dynamo frame and
to any main water pipe that is thoroughly connected with underground
pipes. The wire should not be smaller than No. 6 B. & S. i;age and should
be securely attached to the pipe by soldering it to a brass plug screwed into
a fitting, or by binding it under a heavy split clamp, or by any other equally
thorough method. With direct-connected units, the engine or water-wheel
would generally furnish a sufficiently good ground.

It is best to provide a solid timber base-frame, even with a wooden
floor, for it is difficult to be sure that even a dry floor will furnish perfect
insulation, by reason of the many nails driven through it, the pipe hangers
likely to be screwed into its under side and the many other possibilities.of
metallic connection to the ground. For the same reason, care should be
taken that the bolts which hold the generator in place do not pass way
through the base-frame, so as to come in contact with the floor.

four-sided framework encloses a space underneath the machine,
and as such a space collects lint and dust and is not easily kept clean, a
frame consisting merely of two parallel timbers, like that shown in Fig. 14
on page 34, is preferable. The base-frame should raise the generator sev- °
eral inches above the floor level, as a raised frame is more easily kept free
from metal dust, dampness, etc., which may afford an opportunity for the
escage of current to the ground. A hard and durable finish for the timber -
can be made by several coats of linseed oil and a finish coat of shellac or
hard varnish, -
-~ When generators are direct-connected to engines or water-wheels, it
is necessary to use an insulating coupling if the frames are to be insulated
from the ground. The insulation of such couplings is not entirely reliable,
as the vibrations, shocks and constant strain of driving, together with oil
and dirt, are very liable to destroy the insulating material. )

I3

d. Every constant-potential generator must be protected
from excessive current by a safety fuse or equivalent device, of
approved design, in each lead wire.

These devices should be placed on the machine or as near it as possible.

Where the needs of the service make these devices impracticable, the Inspec-
tion Department having jurisdiction may, in writing, modify the requirements.

If this protection is not provided, an accidental short-circuit across
the bus-bars or the eX{)osed metal parts of the main switch on the switch-
board is liable to result in the burning out of the armature.

e. Must each be provided with a waterproof cover.

This is to protect them from water, dirt, lint, etc., when they are at
rest, and is likely to prevent serious water damage to them if a fire at any
point causes a thorough wetting down of rooms-above them. . :

Must each be provided with a name-plate, giving the’
maker’s name, the capacity in volts and amperes, and the normal
speed in revolutions per minute.

The name-plate shows exactly what the machine was designed for.
Such information is often of great convenience, and also tends to prevent
overrating, either from ignorance or from a desire to magnify the merits
of a machine in order to help a sale. *

Voltmeters and Ammeters.

A reliable voltmeter should be provided on the switchboard, asd it
is best to have it so arranged as to show the voltage not only between the
wires of opposite polarity, but also between each wire and the earth, thus
serving as a very sensitive ground detector. (See Appendix, page 123.)

See also note under Rule 2 d, page 26. :
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1. Generators — Con‘tiﬁued.

It is also adviséd that a reliable ammeter be provided with every
constant-potential generator, and that it be clearly marked to indicate the
full load of the machine. This instrument measures the amount of cur-
rent given out by the generator and shows instantly if there is any undue
load, such-as-would-be producéd -if .too. many lamps ‘were put in circuit, or
if there was serious leakage of current at any point.onthe system. It is
always desirable to have an ammeter so graduated that a full'scale deflec-
tion corresponds to the maximum allowable load on'the generator, so that
when several machines of different sizes are' running in parallel, each
machine will be doing its share-of the work'whén thé ammeter pointers
are in similar positions. = i .

>

2. Conductors — F7om generators to switchboards, rheostats or
other instruments, and thence to outside lines.

a. VMus.t be in plain sight, or }eadily accessible.

So that any derangement of the wires or other accident which might
happen to them may be quickly noticed and repairs made at once. i

‘Wires from generator to switchboard may, however, be placed in a
conduit in the brick, or-cement pier on which the generator stands, pro-
vided that proliler precautions are taken to protect them against moisture
and to thoroughly insulate theém from the pier. If lead-covered cable is
used, no further protection will be required, but it should not be allowed
to rest upon sharp edges which in time might cut into the lead sheath,
especially if the cables were liable to vibration. A smooth runway is

desired. If iron conduit is provided, double braided rubber-covered wire

(see Rule 47, page '91) will be satisfactory. rgv

- Main conductors in immediate connection®with the source of power
must be treated as especially dangerous, because the whole capacity of the
system would be-concentrated in them should an arc start or an accidental
sﬂort—circuit be made between them. :

6. Must have an approved insulating covering, as called
for by rules in Class “C?” for similar work, except that on
exposed circuits in central stations the wire which is used must
have a heavy, braided, non-combustible outer covering.

Bus-bars may be made of bare metal.-

Rubber and weatherproot insulations ignite easily and burn free]y. ‘Where
a number of wires are brought close together, as is generally the case in dynamo

rooms, especially about the switchboard, it is therefore necessary to surround this -

inflammable material with a tight, non-combustible outer cover. If this is not done,
a fire once started at this point would spread rapidly along the wires, producin

intense heat and a dense smoke. Where the wires have such a covering and are weﬁ
insulated and supported, using only non-combustible materials, it is believed that no
appreciable fire hazard exists, even with a large group of wires. :

=,

Fig. 8, page 26, illustrates very well the need of a slow-burning outer
covering on the wires where they are 1group d. :

It 18 also recommended that all live parts of the switchboard, such
as bus-bgrs and other conductors, be protected against accidental contact
as far ag practicable by suitable insulation, which shall be ‘flame proof ”
or ‘“slow-burning >’ and designed to withstand a reasonable amount of
abrasion. ‘'Fhe chances of accidental short-circuits may thereby be greatly
reduced. Insulated cable for bus-bars and connections is excellent for
this purpose. However, the conductors could be wra.Eped or taped if this
should be found more convenient, but this method should never be used
unless it can be done well. Due to the possibgr rather low insulating proF-
erties of most fireproofing compounds as used, special precautions would
be necessary on high-voltage circuits to prevent current leakage over the
outer fireproofed covering. A slow-burning wire is also advised for con-
nections between the field rheostat and its contact-plate when the two are
separated, as is generally the case with large alternating-current genera-
tors. The only practicagle way to run the large number of wires, 50 or
.more, which are often necessary is to bunch them, and the need of a slow-
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2. Conductors — Continued.

burning insulation here is very evident. The maximum voltage between
any two of the wires is rarely over 300, so that approved slow-burning wire
(see Rule 42, page 88) is recommended for this purpose. - It, however, would
be a good plan to subdivide these wires, as far as practicable, into several
groups and insulate each group on porcelain, thus reducing the maximum
voltage between wires in contact. ) ;

) FIG. 8.
LARGE GROUP OF WIRES, WELL SUPPORTED.

¢.  Must be kept so rigidly in place that they cannot come
in contact.

It is often necessary, also, to protect the wires against accidental
blows from belts, or from ladders, etc., in the hands of careless workmen.

This may be done in about the same manner as is recommended for wires
on side walls. -(See pages. 69-72.)

d.. Must in all other respects be installed with the same
precautions as required by rules in Class “C” for wites carry-
ing a current of the same volume and potential.

In wiring switchboards, the ground detector, voltmeter and pilot lights must

be connected to a circuit of not less than No. 14 B. & S. gage wire that is protected
by a standard fuse block. This circuit is not to carry over 660 watts.
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3. Switchboards.

a. Must be so placed as to reduce to a minimum the
danger of communicating fire to adjacent combustible material.

Special attention is called to the fact that switchboards should not be built
down to the floor, nor up to the ceiling. A space of at least 10 or 12 inches should
be left between the floor and the board, and 38 feet, if possible, between the ceiling
and the board, in order to pre-
vent fire from spreading from
the switchboard to the floor or
ceiling, and also to prevent the
formation of ‘a partially con-
cealed space, very liable to be
used for the storage of rubbish,
oily waste, etc.

Great care in design-
- ing and locating a switch-
board is necessary for sev-
eral reasons: the rheostats,
measuring instruments,
fuses, etc., are possible
sources of fire; there is
a considerable number of
bare live parts on the or-
dinary board which afford
ﬁood opportunity for acci-
ental short-circuits; and
there is frequently a large
amount of power available
at the board to quickly fol-
low up any trouble at this
point.

- 6. Must be made
of 'non-combustible
material, or of hard
wood in skeleton form,
filled to prevent ab-
sorption of moisture.

If wood is used, all wires
and all current-carrying parts
of the apparatus on the switch-
board must be separated there-

from by non-combustible, non-
absorptive insulating material.

Switchboards of slate
or marble are now mostly . Fi1G. 9.
gls&% is%if}:aﬁ%t}):ﬁ{grgoeﬁ- WELL-ARRANGED SLATE SWITCHBOARD.
pensive than a properly §r ] ) ]
wired and equipped wooden board in skeleton form. The non-combustible
board is undoubtedly preferable, and is therefore strongly recommended,
especially for the larger equipments.

The slate switchboard shown in Fig. 9 is an excellent example of

a well-arranged modern board, equipped with all the necessary apparatus
for controlling the output of one generator. Attention is called to the
use of enclosed fuses on this board, also the location of the ground
detector lamps, which brings them near together, so that any difference in
brilliancy may be readily noted. All of the wiring on the back of this
board has slow-burning weatherproof insulation (see Rule 42, page 88), thus
securing the slow-burning feature recommended in Rule 2 b, page 25.

¢. Must be accessible from all sides when the connections
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3. Switchboards — Continued.

are on the back, but may be placed against a brick or stone wall
when the wiring is entirely on the face.

If the wiring is on the back, there should be a clear space of at least 18 inches
between the wall and the apparatus on the board, and even if the wiring is entirely on
the face, it is much better to have the board set out from the wall. The space back
of the board should not be closed in, except by a grating or netting, either at the sides,
top or bottom, as such ah enclosure is almost sure to-be used as a closet for clothing
or for the storage of oil cans, rubbish, etc. An open space is much more likely to‘be
kept clean and is more convenient. for making repairs, examinations, etc. i

This goint is well illustrated by Fig. 10, which shows the back of a
slate switc

board, neatly wired and well located. Every part of this board

! is easily accessible, and
all necessary repairs can
be made with very little
chance of deranging the
wires. By insulating the
bus-bars and other bare
conductors, as mentioned
in Rule 2 b, page 25, the li-
ability of accidental short-
circuits at this point could
be largely avoided.

d. Must be kept
free from moisture.

Water on a switch-
board is liable to produce
serious trouble, as it is al-
most certain to start leaks
over the surface of the in-
sulating coverings on the
wires -and over the board
itself ; for water-soaked
insulators, or a film of wa-
ter on a non-absorptive
insulator, like glass, por-
celain or hard rubber, will
conductelectricity tosome
extent. By electrolytic ac-
tion this leakage current
will form salts of copper
over the surface of the in-
sulating parts, and as these
salts are good conductors,
the leakage current will be
increased, resulting in the
inevitable destruction of
the weakest part, be it in-
sulation, wire or.dynamo.
Under such conditions

FI1G. 10 there would also be great
g danger of the attendant
SLATE SWITCHBOARD, receiving severe shocks.

NEATLY WIRED AND WELL LOCATED. .
e. On switch-

boards the distances between bare live parts of opposite polar-
ity must be made as great as practicable, and must not be less
than those given for tablet-boards. (See Rule 53 A, page 107.)

4. Resistance Boxes and Equalizers.
(For construction requirements, see Rule 60, page 115.)

a. Must be placed on the switchboard or, if not thereon,
at a distance of at least a foot from combustible material or

~
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4. Resistance Boxes and Equalizers — Continued.

separated therefrom by a non-inflammable, non-absorptive, insu-
lating material, such as slate or marble. '

The attachments of the separating material to its support and to the device
must be independent of each other, and the separating material must be continuous

between the device and the support;: that is, the use of porcelain knobs will not be
accepted.

Resistance boxes should be considered as stoves, which under some
conditions may become red hot, and from which drops of heated metal
may fall, or even be thrown some distance.

Motor-starting rheostats, arc lamp compensators, electric heaters and
the like would all come under this rule unless so designed as to make these
precautions unnecessary for the desired safety.

6. Where protective resistances are necessary in connec-
tion with automatic rheostats, incandescent lamps may be used,
provided that they do not carry nor control the main current nor
constitute the regulating resistance of the device.

When so used, lamps must be mounted in porcelain recep-
tacles upon non-combustible supports and must be so arrangeg:
that they cannot have impressed upon them a voltage greate¥
than that for which they are rated.” They must in all cases
be provided with a name-plate, which shall be permanently
attached beside the porcelain receptacle or receptacles, and
stamped with the candle power and voltage of the lamp or
lamps to be used in each receptacle. -

5. Lightning Arresters.
(For construction req@iirements, see Rule 63, page 117.)
a. Must be provided on each wire of every overhead cir-

cuit connected with the. station.

It is recommended to all electric light and power companies that arresters be
connected at intervals over systems in such numbers and locations as to prevent ordi-
nary discharges entering (over the wires) buildings connected to the lines.

The kind and degree of protection necessary depend largely on cir-
cumstances. A short outdoor line from one mill building to another will
often require nothing, while a long overhead line through an open exposed
country will generally need the most careful engineering to secure reason-
able freedom from lightning disturbances. i ;

6. Must be located in readily accessible places, away
from combustible materials and as near as practicable to the
poipt where the wires enter the building.

. Station arresters should generally be placed in plain sight
on the switchboard. "

In all cases kinks, coils and sharp bends in the wires
between the arresters and the outdoor lines must be avoided as
far as possible. '

The arresters should be accessibly located, so that they may be easily
examined from time to time, and should always be isolated from combus-
tible materials, as sparks are sometimes produced when lightning is dis-
char%ed through them. The switchboard does not necessarily afford the
only location meeting these requirements; in fact, if the arresters could be
located in a safe and accessible place away from the board, this should be
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done, for in case the arrester should fail or be seriously damaged there
would then be less chance of starting arcs on the board.

Kinks, coils, sharp bends, etc., may offer enormous resistance to a
lightning current, possibly preventing its discharge to ground through the
arrester and causing it to leave the wires at some other point, where it
might do considerable damage.

¢. Must be connected to a thoroughly
good and permanent ground connection by
metallic strips or wires having a conductivity
not less than that of a No.6 B. & S. gage
copper wire, which must be run as nearly in
a straight line as possible from the arresters
to the ground connection. -

Ground wires for lightning arresters
must not be attached to gas pipes within
the buildings.

It is often desirable to introduce a choke coil in circuit
between the arresters and the dynamo. In no case should
the ground wire from a lightning arrester be put into an
iron pipe, as this would tend to impede the discharge.

Fig. 11 shows a convenient way of making a
ground for a line arrester, it being assumed that
there are a number of arresters distributed along the
line, so that the protection of the system does not

- depend entirely on this one ground. In general, it is
desirable to place from two to five arresters per mile,
depending on the exposure and general situation of
the line. In locating arresters, preference should be
given to those places where earth which is always
damp can be most easily and surely reached.

The ground connection shown in the cut con-
sists of galvanized iron pipe with a nominal outside
diameter of at least 1 inch. It should be in one piece
if possible, and should be driven into the ground at

GROUND CONNEC- least 8 feet, or even further if permanently dam
TION FOR LINE earth is not found at that depth. If, however, it
LIGHTNING should prove impossible to drive the pipe far enough

ARRESTER. to reach earth that would surely be permanently
) damp, a small hole should be dug around it to a

depth of 4 or 5 feet, and it should then be driven as far as possible and .

the hole filled with crushed coke or charcoal about peasize. This improves'
the connection between the pipe and the earth, thus tending to make up

for the lack of moisture. .

The pipe should extend above the ground for a distance of at least
7 feet, and the ground wire should be soldered to a brass plug screwed with
considerable force into a coupling at the top of it. The wire must never
be put inside the pipe, as this would tend to impede the lightning dis-
charge. Both pipe and wire should be firmly fastened to the pole with
* strong staples, so as to guard against the ground connection being broken.
The wire should be kept as straight as gossible for the reason given in the
note to Rule 50, on page 29, the only bend in it being that necessary to
form the drip loop. )

For a group of arresters, such as might exist in a station, or in a light-
ning arrester house at the end of a long line, a more elaborate ground would
be desirable, and for this work an excellent connection can be made in the
.manner shown in Fig. 12.. The lightning arrester, choke coil, switch, etec.,
shown in the cut may be considered to represent one of several sets, each
wire entering the house being fully equipped in the same manner. A sep-
arate wire may be carried from each arrester to the copper plate, or two
main wires, not smaller than No. 0 B. & S. gage each, may be used, the

round wires from the separate arresters running in the most direct line
possible to these mains and being firmly soldered to them.
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5. Lightning Arresters — Continued.

The c?ipper plate and coke or charcoal would ordinarily make a_suffi-
ciently good ground, but it-is desirable to also connect to an underground
water pipe, if one is near. There is no danger of getting too good a ground.
The surest way to secure a good connection with a gipe isto tap a hole part
way through it, and forcibly screw into the hole a brass plug to which the
wire has been soldered. The joint should then be covered with waterproof
aint and taped, to prevent corrosion. It is best to connect to several
engths of pipe,
as the lightning
dischargeisthus
distributed over P
several points, ~mline | Ceil
A better ground g
is also obtained,
aspipe jointsare -
liable to offer- ZEl| Choke
considerable re- ¢ § 2t
sistance. It is
not  desirable,
however, to con-
nect to pipes
which enter and
ramify through
a building, such ’
as sprinklern
pipes, at a point
nearer than50 to
75 feet from the
building ; nei-
ther is it best to
have the ground
connection for a
large bank of ar-
resters located
very near build-
ings or near
pipes which en-
ter them.

The light-
ning arresters
should be in-
spected fre-
quently, to be

T 7 vo Ml
\ng & timbere fire ’rmfed., =
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Switch
Panel.
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Castiron waterpipe ' -/ _ -/, v 72"
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v adnits

i Ground wire riveted inanumber of places t:
Af{y; - copper plate, and soldered forwh&‘: ,uao
7/

sure that they Cr;she cokeor ~ ~ REA St S

are in proper cherconl,pen ure gage copper plate
d.t. T % i 5 x6 feet,at level of

condition. 18 7 . permaner_-t\y damp earth

is especially ne- &0 Bzl

cessary during

the Buinmer sea- e
son, when light- ’ s
ning storms are ) F1a.. 12.
mostliable tooc- LIGHTNING ARRESTER HOUSE
cur. It is also WITH GROUND CONNECTION.

of the greatest )

importance®to maintain an excellent gréund connection for the arresters,
as the efficiency of the é)rotection is absolutely detpendent upon this fea-
ture. The entire ground connection should therefore be uncovered and
carefully examined at least once a year, preferably in the spring, in order
to positively know that the connection has not been impaired by corrosion
or other accident and that the earth in the vicinity ot the ground plate or
pipes is still damp, so that the equipment is in proper shape for the sea-
son’s work. ‘

Choke coils and lightning arresters are arranged in different ways,
depending on the exact conditions in any given case. Fig. 12, however,
shows the usual arrangement, although two or more such combinations of
choke coil and arrester are sometimes connected in series in each wire;
again, a number of choke coils may be g]aced in series back of a single
arrester, etc. The choke coil acts like a dam and tends to prevent light-
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ning currents from passing through it, thus compelling them to go through
the arrester to the ground. Choke coils are made in various forms but
ractically all consist of a coil of several turns of insulated conductor. As
ittle combustible material as possible should be used in their construction
and also for their supports.
& ‘Where the house contains considerable value in arresters, choke
coils, switches, etc., it should be built of brick with a fireproofed plank roof
and concrete floor, so as to reduce the chances of a fire to a minimum. The
glank roof is suggested instead of concrete or brick arched construction
ecause it is less expensive and is believed to be good enough in most cases .
if properly protected. Suggestions for fireproofing such €xposed wooden
surfaces are given on page 5, with reference to similar roofs for power
houses. For very large equipments, fireproof construction should be used
throughout the building. Where brick is not considered necessary, a
wooden building of plank and timber is advised, and all light and flimsy
woodwork should be avoided. ;

The arrester house would generally be an excellent place for the emer-
gency switch, as this building would usually be located well away from the
other buildings and would thoroughly protect the switch against the
weather. In such cases, therefore, the switch shown should be arranged
for this purpose. For suggestions regarding the emergency switch, see note
to Rule 22 a on page 65.

6. Care and Attendance. - 7 4

a. A competent man must be kept on duty where genera-
tors are operating,

4. Oily waste must be kept in approved metal cans and
removed daily. : 5

Approved waste cans shall be made of metal, with legs raising the can 3 inches
from the floor, and with self-closing covers.

7. Testing of Insulation Resistance.

a. All circuits, except such as are permanently grounded
in accordance with Rule 13 A, page 52, must be provided with
reliable ground detectors. 1

Detectors which indicate continuously and give an instant
and permanent indication of a ground are preferable. Ground
wires from detectors must not be attached to gas pipes within
the building. :

The ground detectors most commonly used are fully explained and
illustrated in the Appendix, page 123. -

See also note under Rule 2 d, page 26. )

6. Where continuously indicating detectors are not feasi-
ble, the circuits should be tested at least once per day, and
preferably oftener. :

¢. Data obtained from all tests must be preserved for exam-
ination by the Inspection Department having jurisdiction.

These rules on testing are to be applied at such places as may be designated by
the Inspection Department having jurisdiction.

8. Motors.

a. Must be thoroughly insulated from the ground wherever
feasible. Wooden base-frames used for this purpose, and
wooden floors which are depended upon for insulation, where,
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8. Metors— Continued.

for any reason, it is necessary to omit the base-frames, must be
kept filled to prevent absorption of moisture, and must be kept
clean and dry. -

Where frame insulation is impracticable, the Inspection
Department having jurisdiction may, in writing, permit its omis-
sion, in which case the frame must be permanently and effectively
grounded.

A high-potential machine which, on account of great weight or for other reasons,
cannot have its frame insulated, should be surrounded with an insulated platform.

L FIG. 13.

INDUCTION MYPOR ON CEILING, WITH STARTING SWITCH
ENCLOSED IN CABINET AND OPERATED BY OUTSIDE HANDLE.

This may be made of wood, mounted on insulating supports and so arranged that a
man must stand upon it in order to touch any part of the machine.
In the case of a machine having an insulated frame, if there is trouble from
static electricity due to belt friction, it should be -overcome by placing near the belt a
metallic comb connected to the earth, or by grounding the frame through a resistance
- of not less than 300,000 ohms. :

For the same reasons that similar requirements were made for gen-
erators, in the note to Rule 1 ¢ on page 23. The base-frame shown in
Fig. 14, page 34, is an excellent example. 4

It 18 very common to suspend motors from the ceiling, as shown in
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Fig. 13, page 33, and in Figs. 15 and 16, or to locate them on raised platforms
swung from the ceiling or supported from below, as shown in Fig. 17 on page
36. Anyone of these methods
saves floor space and. fre-
quently prevents an accu-
mulation of oil and dirt
around the machine, be-
sides reducing the liability
of accidents to persons or
machinery.

6. Must be wired
with the same precau-
tions as required by
rules in Class “ C,” for
wires carrying a current
of the same volume and
potential.

The motor leads or branch
circuits must be designed to carry
a current at leagt, 259 greater
than that for wfich the motor
is rated, in order to provide for
the inevitable occasional over-
loading of the motor, and the
increased current required in
starting, without overfusing the
wires. ;

Fia. 14. The use of voltages abeve

' * - 550 is rarely advisable or neces-

INDUCTION MOTOR AND AUTO-STARIER sary, and will only be approved

SURROUNDED BY PIPE RAILING. when every possible safeguard

i has been provided. Plans for

such installations should be submitted to the Inspection Department having jurisdic-
tion before any work on them is begun. .

~ ¢. Each motor and re-
sistance box must be pro-
tected by a cut-out and con-
trolled by a switch (see Rule
17 @, page 60), said switch
plainly indicating whether
“on” or “off.” With mo-
tors of 1% H. P. or less, on
circuits ‘where the voltage
does not exceed 300, Rule 214
page 64, must be complied
with, and singlz pole switches
may be used as allowed in
Rule 22¢, page 67. The
switch and rheostat must be
located within sight of the
motor, except in cases where
special permission to locate
them elsewhere is given, in ;
writing, by the Inspection De- F16. 15.
partment having jurisdiction. INDUCTION MOTOR ON CEILING.
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Where the circuit-breaking device on the motor-starting rheostat disconnects
all wires of the circuit, the switch called for in this section may be omitted.

Overload-release devices on motor-starting rheostats will not be considered to
take the place of the cut-out required by this section if they are inoperative during
the starting of the motor. . -

The switchis necessary for entirely disconnecting the motor when not in use, and
the cut-out to protect the motor from excessive currents due to accidents or careless
handling when starting. An -
automatic circuit-breaker dis-
connecting all wires of the cir-
cuit may, however, serve as
both switch and cut-out.

Fig. 15 shaws an auto-.
matic circuit-breaker used
in this way for both switch
and cut-out.

d. Must have their’
rheostats or starting
boxes:located so as to
conform to the require-
ments of Rule 4, page
28.

The use of circuit-break-
ers with motors is recommend-
ed, and may be required by the
Inspection Department having
jurisdiction.

To be safe,, a starting
rheostat should have as great
a carrying capacity as the mo-
tor itself, or else the arm should
have a strong spring-throw at-
tachment so arranged that it
cannot remain at any interme-
diate position unless purposely
held there. Specifications gov-
erning the construction of rhe-
ostats are given in Rule 60,
page 115.

Rheostats and auto-
starters should be treated about
the same as knife - switches,
and in all wet, dusty or linty
places, should be enclosed in
dust-tight, fireproofed cabinets.
If a special motor room is pro-
vided, the starting- apparatus
and safety_devices should be
included ~#ithin it. Where
there is any liability of short-
circuits across their exposed
live parts being caused by ac-

cidental contacts, they should ;
.either be enclosed in’cabinets Fia. 16.
oifese a falling showd he ENCLOSED DIRECT-CURRENT MOTOR,
erected around them to keep WITH SWITCH, FUSES, RHEOSTAT, ETC.
- unauthorized persons away ENCLOSED IN CABINET.

from. their immediate vicinity.

Iron pipe makes a neat and substantial railing for this purpose, and
Fig. 14 shows an example of suclr an arrangement. These precautions
would, of course, be unnecessary whege the apparatus is included with
the motorin a special motor room, such| for example, as is shown in Fig. 18,
page 37. .
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- Auto-starters which have tight casings enclosing all current-carrying
parts would, of course, not require the cabinet nor railing.

Starting apparatus enclosed in cabinets is shown in Fig. 16, page 35,
and in Fig. 17.

... The commercial practice is to make starting rheostats as small as pos-
sible, because the time reguired to start a motor is ordinarily so short that
the rheostat will not be dangerously heated by the starting current. If,
however, the current is allowed to flow through it too long, there is exces-

FiGc. 17.

MOTOR ON SHELF, ENCLOSED IN GLASS CASE AND REACHED BY
LADDER, WITH AUTO-STARTER IN CABINET.

sive heatin§ and often fusion of some of its parts. Itis to.be noted that
the safety fuses required by the motor will readily carry current enough
to melt the rheostat, so that the latter is not at all protected by the fuses.

e. Must not be run in series-multiple nor multiple-series,
except on constant-potential systems, and then only by special
permission of the Inspection Department having jurisdiction.

The objection to combinations of this character is that the cutting-
out of one motor, by accident or carelessness, may subject the others to a
current or voltage greater than that for which they are designed ; and if
this occurs, and the protecting devices fail, as sometimes happens, there
is very likely to be severe arcing, or a burn-out.

/- Must be covered with a waterproof cover when not in
use, and, if deemed necessary by the Inspection Department
having jurisdiction, must be enclosed in an approved case.

From the nature of the question, the decision as to what is an approved case
must be left for the Inspection Department having jurisdiction to determire in each

instance.



AND DYNAMO ROOMS : 37

8. Motors — Continued.

When it is necessary to locate a motor in the vicinity of combustibles or in wet
or \iery dusty or dirty places, it is generally advisable to surround it with a suitable
enclosure.

The sides of such enclosures should lprefera]_a]y be made largely of glass, so that
the motor may be always plainly visible. This lessens the chance of its being
neglected and allows any derangement to be at once noticed.

If possible, the enclosure should be large enough to permit the
attendant to enter it and easily get at any part of the apparatus, and this
would generally mean a small room, such as is shown in Fig. 18. ' If
the motor is suspended from the ceiling, a floor could generally be con-
structed below it and the four sides of this elevated motor room could be
built mainly of windows. Ready access to the room could be secured by
means of a short flight of stairs or a ladder. This can also be done where
the motor is supported on an elevated platform, as shown in Fig. 17.
Some method of ventilating these motor rooms should generally be pro-

Fi1c. 18.
‘WELL-ARRANGED MOTOR ROOM.

vided, especially in the case of lar%e machines, in order to preventexcessive
rise in temperature of the air in the room, which might cause overheating
of the apparatus. -

‘With alternating-current motors having no brushes, the enclosure
would generally be unnecessary, especially when suspended from the
ceiling, as shown in Figs. 13 and 15, pages 33 and 34. When located on
the floor, it would often be advisable to surround the machine by a sub-
stantial pipe rail to keep people from passing too near it, and Fig. 14,
page 34, is an excellent illustration of such a case.

£~ Must, when combined wi#h ceiling fans, be hung from
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insulated hooks, or else there must be an insulator interposed
between the motor and its support.

For the same reasons as given in the note to Rule 1 ¢, page 23.

4. Must each be provided with a name-plate, giving the
maker’s name, the capacity in volts and amperes, and the nor-
mal speed in revolutions per minute.

For the same reasons as given in the note to Rule 1 f, page 24.

9. Railway Power Plants.

a. Each feed wire, before it leaves the station, must be
equipped with an a@pproved automatic circuit-breaker (see Rule
52, page 101) or other device, which will immediately cut off the .
current in case of an accidental ground. This device must be
mounted on a fireproof base, in full view and reach of the
attendant.

A magnetic circuit-breaker is preferable to a fuse, as it acts more
quickly, is more reliable, and can be more quickly and safely replaced.

10. Storage or Primary Batteries.

a. When current for light or power is taken from primary
or secondary batteries, the same general regulations must be
observed as apply to similar apparatus fed from dynamo gen-
erators developing the same difference of potential. -

Charged storage batteries have in them at all times a large amount of

stored energy, and should therefore be treated as carefully as generators of
similar output.

6. Storage battery rooms must be thoroughly ventilated.

The action of the current in charging the battery liberates at times
large quantities of hydrogen and ox?ffen, and if these should accumulate
in the right proportions they would form an explosive mixture which
might be exploded by any accidental spark.

* ¢ Special attention is called to the rules for wiring in

rooms where acid fumes exist. (See Rules 247 to 24 %, page
73.) '

d. All secondary batteries must be mounted on non-com-
bustible, non-absorptive insulators, such as glass or thoroughly
vitrified and glazed porcelain.

The battery needs to be insulated for the same reasons as given in the
note to Rule 1¢, paie 23, and nothing but glass, porcelain and similar ma-
terials ‘will retain their insulating properties when exposed to the action
of the water and acid freely used about storage batteries.

e. The use of any metal liable to corrosion must be avoided

in cell connections of secondary batteries.

Reduction of the cross-section of the connections by corrosion would
probably cause them to be burned out by the normal current of the battery.
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11. Transformers.

(For construction requirements, see Rule 62, page 117.)
(See also Rules 13, 13 A and 36, pages 50, 52 and 84.)

a. In central or sub-stations, the transformers must be so
placed that smoke from the burning out of the coils or the
boiling over of the oil (where oil-filled cases are used) could do
no harm. )

If the insulation in a transformer breaks down, considerable heat is likely to be
developed. This would cause a dense smoke, which might be mistaken for a fire and
result in water being thrown into the building, and a heavy loss thereby entailed.
Moreover, with oil-cooled transformers, especially if the cases are filled too full, the
oil may become ignited and boil over, producing a very stubborn fire.

8.

1



CLass B.
OUTSIDE WORK.

: All Systems and Voltages.
12. Wires.

a. Service wires must have an approved rubber insulating .
covering. (See Rule 41, page .86.) Line wires, other than ser-
vices, must have an approved weatherproof or rubber insulating
covering. (See Rules 41 and 44, pages 86 and 89.) All tie
wires must have an insulation equal to that of the s@nductors
which they confine. :

In risks having private generating plants, the yard wires running from building

to building are not generally considered as service wires, so that rubber insulation
will not be required.

The requirement for rubber-covered service wires refers especially to
taps from public lines, which are supplied from transformers connected
“to high-voltage primary circuits or are liable to become crossed with high-
voltage wires, and which therefore need the best insulation obtainable.

6. Must be so placed that moisture cannot form a cross
connection between them, not less than a foot apart, and not in
contact with any substance other than their insulating supports.
Wooden blocks to which insulators are attached must be covered
over their entire surface with at least two coats of waterproof
paint. ‘

To prevent water from forming a short-circuit, as well as to guard
against actual contact produced by the swaying of the wires by the wind.

¢. Must be at least 7 feet above the highest point of flat
roofs and at least 1 foot above the ridge of pitched roofs over
which they pass or to which they are attached.

Roof structures are frequently found which are too low or much too light for
the work, or which have been carelessly put up. A structure which is to hold the

Fi6. 19.
SUBSTANTIAL WOODEN ROOF STRUCTURES.

wires a proper distance above the roof in all kinds of weather must not only be of
sufficient height, but must be substantially constructed of strong material.

~
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. This rule is intended to insure that under no conditions could the
wires sag and touch the roof; and also that persons walking on the roofs
could not come into ’

accidental contact
with them.

. Fig. 19 shows
two good examples
of durable wooden
roof structures hold-
ing the wires well
out of reach of per-
cons on the roof.
Irig. 20 shows a roof
structure made of
iron rods or pipes.
This form of . con-
struction can easily
be made sufficiently
strong, and presents
a somewhat neater
appearance than the
timber frame.” The
metal work should,
of course, be kept i
painted to protect it : FI1c. 20.
against corrosion. ;

IRON PIPE ROOF STRUCTURE.

d. Must be protected by dead insulated guard irons or
wires from possibility of contact with other conducting wires
or substances to which current may leak. Special precautions
of this kind must be taken where gharp angles occur, or where
wires of any other systems might possibly come in contact with
electric light or power wires.

Crosses, when unavoidable, should be made as nearly at right angles as .pos-
sible. :

If the®® guards are not provided, the breaking or sagging of a wire
may result in contacts which might charge one set of wires with a higher
voltage than that for which they were designed, and thus be liable to cause
fire or endanger life.

e. Must be supported on petticoat insulators of glass or
porcelain.  Porcelain knobs or cleats or rubber hooks will not
be approved. - . - N

The surface of porcelain knobs or cleats is not free from moisture
during a rain, and they are, therefore, of practically no use as insulators in
wet weather. A petticoat insulator, like those shown in Fig. 21, page 42,
will nearly always have a dry sgace underneath its umbrella-like lower edge,

and even if not dry, the length of the path offered to an escaping current
is so great that the leakage would be small. '

Must be so spliced or joined as to be both mechanically
and electrically secure without solder. The joints must then be
soldered, to insure preservation, and covered with an insulation
equal to that on the conductors.

All joints must be soldered, even if made with some form of patent splicing
device. 1This ruling applies to joints and splices in all classes of wiring covered by
these rules.

An unsoldered j oixt.is liable to become loosened or corroded, in either
of which events the contact between the wires would become imperfect.
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This would cause heating at the joint and might result in the wire bein
001n£1ete1 melted off and a dangerous arc being formed at the break.
good mechanical joint is required for strength, should the soldering give
way or become corroded by traces of acid in the soldering fluid used.

g. Must, where they en-
ter buildings, have drip loops
outside,and the holes through
which the conductors pass
must be bushed with non-
combustible, non-absorptive,
insulating tubes, slanting up-
ward toward the inside.

Fig. 21 shows the proper
arrangement of drip loop, bush-
ing, ete., for wires entering build-
ings from out of doors. The insu-
lator should be supported on a
stout arm, which, for heavy wires

Fic. 21. or long spans, may need to be held

ENTRANCE BUSHING AND DRIP LOOP. in place by bolts passing entirely

through the wall, rather than by

expansion bolts, as shown in the sketch. ith a very thick wall, the

method of bushing shown in Fig. 31, page 56, could be used. In that case,

however, some means should be provided to prevent the lower porcelain
tube from slipping out of the iron pipe.

/. Telegraph, telephone and other signal wires (see Rule
64, page 118) must not be placed on the same cross-arm with
electric light or power wires, and when placed on the same pole
with such wires, the distance between the two inside pins on
each cross-arm must not be less than 26 inches.

This distance between the two inside pins is necessary to allow a man
to safely pass between the wires and reach the cross-arms above.

Z. The metallic sheaths of cables must be permanently and
effectively connected to ‘“earth.”

‘Any breakdown of insulation between the conductor and the sheath
makes the cable practically a bare live wire, the dangerous condition of
which is obvious. The ground connection required by this section keeps
the sheath at the potential of the earth and prevents a flow of current from
the sheath at any other point than through the ground wire, which should
be of sufficient size and so well connected to the sheath and to the earth
that it could safely carry the current necessary to melt the fuses protect-
ing the cable.

Trolley Wires.

7- Must not be smaller than No. 0 B. & S. gage copper or
No. 4 B. & S. gage silicon bronze, and must readily stand the
strain put upon them when in use.

k. Must have a double insulation from the ground. In
wooden pole construction, the pole will be considered as one
insulation.

/. Must be capable of being disconnected at the power
plant or of being divided into sections, so that, in case of fire on
the railway route, the current may be shut off from the particu-
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lar section to prevent its interfering with the work of the firemen.
This rule also applies to feeders.

This requirement applies principally to street railways.’

m. Must be safely protected against accidental contact
where crossed by other conductors.

Guard wires should be insulated from the ground and should be electri-
cally disconnected in sections of not more than 300 feet in length.

In Factory Mutual work, trolley wires must not be carried into build-
ings until special permission has been given and the best methed of running
and protecting the wires decided upon

Ground Return Wires.

2. For the diminution of electrolytic corrosion of under-
ground metal work, ground return wires must be so arranged
that the difference of potential between the grounded dynamo
terminal and any point on the return circuit will not exceed
25 volts.

] It is suggested that the positive pole of the dynamo be connected to the trolley
line, and that whenever pipes or other underground metal work are found to be elec-
trically positive to the rails or surrounding earth, they be connected by conductors

arranged so as to prevent, as far as possible, current flow from the pipes into the
ground.

12 A. Constant-Potential Pole Lines, over 5000 Volts.

(Overhead lines of this class unless properly arranged may
increase the fire loss from the following causes : —

Accidental crosses between such lines and low-potential
lines may allow. the high-voltage current to enter buildings over
a large section of adjoining country. Moreover, such high-
voltage lines, if carried close to buildings, hamper the work of
firemen in case of fire in the building. The object of these
rules is so to direct this class of construction that no increase
in fire hazard will result, while at the same time care has been
taken to avoid restrictions which would unreasonably impede
progress in electrical development.

It is fully understood that it is impossible to frame rules
which will cover all conceivable cases that may arise in construc-
tion work of such an extended and varied nature, and it is ad-
vised that the Inspection Department having jurisdiction be
freely consulted as to any modification of the rules in particular
cases.)

a. Every reasonable precaution must be taken inarranging
routes, so as to avoid exposure to contacts with other electric
circuits. On existing lines, where there is aliability to contact,
the route should be changed by mutual agreement between the
parties in interest wherever possible.

It is evident that this is the very best way to guard against the acci-
dental crosses above mentioned, and, therefore, it is strongly urged that
every reasonable effort be made to secure the arrangement of the circuits.
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6. Such lines should not approach other pole lines nearer
than a distance equal to the height of the taller pole line, and
such lines should not be on the same poles with other wires,
except that signalling wires used by the Company operating the
high-pressure system, and which do not enter property other
than that owned or occupied by such Company, may be carried
over the same poles. .

It will be readily seen that if the taller llyo]e shoyld break near the
ground and should fall toward the lower line, the upperMine would strike
the lower one unless the distance between the two lines was at least as
great as the height of the taller pole. i

It would be practically impossible to so arrange and guard the two
sets of wires, if on the same line of poles, that all liability of contact
between the wires would be absolutely avoided, and, therefore, separate
pole lines should<be provided wherever possible. ' . <

An exception to this rule which must frequently be made is the case
of the si%nalmg wires of the electric company, since an additional pole
line for these circuits would often be impracticable. However, it should
be noted that these wires enter but comparativel¥l few buildings, which,
moreover, in most cases, are already subject to the hazard of the high-
voltage current, and the owners appreciate perhaps more fully the dangers
and safeguards needed under the conditions. Sfecial precautions, however,
should be taken regarding the installation and location of wires and instru-
ments so that these could be burned out without setting fire to the sur-
roundings. Danger to life when handling these telephones should also not
‘be overlooked, but should be guareded against in every way possible, even
from the fire standpoint, as accident to the attendant might prevent the
prompt cutting off of current in case of trouble on the line.

¢. Where such lines must nécessarily be carried nearer to
other pole lines than is specified in § 4 above, or where they
must necessarily be carried on the same poles with other wires,
extra precautions to reduce the liability of a breakdown to a
minimum must be taken, such as the use of wires of ample me-
‘chanical strength, widely spaced cross-arms, short spans, double
or extra heavy cross-arms, extra heavy pins, insulators, and poles
thoroughly supported. If carried on the same poles with other
wires the high-pressure wires must be carried at least 3 feet
above the other wires.

This arrangement of circuits should never be adopted unless it is im-
possible to do otherwise. Where the two lines must be run on the same

poles, the importance of heavy substantial line construction as above out- -

lined, cannot be too strongly emphasized.

With the high-pressure wires above the others, there will be far less
danger to the wireman who may find it necessary frequently to work on
the lower-voltage circuits. This relative location of the transmission line
would also be preferable if these wires were larger than the others, as they
would be less liable to break.

A separation between the high-pressure and low-pressure wires of say
5 feet would be preferable to that of 3 feet above mentioned, wherever
this greater distance can be secured.

d. Where such lines cross other lines, the poles of both
lines must be of heavy and substantial construction.

Whenever it is feasible, end-insulator guards should be
placed on the cross-arms of the upper line. If the high-pressure
wires cross below the other lines, the wires of the upper line
should be dead-ended at each end of the span to double-grooved

.
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or to standard transposition insulators, and the line completed
by loops.

The object of these end-insulator guards is to prevent the line wire
slipping over the end of the cross-arm, in case it becomes loosened from its
supports, and falling upon the lower wires. Fig. 22
shows one form of such guard, consisting of a strong
wire looped over the live wire and securely fastened to
the cross-arm, the corners of which are cut to receive
the wire so that it cannot be pulled off from the end of
the arm or get out of place and touch the line wire.
Another form of guard is shown in Fig. 25, page 47,
which consists of a flat bar solidly bolted to the frame-
work or cross-arm.

The dimensions and strength of the guards would
depend on the existing conditions, such as voltage of
circuit, size of line wire, whether on straight runs or-
at curves, etc. In any case, they should be of such

design that they could resist the strain which may be FicG. 22.
put upen them at time of accident, and the upright END-INSULATOR
bar form of guard should be of such length that the GUARD.

line wire would not be liable to jump over it. This
would probabl%vrequire that the bar extend at least6 inches above the level
Zf’ thﬁ wires. ith the loop form, the radius should generally be at least
mches. i
Fig. 23 shows a transposition insulator wired as out-
lined in above rule. In case the wire should break on
eitherside of the cross-over span, this arrangement would
prevent the wire from being drawn over the Insulator due
to the weight of the wire of the cross-over span, which
otherwise might occur and re#ilt in.contact with the
high-pressure wires below. The insulator pins should,
of course, be sufficiently strong to resist the strain from
the cross-over span under the -above conditions. The
loop connections would generally be made with a McIn- TRANSPOSITION
ty™®sleeve or equivalent. = INSULATOR.

One of the following forms of construction must then be
adopted : — .

1. The height and length of the cross-over span may be
made such that the shortest distance between the lower cross-
arms of the upper line and any wire of the lower line will be
greater than the length of the cross-over span, so that a wire
breaking near one of the upper pins would not be long enough
to reach any wire of the lower line. The High-pressure wires
should preferably be above the other wires.

Fig. 24 illustrates the above method of crossing of high-pressure and
low-pressure wires. In the sketch, a high-veltage transmission line crosses
a telephone line at a country road. In this case, unless both poles of the
cross-oyer span are set very near the telephone line, the minimum length
of the span is limited by the width of the road and the highway regulations
and hag been taken as 25 feet for this example. Assuming the height of the
telephone line to be 20 feet, it is evident that the pole at the end of the
cross-over span nearest the telephone line must be of sufficient height to
raise the transmission line at least 45 feet above ground, in order that none
of these upper wires, breaking at a pin on the other pole, can swing and
touch the lower wires. The pole on the opposite side of the road is shown
somewhat shorter, which of course is permissible and would still prevent
contact between the two lines, even though the break should occur at a
pin on the taller pole.. To avoid any chance of a wire in the span to the
left of the cross-bOver span breaking and whipping back or being blown
back against the.lower wires, an additional pole has been shown about 25
feet from the tall pole.

Therefore, unless the tall pole should fall or its cross-arm burn or
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break off, there is practically no chance of contact between the two lines.
Such accidents to this pole could be largely avoided by using heavy sub-
stantial stock and carefully selected insulators, or by using iron cross-arms
with iron pins thoroughly grounded, or in fact by making theé entire pole
structure of metal and grounding it. This latter construction would be
stronger and probably more durable than the wooden pole, and the
grounded metal work would surely prevent the burning off of the arms or

- pole in case of a broken insulator, etec., as the system would BQ immediately
grounded and the transmission line shut down. The pole, whether of
wood or iron, could also be guyed, if thought necessary, in order to secwre
greater strength. The pole should be carefully inspected sufficiently often
to be sure that it is maintained in proper condition.

Care should be taken that the two poles on either side of the tall pole
are not so short that when the wires are drawn tight'the insulators or tie
wires would be subjected to an undue upward tension. Any change in
direction of these wires should be gradual, as sharp turns are almost syre
to weaken the pole line. This ‘¢ three-pole’’ cross-over, as it might be
called, would of course be 1?ust as agplicable where the crossing came in
the open country instead of at a road.

A sufgest-ion, somewhat in line with the construction above outlined
and already briefly alluded to, has recently been made that the two poles

FiG. 24.
HIGH-PRESSURE LINE CROSSING OTHER LINES.

of the cross-over span be set fairly near the lower line, making the span as
short as practicable; then in order to protect against an upper wire break-
ing in either of the adjacent spans, it is suggested that a grounded metal
guard be built out from each of the taller poles, just under the upper wires
on the side away from the cross-over span, and so proportioned that the wire
in falling would strike it before the wire could touch the lower line. By
thus grounding the high-tension line, it is expected that a dangerous rise of
voltage on the low-potential circuits would be prevented.
xisting conditions in any particular .case will largely determine

which arrangement is best or in what respects modifications are advisable.
The above suggestions, however, are given here, as they all have merit and
are believed to be applicable to several different conditions which possibly
may be most frequently met in practice.

‘Where crosses must occur, it is believed that, as a rule, the general
style of crossing above outlined is preferable to that using a joint pole or
interposed screen. ’

2. A joint pole may be erected at the crossing point, the
high-pressure wires being supported on this pole at least 3 feet

above the other wires. Mechanical guards or supports must
then be provided, so that in case of the breaking of any upper
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wire, it will be impossible for it to come into contact with any‘
of the lower wires. :

Such liability of contact may be prevented by the use of suspension wires,
similar to those employed for suspending aérial telephone cables, which will prevent
the high-pressure wires from falling, -in casesthey break. The suspension wires
should be supported on high-potential insulators, should have ample meéchanical
strength, and should be carried over the high-pressure wires for one span on each
side of the joint pole, or where suspension wires are not desired guard wires may be
carried above and below the lower wires for one span on each side of the joint pole,
and so spread that a falling high-pressure wire would be held out of contact with the
lower wires. :

~Such guard wires should be supported on high-potential insulators or should
be grounded. When grounded, they must be of such size, and so connected and
earthed, that they can surely carry to ground any current which may be delivered by
any of the high-pressure wires. Further, the construcg®dn must be such that the
guard wires-will not be destroyed by any arcing at the point of contact likely to occur
under the conditions existing.

A suggestion for a joint pole where a high-pressure transmission line
crosses several telephone lines is illustrated in Fig. 25. The sketch shows
a very strong and sub-
stantial wooden frame-
work bolted to the to
of a heavy pole an
used to support the
high-potential insula-
tors for the transmis-
sion line and also those
for the guard wires.
The £nd insulator
guards of flatiron bars
are also bolted to this
framework. The de-
tails of construction
may be readily seen in
the sketch. %he tele-
phone wires are shown
5 feet below the trans-
mission line. The
guard wires on the
ends of the telephone

. cross-arms are located
about 1 foot from the
telephone -wires and
about 3 inches above -
them, and are carried
one span on each side
of the jointpole. These
guard wires also are
supported on high;Fo-

he

tential insulators. 5

upper framgwork is Fia. 25.

so laid out “that the JoINT POLE CROSSING.
outer guard wires come

directlywover the guard wires on the lower cross-arms, so that if any of the
high-tension wires break they cannot come in contact with the lower wires,
for even if the free end were long enough to ordinarily reach these wires
it would, with this arrangement, strike against the guard wire and thus be
kept a safe distance from the telephone line. The above rule would require
guard wires below the lower wires in addition to those above them, which
of course can be provided either by means of curved brackets bolted to the
side of the lower cross-arm and designed to hold the insulators at the de-
sired level, or an additional cross-arm could be provided below the others
on which to support these lower guard wires. With thearrangement shown
in the sketch this was not considered necessary to accomplish the desired
results, and consequently it was omitted.

The end insulator guards extend about ¢ inches above the level of
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the transmission line and are intended to prevent a broken wire from
ettin%lover the side of the framework where it could fall on the wjres
eneath. :

‘Where it is not desired to insulate the guard wires, as above\de
scribed, they should be thoroughly grounded. The high-potential insue
lators would then not be needed, but the precautions gigen in the rule
regarding size of wire, protection against destruction by arting, excellent
ground connection, etc., should be taken. It has been suggested that
the entire joint-pole structure be made of steel and effectively grounded.
Such a pole could undoubtedly be made stronger than the wooden pole and
would probably last longer. All leakage currents from the high-tensiowr
line would be carried directly to earth, and in case of a broken high-pres-
sure insulator or wire at this point the line would be definitely grounded
and the transmission line probably shut down. There would seem to be
practically no chance of sufficient arcing at the pole to destroy it aid
allow contact between the two lines. The all-metal structure would, there-
fore, appear preferable to the wooden pole, from the standpoint of the
protection of the low-voltage circuits against high-pressure current. How-
ever, the danger to linemen working on the low-pressure wires on this pole
would be increased and any fault in the insulation of the transmission line
at this point would probably mean the immediate shutting down of the
plant. :

‘Which construction is hest will depend on conditions, and the objec-
tions to all of them, outside of the difficulties which may arise from mutual
ownership, may lead, in the majority of cases, to the use of the inde-
pendent form of cross-over, previously mentioned, in preference to the
Jjoint pole.

3. Whenever neither of the above methods is feasible, a
screen of wires should be interposed between the lines-at the
: cross-over. This screen
should be supported on
high-tension insulators
or grounded and should
be of such construction
and strength as to pre-
vent the upper wires
from coming into con-
tact with the lower
ones.

If the screen is
grounded each wire of
the screen must be of
such size and so con-
nected and earthed that
it can surely carry to
oo ground any current
FIG. 2. which may be delivered

CROSSING PROTECTED BY SCREEN. by any . of the high-

, pressure wires. Fur-
ther, the construction must be such that the wires of the screen
will not be destroyed by any arcing at the point of contact likely
to occur under the conditions existing.

This method of guarding against accidental contact of the high-tension
line with other lines at point of crossing, by means of a screen of wires or
‘““cradle” placed between them, is especially applicable where the high-
pressure wires are below the others, for then there is little difficulty in
sufficiently insulating the screen to take care of the telephone or low-volt-
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~age circuits, or if the screen is grounded there is less liability of destruc-
tive arcing when a broken wire falls onto the screen, except possibly where
the broken circuit is of very large capacitg'.

Fig. 26 shows two screens -installed under these conditions. Here
several signaling circuits cross above an electric railway and transmission
line. In this case the grill is made largely of wooden strips instead of
wires, but the general results are the same for an insulated screen. The
cross-strips are .of maPle, 1 inch by 2 inches by 12 feet, spaced 12 inches on
centres. They are held at the ends by suspension wires fastened to .the
lower cross-arms. The poles are relieved of any undue strain by extending
the suspension wires on both sides of the cross-over span and firmly anchor-
ing them to the ground as shown in the case of the screen at the right of
the cut. In order to prevent a broken wire sliding off of the screen at the
sides, iron strips about 84 inch bg 84 inch are #stened to the ends of the
wooden strips and project upwards. .

If a grounded screen is desired it should probably be made entirely

-of wire instead of part wood as in the cut. s )

e. When it is necessary to carry such lines near buildings,
they must be at such height and distance from the building as
not to interfere with firemen in event - 4

of fire ; therefore, if within 25 feet of Fo e B N
a building, they must be carriedata “B.  psq ¥

height not less than that. of the front aslla—- I;;/:i' o
cornige and the height must be greater - | } E Y ) e

than®that of the cornice as the wires
come nearer to the building, in accord-
ance with the following table : —

Distance of wire Elevation of wire
from building. -above cornice of building.

Feet. Feet.
25 0
20 2
15 4
10 6

5 8
214 9

It is evident that where the roof of the build-
ing continues nearly in line with the walls, as in
Mansard roofs, the height and distance of the line
must be reckoned from some part of the roof in-
stead of from the cornice. :

© F1a. 27.

rule and its application as clear as possible, WIRES LOCVATED WITH
the following example is given. Fig. 27 REFERENCE TO CORNICE.
shows in full lines a three-story building

with flat roof and simple cornice overhanging about 2 feet. The poles car-

In order to make the intent of the above

rying the high-pressure wires are set just inside the curbing, say 15 feet
from the bui ding. The cross-arm is 6 feet long, bringing the outside wires
say 3 feeteach side of the pole. Therefore the wire nearest the building is
10 feet from the cornice, in horizontal projection. Reference to the above
table will show that under these conditions the wires must be at least 6 feet
above the cornice. If, now, the building had had a very steep pitched roof
" or especially one of the Mansard type, as shown in dotted lines in this sketch,
it will be readily seen that the above arrangement would not be satisfac-
tory, for the wires would be very liable to interfere with fighting fire in the
roof. This is a similar condition to the one referred to in the first fine print
note above. Assuming that the upper eorner of the dotted roof is 5 feet
back of the edge of-theé main cornice, this part of the roof is 15 feet from
the nearest wire and consequently the wires must be raised 6 feet above
their previous position in order that they may be 4 feet above the roof,
as required in the above table when within 15 feet of the building, as in
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this case.. The cut shows very clearly to what extent the dotte@ Mansard
roof affects the height of the pole. -

13.  Transformers.
(For construction requirements, see Rule 62, page 117.)
* (See also Rules 11, 134 and 36, pages 39, 52 and 84.)

Where transformers are to be connected to high-voltage circuits, it is necessary
in many cases, for best protec-
tion to life and property, that
the secondary system be perma-
nently grounded; and provision
should be made for it when the
transformers are built.

Where Factory Mutual
mills are to take light or
ower from systems hav-
ing a high primary voltage,
the Inspection Department
should always be consulted
before work is begun or the
apparatus purchased, so as
to insure that only such ap-
paratus is ordered as will
meet the requirements of
the case.

a. Must not be
placed inside of any
building, excepting cen-
tral stations, unless by
. special permission of
the Inspection Depart-
ment having jurisdic-

tion.

An outside location is al-
ways preferable, first, because it
keeps the high-voltage primary
wires entirely out of the build-
ing, and second, for the reasons
given in the note to Rule 11 o,
page 39. .

It is very rarely neces-
sary to locate transformers
inside of buildings, espe-
cially in factory work, for -
there is generally plenty
of available space on the

Fig. 28 outside walls. =~ Wherever

e : possible the transformers
TRANSFORMERS ON PLATFORMS should be placed on a blank.
OUTSIDE OF BUILDINGS. wall, and when this cannot

be done, it is advised that
the windows ‘in the vicinity of them be made of wire glass, with tinned
sashes. Under these conditions, a severe fire about the transforme
would probably not seriously endanger the building before it could be

extin%uished. . ! .
t]ua transformer station shown in the foreground™of Fig. 28 con-
sists of four transformers with a capacity of 25 K. W. each. The roof was

found necessary, at this particular mill, to protect the apparatus from
ice and snow falling from above, and the platform was provided for the
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convenience and safety of the electrician in making repairs and changes.
As a general rule, however, as little combustible material as possible should

- be used around the transformers. The three wires running down the wall
are the ground wires from the three lightning arresters, which are mounted
on the horizontal cross-bars
in front of the transformers.
These wires should usually be
protected by heavy wooden.
boxing extending’ 7 or 8 feet
above the ground and firmly
secured to the wall. The
ground connection at this
plant is made with a copper
plate, about as suggested on
pages 30 and 31.

The station visible in the
background of Fig. 28 is in
every way similar to the one
in the foreground. oh

‘Where it is impractica-
ble or undesirable to locate
transformers on the outside
wall of a building, it may be
‘feasible to place them in an
underground vault just out-
sidq the foundation wall, as
shown in Fig. 29. At this
plant, the primary wires are
brought to fuse boxes on the
wall, and lead-covered cable
is carried thence in iron pige
down into the vault. The
cover is' removable, and is
made of wood tinned on both
sideslike a standard fire-door.
Good ventilation is obtained
by the two iron pipes shown
at the ends, one pipe extend-
ing nearly to the bottom of
the vault, and the other only
just inside the top. The other
requirements of Rule 36, page
84, have also been well carried
out in this enclosure.

- The secondary wires en-
ter the building through iron

Fic. 29.

TRANSFORMER VAULT
UNDERGROUND OUTSIDE OF BUILDING.

pipes cemented into the wall, and the spaces be-
tween the wires and the pipes are filled up by.
cement, the wires bein¥ lead-covered.

This is an excellent arrangement, as all-
high-voltage wires are kept out of the building
and there Is absolutely no opening between the
vault and the building through which smoke or

Fie. 30. fire could pass. . )
TRANSFORMER ON Fig. 30 shows a single transformer bolted
OUTSIDE WALL. to two heavy wooden cleats on the outside wall

of a brick building, and placed as far away as
possible from the surrounding windows. This arrangement fulfills the
requirements of § b with the least possible amount of combustible material,
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13. Transformers — Continued.

and is heartily recommended. The two primary fuse boxes are located on
the upper cleat, and the primary wires run nearly at right angles to the
wall from a pole set well away from the building.

5. Must not be attached to the outside walls of buildings,
unless separated therefrom by substantial supports.

The intent of this rule is to provide an air-space between the trans-
former and the wall. If the transformer is in direct contact with the wall,
a leakage current at this point. might do considerable damage by electro-
lysis or charring before it was discovered. Two heavy wooden cross-bars,
as shown in Fig. 30, page 51, are considered sufficient for this purpose.

13 A. Grounding Low-Potential Circuits.

The grounding of low-potential circuits under the following
regulations is only allowed when such circuits are so arranged
that under normal conditions of service there will be no passage of
current over the ground wire.

Direct-Current Three-Wire Systems.

a.” Neutral wire may be grounded, and when grounded
the following rules must be complied with : — -

1. Must be grounded at the central station on a metal
plate buried in coke beneath .permanent moisture level, and
also through all available underground water and gas pipe
systems. v

2. In underground systems the neutral wire must also be
grounded at each distributing box through the box.

3. Inoverhead systems.the neutral wire must be grounded
" every 500 feet, as provided in §§ ¢, ¢, fand g.

Inspection Departments having jurisdiction may reguire grounding if they
deem it necessary. :

Two-wire direct-current systems having no accessible neutral point are not to
be grounded.

If the neutral is to be grounded at all, it should be done as thoroughly

- as possible, lest the current escape to the ground at points where the
resistance is sufficient to cause unsafe heating. ;

A 1good ground connection may be made through any main water

ipe that is thoroughly connected to underground pipes. The wire should

ge securely attached to the pipe by soldering it to a brass Pblug screwed

into a fitting, or by binding it under a heavy split clamp, or by any other

equally thorough method. : S
’Ele methods of grounding advised for lightning arresters on pages 30
and 31 should, in general, be followed in grounding low-potential circuits.

Alternating-Current Secondary Systems,

4. Transformer secondaries of distributing systems should
preferably be grounded, and when grounded, the following rules
"must be.complied with: — : ,
1. The ground must be made at the neutral point or wirey
whenever a neutral point or wire is accessibles
. 2. When no neutral point or wire is accessible, one s%e of
the secondary circuit may be grounded, provided-the maximum
difference of potential between the grounded point and any other, .
point in the circuit does not exceed 250 volts.
8.  The ground connection must be at the transformer as



OUTSIDE WORK | 53

13 A. Grounding Low-Potential Gircuits — Continued.

" provided in §§ 4, ¢, f, £, and when transformers feed systems
with a neutral wire, the neutral wire must also be grounded at
least every 250 feet for overhead systems, and every 500 feet for
‘underground systems.

‘Inspection Departments having jurisdiction may 7eguire grounding if they
deem it necessary.

If the primary and secondary coils of a transformer come into con-
tact electrically, the high-voltage primary current may flow to the second-
ary system. If this should hagpen, the life of any one handling any part
of the secondary sysgem would be endangered, and fires would probably
be started by arcs cafsed by breaking down of the insulation of the wires
or fittings on ‘the secondary system. If, however, the secondary coil is

rounded,.a breakdown in the transformer cannot cause a dangerous

ifference of potential between the secondary system and the ground, and
on:iv with certain unusual combinations of contacts between the primar
and secondary wires outside of @ transformers will this protection fail
to prevent the voltage of the secondary system from being raised above
its normal limit.  In order to secure the full benefit of the ground connec-
tion, reliable é)rimary fuses of proper: carrying capacity must be provided.

The middle of the secondary coil i§ the proper point to ground, as
there is then only half the normal secondary voltage between either side
and the ground, thus reducin%ithe liability of a breakdown of insulation
and also materially lessening the danger of fire if a breakdown does occur.

There is an- objection to grounding the secondary on the other hand,
for when this is done, the first breakdown of insulation may mean a short-
circuit and a possible fire. With a system free from grounds, a breakdown
must exist on each side of the system to cause a short-circuit, and with
groper round detectors the first can generally be discovered and remedied

efore the second occurs.
) Grounding is therefore a choice of evils, but in many cases it is
believed to be a lesser one than to risk gettinithe primary current on the
secondary system. This is especially true where the primary voltage is
high, say 3500 or over. - For this reason it is advised that all transformers
be so designed and connected that the middle point of the secondary coil
can be reached if, at any future time, it should be desired to ground it.

After the transformer secondary has been properly grounded .a test
should be made, especially if the transformer is some distance from the
building supplied, in order to determine if the protection expected from
the ground connection at the transformer is really effective inside the
building in question, and if not the connection should be extended .to
accomplish the desired result. Cases have been known whére the effective-
ness of a ground connection has béen limited to a comgaratively small
area, due to ‘the exact conditions of the earth in the neighborhood of the
ground plate and between it and-the point where the protection due to the
grounding was desired. The entire ground connection should be carefully

»

examined at least once a year. (See page 31.) A

Ground Connections. :
¢. The ground wire in direct-current three-wire systems
must not ak central stations be smaller than the neutral wire,
and must not be smaller than No. 6 B. & S. gage elsewhere.

d. The ground wire in alternating-current systems must
_-never be less than No. 6 B. & S. gage, and must always have a
- carrying capacity equal to that of the secondary lead of the
transformer, or the combined leads where transformers are
connected in parallel. :

On three-phase systems, the ground wire must have a carrying capacity equal
to that of any one of the three mains.

These requirements for the size of the ground wire are intended to
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13 A. Grounding Low-Potential Gircuits — Continued.

prevent the burning off of this connection, as well as to insure that it has
sufficient mechanical strength to prevent its being easily broken. This
end is accomplished by making the carrying capacity of the ground wire
equal the combined capacities of all the wires for which, under any condi-
tions, it may become the return wire.

e. The ground wire must be kept outside of buildings, but
may be directly attached to the building or pole. The wire
must be carried as nearly in a straight line as possible, and
kinks, coils and sharp bends must be avoided.

Kinks, coils, etc., are objectionable, as they impede the flow of an
alternating current or a lightning discharge.

The ground connection for central stations, transformer
sub-stations and banks of transformers must be made through
. metal plates buried in coke below permanent moisture level,
and connection should also be made to all available under-
ground piping systems, including the lead sheaths of under-
ground cables.

This method of grounding is fully described on pages 30 and 31.

£ For individual transformers and building services, the _
ground connection may be made as in § 7, or may be made to
water or other piping systems running into the buildings. This
connection may be made by carrying the ground wire into the
cellar and connecting oz /e street side of meters, main cocks, etc.,
but connection must never be made to any lead pipes which
form part of gas services. 2

In connecting a ground wire to a piping system, the wire should, if possible, be
soldered into a brass plug and the plug rorcibly screwed into a pipe-fitting, or, where
the pipes are of cast 1ron, into a hole tapped into the pipe itself. For large stations,
where connecting to underground pipes with bell and spigot joints, it is well to con-
nect to several lengths, as the pipe joints may be of rather high resistance. Where
plugs cannot be used, the surface of the pipe may be filed or scraped bright, the wire
wound around it, and a strong clamp put over the wire and firmly bolted together.

Where ground plates are used, a No. 16 Stubbs’ gage copper plate, about 3 by
6 feet in size, with about 2 feet of crushed coke or charcoal, about pea size, both under
and over it, would make a ground of sufficient capacity for a moderate-sized station,
and would probably answer for the ordinary sub-station or bank of transformers. For
a large central station, a plate with considerably more area might be necessary, de-
pending upon the other underground connections available. The ground wire should
be riveted to the plate in a number of places, and soldered for its whole length. Per-
haps even better than a copper plate is a cast-iron plate with projecting forks, the idea
of the fork being to distribute the connection to the ground over a fairly broad area,
and to give a large surface contact. The ground wire can probably best be connected
to such a cast-iron plate by soldering it into brass plugs screwed into holes tapped in
the plate. In all cases, the joint between the plate and the ground wire should be
thoroughly protected against corrosion by painting it with waterproof paint or some

equivalent.

This method of grounding is illustrated on page 31. .

Inaddition to connecting the ground wire to the street side of meters,
etc., as above required, it should be connected to the piping on the other
side of them also, in order to be sure that the protection is still effective
in case these appliances should be removed.
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All Systems and Voltages.

GENERAL RULES.

14. Wires. i
(For special cases, see Rules 18, 24, 35, 38 and 39, pages 61, 69, 83 and 85.)

a@. Must not be smaller than No. 14 B. & S. gage, except
as allowed under Rules 24 » and 45 4 (pages 75 and 89).

It has been found by experience that wires smaller than the sizes
specified are not mechanically strong enough to be safely used.

6. Tie wires must have an insulation equal to that of the
conductors which they confine. '

¢. Must be so spliced or joined as to be both mechanically
and electrically secure without solder. The joints must then
be soldered to insure preservation, and covered with an insula-
tion equal to that on the conductors. ‘

Stranded wires must be soldered before being fastened
under clamps or binding screws, and whether stranded or solid,
when they have a conductivity greater than that of No. 8 B. &
S. gage, they must be soldered into lugs for all terminal con-
nections.

All joints must be soldered, even if made with some forni of patent splicing
device. This ruling applies to joints and splices in all classes of wiring covered by
these rules.

Connections by clamps, screws, etc., are not reliable where stranded
wire is used. It is generally impossible to thoroughly connect all of the
strands by such a method, and consequently the whole current has to be
carried by a part of them, which is likely to result in their beccming dan-
gerously hot.

See also note under Rule 12 f, page 41.

d. Must be separated from contact with walls, floors, tim-
bers or partitions through which they may pass, by non-com-
bustible, non-absorptive, .insulating tubes, such ‘as glass or
porcelain, except as provided in Rule 24 #, page 75.

Bushings must be long enough to bush the entire length of the hole in one
continuous pieag, or else the hole must first be bushed by a continuous waterproof
tube. This tube may be a conductor, such as iron pipe, but in that case an insulating
bushing must be pushed into each end of it, extending far enough to keep the wire
absolutely out of contact with the pipe.

An insulating tube or bushing should be continuous, and of sufficient
length to extend beyond the face of the wall at least 3 inch. On the
other hand, it should not extend so far out as to make it liable to be
broken by the strain on the wire or by the ordinary brushing down of the
rooms. . :

Broken bushings should not be used, as the sharp edges will injure
the insulation. Even where attempts have been made to smooth these
edges, the conditions have generally been improved but little, if any.
The presence of broken tubes is considered as evidence of poor workman-

ship.
55
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14. Wires — Continued.

With a very thick wall, a single tube of sufficient length may not
be rreadily obtainable, in which case the arrangement shown in Fig. 31
can be used. The iron
pipe furnishes a con-
tinuous waterproof
tube, and the bush-
ings serve to insulate
the wire and provide a
smooth passage for it.
‘Where the wall is
unusually thick, it is
possible that twobush-
ings would not be long
enough to bush the
entire length of the
Fia. 31 pipe. Under these con-
ajoas ditions, the arrange-
BUSHING FOR THICK WALL. ment shown in Fig. 31
- _could still be used by
inserting between the bushings a piece of lined conduit or flexible insulat-
ing tubing to protect the wire in this central space. g
In all cases, the bushinﬁs should be firmly fastened in place, and the
rough holes made in the wall for the tubes should be cemented up as soon
as the latter are in place. -

e. Must be kept free from contact with gas, water or other
metallic piping, or any other conductors or conducting material
which they may cross, by some continuous and firmly fixed non-
conductor, creating a separation of at least 1 inch. ~Deviations
from this rule may sometimes be allowed by special permission.

\ AN \
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Fic. 32.
OVERHEAD WIRING, SHOWING USE OF STRAIN INSULATORS.

When one wire crosses another wire, the best and usual means of separating
them is by means of a porcelain tube on one of them. The tube should be prevented
from moving out of place, either by a cleat at each end, or by taping it securely to the
wire.

- The same method may be adopted where wires pass close to iron pipes, beams,
etc., or, where the wires are above the pipes, as is generally the case, ample protec-
tion can frequently be secured by supporting the wires with a porcelain cleat placed
as nearly above the pipe as possible. ;

Both of the methods described above are well illustrated in Fig. 33,
which also shows the following additional good points : —
1. The mains from timber to timber are very tight and well sup-
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14. Wires— Continued.

ported. By méans of turn-buckles used with strain insulators, in the
manner shown in Fig. 32, these wires may be kept taut.

2. Where the wires are wrapped around the timbers, the cleats on
the ceiling are set off from the timbers about 3 or 4 inches, which is be-
lieved to be the best arrangement.. Where this cleat is crowded into the
corner, the vertical wires soon come in contact with the side of the tim-
ber, as a result of the inevitable slackening of the wires, caused by the
shrinking of the wood as well as by the rough usage received in ¢ sweeping
down,” which in many places has to be done very often. On the other
hand, it the distance between the cleat and the timber is made much
greater, say 12 or even 18 inches, as has sometimes been done, the wires are
too much exposed to_the knocks of brooms, ladders, etc., and soon become
deranged. With this arranFement any slack wire can later be readily taken
up by moving the cleats a Iittle nearer the corner, without disturbing the
rest of the wiring. .

3. The wires are protected in iron pipe the entire distance from floor

to ceiling. )
4, gfhel‘e is a general order and neatness evident throughout, indi-
cating careful planning and good workmanship. I

Fi1a. 33.
EXAMPLE OF GOOD OVERHEAD WIRING.
- /o Must be so placed, in wet places, that an air space will
be left between conductors and pipes in crossing, and the
former must be run in such a way that they cannot come in
contact with the pipe accidentally. Wires should be run over
rather than under pipes upon which moisture is likely to gather,
or which by leaking might cause trouble on a circuit.

If the wires are below the pipes, water may dri.% down upon them and
run along to and over the insulators, thus forming between the wires and
the building a connection which would be liable, in time, to cause a short-
circuit or a dangerous ground. .
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15. Undergrouhd Conductors.

a. Must be protected against moisture and mechanical
injury where brought into a building, and all combustible mate-
rial must be kept from the immediate vicinity.

There being often no safety fuses for such underground wires, a
contact between wires, or between the wires and the ground, would result
in serious arcing and perhaps in even melting off the wires. )

5. Must not be so arranged as to shunt the current
through a building around any catch-box.

¢. Where underground service enters building through
tubes, the tubes shall be tightly closed at outlets with asphaltum
or other non-conductor, to prevent gases from entering the
building through such channels.

d. No underground service from a subway to a building
shall supply more than one building, except by written per-
mission from the Inspection Department having jurisdiction.’

16.  Table of Carrying Capacity of Wires.

a. The following table, showing the allowable carrying
capacity of copper wires and cables of 98 ¢/ conductivity,
according to the standard adopted by the American Institute of
Electrical Engineers, must be followed in placing interior con-
ductors. .

For insulated aluminum wire the safe carrying capacity is 84 % of that given
in the following tables for copper wire with the same kind of insulation.

Table A. Taple B.
Rubber Insulation.  Other Insulations.
See Rule 41. See Rules 42 to 44.

B. & S. Gage. Amperes. Amperes. Circular Mils.
1,624
2,583
4.107
6,530
10,380
16,510

26,250
33,100
41,740
52,630
66,370
83,690

105,500

133,100

167,800

211,600

200,000
300,000
400,000
500,000
600,000
700,000
800,000

. 900,000
150004000 ¢ s .o 4 v = saisisien s 650. .00 iiorvnnenn 1,000 . ceeeeennnns 1,000,000
£, 500,000 525/ + 7 = soelsivn OG0 s) 2wt sl wiiaies TLOBON LI s etiiela e wiaine 1,100,000
1,200,000 s iis s e srals . {2 G B 0 e (LR 0n 5 @ o o 2106 . 1,200,000
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16. Table of Carrying Capacity of Wires — Continued.

Table A. Table B.
Rubber Insulation. Other Insulations.
See Rule 41. See Rules 42 to 44.

Circular Mills — Coz. Amperes. Amperes. Circular Mills.
1,300,000 4 s o onoessss FTOs s sovacusnnn £4220 > s vsmens v von 1,300,000
1,400,000« cc cosvosnsoe BIO.: voeen woen E 200 - Vsincncinin 4 minie 1,400,000
1,500,000 0 +/= siaiisioinin=slels 880 oo v vaisinivin o simis TR0 Il S 1,500,000 !
1,600,000+« ¢ cevesncnes BQQI: 4 imatesosls nisiath 15430, svisnien s qa e 1,600,000
1,700,000 .............. Q30 cereacvarenn B 27 e Lo I R R 1,700,000 )
1,800,000 i45:s w6 visisla o % ols 7050t st ks wisterels 65010 el tir irerstats o'y 1,800,000
1,000,000 ¢ 68 csssacas s T,0I0 cccveannsnes I,610.csvvencas o 1,900,000
2,000,000 00 coe sesss. I,05000c00n seecanee 1,670..-.. .+ «e.... 2,000,000

The lower limit is specified for rubber-covered wires to prevent gradual
deterioration of the high insulations by the heat of the wires, but not from fear of
igniting the insulation. The question of drop is not taken into consideration in the
above tables. o ’

The carrying capacity for No. 16 and No. 18 B. & S. gage wire is given, but
no smaller than No. 14 is to be used, except as allowed under Rules 24 v and 45 4,
pages 75 and 89. .

There is a general agreement among those familiar with-the effect of
heat on rubber, that, if long life is desired, the temperature should not
exceed 150° F. -

In 1839, Mr. A. E. Kennelly made an elaborate series of careful experi-
ments at the Edison Laboratory, to determine the temperature rise caused
in wires under different conditions by currents of various strengths.

The currents given in Table A are about 60 9, of the currents which
Mr. Kennelly found caused a rise of 75° F., or a final temperature of about:
150° F'., assuming 75° F. as the average indoor temperature. This margin
of 409, is to allow for inevitable increase of current, such as that produced
by the changing from one size lamp to those of a larger candle-power,
the adding of more lamps to a circuit, the overloading of a motor, etc.
The currents given in Table A cause a rise of temperature of about 29° F.
above the surroundings, but varying somewhat with the size of the wire.
It is well to remember in this connection that the heating effect increases
about as the square of the current,—i. e., if the current is doubled, for
instance, the heating effect increases four times.

The limiting temperature for weatherproof insulation is about the
same as for rubber, but a smaller factor of safety is allowable, as the
covering on this class of wire is not greatly depended on for insulation,
the insulation of the system bein§ secured by the porcelain or glass
supports to which the wire is attached. The currents in Table B, there-
fore, were obtained by taking 90 9, of the currents which Mr. Kennelly
found caused the wire to reach a:temperature of 150° F., when the sur-
rounding air was at 75° F. This allows a margin of only 10 9, instead of
the 40 9, considered necessary in Table A. ;

It is interesting to note that, for any given size of wire, a current
about three times as great as that given in Table A causes all ordinary
insulations to begin to smoke. e

Owing to the cooling effect of air currents, the safe carrying capacity
of outdoor conductors may be several times greater than the above, with-
out causing any dangerous rise of temperature. As the conditions will
vary so widely, and as such outdoor conductors are not at all liable to
cause fire, no table has been made for them.

+ The following table shows, to the nearest .01 ampere, the current
consumed by incandescent lamps of various candle-powers, at the voltages
in most common use. This table is figured on the basis of an efficiency of
3.6 watts per candle-power for the 52, 104, and 110 volt lamps, and 4.0 watts
per candle-power for the 220 volt lamps.

Voltage. | 8c.p. [10c. p.|16c.p. |{20¢c.p. [24¢c. p. | 32¢c.p. [ 50c. p.

52 .55 .69 1.11 1.38 1.66 2.22 3.46
104 .28 .35 . b5 .69 .83 1.11 1.73
110 .26 .33 .52 .65 .78 1.05 1.64
220 .15 18 .29 .36 4“4 .58 91
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17.  Switches, Cut-ﬂuts: Circuit-Breakers, efc. -

(For construction requirements, see Rules 51, 52 and 53, pages 96, 101
and 104.)

a. Must, unless otherwise provided (for exceptions see
Rules 8 ¢ and 22 ¢, pages 84 and 67), be so arranged that the cut-
outs will protect, and the opening of the switches or circuit-
breakers will disconnect, all of the wires ; that is, in a two-wire
system the two wires, and in a three-wire system the three
wires, must be protected by the cut-out and disconnected by the
operation of the switch or circuit-breaker.

It is much safer to have all wires of a circuit disconnected from the
source of current when the safety devices OEerate or switches are open.

Otherwise short-circuits might be made or shocks received on wires sup-
posed to be dead, especially if the system is grounded.

6. Must not be placed in the immediate vicinity of easily
ignitible material or where exposed to inflammable gases or
dust or to combustible flyings. :

In starch and candy factories, grain elevators, flouring mills and buildings
used for wood-working or other purposes which would cause the fittings to be ex-
posed to dust and flyings of inflammable material, the cut-outs and switches should
be placed in agproved cabinets outside of the dust-rooms. If, however, it is neces-
sary to locate them in the dust-rooms, the cabinets must be dust-proof and must be
provided with self-closing doors. b )

An arc is always formed when a switch is opened while carrying cur-
rent, the intensity and duration depending on the strength of the current,
the design and condition of the switch and the speed with which it is
operated. Combustible dust, lint or flyings are liable to be ignited by
such an arc, and hence the switch should be so located or enclosed that
they cannot accumulate around it. Under certain conditions, it may be
necessary to so arrange the switch that it can be operated from the
outside, without having to open the enclosing cabinet, as shown in Fig. 13,

age 33.
B Air-break circuit-breakers and link fuses, if operated by a sudden .
heavy overload or a short-circuit on the system, make a considerable flash
and often throw out hot melted metal, bits of hot carbon, etec., so that it is
important to isolate them from all readily inflammable material.

¢. Must, when exposed to dampness, be either enclosed in
a waterproof cabinet or mounted on porcelain knobs.
For the reasons given in the note under Rule 3 d, page 28.

d. Time swit¢hes must be enclosed in an iron box or a
cabinet lined with fire-resisting material.

If an iron box is used, the minimum thickness of the iron must be .128 inch
(No. 8 B. & S. gage). Ii a cabinet is used it must be lined with marble or slate at
least 3% inch thick or with iron not less than .128 inch thick. Box or cabinet must
}ae so 1cclmsitlru(:ted that when the switch opens, the blades shall clear the door by at
east 1 inch.

~ These switches, being automatic, are liable to fail, especially the
cheaper grades, in which case severe arcing may result. The enclosing of
the switches is therefore necessary in order to prevent .as far as possible -
igniting surrounding combustible material, should such failure occitr.
The 1 inch clearauce between the cabinet, when closed, and any moving
part of the switch in any position is, first, to merely prevent the cabinet
interfering with free movement of the entire mechanism; and second,
to guard against short-circuit due to contact of live parts with the cabinet,
in case it is made of iron or is iron lined.



CONSTANT-CURRENT SYSTEMS = - 61

CONSTANT-CURRENT SYSTEMS.

Principally Series Arc Lighting.

18.  Wires.
(See also Rules 14, 15 and 16, pages 55 and 58.)

a. Must have an approved rubber insulating covering.
(See Rule 41, page 86.) .

The high voltages generally employed with these systems make it
desirable to have the very best insulation. 3

6. Must be arranged to enter and leave the building
through an approved double-contact service switch (see Rule
51 4, page 97), mounted in a non-combustible case, kept free
from moisture and easy of access to police or firemen.

This is to make it possible to cut the high-voltage current entirel
out of a building in case of fire. The switch is also necessary when wor
is to be done on the inside wires. i

By ‘“double-contact’’ switch is meant a switch which first short- *
circuits the loop which it controls, and then cuts it off, thus avoiding
-any break in the main circuit. In a constant-current system, the voltage
at the terminals of the generator increases in direct proportion as the
resistance of the circuit is increased, and the maximum is usually several
thousand volts. If the circuit is broken at any point, this maximum vol-
tage is available to maintain a very severe arc across the break, and this
must be carefully guarded against, as such an arc is very destructive.

c. Must always be in plain sight, and never encased
except when reguired by the Inspection Department having
jurisdiction. :

High voltage wires should always be located where they can be under
constant inspection. g ,

d. Must be supported on glass or porcelain insulators
which separate the wire at least 1 inch from the surface wired
over and must be kept rigidly at least 8 inches from each
other, except within the structure of lamps, on hanger-boards,
or in cut-out boxes or like places, where a smaller distance is
necessary.

It is especially important with these high-voltage wires to secure
perfect insulation of the system. Hence the required distance from the
surface wired over and between the wires themselves is greater than that
for low-voltage systems.

e. Must, on side walls, be protected from mechanical in-
jury by a substantial boxing, retaining an air space of 1 inch
around the conductors, closed at the top (the wires passin
through bushed holes), and extending not less than 7 feet from
the floor. When crossing floor timbers in cellars, or in rooms
where they*might be exposed to injury, wires must be attached
by their insulating supports to the under side of a wooden strip
not less than 1% inch in thickness. Instead of the running-
boards, guard strips on each side of and close to the wires will
be accepted. These strips must be not less than 7% inch in
thickness and at least as high as the insulators.

Except on joisted ceilings, a strip % inch thick is not considered sufficiently
stiff and strong. For spans of say 8 or 10. feet, where there is but little vibration, -
1inch stock is generally sufficiently stiff; but where the span is longer than this or
there is considerable vibration, still heavier stock should be used. ’

For general suggestions as to protecting wires on side walls, see notes under
Rule 24 ¢, pages 70 to 72. 5
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19.  Series Arc Lamps. !

(For construction requirements, see Rule 57, page 114.)

a. Must be carefully isolated from inflammable maierial.

6. Must be provided at all times with a glass globe, sur-
rounding the arc and securely fastened upon a closed base.
Broken or cracked globes must not be used. _

¢ Open arc ” lamps are always liable to throw off sparks, hot bits of
carbon or even the entire red-hot carbon itself. The globe is intended to
prevent the escape of such hot particles and to shield the arc from air
drafts, knocks, etc.

* With “enclosed arc” lamps, a tight globe about the arc is always

provided, as this is necessary for the proper operation of the lamp.

¢. Must be provided with a wire netting (having a mesh
not exceeding 1%4 inches) around the globe, and an approved
spark arrester (see Rule 58, page 114), when readily inflammable
material is in the vicinity of the lamps, to prevent the escape of
sparks of carbon or melted copper. It is recommended that
plain carbons, not copper-plated, be used for lamps in such
places.

Outside arc lamps must be suspended at least 8 feet above sidewalks. Inside
arc lamps must be placed out of reach or suitably protected.

Arc lamps, when used in places where they are exposed to flyings of easily
inflammable material, should have the carbons enclosed completely in a tight globe

" in such manner as to avoid the necessity for spark arresters.

““ Enclosed arc "’ lamps, having tight inner globes, may be used, and the require-
ments of §§ 4 and ¢ above would, of course, not apply to them, except that a wire
netting around the inner globe may in some cases be required if the outer globe is
omitted.

In Factory Mutual risks, the wire netting around the inner globe will
be required if the outer globe is omitted and the lamp is located in the
vicinity of combustible material.

The objection to copper-plated carbons in ‘open arc ” lamps is that
as the carbons burn away, the copper, not being consumed, collects in
melted globules, which fall from time to time and are likely to cause a fire.

d. Where hanger-boards (see Rule 56, page 114) are not
used, lamps must be hung from insulating supports other than

their conductors. .

The weight of the lamp, especially where the floors are subject to
vibration, is liable to loosen the connections between the lamp and the
conductors if they are used for sugports. This would result in more or less
arcing at the loose corinection, which might in time melt off the wire and
thus cause a break in the circuit. The serious consequences of such a break
in a constant-current circuit are briefly referred toin the note to Rule 18 b,

age 61.
be In order to still further lessen the chances of loose connections, it is
advised that the wires be soldered into all binding posts, etc., also that, as
far as practicable, the leads to the lamps be stranded instead of solid,in
order to minimize the chance of breakage of these conductors due to
swinging of lamp or other vibrations.

20. Incandescent Lamps in Series Circuits.

"@. Must have the conductors installed as required' in Rule
18, page 61, and each lamp must be provided with an automatic

cut-out.

The object of such cut-out is to automatically shunt the current
around the lamp in case the circuit becomes broken, due to lamp jarring
loose, lamp filament breaking, etc.; otherwise a_destructive arc might be
drawn under these conditions. (See note under Rule 18 b, page 61.)
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20. Incandescent Lamps in Series Circuits — Continued.

6. Must have each lamp suspended from a hanger-board
by means of a rigid tube..

This form of construction removes all strain from the binding screws
which hold the wire in place in the socket, besides preventing the wires
from coming into contact with surrounding objects, or from Deing broken
by the constant handling and bending to which the ordinary cord pendant
is sub%ected. . ; - ’

he voltage across a break anywhere in a series system is sure to be
very high and to cause severe arcing, as explained in the note to Rule 180,
page 61, and unusual precautions are therefore necessary.

¢. No electro-magnetic device for switches and no multiple-
series or series-multiple system of lighting will be approved.

Experience has shown that magnetic devices become rusty or filled
with dust, and often fail when wanted.

Both multiple-series and series-multiple systems of lighting were onee *
used; but gave a good deal of trouble and proved themselves generally un-
“reliable. i ;

d. Must not, under any circumstances, be attached to gas
fixtures. :

It would be especially dangerous to attach these high-voltage wires to
metal pipes so thoroughly connected with the ground, especially as an arc
at this point might perforate the pipe and ignite the gas. g

CONSTANT-POTENTIAL SYSTEMS.
! . GENERAL RULES—ALL VOLTAGES.

21. Automatic Cut-Outs. — Fuses and circuit-breakers.

(For construction requirements, see Rules 52 and 53, pages 101 and 104.)
(See also Rule 17, page 60.)

.. Excepting on main switchboards, or where otherwise subject to expert super-
vision, circuit-breakers will not be accepted unless fuses are also provided.

a. Must be placed on all service wires, either overhead or
underground, as near as possible to the point where they enter .
the building, and inside the walls, and arranged to cut off the-
entire current from the building. .

Where the switch required by Rule 22, page 65, is inside the building, the cut-
out required by this section'must be placed so as to protect it. L

In risks having private plants, the yard wires running from building to
building are not eneralllzn considered as service wires, so that cut-outs would not be
required where the wires enter buildings, provided that the next fuse back is small

enough to properly protect the wires inside the building in question.
L 3

The pu¥pose of such cut-outs is to make sure that the wires inside
a building cannot be subjected to a current larger than they can safely
carry. They are absolutely necessary when takinﬁ current from a public
plant, as the fuses in the mains are often changed without. regard to the
size of the wires in‘the buildings.

6. Must be placed at every point where a change is made
in the size of wire, unless the cut-out in the larger wire will
protect the smaller. (See Rule 16, page 58t)

It will fre(}uently be found necessary to provide cut-outs where taps
are taken from large mains. In such cases, if the' clamps on the cut-outs.
are not sufficiently -1ar%e and strong to give.a firm and secure connection,
a short length of smaller wire may be soldered to the main wire and then
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.21." Automatic Cut-Outs — Continued.

carried direct to the cut-out, which should be located as near as possible
to the point of connection with the mains. Special care should be taken
to guard these leads from accident as they may not be properly protected
by the fuses in the main circuit. :

¢. Must be in plain sight, or enclosed in an approved
cabinet (see Rule 54, page 108), and readily accessible. They
must not be placed in the canopies or shells of fixtures.

The ordinary porcelain link-fuse cut-outs will not be approved. = Link fuses
may be used only when mounted on slate or marble bases, conforming to the require-
ments of Rule 52, page 101, and must be enclosed in dust-tight fireproofed cabinets,
except on switchboards located well away from combustible material, as in the ordi-
nary engine and dynamo room, and where these conditions will be maintained. It
is, however, strongly recommended that enclosed fuses be used in all cases on panel
boards or where cabinets are provided.

In such places as picker and carding rooms, cloth napping and
shearing rooms, wood-working shops, etc., where inflammable dust or
flyings are liable to accumulate about the fuses, cabinets should be pro-
vided in all cases, even with fuses of the enclosed type. See cuts and
notes on pages 108 to 110 for illustrations and description of good cabinets.

d. Must be so placed that no set of incandescent lamps
_requiring more than 660 watts, whether grouped on one fixture
or on several fixtures or pendants, will be dependent upon one
cut-out. Special permission may be given in writing by the
Inspection Department having jurisdiction for departure from
this rule in the case of large chandeliers, stage borders, and
illuminated signs.

The above rule shall also apply to motors when more than one is dependeut
on a single cut-out.

- The idea is to have a small fuse to protect the lamp socket and the small wire
used for fixtures, pendants, etc. It also lessens the chances of extinguishing a large
number of lights if a short-circuit occurs.

On open work in large mills, aggroved link-fused rosettes may be used at a
voltage of not over 125, and approved enclosed fused rosettes at a voltage of not
over 250, the fuse in the rosette not to exceed 2 amperes; a fuse of over 25 am-
peres must not be used in the branch circuit.

*  All branches or ‘“ taps’’ from a three-wire Edison system must be run as two-
wire circuits. . '

Incandescent lamps in series on constant potential systems will not
be approved in Factory Mutual mills. Sockets, Hlexible cord and rosettes
are not suitable for overs250 or 300 volts, so that under no condition
would it be proper to use these fittings on circuits of higher voltage than
this. Such a series system should consequently be limited to 250 volt cir-
cuits for which single lamps can be procured. Therefore, where a 250 volt
system is required for any reason, 250 volt lamps should be used, or- the
’i‘%htmg circuits run as an Edison three-wire system, using 125 volt lamps.

e frequent inconvenience or poor economy of the series arrangement
should also be considered. Where higher voltage circuits are necessary,
say 500 volts, lamps could still be connected by means of the Edison three-
wire system using 250 volt lamps. (See also Rule 24a, page 69.) This
higher voltage, especially with direct current, should be avoided wherever
practicable. 7

. The average incandescent lamp consumes about 3} watts per candle-
power, so that 12 lamps of 16 c. p. each or 6 lamps of 32 ¢. p. each would
consume about 660 watts. 7 ;

Unless fused rosettes are used, the fuses in the branch cut-outs
should not have a rated capacity greater than 6 amperes on 110 volt sys-
tems, and 3 amperes on 220 volt systems.

If ceiling rosettes are used,—either fused or fuseless,— there must
be a separate one for each pendant and they must be supported independ-
ently of the overhead wires. ;
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21. Automatic Cut-Outs — Continued.

e. The rated capacity of fuses must not exceed the allow-
-able carrying capacity of the wire as given in Rule 16, page
58. Circuit-breakers must not be .set more than 30 % above
the allowable carrying capacity of the wire unless a fuéible cut-
out is also installed in the circuit.

Specifications for fuses require that they shall be rated at’a certain
per -cent of the maximum current which they will carry indefinitely, as
follows : link fuses 80% and enclosed fuses 909,. The margin thus pro-
vided between the rating of the fuse and its actual melting point will
permit the ordinary fluctuations in current without opening the circuit.
If fuses selected to conform to the above rule are not large enough to
carry the load, it is evident that the wires also are overloade , and either
the load should be diminished or the size of the wire increased. .

Circuit-breakers are so sensitive that it is often necessary to set
them much above the ordinary current to keep them from being constantly
opened by momentary rises in the current, such as might be caused by
starting a motor or by a rise in the voltage of the dynamo due to a sudden
decrease of load. When this is the case, a fuse may be necessary to pro-
tect the wire from a steady current above the safe carrying capacity of
the wire but below the })omt at which the circuit-breaker is set to open.
The fuse requires a little time to heat, and so does not melt with the
momentary rises of current which would open the circuit-breaker if it
were set as low as it would have to be if the fuses ywere not provided.

22. Switches.

(For construction requiremeht,s, see Rule 51, page 96.)
, (See also Rule 17, page 60.)

a. Must be placed on all service wires, either overhead or
underground, in a readily accessible place, as near as possible
to the point where the wires enter the building, and arranged
to cut off the entire current. '

Service cut-out and switch must be arranged to cut off current from all devices,
including meters. .

In risks having private plants, the yard wires running from building to build-
ing are not generally considered as service wires, so that switches will not be re-
quired in each building if there are other switches conveniently located on the mains
or if the generators are near at hand. £

- The purpose of such switches is to make sure that current can be:
cut off from the inside wires for repairs, or in case of fire or other accident.
They are, of course, absolutely necessary when taking current fx\'om public
lines. : e :

If there are any high-voltage wires in the mill yard, especially in the
vicinity of the buildings, it might be necessary to shut off the current from
these wires before any effective fire fighting could be done, in which case
some means should be available for instantly disconnecting these wires
from the source of*power. If the power station is close at hand, arrange-
ments could probably be made to have the circuit opened there at.a
moment’s notice. = Otherwise, an emergency switch should always be
installed in each of these high-voltage wires at the point where they enter
the mill yard. )

An excellent arrangement for such a switch, where a switch house as
shown in Fig. 3, page 4, is not feasible, is illustrated in Fig. 34, page 66. The
cutshows two. high-tension circuits carried into the mill yard, an oil switch
or circuit-breaker being provided in-each circuit and located on a pole at
the yard line. These emergency switches are properly housed to protect
‘them from the weather. In this case, the switches are trigped electrically
by means of an auxiliary circuit. Just below-each switch cabinet will be
seen a small transformer, the primaries being connected through fuse
boxes to the high-tension circuit on the mill side of the emerig]ency switch.
The 110 volt secondary circuit is carried to the tripping mechanism at the
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22. Switches — Continued.

switch, and thence into the mill to small single-pole knife switches con-
nected in parallel and located at different points from which it is desired
- to operate the emergency switch. By closing ary of the small switches, the
main switch may be instantly opened.

At each of the controlling switches
is located a red lamp, connected in par-
allel with the switch, which gives a con-
sBicuous and continuows indication of
the condition of the secondary or con-
trolling circuit. If the lamp burns, it
is evident that the circuit is intact and
that current is available for throwing
the main switch. The lamps, switches,
and tripping coil are so connected that °
the closing of any of the small con-
trolling switches will not extinguish
the lamps unless the emergency switch
has opened. The lamp is, therefore, a
valuable tell-tale regarding both the
maintenance and operation of what
may be called .the remote control.
‘Where oil circuit-breakers are used in
this way, care should be taken that the
oil does not become sufficiently thick,
even in extreme cold weather, to inter-
fere with the prompt operation of the
breaker or tripping mechanism.

The great advantage of the remote
control is the saving of time in case of
fire or other accident, for as many con-
trolling switches may be provided at
different points as may be considered
necessary to make the control readily
accessible under all concitions. For ex-
ample, one switch could be placed upon
the main distributing switchboard,
within easy reach of the switchboard
attendant ; another could be located
just outside of the building, so that. it
could be closed at a moment’s notice,
even in case of fire in the building, etc.
The auxiliary circuit should be tested
at least once a week by actually opening
g the emergency switches, if conditions
Fic. 34. will permit.

EMERGENCY SWITCHES ON POLE. It is possible, however, that even
L with the best of care this circuit might
be found disabled when needed, and therefore some means of direct
control of these switches is believed also desirable for most reliable ser-
vice. Such direct control could be secured by attaching a rope to the
tripping device of the circuit-breaker or to the handle of a plain switch, as
the case may be, and carrying this rope to within easy reach of the ground,
the arrangement being such that the circuit could be safely and quickly
opened, without its becoming necessary to climb the pole, which might
be an extremely dangerous undertaking. To protect the rope from the
weather and guard a%ainst tampering with the electrical circuit, this rope
could be run in suitable boxing on the side of the pole, a door being pro-
vided at the bottom which could ordinarily be kept locked, but which should
be so made that it could be readily broken open in case of emergency.
Where space is limited in the vicinity of the switch, a length iron con-
duit coufd be fastened firmly to the pole and extended throug e bottom
of the switch cabinet. Enameled Pil,’[e should be used, thus securing a
very smooth runway for the rope. he pipe should enter the wooden
boxing a good distance from the %round, say half-way up the pole, so that
if the pipe should accidentally become ¢ alive,” it would not endanger
people passing near the pole. ) ) )
-~ For most cases a suitable high-voltage switch is considered advisable
for this use, as then the high-tension current can readily be cut out of
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22. Switches — Continued.

the mill yard whenever the electric plant is shut down. However, with
lines of small capacity and of comparatively low voltage, say 2000, where
the conditions are favorable, a somewhat cheaper arrangement in the form
of a substantial 500 volt single-pole switch in each wire might be used and .
operated by a rope as above described. !

‘Whenever it is proposed to introduce high-voltage current into Fac-
tory Mutual mills, the Inspection Department should first be consulted,
so that all of these questions, such as location of line, style of emergeney
switch, lightning protection, etc., can be fully congidered and the best
arrangement determined before the work is begun. :

6. Must always be placed in dry, accessible places, and
should be grouped as far as possible. Knife switches must be so
placed that gravity will tend to open rather than to close them.

. When possible, switches should be so wired that blades will be *‘ dead ”” when

switch is open. 3 ‘ & R

If knife switches are used in rooms where combustible flyings would be likely to
accumulate around them, they should be enclosed in dust-tight cabinets. (See note
under Rule 17 4, page 60.) Even in rooms where there are no combustible ma-
terials it is better to put all knife switches in cabinets, in order to lessen the danger
of a]c{cidemal short circuits being made across their exposed metal parts by careless
workmen. .

Up to 250 volts and 30 amperes, agproved indicating snap switches are advised
in preference to knife switches on lighting circuits about the workrooms.

It is not desirable to have switches scattered about at random, and'it
is easier and cheaper to install and care for them properly if grouped.

If‘knife switches are not placed so that gravity ténds to open them,
weakening or breaking of the spring may-allow them to partly close, caus-
ing arcs and burning.

Specifications and cuts of good cabinets are given on pages 108 to 110.

¢. Must not be single-pole when the circuits which they
control supply devices which require over 660 watts of energy, or
when the difference of potential is over 300 volts. :

See notes under Rule 17 @ and 21 d, pages 60 and 64.

#. Where flush switches are used, whether with conduit
systems or not, they must be enclosed in approved switch boxes.
(See Rule 49 A, page 94.) No push-buttons for bells, gas-light-
ing circuits or the like shall be placed in the same wall plate
with switches controlling electric light or power wiring.

This requires an agproved box in addition to the porcelairi-enclosure of the
switch.

¢.  Where possible, at all switch or fixture outlets, a 7% inch
block must, be fastened between studs or floor timbers, flush
with the back of lathing, to hold tubes and to support switches
or fixtures. When this cannot be done, wooden base blocks
not less than 34 inch in thickness, securely screwed to lathing,
must be provided for switches, and also for fixtures which are
not attached to gas pipes or conduit tubing.

23. - Electric Heaters.

a. Must,if stationary, be placed in a safe situation, isolated
from inflammable materials, and must be treated as sources of
heat. i .
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23. Electric Heaters — Continued.

Electric heaters should not be located in dusty or linty places, and
practically the same precautions should be taken as required for resist-
ance boxes (see Rule 4 a, page 28), especially for stationary heaters, unless
the heaters are so designed that these precautions are unnecessary for
desired safety.

6. Must each have a cut-out and an zndicating switch.
- (See Rule 17 a, page 60).

¢. The attachments of feed wires to the heaters must be
in plain sight, easily accessible, and protected from interference,
accidental or otherwise. ‘

d. The flexible conductors for portable apparatus, such as
irons, etc., must have an a@pproved insulating covering. (See
Rule 45 g, page 90.)

e. Must each be provided with a name-plate, giving the
maker’s name and the normal capacity in volts and amperes.

Stationary heaters should be treated like stoves which might become over-
heated at any time.

Portable ‘heaters, such as flat-irons, have this danger, that if left standing with
the current on they in time accumulate heat enough to char combustible material and
to finally set it on fire.

It is often desirable to connect in multiple with the leaters, an incandescent
lamp. of low candle-power, as it shows at a glance whether or not the switch is open
and tends to prevent its being left closed through oversight.

Special care should be taken in arranging circuits for portable heat-
ers to have switches so located that any department not in operation can
have the current cut entirely out of it. Current should of course be cut
‘off from all lines at night when work stops. The pilot l]amp above men-
tioned should be so connected to the heater circuits that it would be
necessary to open the main switch in order to put out thislight. A red
pilot lamp would make the indication even more conspicuous, and thus
emphasize the fact that current was on these circuits in case the switch,
for any reason, had been left closed. :

7 LOW=-POTENTIAL SYSTEMS.
550 VOLTS OR LESS.

Any circuit attached to any machine or combination of
machines, whick develops a difference of potential, between any
two wires, of over 10 volts and less than 550 volts, shall be
considered as a low-potential circuit and as coming under this
class, unless an approved transforming device is used which
cuts the difference of potential down to 1o wolts or less. The
potential diference on the primary circuit must not exceed
3500 volts. 4

(For 550 volt motor equipments a margin of 109, above the 550 volt limit will
be allowed at the generator or transformer.)

Before pressure is raised above 300 volts on any previously
existing system of wiring, the whole must be strictly brought up
to all of the requirements of the rules at date.
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24, Wires. .

General Rules. -
(See also Rules 14, 15 and 16, pages 55 and 58.)

a. Must be so arrdﬁged that under no circumstances will there be

a difference of potential of over 800 volts between any bare metal parts,

‘ijn an% diistribul;ing switch or cut-out cabinet or equivalent centre of
istribution.

This rule is not intended to prohibit the placing of switches or single pole
cut-outs for motor systems of voltages above 300 in cabinets, but would require that
the cabinets be diviged by approved barriers so arranged that no single section shall
contain more than one switch nor more than one singlé pole cut-out.

6. Must not be laid in plaster, cement or similar finish,
and must never be fastened with staples.

Fresh plaster and cements may be either alkaline orgacid, and until -
finally set have a corrosive action on the insulating materials of the wires.

The amount of such alkaline or
acid action is not only often suffi-

4 . : 77
cient to destroy the insulation, but "”’,5'55/{;/:’/}
will sometimes even injure the 'f/{,?é’ 57

wire itself.

A staple driven over a wire
will almost always cut through
the insulation or even crack the
wire itself, and this may result in

7 Z
an arc which would develop heat 77", | 5
enough to set fire to the insulation. -%{,ﬂjz”“%%;//;;,;f Z
Z Z A
¢. Must not be fished - W)
for any great distance, and * SR LG 7
5 I i arrtss . Hstrrd
only in places where the in- 4 %2
spector can satisfy himself N //’/,;‘ 4
1/ %
that the rules have been 7 2%

complied with.

It is desirable to do as little
fishing as possible, as the condi-
tion of the fished wires is always
somewhat uncertain.
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d. Twin wires must > 77 ///r{/;//,j//’,;,{;,

‘never be used, except in con- P27 72 7 777777
duits or where flexible con-- Ay e~

ductors are necessary.

A twin wire is made up b
placing two separately insulate
wires under the same insulating
covering. Itis unsafe for light
or power work on account of the

short distance between the two Fi6. 35.
conductors,and the readiness with PROTECTION FOR WIRES
which an arc starting at one end . ON SIDE WALLS.

will follow along the wire. g

Twin wire may be used in conduit work with reasonable safety,
however, since the liability of mechanical injury to the wire is there so
small that the chance of starting an arc between them is greatly reduced.
Moreover, the conduit gives some added protection to the surroundings
against the heat of an arc, in case one should occur. ‘

¢. Must be protected on side walls from mechanical injury.
When crossing floor timbers in cellars, or in rooms where théy
might be exposed to injury, wires must be attached by their
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24, Wires —Continued.

insulating supports to the under side of a wooden strip not less
than 1% inch in thickness and not less than 8 inches in width.
Instead of the running-boards, guard strips on each side of and
close to the wires will be accepted. These strips to be not less
than 7 inch in thickness, and at least as high as the insulators.

Suitable protection on side walls may be secured by a substantial boxing, retaining
an air space of at least 1inch around the conductors, closed at the top (the wires pass-
ing through bushed holes), and extending not less than 5 feet from the floor; or by an
iron-armored or metal-sheathed insulating conduit
sufficiently strong to withstand the strain to which
it will be subjected, and with the ends protected by
the lining or by special insulating bushings, so as
to prevent the possibility of cutting the wire insu-
lation; or by pgin metal pipe, lineg with agproved
flexible tubing, which must extend from the insu-
lator next below the pipe to the one next above
1t.

If metal conduits or iron pipes are used to
protect wires carrying alternating currents, the
two or more wires of each circuit sus? be placed
in_the same conduit, as troublesome induction
effects and heating of the pipe might otherwise
result; and the insulation of each wire must be
reinforced by approved flexible tubing extending
from the insulator next below the pipe to the one
next above it. This should also be done in direct-
current wiring if there is any possibility of al-
ternating current ever being used on the sys-
tem, -

For high-voltage work, or in damp places,
the wooden boxing may be preferable, because of
the precautions. which would be necessary to se-
cure proper insulation if the pipe were used. With
these exceptions, however, iron pipe is considered
preferable to the wooden boxing, and its use is
strongly urged. It is especially suitable for the
protection of wires near belts, pulleys, etc.

Fig. 35, page 69,shows both the wooden
boxing and metal pipe protection. In the cut
the boxing hag been broken away toshow the

F16. 36. - backing board on which the insulators should

IRON PIPE PROTECTION, be mounted. This board should first be fas-

SHOWING SEPARATION tened to the wall, and the boxing then built

OF WIRES ABOVE PIPES. around the wires as outlined in the above

; note. Good heavy stock should be used, as

these boxes are generally subjected to considerable hard usa%e. ‘Where

the boxing is especially liable to knocks from trucks and the like, heavy

angle irons should be securely fastened to the corners as shown. The floor

bushings should have long heads, to surely prevent wash water reaching

the wires, and the bushings in the top should be short, say 115 inches, to

prevent breaking. A considerable slant should be given the top to pre-
vent its use as a shelf, and to better shed dust, etc. )

If there is any liability of storage or other materials being J)iled in
the vicinity of these wires, the protecting boxing or piping should be car-
ried higher than 5 feet, so as to surely guard the wires from injury.

Although the cut illustrates a three-wire system protected by the
flexible tubing and iron pipe, the method is, of course, entirely applicable
to any system. This arrangement is excellent for several reasons: —

1. It takes butlittle room, and is therefore much less in the way than
the wooden boxingi; % ol . )

It is mechanically very strong, giving ample protection to the
wire against hard knocks, etc. ) e ]

3. It provides an excellent floor bushing, which is readily made and
is not eagily broken. - ‘
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24. Wires— Cdntinued.

i = 4.d The amount of combustible material at this point is considerably
reduced. G
Where approved line conduit with single-braid rubber-covered wire,

or unlined conduit with double-braid rubber-covered wire, is used in place

- of plain iron pipe, the reinforcing insulating tubing will not be required,
but approved outlet bushings must be provided at each end of the conduit.
The plain iron pipe construction shown in Fig. 35, page 69, has
been used in a large number of places with.perfectly satisfactory re-

Fia. 38.
F1e. 37. CABINET WIRING
IRON PIPE PROTECTION, SHOWING PROTECTED
PIPES BENT FOR OFFSET IN WALL. BY IRON PIPE.

sults. Figs. 36 and 37 illustrate some of the applications of this arrange-
ment in practice, on low-voltage circuits. (See also Figs. 43 and 44, page
109.) In all of these cases, atteation is called to the very substantial
manner in which the pipes are secured in place and to the small amount
of combustible material necessary with this type of construction. Fig. 37
shows how well this method can be used where offsets occur in the wall.’
In this cut the circuits in the five centre pipes are carried up near ihe
wall, while the other circuits are brought forward and then pass directly
up to cleats overhead. This arrangement gives ample separation between
the wires, although it is not very evident in the cut. Fig. 38 shows.an .
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24. Wires —— Continued.
excellent application of iron pipe protection for wires entering and leaving
a switch cabinet. ) ’

See also note under Rule 18 ¢, page 61.

/- When run in unfinished attics or.in proximity to water-
tanks or pipes, will be considered as exposed to moisture.

Roofs and tanks are liable to leak, and moisture is sure to condense on
cold pipes. :
Special Rules.
For Open Work.

In Dry Places:—

£ Must have an approved rubber or “slow-burning wea-
therproof ” insulation. (See Rules 41 and 42, pages 86 and 88.)

A ‘“ slow-burning weatherproof *’ covering is considered good enough where the
wires are entirely on insulating supports. Its main object is to prevent the copper
conductors from coming accidentally into contact with each other or anything else.

This ¢slow-burning weatherproof’’ wire has special merit in linty
and dusty places, for ﬂym§s will not readily adhere to the hard, smooth,
dry outer surface, as 1s the case where the weatherproof braid is on the
outside. The result is that the ¢ sweeping down ” process is much less
severe on the wiring, which can therefore be kept in better condition.
Another good point is that fire will not run rapidly along the wires, even
when grouped. (See note to Rule 2 b, page 25.) The wire ean also be more
'readilg drawn into flexible tubing where the iron pipe described in § e
is used.

¢ Slow-burning*’ wire also has the above advantages, and in Factory
Mutual work special permission in writing will be F;iven for using it
where, on account of excessive heat or for other special reasons, this type
of wire is preferable.

- /. Must be rigidly supported on non-combustible, non-
absorptive insulators, which will separate the wires from each
other and from the surface wired over in accordance with the
following table: — - '

Distance from Distance between
Voltage. . Surface. Wires.
0 to 300 14 inch 21% inch
301 to 550 1 (&5 4

. Rigid supporting requires, under ordinary conditions, where wiring along flat
surfaces, supports at least every 415 feet. If the wires are liable to be disturbed, the
distance between supports should be shortened. In buildings of mill construction,
mains of No. 8 B. & S. gage wire or over, where not liable to be disturbed, may be
separated about 6 inches and run from timber to timber, not breaking arcund, and
may be supported at each timber only.
This rule will not be interpreted to forbid the placing of the neutral of an
Edison three-wire system in the centre of a three-wire cleat where the difference of
" potential between the outside wires is not over 300 volts, provided the outside wires
are separated 235 inches.

The proper distance between insulators depends largely on the sur-
roundings. In places where ceilings are low, or where belts, shafting or
other machinery may require frequent attention, insulators should be
glaced every few feet, in order to prevent the wires from being displaced

y careless or unavoidable blows from workmen. On the other han , with
a high ceiling and no chance of derangement, a greater distance would be
allowable.

The whole idea is toso rigidly secure the wires that they cannot come
in contact with each other or any other conductors, if loosened by shrink-
age of timbers and floors or by careless knocking. ;

Wires should not be ¢ dead-ended *’ at rosettes, but should always be
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carried beyond them for a few inches and securely fastened with porcelain
cleats. ; )

See Fig. 33, page 57, for illustration of good wiring for buildings of
mill construction. ) '

In damp places or buildings especially subject to moisture or
to acid or other fumes liable to injure the wires or their insula-
tion ;= ‘

Z.  Must have an approved insulating covering.

" For protection against water, rubber insulation must be used. For protection
against corrosive vapors, either weatherproof or rubber insulation must be used.
(See Rules 41 and 44, pages 86 and 89.)

7- Must be rigidly supported on non-combustible, non-
absorptive insulators which will separate the wire at least 1 inch
from the surface wired over, and must be kept apart at least
2% inches for voltages up to 800, and 4 inches for higher
voltages.

Rigid supporting requires, under ordinary conditions, where wiring over flat
surfaces, supports at least every 415 feet. If the wires are liable to be disturbed, the
distance between supports should be shortened. In buildings of mill construction,
mains of No. 8 B. & S. gage wire or over, where not liable to be disturbed, may be

separated about 6 inches and run from timber to timber, not breaking around, and
may be supported at each timber only.

%. (Stricken out.)

For Moulding Work.

/. Must have an approved rubber insulating covering.
(See Rule 41, page 86.) '

The absence of the porcelain insulators required for open work, and
the close proximity into which the wires are brought, makes it necessary
to have the best of insulation on them. ‘

~ m. Must never be placed in moulding in concealed or
damp places, or where the difference of potential between any
two wires in the same moulding is over 300 volts.

. As a rule, moulding should not be placed directly against a brick wall, as the
wall is likely to ‘‘ sweat ’” and thus introduce moisture back of the moulding.

If water should soak into the wood, it might cause leakage of current
between the wires, charring the wood and starting a fire which would not
be immediately discovered.

It is to be ungderstood that the sole object of the moulding is to fur-
nish a convenient and fairly good-looking runway, in which the wires are
protected from mechanical injury. Nails used for fastening on the cap-
ping must be very carefully driven, so as to avoid injuring the insulation,
and must never be used to hold the wires in the grooves.

For Conduit Work.
n. . Must have an aepproved rubber insulating covering.
(See Rule 47, page 91.) : '

Here, too, the conductors need the best of insulatiﬁg covering, as
there is no other separation between them.

0. Must not be drawn in until all mechanical work on the °
building has, as far as possible, been completed.
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This makes it absolutely necessary that the conduit should be com-
plete from one junction box to another, and that all joints be carefully
made. If wires were laid in the conduits while the latter were being
installed, it would be very easy to neglect these points.

2 Must, for alternating-current systems, have the two or
more wires of a circuit drawn into the same conduit.

It is advised that this be done for direct-current systems also, so that they may
be changed to alternating-current systems at any time, induction troubles preventing
such a change if the wires are in separate conduits.

The same conduit must never contain circuits of different systems, but may
contain two or more circuits of the same system.

With altematilag-current systems, if the wires of the same circuit are
in different iron conduits, there will be trouble from inductive losses, and
under certain conditions the conduits may become dangerously heated.
This trouble disappears if the two or more wires of the same circuit are
drawn into the same conduit. The placing of two or more circuits in the
same conduit should be avoided as far as possible.

For Concealed Knob and Tube Work.

g¢- Must have an a@pproved rubber insulating covering.
(See Rule 41, page 86.)

In concealed work, the condition of the wire is often unknown, so
that the best insulation is necessary for safety.
: 7. Must be rigidly supported on non-combustible, non-
absorptive insulators which separate, the wire at least 1 inch
from the surface wired over. Must be kept at least 10 inches
apart, and, when possible, should be run singly on separate
timbers or studdings. Must be separated from contact with
the walls, floor timbers and partitions through which they may
pass, by non-combustible, non-absorptive, insulating tubes, such
as glass or porcelain.

Rigid supporting requires, under ordinary conditions, where wiring along flat

surfaces, supports at least every 414 feet. If the wires are liable to be disturbed, the .
distance between supports should be shortened.

It is believed that the use of a few extra knobs or cleats and a gener-
ous supply of tubes is advisable in such places, where the circuits are
entirely concealed and any derangement of them could not, therefore, be
seen.

s. When, in a concealed knob and tube system, it is im-
practicable to place any circuit on non-combustible supports of
glass or porcelain, approved metal conduit, or epproved armored
cable must be used (see § ¢), except that if the difference of
‘potential between the wires is not over 300 volts, and if the
wires are not exposed to moisture, they may be fished on the
loop system if separately encased throughout in continuous
lengths of approved flexible tubing.

There can, of course, be no assurance that such fished wires do not lie
in close contact with %as or water pipes, or other wires, and so there is need
of the protecting conduit.

2. Mixed concealed knob and tube work, as provided for '
in § s, must comply with the requirements of §§ » to g, and Rule
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25, page 76, when conduit is used, and with the requirements of
Rule 24 A, when armored cable is used.

_ #. Must at all outlets, except where conduit is used, be
protected by approved flexible insulating tubing, extending in
continuous lengths from the last porcelain support to at least 1
inch beyond the outlet. In the case of combination fixtures, the
tubes must extend at least flush with outer end of gas cap.

For Fixture Work.

. Must have an approved rubber insulating covering
(see Rule 46, page 91), and must not be smaller than No. 18
B. & S. gage. ‘ i

The wire covering lies in contact with the metal of the fixtures, s6 -
that a first-class insulator, like rubber, is necessary. ; s

It is very undesirable to use wires as small as No. 18, as they have
but little mechanical strength and are easily broken by vibration of the
fixture. They are only to be used in places where it is absolutely impos-
sible to put a larger wire. Stranded wires are preferable to solid wires,
as they are much less likely to break. )

w. Supply conductors, and especially the splices to fixture
wires, must be kept clear of the grounded part of gas pipes,
and where shells or outlet-boxes are used, they must be made
sufficiently large to allow the fulfilment of this requirement.

x. Must, when fixtures are wired outside, be so secured as
not to be cut or abraded by the pressure of the fastenings or
motion of the fixture. ’

. Under no circumstances must there be a difference of
potential of more than 300 volts between wires contained in or
attached to the same fixture.

24 A. Armored Cables.

(For construction requirements, see Rule 48, page 92.)

a.. Must be continuous from outlet to outlet ar.to junction
boxes, and the armor of the cable must properly enter and be
secured to all fittings.

[ In case of underground service connections and main runs, this involves run-
ning such armored cable continuously into a-main cut-out cabinet or gutter surround-
ing the panel board, as the case may be. (See Rule 54, page 108.)

6. Must be equipped at every outlet with an approved out-
let box or plate, as required in conduit work. (See Rule 49 A,
page 94.)

Outlet plates must not be used where it is practicable to install outlet boxes.

In buildings already constructed, where the conditions are such that neither
outlet hox nor plate can be installed, these appliances may be omitted by special
permission of the Inspection Department having jurisdiction, providing the armored
cable is firmly and rigidly secured in place.

~¢. Must have the metal armor of the cable permanertly

and effectively grounded. =

1
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It is essential that the metal armor of such systems be joined so as to afford
electrical conductivity sufficient to allow the largest fuse or circuit-breaker in the
circuit to operate before a dangerous rise in temperature in the system can occur.
Armor of cables and gas pipes must be securely fastened in metal outlet boxes so as
to secure good electrical connection. Where boxes used for centres of distribution
do not afford good electrical connection, the armor of the cables must be joined
around them by suitable bond wires. Where sections of armored cable are installed
without being fastened to the metal structure of buildings or grounded metal piping,
they must be bonded together and joined to a permanent and efficient ground connec-
tion.

d. Wheninstalled in so-called fireproof buildings in course
of construction, or afterwards if concealed, or where it is exposed
to the weather, or in damp places such as breweries, stables,
etc., the cable must have a lead covering at least 142 inch in
thickness placed between the outer braid of the conductors and

“the steel armor. '

e. Where entering junction boxes and at all otheg.eutlets,
etc., must be provided with approved terminal fittings which
will protect the insulation of the conductors from abrasion,
unless such junction or outlet boxes are especially designed and
approved for use with the cable.

~ /~ Junction boxes must always be installed in such a man-
ner as to be accessible.

g For alternating-current systems, must have the two or
more conductors of the cable enclosed in one metal armor.
This is necessary in Oﬁdel‘ to avoid heating of armor and other trou-

bles due to induction, which might occur it each conductor were separately
encased. See also notes under Rule 24 g, page 72.

25.  Interior Conduits.
(See also Rules 24 n to 24 p, and 49, pages 73 to 74 and 49.)

The object of a tube or conduit is to facilitate the insertion or extraction of the -

conductors, and to protect them from mechanical injury. Tubes or conduits are to

_ be considered merely as raceways and are not to be relied upon for insulation be-
tween wire and wire, or between the wire and the ground.

a. No conduit tube having an internal diameter of less
than % inch shall be used. With lined conduit, this measure-
ment is to be taken inside the metal tube.

It has been found in practice with sizes smaller than this, that the
smallest wire permitted by Rule 14 @, page 55, cannot be readily drawn in
and out of the conduit. :

6. Must be continuous from outlet to outlet or to junction
boxes, and the conduit tube must properly enter and be secured
to all fittings.

In the case of underground service connections and main runs, this involves

running each conduit continuously into a main cut-out cabinet or gutter surrounding
the panel board, as the case may be. (See Rule 54, page 108.)

They must be continuous, in order that the wires may be readily
drawn in after the conduit system is completed, and also to ensure that
the wire is protected throughout its whole length.
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- 25. Interior Conduits — Continued.

¢. Must first be installed as a complete conduit system,
without the conductors.

For the reason given under Rule 24 o, page 73.

d. Must be equipped at every outlet with an approved
outlet box or plate. (See Rule 49 A, page 94.)

Outlet plates must not be used where it is practicable to install outlet boxes.

In buildings already constructed, where the conditions are such that neither
outlet box nor plate can be installed, these appliances may be omitted by special
permission of the Inspection Department having jurisdiction, providing the conduit
ends are bushed and secured. i

e. .Metal conduits, where they enter junction boxes, and
at all other outlets, etc., must be provided with approved
bushings, fitted so as to protect the wire from abrasion, except -
when such protection is obtained by the use of aepproved
nipples, properly fitted in the boxes or other devices.

. The metal of the conduit must be permanently and
effectually grounded.

It is essential that the metal of conduit systems be joined so as to afford elec-
trical conductivity sufficient to allow the largest fuse or circuit-breaker in the circuit
to operate before a dangerous rise in temperature in the conduit system can occur.
Conduits and gas pipes must be securely fastened in metal outlet boxes so as to
secure good electrical-connection. Where boxes used for centres of distribution do .
not afford good electrical connection, the conduits must be joined around them by
suitable bond wires. Where sections of metal conduit are installed without being
fastened to the metal structure of buildings or grounded metal piping, they must be
bonded together and joined to a permanent and efficient ground connection.

It is rarely possible to perfectly insulate a conduit system throughout,
and a positive ground is therefore required, so as to provide a définite
path for leaking currents and thus prevent them from escaping through
parts of a building, etc., where they might do harm.

£- Junction boxes must always be installed in such a man-
ner as to be accessible.

%.  All elbows or bends must be so made that the conduit
or lining of same will not be injured. The radius of the curve
of the inner edge of any elbow must not be less than.31% inches.
Must not have more than the equivalent of four quarter bends
from outlet to outlet, the bends at the outlets not being
counted. :

26. Fixtures.
(See also Rules 22 e and 24 v to 24 x, pages 67 and 75.)

a. Must, when supported from the gas piping or any
grounded metal work of a building, be insulated from such

* piping or metal work by means of approved insulating joints

(see Rule 59, page 114) placed as close as possible to ceiling or
walls. : .

The gas outlet pipe must be protected above the insulating joint by aggreved
insulating tubing, and where outlet tubes are used, they must be of sufficient length
to extend below the insulating joint, and must be so secured that they will riot be
pushed back when the canopy is put in place. B
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‘Where canopies are placed against plaster walls or ceilings in fireproof build-
ings, or against metal walls or ceilings, or plaster walls or ceilings on metallic lath
in any class of buildings, they must be thoroughly ard permanently insulated from
such walls or ceilings.

‘Where incandescent lamp fixtures are hung from gas pipes or com-
bined with gas fixtures, it is highly important to have them well insulated
from the grounded portion of the gas pipe. If this is not done, any injury
to the insulating covering ot the wire inside the fixture would ground one
side of the electric system, and this would probably result in dangerous
arcs. Sometimes these arcs melt holes in the gas pipe and ignite the
escaping gas. Most combination fixtures have not sufficient room in them
to permit the use of wire having insulation of a standard thickness, and
this increases the chances of the insulation becoming sufficiently abraded
to allow the conductors to come in contact with the fixture. The best and
usual way to insulate the fixture from the ground is by interposing be-
tween it and the gas supply pipes what is called an insulating jgyt, which
is, in effect, a piece of gas pipe made of insulating material, Such as por-
celain or hard rubber.

4. Must have all burs or fins removed before the conduc-
tors are drawn into the fixtures. - :

Because such sharp edges are liable to cut and tear the insulation of
the wire when it is drawn into the fixture or, in time, by jarring of the
fixture after it is in position.

¢c. Must be tested for “contacts ” between conductors and
fixtures, for “short-circuits,” and for ground connections, before
they are connected to their supply conductors.

7.  Sockets.
(For construction requirements, see Rule 55, page 111.)

a. Inrooms where inflammable gases may exist, the incan-
descent lamp and the socket must be enclosed in a vapor-tight
globe, and supported on a pipe-hanger wired with agproved
rubber-covered wire (see Rule 41, page 86) soldered directly to
the circuit. :

In Factory Mutual work, a pendant like that shown on page 80, using
a standard keyless socket, or an a.p({;roved waterproof pendant like those
shown on pa%e 79, will be accepted in place of the pipe-hanger, but the
vapor-tight globe will be required in all cases. The reinforced cord or
stranded waterproof conductors should not be smaller than No. 14 B. & S.
gage in order to safely carry the added weight of the vapor-tight globe.

If a stiff pendant sui)lported by a “ crow-foot > or equivalent is used,
the pipe should be as short as possible, as a long one is liable to be
wrenched out of place, or the ¢ crow-foot >’ broken, by even a light blow.
The wires should be stranded and should not be smaller than No. 16 B. & S.
gage. They should be thoroughly protected with insulating tape where

hey emerge from the top of the pipe, —the edges of which must be: care-
fully smoothed off, —or else a regular conduit outlet bushing should be
provided. The use of a good outlet bushing is preferred. ;

6. In damp or wet places, or over especially inflammable

material, waterproof sockets must be used.

Waterproof sockets should be hung by separate, s¢7anded, rubber-covered wires,
not smaller than No. 14 B. & S. gage, which should preferably be twisted together
when the pendant is over 3 feet long. These wires should be soldered direct to the
circuit wires, but supported independently of them.

.

This form of construction is clearly shown in Figs. 39 and 40, in which
is also indicated a method of supporting the pendant so that all strain is
removed from the connection to the overhead wires.
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Attention is called to the note under Rule 28 d, for description of an
approved pendant for use over especially inflammable material.

28. Flexible Cord.

a. Must have an approved insulation and
covering. (See Rule 45, page 89.)

4. Must not be used where the difference
of potential between the two wires is over 300
volts.

¢. Must not be used as a support for clus-
ters.

It is not mechanically strong enough to safely
sustain much weight.

Fia. 39.

d. Must not be used excebt for pendants, SHOE
. T
portable lamps or motors, and portable heating  WarerproOF
apparatus. PENDANT.

The practice of making the pendants unnecessarily long and
then looping them up with cord adjusters is strongly advised
against. It offers a temptation to carry about Jamps which are
intended to hang freely in the air, and the cord adjusters wear off
the insulation very rapidly.

For all portable work, including those pendants which are
liable to be moved about sufficiently to come in contact with sur-
rounding objects, flexible wires and cables especially designed to
withstand this severe service are on the market, and should be
used. (See Rule 45 £, page 90.)

The standard socket is threaded for 1% inch pipe, and. if it is
properly bushed, the reinforced flexible cord will not go into it,
but this style of cord may be used with sockets threaded for 34 inch
pipe, and provided with substantial insulating bushings, The
cable should be supported independently of the overhead circuit
by a single-wire cleat, and the two conductors then separated and
soldered to the overhead wires.

The bulb of an incandescent lamp frequently becomes hot
enough to ignite paper, cotton, and similar readily ignitible mate-
rials, and in order to prevent it from coming in contact with such
materials, as well as to protect it from breakage, every portable
lamp should be surrounded with a substantial wire guard.

The chances for short-circuits in flexible cord are
considerable, as the wires of opf)osite polarityare brought
very near together. As a result of continued bending in
handling, some of the fine wires may break, and the loose,
sharp ends may then puncture the insulation and form a
short-circuit with the other conductor. Or-the insulation
"’may deteriorate or become sufficiently worn to allow the
bare wires to come into contact with each other. The arc
formed at the instant the short-circuit occurs is liable to
set fire to the insulation of the wire if it be at all of a com-
E bustible nature. This will sometimes occur even if the

Fic. 40. circuit is instantly opened by melting of thé fuses. It is

LoNG for these reasons that it is desirable to limit the use of

WATERPROOF flexible cord to those places where nothing else is suit-
PENDANT, able. .

WIRES . The type of pendant described above for portable
TWISTED' work and illustrated in Fig. 41, page 80, is also recom-
TOGETHER. mended for use in all hazardous places, such as picker

and carding rooms, napping rooms, dust chambers, wood-
working shops, etc., and also for storehouses. Except in especially haz-
ardous places, a ceiling rosette may be used in place of the so. dered
connections to the overhead wires.
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¢. Must not be used in show windows.

Because a defective cord is very liable to set fire to the inflammable
material about it. Records show an unfortunately large number of fires
caused by the use of common flexible cord in show windows.

/- Must be protected by insulating bushings where it
enters the socket. ' ’

The hole through which the wire must enter the socket is ordinarily
threaded for attachment to fixtures. The sharp thread would soon cut
through the insulation of the cord and cause a short-circuit, were it not
for the bushing.

£ Must be so suspended that the _gatire
weight of the socket and lamp will be borne
by knots, under the bushing in the socket
and above the point where the cord comes
through the ceiling block or rosette, in order
that the strain may be taken from the joints
and binding screws.

The electrical connection, which is generall
made by clamping the fine wires under a ﬂat—headeg
screw, has not sufficient mechanical strength to be
trusted as a means of sustaining the weight of the
lamp and fittings.

When Kknotting the cord, especially in the
rosette, care should be taken to pull the knot hard
against the porcelain, and with the knot in this posi-
tion, to then fasten the wires under the binding
screws. Unless this is done, the knot will probably
not bear on the porcelain and will therefore be of no
service in preventing the strain coming on the bind-
ing strews, which, in time, may result in a loose con-
nection.

It is also a good practice to have the ends of
the conductors dipped in melted solder where they
are fastened under the binding screws. This binds
the fine wires together and leaves no loose ends to
make short-circuits inside the socket.

29. Arc Lights on Constant-Potential Gircuits.

(For construction requirements, see also Rule 57,

Fic. 41. page 114.)
PENDANT WITH a@. Must have a cut-out (see Rule 17 ¢,
IO D . Dage 60) for each lamp or each series of

lamps.

The branch conductors should have a carrying capacity about 509 in excess
of the normal current required by the lamp, in order to guard against overheating the
wires due to the large current required when the lamp is started or when the carbons
. become stuck. g

‘Where it is necessary to use two or more arc lamps in series on con-
stant-potential systems, the lamps should be so designed that if the arc is
short-circuited, as for example when the carbons come together, a resist-

. ance equivalent to that of the arc will be automatically thrown in circuit,
thus preventing the increase of current on this circuit which otherwise
wbul(f result, and which might overheat the other lamps of the series.
The fuses and switches should be suitable for the voltage of the supply
mains.

The use of arc lamps in series on constant-potential systems is not
advised, as higher voltages are then necessary throughout the buildings.
Moreover in many places, the economical use of power with such an arrange-
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ment would also be questionable. This system will be permitted in Factory
. Mutual risks only when the conditions are such that the use of single lamps
in multiple is impracticable, and the lamps can be favorably located.

6. All resistances or regulators must be enclosed in non-
combustible material and must be treated as sources of heat.
Incandescent lamps must not be used for this purpose.

Even when the arc lamp is burning properly, these resistances are
quite hot, and they may be melted by excessive current if the lamp fails to
burn as it should.

For general inside use, especially in dusty or linty places, the casing
about the resistances should be so constructed as to absolutely prevent the
accumulation of lint, etec., inside, where it can become ignited, due to con-
tact with the hot resistance. This is an important point, as several fires
due to this cause have occurred where lamps with open casings have been .
used in textile mills. The switch on the lamp should also be enclosed so
that lint cannot collect on it and be ignited when the switch is opened.
The lamp as a whole should be so designed and installed that no part upon
which combustible flyings may collect can become dangerously hot under
conditions liable to be met with in practice. i i

¢. Must be supplied with globes and protected by spark
arresters and wire netting around the globe, as in the case of
series arc lamps. (See Rules 19 and 58, pages 62 and 114.)

Outside arc lamps must be suspended at least 8 feet aboye sidewalks. ' Inside
arc lamps must be placed out of reach or suitably protected.

The above requirements as to spark arresters, etc., would, of course,
not apply to ¢ enclosed arc’’ lamps having tight inner globes, except that
a wire netting around the inner globe will generally be required if the
outer globe is omitted. i

In hazardous places such as picker and carding rooms, etc:, the outer
globe should be provided in order to keep flyings away from the hot inner
globe and cap. -

30.  Economy Coils.

a. Economy and compensator coils for arc lamps must be
mounted on non-combustible, non-absorptive, insulating . sup-
ports, such as glass or porcelain, allowing an air space of at
least 1 inch between frame and support, and must, in general,
be treated as sources of heat. '

Practically the same precautions in locating and mounting these
devices should be taken as with resistance boxes, etc. (See Rule 4, page 28.)
This would require that they be mounted on a slate base or equivalent,
which in turn is fastened to the wall or other support, the attachments to
be independént of each other, and the base to be of such size as to give a
continuous separation between the device and the support. It will not be
satisfactory to mount these devices on porcelain knobs.

31. Decorative Lighting Systems.

a. Special permission may be given in writing by the
Inspection Department having jurisdiction for the temporary
installation of approved Systems of Decorative Lighting, pro-
vided that the difference of potential between the wires of any
circuit shall not be over 150 volts and also provided that- no
group of lamps requiring more than 1320 watts shall be depend--
ent on one cut-out. : !
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No “ System of Decorative Lighting *’ is to be allowed under this rule which
is not listed in the Supplement to the National Electrical Code, containing a list of
approved fittings.

The Factory Mutual Companies also publish a list of approved fittings
which should be followed in all work in Mutual risks.
- 6. Incandescent lamps connected in series must not be
used for decorative purposes ‘inside of buildings, except by
_special permission in writing from the Inspection Department
having jurisdiction.

82. Car Wiring.

a. Must always be run out of reach of the passengers,
and must have an approved rubber insulating covering. (See
Rule 41, page 86.)

33.  Car Houses.

a. The trolley wires must be securely supported on insu-
lating hangers.

6. The trolley hangers must be placed at such a distance
apart that, in case of a break in the trolley wire, contact cannot
be made with the floor.

¢. Must havera cut-out switch located at a proper place
outside of the building, so that all trolley circuits in the build-
ing can'be cut out at one point, and line circuit-breakers must
be installed, so that when this cut-out switch is open the trolley
wire will be “ dead ” at all points within 100 feet of the building. -
The current must be cut out of the building whenever the latter
is not in use or the road is not in operation.

d. All lamps and stationary motors must be installed in
such a way that one main switch can control the whole of each
installation — lighting or power — independently of the main

- feeder-switch. No portable incandescent lamps or twin wire
will be allowed, except that portable incandescent lamps may
be used in the pits, the circuit to be controlled by a switch
placed outside of the pit, and the connections to be made by
two aepproved rubber-covered flexible wires (see Rule 41, page
86), properly protected against mechanical injury.

. e. All wiring and apparatus must be installed in accord-
ance with rules for constant-potential systems. :

J- Must not have any system of feeder distribution
centring in the building.

£. The rails must be bonded at each joint with a con-
ductor having a carrying capacity not less than that of a No. 2
B. & S. gage annealed copper wire.

4. Cars must not be left with the trolley in electrical con-
nection with the trolley wire.
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84. Lighting and Power from Railway Wires.

@. Must not be permitted, under any pretense, in the same circuit
with trolley wires with a ground return, except in electric railway cars,
electric car houses, and their power stations, nor shall the same dynamo be
used for hoth purposes.

Lighting from trolley wires is forbidden because of the danger of
introducing into a building a circuit which has so much capacity back of
it and which is thoroughly connected with the earth on one side. The
inevitable fluctuation in voltage would also frequently require overfusing
of the lighting circuits to prevent blowing fuses under normal conditions.

HIGH-POTENTIAL SYSTEMS.
550 To 3500 VOLTS.

Any circuit attached to any machine, or combination of
machines, whick develops a difference of potential, between any
two wires, of over 550 volts and less than 3500 volts, shall be
considered as a high-potential circuit and as coming wunder
that class, unless an approved transforming device is used,
which cuts the difference of potential down to 550 volts or less.

(See note following first paragraph under Low-Potential Systems, page 68.)

35.  Wires.
(See also Rules 14, 15 and 16, pages 55 and 58.)

a. Must have an approved rubber insulating covering.
(See Rule 41, page 86.)

6. Must always be in plain sight and never encased,
except where required by the Inspection Department having
jurisdiction. :

¢. Must be rigidly supported on glass or porcelain insu-
lators which raise the wire at least 1 inch from the surface
wired over, and must be kept about 8 inches apart.

Rigid supporting requires, under ordinary conditions, where wiring:along flat
surfaces, supports at least every 414 feet. If the wires are unusually liable to be dis-
turbed, the distance between supports should be shortened.

In buildings of mill construction, mains of No. 8 B. & S. gage wire or over,
where not liable to be disturbed, may be separated about 10 inches and run from
timber to timber, not byeaking around, and may be supported at each timber only.

The proper distance between insulators depends largely on the sur-
roundings. In places where ceilings are low, or where belts, shafting or
other machinery may require frequent attention, insulators should be
placed every few feet, in order to prevent the wires from being displaced ?
by careless or unavoidable blows from workmen. On the other hand, with
a high ceiling and no chance of derangement, a greater.distance would be
allowable. ‘ - .

The whole idea is to so rigidly secure the wires that they cannot come
in contact with each other or any other conductors if loosened by shrink-
age of timbers and floors, or by careless knocking. - ;

The covering of the wires should not be depended on for insulation.
The wire should be so supported on the glass or porcelain insulators. that,
even if it were bare, the insulation of the system would still be excellent.
The office of the covering will then be chiefly to protect the wires from
accidental contacts of any kind. )
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35. Wires — Continued.

d. Must be protected on side walls from mechanical in-
jury by a substantial boxing, retaining an air space of at least
1"inch around the conductors, closed at the top (the wires
passing through bushed holes) and extending not less than
7 feet {from the floor. When crossing floor timbers in cellars,
or in rooms where they might be exposed to injury, wires must
be attached by their insulating supports to the under side of a
wooden strip not less than 1% inch in thickness.

For'general suggestions on protection, see note under Rule 24 ¢, page 69.
See also note under Rule 18 ¢, page 61.

86. Transformers — When permitted inside of buildings.

(For construction requirements, see Rule 62, page 117.)
(See also Rules 13 and 13 A4, pages 50 and 52.)

9 Transformers must not be placed inside of buildings without special permis-
sion from the Inspection Department having jurisdictian.

a. Must be located as near as possible to the point at
which the primary wires enter the building.

This is to reduce the amount of high-voltage primary wire in the
building to as small an amount as possible.

b. Must be placed in an enclosure constructed of fire-
resisting material; the
enclosure to be used
only for this purpose,’
and to be kept securely
locked, and access to
the same allowed only
to responsible persons.

It is better to arrange
the transformer room or
enclosure so that it can be
entered only from outdoors,
since then, even if the door
should happen to be open
at the time of a fire in this
room, it is probable that
no especial harm would be
done. Moreover, the fire
could doubtless be better
handled from the outside.

¢. Must be thor-
oughly insulated from
the ground or perma-
nently and effectively
grounded, and the en-

T g e closure in which they

IN BASEMENT OF BUILDING. " are placed must be

. practically air-tight, ex-

cept that it must be thoroughly ventilated to the out-door air, if

possible, through a chimney or flue. * There should be at least
6 inches air space on all sides of the transformer. :

FiIG. 42.
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36. Transformers — Continued.

This rule will permit of either the insulating or grounding.of trans-
former cases as seems most advisable under the conditions, but will require
that with either arrangement the work be well done, and that unless good

- insulation be provided the cases be definitely grounded.

The object of an air-tight enclosure is to prevent smoke from escap-
ing or fire from spreading, in case the transformer coils should become
overheated from an overload or should be ignited by a break-down in the
insulation between the grimary and secondary coils. This is especially
ilxinporta,nt with oil-cooled transformers, as explained in the note to Rule

‘a, page 39.

Fogr requirements regarding grounding of transformer secondary cir-
cuits, see Rule 13 A b, page 52. See also note at head of Rule 13, page 50.

Fig. 31 shows a brick transformer vault with a standard fire door
in front of each transformer. Attention is called to the high threshold,
intended to prevent the escape of oil if one of the transformers should
boil over. The two ventilator pipes, visible at the right of the cut and
leading outdoors, are made of galvanized iron and are 5 inches in diameter.

37. Series Lamp. S

a. No multiple-series or series-multiple system of lighting
will be approved. ‘

See note under Rule 20 ¢, page 63.

6. Must not, under any circumstances, be attached to gas

fixtures. ,
See note under Rule 20 d, page 63.

EXTRA-HIGH-POTENTIAL SYSTEMS.
OVER 3500 voLTS.

Any circuit attached to any mackine or. combination of
machines, which develops a difference of potential, between any
two wires, of over 3500 volts, shall be considered as an extra-
high-potential civcuit and as coming under that class, unless an
approved transforming device is used, which cuts the difference
of potential down to 3500 volts or less.

38. Primary Wires.

a, Must not be brought into or over buildings;- except
power stations and sub-stations. .

-

39. Secovndary Wires.

&, . .

a. ‘Must be installed under rules for high-potential systems
when their immediate primary wires carry a current at a poten-
tial of over 3500 volts, unless the primary wires are installed in
accordance with the requirements as given .in Rule 12 @, page
43, or are entirely underground, within city, town and village
limits. ] ‘

In every case where it is desired to carry the secondary circuits of an
extra-high-potential system into Factory Mutual risks, it is advised that
the Inspection Department be consulted before the work of installation is
‘begun, in fact, before the apparatus is even ordered. Each such-case will
be treated on its own merits and such precautions recommended as appear -

- necessary to secure a safe arrangement. (See note at head of Rule 13, page
50.) - ‘ . :
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FITTIFNGS, MATERIALS, AND DETAILS OF CON-
STRUCTION.*

All Systems and Voltages.
Insulated Wires — Rules 40 to 48.

40.  General Rules.

a. Copper for insulated conductors must never vary in
diameter so as to be more than .002 inch less than the specified
size.

b. Wires and cables of all kinds designed to meet the
following specifications must be plainly tagged or marked as-
follows : —

1st. The maximum voltage at which the wire is designed
to be used. '

2d. The words ¢ National Electrical -Code Standard.”

- 3d. The name of the manufacturing company and, if de-
sired, the trade-name of the wire.

4th. The month and year when manufactured.

It is recommended that all wires complying with these specifications be provided
with a distinctive marking on the insulation or braid which will serve to identify them
at any time. :

41. Rubber-Covered Wire.
a. Copper for conductors must be thoroughly tinned.
Insulation for voltages between 0 and 600.

5. Must be of rubber or other approved substance, and of
a thickness not less than that given in the following table: —

B. & 8. Gage. Thitkness.
R TR0 e et B 14, inch.
o et r bt s et S By ©
T TR sl e e L e e A e S ) s e «
1 S TO000 LAt hites B e bl st e s 0 Sy
Circular Mils. ’
250,000 £0 500,000 st sennrin et e e 34 ©
500,001 ‘¢ 1,000,000 “
Over 1,000,000 “

. Measurements of insulating wall are to be made at the thinnest portion of the
dielectric.

* In preparing Class D, the Underwriters have, from the beginning,
received valuable aid from the manufacturers interested in the various
fittings, and during the past few years there have been many instances of
this cooperation. For example, in December, 1898, a special committee met
the lea mi socket manufacturers and agreed on a complete set of specifi-
cations. Again,in J anuaxg, 1899, another committee assembled in Chicago
and discussed for several days, with representatives of the leading insu-
lated wire manufacturers in the United States and Canada, specifications
for insulations of various kinds and reached mutually satisfactory agree-
ments. Similar codperation with regard to switches, cut-outs, rheostats,
and other fittings has been secured by conference and correspondence.
Recently, the very important determination of the specifications for the
¢ Standard Enclosed Fuse ’’ has similarly been accomplished.
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41. Rubber-Covered Wire — Continued.

¢. The completed covering must show an insulation
resistance of at least 100 megohms per mile during 30 days’
immersion in water at 70° Fahr.

d. Each foot of the completed covering must show a
dielectric strength sufficient to resist throughout 5 minutes the
application of an electro-motive force of 3000 volts per 144 inch
thickness of insulation, under the following conditions : —

The source of alternating electro-motive force shall be a
transformer of at least 1 kilowatt capacity. The application of
the electro-motive force shall first be made at 4000 volts for
5 minutes and then the voltage increased by steps of not over
3000 volts, each held for 5 minutes, until the rupture of the
insulation occurs. The tests for dielectric strength shall be
made on a sample of wire which has been immersed in water
for 72 hours. One (1) foot of the wire under test is to be sub-
merged in a conducting liquid held in a metal trough, one of the
transformer terminals being connected to the copper of the wire
and the other to the metal of the trough. :

Special attention is called to the fact that the above tests for dielectric
strength are to be applied to only a single foot of the wire and are not
intended to be applied to longer lengths; also, that the requirement of

3000 volts per 154 inch thickness of insulation does not apply to insulations
thicker than 1% inch. v

Insulations for voltages between 600 and 3500.

e. The thickness of the insulating wall must not be less
than that given in the following table: — ' ‘

B. & S. Gage. Thickness.
14 to L R R 845 inch,
0 to 0000...... FERTR 332 ¢ covered by tape or braid.
Circular Mils. ;
250,000 to 500,000............. Bho “ “ “
Over 500,000 ceis oo sonee R 6 L G G

/. The requirements as to insulation and bréak-down
resistance for wires for low-potential systems shall. apply, with
the exception that an insulation resistance of not less than 300
megohms per mile will be required.

Insulations fof voltages over 3500,

& Wire for arc light circuits exceeding 3500 volts poten-
tial must have an insulating wall not less than 34¢ inch in
thickness, and must withstand a break-down test of at least
30,000 volts and have an insulation resistance of at least 500
megohms per mile. ' .

The test on this wire is to be made under the same con-
ditions-as for low-potential wires. :

Specifications for insulations for alternating currents exceeding 3500 volts have

been considered, but on account of the somewhat complex conditions in such work,
it has so far been deemed inexpedient to specify general insulations for this use.
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41. Rubber-Covered Wire — Cont’inued.v
Protecting braid.

4. Al of the above insulations must be protected by a
substantial braided covering, properly saturated with a pre-
servative compound. This covering must be sufficiently strong
to withstand all the abrasion likely to be met with in practice,,
and sufficiently elastic to permit all wires smaller than No. 7
B. & S. gage to be bent around a cylinder of twice the diameter
of the wire, without injury to the braid.

This is in addition to the tape or braid called for in § e.

42.  Slow-Burning Weatherproof Wire.

~ a. The insulation shall consist of two coatings, one to be
fireproof in character and the other to be weatherproof. The
fireproof coating must be on the outside and must comprise
about .6 of the total thickness of the wall. The completed
covering must be of a thickness not less than that given in the
following table : — ' : ‘

B. & S. Gage. Thickness.
14 to R e e R R S e PR 844 inch
il O o vises W el SIS SIS § b Sl e R @
LS 0000 R e e

Circular Mils.
250,000 to 500,000
500,001 ¢ 1,000,000
Over 1,000,000

Measurements of insulating wall are to be made at the thinnest portion of the
dielectric. :

This wire is not as burnable as ‘‘ weatherproof,’ nor as subject to softening
under heat. It is not suitable for outside work.

Fire will not run along this wire under ordinary conditions, and lint
will not adhere to its hard, smooth outer surface. It is therefore an excel-
lent wire for general use in dry places on low-potential systems where the
‘“ open ”’ cleat style of wiring is adopted. (See note under Rules 2 b and
24 g, pages 25 and 72.)

4. - The fireproof coating shall be of the same kind as that
required for *Slow-Burning Wire,” and must be finished with
a hard, smooth surface.

¢. The weatherproof coating shall consist of a stout braid,
applied and treated as required for ‘“ Weatherproof Wire.”

43. - Slow-Burning Wire.

a. The insulation must consist of layers of cotton or
other thread, all the interstices of which must be filled with the
fireproofing compound, or of material having equivalent fire-
resisting and insulating properties. The outer layer must be
braided and specially designed. to withstand abrasion. The
thickness of insulation must not be less than that required for,
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43. Slow-Burning Wire — Continued.

“Slow-Burning Weatherproof Wire,” and the outer surface
must be finished smooth and hard. '

The solid constituent of the fireproofing compound must not be susceptible to
moisture, and must not burn even when ground in an oxidizable oil, making a com-
pound which, while proof against fire and moisture, at the same time has considerable
elasticity, and which when dry will suffer no change at 4 temperature of 250° Fahr.
and which will not burn at even a higher temperature.

‘ Slow-Burning Wire’” must not be used without special permission from the
Inspection Department having jurisdiction. : . : )

This is practically the old so-called “ Underwriters’” insulation. It 1s
especially useful in hot, dry places where ordinary insulations would perish, and
where wires are bunched, as on the back of a large switchboard or in a wire
tower, so that the accumulation of rubber or weatherproof insulations would
result in an objectionably large mass of highly inflammable material. Its
use is restricted, as its insulating qualities are not high and are diminished by
moisture.

Slow-burning wire has practically the same advantages as slow-burn-
ing weathergroof wire as regards the carrying of fire and the non-adhesion
of flyings. Under most conditions, however, the latter wire is preferred,
as its insulation is somewhat higher and it will withstand moisture better.

See also note under Rule 2 b, page 25. .

44.  Weatherproof Wire.

a. The insulating covering shall consist of at least three
braids, all of which must be thoroughly saturated with a dense
moisture-proof compound, applied in such a manner as to drive
any atmospheric moisture from the cotton braiding, thereb
securing a covering to a great degree waterproof and of higK
insulating power. This compound must retain its elasticity at
0° Fahr. and must not drip at 160° Fahr. The thickness of
insulation must not be less than that required for “Slow-
Burning Weatherproof Wire,” and the outer surface must be
thoroughly slicked down. ’

This wire is for use outdoors, where moisture is certain and where fireproof
qualities are not necessary.

45.  Flexible Cord. .
(For installation requirements, see Rule 28, page 79.)

@. Must be made of stranded copper conductors, each
strand to be not larger than No. 26 nor smalter ‘than No. 30
B. & S. gage, and each stranded conductor must be covered by
an .a;ﬁproz/?d insulation and protected from mechanical injury
by a tough, braided outer covering. ;

N

- For pendaht lamps.

In this class is to be included all flexible cord which, under usual conditions,
hangs freely in air, and which is not likely to be ‘moved sufficiently to come in con.
. tact with surrounding objects. '

It should be noted that pendant Jamps provided with Jong cords, so that they
can be carried about or hung over nails or on machinery, etc., are not included in
this class, even though they are usually aliowed to hang freely in air.

6. Each stranded conductor must have a carrying capacity
not less than that of a No. 18 B. & S. gage wire. 3
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45. Flexible Cord — Continued. ’

¢. The covering of each stranded conductor must be made
up as follows : — _

1st. A tight, close wind of fine cotton. '

2d. The insulation proper, which shall be waterproof.

3d. An outer cover of silk or cotton.

The wind of cotton tends to prevent a broken strand from puncturing the
insulation and causing a short-circuit. It also keeps the rubber from corroding the
copper. -

d. The insulation must be solid, at least 142 inch thick, and
must show an insulation resistance of 50 megohms per rile
throughout 2 weeks’ immersion in water at 70° Fahr. It must
also stand the tests prescribed for low-tension wires, as far as
they apply.

e. The outer protecting braiding should be so put on and
sealed in place that when cut it will not fray out, and where
cotton is used, it should be impregnated with a flame-proof
paint which will not have an injurious effect on the insulation.

= The object of the flame-proof paint is obviously to make the cord as
slow-burning as practicable, and any other method of treating the outer
cotton cover which will accomplish this result will of course be acceptable.
In no case, however, should the treatment be such that the rubber insula-
tion is injured, or the flexibility or wearing qualities of the cord event-
ually lessened.

For portables.

In this class is included all cord used on portable lamps, 51;13.11 portable motors,
or any device which is liable to be carried about.

It includes also all pendant cords which are liable to be hung over
nails, machinery, etec.

Flexible cord for portable use must meet all of the
requirements for flexible cord *for pendant lamps,” both as
to construction and thickness of insulation, and in addition
must have a tough, braided cover over the whole. There must
also be an extra layer of rubber between the outer cover and
the flexible cord, and in moist %)laces the outer cover must be
saturated with a moisture-proof compound, thoroughly slicked
down, as required for “ Weatherproof Wire” in Rule 44, page
89. In offices, dwellings, or similar places where the appear-
ance is an essential feature, a silk cover may be substituted for
the weatherproof braid. ' :

For Factory Mutual work, except in offices, etc., the saturation and
finishing of the outer cover as above mentioned will generally be required,
aven in dry places, as the wearing qualities are thereby increased and
when cut or worn the cover will not fray out so quickly.

For portable heating apparatus.

g~ Must be made up as follows: —
1st. A tight, close wind of fine cotton.
2d. A thin layer of rubber or other cementing material
about 1400 inch thick. o
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45. Flexible Cord — Continued.

3d. A layer of asbestos insulation at least 344 inch thick.

4th. A stout braid of cotton.

‘6th. An outer reinforcing cover especially designed to
withstand abrasion.

This cord is in no sense waterproof, the thin layer of rubber being intended
merely to serve as a seal to help hold in place the fine cotton and asbestos. The
rubber or equivalent should be put on in such a way as will accomplish this object.

In order that the cord as a whole shall be as slow-burning as possible
the cotton should be treated as required for flexible cord for pendant
lamps. In order to reduce the liabilitX of abrasion of the outer covering
of the cord in spots, it is recommended that an asbestos filler be twisted in
with the two conductors so as to secure a more nearly circular cross section.

46. Fixture Wire.

(For installation reqm‘reménts, see Rules 24 v to 24 y, page. 75.)

a. May be made of solid or stranded conductors, with no
strands smaller than No. 30 B. & S. gage, and must have a
carrying capacity not less than that of a No. 18 B. & S. gage
wire.

6.. Solid conductors must be thoroughly tinned. If a
stranded conductor is used, it must be covered by a tight, close
wind of fine cotton.

¢. Must have a solid rubber insulation of a thickness not
less than 142 inch for Nos. 18 to 16 B. & S. gage, and 344 inch
for Nos. 14 to 8 B. & S. gage, except that in arms of fixtures
not exceeding 24 inches in length and used to supply not more
than one sixteen candle-power lamp or its equivalent, which are
so constructed as to render impracticable the use of a wire
with 142 inch thickness of rubber insulation, a thickness of
164 inch will be permitted. v

d. Must be protected with a covering at least 144 inch in
thickness, sufficiently tenacious to withstand the abrasion of
being pulled into the fixture, and sufficiently elastic to permit
the wire to be bent around a cylinder with twice the: diameter
of the wire without injury to the braid. :

. e. Must successfully withstand the tests specified in
Rules 41 ¢ and 41 4, page 87.

47. Conduit Wire. .
* . (For installation requirements, see Rules 24 n to 24 p, pages 73 and 74.)

a. Single wire for lined conduits must comply with the
requirements of Rule 41, page 86. For unlined conduits it
must comply with the same requirements, —except that tape
may be substituted for braid, —and in addition there 'must be
a second outer fibrous covering, at least 742 inch in thickness
and sufficiently tenacious to withstand the abrasion of being
hauled through the metal conduit.
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47. Conduit Wire — Continued.

6. For twin or dupléx wires in lined conduit, each con-
ductor must comply with the requirements of Rule 41, page
86, —except that tape may be substituted for braid on the
separate conductors, —and must have a substantial braid
covering the’whole. For unlined conduit, each conductor must
comply with the requirements of Rule 41, —except that tape
may be substituted for braid, —and in addition must have a
braid covering the whole, atleast 142 inch in thickness and suffi-
ciently tenacious to withstand the abrasion of being hauled
through the metal conduit.

¢. For concentric wire, the inner conductor must comply
with the requirements of Rule 41, page 86, — except that tape
may be substituted for braid, — and there must be outside of
the outer conductor the same insulation as on the inner, the
whole to be covered with a substantial braid, which for unlined
conduits must be at least 342 inch in thickness and sufficiently
tenacious to withstand the abrasion of being hauled through
the metal conduit. : »

The braid or tape required around each conductor in duplex, twin, and con-

cefitric cables is to hold the rubber insulation in place and prevent jamming and
flattening.

48. Armored Cables.

(For installation requirements, see Rule 24 A, page 75.)

.a. The armor of such cables must have at least as great
strength to resist penetration of nails, etc., as is required for
metal conduits (see Rule 49 4, page 93), and its thickness must
not be less than that specified in the following table : —

Nominal : Actual Actual Thickness
Internal Diameter. Internal Diameter. External Diameter. of Wall.
Inches. Inches. Inches. Inches.
Y i b oot O N oL A 06
1 A fage L AR S 08
B0 st b syt AT e K 09
s 62 84 10
L it TN N 1.05 11
AN o G b A e 3 (1 SRR UL 60 [ e SR 13
07 N ST o e e T e e 14
1i% T 19000 o < stotm s o 14
................. D06 .. s conui s vesviesn BB 15
.2 7 246 ...oinnneriiimnnnas DBY ncaanss v 20
B Voo dedat skl s B B0 2 e nalee) dnieiaiali oih 350 ciiieiiiiiia e, 21
R e A B0 25 i coininan Likosees 211 T W 22
................. B0 oo e ns snseeses B0 s desss s s a s 20
N oo i, ot 450 e 5.00 .o 2%
................. 1 RRRRIEY| . - SRS .
B e s tera e s e A B0 i s et ik 2 A s (397 8 oo s oo 28

An allowance of .02 inch for variation in manufacturing and loss of thickness by ..
cleaning will be permitted.

6. The conductors in same, single wire or twin conductors,
must have an insulating covering as required by Rule 41, page
86. If any filler is used to secure a round exterior, it must be
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48. Armored Cables — Continued.

impregnated with a moisture repellent, and the whole bunch of
conductors and fillers must have a separate exterior covering.

Very reliable insulation is specified, for the reason that such cables
are liable to receive hard usage, and in any part of their length may be sub-
ject to moisture. In many cases they are not easily removable, so that a
breakdown of insulation is likely to be expensive as well as troublesome.

49. Interior Gonduits.
(For installation requirements, see Rule 25, page 76.)

a. Each length of conduit, whether lined or unlined, must
hzve the maker’s name or initials stamped in the metal or at-
tached thereto in a satisfactory manner, so that inspectors can
readily see the same.

The use of paper stickers or tags cannot be considered satisfactory methods of
marking, as they are readily loosened and detached in the ordinary handling of the
conduit. ) <

This requirement makes it difficult for irresponsible makers to suc-
cessfully get their products on the market, and renders it possible to place
the responsibility for faulty pieces. : ' i

Metal conduits with lining of insulating material.

6. The metal covering or pipe must be atleast as strong as
the ordinary commercial forms of gas pipe of the same size, and
its thickness must be not less than that of standard gas pipe as
specified in the table given in Rule 48, page 92.

¢. Must not be seriously affected externally by burning out
a wire inside the tube when the iron pipe is connected to one
side of the circuit.

d. The insulating lining must be firmly secured to the pipe.

e. The insulating lining must not crack or break when a
length of the conduit is uniformly bent, at a temperature of 212°
Fahr,, to an angle of 90°, with a curve having a radius of 15

“inches for pipes of 1 inch or less, and fifteen times the diameter
of the pipe for larger sizes. b

The insulating lining must not soften injuriously at a
temperature below 212° Fahr., and must leave water in which it
is boiled practically neutral.

The insulating lining must be at least 342 inch in thick-
ness. The materials of which it is composed must be of such a
nature as will not have a deteriorating effect on the insulation
of the conductor, and must be sufficiently tough and tenacious
to withstand the abrasion test of drawing long lengths of con-
ductors in and out of the same.

4. The insulating lining must not be mechanically weak
after 3 days’ submersion in water, and, when removed from the
pipe entire, must not absorb more than 109}, of its weight of
water during 100 hours of submersion.

-
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49. Interior Conduits — Continued. ¢

4. All elbows or bends must be so made that the conduit
or lining of same will not be injured. The radius of the curve
of the inner edge of any elbow must not be less than 33% inches.

Unlined metal conduits.

7. Plain iron or steel pipes of thicknesses and strengths
equal to those specified for lined conduits in § 4 may be used as
conduits, provided their interior surfaces are smooth and free
from burs. In order to- prevent oxidation, the pipe must be
galvanized, or the interior surfaces coated or enameled with
some substance which will not soften so as to become sticky and
prevent the wire from being withdrawn from the pipe.

4. All elbows or bends must be so made that the conduit
will not be injured. The radius of the curve of the inner edge
of any elbow must not be less than 3% inches.

49 A. - Switch and Outlet Boxes.

a. Must be of pressed steel having a wall thickness not
less than .081 inch (No. 12 B. & S. gage) or of cast metal having
a wall thickness not less than .128 inch (No. 8 B. & S. gage).

6. Must be well galvanized, enameled or otherwise prop-
erly coated, inside and out, to prevent oxidation.

¢. Inletholes must be effectually closed, when not in use,
by metal which will afford protection substantially equivalent to
that of the walls of the box.

d. Must be plainly marked, where it may readily be seen
when installed, with the name or trade-mark of the manufac-
turer. -

e. Must be arranged to secure in position the conduit or
flexible tubing protecting the wire.

In boxes of the “knockout ’’ type, this rule will be complied with if the conduit
or tubing is firmly secured in position by means of approved clamps. The clamps
need not be a part of the box.

/- Boxes used with lined conduit must comply with the
foregoing requirements and in addition must have a tough and
tenacious insulating lining at least %42 inch thick, firmly
secured in.position.

2. Switch boxes must completely enclose the switch on
sides and back, and must provide a thoroughly substantial sup-
port for it. The retaining screws for the box must not be used
to secure the switch in position.

50. Wooden Mouldings.

(For wiring requirements, see Rules 24 I and 24 m, page 73.)
a. Must have, both outside and inside, at least two coats of
waterproof paint,or be impregnated-with a moisture repellent.

This is necessary in order to fill up the pores of the wood and prevent
the possibility of its becoming saturated with water. -
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50. Wooden Mouldings — Continued.

b. Must be made in two pieces, a backing and a capping,
and must afford suitable protection from abrasion. Must be so
constructed as to thoroughly encase the wire and provide a
tongue at least 12 inch wide between the conductors, and a solid
backing, which, under grooves, shall not be less than 3s inch in
thickness.

It is recommended that only hardwood moulding be used.

50 A. Tubes and Bushings.

@. Constructionn. — Must be made straight, and free from
checks or rough projections, with ends smooth and rounded to
facilitate the drawing in of the wire and prevent abrasion of its -
covering.

4. Material and Test. — Must be made of non-combustible in-
sulating material, which, when broken and submerged for 100
hours in pure water at 70° Fahr., will not absorb over % %, of
its weight. '

¢. Marking. — Must have the name, initials or trade-mark
of the manufacturer stamped in the ware. e
So that inspectors may know who is responsible for defective fittings.

d. Sizes.— Dimensions of walls and heads must be at least
as great as those given in the following table : —

Diameter External Thickness External Length
of Hole. Diameter. of Wall. Diameter of Head. of Head.
Inches. Inches. Inches. Inches. Inches.

. 4

An allowance of 144 inch for variation in manufacturing will be permitted,
except in the thickness of the wall.

50 B. Cleafs.

@. Construction. — Must hold the wire firmly in place without
injury to its covering. '

Sharp edges which may cut the wire should be avoided. .

4. Supports, — Bearing points on the surface must be made
by ridges or rings about the holes for supporting screws, in
order to avoid cracking and breaking when screwed tight.

¢. Waterial and Test,. — Must be made of non-combustible in-
sulating material, which, when broken and submerged for 100
hours in pure water at 70° Fahr., will not absorb over 12 %, of-
its weight. .
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50 B. Cleats — Continued.

d. Marking. — Must have the name, initials or trade-mark
of the manufacturer stamped in the ware. ’
For the same reason as given under Rule 50 A ¢, page 95.

e. Sizes.— Must conform to the spacings given in the fol-
lowing table : —

Distance from Wire Distance between
Voltage. to Surface. Wires.
0-300 1%+inch. 214 inches.

This rule will not be interpreted to forbid the placing of the neutral of an
Edison three-wire system in the centre of a three-wire cleat where the difference of
potential between the outside wires is not over 300 volts, provided the outside wires
are separated 2l%inches.

50C. Flexible Tubing.

The following specifications are designed to cover the construction of flexible
tubes for fished work, loop system, and for mechanical protection to wires where not
exposed to moisture. )

Tubes complying with these requirements must not be used for a conduit sys-
tem of wiring. }

@. Must be constructed to meet the following require-
ments : —

1. Must have a sufficiently smooth interior surface to
allow the ready introduction of the wire.

2. Must be constructed of or treated with materials
which will serve as moisture repellents.

3. Must have a substantial outer covering especially
designed to ‘withstand abrasion. '

. b The linings must be secured in position so that they
cannot be readily removed.

¢. The tube must be thoroughly flexible at all tempera-
tures at which it is to be used.

d. Must not crack or break when kinked or flattened out.

e. Must be sufficiently tough and tenacious to withstand
severe tension without injury ; the interior diameter must not
be diminished or the tube opened up at any point by the appli-
cation of a reasonable stretching force. :

/- Must not close to prevent the insertion of the wire
after the tube has been kinked and straightened out, or
flattened. ‘

£ Must not soften injuriously, or cause the wire to stick
within the tube when subjected to a temperature of 150° Fahr.

51.  Switches.
(For installation requirements, see Rules 17 and 22, pages 60 and 65.)

General Rules.

& " e
a. ‘When used for service switches, must indicate whether
the current is “ on *’ or “ off.”
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51.- Switches — Continued.

5. For constant-current systems, must close the main
circuit and disconnect the branch wires when turned “off ”;
must be so constructed that they shall be automatic in action,
not stopping between points when started ; must prevent an arc
between the points under all circumstances ; and must indicate
whether the current is “ on” or “off.”

Knife Switches.

Knife switches must be made to comply with the following specifications,
except in those few cases where peculiar design allows the switch to fulfill the general
requirements in some other way, and where it can successfully withstand the test of
§ Z. In such cases, the switch should be submitted for special examination before
being used. :

¢. Base.— Must be mounted on non-combustible, non-
absorptive, insulating bases, such as slate or porcelain. Bases
with an area of over 25 square inches must have at least four
supporting screws. Holes for the supporting screws must be so
located or countersunk that there will be at least 12 inch space,
measured over the surface, between the head of the screw or
washer and the nearest live metal part, and in all cases when
between parts of opposite polarity, must be countersunk.

d. MWounting. — Pieces carrying the cbntact jaws and hinge
clips must be secured to the base by at least two screws, or else
made with a square shoulder, or provided with dowel-pins, to
prevent possible turnings; and the nuts or screw-heads on the
under side of the base must be countersunk not less than
1% inch, and covered with a waterproof compound which will
not melt below 150° Fahr. - .

If the contact jaws or hinge clips get turned so as to be out of
line, it may be impossible to close the switch, especially at the first
attempt, and severe arcing may result from the efforts to do so. Even if
the blade enters the jaws, the contact may be imperfect, causing unde-
sirable heating. .

e. Hinges. — Hinges of knife switches must not be used to
carry current, unless they are equipped with spring washers
held by lock-nuts or pins, so arranged that a firm and secure
connection will be maintained at all positions of the switch
blades.

Spring washérs must be of sufficient strength to take up any wear in the hinge
and maintain a good contact at all times.

£+ Metal. — All switches must have ample metal for stiff-
ness and for preventing rise in temperature of any part more
than 50° Fahr. at full load, the contacts being so arranged. that
a thoroughly good bearing at every point is obtained, with con-
tact surfaces advised for pure copper blades of about 1 square
inch for each 75 amperes. The whole device must be mechani-
‘cally well made throughout. : '

. Too little attention is fre(tluently given the question of mechanical
strength, with the result that after a comparatively short time of service
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51. Knife Switches — Continued.

the switches rattle to pieces or break unless very ca,refullﬁr handled, and
even then repairs are often necessary to keep them in working order. ‘A
cheap switch is seldom a rugged, durable device.

g Cross-Bars. — All cross-bars less than 3 inches in length
must be made of insulating material. Bars of 3 inches and
over, which are made of metal to insure greater mechanical
strength, must be sufficiently separated from the jaws of the
switch to prevent arcs following from the contacts to the bar on
the opening of the switch under any circumstances. Metal bars
should preferably be covered with insulating material. To
prevent possible turning or twisting, the cross-bar must be
secured to each ‘blade by two screws, or the joints made with
square shoulders or provided with dowel-pins.

If each blade is secured to the cross-bar by only one screw, without
dowel-pins or a square shoulder fitting closely in a Tecess in the bar, a
slight loosening of the screws will allow one blade to close and open the
circuit before the other, resulting in arcing and ultimate injury to the
switch. Such construction is also liable to result in a weak switch.

/. Connections, — Switches for currents of over 30 amperes
must be equipped with lugs, firmly screwed or bolted to the
~switch and into which the conducting wires shall be soldered.
For the smaller-sized switches, simple clamps can be employed,
provided that they are heavy enough to withstand considerable
hard usage. ' '
Where lugs are not provided, a rugged double-V groove clamp is advised. A
set screw gives a contact at only one point, is more likely to become loosened, and

is almost sure to cut_into the wire. For the smaller sizes, a screw and washer con-
nection'with turned up lugs on the switch terminal gives a satisfactory contact.

See also Rule 14 ¢, page 55.

7. Test. — Must operate successfully at 500/, overload in
amperes and 2507, excess voltage, under the most severe condi-
tions which they are liable to meet in practice.

This test is designed to give a reasonable margin between the ordinary rating
of the switch and the greaking—down point, thus securing a switch which can always
safely handle its normal load. Moreover, there is enough leeway so that a moderate
amount of overloading would not injure the switch.

Marking. — Must be plainly marked, where it will be
visible when the switch is installed, with the name of the
maker and the current and voltage for which the switch is
designed. -

This is to prevent mistakes and the accidents which are likely to fol-
low if switches are used under conditions for which they were not désigned.
’é’hfe name of the maker renders it possible to place the responsibility for

efects. 4

/. Spacings. — Spacings must be at least as great as those
given in the following "table. The spacings specified are cor-
rect for switches to be used on direct-current systems, and can
therefore be safely followed in devices designed for alternating
currents. .
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51.  Knife Switches — Continued.

) Minimum Separation of Mlianimix_m
125 yoLTS OR LESS: iR Distance.
For Switchboards and Panel Boards: —
10 amperesorless.............. VA (6§ T e 14 inch.
11-25 amperes. ......o..oovoe000 1 e s vesioro el ot wrslsl e ot 8y
26-B0 ¢ L e el aiieaeeess IV 0 o e tn it
For Individual Switches: —
10 amperesorless.............. 1 inch..................... 84 inch.
11-35amperes................... 1k VAL SR Ry 6 P £ 1 £
A8 M iahes e e S e - 114 ¢
101-300 Loiiiniienas 21/ LI LI neow
301-600 ¢ Sann v v e s eieen O WA i e s S s we 2R FE
601-1000 ““ ...l 3 A S e R R e S s 28y ¢
126 To 250 VOLTS : i
For All Switches:— i
10 amperes orless. .s.......... I inch........cccvvuennoeen 114 inch.
11-35 amperes... .. ....ccoveee e L e 115 ¢
36100 e L O/ I S G L
BOT=3000 L at il e Zalaaie 20 s e s enenee 2V S
301-600 ¢ ... A« 01l S A e o i s R 7
6011000 ¢ o i st L S b L 28, «

For 100 ampere switches and larger, the above spacings for 250 volts direct
current are also approved for 440 volts alternating current. Switches with these
spacings intended for use on alternating-current systems with voltage above 250 must
p‘eAstaémped with the voltage for which they are designed, followed by the letters

. .7, V2

- 251 TO 600 VOLTS:
For All Switches: —

10 amperes orless.............. 3% inch............. i P 3 inch.
11-35 AMPETeS. .. +s ccsvcensssvien 4 B o e e shie s vieie 31 ¢
36-100 ¢ ............41/2, (5 sraeas b ssiane s s & U

Auxiliary breaks or the equivalent are recommended for switches designed for
over 300 volts and less than 100 amperes, and will be required on switches designed
_3/(;);5' use in breaking curvents greater than 100 amperes at a pressure of more than

volts.

For three-wire Edison systems, the separations and break-distances for plain
three-pole knife switches must not be less than those required in the above table for
switches designed for the voltage between the neutral and outside wires.

Snap Switches.

Flush, push-button, door, fixture and other snap switches used on constant-
potential systems, must be constructed in accordance with the following specifications.

/. Base. — Current-carrying parts must be mounted on non-
combustible, non-absorptive, insulating bases, such as slate or
porcelain, and the holes for supporting screws should be
countersank not less than 1% inch. There must in no case be
less than 344 inch space between supporting screws and current-
carrying parts. : :

Sub-basesof non-combustible, non:absorptive, insulating
material, which will separate the wires at least 1% inch from the
surface wired over, must be. furnished with all snap switches

* used in exposed knob or cleat work. :

m. Mounting. — Pieces carrying contact jaws must be se-
cured to the base by at least two screws, or else made with a
square shoulder, or provided with dowel-pins, or otherwise ar-
ranged to prevent possible turnings; and the nuts or screw-
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heads on the under side of the base must be countersunk not
less than 14 inch, and covered with a waterproof compound which
will not melt below 150° Fahr. i

7. Metal. — All switches must have ample metal for stiffness
and for preventing rise in temperature of any part of more than
50° Fahr. at full load, the contacts being arranged so that a
thoroughly good bearing at every point is obtained. The whole
device must be mechanically well made throughout.

In order to meet the above requirements on temperature rise without causing .
excessive friction and wear on the current-carrying parts, contact surfaces of from
.10 to .15 square inch for each 10 amperes will Le required, depending upon the metal
used and the form of construction adopted. ;

0. Insulating Material. — Any material used for insulating cur-
rent-carrying parts must retain its insulating and mechanical
strength when subject to continued use, and must not soften at
a temperature of 212° Fahr. :

2. Binding Posts. — Binding posts must be substantially made,
and the screws must be of such size that the threads will not
strip when set up tight. : :

g. Covers.— Covers made of conducting material, except
face plates for flush switches, must be lined on sides and top
with tough and tenacious insulating material at least %42 inch in
thickness, firmly secured so that it will not fall out with ordinary
handling. The side lining must extend slightly beyond the
lower edge of the cover. :

Without this lining there is danger of the cover forming a short-
circuit in the switch, es%ecially if the cover is removed or replaced while
.the switch is ‘“alive.” The side lining should extend at least 344 inch be-
yond the lower edge of the cover. :

7. Handle or Button. — The handle or button or any exposed

parts must not be in electrical connection with the circuit.

s. Test.— Must “ make” and “break” with a quick.snap,
and must not stop when motion has once been imparted by the
button or handle.

Must operate successfully at 50 9, overload in amperes and
25 07 excess voltage, under the most severe conditions which they
are liable to meet in practice. :

When slowly turned “on and off ” at the rate of about two
or three times per minute, while carrying the rated current, must
“make and break ” the circuit 6000 times before failing. '

The above endurance test should, of course, be made at the voltage
for which the switch is rated.

Z.  Marking, — Must be plainly marked where it may be
readily seen after the device is installed, with the name or
trade-mark of the maker and the current and voltage for which
the switch is designed.

- On flush switches these markings may be placed on the
back of the face plate or on the sub-plate. On other types
they must be placed on the f7onz of the cap, cover, or plate.
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51. Snap Switches — Continued.

Switches which indicate whether the current is “on” or
“off ” are recommended.

Indicating switches are much preferred for all work, as by showing
at once whether the current is “on ” or “off ” they tend to save mistakes
and possible accidents. The fact that lights do not burn or that a motor
does not run is not necessarily a sure sign that the current is off, but the
.Indicating switch makes it possible to tell at a glance whether the circuit

is open or closed. :

52. Cut-Outs and Circuit-Breakers. :
(For installation requirements, see Rules 17 and 21.pages 60 and 63.)
General Rules.

-

a. Must be supported on bases of non-combustible, non-
absorptive, insulating material. ‘

6. Cut-outs must be of the plug or cartridge type, when
not enclosed in approved cabinets, so as to obviate any danger:
of the melted fuse metal coming in contact with any substance
which might be ignited thereby. o

¢. Cut-outs must operate successfully on short-circuits,
under the most severe conditions which they are liable to
meet in practice, at 25 9% above their rated voltage ; and for
link-fuse cut-outs, with fuses rated at 50 9, above the current
for which the cut-out is designed, and for enclosed-fuse cut-:
outs, with the largest fuses for which the cut-out is designed.

With link-fuse cut-outs, there is always the: possibility of a larger fuse being put
in the cut-out than that for which it was designed, which is not true of enclosed-fuse
cut-outs classified as requiredin § g. Again, the voltage in most plants can, under some
conditions, rise considerably above the normal. The need of some margin, as a factor
of safety to prevent the cut-outs from being ruined in ordinary service, is therefore
evident.

The most severe service which can be required of a cut-out in practice is to
open a ‘‘ dead short-circuit -’ with only one fuse blowing, and it is with these con-
ditions that all tests should be made. (See § 7.)

d.. Circuit-breakers must operate successfully on short-
circuits, under the most severe conditions which they are liable
to meet in practice, at 25 9, above their rated voltage and with
the circuit-breakers set at the highest possible-opening point.

For the same reason as in § .

e. Must be plainly marked, where it will always be visible,
with the name of the maker and the current and voltage for
which the Yevice is designed. " ;

For the same reasons that simiilar requirements were made for
switches. (See note under Rule 51 j, page 98.)

It is also desirable to mark cut-outs on completed systems with the
size of fuse which should be used in them. This will lessen the liability of
a melted fuse being replaced with one too large to properly protect the
wires,

-

; ) Link-Fuse Cut-Outs.
(Cut-outs of porcelain are not approved for link fuses.)

The following rules are intended to cover open link fuses mounted on slate or
marble bases, including switchboards, tablet-boards and single fuse-blocks. They do
_not apply to fuses mounted on porcelain bases, to the ordinary porcelain cut-out blocks,
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52. Link-Fuse Cut-Outs — Cbntinued.

enclosed fuses or any special or covered type of fuse. When tablet-boards or single
fuse-blocks with such open link fuses on them are used in general wiring, they must
be enclosed in cabinet boxes made to meet the requirements of Rule 54, page 108.
This is necessary, because a severe flash may occur when such fuses melt, so that
theylwould be dangerous if exposed in the neighborhood of any combustible ma-
terial. -

- f. Base.— Must be mounted on slate or marble bases.
Bases with an area of over 25 square inches must have at least
four supporting screws. Holes for supporting screws must be
kept outside of the area included by the outside edges of the
fuse-block terminals, and must.be so located or countersunk
that there will be at least 15 inch space, measured over the sur-
face, between the head of the screw or washer and the nearest
live part. ‘

The proper thickness of the base depends very largely upon the size
of the cut-out, but even for the smaller sizes.the bases should generally be
at least 8 inch thick. :

£+ Mounting. — Nuts br screw-heads on the under side of the
base must be countersunk not less than 15 inch and covered with
a waterproof compound which will not melt below 150° Fahr.

4. Metal. — All fuse-block terminals must have ample metal
for stiffness and for preventing rise in temperature of any part of
more than 50° Fahr. at full load. Terminals, as far as practic-
.able, should be made of compact form instead of being rolled out
in thin strips ; and sharp edges or thin projecting pieces, as on
winged thumb nuts and the like, should be avoided. Thin
metal, sharp edges and projecting pieces are much more likely
to cause an arc to start than a more solid mass of metal. Itis
a good plan to round all corners of the terminals and to cham-
fer the edges.

Z.  Connections, — Clamps for connecting the wires to the fuse-
block terminals must be of solid, rugged construction, so,as to
insure a thoroughly good connection and to withstand consid-
erable hard usage. For fuses rated at over 80 amperes, lugs
firmly screwed or bolted to the terminals and into which the
conducting wires are soldered must be used.

See note under Rule 51 %, page 98.

See also Rule 14 ¢, page 55, regarding soldering of wires at terminal
connections.

/- Test. — Must operate successfully, when blowing only
one fuse at a time on short-circuits, at 259, above their rated
voltage, and with fuses rated at 509, above the current for
which the cut-out is designed.

%. Marking. — Must be plainly marked, where it may readily
be seen when the fuse-block is installed, with the name of the
maker and the current and voltage for which the block is de-

- signed.

Plain and proper marking is especiaily importanf with cut-out blocks,
as without it there is danger that the blocks will be fused for a greater
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52. Link-Fuse Cut-Outs — Continued.

current or used on a higher voltage than thosé for which they werc
designed. .

/. Spacings. — Spacings must be at least as great as those
given in the following table, which ‘applies only to plain, open
link fuses mounted on slate or marble bases. The spacings
given are correct for fuse-blocks to be used on direct-current.
systems, and can therefore be safely followed indevices designed
for alternating currents. If the copper fuse-tips overhang the
edges of the fuse-block terminals, the spacings should be
measured between the nearest edges of the tips. '

Minimum Separation of M‘inimum
Nearest Metal Parts of ©  Break- -
125 voLTS OR LESS: Opposite Polarity. : Distance.
10 amperes orless .............. Sianeh s 84 inch.
11-100 amperes .......... oot S R R e 84 ¢
101-300 et R OF 1 RN e b 5k AR A G IR0 1 A

3011000 £¢ il iven e e I s 1, «

126 TO 250 VOLTS: :
115 inch

10 amperes or less o
11-100 amperes ......... c18g ¢ e
101-300. T o e S 2L -
301-1000 R B0b S dOay 25 ¢ L

A space must be maintained between fuse terminals of the sasme polarity of at
least 1% inch for voltages up to 125 and of at least 34 inch for voltages from 126 to 250.
This is the minimum distance allowable, and greater separation should be provided
when practicable.

For 250 volt boards or blocks with the ordinary front-connected terminals, ex-
cept where these have a mass of compact form, equivalent to the back-connected ter-
minals usually found in switchboard work, a substantial barrier of insulating material,
not less than 14 inch in thickness, must be placed in the ¢ break ’* gap, — this barrier
to extend out from the base at least 14 inch farther than any bare live part of the fuse-
block terminal, including binding screws, nuts, and the like. )

For three-wire Edison systems, cut-outs must have the break-distance required
for circuits of the putential of the outside wires. C

With three-wire Edison systems, unless the break-distance of the cut-
outs is designed for the potential of the outside wires; dangerous arcing at
the cut-outs is liable to occur, especially where the neutral wire is not
grounded, due to the grounding or short-circuiting of the outside wires so
as to blow only one fuse on the higher voltage. Although the chance of
such an occurrence is less with a grounded neutral, it is possible even here.

‘ Enclosed-Fuse Cut-Outs,— Plug and Cartridge Type.

m. Base.— Must be made of non-combustible, non-absorp-
tive, insulating material. Blocks with an area of over 25 square
inches must have at least four supporting screws. Holes for sup-
porting screws must be so located or countersunk that there
will be at least 12 inch space, measured over the surface, between
the screw-head or washer and the nearest live metal part, and
in all cases when between parts of opposite polarity must be
countersunk. : ‘

7. Mounting. — Nuts or screw-heads on the under side of the
base must be countersunk at least 34 inch and covered with a
waterproof compound which will not melt below 150° Fahr.

0. Terminals. — Terminals must be of either the Edison plﬁg,
spring clip, or knife blade type, of approved design, to take the
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52. Enclosed-Fuse Cut-Outs — Continued.

corresponding standard enclosed fuses. They must be secured
to the base by two screws or the equivalent, so as to prevent them
from turning, and must be so made as to secure a thoroughly

good contact with the fuse. :

This rule regarding design of terminal will be included in the speci-
fications for the Standard enclosed-fuse cut-out above mentioned, and will
apply to all capacities.

‘p- Connections, — Clamps for connecting wires to the termi-
nals must be of a design which will insure a throughly good
‘connection, and must be sufficiently strong and heavy to with-
stand considerable hard usage. For fuses rated to carry over
30 amperes, lugs firmly screwed or bolted to the terminals and
into which the connecting wires shall be soldered must be used.

See also Rule 14 ¢, page 55, and note to Rule 51 h, page 98.
It is recommended that the clamps for the main wires in branch cut-
outs be designed to securely hold a wire at least as large as No. 0 B. & S.
gage; for it is frequently desired to connect such cut-outs to these larger
wires. If the clamps are poor or are too small, loose connections and heat-
ing may result, or some less desirable method of wiring may be used.
¢. Classification. — Must be classified as regards both cur-
rent and voltage, as given in the following table, and must be so
designed that the bases of one class cannot be used with fuses
of another class rated for a higher current or voltage.

0 to 250 voLTS * 251 to 600 voLTs :
0-2 amperes. 0-2° amperes.
3-30 s 3-30 o

31-60 4 31-60 b
61-100 s 61-100 s

101200 ¢ ) 101-200 £

201-400 &G 201-400 ¢

401-600 L

7. Design. — Must be of such a design that it will not be
easy to form accidental short-circuits across live metal parts of
opposite polarity on the block or on the fuses in the block.

. Marking. — Must be marked, where it will be plainly
visible when the block is installed, with the name of the maker
and the voltage and range of current for which the block is
designed.

53. Fuses.
(Forinstallation requiremen,ts, see Rules 17 and 21, pages 60 and 63.)

Link Fuses.

a. Terminals, — Must have contact surfaces or tips of harder
metal, having perfect electrical connections with the fusible
part of the strip.

The use of the hard metal tip is to afford a strong mechanical bearing- for the
screws, clamps or other devices provided for holding the fuse.

. Rating, — Must be stamped with about 809/, of the maxi-
mum current which they can carry indefinitely, thus allowing
about 250, overload before the fuse melts.
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53. Link Fuses — Continued.

With naked open fuses, of ordinary shapes and with not over 500 amperes
capacity, the wminimume current which will melt them in about 5 minutes may be
safely taken as the melting ‘point, as the fuse practically reaches its maximum tem-
perature in this time. With larger fuses a longer time is necessary. This data is
given to facilitate testing. - ) :

¢. Marking. — Fuse terminals must be stamped with the
maker’s name or initials, or with some known trade-mark.

° For reasons entirely similar to those given under Rule 51 J, page 98.

Enelosed Fuses, — Pfug and Cartridge Type.
See note preceding Rule 52 m, page 103.

d.  Construction. — The fuse plug or cartridge must be suffi-
ciently dust-tight so that lint and dust cannot collect around
the fusible wire and become ignited when the fuse is blown.

The fusible wire must be attached to the plug or cartridge
terminals in such a way as to secure a thoroughly good connec-
tion and to make it difficult for it to be replaced when melted.

The fuse casing should also be so ‘tight that the requiréments for test
(see §}() may be fulfilled.

e. Olassification. — Must be classified to correspond with the
different classes of cut-out blocks, and must be so designed
that it will be impossible to put any fuse of a given class into
a cut-out block which is designed for a current or voltage lower
than that of the class to which the fuse belongs.

J-  Terminals, — The fuse terminals must be sufficiently heavy
to ensure mechanical strength and rigidity. The styles of ter-
minals must be as follows: — -

0-250 Volts.

0-2 amps. { (ggggdggn?;ﬁ) } to fit spring clipter minals.

‘ ( : . !
[ i { Cartridge fuse } to | @ spring clip terminals.
3
3-30 1 (ferrule contact) § fit b, Edison plug casings.
| B Present Edison plugs, 0-125 volts. i
31-60 ¢ { Cartridge fuse } to { @, spring clip terminals.
(ferru}e contact) § fit | 5, waison plug casings.
61-100 ]I L
3
e } Cartridge fuse (knife-blade contact).
401-600 ¢ |
251-600 Volts.
0-2 amps. '
- 3-300 ¢ Cartridge fuse (ferrule contact).
g 2

31-60 s

61-100 « .
101-200 -~ ¢ Cartridge fuse (knife-blade contact).
201-400 ¢

£- Dimensions,—Cartridge enclosed fuses and corresponding
cut-out blocks must conform to the dimensions.given in the
table on page 106. '
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53. Enclosed Fuses — Continued.
" /. Rating. — Must be so constructed that with the surround-
ing atmosphere at a temperature of 75° Fahr. they will carry
indefinitely a current 10 9, greater than that at which they are
rated, and at a current 159, greater than the rating they.will
open the circuit without reaching a temperature which will
injure the fuse tube or terminals of the fuse block.

With a current 50 9, greater than the rating and room tem-
perature 75° Fahr., fuses, starting cold, must blow within the
time specified below : —

0-30 amperes....... 30 seconds. 101-200 amperes........ 4 minutes.
31-60 R 1 minute. 201-400 P e 8 §¢
61-100 s 2 4] 401-600 o 10 £

7. Marking. — Must be marked, where it will be plainly visi-
ble, with the name or trade-mark of the maker, the voltage and
current for which the fuse is designed, and the words “National
Electrical Code Standard.” Each fuse must have a label, the
color of which must be green for 250 volt fuses and red for 600
volt fuses. _

It will be satisfactory to abbreviate the above designation to ¢ N. E.
Code St’d ”” where space is necessarily limited. Py ]

J-  Temperature Rise. — The temperature of the exterior of the
fuse enclosure must not rise more than 125° Fahr. above that
of the surrounding air when the fuse is carrying the current for
which it is rated.

%. Test. — Must not hold an arc or throw out melted metal
or sufficient flame to ignite easily inflammable material on or
near the cut-out, when only one fuse is blown at a time on a
short-circuit, on a system having a capacity of 300 K. W, or
over, at the voltage for which the fuse is rated.

The above requirement that the testing circuit must have a capacity
of at least 300 K. W. is to guard against making the test on a system of
so small capacity that the conditions would be sufficiently favorable to
allow really poor fuses to stand the test acceptably. On the other hand, it
must be remembered that if the test is made on a system of very large
capacity, and especially if there is but little resistance between the gene-
rators and fuse, the conditions may-be more severe than are liable to be
met with in practice outside of the large power stations, the result being
that fuses entirely safe for general use may be rejected if such test is
insisted upon. A more definite rule regarding the conditions of this test is
desirable, ang. the matter is under consideration. In any case, the test
should be arranged to best represent the severer conditions of actual
practice, not, however, including central station equipments, where spe-
cially designed and stronger fuses are undoubtedly necessary.

53 A. Tablet and Panel Boards.

The following minimum distances between bare live metal
parts (bus-bars, etc.) must be maintained : —

Between parts of opposite polarity, Between parts of

Voltice except at switches and link fuses. same polarity.
ge. When mounted on When held free At link
the same surface. in the air. fuses.
0-125 05 v aivioin s 5 50 34 inch SWlpinch...ioien ..l 15 inch
126-250.. ... ....o. .. e “ iiiiiinnnn. SENEIEL 7KL
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53 A. Tablet and Panel Boards — Continued.

At switches or enclosed fuses, parts of the same polarity may be placed as close
together as convenience in handling will allow.

. It should be noted that the above distances are the mznimum allowable, and it
is urged that greater distances be adopted wherever the conditions will permit.

The spacings given in the first column apply to the branch conductors where
enclosed fuses are used. Where link fuses or knife switches are used, the spacings
must be at least as great as those required by Rules 51 % and 52, pages 98 and 103.

The spacings given in the second column apply to the distance between the
raised main E:rs, and between these bars and the branch bars over which they pass.

The spacings given in the third column are intended to prevent the melting of
a link fuse by the blowing of an adjacent fuse of the same polarity.

S

The fuses and switches should be so placed relatively to the ‘bus-bars
that the switches will be properly protected by the fuses; that is, the
fuses should be placed between the bus-bars and the switches.

54. Gut-Out Cabinets.

a@. Material. -— Cabinets must be substantially constructed of
non-combustible, non-absorptive material, or of wood. When
wood is used the inside of the cabinet.must be completely lined
with a non-combustible insulating material. Slate or marble at
least %4 inch in thickness is strongly recommended for such
lining, but, except with metal conduit systems, asbestos board
at least %% inch in thickness may be used in dry places if firmly
secured by shellac and tacks. - :

With metal conduit systems the lining of either the box or
the gutter must be of galvanized, painted or enameled iron, 4,
inch thick, or preferably of slate or marble, % inch thick.

The object of the lining of such cut-out cabinets or gutters is to render them
practically fireproof in case of a short-circuit after the wires leave the protecting
metal conduits.

With wooden cabinets, the wood should be thoroughly filled and painted before
the lining is put in place. .

In Factory Mutual mills, the asbestos-board or slate lining in wooden
cabinets will only be required where link fuses or knife switches are used.
Link fuses: throw out melted metal when they operate, which makes the
fireproofing advisable. Under some conditions there is also considerable
flame when knife switches are opened, especially the larger sizes, which
might be objectionable if the switches were located near the woodwork.
However, the fireproofing of switch cabinets will not be required where
the conditions are favorable and the above objections do not apply.

‘With approved enclosed fuses or snap switches this protection is not
considered necessar{', although the cabinets should be painted at least two
coats of some good lead or fireproof paint both inside and outside. This
will not only give some protection against a flash fire, but will largely pre-
vent the inevitable changes in atmospheric conditions from opening u
cracks through which lint and dust may enter. Only well seasoned stoc
should be used in the construction of these wooden cabinets.

6. Door.— The door must close against a rabbet, so as to
be perfectly dust-tight. Strong hinges and a strong hook or
catch are required. Glass doors must be glazed with heavy
plate glass, not less than %46 inch in thickness, and panes should
not exceed 1 foot in width. A space of at least 2 inches must be
allowed between the fuses and the door. This is necessary to
prevent cracking or breaking by the severe blow and intense
heat which may be produced under some conditions. :
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54.  Cut-Out Cabinets — Continued.

A cabinet is of little use unless the door is kept tightly closed, and special atten-
tion is therefore called to the importance of having a strong and reliable catch or
other fastening. A spring catch is advised if a good one can be obtained, but most
of those sold for use on cupboards, etc., are so small that they fail to catch when
the door shrinks a little, or are so weak that they soon give out.

¢.  Bushings. — Bushings through which wires enter must fit
tightly the holes in the box, and must be of approved construc-
‘tion.  The wires should completely fill the holes in the bush-
ings, using tape to build up the wire, if necessary, so as to keep
out the dust.

F16G. 43, ' . F1a. 44.
UNLINED CABINET SLATE-LINED CABINET WITH
WITH SNAP SWITCHES KNIFE SWITCHES AND
AND PLUG FUSES. OPEN LINK FUSES.

Fi%s. 43 and 44, as well as Fig. 38, page 71, are excellent examples of
thoroughly good cabinets of simple construction. )

In all these illustrations, attention is called to the slanting top, which
prevents the accumulation of dust upon it and keeps it from being used as
a shelf. This is'a very desirable feature. Thebushings should be of such

-
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54. Cut-Qut Cabinets — Continued.

a length that they will reach just inside the cabinet, as longer ones are
likely to become broken, and shorter ones do not afford sufficient protec:
tion.

Fig. 44, paﬁe 109, shows a wooden box lined with slate throughout, in-
cluding the inside of the door, and containing link fuses and knife switches
mounted on the slate back. The bus-bars are carefully taped and then
painted with a black enamel paint, presenting a very neat appearance and
greatly reducing the amount of bare live metal. The pipe which protects
the feed wires Is fastened to the bottom of the box by an ordinar pipe-
flange, and each wire is separately encased in flexible insulating tubing.

In Fig. 43, page 109, plug type cut-outs and snap switches are used,
making a fireproof lining unnecessary, and the box is merely painted thor-
oughly, -inside and outside, with a good lead dpa,int. The snap switches
have a rated capacity of 30 amperes each, and are provided with indi-
cating dials. In this instance the switches are mounted on a specially
grooved slate block, but porcelain sub-bases can be obtained for most sizes
and would be cheaper and more convenient. The glass door prevents
shrinking, — a fault commonly found with doors made entirely of wood.
It also keeps the apparatus always in sight, and the position of each switch
can be seen without opening the door.

The cut also shows how current may be taken from risers running
from floor to floor, the wires on the side walls being protected in iron pipe
to a height of about 5 feet. . :

A cabinet of this character is inexpensive and thoroughly satisfac-
tory, and it is heartily recommended as an example to be followed. With
the enclosed fuses and snap switches, there is very little exposed live metal
on which accidental short-circuits can be made, and this is of no little im-
portance throughout the workrooms of a mill, where inexperienced persons
are likely to turn the lights on and off.

54 A. . Rosettes. g

Ceiling rosettes, both fused and fuseless, must be constructed in accordance
with the following specifications.

a. Base.— Current-carrying parts must be mounted on non-
combustible, non-absorptive insulating bases. There should be
no openings through the rosette base except those for the sup-
porting screws, and in the concealed type for the conductors
also, and these openings should not be made any larger than
necessary. :

There must be at least %4 inch space, measured over the
surface, between supporting screws and current-carrying parts.
The supporting screws must be so located or countérsunk that
the flexible cord cannot come in contact with them.

Bases for the knob and cleat type must have at least two
holes for supporting screws ; must be high enough to keep the
wires and terminals at least 15 inch from the surface to which
the rosette is attached, and must have a porcelain lug under each
terminal to prevent the rosette from being placed over projec-
tions which would reduce the separation to less than %% inch.

Bases for the moulding and conduit box types must be high
enough to keep the wires and terminals at least 3% inch from the
surface wired over.

6. Mounting. — Contact pieces and terminals must be secured
in position by at least two screws, or made with a square shoul-
der, or otherwise arranged to prevent turning.

The nuts or screw heads on the under side of the base must
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54 A. Rosettes — Continued.

be countersunk not less than 14 inch and covered Mwith a water-
proof compound which will not melt below 150° Fahr.

¢.  Terminals: — Line terminal plates must be at least.07 inch
in thickness, and terminal screws must not be smaller than No.
6 standard screw with about 32 threads per inch.

Terminal plates for the flexible cord and for fuses must be
at least .06 inch in thickness, and the terminal screws must not
be smaller than No. 5 standard screw with about 40 threads per

inch.

d. Gord Inlet. — The diameter of the cord inlet hole should
measure 1343 inch, in order that standard portable cord may be
used. '

e.  Knot Space. — Ample space must be provided for a sub-
stantial knot tied in the cord as a whole.

All parts of the rosette upon which the knot is likely to
bear must -be smooth and well rounded.

/- Cover. — When the rosette is made in two parts, the cover
must be secured to the base so that it will not work loose.

In fused rosettes, the cover must fit closely over the base,
so as to prevent the accumulation of dust or dirt on the inside,
and also to prevent any flash or melted metal from being thrown
out when the fuses melt. '

£- Markings, — Must be plainly marked where it may readily
be seen after the rosette has been installed, with the name or
trade-mark of the manufacturer, and the rating in amperes and
volts. Fuseless rosettes may be rated 3 amperes, 250 volts;
fused rosettes, with link fuses, not over 2 amperes, 125 volts.

4. Test. — Fused rosettes must have a fuse in each pole and
must operate successfully when short-circuited on the voltage
for which they are designed, the test being made with the two
fuses in circuit.

When link fuses are used the test shall be made with fuse wire which melts at
about 7 amperes in 1 inch lengths. The larger fuse is specifietl.for-the test in'order
to more nearly approximate the severe conditions obtained when only one 2-ampere
fuse (the rating of the rosette) is blown at a time. .

Fused rosettes equipped with spring clip enclosed fuses are much preferable to
the link-fused rosettes. i o

'y
55. Sockets. : .
(For installation requirements, see Rule 27, page 78.)
Sockets of all kinds, including wall receptacles, must be constructed in accord-

ance with the following specifications.’

a@. Standard Sizes. — The standard lamp socket must be suit-
able for use on any voltage not exceeding 250 and with any size
lamp up to 50 c. p. For lamps larger than 50 c. p. a standard
keyless socket may be used, or if a key is. required, a special
socket designed for the current to be used must be made. Any
special sockets must follow the general spirit of these specifica-
tions.
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55. Sockets — Continued.

b. Marking. — The standard socket must be plainly marked
250 v., 50 c. p., and with the manufacturer’s name or registered
trade-mark. Special sockets must be marked with the current
and voltage for which they are designed.

¢. Shell. — Metal used for shells must be moderately hard,
but not hard enough to be brittle or so soft as to be easily dented
or knocked out of shape. Brass shells must be at least.018 inch
in thickness, and shells of any other material must be thick
enough to give the same stiffness and strength as the required
thickness of brass.

d. Lining. — The inside of the shells must be lined with in-
sulating material, which must absolutely prevent the shell
from becoming a part of the circuit, even though the wires in-
side the socket should start from their position under the bind-
ing screws.

The material used for lining must be at least 14 inch in
thickness and must be tough and tenacious. It must not be
injuriously affected by the heat from the largest lamp permitted
in the socket, and must leave water in which it is boiled prac-
tically neutral. It must be so firmly secured to the shell that it
will not fall out with' ordinary handling of the socket. It is
preferable to have the lining in one piece. '

The cap must also be lined, and this lining must comply with the requirements
for shell linings.

The shell lining should extend beyond the shell far enough so that no part of
the lamp base is exposed when a lamp is in the socket.

e. Cap. — Caps, when of sheet brass, must be at least .013

inch in thickness, and when cast or made of other metals must
be of equivalent strength. The inlet piece, except for special
sockets, must be tapped with a standard 1% inch pipe thread. It
must contain sufficient metal for a full, strong thread, and when
not in one piece with the cap, must be joined to it in such a way
as to give the strength of a.single piece. - -
. There must be sufficient room in the cap to enable the
ordinary wireman to easily and quickly make a knot in the cord
and to push it into place in the cap without crowding. All parts
of the cap upon which the knot is likely to bear must be smooth
and well insulated. , :

The cap lining called for in the note to § & will provide a sufficiently smooth
and well insulated surface for the knot to bear upon:

. Sockets with an outlet threaded for 8% inch pipe, will, of course, be approved
where circumstances demand their use. This size outlet is necessary with most stiff

pendants and for the proper use of reinforced flexible cord, as explained in the note
to Rule 28 &, page 79.

_ /- Frame and Screws. — The frame which holds the moving
parts must be sufficiently heavy to give ample strength and
stiffness. -
Brass pieces containing screw threads must be at least .06
inch in thickness.
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55. Sockets — Continued.

Binding post screws must not be smaller than No. 5 stand-
ard screw with about 40 threads per inch.

£. Spacing. — Points of opposite polarity must everywhere
be kept not less than 364 inch apart, unless separated by a reli-
able insulation.

. /4. Connections, — The connecting points for the flexible cord
must be made to very securely grip a No. 16 or 18 B. & S. gage
conductor. A turned-up lug, arranged so that the cord may be
gripped between the screw and, the lug in such a way that it
cannot possibly come out, is strongly advised.

Z. Lamp Holder. — The' socket must firmly hold the lamp in
place so that it cannot be easily jarred out, and must provide a
contact good enough to prevent undue heating with the maxi-
mum current allowed. The holding pieces, springs and the
like, if a part of the circuit, must not be suﬂicientlyiekposed to
allow them to be brought in contact with anything outside of
the lamp and socket. '

7.  Base.— With the exception of the lining, all parts of
insulating material inside the shell must be made of porce-
lain.

. %.  Key.— The socket key-handle must be of such a mate-
rial that it will not soften from the heat of a 50 c. p. lamp
hanging downwards from the socket in air at 70° Fahr., and.
must be securely, but not necessarily rigidly, attached to the
metal spindle which it is designed to turn.

J.  Sealing. — All screws in porcelain pieces, which can be
firmly sealed in place, must be so sealed by a waterproof com-
pound which will not melt below 200° Fabr.

m. Putting Together. — The socket as a whole must be so put
together that it will not rattle to pieces. Bayonet joints or an
equivalent are recommended.

7. Test. — The socket, when slowly turned “on and off 7’ at
the-rate of about 2 or 3 times per minute, while carrying a load. -
of 1 ampere at 250 volts, must *“ make and break '’ the circuit
6000 times*before failing.

0. - Keyless Sockets, — Keyless sockets of all kinds must com-
ply with the requirements for key sockets as far as they apply.

2. Sockets of Insulating Material. — Sockets made of porcelain
or other insulating material must conform to the above require-
ments as far as they apply, and all parts must be strong enough
to withstand a moderate amount of hard usage without break-

ing.
; Porcelain shell sockets being subject to breakage, and constituting a hazard
when broken, will not be accepted for use in places where they would be exposed to
hard usage.
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55. Sockets — Continued.

¢. Inlet Bushing. — When the socket is not attached to a
fixture, the threaded inlet must be provided with a strong insu-
lating -bushing having a smooth hole at least 92 inch in
diameter. The edges of the bushing must be rounded and all
inside fins removed, so that in no place will the cord be sub-
jected to the cutting or wearing action of a sharp edge. '

Bushings for sockets having an outlet threaded for 3% inch pipe should have a
ho]s 1385 inch in diameter, so that they will accommodate aggroved reinforced flexible
cord.

56. Hanger-Boards.

a. Hanger-boards must be so constructed that all wires
and current-carrying devices thereon will be exposed to view,
and thoroughly ‘insulated by being mounted on non-combus-
tible, non-absorptive insulating material. All switches attached
to the same must be so constructed that they will be automatic
in their action, cutting off both poles to the lamp, not stopping
between points when started, and preventing an arc between
points under all circumstances. '

If the switch opened only one side of the circuit and that side should
happen to be grounded, there would be danger in handling the lamp.

57.  Arc Lamps. v
(For installation requirements, see Rules 19 and 29, pages 62 and 80.)
a. Must be provided with reliable stops to prevent the
carbons from falling out in case the clamps become loose.

6. All exposed parts must be carefully insulated from the.
circuit.

¢. Must, for constant-current systems, be provided with an
approved hand switch, and an automatic switch that will shunt
the current around the carbons, should they fail to feed properly.

The hand switch, if placed anywhere except on the lamp
itself, must comply with the requirements for switches on
hanger-boards as given in Rule 56.

The hand switch is needed, in order to entirely disconnect the lamp
for the purpose of adjustment or trimming,_while the automatic switch is
to maintain the continuity of the circuit if it should be broken at the arc
by any cause, such as failure of the regulating mechanism to feed the
carbons properly. ) :

58. Spark Arresters. e
- (See Rules 19 ¢ and 29 ¢, pages 62 and 81.)

a. Spark arresters must so close the upper orifice of the
globe, that it will be impossible for any sparks, thrown off by
the carbons, to escape.

59. Insulating Joints.
. - (See Rule 26 a, page 77.)

‘a. Must be entirely made of material that will resist the -
action of illuminating gases, and will not give way or soften
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59. Insulating Joints — Continued.

under the heat of an ordinary gas flame or leak under a
moderate pressure. Must be so arranged that a deposit of
moisture will not destroy the insulating effect; must show a
dielectric strength between gas pipe attachments sufficient to
resist throughout 5 minutes the application of an electro-motive
force of 4000 volts ; must be sufficiently strong to resist the
strain to which they are liable to be subjected during installa-
tion. e '

4. Insulating joints having soft rubber in their construction
will not be approved.

Because soft rubber soon hardens and ¢racks.

60. Rheostats.

(For installation requirements, see Rules 4 a and 8 ¢, pages 28 and, 34.)

@. Materials, — Must be made entirely of hon-combustible
materials except such minor parts as handles, magnet insula-
tion, etc. :

All segments, lever arms, etc., must be mounted on non-
combustible, non-absorptive, insulating material.

Resistance boxes are used for the express purpose of opposing the passage of
eurrent, and are therefore very liable to get exceedingly hot. Hence they should
have no combustible material in their construction.

b.  Construction. — Must have legs which will keep the cur-
rent-carrying parts at least 1 inch from the surface on which the
rheostat is mounted. :

The construction throughout must be heavy, rugged and
thoroughly workmanlike. »

¢.  Connections, — Clamps for connecting wires to the ter-
minals must be of a design which will ensure a thoroughly good
connection, and must be sufficiently strong and heavy to with-
stand considerable hard usage. For currents abdve 30 amperes,
lugs firmly screwed or bolted to the terminals and intoe which the
connecting wires shall be soldered, must be used. .

Clamps or lugs will not be required when leads designed for soldered connec-
tions are provided.

connections:

d. Marking. — Must- be plainly marked, where it may be
readily seen after the device is installed, with the rating and the
name of the maker; and the terminals of motor-starting rheo-
stats must be marked to indicate to what part of the circuit
each is to be connected, as- “line,” “armature,” and *field.”

e. Contacts. — The design of the fixed and movable contacts
and the resistance in each-section must be such as to secure the
least tendency towards arcing and roughening of the contacts,

‘even with careless handling or the presence of dirt.’ :

In motor-starting rheostats, the contact at which the circuit

See also Rule 14 ¢, page 55, regarding soldering of wires at terminal
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60. Rheostats — Continued.

is broken by the lever arm when moving from the running to
the starting position, must be so designed that there will be no
detrimental arcing. .The final contact, if any, on which the arm -
is brought to rest in the starting position must have no elec-
trical connection.

Experience has shown that sharp edges and segments of thin material help to
maintain an arc, an it is recommended that these be avoided. Segments of heavy
construction have a considerable cooling effect on the arc, and rounded corners tend
to spread it out and thus dissipate it.

J+  No-voltage release.— Motor-starting rheostats must be so
designed that the contact arm cannot be left on intermediate
segments, and must be provided with an automatic device
which will interrupt the supply circuit before the-speed of the
motor falls to less than one third of its normal value.

£- Overload-release.— Overload-release devices which are in-
operative during the process of starting the motor will not be
approved, unless other circuit-breakers or fuses are installed in
connection with them.

. If, for instance, the overload-release device simply releases the starting arm
~ and allows it to fly back and break the circuit, it is inoperative while the arm is being
moved from the starting to the running position.

/.  Test. — Must, after 100 operations under the most severe
normal conditions for which the device is designed, show no
serious burning of the contacts or other faults, and the release
mechanism of motor-starting rheostats must not be impaired
by such a test. :

Field rheostats, or main-line regulators intended for con-
tinuous use, must not be burned out or depreciated by carrying
the full normal current on any step for an indefinite period.
Regulators intended for intermittent use (such as on electric
cranes, elevators, etc.) must be able to carry their rated current
on any step for as long a time as the character of the apparatus
which they control will permit them to be used continuously.

61. Reactive Coils and Condensers.

a. Reactive coils must be made. of non-combustible ma-
terial, mounted on non-combustible bases and must be treated,
in general, as sources of heat. '

This rule is not intended to apply tolightning arrester choke coils and
similar apparatus in the construction of which non-combustible insulation
is not practicable. These should, however, be mounted on non-combustible
bases, the same as the other forms of reactive coils, etc.

Under some conditions reactive coils may get very hot, so that they
should be #reated about the same as rheostats, although the danger of
extreme overheating is perhaps not as great.

6. Condensers must be treated like other apparatus oper-
ating with equivalent voltage and current. They must have
non-combustible cases and supports, and must be isolated from
all combustible materials and, in general, treated as sources of -
heat.
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61. Reactive Coils and Condensers — Continued.

Condensers, like transformers, are practically harmless until some
fault occurs in them. Then a short circuit occurs instantly, backed up by
the full capacity of the wires, and continues until the automatic cut-outs
open the circuit.

62. Transformers.

(For installation requirements, see Rules 11, 13, 134 and 36, pages 39, 50,
52 and 84.)

a. Must not be placed in any but metallic or other non-
combustible cases.

On account of the possible dangers from burn-outs in the coils. (See note
under Rule 11 &, page 39.) ‘

It is advised that every transformer be so designed and connected that the
middle point of the secondary coil can be reached if, at any future time, it should be
desired to ground it.

6. Must be constructed to comply with the following
tests: —

1st. Shall be run for 8 consecutive hours at full load in
watts under conditions of service, and at the end of that time the
rise in temperature, as measured by the increase of resistance
of the primary coil, shall not exceed 135° Fahr.

2d. The insulation of transformers when heated shall with-
stand continuously for 5 minutes a difference of potential of
10,000 volts (alternating) between the primary and secondary
coils, and between the primary coils and the core. It must also
stand a no-load “run ” at double voltage for 30 minutes.

The 2d test above specified does not apply to transformers of rated
primary voltage above 5000. For transformers desi§ned for higher primary
voltages, say, 5000 to 75000, the testing voltage should be substantially twice
the rated voltage.

63. Lightning Arresters.
(Fér installation requirements, see Rule 5, page 29.)

~a. Must be mounted on non-combustible bases ; must be
so constructed as not to maintain an arc after the discharge has
passed ; and must have no moving parts.

‘Whenever lightning is discharged through an arrester, the dynamo
current tends to follow the discharge current, as the heat of the latter
_ volatilizes a little of the metal and forms between the points a bridge of
metal vapor, whick quite readily conducts electricity. The arrester must
be so designed as to break this arc, as otherwise the dynamos may be in-
jured and the service interrupted. The arrester itself would also probably
ﬁ injured, and might not then afford protection against.a second dis-
charge. :
Moving parts are apt to become corroded and stuck, thus rendering
the arrester inoperative.
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64. Signaling Systems. — Governing wiring for telephone, tele-
graph, district messenger and call-bell circuils, five and burglar
alarms, and all similar systems.

a. Outside wires should be run in underground ducts or
strung on poles, and as far as possible should be kept off of
buildings. They must not be placed-on the same cross-arm
with electric light or power wires, and should not occupy the
same duct, manhole, or handhole of conduit systems with such
wires. -

. Single manholes or handholes may be separated into sections by means of parti-
tions of brick or tile, so as to be considered as conforming with the above rule.

6. When outside wires are run on same pole with electric
light or power wires, the distance between the two inside pins
on each cross-arm must not be less than 26 inches.

This distance between the inside pins is necessary to allow a man to
safely pass between the wires and reach the cross-arms above.

¢. All aérial conductors, and underground conductors
which are directly connected to aérial wires, must be provided
with some approved protective device, which must be located
as near as possible to the point where they enter the building
and not less than 6 inches from curtains or other inflammable
material.

d. If the protector is placed inside of the building, the
wires from the outside support to the binding posts of the pro-
tector must comply with the following requirements : —

1st. Must be of copper, and not smaller than No. 18 B. &
S. gage. ' .

2d. Must have an app=oved rubber insulating covering.
(See Rule 41, page 86.)

38d. Must have a drip loop in each wire, immediately out-
side the building.

See Rule 12 g, page 42.

4th. Must enter buildings. through separate holes, sloping
upward from_the outside, and when practicable, the holes
should be bushed with non-combustible, non-absorptive, insulat-
ing tubes extending through their entire length. Where tubing
is not practicable, the wires must be wrapped with two layers of
insulating tape.

See Rule 12 g, page 42.

5th. Must be so supported on- porcelain insulators that
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64. Signaling Systems — Continued.

they will not come in contact with anything other than their
designed supports.

6th. A separation between wires of at least 2% inches must
be maintained. } _

In case of crosses these wires may become a part of a high-voltage circuit, so
that care similar to that given high-voltage circuits is needed in placing them. Por-
celain bushings at the entrance holes are desirable, and this requirement is only

waived under adverse conditions because the state of the art in this type of wiring
makes an absolute requirement inadvisable.

e. The ground wire of the protective device must be run
in accordance with the following requirements: —

1st. . Must be of copper, and must not be smaller than No.
18 B. & S. gage. :

2d. Must have an approved rubber insulating covering.
(See Rule 41, page 86.) ,

3d. Must run in as straight a line as possible to a good
permanent ground, to be made by connecting to water or gas
pipe, — pre%erably water pipe. If gas pipe is used, the connec-
tion must in all cases be made between the meter and service
pipes. In the absence of any other good ground, connection
must be made to a metallic plate or bunch of wires buried in
permanently moist earth.

In attaching a ground wire to a pipe, it is often difficult to make a thoroughly
reliable soldered jcint. - It is better, therefore, where possible, to carefully solder the
wire to a brass plug, which may then be firmly screwed intoa pipe fitting. Where

such joints are made underground, they should be thoroughly painted and taped to
prevent corrosion. .

One of the methods of making a * ground ” shown in Figs. 11 and 12,
pages 30 and 31, might be used where pipes are not available. '

/- The protector must comply with the following require-
ments : — :

1st. Must be mounted on a non-combustible, non-absorp-
tive, insulating base, so designed that when the protector is in
place, all parts which may be alive will be thoroughly insulated
from the wall to which the protector is attached. -

2d. Must have the following parts : —

A lightning arrester which will operate with a difference
of potential between wires of not over 500 volts, and so arranged
that the chante of accidental grounding is reduced to a mini-
mum. ’ :

A fuse designed to open the circuit in case the wires
become crossed with light or power circuits. The fuse must
be able to open the circuit without arcing or serious flashing
when crossed with any ordinary commercial light or power
circuit. :

. A heat coil, —if the sensitiveness of the instrument
demands it, — which will operate before a sneak current can
damage the instrument which the protector is guarding.

Heat coils are necessary in all circuits normally closed through magnet wind-

ings which cannot carry indefinitely a current of at least 5 amperes.
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64. Signaling Systems — Continued.

The heat coil is designed to warm up and melt out with a current large
enough to endanger the instruments if continued for a long time, but so small that it
would not blow the fuses ordinarily found necessary for such instruments. These
smaller currents are often called ‘“ sneak *’ currents.

The lightning arrester, fuses and heat coils should be mounted on the
same base, so that the protector as a whole shall be self-contained. -

3d. The fuses must be so placed as to protect the arrester
and heat coils, and the protector terminals must be plainly
marked “line,” “instrument,” “ground.”

£ Wires beyond the protector, except where bunched,
must be neatly arranged and securely fastened in place in some
convenient and workmanlike manner. They must not come
nearer than 6 inches to any electric light or power wire in the
building, unless encased in approved tubing so secured as to
prevent its slipping out of place )

The wires would ordinarily be insulated, but ‘the kind of insulation is not
specified, as the protector is relied upon to stop all dangerous currents. Porcelain
;1;’1‘)}:5 or approved flexible tubing may be used for encasing wires where required as

%. Wires connected with outside circuits, where bunched
together within any building, or inside wires laid in the same
conduits or ducts with electric light or power wires, must have
fireresisting coverings, or else must be enclsoed in an air-tight
tube or duct.

Tt is feared that if a burnable insulation were used, a chance spark might ignite

it and cause a serious fire, for many insulations contain a large amount of very readily
burnable matter.

See note under Rule 2 b, page 25.

64A. Additional Rules for Factory Mutual Work.

In this work, the following rules, which are additional to the
‘“ Code,” must be carefully followed, as the more or less isolated
location of the majority of factory properties makes it possible to
introduce some very desirable requirements notuniversally feasible.

a. Foreign wires (7. e., those not owned or controlled by
the insured, such as any public light or power wires, public tele-
phone, telegraph, and city fire-alarm wires, etc.) of all kinds,
not used by the insured, should be kept off of all buildings, and
out of the yards of properties insured by these companies.

Foreign signal wires, such as telephone, telegraph, etc., with their
enerally long circuits and often careless line construction, are especially
iable to come in contact with Jight and power wires. If they are attached
to mill buildings or allowed to cross mill yards, there is always the danger
that they will break and come in contact with some private mill wire,

sending a dangerous current into the buildings, and thereby probably

.causing a fire. Foreign light and power wires are excluded for similar
g £ ﬁ'

reasons. Such wires, moreover, are liable to be in the way of fire-streams

and ladders. .

Under this heading weuld also come trolley wire supports, which are

not desirable on buildings, as they tend to conduct lightninfg to the building
i

and also may not always be thoroughly insulated from the Iive trolley wire.
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64 A. Additional Rules for Factory Mutual Work — Continued.

6. All wires used by the insured should be systematically
laid out through the yards. Special care should be taken to
so locate them that they will not interfere with fire-streams or
ladders. »

This matter is ordinarily given too little attention, with the result
that an unsightly tangle of wires eventually results, inviting crosses which
may conduct dangerous currents into the buildings, and often so located as
to obstruct fire-streams and hinder the putting up of ladders. In eneral,
wires should approach buildings as nearly at right angles as possible, and

where they are run parallel to the buildings, they should be ept at least
50 feet away from them if possible. :

¢. Private wires (7. e., those owned and controlled by the
insured, such as watch-clock, private telephone, call-bell and
similar wires) must be arranged about as follows : — :

Ist. Where possible, run them so that they cannot fall or
be fallen upon by any wire carrying a dangerous current or
likely to come in contact with 4 wire carrying a dangerous
current,

2d. Where crosses cannot be prevented, provide guard.
wires that will absolutely prevent contacts.

3d. Where crosses must occur, and guard wires cannot be
arranged, provide protectors as required by Rule 64, page 118.

It will generall be found possible in arranging private wires about
the mill yards to so keep them by themselves that there will be no possi-
bility of their coming in contact with circuits carrying dangerous currents.
Such avoidance of the possibility of danger is always preferable to the
putting in of protectors, besides being generally less expensive.

65. Electric Gas Lighting,

a. Electric gas lighting must not be used on the same
fixture with the electric light.

65A. Moving Picture Machines.

a. The top reel must be encased in an iron box with a
hole at the bottom only large enough for the film to pass
through, and the cover must be so arranged that this hole can
be instantly closed. No solder shall be used in the construction
of this box.

6. A box must be used for receiving the film after being
shown, made of galvanized iron with a hole in the top only large
enough for the film to pass through freely, with a cover so ar-
ranged that this hole can be instantly closed. An opening may
be placed at the side of the box to take the film out, with a
door hung at the top, so arranged that it cannot be entirely
opened, and provided with a spring catch to lock it closed. No
solder shall be used in the construction of this box.

¢. The handle or crank used in operating the machine
must be secured to the spindle or shaft, so that there will be no
liability of its coming off and allowing the film to stop in front
of the lamp.
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65 A. Moving Picture Machines — Continued.

d. A shutter must be placed in front of the condenser,
arranged so as to be normally closed, and held open by pressure
of the foot.

e. A metal pan must be placed under the arc lamp to
catch all sparks.

/- Extra films must be kept in metal boxes with tight-fit-
ting covers.

66. Insulation Resistance.

a. The wiring in any building must test free from grounds ;
Z.e., the complete installation must have an insulation between
conductors, and between all conductors and the ground, not
less than that given in the following table : —

Up to 5 amperes 4,000,000 ohms.
3 ‘e “

10 2,000,000

i 25 800,000 ‘¢

B so “ 400,000 ¢

s 100 ¢ 200,000 ‘¢

5 200 *¢ 100,000 ‘¢

« 400 “« 50,000

“ “ 2 113
800 25,000

“ 1,600 ¢ 12,500 ¢

The test must be made with all cut-outs and safety devices in place. If the
lamp sockets, receptacles, electroliers, etc., are also connected, only one half of the
resistances specified in the table will be required.

67.  Soldering Fluid.

a. The following formula for soldering fluid is suggested :

Saturated solution of zinc chloride.............. ..5 parts.
73 G0, (0] e St s e e U e S e 4 parts.
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GROUND DETECTORS.

With the exception of intentionally grounded neutral wires,
it is always important to keep the wires of any electric light or
power system absolutely free from contacts with anything
which could connect them to the earth, such as walls or floors
of masonry, iron beams, etc., and, above all, iron pipes of any
kind. This is accomplished in ordinary mill work, first, by the
porcelain knobs or cleats on which the wires are supported,
and next, by the insulation on the wires themselves. Wires
do sometimes get out of place, however, and come in contact
with damp walls, sprinkler pipes, etc:;, and then in time the
insulation on the wire wears through, helped by the jar of the
building, and the copper itself comes in contact with the wall,
pipe, etc., thus putting the wire into electrical connection with
the earth. Nothing will usually happen, however, until a wire
of opposite polarity also becomes ¢ grounded,” for until then
there is ro complete circuit made. When this does occur, the
current follows through the earth or pipes from one “ground”
to the other, forming arcs at these points, and perhaps else-
where, and these arcs are very liable to cause fire.

The purpose of the ground detector is to give a warning
when the first break in insulation occurs, thereby giving time
to repair it before the second one, with its possible accom-
panying fire, can follow. ‘

The instant a detector shows a ground, steps should be
taken to find and remedy it. By throwing off one circuit after
another, the one on which the ground exists 'will soon be
found, as when it is cut off the detector lamps will again burn
with equal brilliancy. Inspection along this circuit will then
generally ssoon disclose the trouble. Where the circuits are
not well sub-divided by switches, fuses may be removed to
accomplish the same result. :

DIRECT-CURRENT CIRCUITS.

Fig. 45 on page 124 shows a very good and simple detector
for any two-wire low-voltage system. The lamps for the
detector should be of the same candle power and voltage, —
the voltage being about. the same as that of the regular lamps
in the plant, —and two lamps should be selected which, when
connected in series, burn . with equal brilliancy. Although
somewhat greater sensitiveness can be obtained with low
candle-power lamps, such as 8 c.p., for example, it is believed
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in general to be preferable to use lamps of same candle-power
as those throughout the plant, as then a burned-out or broken’
detector lamp can be immediately replaced by a good lamp
from the regular stock, thus avoiding the necessity of keeping
on hand a few spare special lamps.

The detector lamps, being two in series across the proper
voltage for one lamp, burn only dimly. If, however, a ground
occurs on any circuit, as at @, the current from the positive
bus-bar through lamp No. 1 divides on reaching &, instead
of all going through lamp No. 2, as it did when there was no
ground. Part now goes down the ground wire and through
the ground to @, as indicated by the broken line, and thence
through the wires to the negative bus-bar. This reduces the
resistance from 4 to the negative bus-bar, and therefore more
current flows through lamp No. 1 than before, while less
current flows through lamp No. 2. Lamp No. 1 consequently
brightens and lamp No. 2 dims. If the ground had occurred

at ¢ instead of @, lamp

" 'Switchboard Bus Bars or;
Transformer Secondary
Mains.

rTo ground

switches of any kind in
any of the connecting
wires, so that the detector
will always be in opera-
tion. In order to be of
Fi6. 45. the greatest value, the
indications must be given
. instantly when a_ground
occurs, and not have to wait until the engineer or electrician
remembers to close a switch.

2. The wires should be protected by small fuses where
they connect to the bus-bars. If these fuses are omitted, a
short-circuit across these wires would either burn up the wires
or blow the main generator fuses. SR

3. The lamps should be placed very close together, within
1 or 2 inches of each other if possible. The farther apart they
are, the harder it is to detect any slight difference in brilliancy
between them. :

4. The ground wire should be carefully soldered to a pipe
which is thoroughly connected to the ground, or some other
equally good ground connection should be provided.

. Ordinary lamps . No. 2 would have bright-
in keyless receptacles. Ordinary cireuit ened and lamp No. 1
9o c dimmed.
Qo 1 9 Attention is called
£E I ! to the following points,
zs ~ ! which are frequently ne-
24‘:’ ! glected in this form of
;‘ [ [ H detector: —
i ¢ ket ﬁ i 1. The lamp recep-
] ! tacles should be keyless
r ! and there should be no
]
[}
:

ZINE = =N =

Two-LAMP GROUND DETECTOR.
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In some laboratory tests of a two-lamp detector made with

two ordinary 110 volt, 16 c. p. lamps, the following sensitiveness
was found.

Difference ing Brightness of i Insulation Resistance.
ps. Ohms.

Just noticeable in rather dark place. . . . . . 2700
Easily detected . . « .« = o = &« o .75 o+ o 10D
One lamp red, other bright. . . . . . . . . 500

This shows that the detector, while not able to indicate
extremely small leaks, will show any leak that is likely to be
dangerous from a fire standpoint.

220 volt lamps ; o
_ in keyless receptacles Ordinary circuit

0@ > 0 0%

. O

s

110 volts f ¢

il >10volts . r

Switchboard Bus Bars or

Transformer Secondary
Mains.

: e d
a3 ' ;e
- O'E :
0 4
<& H
L =) '
3G .
«° ‘
am O [
<2c '
5 \
|
i
]
.
:

To ground

F16. 46. b
LAMP GROUND DETECTOR FOR THREE-WIRE SYSTEM.

Fig. 46 shows a lamp gfound detector for.a three-wire
Edison system. In principle it is exactly the same as the two-
lamp detector of Fig. 45. Its indications are as follows : —

S Ground at @¢,— A bright, B & C dim.
Switch on point No. 1. oo s —B&CH A ¢

(11 « C,—A 113 B&C «

Ground at ¢, — A & B bright, C dim.
Switch on point No. 2. SRR —E “A&B ¢
“ 13 C,—C CA&B ¢

With the lamp switch at point No. 1, grounds at @ and
¢ give the same indication, but by throwing the switch. to
point No. 2, it will be at once evident whether the ground is on
the positive or the negative side. It is to remove the uncer-
tainty which would otherwise exist that this switch is needed.
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It should have no “off” position, so that the detector can
never be left out of circuit. - .

The man in charge of a plant can readily familiarize him-
self with the indications of the detector by purposely putting a
ground on the different wires and noting the indications.

If the neutral is permanently grounded, as permitted in
Rule 13 A, page 52, a ground detector is, of course, of no use.

The following table shows the sensitiveness obtained in
some laboratory tests, using ordinary 220 volt, 16 c. p. lamps.

Difference in Brightness of Insulation Resistance, Ohms.
Lamps. Positive. " Negative. Neutral.

Just noticeable in rather dark

place "alt.d o b W 18800 © 8900 3700
Easily defected . . . . . 9000 6500 2600
One or two lamps dull red,

others bright . . . . 3800 3300 500
One or two lamps faint red, :

others bright . . . . 2400 1400 0
One or two lamps just out,

others bright . . . . 1200 700 0

The same degree of sensitiveness on both sides can be -
obtained by means of the lamp switch, but for grounds on the
neutral, there is never more

' than half the full voltage
V°"mér°" Ordinary circut available to operate the

lamps, so that the indica-

N tions are necessarily less
sensitive.
Bj An ordinary voltmeter
can be used as an intermit-
——p

tent ground detector on
direct-current circuits of
any voltage, the method
being as shown in Fig.
47. The voltmeter -~ ordi-
narily used to indicate the
pressure on the system,

- can, of course, be used for
= this purpose, the voltmeter
FIG. 47. switch shown in the cut be-

VOLTMETER GROUND DETECTOR. ing arranged to give the dif-
ferent desired connections.

If, for example, the system shown in Fig. 47 was of about

100 volts, the voltmeter would register 100 when the levers of
the switch were on the inside contact points as shown. If, now,
the right-hand lever was moved to the outside contact point as
shown dotted, and there was a ground on the system, as at a,
current would pass from the positive bus-bar through the cir-

-Cutou g

Lk
L =
Switchboard Bus Bars

em s - T ——— S = e

i To ground
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cuit to @, thence through the ground to the ground wire, and
through the voltmeter to the negative bus-bar, causing the volt-
meter to read something below 100, unless the ground at «
was practically a perfect connection, in which case the voltmeter
reading would be 100. If the positive side of the system was
entirely free from grounds, the voltmeter reading would be 0.

Assume that under these conditions the voltmeter read 50,
and that the resistance of the voltmeter itself was 20,000 ohms,
it will be evident that if, with no external resistances, as when
connected directly to the bus-bars, the voltmeter read 100;
while now it reads 50, the total resistance under the new con-
ditions must be 40,000 ohms, of which 40,000 — 20,000 —
20,000 ohms must be the resistance of the ground at .

If the voltmeter had read only 20 the total resistance

1
would have been —9%(-) X 20,000 = 100,000, and the resistance

of the ground 100,000 — 20,000 = 80,000 ohms.

A table may, therefore, be computed in this way showing
the resistance of the ground for any given reading of the volt-
meter. "It is a good plan in any low-voltage system to connect
the voltmeter in this way, besides having a lamp ground detec-
tor, as the voltmeter gives a more exact idea of just what the
insulation is, while the lamp detector gives an instantaneous
indication of a ground and is not dependent on the attendant
remembering to throw it in, as is the case with the voltmeter.

- A special ground-detecting voltmeter designed for continu-
ous operation and arranged with a pointer moving on each side
of a zero point, so that a ground on either side of the system
will be automatically shown, can be obtained. Such a detector
makes the best instrument for all direct-current work where the
voltage is too high for the use of any form of lamp detector,
as, for instance, on series arc light circuits. This special in-
strument is better than an ordinary voltmeter arranged as in
Fig. 47, as it can be kept in circuit all the time, thus being
entirely automatic in its action: -

Where none of the above-mentioned methods are available,
fair results can be obtained by frequent tests with a powerful
magneto whilebthe current is cut off from the system.

ALTERNATING-CURRENT CIRCUITS.

For all ordinarylow-voltage single-phase systems, the lamp
detectors above described can be used with good results.

For ordinary low-voltage three-phase circuits, a lamp detec-
tor connected as in Fig. 48, page 128, may be used. The indi-
cation is the same as that with the lamp detectors described
above. Thus, when a ground comes on one wire, the lamp at-
tached to that wire dims and the other two brighten.

For ordinary two-phase (or quarter-phase) systems, where
the phases are entirely insulated from each other, the two-lamp
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detector can be used, one detector on each phase. There are,
however, in this class of wiring several complicated systems,
_ to all of which the lamp detector
_ Ordinary lamps principle is applicable, although
in keyless recep?aclea. the exact method of connections
differs in each case, so that no

general rule can be given.

With alternating-current sys-
tems where the voltage is too high
for the methods suggested above,

No swifches : excellent results can be obtained
é Cutout
L L
Y

Al where direct current is available
by testing the line with a direct-

current voltmeter, as in Fig. 47,
i page 126. This can only be done,

Switchboard Bus Bars or - Of course, while the high-voltage
Transformer Secondary  current is cut off. If there is no
Mains.- direct current at hand, the line

To ground., may be frequently tested out with
= a powerful testing magneto when
FIG. 48. the current is off the system. With

THREE-PHASE LAmp DErEcror. €Xtrahigh voltages, there is usually
i either no ground or else a fairly

good one, so that either of these two methods can be used to
advantage. :

There are also a few instruments on the market especially
designed for this work, such as the electrostatic detector, in
which the difference of static charge on adjacent segments
moves a pivoted vane, to which is attached an indicating needle
moving over a dial. There is also the * transformer and lamp
detector, in which a small transformer is used with an incandes-
cent lamp in the secondary circuit. One of the primary wires
is connected with the ground, and by means of switches suit-
ably arranged, the other primary is connected to any wire of the
system, a ground being indicated by the burning of the lamp.
The indications of this instrument are misleading, except to those
thoroughly acquainted with its operation under all conditions.
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GENERAL WIRING FORMULZE.

_DXWXRXB " LXEXB

¥=——%wa 2 '™ 10
_DXWXRXB __ DX WXR X100

R, L EKE
WX T

S

L _DXWXR x 100

) E?X A .

p_DIXWXRXS . DXSXA

— L X E?x10,000° ~ 1,000,000

V = Volts drop in line.

D = Distance, in feet, between the two points, along the wires.
W== Total power delivered, in watts. '

E = Voltage at recezving end of line.

A — Area of cross-section of wire, in circular mils.
The area in circular mils of B. & S. gage sizes from No. 10 to
No. 0000 inclusive will be found in the table on page 101. For wires
smaller than these, see table on page 39.

C = Current in each wire, in amperes.

L = Loss in line, in per cent. of W.

P = Total pounds of copper in line. &

R = A constant, for value of which see table on page 101.
13 ¢

— “ 143 3 13 13
(13 “ 5 (13 “ “ o

ool
NN

143 13 113 ({3 113 ({3

For direct-current systems, R = 21.6, B=1.00, T = 1.00,
and W=C X E, so that the first two of the above formula

D x C x21.6 DX Cx216 =

reduce to V = A yand A = v

In a balanced three-wire, two-phase, alternating-current
system, the current in the middle wire is 1.41 times that in each
outside wire, the current in the outside wires being computed
from the formula as if the system was a four-wire one.

When the power factor cannot be accurately determined,
it may be assumed to be as follows for any alternating-current
system operating under average conditions: lighting, with no
motors, 959/, ;-lighting and motors, 859, ; motors only, 80.9,

The values of B are for wires 18 inches apart, centre to
centre, and are sufficiently accurate for all practical purposes,
provided that the reactance of the line is not excessive or the
line loss unusually high. They represent the true values at
109}, line loss; are close enough for all losses less than 10%:;
and are often close enough for losses considerably above 109, —
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at least for frequencies up to 40 cycles. Where the conductors
of a circuit are less than 18 inches apart, the value of B is less
‘than that given in the table, and if they are close together, as
with multiple conductor cable, B becomes equal to unity and
can be omitted from the formule. :

- The following examples are given to show how the different
formula are to be applied : —

1. What size wire is'needed to transmit current 200 feet
to a centre of distribution for 60 incandescent lamps on a 110
volt direct-current system, with a drop of 8¢7, which is an act-
ual drop of 8.3 volts ? i :

The table on page 59 shows that a 16 c. p. lamp at 110 volts
takes .52 ampere, so 60 lamps would take 81.2 amperes.

Hence D =200, C =381.2, and V=23.3, from which, using
the simplified formula for direct-current, we have : &
A=20XBEXO_ 4800,

From the table on page 131, we see that the nearest B. & S.
gage size above this is No. 4, which is the proper size to use.

2. What is the current in each wire of a three-phase
circuit feeding two motors developing 20 H. P. each, the vol-
tage at the motors being 550 ? '

40 H. P.=40 X 746 watts = 29840 watts. Assuming a
power-factor of 856/, (see note on page 129), we find from the
table that the value of T for this power-factor on a three-phase,
three-wire system is .68. Then from the formula, we have

C— 29840 X .68 : :
s

8. 1In a two-phase, 60 cycle transmission line, with four
No.2 B. & S. gage wires 18 inches apart, supplying lighting-
transformers at a point 1% miles from the generating station,
what must be the voltage at the generator switchboard to give

a voltage of 2080 at the transformers when the load on the
transformers is 188 K. W.?

1% miles = 8580 feet, and 188 K. W.=188000 watts.
Hence D =18580, W =188000, E = 2080; and from the table
R =12.00, A =66600, and B = 1.18, assuming a power factor
of 950/, (see notes on page 129).

Inserting these values in the formule for L and V, we have
-1 __ 8580 X 188000 X 12 X100
L="""gosop x 6e600 _ —022nd
v — 872 X 2080 X 1.18
e 100
Therefore the voltage at the generator must be 20804 165 =
2245. :

=36.9 amperes.

=165 volts.

&
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A CTATIYNBH 55 (51501 slorais o e s arore aoisls 15/ istaia e alossobtiin 10c & 241 to 24k, pages 38 & 73
Ammeters 5 R 0 Co 06 Bae page 24
ATC1amps, CONBLTMCLION OF .« ciciioiiis s seicininmion sinisisins & ois s nisnis ms siniois page 114
Arc lamps, location requirements . ................. 19¢ & 29¢, pages 62 & 81
Arc lamps on constant-current SySt€ms.......... .......e..n..... 19, page 62
qArc lamps on constant-potential SyStems. .............ooe.ueen... 29, page 80
Armored cable, Construction of.................... 24Ad & 48, pages 76 & 92
Armored cable, Installation of........oeveeenn.n ... 24s & 24A, pages 4 & 75

Armored cable, metallic sheaths to be grounded...12i & 24Ac, pages 42 & 75
Arranging apparatus in power, transformer and switch sta-
Ct

05T o 0d meoton oo SO DB B OB G OO S0 ol Llore e larass . page 7
ALLONAANCE o oo s dtmct o oatkond poo elolaieieelut sz viete siotbielere nssies s ol 6, page 38
Balancing coils on three-wire systems. (See Reactive Coils.)

Base-frames for generators and motors............... 1c¢ & 8a, pages 23 & 32
Batteries, Storage and primary..............coooiii... Sneeisisss s s 10, page 38
Bell wires ..............coooiiiiin coviiina ... .64 & 64A, pages 118 & 120
Binding screws not to bearstrain..................... 00 £, GO 28¢g, page 80
Blocks at fixture and switch outlets...........cveeevnennn... .22¢, page 67
Boiler rooms a,djoinin% power and transformer stations.............. page 7
Bonds required on rails in ¢arhouses...........c.oivivieeeennnn. 33g, page 82
Boxing for wires. (See Protection for wires.) :

Burglar alarms.............. 64 & 64Ac, pages 118 & 121
Burrs and fins In BXEUTES ¢ : v covieiiveionsoirusssseennensmnns 26b, page 78
ER TRV S0 con s 00 06 B 110 0 GOt o ATESE 5 555 B 2b & 3e, pages 25 & 28
Bushings at entrances to buildings............. .. 129 & 64d, pages 42 & 118
Bushings for lamp sockets..................... ... 281 & b5q, pages 80 & 114
Bushings for wires, Construction of............ ... ........... 50A, page 95
Bushings inside of buildings.................. Alels Sioieaty ot sl sl 14d, page 55

Cabineté, cut-out and switch, Construction, 17d, 24a & 54, pages 60, 69 & 108
Cabinets, cut-out and switch, Use ...17b to 17d, 21¢ & 220, pages 60, 64 & 67

Cabinets for rheostats and auto-starters, where required ........ 8d, page 35
Cable, Armored. (See Armored Cable.)

CardhouSes e it n L i e s S s sie e srsaie sz 33, page 82
CAr Wiring. <. v ceeiion i noiein s sl L e e s .. 32, page 82
Care and attendance .,.. ... .. .......coiiiiiiiiiiiiiiien ae......6, Dage 32
Carrying capacity of wires, Table of ...........c..coiivean.. a....16, page 59
Ceiling rosettes, Construction of ......... JeieiE e s R s 54A, page 110
Ceiling rosettes, Use of ........... S a1 = e ale & Seeiei e & e TeTE e S 21d, page 64
Central stations .............c......c0. Lt page 3, also 1 to 7, pages 23 to 32
Choke coils used with lightning arresters............ «.............. page 31
Circuit-breaklers, Construction of ........ 52a, 52d & 52e, page 101
Circuit-brealkers, how high may be set.........fccvuiiivunne.n.. 21e, page 65
Circuit-breakers, Installation of.............cccc.u.u.. 17 & 21, pages 60 & 63
Circuit-breakers, where required... ceeeninnee.n...8d &9, pages 35 & 38
Cleats, Construction of ........ A A g AR LA 6 s Gt e 50B, page 95
Compensator coils for arc lamps ...................... Son 2 g oo 30, page 81
Compensator coils for three-wire systems. (See Reactive Coils.)
Concealed *‘ knob and tube ” work:..................24q to 24u, pages 14 & 75
Concentric wire ............. OGO LI D OD 00 BHBREO E SR 0 Qoo 47¢c, page 92
Condensers .......... T IO R O DR ORI e I o O 610, page 116
Conductors. - (See Wires.)

Condnit wire, ConstrUCHION O el i v siweni s demnisions & sivsisssisiie £ 47, page 91
Conduit wiring ..........c..cooiiiiiiiiiiiiiiiinn... 24n to 24p, pages 73 & T4
Conduits, metal, Construction of ......c..c.oeviiiiierenennennnnns 49, page 93

Conduits, metal, Installation of...................... i e <+ .e..25, page 76
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Conduits, Und ound, and wire tunnels ................ ... Lo page 6
Constant-current Systems .........c.... .c.coveiiivn... 18 to 20, pages 61 to 63
Constant-potential systems, general rules............ 21 to 23, pages 63 to 68
Construction of power, transformer and switch stations............. page 4
Contracts for electrical work............... Rl S T G page 13
Converters. (See Transformers.)
Crossing of-constant-potential pole-lines, over 5000 volts ...... 12Ad, page 44
Current consumption of incandescent lamps.............. 52 f to 521, page 59
Cut-outs, Construction of, open link fuse ......... 52f to 52I, pages 102 & 103
Cut-outs, Construction of enclosed fuse... .....52m to 52s pages 103 & 104
Cut-outs, Installation of....................... 17, 21 & 23b, pages 60, 63 & 68
Cut-outs must protect all wires of the circuit ................... 17a, page 60

Cut-outs, Number of lights allowed to one 21d & 3la, pages 64 & 81
Cut-outs, where required,
1d, 2d, 8c, 21a, 21b, 23b & 29a, pages 24, 26, 34, 63968 & 80

Damp places:................. 141, 17¢, 244 to 24k, & 270, pages 57, 60 73 & 78
Decorative series incandescent lamps ... .......coioiiiviieiasinn 1, page 81
Distance between conductors, 1n51de work.
d, 24h, 24j, 24r & 35c, pages 61, 72, 73, 4 & 83
Distance between conductors outsxde work
120, 12A¢c & 12Ad(‘>), pages 40 44 & 46

Drip loops at entrances to buildings............... 129 & 64d, pages %2 & 118
Dynamo rooms. ..... OO O I D S GO i 1to?, pages 23 to 32
Economy coils for arc 1amps ............. OGS0 0O DO RGO b BOG 30, page 81
Electric Ea.s PR ETY 0T, £0000m00 0000 G DORECHERDE SR nomin00 00AGERE000 65, page 121
Electricheaters .......... coooveiiviniinnn, 23 page 67
Electrolytic corrosion of underground metal WOTK.wouviniinn, 12n, page 43
Electro-magnetic devices for switches not approved............ 20c, page 63
Emergency switches......icoocoieiieiiieiiiiiiinnncna.n, note to 22a, page 22
Enclosed arc lamps ....... 9¢c & 29¢, pages 62 & 81
Equalizers, Installation of .. ........cooe ciieneiiiiiiii i, 4, page 28
Extra-high constant-potential systems 38 & 39, page 8
Fan motors hung from ceﬂmgs ................. sio o s sie sl e misiss 80 PAZE 31
Feeders, Railway. . IO I 0 DG D G RS0 0 0 RO s .....33f, page 82
100 ) T 1 6 5 0m 0 600 OO0 06 O B OB BN0 BIE G TG-S LOOAD S 0CEE00 0 GO page 5
Fireproofing roofs of power, transformer and switch stations..pages 4 & 5
Fire protection for power, transformer and switch stations.......... page 9
Fished, WITeR' ... coeticviisbucmotnl oue - isse osmsie «.:24c & 24s, pages 69 & T4

. Fittings,'List of approved. (See inside of front cover.)
Fittings, materials, and details of constructlon ..... 40 to 63, pages 86 to 117

FIXtUTe CANOPICH: < i« uisaisisi s sisstionnssbesss v s fienions 4w & 26a pa%es 75 & T8
IIXTUTOR - oo atnsisiisions o s o sinimisianils s sIeiimiois sle Sisies siolsio 3lorsraisias|elsiorsinie/e Sis 618 6, page 77
TUXEUTOIWATE & obivevin el suiois el shrermisiin s slosisiuernialars sisimsseress WieEmerdiols s 46, page 91
X TEIT O AW T O 8o e e R s e R e 24v to 24y, page 5
Flexible cord, Construction of, general rule.... ............... 45a, page 89
Flexible cord for heating apparatus Construction of. ... 45g, page 90
Flexible cord for pendant lamps, Construction of...450 to 45e, page 89 & 90
Flexible cord for portable use, Constructionof ............. 451, page 90
Flexible cord, Use of ............... ...28, page 79
Flexible: tubmg, Construction of........................ i 500 page 96
Flexible tubing, where permitted....... 14d,.24s & 24u pages 55, 74 5 & 77
Foreign currents, Protection against....... et s 64 & 64A, pages 118 & 120
Formule, Wirin, f .................................................... page 129
Formula for soldering fluid ...... ..ot 67, page 122
Fuses, Construction of, enclosed................. 53d to 53k, pages 105 to 107
Fuses, Construction of open link type ........... 53a to 530, pages 104 & 105
Fuses, Installation of....... sl Seleisieuiaere ~...1d, 17 & 21, pages 24, 60 & 63
Gas lighting, Electric..........cooveeiiiinennnn. GO0 FOO CBOR 65, page 121
General plan of arrangement of Rules...... o5, s slsisieIsh o pin s e & .....page 21
General suggestions for electric Work.........ooveiiuuneiininnnnnnn. page 22
(BRI 170 v T Sy st e o el bl SR SRS e U T S e A 1, page 23
Ground connections for lightning arrestefs.........5¢ & 64e,pages '30 & 119

Ground connections for low-potential cireuits....13A, ¢ to g, pages 53 & 54
Ground detectors, description of different forms ..... ««e...pages 123 to 128
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Ground detectors, where required..................ooivieunnenn.. Ta, page 32
Ground plates, construction of ... ...........iiiiiiien... 13Ag, page 54
" ound return wires, trolleg sgstems.. Cetreriiiesees seeeaas....12m, Dage 43
rounded trolley circuits, Light and power from................. 34, page 83
» arounding dynamo and motor frames................ lc & 8a, pages 23 & 32
Grounding interior conduits..........coooiiiiiiiiiiiii ..., 2bf, page 77
Grounding low-potential circuits. . .13A, page 52
Grounding sheaths of cables.... > oo ....12i, page 42
Grounds, Testing for................ . 186 OBt B A B L ap R A Ros 7, page-32
Guard irgns or wires, use of...12d, 12m, 12Ad & 64Ac, pages 41, 43, 44 & 121
Guard strips, inside work, where required.......... 18¢ & 24e, pages 61 & 69
Hanger-boards, Construction of .............ccoevievviinninnan.. 56, page 114
Heaters, BIOCHTIC ... o uislohisnm ons o sieieiseiniss sisiisis oie sntare = slaieisitisiste siuid oiatels 23, page 67
High constant-potential systems...................... 35 to 37, pages 83 to 85
Hose, Fire, in power transformer and switch stations................ page 9
Incandescent lamps as resistances .... ............. 4b & 29b, pages 29 & 81
Incandescent lJamps; Current consumed by. ...... ....oovvvnern..... page 59
Incandescent lamps in series = ....... 20, 21d, 31 & 37, pages 62, 64, 81 & .85
Incandescent lamps, where inflammable gases exist...... S o 27a, page 78
Induction coils. (See Reactive Coils.) . .
INBIAG WOTK i- o ie oo e ioieaiviare o eniaiai sarsiaios o o sioissiinis o o aie .14 to 39, pages 55 to 85
Insulated platforms, at high-potential machines. .... lc & 8a, pages 23 & 32
Insulating joints, Construction of:............................0.59, page 114
Insulating joints, when required ............ .26, page 77
Insulation of fixture canopies, when required.................. 26a, page 77
Insulation of trolley wires..............ccoooouii.. e 12k, page 42
Insulation resistance of completed systems......... TP 66, page 122
Insulator spacing, inside work. ..... 4h, 24j, 24r, & 35¢, pages 72, 73, 74 & 83
Interior finish, in power, transformer and switch stations............ page 7
Iron pipe, to protect wires on side walls or columns........... pages 70 to 72
Joint pole crossing, high-pressureline...................... 12Ad (2), page 45
Joints, in conductors......... ..... R R e i 12f, 14¢c, pages 41 & 55
Junction boxes, Conduit, installation of.......... 24Af & 259, pages 76 & 77
Knob and tube WorkK.. .. i oo vs e deveie o vot wiomees --24q to 24u, pages 4 & 75
Knots in flexible cord, required in sockets and rosettes........ 28¢, page 80
Lamps. (See Arc Lamps and Incandescent Lamps.)..... e e e
Lighting and power from railway wires...............oceveenn... 34, page 83
Lighting-out circuits. (See Fire Lights,) i j .
Lightning arresters, Construction of...0............c...oooiiiil 63, page 117
Lightning arresters, Installation of. ............. e s e 5, page 29
Lighthing arrester Stations.... ......c...cooeeeieeiiiniiannnne. pages 4,5 & 9
Location of power, transformer, and switch stations............... ..page 3
Low constant-potential systems...... ......24 to 34, pages 68 to 83

Lugs for terminal connections, Whenlré(.l.u.i.r.é(.i:
14e, 51h, 52i, 52p & 60c, pages 55, 98, 102, 104 & 115

MOtORERCIOSUIER = e e s et el e e e oy 8f, page 36
Motor equipments, 550 volt, voltage allowed at generator or,
BRARSTOLINOT. e o Croniian e s usmates it st sl note before 24, page 68
MOLOIB - 5 oioiw st v siatis s1o/5le Histoh = = s ioraisiaimis ars s alsToiaiaisle w wisie) Jsisin lels stoyalsras o3y 8, page 32
Moulding, Construction OF. .. e« v oxisissss ¢ 5 ssiame s s o soiss 50, page 92
Monlding, on briCKWANlS . ot vvie cules oS oo s cloimaiale s 24m, page 73
1 Gk T AR o h e i nonsmnang ang. RO Beern DBa0E Geo0 241 & 24, page 13 -
Moving picture machines, Construction of.................. . 65A, page 121
Multiple-series systems, when permitted.....8¢, 20c & 29a, pages 36, 63 & 80
Offices in power, transformer and switch stations....................page 7
Oy WaARTE . o i e G s el S e el s atba e e s s e e 60, page 32
“ QPO WITING .+ «is0 s snisisreisiate sfsiaisisioisle ferersecenenians 24g to 24k, pages 12 & 73
Outlet and switch boxes, Constructionof....................... 49A, page 94
Outlet boxes or plates, Conduit, when required..24Abd & 25d, pages 75 & 77
Outside work......... 12, 12A,13, 13A, 64 & 64A, pages 40, 43, 50, 52, 118 & 120

Panel boards, Construction of ............ooiiii i, 53A, page 107
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Partitions and finish in power, transformer and switch stations.....page7
Pendants for nise in hazardous places.................cooienien. 28d, page 79
Pipe-hangers for incandescent lamps........ ..coooeviieniinn.., 27a, page 78
Pole-lines, Constant-potential, over 5000 volts................... 12A, page 43
Pole-lines, High-pressure, near buildings ............ccoveennn. 12Ae, page 49
Portable heaters, Conductors for,........coevvvee vivnvivinnne 45 g, page 90
Portable lamps, Installation of...........cooiiiiiiiiiiiiia.. 28d, page 79
Portable lamps, motors, ete., Conductors for.................... 457, page 90
Powder, Fire extinguisher, mixture for........................ooo. page 11
Power, transformer and switch stations....page 3, also 1 to 7, pages 23 to 32
Protection for gas outlet pipes.........cociiiiiiiiiiiiienln 26a, page 77
Protection for motor equipments................ wiolmea s e o Aatetorere 8d, page 35
Protection for outlet wWires.........cooeveviineenann. 24u & 26a, pages 75 & 77

Protection for wires on side walls or columns,
18e, 24e & 35d, pages 61, 69 & 84
Protective devices on signal circuits, Construction of.........64f, page 119
Protective devices on signal circuits, Installation of,
64c to 64e, pages 118 to 119

Railway POWer DIANTS. ... coveneenivmmmennnnesvonnsossensonsiansanss 9, page 38
Railway wires. (See Trolley Wires.)
REACHIVE COMB= 00 oot s b oo o bsistorois ol s staisibalels s sislaeiaiale miaielald 6la, page 116
Resistance boxes. (See Rheostats.)
Resistances used with constant-potential arc lamps............ 29b, page 81
Rheostats, Construction of............ccvviviniiiinnes s s 60, page 115
Rheostats, Installation of ............ e B 4, 8¢ & 8d, pages 28, 34 & 35
ROOT WITING .| o visiie 4 elombtins sia stisioa sts dlimioisiniais s wiote 12 & 64A, pages 40 & 120
Roofs of power, transformer and switch stations, Fireproofing..pages 4 &5
Rosettes, Construction of...... S 00 GBI D DBOPDN 15 CEEHA0 76 00T 54A, page 110
BoSettes, TUBe OF . o r o ficecis o sloleeols s = elscaisToin s o Bjotaiaaters s1 s Tola 21d, page 64
RULES N DrIef 00 i h ot i S s siais s 316 e aee e e abss ot page 13 -
Running-boards, Construction of............c.ceiiiiiieie i 18¢, page 61
Running-boards, where required............ 18¢, 24e & 35d, pages 61, 69 & 84
Screen of wires, at cross-over in high-pressure pole line, over

000 VOIER 55 - i svvarersierslsl s siersTeial s slotaen o st o el alersresie e sier 12Ad (3), page 48
SelfeNiarc TIPS s s sue v oo seissins vs ssisniaits s o satvsisly s daitalonse s oo 19, page 62
Series incandescent lamps................ SN 20, 31 & 37, pages 62, 81 & 85
Series-multiple systems, when permitted............. 8e & 20c¢, pages 35 & 63
Service wires, Underground ............ccoevuenenn ... 15a,, 15¢, 15d, page 58
Signaling SyBLEOMS. .. «eiss s sisesicnivsivaios s oo s siss 64 & 64A, pages 118 & 120
Sockets, Construction of.............. B0 Dot =0 JOGE e S G D 55, page 111
Sockets, Installation Of.. ...cccccvueeerrinereniiiinnnanee. .....27, page 78
Soldering fluid, Formula for.........cocoieiiiiiiiiiiiiiiiiinan.. 67, page 122
Soldering stranded Wires...... .....ceeveieeiiiien. 14c & 19d, pages b5 & 62
Spark arresters, Constructionof . ...............coooi il 58, page 114
Spark arresters, when required.................. ....19¢ & 29c¢, pages 62 & 81
Sprinkler protection in power transformer and switch stations...... page 9
Static electricity, due to belt friction................ 1¢ & 8a, pages 23 & 32
Stations and dynamo rooms............... page 3, also 1 to 7, pages 23 to 32
Stiff pendants for incandescent lamps.................. ... +...27a, page 78

Stock-rooms of electric plants...............oiiiiiiiiiiiiiia.. pages 7 & 12
Storage battery rooms .

Storehouses, Wiring in
Strain insulators — .......... )

Strips, for protecting inside wires. - (See Guard Strips.)

Switchboards R RO 3, page 27
- Switch boxes, Conduit, Construction of.....................oo. 49A, page 94
Switch houses. (See Power Stations.)
Switches, Construction of, knife ................... 51¢ to 51k, pages 97 & 98
Switches, Construction of,snap .................... 511 to 51¢, pages 99 to 101
Switches, Electro-magnetic, not approved....................... 20c, page 63
Switches, EMErZeNnCY ... .cucucusveonnsoncsonesoacuvons note to 22a, page 65
Switches, Flush, Installation of ....... N0 S el B S el et 22d, page 67-
Switches for constant-current systems............. 180 & 510, pages 61 & 97
Switches in damp places........ ..o.oivii it 17¢, page 60

Switches, Indicating, when required..8¢, 230, 51a, & 51b, pages 34, 68, 96 & 97
Switches, Installation of..............coiiinin BoObG +..17 & 22, page 60



INDEX TO RULES 137

Number, Section and
Page of Rule.

Switches must disconnect all wires of circuit................... 17a, page 60

Switches, Service.....covvveeiviiviinenennns 180, 22a & 51a, pages 61, 656 & 96
Switches, Single-pole, when permitted..... ......... 8¢ & 22¢, pages 3¢ & 67
Switches, Snap, when preferred................... B e S0 G 220, page 67
SWItEhes: TIIMe, |0 ot ot e it it ohuiaselsw eslbionlals sitimnitiels)s o v ioseisiets 17d, page 60
Systems, Constant-current.................. .18 to 20, pages 61 & 63
Systems, Cohstant—gotentia,l, general rules..... 21 to 23, pages 63 to 68
Systems, Extra-high constant-potential..... b late ... ...38& 39, page 35
Systems, High constant-potential..................... 35 to 37, pages 83 to 85 -
Systems, Low constant-potential...............cnee. 24 to 34, pages 68 to83
Systems, Multiple-series............coeeviiv ivinana 8e & 20c, pages 36 & 63
Systems, Series-multiple 1 8 LB 8e & 20c¢, pages 36 & 63
Systems, Signaling...........coccoiiiiiiiiiiin, 64 & 64A, pages 108 & 120
Tablet boards, construction of .......... «..oooiiiiiiiiieinan. 53A, page 107
Telegraph, telephone and signaling circuits........ 64 & 64A, pages 118 & 120
Testing for grounds........ o A G B 00 0 GO ORI G 7, page. 32
Testing of insulation resistance of comPIeted systems...... .....66, page 122
Three-pole cross-over for high-pressure line...... ... retels 12Ad (1), page 45
THE WATES. ccoieiv ooin biaitois ioimisimimie s sisisis sioaie siain s o 6181 ....12a & 140, pages 40 & 55
Tinning of wires, when required....:.............. 4la & 460, pages 86 & 91
Transformers, Constructionof.......... ... coooiiiiiiiL 62, page 117
Transformers, consulting Inspection Department before pur-
ChaSing......coccve © teeiiiiiiiitiiiiiietiiiieeeas A o 13, page 50
Transformers, extinguishing fires in.. .... page 10
Transformers, §rounding of secondaries. 3ol slsleteoreimigyialals 13A0, page 52
Transformers, Installation of, inside.......... .. ....11& 36, pages 39 & 84
Transformers, Installation of, outside .........................0. 13, page 50
Transformer stations ............. ..... . page 3, also 1 to 7, pages 23 to 32
Transmission lines; constant;—potential, over 5000 volts.......... 12A, page 43
Trolley circuits, Grounded, Light and power from............... 34, page 83
Trolley wires ....... 5 oTiastale s e s S i ey x ke ieiderale wis st 12j to 12m, pages 42 & 43

Tubes, Insulating. (See Bushings.)
Tubing, Flexible. (See Flexible Tubing.)

Tunnels fOr Wires........c.iieeidinriiiues coinnresinneansens sovenst page 6
Underground CONAUITS .. .. veeeeee ineertiitiiiiiiiiiieeaiiiiene oas page 6
Voltmeter, Switchboard, circuit for............ocviiiieniina... 2d, page 26
B0 1 o] -3 v F O R T REE page 24
WASEE, OI1F . e wvuianennonnoianansosnnensaesesssoseotseatanossones 6D, page 32
Waterproof construction...........ooviveiien tiie i 241 to 24k, page 73
Waterproof pendants.......oooeveeeveiiee i teriiiiiiiei i 27b, page T8
‘Wire, Concentric.............. ....47¢c, page 92
Wire, Conduit....  ............ A ...47, page 91
‘Wire, Construction of, general rules....... .40, page 86
WIre, FAiXUT@ . cocvce oo aons osossanssmcscsosenesoesoncesiosonos 46, page 91
Wire netting required on arc lamps................ 19¢ & 29¢, pages 62 & 81
‘Wire, Rubber-covered.:..... S AR D e T B O e GRS ) OB 41, page 86
Wire, SIOW-DUTTIIZ . . .o vieeie e e et e iien s 43, page 88
Wire, Slow-burning, weatherproof...........ccoooveiiinin.en. 42, page 88
TWVATO BOWETS. « « o cioi i & = oiiuiasits o s sioisisisiare s ciaiaiolisiniala oiorwissvieinia’s o wiaisinsinls & sioaibvios page b
WATE LUNNEIB - e« o cinivnice = o wmie oo isimiainistoinss o) sisinbiass a5 slsisislslhars s Ssisiaioisioalsiaie page 6
Wire, weatherproof................ S S R A o s 44, page 89
Wires, carryini—capacity table .. v s oumsion s < ol srotad oo s cei 16, page 58
WATES, CAY WOTK . e vecnvnonsonsosnonnsssonaloss cunsonscsacaasonssas 32, page 82
Wires, concealed ¢ knob and tube ” work......... 24q to 24u, pages 74 & 75
‘Wires, conduit work................ S5 aa s ssere el e siere 24m to 24p, pages 73 & T4
Wires, constant-current Systems.......o.coeiviiiee seeiiiieainan 18, page 61
Wires in stations and dynamo.rooms................. page 7, also 2e page 25

Wires, Spacing, inside work 18d, 24h, 24j, 24r, & 35¢, pages 61,72, 73, 74 & 83
Wires, Spacing, outside work .. ....120, 12A¢, & 12Ad (2), pages 40, 44 & 46

‘Wires, extra-high constant-potential systems............... 38 & 39, page 85
Wires, Fished.... ........cooioiiiiiieniiinnn. ....24c & 24s, pages 69 & T4
Wires, fixture work .........occoeeiiieinenecenns SAR ETEEDS 24v to 24y, page 75
Wires, Ground-return, trolley systems.....................0 .. 12n, page 43

‘Wires, high constant-potential systems.................ccooovnnes 35, page 83

%
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Number, Section and.

Page of Rule.
‘Wires in mlll FANAB o issalhs ol cioieialels slusaiointaials Wi lsiatoisle ot aimaraiwioks orsie 64A, page 121
Wires, inside work, generalrules...........ooo coiiiliiiiiien e 14, page 55
Wires, inside work, protection in crossing wires and pipes...... 14e, page 56
‘Wires, low constant potential-systems............ A g 24, page 69
Wires, moulding work...............ccoiiiiiiiiiiiii, .-241 & 24m, page T3
‘Wires, of high-pressure pole lines near buildings.............. 12Ae, page 49
‘Wires on roofs.............cooiiiiiiiiiiiiaiia.. .12 & 64A, pages 40 & 120
‘Wires, open work, damp places.............. 14f, & 24i to 24k, p es 57 & 73
Wires, open work, dry places ............................. e 72
Wires, Ontsidel 5t s S sl s e sl s 2& 12A pages 40 43
Wires, Service..... ......... ..12a, 12g, & 64d, pages 40, 42 & 118
Wires Signall| Jinic e siliie ani s s meb 4 & 64A pages 118 & 120
Wires, Stranded B N L e 14c & 19d, pages 55 & 62
Wites; [Eie .ot feail v e et e e et i s 120 & 14b, pages 40 & 55
‘Wires, Frolley, Installatxon (83 B 0 0 Cromea e a0 o 12j to 12m, pages 42 & 43
‘Wires, Trolley, Light & powerfrom...........cooviiieiiniinnn.. , page 83
Wires, Twin, when permitted.............. e TG AN D o 24d, page 69
Wires, Under ground...........oiiiiiiniii., Vele desiis 127 & 15, pages 42 & 58
‘Wires, when considered exposed to mmsture .................. 24f, page 72
Wiring formulae.............. ....... ‘ .................... page 129
‘Wiring, General suggestions for..............ooviiiiiiiiiiiiinn.. page 22
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: Page
Isolated Power House ...... a2 oo s Tl iy Mot A 3
Separate Transformer House............ ....... .. s ekttt e 4
Fireproof Lightni Hg Arrester and Switch House............... 4
Interior of Power House shown in Fig.1, Page3................ 5
Switchboard built into Wall at Bottom of Wire Tower.....:... 6
Interior of Transformer House shown in Fig. 2, Page4... ..... 8
Stock Room for Electrical Fittings.................c.ooouu.e. 12
Lar%e Group of Wires, well supported. ...........cooiuivennnen.. 26
Well-Arranged Slate Switchboard ........... .....oivvien.... 27
Slate Switchboard, Neatly wired and Well located ..:.......... 28
Ground Connection for Line Lightning Arrester............... 30
Ll htning Arrester House with “Ground Connection. .. ........ 31

nduction Motor on Ceiling, with Starting Switch enclosed in
Ca.bmet and operated by Outside Handle  ........ . ..... 33
Induction Motor and Auto-Starter surrounded by Pipe Railing 34
Induction Motor on Ceiling. .....oouveuiientineuiiiruiinienenen 34

Enclosed Direct-Current Motor, with Switch, Fuses, Rheostat,
etc., enclosed in Cabinet ..........cooooi i 35

Motor on Shelf, enclosed in Glass Case and reached by Ladder,

with Auto-Starter in Cabinet 36
Well-Arranged Motor RoOm. «ovvnnnveiienenieennn.. ... 37
Substantial Wooden Roof Structures..............ccoevvunnnn. 40
Iron Pipe Roof StEucture . .cocevivinivivnes vonsnnsvs o 41
Entrance Bushing and Drip LOOP....ccooiiiiiiiiiiieninenniin. 42
End=Insulator GUATA. .kl di e ol o e ttais o o o eiaisielote misleiease .. 45
Transposition InSulator ..........cooovit tiiiiiiirineeneennnan 45
High-Pressure Line crossing other Lines.................. ST
JOINE POLE CTOSSING -+« v vevs sernemnnenn s 7
Crossing protected by Screen ........ 48
Wires located with Reference to Cornice.... .................. 49
Transformers on Platforms outside of Buxldmg‘; ............... 50
Transformer Vault Underground outside of Building .. vsus DL
Transformer on Qutside Wall ...........ooiiiiiiiii i 51
Bushing forThick Wall ool oo st o e s ol ke 56
Overhead Wiring, showing Use of Strain Insulators.... .. 5ok B 56
Example of Goo ' Overhead Wiring.. .....ovoeiii 57
Ewmergency Switches on Pole..... ..o 66
Protection for Wires on Side Walls.......ovvvveer o oot 69

Iron Pipe Protection, showing Separation of Wires above Plpes 70
Iron Pipe Protectlon, showmgI Pipes bent for Offset in Wall... 71
ron Pipe............. . .l 1

C5]101't; Waterproof Pendant. .. ::..ciiecoensoniomniie . 79

Waterproof Pendant, Wires twisted together e 9
Pen ant with Reinforced Flexxble B Or Al e e e e 80
Transtformer Vault in Basement of Building............. ...... 84
Unlined Cabinet with Snap Switches and Plug Fuses.... ..... 109
Slate-Lined Cabinet with Knife Switches and Open Link Fuses 109
Two-Lamp Ground Detector.........ccoviiiereeevuciaaaeciennnns 124
Lamp Ground Detector for Three-Wire System..... el S 125
Voltmeter Ground Detector........ el B 5 SRRl iR Skt st 126

Three-Phase Lamp Detector. .. coeeeeetiieiuniiiiiioeeeieienn.. 128
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