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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 mnot 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.
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PREFACE TO TWELFTH  EDITION.

As in previous editions,.the National Electrical Code is
given, with explanatory notes to make the reason for each
rule clearer and to point out the special danger against which
it guards. In a few cases these notes contain additional
requirements applying especially to factory work. A number
of cuts illustrating excellent methods of construction have
also been included to still further emphasize and make clear
important points frequently overlooked. The testimony of
many wiremen and mill managers and our own experience
have shown that the suggestions contained in these addi-
tional notes and cuts have been carried out to advantage
in many cases, resulting in a more convenient and. safer elec-
tric plant. In the Appendix is some additional information
which could not well be included in the body of the Rules.

“Power Stations, Transformer, Lightning Arrester and
Switch Houses have in a number of instances been con-
structed largely of wood, which is objectionable; even where
well built originally, stations have been rendered unsafe by
the introduction of combustible materials for apparatus, wire
frames, platforms, etc. Therefore, the important points
essential for safe buildings and equipments of this kind are
outlined in a special chapter, page 3. This matter is con-
sidered 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 also
given, page 12, and special attention is called to this section.

It is impracticable to prepare a set of rules which will
wisely cover every case, and the applications of electricity are
still in a state of frequent change. If, therefore, in any in-
stance it may appear that these rules do not cover the peculiar
existing conditions in the best way, this Department will be
pleased to give special consideration to the case.

No. 2.
12TH EDITION.
8,500-1916.
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The Natlon&l Ei-eetmca'l Code was originally drawn in 1897
as the result of the united efforts of the various Insurance,
Electrical, Architectural and allied interests which through the
‘National Conference on Standard Electrical Rules, composed
of delegates from various National Associations, unanimously
voted to recommend it to their. respective assoc1at10ns for -
approval or adoption; and is here presented with the various
amendments and additions which have been made since that
time by them.

The National Conference has disbanded, the work of
the Underwriters’ National Electric Association and of the
National Conference having been taken over by the National
Fire Protection AsSociation.

The following associations, formerly members of the
National Conference, are represented on the Electrical Com-
mittee of the National Fire Protection Association: —

American Electric Railway Association
American Institute of Electrical Engineers.
Associated Factory Mutaal Fire Insurance Co’s.
National Board of Fire Underwriters.

National Electric Light Association.

National Electrical Contractors Association.
National Electrical Inspectors Association.
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POWER HOUbEb, Tlgmﬁpomim“ scwrrc:st9 AND
GENERAL SUGGESTIONS' FOR 'CARGE MILL
POWER AND LIGHTIFG fPLAN!I‘S:”

A,mnen’

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. The modern manufacturing plant is equipped with
electrical drive and the older plants as fast as practicable are
being similarly equipped. Nearly all are now lighted by elec-
tricity. Owing to the dependence of these manufactur-
ing establishments on the power plants for their production,
it is essential that the power plants be so constructed and
equipped that the chances of interruption of electric service
owing to short circuit or fire be eliminated as far as possible.
If an accident occurs there is often delay in repairing or re-
placiig damaged electrical machinery, which may easily result
in a greater loss than the amount of damage to the machinery
itself, due to the stoppage of motors or lights which depend
directly on the power station. It is therefore of the greatest
importance that these centres of power be made as fireproof
as p0551b1e

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

Locations. — The location of the power house will usually
be fixed by conventence to water or coal supply, 4s in. the case
of the water power sta-
tion shown in Fig. 1.
Where step-up trans-
formers of large capa-
city or for very high
voltages are wused, a
separate  transformer
building, detached from
the main power house,
is desirable, in order
to keep the high volt-
ages and possibilities
of lightning troubles
absolutely out of the
power  house. For
smaller equ1pments a
transformer room in the power house, but with a fire wall
between it and the main generator room, may be provided.

St 407722
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Fia., 1.
IsoLATED POWER HOUSE.



sh «s JPOWER HOUSES

W;'h re carreéit “from ougside is transformed at the mill, it
is desirahlero_iflate tHe tzansformre; house outside the main
building groups’so ‘thdt tlie higlt-voltage wires will be abso-
lutely out ©f «fhe way im case-of fire. Such a transformer
house woulr&téen%ain. ihe :meceéssary lightning arresters and
switches, so thaf all tfirtént contd 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 trans-
formers. This house
also serves as a dis-
tributing centre, for
many of the motors
in the mill take 2200
volts direct. The oil
type circuit breakers,
protecting both the
high and low voltage
mains, are mounted on
a switchboard within
the building. The 2200
volt mains and the
550 velt secondary

F1g. 2 wires which are car-
o B i ried across the river
SEPARATE TRANSFORMER HOUSE. are plainly seen in the

cut where they leave
the building. The 2200 volt feeders from the power house are
brought along the river bank and enter the wire tower from whence
they drop te the switchboard. Lightning arresters located in the
tower are connected to each of the incoming feed wires. As fire in
the wooden shed back of the building could not be fought from the
river side, the high-tension wires would not be in the way of the
firemen even in case of fire here, so that the location of the trans-
former house is excellent.

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 is a good plan to carry the wires underground from
such a transformer
or switch = house
to the buildings,
but where. this can-
not 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 ter-
minal house for a
a0 ; 13,000 volt line. This

: house contains only
Fia. 3. the lightning arrest-

FIREPROOF LIGHTNING ARRESTER ers and high-tension
ANXD SWITCH HOUSE. switches, and is lo-

cated well away from
other buildings. From this house the high-voltage wires are car-
ried underground to the transformer house, so that the chance
of accidental contact with these dangerous circuits, or their



TRANSFORMER STATIONS gt

interference with firemen in the vicinity of the main buildings is re-
duced to a minimum. 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 transmis-
sion line must be brought into a mill yard, the above arrangement
is excellent from a fire standpoint.

Construction. — Power houses and transformer and switch
stations should be thoroughly fireproof. The walls should be
of brick or equivalent, and should be bare on the inside,
without 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 power and transformer houses
the roofs also should be entirely non-combustible. For power
houses of moderate size, “1,000 K. W.” or less, where the roofs
are 20 or 25 feet above electrical machinery, and transformer
houses having not more than, say, “200 K. V. A’ capacity
of oil insulated transformers in them, a solid plank and tim-
ber roof may be built, if a non-combustible roof is objection-
able on account of expense or other reasons, The exposed
~wooden surfaces of both plank and timber of such a roof
should then be fireproofed. This fireproofing may be done by
covering the surfaces with metal lathing and hard plaster,
Where metal lathing is not desirable, 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 on switch
and lightning arrester houses unless these contain apparatus of
considerable value, in which case an entirely fireproof build-
ing would generally be advisable.

The above points are
well illustrated in Fig.
4, which shows an in-
terior view of a power
house. Attention is
called to the very
high roof which in this
case is built of plank
and timber fireproofed
with expanded metal
and plaster as sug-
gested.

The objection to
metal lathing 1in the
vicinity of high-tension
circuits ‘is that in case
of - a short-circuit or
other disturbance on
these wires, the arc
might follow to the
metal work and in at- Fic. 4.
tempting to get to the INTERIOR OF A POWER HOUSE.
ground would Dbe liable
to start other arcs at different points which might destroy the ceil-
ing or ignite the woodwork back of the fireproofing. In such cases,
therefore, the plaster board is preferable.
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Underground Conduits and Wire Tunnels. — Where 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 passing through bushings built in the walls.
If necessary to enter the tunnel from a station or other build-
ing, a small doorway may be provided in the separating wall
and protected with a standard automatically closing fire door.

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.

The - subdivid-
ing walls are de-
sirable in order to
limit any trouble
to a small section.
Otherwise a Dbad
short-circuit or a
fire from any cause
might extend the
entire Iength, as
the ordinary insu-
lations, even where
a slow-burning out-
er braid is used,
will burn when
thoroughly heated,
and in such wire
tunnels there are
likely to be so
many wires - run-
ning close together
that in the aggre-
gate there would

F16. 5. b e considerable

BACK OF SWITCHBOARD IN POWER HOUSE. combustible mate-

rial. 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 accident. In tunnels, wire having a slow-burning outer
insulation should always be used unless in conduit.

It is therefore evident from the fire standpoint that the conduit
system 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 operation
and extension, such as the withdrawal and insertion of wires and
the adding of new circuits, can be readily taken care of by means
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 tem-
perature, as often occur in tunnels, where steam pipes, water mains,
etc., are often placed along with the wires.
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Partitions, Offices, Supply Rooms, and General Interior Finish. — Many other-
wise excellent stations and transformer houses have Dbeen
rendered absolutely dangerous by the introduction of wooden -
sheathing, partitions, shelving, etc. Starting with the funda-
mental idea that the station shall be fireproof, it is essential
that, in addition to non-combustible 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 pro- -
tected by automatic sprinklers. The supply room should be
cut off and sprinklered. Basements, although built all fire-
proof, almost invariably at times have more or less combusti-
ble material stored in them in the shape of supplies, packing
cases, etc., so that
they should gen-
erally be sprink-
lered. It is in
fact rather bet-
ter, where pos-
sible, to build sta-
tions without
bhasements, put-
ting the main
floor directly on
the ground and
providing  stor-
age and office
rooms - in an ‘ad-
jacent section,
cut . ‘offt by a

fire wall. Fic. 6.
Boiler rooms, CIRCUIT BREAKERS ON WALL BACK OF
where adjoining SWITCHBOARD SHOWN IN FIG. 5.

power or trans-

former 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.

Fig. 4, page 5, shows the interior of a hydro-electric power
station, where liberal room has been left around the apparatus.
Plenty of room around machinery, etc., is of great advantage when
making repairs.

Figs. 5 and 6 are two views of the back of a well located
switchboard. The board is mounted sufficiently far from the wall
to give easy access to all the apparatus and wiring. In this
instance, the oil circuit breakers have been mounted on the wall,
but are operated by levers from the front of the switchboard.
Due to this arrangement of apparatus, wiring, etc.,, the board
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itself is not crowded and. repairs may Dbe easily made, also there
is less chance of destructive arcing occurring. The feed wires from
the switchboard are shown running up the wall in Fig. 6. They
leave the building through the side of the cupola, shown in Fig. 1.
These wires, as well as the instrument wires on the switchboard,
have a slow burning outer covering. The floor back of the switch-
board consists of channel irons laid side by side so as to permit of
quick removal in cage it is necessary to.get at the circuit breaker
levers, etc., beneath.

Wiring. — All open wiring in stations, transformer and
switch houses and tunnels should have non-combustible insu-
lations or at least slow-burning outer coverings. For low-
voltage equipments (550 volts and less) slow-burning insu-
lation (see Rule 56, page 120) is satisfactory. For high
voltages rubber or varnished cambric insulation is necessary,
but this should have a heavy, slow-burning outer cover which
will prevent flames running over the wire or the rapid com-
bustion of the insulation.

A slow-burning covering is only suitable in dry places. If much
dampness- is present the covering absorbs moisture and there is
liable to be a leakage of current over the surface, especially at
high potentials. As the slow-burning covering is liable to be a par-
tial conductor it should be cut away for a distance of at least 2
or 3 (i)gches from bare live metal parts when the voltage is
over 600. ;

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 trans-
former house should follow closely the preceding suggestions
for power houses. The structural steel work of- the walls
and roof should be protected by cement or equivalent. The
main point is to have practically nothing to burn, and to have
all parts of the apparatus readily accessible. The transformers
should be set on brick, concrete, or stone foundations, and,
where of the air blast type, all air passages should be non-
combustible. Wooden wire racks and frames should be
avoided.

The floors of all transformer houses except those contain-
ing but small capacity of transformers should be drained to
a point where the discharge of burning oil will do no serious
harm. In transformer houses containing two or more trans-
formers of large capacity, it is also desirable to provide low
concrete or brick walls from 6 to 12 inches high around each
transformer, and drain each of the basins thus formed. The
basins will limit the spread of burning oil.

The transformer house should be well ventilated to pre- .

vent 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
ventilation also assists in removing smoke in case of fire in
the 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
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Lightning Arrester Room. — Lightning arresters should be placed
either in separate fireproof rooms or outside the stations ex-
cept that those of the spark gap type in small sized stations
of moderate voltage may be mounted on the walls several feet
distant from other apparatus. Woodwork should be avoided
in the construction and mounting of choke coils.

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, tem-
porary 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 generally not be necessary in the main
generator or transformer room or in switch houses. There
should, however, be a good supply of sand pails and fire ex-
tinguishers of the carbon tetrachloride type. - These are for
use on fires around electrical apparatus.

Carbon tetrachloride being a non-conductor, may be thrown
directly on electrical apparatus without danger of shock to the
operator or liability of causing short-circuit. It is especially effec-
tive in extinguishing fires in apparatus of an enclosed nature such
as transformers where the resulting non-inflammable gas can be
confined and the fire smothered. Water is of but little use for

~oil fires at transformers except to protect the surroundings.

Such fires cannot be handled at a distance, but must be fought
at close range, which also emphasizes the necessity of so building
and ventilating houses that they can be entered during a fire.
When an air blast transformer is on fire, the damper should be
immediately closed and the fan stopped; then the extinguishers
or other methods can be applied.

There should also be several lengths of approved brand
1%4 inch linen hose, with 34 inch smooth bore nozzles. Enough
lines should be provided so that a stream of water can quick-
ly be brought to bear at any point, and two streams at any
place where there may be special danger. Sprinklers should
be provided in basements, supply rooms, offices, locker rooms.
etc., where there is sure to be more or less burnable material.
Fireproof construction does not prevent the comntents of a
room 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. .‘

For stations of considerable value, or of great importance
for the maintenance of electric current supply, one or more
frostproof hydrants outside, from which streams may be
obtained in case of some unexpected need, should be provided.
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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 d(;pend on the va}l.ue
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 stations are all non-combustible ; our whole experience, however,
shows that conditions often change, that dangerous features creep
in now and then, and that temporary needs often result in objec-
tionable expedients; so that, taking it altogether, to make such a
station thoroughly safe and as good a risk as the average fully
equipped Mutual mill, it is necessary to have some outside equip-
ment, though of lesser extent and capacity, on account of the fire-
proof construction, than would be required for a factory building
of the same value.

. Small hose and sprinklers must be supplied from some re-

liable grawvity 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 source 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 good public fire department quickly
available 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 equip-
ment as above outlined, as the plant is not within easy reach of a
public department or other outside aid. In this instance a 1000
gallon rotary fire pump driven by water-wheel has been provided
in the station for supplying the yard system of a mill about 1800
feet distant through a 10 inch pipe. A 1,000,000 gallon reservoir
on a hill is ‘also connected to the system. To protect the station,
a hydrant, connected to the above pipe, with hose house, hose, etc.,
has been provided near the station.

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 sand pails
and a few fire extinguishers of the carbon tetrachloride type.
They should be kept absolutely free from combustibles, as a
slight fire might be troublesome from interruption of 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 pro-
tection, as well as the general arrangement of the electric
equipment, with the Underwriters before contracts' are
tinally made.



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

Fia. 7.
SToCK ROOM FOR BELECTRICAL IFITTINGS.

man 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 con-
tains the electrician’s drawing table, electrical measuring in-
struments, etc.

: 11



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 lmpm tant points frequently overlooked
when laying out a plant.

Contracts.

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

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

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 Mutual Fire
Insurance Companies.

(ienerators

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.

Motors.

The use of voltages above 550 in rooms where manufactur-
ing processes are being carried on will be approved only when
every practicable safeguard has been provided. (See Rule 8,
page 33.)

Direct-current motors and alternating-current motors with
brushes should be so located or enclosed, especially in dusty
or linty places, that inflammable material or flyings cannot
accumulate around them and become ignited by serious spark-
ing at the brushes. Similar protection should also be pro-
vided in damp or wet places, as most electrical machinery is
injured by continued exposure to moisture. In damp places
induction .motors of the squirrel cage type having the wind-
ings impregnated with a moisture repellent compound may
be used.

Alternating-current induction motors of the type without
brushes can be safely located in almost any part of a textile

12
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plant without being enclosed, being generally no more danger-
ous than any other piece of machinery running at the same
speed.

Direct-current motors which have-all of the working parts
enclosed in an iron case are on the market, and these “en-
closed” motors may be treated in the same way as induction
motors without brushes. i

‘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 mak-
ing it possible to quickly discover any derangement. (See
Figs. 14 and 15, pages 36 and 37.) It should also be thoroughly
ventilated, 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, main
switch and fuses should be placed in a dust-tight cabinet of
approved construction. (See Fig. 14, page 36.) = Similarly
in wet places, these accessories should be protected from
moisture in a cabinet or case which is thoroughly moisture-
proof. 3
The above applies also to auto-starters and circuit-breakers
unless they have tight cases. (See Figs. 11 and 13, pages 33
and 35.) .

Many A. C. motors are protected by oil immersed circuit-breakers

rather than fuses, and as these circuit-breaker cases, as well as the
auto-starter cases, are usually made dust and moisture tight, no

. further enclosure is generally necessary.

Starting apparatus should be located in sight of the motor
it controls so that the attendant will quickly notice anything
wrong with the motor during starting and promptly open the
circuit.

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 3 feet should be left between the
ceiling and the board, in order to lessen the danger of com-
municating fire to the ceiling. (See Fig. 5, page 6.) They
should be set out a good liberal distance from walls to pro-
vide ample space to work in and thus greatly tend to prevent
accidents to workmen. :

The instruments should be neatly arranged and the wiring
on the back should be laid out in a careful and workmanlike
manner.
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It is recommended that all live parts, such as bus-bars and
other conductors, be protected against accidental contact as far as
practicable by suitable insulation, which shall be ‘“‘flame-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. Insulated cable for

bus-bars and connections is excellent for this purpose. -However, -

the "conductors could be wrapped or taped if this should be found
more convenient, but this method should never be used unless it
can be done well. Special precautions might also be necessary with
either method if applied to high-voltage switchboards. (See Rule
3 a, page 27.)

In addition to the usual measuring instruments and other
apparatus, the switchboard should contain reliable devices for
testing for grounds unless the system is a permanently grounded one.
The u'lsugl forms of ground detectors are described in the Appendix,
page 178.

Generator Room Wiring.

Since there are 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
paragraph on “Inside Wiring,” page 15. As automatic sprinkler
protection is not always advisable in generator rooms, the
necessity for reducing as far as possible the chances of a fire at
this point is at once evident. The desirability of fireproof
construction throughout the generator room is especially em-
phasized 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 cutouts are usually on the switchboard and a
short-circuit between these wires would, therefore, be likely
to burn out the armature. -

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 com-
menced. 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
24 a, page 71 and Figs. 29 and 30, pages 71 and 72.) Telephone

or call-bell service from the mill to the power station is not

usually sufficiently reliable to make these switches unneces-
sary. Lightning arresters should be provided on all wires
which are liable to receive lightning discharges.

Fire Lights.

I.It_is a good plan, where possible, to arrange in yards and
buildings, on circuits entirely out of the way of ladders or fire
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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 arranged on entirely separate
circuits, and will often be useful for repair work and for lighting
the help into and out of the mill, when the main lights are off.
They can also be used to light the buildings for the watchmen, thus
making it unnecessary for them to carry oil lanterns. These circuits
may take current from a small, separate generator, driven by an
independent engine or water-wheel; or from outside lines; or pos-
sibly from a storage battery, so isolated from the main buildings
as not to be affected by a fire in them.

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 prop-
erty, that the secondary system be permanently grounded, and
sometimes this cannot be done unless provision is made for it
when the transformers are built. ;

Transformers should always be located outside of build-
ings, unless special permission is given to put them inside. In
general, it is dangerous to locate transformers with oil-filled
cases inside, as it is entirely possible for a break-down of in-
sulation 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
might 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 circumstances have been carefully considered and the
necessary safeguards provided.

Inside Wiring.

Rubber-covered wire must be used in ‘all damp places, while
rubber-covered or varnished cambric-covered wire must- be
used in all conduit, moulding, or concealed work, and through-
out all systems on which the voltage exceeds 550. ,

For “open work” in dry places where the voltage is not
over 550, slow-burning wire is recommended, as -it fulfills
every requirement for such work, is less expensive and will
not carry fire. 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 is the case with wires having a
weatherproof.braid on the outside which in warm rooms be-
comes sticky. Morever what little lint may . collect upon it
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can be easily brushed off, so that when “sweeping down” there
is much less liability of breaking the insulators or badly de-
ranging 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 insulation as just described, or if a rubber or
varnished cambric insulation is necessary it should be pro-
tected by a heavy “slow-burning” outer braid.

The weatherproof, rubber and varnished cambric 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 further
reduce the amount of combustible material, the porcelain insula-
- tors 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 thoroughly workmanlike
appearance. (See Fig. 27, page 60.) -

In many cases far too little attention is given to this matter
while the work is in progress, the result being a general disappoint-
ment to all interested in the plant, especially to those who under-
stand what a really first-class job of wiring looks like, This dis-
appointment 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 porce-
lain insulators is generally best on ceilings where wires are not
liable to be interfered with. 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 and
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. Ex-
cellent protection can be secured by carrying them through
iron-conduit, first reinforcing the insulation of each wire by en-
closing it in flexible insulating tubing unless the wire is ap-
proved rubber. or varnished cambric covered, in which case

e
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the insulating tubing is ufinecessary. Rubber-covered wire larg-
er than No. 8 B. & S. gage should always have a double outer
braid while No. 8 and smaller wires may have a single braid.
An approved fitting having a separate entrance for each wire
and having each such entrance equipped with a bushing of
approved insulating material should be provided at each end
of the conduit to prevent the wires resting on sharp edges of
conducting material. On alternating-current systems, the two
or more wires of the same circuit should be run in the same
conduit to avoid induction effects. (See Figs. 31 and 32, pages
76 and 77.) 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 alternat-
ing current, 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 short porcelain-tubes. (See Fig. 31, page 76.)

The use of incandescent lamps in series on constant poten-
tial systems is not approved where the voltage of the circuit
is over 250. (See note under Rule 23 .d, page 68.)

Switches.

Knife switches should be enclosed in cabinets in all dusty
or linty places or when so located that persons would be liable
to come in contact with the bare live parts. Up to 250 volts
and 30 amperes, approved indicating snap-switches are consid-
ered preferable for use on lighting circuits.

Cut-Outs.

Link fuses are not advised for general use about a factory,
and will not be approved unless mounted on slate or marble
bases made to conform to the specifications given in Rule 67,
page 136, and enclosed in approved dust-tight, fireproofed cab-
inets. (See Fig. 33, page 78.) The ordinary porcelain link-
fuse cut-outs are not permissible. Approved plug and cart-
ridge fuses may be used almost anywhere in the ordinary manu-
facturing plant without the enclosing cabinet, such cabinets
being necessary only in specially hazardous places (see Fig.
28, page 64), where exposed to mechanical injury, or where
persons would be liable to come in contact with the bare live
parts. These fuses of the enclosed type are strongly recom-
mended for general use. -

In 1903 the enclosed fuse was standardized by a special com-
mittee of the underwriters in consultation with the fuse manufac-
turers. (See specifications, page 140.) This was found necessary
in order to secure an interchangeable fuse for any given capacity
regardless of the make. This feature had previously been sadly
lacking, and the result had been great inconvenience or the use of
dangerous substitutes, such as fuse wire, wire nails, etc. The great
advantages of an interchangeable fuse are evident, and it is urged
that the National Electrical Code Standard fuse be used generally.
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Rosettes.

While either fused or fuseless rosettes may be used in places
which are not specially hazardous, it is advised that only those
of the fuseless type be used. With fuseless rosettes the number
of lamps per branch circuit should not exceed 16, or the
load 660 watts, unless they are in places which are not special-
ly hazardous when 32 lamps or 1320 watts may be put on a
circuit if No. 14 wire is carried directly to keyless sockets
or receptacles. (See Rule 23 d, page 68.) 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 a fuse at a
branch cut-out will not extinguish so many lights.

Flexible Cord.

With the exception of wet rooms, storehouses, and especial-
ly hazardous rooms of textile mills and the like, approved plain
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, rein-
forced flexible cord like that described below for “Portable
Lamps” should be provided.

Either the two insulated conductors which form the cord
should be carefully knotted together, or else an approved
device should be used in both socket and rosette, so as to pre-
vent 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 “Ap-
proved Electrical Fittings.”

The cord should be connected to the wall or ceiling socket
or receptacle by means of a ‘“separable” attachment plug,
which, upon being pulled, will separate and thus prevent any
undue strain being put on the fittings or connections. It
should also be knotted inside the socket, as explained above
under “Flexible Cord.” An approved metal shell socket with
an outlet threaded for 34 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
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with such materials, as well as to protect it from breakage,
every portable Iamp 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, stranded, 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 pre-
vent any strain on the connection to the overhead wires.
(See Figs. 34 and 35, page 93.)

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 approved reinforced
flexible cord and a keyless socket with an outlet threaded for %'
inch pipe and properly bushed, as advised for “Portable Lamps”
on page 18. The cord should be securely supported from the
ceiling by a porcelain cleat or split knob, and the two conduc-
tors should then be separated and soldered to the overhead
circuit. (See Fig. 36, page 95.) The regular “Waterproof
Pendant” described above 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 cabinets of approved
construction. (See Rule 70, page 144). 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 ac- .
cumulate around them.

Storehouses.

The best and safest light for storehouses is the incandes-
cent 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 cabinets of approved construction. (See Rule 70, page
144.) Strong lamp guards should be provided, as advised for
“Portable Lamps” on page 18.

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
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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 oc-
cur, 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

Crass A.— GENERATORS, MOTORS,SWITCHBOARDS,
ETC. -Includes Electrical Equipment of Central Stations,
Dynamo, Motor and Storage-Battery Rooms, Transformer
Sub-Stations, ete. Rules 1 to I1I.

Crass B.—OUTSIDE WORK, all systems and voltages.
Rules 12 to 15. {

CrLass C.— INSIDE WORK :—
General Rules, all systems and voltages. Rules 16 to 10.
Constant-Current Systems. Rules 20 to 22.
Constant-Potential Systems :—

General Rules, all woliages. Rules 23 to 25.

Low-Potential Systems, 550 volts or less. Rules 26 to 43.
’ High-Potential Systems, 550 to 3500 volts. Rules 44 to
46.
- Extra-High-Potential Systems, over 3500 wvolts. Rules
47 and 48,

Crass D.— FITTINGS, MATERIALS, AND DETAILS OF -
CONSTRUCTION, all systems and voltages. Rules 49 to 84.

Crass E.— MISCELLANEOUS. Rules 85 to 8.
Crass F.— MARINE WORK. Rules go to 99. (Asthe

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: —

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

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

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

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

Charged storage batteries have in them at all times a large
amount of stored energy, and should therefore be treated as care-
fully as generators of similar output. y
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GENERAL SUGGESTIONS

In all electric work, conductors, however well insulated,
should always be treated as bare, except when in conduit,
to the end that under no conditions existing or likely to exist,
can a ground or short-circuit occur, and so that all leakage
from conductor to conductor, or between conductor and
ground, may be reduced to the minimum,

In all wiring special attention should be paid to the mechani-
cal execution of the work. Careful and neat running, con-
necting, soldering, taping of conductors, and securing and at-
taching of fittings, are specially conducive to security and
efficiency, and are strongly advised.

In laying out an installation, except for constant-current
systems, every reasonable effort should be made to secure dis-
tribution 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 opera-
tion. 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 per-
manently accessible is most heartily endorsed and recom-
mended; and this method of accessible concealed construc-
tion is advised for general use.

Architects are urged, when drawing plans and specifica-
tions, to make provision for the channeling and pocketing
of buildings for electric light or power wires, and also for
telephone, district messenger and other signaling system
w1rmg

22




RULES

“ NATIONAL ELECTRICAL CODE.”

CrLass A.
GENERATORS, MOTORS, SWITCHBOARDS, ETC.

Includes Electrical Equipment of Central Stations, Dynamo,
Motor and Storage-Battery Rooms, Transformer

Sub-Stations, Ete.

1. Generators. S

a. Must be located in a dry place,

It is suggested that waterproof covers. be provided, which may be
used in case of emergency. ’

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

Any generator, if badly designed, improperly handled, poorly
cared for 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, when operating at a potential in excess of 3550
volts, have their base frames permanently and effectively
grounded.

Must, when operating at a potential of 550 volts or less,
have their base frames permanently and effectively grounded
wherever feasible. Where grounding of the frame is imprac-
ticable, special permission for its omission may be given in
writing, in which case the frame must be permanently and
effectively insulated. Wooden base frames used for this pur-
pose and wooden floors which are depended upon for insula-
tion 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. -

The reason for requiring a positive ground is to prevent a pos-
sible difference of potential existing between generator frame and
near-by grounded objects, in the event of breakdown of the generator
insulation, which might cause a person making contact between the
two to receive a dangerous shock and also 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 generator frame and to any main
water pipe that is thoroughly connected with underground pipes.
The wire should not be smaller than No. 4 B. & S. gage and should
be securely attached to the pipe by either soldering it to a brass
plug screwed into a fitting, or to a heavy so-called ground clamp.
While other reliable methods may be used under favorable condi-
tions, a water: pipe connected to underground pipes is the best and
easiest obtainable in most. Mutual Mills owing to the presence of
sprinkler equipments. With direct-connected units, the engine or
water-wheel would generally furnish a sufficiently good ground.

d. Constant potential generators, except alternating cur-
23 :
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1. Generators—Continued.

rent machines and their exciters, must be protected from exces-
sive current by safety fuses or equivalent devices of approved
design. ' i

For, two-wire direct-current generators, single-pole: protec-
tion will be considered as satisfying the above rule, provided
the safety device is so located and connected that the means
for opening same is actuated by the entire generator current,
and the action thereof will completely open the generator
circuit.

For two-wire direct-current generators used in conjunction
with balancer sets to obtain a neutral for three-wire systems,
a protective device must be installed, which in case of the
excessive unbalancing of voltages will operate to disconnect
the three-wire system.

If a generator, not electrically driven, in a two-wire system
has one terminal grounded, the safety device above men-
tioned must be placed in the grounded lead.

For three-wire direct-current generators compound or shunt
wound, a safety device must be placed in each armature
lead, and so connected as to receive the entire current from
the armature. Fuses will not be acceptable. The safety device
must consist of either: (1) a double pole, double coil,
overload circuit-breaker, or (2) a four-pole circuit-breaker
connected in the main and equalizer leads, and tripped by
means of two overload devices, one in each armature lead.

The safety devices above required must be so interlocked
that no one pole can be opened without simultaneously dis-
connecting both sides of the armature from the system.

If this protection is not provided, an accidental short-circuit
across the bus-bars or the exposed metal parts of the main switch
on the switchboard is liable to result in considerable damage at
the point where the ‘‘short” occurs or in a burned-out armature.

Owing to inherent qualities possessed by the alternating cur-
rent generator it is not considered necessary to protect it, especially
as an overload protective device would be liable to be opened fre-
quently by momentary heavy synchronizing currents if the genera-
tor was operated in parallel with others. The quick opening of
such a device is also liable to give rise to instantaneous high
voltages on large systems. These objections to overload protective
devices, however, do not apply where the generator is of relatively
small size and is not run in parallel with others. It is advised
Ehai_: such machines be protected by circuit breakers or equivalent

evices.

e. 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.

The name-plate shows exactly what the machine was designed
for. Such information is of great convenience, and tends to pre-
vent overloading.

f. Terminal blocks when used on generators must be made
of approved non-combustible, non-absorptive, insulating ma-
terial, such as slate, marble or porcelain.
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1. Generators— Continued.

g. The use of soft rubber bushings to protect the lead
wires coming through the frames of generators is permitted,
except when installed where oils, grease, oily vapors or other
substances known to have.rapid deleterious effect on rubber,
are present in such quantities and in such proximity to genera-
tor as may cause such bushings to be liable to rapid destruc-
tion. In such cases hardwood properly filled, or preferably
porcelain or micanite bushings must be used.

Voltmeters and Ammeters.

A reliable voltmeter should be provided on the switchboard.
On an ungrounded system 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 sen-
sitive ground detector. (See Appendix, page 178.)

See also Rule 2 e, page 27. 2

It is also advised that a reliabler ammeter be provided with
every constant-potential generator, and that it be clearly marked to
indicate the full load of the machine. -This instrument indicates
the amount of current given out by the generator and shows
instantly if there is any undue load. It is always desirable to
have all generator ammeters on a switchboard so graduated that
a full scale deflection corresponds to the same degree of overload
on each, so that when several machines of different sizes are run-
ning in parallel, each machine will be doing its share of the work
when the ammeter pointers are in similar positions. 3

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

(For construction requirements, see Rules 49 to 57, pages 110 to 121.)

a. Must be in plain sight or readily accessible.

Wires from generator to switchboard may, however, be
placed in a run-way in the brick or cement pier on which the
generator stands. When protection against moisture is neces-
sary, cable with grounded lead sheath or grounded conduit
must be used.

As the leads between a generator and switchboard are not gen-
erally included in the protection afforded by the overload protec-
tive devices, they should be treated as especially dangerous, and
extreme care should be taken that they are well supported, to avoid
short circuits or grounds: They should also be carefully protected
from chances of mechanical injury. It is advised that the leads
be large enougl_l to carry a 259 current overload of the generator
w1thogt exceeding their safe carrying capacity as given by Rule 18,
page 62. If aigenerator is selected which is much larger than the

load to be gzarried, the matter of the size of the leads should be
taken up with the Inspection Department.

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

Bus-bars may be made of bare metal. '

Wires with inflammable outer braiding when brought close
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2. Conductors— Continued.

together, as in the rear. of switchboards, must, when required,
be each surroundéd with a tight, non-combustible outer cover.

Flame proofing must be stripped back on all cables a suffi-
cient amount to give the necessary insulation distances for the
voltage of the circuit on which the cable is used.

If the insulation on the wires were combustible, as is true of
rubber or varnished cambric, a fire at this point would spread
rapidly along the wires, producing intense heat and a dense smoke.
Where the wires have a suitable non-combustible outer covering,
. and are well insulated and supported, it is believed that no appre-
ciable fire hazard exists, even with a large group of wires.

For new installations, wire provided with the non-combustible
outer covering should Dbe obtained from the manufacturers, as
such wire has a neater appearance when in place. In the case of
old installations where combustible covered wire has been used, a
very efficient non-combustible outer covering may be obtained by
wrapping the wire with asbestos tape or strips. The thickness of

! Fia. 8.
LARGE GROUP OF WIRES, WELL SUPPORTED.

this applied covering should be at least 14 inch. The asbestos
should be dipped in silicate of soda (water glass) before being put
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2. Conductors—Continued.

on the wire or else it should be well painted with the silicate
after it is on the wire. After the silicate of soda has hardened
it prevents the asbestos covering being easily injured if struck
or rubbed.

Fig. 8, page 26, illustrates very well the need of a slow-burn-
ing outer covering on the wires where they are grouped,

It is also recommended that all live parts. of the switchboard,
such as bus-bars and other conductors, be protected against acci-
dental contact as far as practicable by suitable insulation, which
shall be ‘“flame proof” or ‘slow-burning” and designed to with-
stand a reasonable amount of abrasion. The 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 wrapped or taped if this should be found
more convenient, but this method should never be used unless it
can be donme well. Due to the rather low .insulating properties of
most- fireproofing compounds as used, special precautions would be

necessary on high-voltage circuits to prevent current leakage over
the outer fireproofed covering.

c. Must, where not in a conduit, be kept so rigidly in place
that they cannot come in contact. '

It is often necessary, also, to protect the wires against acci-
dental blows from belts or from ladders, etc., in the hands of care-

less workmen. This may be done in about the same manner as is
recommended for wires on side walls. (See"Rule 26 e, page 76.)

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

_e. In wiring switchboards, the ground detector, voltmeter,
pilot lights and potential transformers must be connected to a
circuit of not less 'than No. 14 B. & S. gage wire that is pro-

tected by approved fuses, this circuit not to carry over 660
watts.

For the protection of instruments and pilot lights on switch-
boards, approved N. E. Code Standard Enclosed Fuses are pre-
ferred, but approved enclosed fuses of other designs of not
over 2 amperes capacity, may be used.

3. Switchboards.

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

Switchboards must not be built up to the ceiling, a space
of 3 feet being left, if possible, between the ceiling and the
board. The space back of the board must be kept clear of rub-
bish and not used for storage.

Great care in designing and locating a switchboard is neces-
sary for several reasons: the rheostats, measuring instruments,
fuses, ete., are possible sources of fire; there is a considerable
number of bare live parts on the ordinary board which afford
good opportunity for accidental short-circuits; and there is fre-
quently a large amount of power available at the board to quickly
follow up any trouble at this point.
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3. Switchboards— Continued.

b. Must be made of non-combustible material.,

The slate switchboard shown in Fig. 9, is an excellent ex-
ample of a well-arranged modern board, equipped with all the
necessary apparatus for controlling the output of one small genera-
tor. 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 read-
ily noted. All of the
wiring on the back of
this board has slow-
burning insulation, thus
securing the slow-burn-
ing feature recom-
mended in Rule 2 b,
page 25. (See Rule 56.
page 120.)

c. Must be acces-
-sible from all sides
when the connections
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
must 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.

It is urged that the
board be placed a good
liberal distance from
the wall, or apparatus
on the wall, so as to
provide ample space
to work in. Where
the men have plenty

Fia. 9. of room to work, not

WELL-ARRANGED SLATE SWITCHBOARD, only can they do better

work, put they are

less liable to drop tools or otherwise cause short-circuits which may

injure them or do considerable damage to apparatus and interrupt

service. Figs. 5 and 6, pages 6 and 7, show good spacing between
switchboard and wall.

The space back of the board should not be closed in, except
by a grating or netting, as such an 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.

d. Must be kept free from moisture,
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3. Switchboards — Continued.

e. Wires with inflammable outer braiding, when brought
close together, as in the rear of switchboards, must, when re-
quired, be each surrounded with a tight, non-combustible outer
cover. —

Flame proofing must be stripped back on all cables a suffi-
cient amount to give the necessary insulation distances for the
voltage of the circuit on which the cable is used.

See also notes under Rule 2 b, page 25.

4. Resistance Devices.

(For construction requirements, see Rules 78 and 79,
pages 162 _and 165.)

a. Must be placed on a switchboard, or at a distance of at
least 1 foot from combustible material, or separated therefrom
by a slab or panel of non-combustible, non-absorptive, insulat-
ing material such as slate, soapstone or marble, somewhat
larger than the rheostat, which must be secured in position
independently of the rheostat supports. Bolts for supporting
the rheostat shall be countersunk at least 1§ inch below the sur-
face at the back of the slab and- the bolt heads shall be
covered with insulating material. For proper mechanical
strength, slab should be of a thickness .consistent with the
size and weight of the rheostat, and in no case to be less than
¥ inch. ; '

If resistance devices are installed in rooms where dust or
combustible flyings would be liable to accumulate on them, they
must be equipped with dustproof face plates.

Rheostats, resistance boxes, etc., 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.
Where exposed to dust or combustible flyings, a rheostat or resis- °
tance box should be so constructed or enclosed in an approved cab-
inet as to prevent the dust or fly settling on it and also to prevent
sparks being thrown out if a fault develops.

b. Where protective resistances are necessary in connec-
tion with automatic rheostats, incandescent lamps may be used,
provided they do not carry or control the main current or con-
stitute the regulating resistance of the device.

When so used, lamps must be mounted in porcelain re-
ceptacles upon non-combustible supports, and must be so ar-
ranged that they cannot have impressed upon them a voltage
greater than that for which they are rated. They must in all
cases be provided with a name-plate, which shall be perma-
nently attached beside the porcelain receptacle or receptacles
and stamped with the wattage and voltage of the lamp or
lamps to be used in each receptacle.

Under special authorization in writing, given in advance,
incandescent lamps may be used for the purpose of resistances
in series with other devices when mounted in porcelain recep-
tacles upon non-combustible supports and so arranged that they
cannot have impressed upon them a voltage greater than that
for which they are rated.
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4. Resistance Devices— Continued.

c. Wherever insulated wire is used for connection between
resistance elements and the contact device of a rheostat, the
insulation must be non-combustible or “slow burning.” For
large rheostats and similar resistances, where the contact
devices are not mounted upon them, the connecting wires
having “slow burning” insulation may be so arranged in groups
that the maximum difference of potential between any two
wires in any group shall not exceed 75 volts. Each group
of wires must either be mounted on non-combustible, non-ap-
sorptive insulators giving at least 145 inch separation from
surface wired over, or, especially where it is necessary to pro-
tect same from mechanical injury, each group of wires may
be encased in approved flexible tubing and placed in approved
conduit, the flexible tubing to extend at least one inch be-
yond the ends of the conduit. ‘ :

5. Lightning Arresters.
(For construction requirements, see Rule 82, page 169.)

a. Must be attached to each wire of every overhead circuit
connected with the station. '

The kind and degree of protection necessary depend largely on
circumstances. 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 reasonable freedom from- lightning
disturbances.

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 ordinary discharges entering (over the
wires) buildings connected to the lines.

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

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

The arresters should be .accessibly located at some point other
than on the switchboard, so that they may be easily examined
from time to time, and should always be isolated from combustible
materials, as sparks are sometimes produced when lightning is
discharged through them, {

Where practicable, arresters of a type which requires oil for
insulating purposes should be placed outside of the station or
switchboard room. Where it is necessary to locate them inside
buildings, they should be placed in separate, non-combustible,
drained rooms made of brick or concrete. The entrance to such
a room should be closed by -a high non-combustible sill and a
standard fire door. When a short-circuit occurs in such an ar-
rester, the oil is liable to be thrown violently from the tank and
ignited and therefore means should be provided for confining the
fire and permitting the oil to quickly drain away. Lightning ar-
resters which do not have oil insulation should also be placed in
non-combustible buildings or rooms, but unless the rooms contain
large values of arresters, switches, ete., the ceilings or roofs may
be 0f5p1ank and timber fireproofed in the manner described on
page 5.
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5. Lightning Arresters— Continued.

An arrester house would generally be an excellent place for the
emergency Switch, as this building would usually be located well
away from the other buildings and would thoroughly protect the
switch against the weather. For suggestions regarding the emer-
gency switch see note to Rule 24 a, on page T1.

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

c. Must be connected with a thoroughly
good and permanent ground' connection by
metallic strips or wires having a conduc-
tivity 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 nor be run inside of iron

pipes.

Fig. 10 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 sys-
tem 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 ex-
posure 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
consists of galvanized iron pipe with a nominal
outside diameter of at least one inch. It should
be in one piece if possible, and should be

.driven into the ground at least 8 feet, or even = GROUND CONNEC-

further if permanently damp earth is not found TION FOR LINE
at that depth. If, however, it should prove LIGHTNING
impossible to drive the pipe far enough to ARRESTER.

reach earth that would surely be permanently

damp, a small hole should be dug around it to a depth of 2 or 3
feet, and it should -then be driven as far as possible and the hole
filled with salt. The salt will be gradually dissolved by rain water
and the solution will enter the earth near the pipe and im-
prove the connection with ‘‘ground”.

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 discharge. 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 possible for the reason given in the note to
Section b, the only bend in it being that necessary to form the
drip loop. :

Arresters at stations or at points where overhead lines enter
manufacturing plants, should have better grounds than the one
described above., Wherever an underground water main is availa-
ble the arresters should be connected to it. Connection should be
made to two or more lengths of pipe by soldering the ground wire
to brass plugs which have been forcibly screwed into the pipe.
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5. Lightning Arresters— Continued.

The ground wire should not be smaller than No. 0 B. & S. gage.
Owing to its length and the fact that slight leakage occurs at some
. of the joints, which keeps the earth moist, an underground pipe
system affords the best ground obtainable. Such a pipe system is
almost always available at Mutual Mills without its being necessary
to carry the ground wire more than 50 or 75 feet from the
arresters,

In the few cases where an underground water-pipe system is not
available, a reasonably reliable ground may be obtained by connect-
ing the lightning arrester ground wire to several one-inch galvan-
ized iron pipes driven into the ground until the lower ends are well
below permanent moisture level. The distance between the driven
pipes should be not less than 6 feet and their number should depend
upon conditions such as moisture content and character of the
earth, the value of the apparatus to be protected, the severity of
the lightning storms, etc.

The ground wire should be of copper, and where it is embedded in
the earth and liable to corrosion, it should be well coated with an
asphaltum paint.

The lightning arresters should be inspected frequently, to be
sure that they are in proper condition. This is especially necessary
during the summer season, when lightning storms are most liable
to occur. It is also of the greatest importance to maintain an
2xcellent ground connection for the arresters, as the efficiency of
the protection is absolutely dependent upon this feature. The en-
tire ground connection should therefore be uncovered and carefully
examined at least once a year, preferably in the spring, in order to
know positively that the connection has not been impaired by cor-
rosion or other accident and that the earth in the vicinity of the
driven pipes is still damp, so that the equipment is in proper shape
for the season’s work.

d. All choke coils or other attachments, inherent to the
lightning protection equipment, shall have an insulation from
the ground or other conductors equal at least to the insulation
demanded at other points of the circuit in the station.

6. Care and Attendance.

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

b. Oily waste must be kept in approved waste cans and
removed daily.

7. Testing of Insulation Resistance.

a. All circuits except such as are permanently grounded
in accordance with Rule 15, page 54, must be provided with
reliable ground detectors. Detectors which indicate con-
tinuously 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.

In Factory Mutual work, ground detectors of the continuously
.- indicating type will be required on ungrounded systems for voltages
below 250. For voltages above this, continuously indicating detec-
tors. which do not permanently ground the system are recommended
and in some cases may be required.

The ground detectors most commonly used are fully explained
and illustrated in the Appendix, page 178.

See also Rule 2 e, page 27,

b. Where continuously indicating detectors are not fea-
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Testing of Insulation Resistance—Continued.

sible, the circuits should be tested at least once per day, and
preferably oftener.

8. Motors. :

a. Must, when operating at a potential in excess of 550
volts, have no exposed live metal parts, and have their base
frames permanently
and effectively
grounded.

Must, when operat-
ing at a potential of
550 volts or less, have
their base frames per-
manently and effective-
ly grounded wherever
feasiblee. W here
grounding of the
frame is impracticable,
special permission for
its omission may be
given in writing, in _
which case the frame
must be permanently
and effectively insu-
lated. Wooden base
frames used for this
purpose and wooden
floors which are de-
pended upon for in-
sulation 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.

1

Fia. 11.

INDUCTION MOTORS ON CEILING, WITH
CIRCUIT BREAKERS ON POST.

For the same reasons that similar requirements were made for
generators, in the note to Rule 1 ¢, on page 23.
. 1t is very common to suspend motors from the ceiling, as shown
in Fig. 11, or to locate them on raised platforms swung from
the ceiling or supported from below, as shown in Fig. 14, on
page 36. Any one of these methods saves floor space and fre-
quently prevents an accumulation of oil and dirt around the
machine, besides reducing the liability of accidents to persons or
machinery.
. The installation of motors, circuit breakers and conduit shown
in Fig. 11 is well arranged. The circuit breakers are mounted at
such a height above the floor that they are protected somewhat from
mechanical injury, although within reach, while the wires to circuit
breakers and motors are protected by being run in conduit. By®
having the conduit enter the circuit breakers and the junction
hcixes attached to the motor frames, there are no exposed open
wires. .
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8. Motors— Continued.

b. Motors operating at a potential of 550 volts or less must
be wired with the same precautions as required by rules in
Class “C” for wires carrying a current of the same volume.

Motors operating at a potential between 550 and 3,500 volts
must, except in central and sub-stations, be wired with ap-
proved multxple conductor, metal sheathed cable in approved
metal conduit. All apparatus
and wiring connected to the
high tension circuit must be
completely enclosed in sub-
stantial grounded metal
shields or casings and the
conduit must enter and be
properly secured to such
casings or to suitable ter-
minal boxes screwed or
bolted to the casings.

The insulation of the
several conductors for high
potential motors, where
leaving the metal sheath of
cables, must be thoroughly
protected from moisture and
mechanical injury. This may
be accomplished by means
of a pot head or some
equivalent methed. The
conduit must be substantially

Fre. 12. bonded to the metal casings
Moror Wiring 1N Iron Con-  Of all fittings and apparatus
DUIT ON SIDE OF MACHINE. connected to the inside high

tension circuit.

Where outside conductors directly enter the motor room
special permission in writing must be obtained to install the
wires for high potential motors according to the general rules
for high potential systems.

Conductors carrying the current of only one motor must
be designed to carry a current at least 25% greater than
that for which the motor is rated. Where the conductors
under this rule would be overfused in order to provide for the
starting current, as in the case of many of the alternating cur-
rent motors, the conductors must be of such size as to be
properly protected by these larger fuses.

The current used in determining the size of the conductor
carrying the current of only one varying (or variable) speed
motor must be the percentage of the 30-minute current rating
of the motor as given for the several classifications of service
in the following table: —
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8. Motors — Continued.
Percentage of

Classification of Service. current rating
of motor.
Operating valves, raising or lowering rolls . ; 200
Rolling tables . 3 : ) 3 : . ; 180
|Hoists, rolls, ore and coal handling machines . 150

| Freight and passenger elevators, shop cranes, tool

heads, pumps, etc. . . . ! : 2 120

{ Varying speed motors are motors in which the speed varies automat-
|

1

ically with the load, decreasing when the load increases, and vice versa. It
| does not mean motors in which the speed is varied by the use of different
|windings or grouping of windings, or motors in which the speed is varied
|by external means, and in which, after adjusting to a certain speed, the
{speed remains practically constant.

| When mounted direct-
ly on frames of machine
tools, looms, etc., or set
on the floor, special care
should be taken to pro-
tect. the leads at the
motor ‘terminals from
mechanical injury. This
applies to low-voltage as
well as to high-voltage
motors. The motors
oftentimes are placed
within a few feet of the
ifloor, and the terminals
lare necessarily in ex-
posed locations. Oil and
dirt are also liable to
injure the insulation on
ithe wires, unless means

are taken to prevent : Fic. 13.
%’0 toxr'léhgho‘ggleie tr%nﬂi]; INDUCTION MOTOR SURROUNDED BY
iron conduit where ex- PIro. RAILING.

osed to injury, and the

onduit should terminate preferably inside suitable junction boxes
n the motor frames. If the conduit does not end in the manner
entioned, some other suitable means should be taken to afford
‘he necessary protection to the wires. For a good example of
rotection of motor leads where exposed to injury see Fig. 12,
age 34. In this instance the motor and its switch, which is of
he oil-immersed type, are on the side of a .loom frame..- The
rotecting fuses are in an iron cabinet on the ceiling of the floor
eneath. Fig. 13 shows a good method of protecting the motor
eads by placing a substantial pipe railing around the motor.

c. Each motor with its starting device must be protected by
a cut-out and controlled by a switch (see Rule 19 a, page 63),
said switch plainly indicating whether “on” or “off” (except
as-provided for electric cranes, see Rule 43 ¢, page 105). Small
motors may be grouped under the protection of a single set
of fuses, provided the rated capacity of the fuses does mot
exceed 10 amperes and the total wattage of the circuit does
hot exceed 660. With motors of one-fourth horse-power or
ess, on circuits where the voltage does not exceed 300, single
pole switches may be used as allowed in Rule 24 ‘c, page 72.
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8. Motors — Continued.

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.

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.

An automatic circuit-hbreaker disconnecting all w1res of the
circuit may serve as both switch and cut-out.

Where a rubber-covered conductor carries the current of
only one A. C. motor of a type requiring Iarge starting

" current it may be protected by a fuse or an automatic circuit-
breaker without time limit device, rated in accordance -with
Table B of Rule 18, The rated continuous current capacity °

Fic. 14. »
MOTOR ON SHELF, ENCLOSED IN GLASS CASE, AND REACHED BY
LADDER, WITH STARTING APPARATUS IN CABINET.

of a time limit circuit-breaker protecting a motor of the above
type need not be greater than 125% of the motor current
rating, providing the time limit device is capable of preventing
the breaker opening during the starting period.

In the great majority of cases where A. C. motors of the above type
are started by means of auto-starters, the current-carrying capacity of
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8. Motors — Continued.

wires meeting the rule will not exceed the following percentages of the
full load currents of the motors.

Rated full load current Percentage
0-30 amperes ; 250
31-100 5 200
Above 100 = 150

Fig. 11, page 33, shows an automatic circuit-breaker used in
this way for both switch and-cut-out. ;

When not in use the motor should be entirely disconnected from
the line by opening the controlling -switch. : i

It is impracticable to specify definitely in these rules the size of
conductor to be used with any particular size alternating-current
motor of the squirrel cage type or other type requiring large start-

Fic. 15.
WELL-ARRANGED MoTOR ROOM.

ing current. The starting currents of such motors, even those of
the same size, vary considerably and depend upon a number of
factors, among which speed.is one. The duration of the starting
current, which depends upon the time taken to bring the motor up
to speed, also has an important influence on the size of conductor
necessary and the capacity of the fuse needed to properly protect
it. . If it is desired to use the smallest size conductor and fuse con-
sistent with the starting current of any particular motor it is
necessary to know the starting characteristics of the motor and its
starting conditions. The first may be obtained from the motor man-
ufacturer and the second from an investigation of conditions under
which the motor will run. Where the trouble 'of obtaining this
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8 Motors — Continued.

information is not taken, or where the information is difficult to
obtain, the size af conductor indicated in the table and the cor-
responding capacity fuse may usually be depended upon to carry
the starting current. In a few cases, however, where starting con-
ditions are very severe larger sizes of wire may be necessary.

In order to cut down the size of the leads rubber-covered wire
which, according to Rule 18, has a larger factor of safety than wire
having a weatherproof insulation, is permitted to be protected in
accordance with Table B of Rule 18. Where the motor is protected
by a circuit-breaker having a time element device the breaker may
be set to open at a 25% current overload of the motor, and in this
case the wire, if rubber-covered, should be protected in accordance
with the capacities of Table A. 7

d. Rheostats must be so installed as to comply with all the
requirements of Rule 4, page 29. Auto-starters must comply
with requirements of Rule 4 c.

- Auto-starters, unless equipped with tight casings enclosing
all current-carrying parts, in all wet, dusty or linty places, must
be enclosed in approved cut-out boxes or cabinets. Where
there is any liability of short circuits across their exposed live
parts being caused by accidental contacts, a-railing must be
erected around them.

Iron pipe makes a neat and substantial railing for this pur-
pose, and Fig. 13, page 35, shows an example of such an arrange-
ment. These precautions would, of course, be unnecessary where
the apparatus is included with the motor in a special motor room,
such, for example, as is shown in Fig. 15, page 37.

St%xéting apparatus enclosed in a, cabinet is shown in Fig. 14,
page o0.

Guard railings should also be placed around rheostats if they

are so mounted that the live parts are liable to be struck with
resulting chance of short-circuit. ;

e.. Must not be run in series-multiple or multiple-series,
except on constant-potential systems, and then only by special
permission.

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.

f. Must, if deemed necessary, be enclosed in an approved
case.

Such enclosures must be readily accessible, dustproof and
sufficiently ventilated to prevent an excessive rise of temper- .
ature. Where practicable, the sides should be made largely
of glass, so that the motor may be always plainly visible.

The use of the enclosed type motor is recommended in
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