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APPROVED FITTINGS. 

For satisfactory work, only approved fittings 
should be used. We print a circular, "Approved 
Electrical Fittings," designed to aid wiremen by 
showing them in advance just what will be ap­
proved. 

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

The approved lists are revised quarterly. 
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THE RULES IN BRIEF. 

Designed to quickly give the busy man the general require­
ments for average Factory l\lutual Mills. 

Contracts. 
We advise tzat all contracts for electrical work contain the 

following lausL : -
WORK. -All work shall be done in strict conformity to the 

"National Electrical Code," as given in the latest edition of 
" Rules for Installing Electric Light and Power Appara­
tus," issued by the Associated Factory l\Iutual Fire Insurance 

ompanies. 
FITTINGS. -All fittings used shall be such as are specified in 

the latest ed ition of" Approved Electrical Fittings," issued 
by the Associated Factory Mutual Fire Insurance Companies. 

Generators. 
Generators should be Io ated in a dry, clean place, away 

from combustible materials, and a light rather than a dark 
location is always preferable. l tis not desirable to place them 
in the work-rooms of a plant where combustible stuff abounds, 
as in th ordinary textile mill, though they may sometimes be so 
located if properly partitioned off from the main room. A loca­
tion suitable for a first- lass steam engine is generally none too 
good for a generator. 

A solid foundation is necessary for smooth running. The 
generator frame should, where possible, rest 011 timh r supports, 
and be fast ned to them by lag screws or bolts which do not 
pass through in such a way as to electr ically connect the frame 
with the ground. Two paraJI 1 timbers arc preferable to a four­
sided framework, which makes a place under the machine that 
is difficult to keep clean. 

Motors. 
1\,1 otors should, in general, be treated like genera tors, 

though often necessarily placed in work-room . 
The induction motor of the type without brushes, having 

theref re no sl iding contacts through whi h the cu rrent passes 
to make trouble, can b located in almost any part of a textile 
plant with aiety, being generally no more dangerous than an 
ordinary machine of similar size running at the same speed. 

Direct current motors, or alternating motors with brushes, 
should be so lo ated or enclosed that serious sparking at the 
brushes cou ld not ause a fire. 

·where enclo ures are necessary, they should generally be 
made largely of glass, so as to keep the motor in full view of 
the attendants, thus promoting cleanliness and making it possi­
ble to quickly discover any derangement. The enclosures must 

t:; 

\ 



2 THE RULES IN BRIEF. 

be thoroughly ventilated to prevent them getting unduly hot. 
The casing is looked upon as a separation between possible 
sparks and combustible material, and not as a fire wall. 

The starting rheostat main switch and fuses should be 
treated about like the motor and enclosed when it is enclosed. 

An ammeter is desirable with motors lo show just how 
much load they are carrying, and will often save its cost by 
indicating wastes of power. 

Switchboards. 
Switchboards should be of slate or marble supported on 

metal frames, or of wood in skeleton form . They should be 
located well away from inflammable materials, and always open 
at side and top so as to give the attendant a clear view of all 
the wiring. They should contain the ordinary instruments, 
and reliable devices for testing for grounds. 

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

Dynamo Room Wiring. 
\Viring in the dynamo room should usually he like any 

other heavy inside wiring, but where lhe size of lhe plant or the 
number of machines is such that a good many wires come 
together, the insulating covering on the wire should be of a 
non-burnable kind, like the old" Underwriters." When rubber 

. I 

insulation is considered necessary, it should be covered with a (i 
thick outer" slow-burning" braid. 

The weather-proof and rubber insulations in common use con­
tain a very large amount of burnable matter, which ignites easily, 
and, once ignited, produces a fierce fire and a dense smoke. 

The idea is to have the wire so rigidly supported on heavy 
insulators that if bare wire were used the insulation would be 
perfect. A non-burnable insulating covering is then desirable 
to prevent accidental short circuits. All joints should be very 
carefully and securely made. 

An automatic sprinkler protection is not always advisable 
in dynamo rooms, the necessity for reducing the chances of a 
fire are at once evident. 
Outs ide Wires. 

All out ide lines should be carefully laid out through mill 
yards, so as not to interfere with fire streams or ladders, a defi­
nite plan being determined upon before work is commenced. 
Many wiremen are very careless about this matter, and if not 
cautioned will run the wires in the easiest way, regardless of 
looks or safety. 

Wherever lhe current enters a mill Jard from a distant 
station, outside emergency switches shoul be so placed that in j 
case of fire or other accident the current can be cut out of the /, 
yard. Telephone or call bell service from the mill to the power I 
station is not considered reliable enough to make switches 
unnecessary. Where lightning disturbances are probable, suit-
able protection should be provided. 
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Fire Lights. 
It is'a good plan, where possible, to arrange a few lights in 

yards or in buildings on circuits entirely out of the way of 
ladders, or fire streams which may be thrown on at the time 
of a fire when the main lights are off, and give light enough to 
enable firemen to move about with quickness and safety. Such 
lights can generally best be arranged entirely on serarate cir­
cuits, which circuits will perform ordinarily a usefu work for 
lighting the help into and out of the mill when the main lights 
are off, and are also useful in repair work. They may take 
current from a small separate generator driven by an independ­
ent engine or water-wheel, from outside lines or possibly from 
storage batteries, which are so isolated from the main build­
ings as not to be affected by a fire in them. 

Transformers. 
Transformers should always be located outside of build­

ings, unless special permission is given lo put them inside. 
When inside they should bes located that an internal burn-out, 
which might occasion a dense smoke, would not be liable lo 
cause a waler loss by being mistaken for a fire, and so that, 
where oil filled cases are used, the boiling over o( the oil could 
not cause a fire. 

In some cases it may be considered especially necessary 
for safety to life and from lire to ground the middle of the 
secondary coils of the transformers; or to use a transformer 
with a grounded shield. 

Inside Wiring. 
For inside work the wiring should generally be entirely 

in sight and supported upon porcelain knobs or cleats. Heavy 
mains can usually best be carried Lhrough space from timber to 
timber. To carry them around the beams or to carry them 
through is difficult. The fi rst on account of the stiffness of the 
wire, the second from its size ne essitating, with the bushing, a 
hole large enough to endanger the strength of the beam. The 
branch wires being usually of small size can ordinarily be 
carried around the beams, but are not generally st1·ong 
enou~h to safely carry from beam to beam unless running­
boaras ar provided. All wires coming up side wall or posts 
should be specially protected from mechanical injury, either by 
carrying them through iron pipes or by boxing. In putting up 
the wires, straight lines and thorough supporting, and, in 
general, neat workmanlike construction should be insisted 
upon. 

Cut-outs may be either open or boxed, according to the 
kind used, our circular, Approved Electrical Fittings, 
specifying just how each type must be used. Switches should 
be kept away from contact with combustible stuff. Open knife 
switches, with their exposed contacts, are not generally desir­
able about the working rooms of a plant. They are, however, 
in many ways the most desirable type of switch when boxed or 
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so located that there will be no danger of short circuits being 
accidentally formed across their exposed contacts from care­
less or thoughtless workmen. For the usual controlling of low 
voltage circuits, where the switches mu t be located anywhere 
about the plant, first-class snap switches arc preferred. 

Incandescent lamps in practically all manufacturing build­
ings, includin~ those devoted to textile work, may be hung by 
approved Aex1ble cords, using key or keyless sockets. Fused 
rosettes are considered a little better than £useless rosettes 
and fewer lights per circuit. In the more hazardous parts, 
such as cotton napping rooms or dust chambers, picker rooms, 
etc., the water-proof type of construction advised for storehouses 
should be used. 

Arc lamps located inside of buildings should in general 
have high globes, tight at the bottom, to prevent the escape of 
sparks. Wherever they are over loose combustible stuff, they 
should have either spark guards, in addition to the globes, or 
globes which are entirely tight, such as those used with the 
enclosed arcs. The inverted arc with large shade under it is 
suitable for use except in rooms where dust abounds, whi h 
would tend to collect in the shades and take fire when the lamps 
were started. l nverted arcs wou ld also be undesirable in a 
place where there was a large amount of loose combustible 
stuff, such as a picker or card room. 

S torehouses. 
\\There l ight is needed in storehouses, incandescent lamps 

are onsidered the best and safest arrangement. The wires 
may be run about as in ord inary inside work, hut should be 
very carefully protected, so that the storage in the building 
could never derange them. The lamps should be hung on the 
water-proof plan, using water-proof sockets. The cut-outs and 
switches should all be grouped and enclosed in fire-proofed 
cabinets. The lamps themselves should ei ther be so placed or 
so protected by guards that they could not come in contact 
with the contents of the storehouses, as an incandescent lamp 
will in time set fire merely from its heat. 

Telephone , Call Bell , and S imilar Circuits. 
The ar rangement of these wires should be as carefully 

planned as the lighting or power circuits. They should be so 
placed as never to be in the way of fi re streams or ladders. 
Where possible, the private wires about the yard should be 
kept entirely away from lightin~ or power circuits, which carry 
dangerous currents. This entirely avoids the danger of the 
two systems crossing if breaks occur, and dangerous currents 
being conducted into buildings over wires ordinarily consid­
ered harmless. 

\Vhere the arrangement is such that crosses might occur if 
wires broke, protectors should be provided near the point 
where the wires enter the building. Protectors should always 
be provided on foreign lines, and on all private lines liable to 
lightning disturbances or dangerous crosses. 



INTRODUCTION TO RULES. 

"The Nati onal E lectrical Code, as it is here presented, is 
the result of the united efforts of th e various E lectrical, Insur­
ance, Architectural, and alli ed interests which have, through the 
National Conference on Standard E lectrical Rules, composed 
of le legates from vari ous Nati onal Associations, unanimously 
voted to recom mend it to their respective Associations for 
approval or adoption. The following is a li st of the Associa­
tions represe nted in the Co nference, all which have approved 
of the Code. 

American Institute of Architects. 
American Institute of Electrical Engineers. 
American Society of Mechanical Engineers. 
American Street Railway Association. 
Factory Mutual Fire Insurance Companies. 

~=~:~~:\ ~~!~~ia:;oJ'ir~f D~d~r~r~~~~=~s. 
National Electric Light Association. 
Underwriters' National Electric Association. 

PREFACE TO SIXTH EDITION, 

As seen from the above, uniformity in rules has at las t 

been obtained in a most satisfactory manm , . This result was 

brought about by much earnest work and negotiation on the 

part of the '"1.elegates of th e above Associations who were 

charged with the bringing together of all those who are affected 

by electrical rules. 

The interests of all are in a broad way identical, so that 

it i believed this formal co-operation will be of great mutual 

benefit. 

The new code does not materially modify the actual re­

quirements for factory work given in all the previous editions 

of the E lectric Rules of the Factory Mutuals. The rules have, 

however, been newly classified to secure more logical arrange­

ment, the old classifications made in the earlier days of electri­

cal development having become generally unsatisfactory. 

1 tis impracticable to prepare a set of rules which will wisely 

cover every case, and the applications of electricity are still in 
5 , 
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a state of frequent change. If, therefore, in any instance it 

may appear th at these rul es do not cover th e peculiar exis t­

ing conditions in the best way, we shall be ready to give it 

special consideration. 

W e have, as in our first ed iti on, added a running com­

mentary upon th e rules, in the form of foot notes, in order 

to make the reason for each ru le more clear, and to point out 

the special danger which it guards agains t. 

To enable one not specially famili a r with electrical matters, 

or too busy to g ive but a few minutes to the subject, to quickly 

gain an idea of th e rules, we have printed next the front cover 

a brief abs trac t of the requirements applying to average Fac­

tory Mutual work. 

The notes on wiring added to th e rul es with this ed ition 

were designed to make clear points whi h our inspections show 

are frequently not fully comprehended. They will, it is believed, 

be of valu e to all , but especia lly to those with li miter! experi­

ence in electrical work. 

The notes in conne tion with the ruks and cuts have bee n 

prepared in consultation with Professor Willi am L. Puffer, of 

the • lcctrical Engineering epartm ent of th e Massachusetts 

Institute of T echnology. 

August, 1897. 



GENERAL PLAN 

GOVEltNING TTTE ARJtll.NGEJIIENT OF R ULES. 

CLASS A. - Central Stations, Dynamo, Motor and 
Storage- Battery Rooms, Transformer Sub-stations, etc. 
R ules 1 to 11. 

CLASS B. - Outside Work, all systems and voltages. 
Rules 12 and 13. 

LASS C. - Inside Work. R ules 14 to 39. Subdivid ed 
as fo llows : -

G e ne.·"1 Jtules, applying to all sy tems and voltages. 
Rul es 14 to 17. 

0 ons t,u,t-Cu...-ent systems. Rules 18 to 20. 
0o,ut,.ut-Potentln.l systems: 

All voltages. Ru le 21 to 23. 
V ltage no t over 300. Rules 24 to 31. 
Voltage betwe n 300 and 3500. Rules 32 to 37. 
Voltage over 3500. Rules 38 and 39. 

CLA s D . - Specifications for Wires and Fittings. 
R ule 40 to 03. 

CLASS E. - Miscellaneous. Rules 64 to 67. 
CLA s F. - Marine Wiring. I ules 6 to 80( otprinted). 

The Ru! s are printed thus: - (Must be located in a dry 
place.) 

The fin e-print notes belonging to the National Electrical 
Code are in the mail er fine type, thus:-

(A hig h-pol ntial nirt. hinc w hi ch, on account of g reat weight or for other 
reasons, an not have its frame in su lated from the ground, s hould.be s urrounded 
w ith an ins ulated plntfonn, etc.) 

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

(If goncrntors nro nllowc<l to become wet there is likelr to be more or 
Jess cbaiTl ng or burni ng or the cotton lnsulutto11 of the wires, due to the 
fact that shclln ·cu cottou when wet, etc.) 



GENERAL SUGGESTIONS. 

In all electri c work cond uctors, howeve r well in sulated, 
should always be treated as bare, to the end that under no con­
diti on existing or likely to exist, an a groundin g or short 
circuit occur, and so tlrnt a ll leakage froni onductor to con­
ductor, or between conductor and groun d, may be red uced to 
th e minimum. 

In a ll wirin g spec ial attention mu. t be paid lo the mechani­
cal exe ution of the work. areful and neat running, onne t­
ing, soldering, tap ing of conductor~, and securing and a ttac hing 
of fittings, are specia lly conducive to sec urity and efficiency, 
and will be str ng ly ins isted on. 

In lay ing out an insul at ion, except fo r onstant current 
systems, the work should, if possible, be started from a centre 
of clistri buti n, and the switches and ut-outs, ontrolling and 
connected \~ith the several bran hes, be grouped tog th r in a 
safe and easil y accessibl e place, where they an be readily got 
at fo r a ttention r repairs. T he load should be divid ed as 
evenly as possibl e among the bran hes, a nd all complicated 
and unnecessa ry wirin g avo ided. 

'The use of wire-ways for rendering concealed wiring per­
manently access ible is most heartil y endorsed and recommended ; 
and thi s meth cl of ac ess ible con alee! onstru ti on is advised 
for genera l use. 

Architects are urged, when drawing plans and spec ifi a­
tions, to make provision for the hanneling a nd pocketing f 
buildings for elec tric light or power wires, and in specifi a tions 
fo r electric gas lighting to require a two-wire circuit, wh ether 
the building is to be wired for electric lig hting or not, so that 
no part of th e gas fixtures or gas piping be a llowed to be used 
for the gas-lig hting circuit. 



RULES. 
"NATIO NAL ELECTRICAL CODE." 

CLASS A. 

STATIONS AND DYNAMO ROOMS. 

I 11 c l11des Cen tra l Stations, Dy11amo, Moto r , and Stor age 
Battery Rooms, Transformer Sub-Sta t ions, Etc. 

1 . Generators. 
a. Must be located in a dry place. 

l I' go11 crnto r s 111·0 11llowod to hcco111c w et th ,·o i s likel y to bo moro or 
1ess churring or bu1·11ing or tb e cotton l11$ulntion of t il e wir·cs, due to the 
fnct th11.t shelluuod ,·otton wh o11 w ot wi ll conrluct ol •ctl'i ci ty. Jn t1111 0 t h · 
current l oll ki11g ovo,· th is moi st contluc tlng pnth whi ch Is constnntly b eom ­
iui; hotto r , clue to th I' rn111ti o11 o f !'Oppc,· suit s by el ctrnl ytlc action , will 
vrodlH' 1111duu un<I xcesslv hcu.t.lng, o r even .f usion 01' som e of the 
m ct11 Ille p1t1ts. 

b. Mu t never be placed in a room where a ny hazardou · 
process is carri ed on, nor in places wher th ey wou ld be exposed 
to infl amm able gases or flyin gs of combustible T)1 a leri als. 

/111y g n •rntor Is linhl c to p1·oduco spnrks tr b11tl l y rl es lgned, Improp-
erly li1111 1llod , 0 1· ovcr l nd od . uuh spul'kM aru or suflic ie11t, l 11 tcnsll,y to so t 
/ire to ,. •11di l y l nll111111n111JI • gns •s, dust, l111t, o11s, 11 nd tl, e Ilk•. 

c. M ust be in sul a ted on floors or base frames, which must 
be kep t fi lled to prevent absorpt ion of moisture, and a lso kept 
clean and dry. Wher fram e insulation is impra ticable, the 
Inspection Department h av ing jurisdiction may, in writin g, 
permit its omission, in whi h case the fram e must be perm a­
nently and ffe tively g round e I. 

A high.potential m:ichiru.~ whi h, on a · ·ou nt of great weight or for other 
re:lsons, an not have its fr:tmc insulawd fro m 1"111,;: grou nd, shou lrl be s urrounded 
with :i. n insulated platform. This may he made of wood, mounted on insulated 
support s, and ~o arrnngccl t.hat a man mu st a lways sta11cl upon it in order to 
touch :iny part of lhe ma hin c. 1 

Jn case of a machin • hav in g an in ulatccl frame, if there is trouble fro 111 
static clcctri ily clue to belt fi'i ·t io11 1 it s hould be overcome by pl aci ng near the 
belt a metal Ii ornb co nn· ·tcd wi th the earth, or by g rounding the frame 
through a very hig h r ~s istan cc of n t less than 200 ohms per volt generated by 
the machine . 

'l'IJ o object o f th o ru le I to keep th e genemtor completel y insulated 
from th· g round. 13.Y "ground " I to be under stood the e,irth, wnlls 01· 
Hoor s or 111aso11ry, pipes o l' 11.ny kiJHl , iron ber,m s an d the like. A woouon 
base, ir w et, covere I wi th o i l n.ud mctnl dust, or one with th e rl y nnmo 
holcling bol ts pnssing ent11·el y through it, affords lln opportunity for an 
escape o r t he current to t ho ground . A good hn.r d and clurnble fini sh l'or 
the frnme can 1,c made by severnl con.ts of linseed oil noel tt fini sh co11t oe 
shellac o r hnl'(] vnml h . 'l'be danger feared if any part of the J'rnm e of the 
generator Is gr uncled i s that a slight faul t in tbe insulation of magnet or 

9 
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I. Generators. - Co11ti n11ed. 
al'mntul'o coi l s ts llkol y to g r ouncl tho ol cctrlc system, cnuslng th en n short 
circui t , with it nccompnnying dnnger s, the tnstnnt nny oth er gl'ouncl occurs 
on nny pnrt o f th e circui t. 

I t Is best to pro vide It solid t im ber frnm e even wi t!, a woocl cn floo r, 
fol' It i s di lli cult to be sure thnt even 1t dl'y fl oor will furnish J err •ct 
lnsulntlon by r en on of the mnn,v nail s dri ven through it, the pipe h t111)(C l'S 
likely to be cr ew ed into i ts under !tic, nml t he mu11 y other possilJlli t i cs 
o f m etnlli c ·onn e(' tion to t he g round . • 

'l'h timber l'rnme should gcnerull y rnl sc the gencrntor scvcrn l in ·hes 
nbove th o fl oor l eve l , ns i t i s Cll si er to kcc1 it rnl scd frnm e surel y tree 
from motn l dust, oil , clumpnc s, otc. 

When gonorn,tor s IU'e coupled 1llrect l y to engines 01' wnter wheels, 
It Is 11 ecossn ry to use nn i nsulnti ng co uplln!( if th o frnm cs n1·c to be h1 su­
lat cl from tho g r ouncl. 'J'he i nsn lntlon o f such couplinp Is not entl r ·l y 
r clln.bl o, ns t ho v ll.Jr1'Lt l ons, ·hock s, nml co nslnnt strnfn o l 1l r lvl 11 )(, toge ther 
with oi l nn(I dirt, nre vor y linhlo to d e tl'oy th e lnsulnting 1111Lterlnl. 

Wi th ver y lnrgo nnd h nvy gen rutor s I t is o ft n prncticnll y impossi -
1 l c to nrnlntnl n II h igh lns11l11t1011 between the rr11111 0 111HI th o en,-th, u sl11 g" 
orcll nnry lnsulntlng mutennl. 'l'ho g rcnt w lgh t wi ll 1·ru fih out Ol'<li1111ry 
lnaulutlng 11111tcrln ls, spoiling the lnsulntlon nllll ul lowlng th e frnrn • to 
get out. of ollgnrncnt. 

With ,i groundO(I frnm , th o tn suln t l n r t h system ti pcncl on l h ' 
In ulullon ol' th e tl y n11111 0 cond ucto r s l'rom th o frnm e. 11' thi s brctlk do wn , 
the sy stem IJccorn es g rounder!. Tho fnul t should , o r c·o u1·sc, IJ ,. mc, ll cd 
at 0 11C· • 

1l1h 110,, itive ground ti; re 1ulre<I wh crovc1· frnm lnsuln tlon ts Impos­
sible to p ro" lde n ,rennt t pnth 1'01· tonk currents nntl \i rc "out th o111 esc11pl ng 
through JHH'l8 or n 1Julldlt1g\ etc ., w hcr tit •y 111 t~ hL co h11r111. 

A good )(rnu ,111 cnn ho mnd o lJy firml y 11tt 11 chl11g II wl l'C to t h 1'1·11111 0 
nn,l to nn,v MAIN wutor !Jlpo lnshl t ho IJul l (llng- thnt ts l.l1 or oughly ·on­
nectctl wi th undorgrourH 1 ipos . 'Tho wlr should bo SCl' llt'Cly 11t.t11d1cfl t 
th pit) IJy soldel'in).( I t to 11. urnss pl ug Sl\rowcd Into II rl tttng, lly hl11dl 11 g 
It und r n. houvy split el11mp, o r I.Jy uny oqunll y t11oroug-h 111 cthod . U ncr ­
nll y , with direct coup! (I units, 11 sn I' • enoug" h g ,·ouml would IJo furn l shctl 
t h ro ugh th o ong ltt , or wutcr w l1 cel. 

d. · very con ·ta nt-potenti a l generator mus t be prote ted 
from xcessive current by a safety (use, or equival ent cl evi e , 
of approved design in ea h lead wir . 

'l'hese devices should he pla ·cd on Lhc machine or ns near it as poss ib le. 
, -vhcr the needs or the scrvic · ma ke th sc d ·vi cs im pract1 cah lc, the 

ln sp ction Dcpartn1 cnt h:tving juri sd iction 111:ty, in w riting, mod iry the rcc:1uirc. 
mc nt s . 

I r thi s I not don nn nc ·ldcnt nt t ho exp s <I 111 ot11I purLs or I.he 
w ltt h OI' on t he rnnin nt t bc wltC'l1lionrd 11111 y ,. •suit 111 n short ch·cuit 

nml Is llnlJI • Lo c·nusc the burning out or lh 11rmnt111· •. 
Th e best p ine-• fo t· th e ru. e Is 11 t tho 11111 ·hlu 1tgo1r ns th en It cnn t11k c 

cnro o f nil n!'cld cnl,s outslcle o f lh o 11111 ch lno. t r It Is on I.he awltch bon,·d , 
t he wires between It null the 11111 ·hh1 0 111· I tull y u11 111· rcct.cd. 

e. Must each be prov ided with a waterpr of cover. 
'l'hl s ts to !Jrote ·t t hem w h en 11t,. •st 1'1-om wntor n nd nny oth er fn lllu g 

or fl y ing 11,me,. n l , 11ncl ton (ls to pl'event aol'lous clnmn ge to th em If tL n ,·e 
nny wh •r ·· cuuso n. th orough w etting down of nny ,·ooms 1Lbovc them . 

f. Must each be provid cl with a name-plate, g iving the 
maker' nam e, th e capa ity in volts and a mperes, and normal 
speed in revolutions per minute. 

Tho nu me-pinto bow s oxnct ly whnt th e 11111 hln wn s d sign ed r r. 
~ uch lnl'ol'mnt.lon ts often or g r nt convonl nc I nnd nlso tcn<ls to /,r •vent 
ovornttlng, either from lgnornnce, or I sir to mognlfy tho 111 r ts or rL 
mn ·hlne to hcl1, 11. sulc . 

Ammeters and Voltmeters . 
.rt i s ndvlsc<I t hnt ever y const11nt-poto11tlnl gen rntor hnve, In its 

nrmfLtul'e circuit, n r clinbie n.mm oter, wh ich shnll be cl iirly marked to 
tudtcuto tho full l ond of tl1c 11111 ·hlne. 

Mike
Highlight
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1. Generators. - Cont'inue<l. 

Ammeters are m11de to inclicute the amount of current given out by 
the gene rator, and they show Instantl y If there is any undue Ion.cl , uch as 
would be p ro(lucecl If too man y lam ps we1·e put in circnit, or if th ere was 
serious loss or cutTOnt 'from poor tu sulnt1on or wires . 

lt is alwnys cleslmble to bitvo an umm ete r o g raduated that n fu II 
scnl d •ll ectlon co r1·ospouds to " [ull load , .ro ,· wh en severnl machines of 
d iJfcreut s izes arc runnin g In paralle l, each machine will lie doing Its share 
o l' th o work wh en th o umrnctcr I oiutc.rs nre i1.1 sirnilar position. 

Jt i 11l so IJest to pro vide a 1·c lh11Jl e voltnm e ter as a fix ture on n swltch­
bonrrl, 11ud to hnve It so nrrnngecl ns to show th e voltage eithe r o f th e 
<ly1rnn10s, or ol' any oth er cl es irn,ble part o r the system, and 11.lso the voltage 
uctwcen th e positive or negat.ive wire and t he enrth , thus se rving as one 
of th o most uccurute g round detecto rs. ( ee !fig. 12, pugc 7S. ) 

2. Conductors. - From generators to switchboards, rheosta ts 
or other instruments, and th ence to outs ide lines. 

a. Must be in plain sight, or re adi ly accessible. 
o tha t any kin(! o f nn ncc ill ent which mig ht i11q, pon to th e wires mny 

be notlcccl nnd repnlrs m11.de 11t once . 
'uch mu in c nductors in tmm cdi11te (~onnectlon wiU1 tho source of 

powo,· must be trc11tccl 11 s es p c l11il y clnngel'O us, because the wh ole cupu c-
1ty o f th system wo ultl be co n ·ent1·11 totl In th em shoul(l nny arc stnrt or 
11ccldont11i ·ontnct !Jo mn.tl o. 

b. Must have an approved insul ating covering, as called 
for by ru les in Class " C" for simi lar work, except that in 
central stations, on xposec\ ircuits, th e wire which is used 
must have a heavy braided non-combustib le outer covering. 

Bus bars may be made o( bare metal. 
( co wl tch!Jonrcl s, pnges 61 to 69, fo r cuts 1111d gcnc l'lll suggestions.) 

c. Mu t be kept o rig idly in pl ace that th ey cannot come 
in contact. 

1'o prevent short circuits, with th ir nrco mpnn y lng dnuge rs, whl ·h 
nrc g ron.t wh ore su ·h lnrgc cun·entB nro av11ll111Jlo . 

It Is 11.lso o l'ton nocesa11 1·y to se 'Ut' • th o wires ngnlnst u chl ntnl 01111 
cn,·eloss kno kin g from litdders, belts, e tc., in th e hands or though tless 
WOT'k nl OII . • 

d. Must in a ll other respects be installed und er the same 
precautions as required by rules in lass " " for wires carry­
ing a current of the same volum e and potential. 

3. Switchboards. 
(Seo wltchbo1tnls , p11 gcs GI to on, for ·uts 1111 l gene ral sugge tlons.) 

a. Must be so plac d as to reduce to a minimum the dan­
ger of communicating fire to adj acent combustible material. 

Special attention is cu ll ed to lhe fact that sw itchboards should not be 
built down to the floor, nor up to the ceiling , but a s pace of at leas t ten or 
twelve in hes should be left between the fl oor and the board, a1,d from eighteen 
to Lw illy-four in hes b tween t.he ce iling and the board, in order to prevent fire 
from co 111111u11icrLtin g from the ~witchboarcl to the floor or ce ilin g , und al so to 
prevent th forming of a partially co ncealed s pace very liable to be used for 
s torage of rubbis h and o ily ,iJas te . 

Arcs aro alwa ys forn1ed when a switch curry ing n current is openecl, 
and with very !urge Oll t'l'Cnts It som etimes buppens tlutt the entll·e switch 
may be com 1, lote ly molted , either by un accidentally large current o r by 
the ore pro lucccl upou opening the switch while th e current is too large . 



12 CI ASS A.-STATIONS. 

3. Switchboards. - Conti'11ted. 

Lnrge fu ses often plnc,ecl on switchbonrds 11,lso nre . ou recs of <lnngcr, 
fo r wh en on• opens, rn cltocl metnl is som •tim es thrown violc11tly nil nbout, 
nlso, iu poorl y tl osig 11 od fuse i.J locks, urcs sorn ctlni cs urnin tniu nrter Lile 
iu ·c molts, ,ind ii' th ey hold long enoug h will hent t he ru e blocks ,·cd-hot. 

b. Must be made of non-combustible ma teria l or of hard 
wood in skeleton form, fi lled to prevent absorption of moisture. 

':rhe object is to l'Cduc til e combustil>le materia l ton mi11imurn. 

c. Must be accessible from all sides when the connections 
are on th e back, but may be placed against a bri k or stone 
wall wh en th e wiring is entirely on the face . 

J f w i ri ng Is on the back It must be ncccsslbl c for rupni r s or cxnmi nn ­
tion. A !though wll"ing he on tho fncc, a free open nir spnce at the bnck o r 
th bol1r<1 is sti ll d csi 1·111Jlc. 

d. Must be kept free fron\ moisture. 
Wnter n II swltchuon ,·d is llu bl to protl u<·,c sel"ious L>-oubl •, ns IL Is 

nlmost<·crtn in to stnrt n r <"S over th o surl'l\ to or all th ln~ul11tl11g cov •r in,-;-A 
1111<1 ovor the IJou rtl ftse lr, 1'or wutcr soakod i11 sulnto1·M bct·o 1u • imp•l'f•t·t 
condtu·t rs; rn cn· •ovo1·, n. current wil l run over n f11111 or w11ler 11l)0n a, 11 0n. 
111 so rptlvo i 11 s11l11lo1· l ike g l11 ss, pore l11111 or hnrd 1"11 i)ho1·. ' I'll l c11k 11go c·u ,..- nt will 1,y electro l ytic :t,·tion form suit or cop tJ ,. ov •r tho su,·fHce o r 
the llu;u luLi 11~ p111·ts, i11(·1·cH lug the I 11kug-u hy 111 1tkin1,; t.11 l lll OX('t:•lllHJl, ('O ll · 
duet.o rs, 1111tl th• i11ovlt11t,I • n •sult s will Ile t he dcsLnwtlon of th w •nkcst 
purt, be it insulnlion, wire, or tlynn.mo. 

udcr su.-t, 1·1>11<lllio11 th re wuuhl ue grcnt 11"ngor or lho nttcn<ln nt 
1·ccolving severe sho~ks. • 

c. Bus bars must be equi pped in accordance with rul es 
for pl ac ing ndu tors. 

4. Resistance Boxes and Equalizers. 
( For constr,.ction ,-,,/es, see Ko. GO.) 

a. Mu t be placed on the switchl oard, or, if not thereon, 
at a distance of a foot from mbustible mate ri al, or sci ara tcd 
th erefro m by a non-inAammablc, non-abs rpti vc, insulating 
material. 

It •sl st1111 co I.lo x •a shoul<I he eo 11 aldo1· •(I us st v s, whh-h under somo 
c·o 11 tlit.lo11 s rnn y b ~<·0 111 0 red .hot, 1111d l'ro111 whi<'h dropH ol' li eu t d 111 clu l 
muy full, or ov •11 11 y. 

5. Lightning Arresters. 
( Fo,· co11st1·1tclio,i 1·1tles, see No. 68.J 

a. Must be a tta heel to each s ide of every overhead cir uit 
c nn ect cl with the station. 

Jt is rccom 111 •nd •cl t.o all el · ll'i light :111d p wer companies that arresters 
be con nected at intervals over systcllls in su h numb<.:rs and so located as lo 
prevent ordinary discharge~ entering (over the wires) buildiugs connected to 
the lines. · 

'J'h kind nn<l dcgr e or p1·otcct1011 ne<'essn ry <I ' IJ n,l s lnrgel y on 
·lrcu111slu 11 ·cs. 

A silo1·L out-door lino from 011 bullrllng of II mill p l1111 t to nnolhc ,· 
,viii often 1·cq ula· • nothl11 g, whil e n. long ovc1·lt •nd llnl' t.111 ·ou~h n11 open , 
cxposctl (}Ountry will g-:--. n rn ll y 11 ccd t.h o most cu rorul •11 gln · 1·h1g to 
s cure .-cnsonnhl o froodom l'ro111 lightning dlHl,urb11ncos. 

'L1hc most cornm on dovit • is th• lightnl11g 11r1·osL01·, whlt1h I In prilwt . 
pie m er el y a s1>nrk gnp, u ros whi ch th hlgll potcnt l11 I lightning d,nrgo 
will puss to " point thomughl y connc ·tod to tho eu ,t h 1111<1 t.hus rnnch I.ho 
g round . 



MOTORS. 13 

Ii. Lightning Arresters . - Continued. 

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. 

Stati9n arresters l;\ hould generally be placed in plain s ight 
on the switchboard . 

J n a ll case , kinks, coil s and sharp bends in the wires 
b etween the arres ters and the out-door lines must be avoided 
as fa r as possible. 

T l10 111·1·estcl's should be so nccc. si!Jl y locutcd t11:1 t th ·v m:ty !Jc cn sily 
cxnmi 11 ucl 1'1·0111 tim e to tim e, nnLl should n.lwuy::; he isolttl.Cl) fro111 l'Ombu d­
tilJlcs, as sp1trks arc produce(l whenever the nrrc:,tcr opcrntcs. 

c Must be connected with a thorou~h ly good and perma­
nent ground connection by metallic strips or wires havini a 
conductiv ity not less than that of a o. ti B. & S. copper wire, 
wh ich must be run as nearly in a straight l ine as possib le from 
the arresters to the earth connection. 

round wir s for lightning arresters must not be attached 
to gas pipes within the buildings. 

Jl is ofLcn dcsirahl to introduce a choke <;oil in circuil between the 
nrrcstcrs and the cl y 11 :11110. In no .. ase should th e ground wire frn111 a lighl11ing 
arrester be put into iro11 pipes , as these would te nd to impede the di scharg-e . 

{, cc L ightning 1\ rrcsl. r Uround s 11 1HI Choke oi ls, png s i0-74, for 
cuts nnli ge n •rn l snggcstlon8.) 

0. Care and Attendance. 

a. A ompetent man must be kept on duty wher genera­
tors are operating. 

b. ily waste must be ke1 t in approved metal ans a nd 
removed daily. 

Approved wa ste cans sh:dl be made of metal, wit h legs raising can three 
i11 hes fr 111 the floor, and with self-closing coven:; . 

7. Testing of Insulation Resistance. 

a. All circuits must be provided with reliable ground 
dete tors. Dete t rs which indicate continuously and g ive an 
instant and perman nt indi ation of a ground are preferable. 
Gr und wires from detectors mu st not be attached to gas pipes 
within the l uil cling. 

( c U 1·ouncl Detectors, pnges 76-79, for ·uts nnd gcner:il sugges­
tions.) 

b. - Where continuously indicating detectors are' not feasible, 
th e ci r uits shou ld be tested at leas t once per clay, and prefe r­
ably oftener. 

c. Data obtained from all tes ts must be preserved fo r 
examination by the Inspection Department having jurisdiction. 

These rules on test in g- to be applied at such places as may be des ig nated 
by the l nsp ·lion Department having jurisdiction. 
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8. Motors. 

a. Must be insulated on floors or base frames, which must 
be kept fi lled to prevent absorption of moistu1·e, and must be 
kept clean and dry. Wher frame insu lation is imprac ti cable, 
the Inspection Department having jurisdiction may, in writing, 
permit its omission. in ' whi ch case the frame must be perma­
nently and effectively grounded. 

A hi gh-polentia\ machine w hich, on ace unt or g reat weiµht, or for other 
reasons, ca nnot hn.vc its rnun c insulated, s hould be surrounded with an insu­
l rLtcd platform. This may be made or wood, mounted on insuln.ting- supports, 
and so arranged that a man 111u st stnncl upon it in order to tou h any part of 
the machine. 

l n case of n. machine hav in g :111 insu lated frame, ir there is trouble from 
static electricity due to hclt fri ction , it should be overcome by placing- near the 
belt a metallic co mb connc tcd to the earth, or hy grou11dinJ! the frame through 
a very hig·h res istance of not less than 200 ohm s per volt generated by the 
mach.inc. 

For the nmc r onson tbnt slmllor r qu lr m nts w re rnn<le for g n ­
crntors. (No. l c.) 

b. Must be wi red under the same precautions as requ ired 
by rul es in lass" ," for wires carrying a current of the same 
volume and potential. 

The: leads or bran ·h circuits should he designed to carry a current at 
least fiftv per cent. greate r than that required hy the r:ttcd cnpn ity of tl1c mot r, 
to provid • for the inev ,tnblc overloadin g of the motor at times without over. 
fusin g the wires . 

c. The motor and resistance b x must be prot cted by a 
ut-out and controlled by a swit h (se No. 17 a), a id sw it h 

plainly indicating whether "on" or "off." Where one-quarter 
horse-power or less is used on low-tension ircuits a s ingle-p le 
switch wi ll b a epted. The swit h and rh eostat must be 
located within sight of the motor, x pt in su h cases where 
special permission to lo a te th em I ewh ere is given, in writing, 
by the In. pection Department having jurisdiction. 

' l 'h o ti ublo-Iio l o swltr,h is 11 orossnry l'or n tl,· l _v cll s1·011 n otl 11g t ho 
m tor wll(•n not In us , nud th o t·u t-o ut to prot ·ct. th· mot 1· from ox ·cs. 
slv cu1Tont ~ du• to ncch.lcnts or cur •less lu111dlt11g wh •n sln,·Ung. 

d. Must have their rheostats or s ta rting boxes located so 
as to con.form to the requirements of Rule 4. 

Jn con n ction with motors the use of circu it breakers automatic s tartin q­
boxes and automatic under.load sw itches is recommended, and they must be 
used when required. 

Such r h ostn.ts u.r gencrn liy used only whil e st11r tlng, Hntl t he <·om­
m rein ! prnctlco Is to mn7'e thorn ns snrnll " possibl e, been use tho tlmo 
,·cqutrcd to stnrt " · motor i s gc,,ci,·n ll _v so sho,·t t hHt the rh costHt wi ll not be 
dn11, rously hm1tc I by the stnrtlng current. uch rh eostnts Hr <lnngorous 
from u fire point or vlow, b ·cn n e if the ·u1..-cnt ts iillow cd to fl ow through 
thorn too l ong th r Is oxces Ive 1, cntl ng nncl o l'tcn r-uslon or Ro me pHt't of 
t ho rh cosl'tLt; i t ts to be 11 otccl t hnt t he sttfcty fu ses r cq ult·e(I bv th motor 
will reHclt l y c11 rr.v ·u1T 11 t enough to melt the rh eostat, so t hn t th o rhcostnt 
Is n t protc ·tecl ut nll by the fuses. 'l'o be sr,rc 11 r heostat should hnvc as 
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. Motors. - Cont inued. 

ln rgc n cn rry ing c11 1lflcity ns the moto r Itself, or be so cq ui1,1,cd with n 
stro ng spring throw nttnchmcnt so thnt it ls mechnnicnll y 11111,osslblc to 
kcc ,, t ho ·a1Tent on it long ono u •h to bum it out unl e s purpose ly held 
th ere. 

e. Must not be run in series-multiple or mu ltiple-series 
except on constant-potential systems, and then only by special 
permission of the Inspection Department hav ing jurisd iction. 

uch nrrnng •ments or motors nrc uot'n ll owc,1 on nrcount of the high 
voltnge use l with HPJJnrntus dcf:l lgnctl only for lower \IOltngos. 1\l onJov01\ 
in thcso meth ods o f' runni11g\ if ono motol' fn.i l , the others mny get nn 
excessive CUl'l'CnL, wit.II th dnngor of n burn -out, or aovcre urcing, uol ss 
protecting device - which cnnnot nlwnys bo re lied upon - work. 

f Must be covered with a water-proof over when not in 
use, and, if deemed necessary by the l nspection Department 
having jurisdiction, must be inclosed in an approved case. 

Froin the nature of the question the deci s ion ns to what is nn approved 
case must be left to the I nspecti on Ocp:Lrlrncnt having jurisdiction to determine 
in c;1ch instance. 

Casing might iJ 11clvisnblo, Ir " motor wo re ne c Hftrll y run In the 
vi ·lnlty or co,nuustibl s , o r It' In 11 very <lustv, cll r ty, or wet pince. 

uch en ·cs sho uld gen r11ll y lmv ,:onsldcrnbfo g l11 ss In them so thn t 
th e moto r 1111,y IJo 11 lw11y s pin Inf)' vl sll,1 . 'rl1la I •sscns the !'111111co o t' Its 
liclng neglected, 1111<111llows 1111 y dornn, rn nt to bent 0111·0 not! ·ell. 

g. Must, when combined with cei ling fans, be hung from 
insulated ho ks, or else there must be an in sula tor in terposed 
betw en the motor and its support . 

.Fo,· th Rltl ll O l'CltSOll S /IS g iven uml r I c. 

It. Must each be provided with a name-plate, g1vmg the 
maker's name, the apacity in volts and amperes, and the nor­
mal speed in revolutions per minute . 

.l!'or tho snmo reasons us gi vcn under l f. 

0. Railway Power Plants. 

a. Must be equ ipped in each feed wire before it leaves the 
station with an approved automatic ci rcuit breaker (see o. 52) 
or other device, which will immediately cut off the curren t in 
case of an a cicl ntal ground. · This device must be mounted on 
a fire-pr of base, a nd in full view and reach of the attend ant. 

A rrrngnotlo ch· •ult lll'cnke,· ts prcre rrcd to ,, sa rcty ruse, ns It nets 
qui ker, la rn or rollnbl ' 11 1101 cn n l.>o qui ·ker nn(I more safely rc r,1t1c cl. 

10. Storage or Primary Batteries. 

a. When cti rrent f r light and power is taken fro'm prim ary 
or seco ndary batteries the same ge neral regul ations must be 
observed as appli cl to im ilar apparatus fed from dynamo gen­
erators developing the same d iffe rence of potential. 

, l.lcm.u o chn,·g cl s torage b11tto ri es huve in them nt n.11 times n htrgc 
a.mo un t or s to1·od energy nnd sh uhl thercfore be t reated us carefull y ns 
dynnrnos of hnll11r o ut.pu t. 

b. torage battery rooms must be thoroughly ventil ated. 
llecnu o t he nctlo n or the current in chargi ng li bera te ut times lnrge 

qunntltlcs or hydrogen nnrl oxygen, maki ng, under possible conditions, 11n 
explosive mixture that might be exploded by any accidental svark. 
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10. Storage or Primary Batteri es. - Conl-in1'ed. 

c. Special a ttention is directed to the rules for rooms wh ere 
acid fum es exist. (See No. 24} and k .) 

d. All secondary batte ries must be moun ted on non-absorp­
tive, non-combustible insul ators, such as g lass or thoroughly 
vitrifi ed and glazed porcelain. 

Fol' t.hc same rcnson thnt (l y-11 umos n.rc i nsuln tctl ; wood, however, wi ll 
not stnncl t he nci Ll 11 ml w 11.ter f r eely used 11bout stonl!(O butteri es, so t hn t 
either g iuss or porcc l11 i 11 l nsuint.or s or spe ·ial cl csign 11r e used. 

e. The use of a ny metal li al le to corrosion must be avoided 
in cell co nnections of secondary batte ri es. 

n en use th o rtli11 11 r y c: urrent s In use might cnsll y bul'll ut II conn ec­
tion r cdu •etl In 11rc,1 l)y corrosion . 

11. Transformers. 

(For constr11ction ntles see No. 62.) 

a. In central or sub-stations the transformer must be so 
placed th at smoke fro m the bu rning out of th e oil s or the 
boiling over of th e o il (w here-o il fi ll ed case are used) co uld lo 
no harm. 

H th l nsui11 tlo 11 In II t 1·1111 sro l'll1 ,. 1J1· •11ks dnwn, 11 donso sn,ok n,11 y 
l> Jll'O!l uuctl nntl , wilh oil 1Jll ctl cases, hent en ,ug h 11 111r l, • <I ,, lop d 
to !Jo i) OVll l' t he Oil H ild p •rh :l))S S t it On fi r . 'l'he 8111 0k0, t houi;h not 
li kuly t·o cau se 11, lire, Is npt to !Jo m lstnkcn !'01· one. W ntcr t s t hrown on, 
nwl n. hcn.vy wut 1 t' lo~s 111 11y fo ll ow. 
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OUTSIDE WORK. 

A ll Systems and Voltages . 

t2. Wires. 

a. Se rvi ce wires must have an approved rubber ins ulating 
covering . (See o. 41.) Line wires, other tha n se rvices, 
mus t have an approved weath er-proof or rubber insulat ing 
covering . (See No. 41 and 44.) A ll t ie wires must have a n 
ins ul at ion e 1uai to that of the conductors they c nfi ne. 

lll fn ·lorics hn.ving ·pri vnto plnnts, the ynr<l wir s running f rom 
lrnll c.1111 ~ to l,ull(.(i ng nro uot. goncrall _v 4'onsld •red ns 80rvl cu w ir 8, so tha t 
rubb r 1nsul11 tlon would not he requi red where cnt ~,·ing built.ling- wh en 
not. rcquil·ctl fur all o f' the inside wor·k. r:rhc .l'C(/u lromcnt l'o r ruhlJcr s •r. 
vie •s wn s spe ·il1ll y 11lrn c'1 11 t t11,ps from puu I· ll11es o ften w i t ll gr out 
~ ,pa<'ity heh ind tho111 , so thnt tho vc1·y l.>cst wire IR dcs intb lo. 

Bure lino wlr s will , or course, IJ • ponni ttc<I through uninhnlJitcd un(l 
I solated tc1Tl to rl cs frt'o t'rom 11 11 othor wire , us In s11ch pl oces wire covc ,·­
lng wou ld IJe o t' no use 11 ,; It I s not r elied 011 J'or l11 sul11tlon nnd l s not 11 0 •d •ti 
l'or ot.hcr purp sos. 

'L' hc ohj C<·L o f I 11 sul11tl ng th e wl r os Is t,0 Insure 11 g11 l11 st trouulc pr ocl ucetl 
uy 11 11 1rncld o11l11l co 11t11ct o t t wo wlros. lllgh-g radu r111Jbe1· lnsulntl11 g co v ­
urf11 g l'o 1· tll • wires IH 11 ot d •111t111d ct.l, IJ cu.u c tlte po,.mnuunt i11 sulutlon of 
t he wlr •s frorn th ' g 1· u11d Is 11 ssur •d hy t ho g lnss 01· po i· ·el11l11 In ul11 tors 
to whl ·h the wlr s 11r 8Cllurcd . A mech1t11i cn ll y strong 11ml d ur11l, l e 
c·ovorlng Is 1·c,1utr •d to 1>r •v •11 t u,·tu11I metulll co11l11ct bctw c n t he wl l'C 
t11 m e lves or uny forolg-n wire. 

b. Mu ·t be so placed that mois ture cannot fo rm a cross­
onnection between th em, not less than a foot apa rt, a nd not in 

conta t with a ny substa nce oth r tha n their insul a ting s upports. 
ervice bl cks must b overed over their entire s urface with 

at least two coats of waterproof paint. 
To p1· •v(.m t wntcr from forming n. short ci1·cul t, ns well as to gun.nl 

ng11t11st u ·tuul co11 tuct µrotluc •d by t he swn y i11g ot the wires by t he win I. 

c. Must be a t lea t seven feet above the highest point of 
Aat roofs and at least one foot above the ridge of cl.itched roofs 
over whi h th y pass or to which the y a re attache . 

So th11 t 111 ·11 c11 11 w11lk on th e ,·oo l's without l11111 ger ; nnd, n.l so , so thu.t 
und r 110 co11dltlo11 s co uld t hey s11g 1md touch the r oo.f. 

d. Must be protected by dead insula ted g uard iron or 
wires from possibility of contact with oth er conducting wires 
or substances to which current may leak. Special precautions 
of this kind must be taken where sharp a ngles occur, or wh ere 
any wires mig ht poss ibly come in contact with electric light or 
power wir s. 

Tho g unnl Irons prevent the wire from fu.Ulng nny di stance sboulcl the 
tnsul1tto r 1,1 11 give wny or the lnsnln to r be brok en . 

'l'he gu11nl wires prevent t he wire from coming in contact with other 
wires shou ld t hey ureu.k 11ncl J'ull on them. 

17 



18 CLASS B. 

12. Wires. - Continued. 

th e,· wires over wl1ich high potonth1I wires mny be strun, should 
in turn be prov itlod w ith guard wiros. 

Jt is spec'lrilltJ cl si'ra,ble ·when <irN1,ngin{J wfres 'i:n 1nill 11<i1·ds to avoitl, iu 
every possible cnse, crossing other w,:r eN, eithe,· 'U,nder 01· over them,, Crosses, 
when unct.'voi<lable, shoul<l be ma.de n r.c, rlu r,,t 1·l9ht a,ngles, tinll the urule1· w·lres 
slwulcl be prot ected by st,·o ng g11r11·fl wi,·,s . 

I f this ts not done, th e IJrcnklng or sagging of II wiL'C mny l'CSuH in 
conta ·ts w hich could end ·u1Tcnts over the other wires sufllclent to cause 
fire ancl oCton ondunger Ii re . 

e. Mu ·t be provided with petticoat insulators of glass or 
porcelain. Porcelain knobs or cleats and rubber hooks will not 
be approved. 

'l'h e sur fuce of porce ln l n kn ob. or cleats Is not free from moisture 
du ring lt 1·nli1 1 n1Hl t11 cy nrc, th c1·c l'o1·0, prm·tlcu 11 y of no use n 1111 iusulutor 
In wet w enth or . '.l' he petLi • nt lnsulnr r wil l nonrJy ulwnys hiivo ,i (11·y 
space uru.Jern cnth tts umlJre lln -ll kc I wcr edge, und cv n if not dry th o 
l cugth of tho puth oifcl'Cd to 1111 csc11 pl11g ·ur,·ent Is very grcni,. 

f. Must I e so spliced or joined as to be both mechanica ll y 
and electrically secure without solder. T he joints must then be 
soldered to in sure preserv;ition. and overed with an insula ti on 
equal to that on the conductors. 

All joints must be solc..lercd, even if made with some form or putcnt 
splicing devi c. T his ruling ap1>lies lo joi11ts and splices in all classes of 
wiring covered by these rules. 

A poo,· jo int o ffer s g rcnt r osl st1111c' 1111d c,1.usos, onsoque11tl y , much 
h o11,tl 11g, th <> ,·osul t o ftou L>eln i; 11 co 111 pl c1, 1Jurnl 11 g o ff of the wire. 
go <.I mcchnu lctd Joint i g 1·equir (I for stro11gth should the so l I 1·l11g g ive 
"'"Y or be ·0111 e co ,.,.octud by irnc s of 11 ·Id used l11 soldering. 

g. Mu ·t, wh ere th ey enter bu il di ngs, have drip loops ut­
side, and th e holes th rough whi h the co ndu ctors pass must be 
bu ·heel with non -combustib le, non-ab orptive insulating tubes 
s lanting upward toward th inside. 

( ee B ush i ngs, t)1Lges 0-81, ro ,· ·uts 1111 (1 g' 11 m l sug/ol'osU011 s.) 

It. T elegraph, Telephone and s imi lar wires must not be 
placed on th e same cross-arm with elect ri c lig ht or power wire , 

£. The 1ne talli c sheath es lo cables must be permanentl y 
and effectively connected to" earth." 

Trolley Wires . 

j. Must not be smaller than No. 0 B. & S. opper or No. 4 
B. & S. silicon bronze, and must readi ly stand th e strain put 
upon th em when in use . 

k. Must have a doubl e in ulation from the ground. Jn 
wood en pole construction, the pole will be considered as one 
insulati on. 

/. Must be capable of being disconnected at the power 
pl ant, or of being divided into sections, so th at, in case of fire 
on the rai lway route, th e current may be shut off from the par­
ti cular section and not interfere with the work of the firemen. 
This rule also appli es to feeders. 

'l'hls rule npplles prluclJ ally to street rnllwn ys . 



OUTSIDE WORK. 19 

Trolley Wires. - Contintte<l. 

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

Guard wires should be insulated from the ground and should be electric~ 
a lly di sconnected in sections or not more than 300 fed in length. 

In Factory Mutual work trolley wires must not be carried Into bulldlngs 
until special permission has been given and the best method of running and 
protecting th e wires decided upon. 

Ground Return Wires. 

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

Jt is suggested that the pos itive po le of the dynamo be connc tcd to the 
trolley line, and that whenever pipes or other underg-round meta l work arc 
found to be electri call y pos iti ve lo the rails or surrouncling earth that they be 
co 11ncctcd by con ductors arra nged so as to prevent as far as poss ible current 
flow from the pipes into the ground. 

13. Transformers. 
( l1or co11st.-1<ct-ion ,·ttles , see No. 62. ) 

a. Must not be placed inside of any building, excepting 
central stations, unless by specia l permission of the Inspection 
Department hav ing jurisdicLion. 

An outside lo ation is ;llways preferable fi rst, because it keeps the high 
voltngc primary wires entirely out or the builc\ 111 g, and, sl!co11d, hcca use if the 
insulation in th e transformer breaks cl own a den se smoke may l>c pro<lu eel 
and with oi l fill ed cases heat enough may be dcvcl ped to boil over the oil and 
perhaps set it on fire. 

'l 'he smoke though not likely to cause a fire is apt lo be mistaken for one, 
so th;Lt wa te r is turned on and a f1 ca.vy wrltc r loss perhaps entailed . 

b. Mu t not be attached to the outside walls of buildings, 
unless separated therefrom by substantial supports. 

In p re,lous editions It has been specifically required that trans­
formers with low potential secondaries (300 volts and under) shou ld 
have the middle of the secondary cel ls of the transformers thor­
oughly g rounded , or that an approved groul)ded shield should be 
used. 

This requirement has been omitted from thi s edition solely fo r 
the sake of uni formity In rules. 

The grounding o f the secondary or the use of an approved 
grounded shield will , however, be required when considered espe­
cially necessary for safety to life, or from fire. 

H th e p1·lm11ry 1111(1 seconcllLry coll s of IL trnnsformer come into contnct 
electrl · ,lly, the high volt11gc primn.ry current may now to th econclnry 
ystcm, which is nth· ly unsuited to afely handle such high voltages. 

'l1ho rosull Is 11.pt to IJo arcs to g rouncl, porhn.ps cnu. ing fire s, togefh r 
with gr at lnngort ltro for one hnncllinganypnrtoftbe seconclnry syat m. 

'.l'ho g rouuclell sble l(l Is genemlly IL copper plate coming between t he 
primn.ry nncl secondary coils at every point, so tbut if the insulntlon or 
either ·oil breaks clown, tho current Is shQl1tecl to the grouncl through tho 
shie ld, uncl the cl111uces of the ditngerous high voltnge current reaching 
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20 CLASS Il. 

13. Transformers. - Cont'inu.erl . 

the econclnry wiring become v r y smull. Grounding th e mlcl l i e of the 
sccondnrr. co il nccompli hes th e ·n111 r suit in II wny tllnt l s u.t, olu t ly 
r elinl,1 1f " tbol'Ough gl'Ound <.>onn ('tion Is mnrlo, l'or , t hou gh tl, e high 
voltnge curr ent rc11 cl1cs the sccondnry wiring, there c11 11not IJc uny dtttl · 
gerous cliJTor enco of potentinl between the sc ·oudnry system nnd t,he 
ground. 

'l'h e middle o.r the secondn,·y eo il ts the be t ])Oint to grounci , ns th n 
th ere l s on ly hn l r the n ol'll111I seco11d11ry , •ol tngo IJctwcen oHher side nncl 
th e ground, thus r educing th e li11bl lity of t1, iJrcnkdown of insul fttion nnd 
ul so mn.tcrlull y J ss nlng t he dung •r Ir" IJrenk<iown docs occur. 

'l' hcre ts an oi,je1:tio11 in grou nding the secondn ry, fo r , when thi s i s 
done, th o flr ·t brc:ikdown o r iusltlutlott lll tly me.on ,i shol't c.i l'cui t, 
nnd n. possi ble fir . With fl system l'reo from grounds two u,·en.kdownB 
rnu t oc<·u1· IJol'oro tl1 0 sh ort cl1·cnit, n11d wl t l1 pro1,01· g1·o u11d dotccto ,·ti !h o 
ii r t shoul(i be 1list1o vor •d 1111d remedied iJol'ore the second occu1Toti. 
Grounding i t herefore ii choi<·e o l' ev il s, but In mnny cnses Is believed " 
l essor 011 0 l:111111 t havo 11, high voll.ngo pl'imn,·y Ul'l'Ont got ou to t.t,e 
80 'OIHl11ry Ryste 111 . 

Wh c11 11 g rou11<1 ts nrndo l'o r slli •Ids o r scco 11 tl11.ri os 11, good 011 0 ts 
spcct11 il y 11 ocoss11ry. Th e f{enorn l id cns l'o r g ro11nri s glv •11 0 11 rm gcs 70- 7'1, 
should l.>o f'o ll owo,1. It, wou ld, howcv 1·, t, 1n·o]1 1· to 11111 ko co 11 11 cctlo11 1n 
t hi s cnso to 11ny ,..,~, ,. w11 to1·.pipo insllle " n i t ding thut wns tho,·oughly 
c·om,octed to u11tiorgTo u11Li pip •s. 'l'hc wir shou ld IJ securely 11U11th •d to 
tho pipe IJy so ltl ol'i11g it to 11, 1Jr11 ss pl ug S(',rcwo<I into " 111,Li ng, IJy bln,il ng 
it uncior i , It •uvy split ·lt1111p, 01· 1,y uny quuli y u,orough ni otl, o(i. 
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CLASS C. 

INSIDE WORK. 

AJJ Systems aud Voltages. 

GENEUAL R LES - A.LL SYSTE!US ANll VOLTAGES. 

14. Wires. 
( F01· spe ·ial ,·11/es, see ~ros. 78, 2.11 32, 8 rr,11<l 90.) 

a. Must not be of s maller s ize th an o. 14 B. & · ., except 
as a ll wee\ und er Rul es 24- t a nd 4u b. 

It hn s IJ n fou11cl IJy oxl,0 1·1 •1,c• th11t wlr s s rnnll r llrn11 th o ~11.c•s 
111 ntl onotl 11r ' not 111 l'1111 1d<·11I y stro 11 i; ·11oui;h to bo snroly usctl . 

t,. Tie wir s mus l hav a n ins ul a tion equal lo that of thC 
ondu t rs th •y on fin e. 

c. Must bes SJ Ii eel r joined as to be both mec hanica ll y 
a nd cl lri a ll y se urc without old r ; th y must th n I e 
s lei r •d lo in sure pr serva lion, • n l th 101nl v re l with an 
ins ul a ti n eq ual l th a t on th e onclu l rs. 

S tranded wir s must b soldered before being faste n d 
und r lamps r binding s rews, and, wh en th y hav a on­
du li vity g reater tha n . 10 B. & · . pper wire, th ey must 
be I lered i1 lo lugs. 

II joints must be sold "' r d, "'V n if mnd with some form of pat ·nt 
splic ing- dcvi c. 'T'h ls rulin~ app lies Lo joinls and splices in all lasses o f 
w irin g- covered by LIies ~ rul l!S. 

A poo r· jol ut. o ffe rs much r s lstn 11 • nntl ·11.u s, c nscqu ntl y, mul'l1 
h (•11Ll11i;, th e l't'S Ul t 0 1'1.1•11 1Jcl11 i; II, l'O lll))I ·to hurnl11 g ff or th wl,· , /\ II Ill'!\ 
wou ld Lit •11 pin y h •1,w , •11 th ' •11tl s, ,. •1·t,1l11ly " li1111go1·ous thin g l'or 
ln81du wh· 1~. 

'0 1111 t·tl ons hy c l11 111 ps , s ·r •ws, tc., 11 1·c not r llnbl . A II or lh 
s trn n(I• ,·111111ot !(Oil r11ll y Ii ' lh 1·ou hl y coo11cctot1 , 1111d co nsoqu c ntl y u, u 
lontl I• thrown 011 11 p11rt or th em. ntl •slrubl • hcntlng nrn.y II oq uc utl y 
OC ' UI', 

d. Mu t be separated from contact wi'tl1 walls, floors, 
timb rs or partitions throu h which they may pass by n n­
combus lible, non-absorptive insu lating tubes, such as g lass or 
porcelain. 

Bus hings rnu s l b • I ng noug h to bus h lhc e ntire length of the hole in 
one conti11uous p ie ·c, o r else the hole must firs t be bus hed- by a continuous 
wa terproof tube , which may be a conducto r, such as iron pipe; the tuhe t hen is 
to have :L non-condu cting bus hing 11ushcd in at c:tch end so as to keep the w ire 
abso lutely ou t of contact w i(h the conducting pipe . 

(See Bushings, pages SO unll 81, for cut und general suggestions.) 
21 



22 CLASS C.-INSIDE WORK. 

a. Wires.- Contin,i ,t. 

e. Must be kept free from contact with gas, water or other 
metallic piping. or any other condu tors or conducting material 
which th ey may cross, by some continuous and firml y-fixed non­
conductor, creating a separation of at least one in ch. Devia­
tions from this rule ·may sometimes be a llowed by . special 
permission. 

f. Must be so placed, in wet places, that an air space will 
be lef t between co nductors and pipes in crossing, and the 
former mus t be run in such a way that th ey cannot co me in 
contact with the pipe accidentally. ·wires should be run over 
rather than under pipes upon which moi sture is likely to gather, 
or which by leaking might cause trouble on a ircuit. 

. 'l'o provont tho w11ter, which Is 11pt to co llect 011 t ho outsld ' of such 
pipes, 11111kl11g contuct IJctw •cu th o pipes 1111(1 tho wlt·o, or by dropping on 
tho wil ·cs, th •11 1·unnlng ntong to 1111d ov •r thu lr1iH1htto1·8 und cnusl11g ,., 
l cuk by c·o 1111c1·Li 11g tho wires to tho i.Julldlng ve r w •t su1·t'11c·es. Jf 1111 
pl1ios arc undcrn enth the wir •s no droµplng w11ler 1·1111 possll>ly rnnk c " 
co nt1Lct. 

15. Underground Conductors. 

a, Mu ·t le protected, wh en brought into a building, against 
moisture and me hani al injury, and a ll combus tible material 
mu t be kept removed from the immediate vi inity. 

'.l'hor e being o ften no 111'oty fu ses fo ,· surh 1111tlerg ro 1111d wires 11. ·on­
tnct IJ tw ee n wires, or botwocrn th e wires 11rnl th grou11d , woultl 1·csult in 
serious ,ircing 1111d pcrhu.ps u,•011 th o wires would IJo molted . 

b. Must not be so arranged as to shunt th e urrent through 
a building around any atch-box. 

16. Table of Carrying Capacity of Wires -

Below is a table whi ch must be fo ll owed in pla ing interior 
conductors, showing the allowable arrying apac ity of wires 
anc;I cal les of ninety-eight per ent. oncluctivity, a cording to 
the standard adopted by the American In titute of E lectri a l 
Engineers. 

TAHLI~ A. 
Rubber.covered \'Vires . 

·e No. 41. 

T A11 1. u: n . 
\ V •athcr.proof \V ires. 

Sec o. ,12-44. 
B. & S. Amperes. Amp res . ircular !\fill s. 

:6:::::: :: : : :: : : : J:: : :: : : : :: : : :: :: :: : : :: : : : f:: :: :: :: : : : : : ;:t·: 

::\/\/\ iL/I/HH/ if HI\/ ~n! 
LU ] : f .ii 

~::: :: : : :: : : : : : ::~~: :: : : :: : : : :: : : : : :: :: : : : : :~~::::: :: : : : : : : ::lt~ 
0000 , • • • • • • • • • • • • • , 2 10, •, •,, •. • •, • •., .• . . •,,, , ,J12 , , . • • ,, , , . , , . . 2 1 I ,6oo 



GEN ERAL RU LES. 

lo. Table of Carrying Capacity of Wires. - Continued. 

ircu lar Mil ls. 

200,CXX>,,,, •, • • • • • •, · • • • • • • 
300,000 . ... . , ..... . .. • ..... 
400,000 ... ... , ...... , ·, .. . . 

&::~:::: :::: :::::::::::: 
~:~:::::::::::::::::::: 
900,000 ... ..... .. . . . .. . .. . . 

I 10001000,, , , • • • • • • • • • • • • • • • • 
1, 100,000. • • • • • • • • • • • • • • • • • • • 
1,200,000., . . . . . , , .. • ... · · · · · 

1 ,.\00,000. , , , · · · · · · · · · · · · · · · • 
1,4.00,000 ..... . ••.... . . . ..... 

::~:~::::::::::: ::::::::: 

200 . . · ..... . ................ 300 
270......... .. .... . ........ 400 
330 . .... .. ............... . . 500 

1::::::::::::::::::::::: :: ~ 
5oo ...... ....... ........... 76o 
55o ............. . ........ .. · 10 
6oo .. ....... .. ...... ... .... 920 
650 .. . . .. . ....... ... .. . . . . . J ,OCXJ 
69<> ... .. .......... . ........ ,, 
730 . ... . . ....•. . ..... . .... 1, 150 

i~t :: :: : : :: : : :: :: :: :: : : : : : ::~i 
Sg, ....................... 1,430 

::5:E::: :: :: :: :: :: :: :: : : :, l~t:: :: : : :: ::. :.: : : :: : : :: : : :::l~ 
2

1
000

1
CX)O, , , , • , , , • , • , , , , , , • , , I ,050 . , • • • • • • • • • • • • • • • •, • , , , • l 16-jO 
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The lower limit is specified for rubber.covered wires to pre,· nt gradual 
deterioration of the hig-h insulations by th • he:1t of th wires, but not from f ar 
of ig'niting the insul :ttion. The question of drop is not tak ·11 into consideration 
in th • above tabl ·s . 

The arrying- r,pa ity of six teen and eighteen wire is g iven, but no smaller 
than f urll!cn is to be usct.l, x ·cpl as allowed under H.ulcs 24 t :1nd 45 b. 

'l'hu1· Is II g •11 crn l ng,·cc,nunt ur those l'n rn lllnr with u ,o c ffoot of li eut 
on ru1Jbc1·, U111t,, II' 1011g ll t'u Is dcsl rntl , th t 111 p rntur shou ld II to. coed 
1500 ~·. 

Ju 1 0, :M r . A . R. K ennell y mnd • nn ol111Jorn t.c so rlos or 1•1 11·o ful ox-
pcrl rn o11t.a 11t. t.hc l~dtson Lu1Jon1Lo ry to tl ct r11d 11 U1 t •mpornt.ure 1·is In 
wires u11 t.hH' tll trcr ut <·ond i tlon s, cuus •d by vnrlous CUl'I' n l s. 

'l'ho <· u,·r cnt s given I n 'I'11l le A 11ro n.l>o ut 00 \}Or ·on t. of t ho current 
w hl •h Mr. l( euuc ll y f'ouud <·n u c(I n. l'i sc ot' 75° ~·., or a li1111 I tompcrntu re 
of nbout 150° 11'., nRRuming 76° 1:1\ us tile nvorttg iluJoor t •111pc1·nLur :i., 'L1hl8 
nu1rgln r 40o/o is to nllow for h1cvitn1Jlc iticrcus I or cut'l' .. nt, sut ll us thnt 
pro<hH·o<I hy tlt c cha ngi ng- from 0110 size 111.mp to t hoRc or u. lnq.( 1· <·n 1HIJ 0. 
powo1·, t. 11 ttt.l tl iug o t' 111 u1·e lum ps to II cl rn1 1t, th \ ovurl o11<1i 11 g- or u motor, 
cte. Th <· urront8 glvon tn '11u.1J lo A <·uusu n. rl so or t 111 /w1·t1tu 1· of nlJout 
29" F. 11,hovc the su1·1·o u111ll11 gs, h ut v11 1·y i 11 g so111 w hat w th t h size or th o 
w in,. I t Is well t.o ,. •111 11,1 01· !11 t h l~ 1·01111 cctlo11 t h11 t th o l1 e11 Ung c ff ,ct 
i 1H·rcuscs 11 1Jout 11 M t.ho sq unre or t,h o (' lll'l'C11 t, ,, . e., H the cul'rent ls UoulJle, 
tho h •n.tlng •ffc ·t Iner ' II H •s .rour ti mes. 

' !'h o ll111ltl11,t to111por11 t 11r ' 1'01· w cath er -1J1·oo l' l11 sul1ttl on Is nbout tbe 
surn us l'o l' r111Jhc1·, I u t tho cun·cnts given In 'l'nl> le B nrc hu-g-er thnn A, 
becaus • i11 t h i s C' h1 ss of wi r ' t ho eov r i ug I s not r c li e<l 011 for 111 ul11tl n, 
but rnth ,. f'or 111cch11 n l ·111 p,·otcctio 11 , tno c l cl'tri(- 11.I i nsulation IJeing s • 
cu.1·0(1 hy t ho port'ul11l 11 or g lnss ~up por t to wh ich tbe wire Is uttnehcd. 

ndcr th s • (·01Hll t lons n lessor fft(:IOr of sn fety mny l>e all ownblo, so that 
'£nulo B h11 s h •011 tak 11 11 s iil>out 00% of tbc lnO" currents, nllowing, thero­
fo l'O, hut fL s 11111ll 111 11rgl n. 

I t Is Int 1·cstl ng to note t lrnt nuout th r ee t ime 'l'n.bl A cause all ordi ­
nary l usul11.tlons to b •glu t smoke. 

Ow i ng to t,h cooling c ffc ·t r air current s, t.be ate-carrying en.pa ·!ty 
of out loo,· c·o ncl urtors mny I.Jc sc,·ernl time greater than the above, with­
out cnusl n!( 11 ny d11 ngcr ous l'i so of tempemtu r e. As the condi tions w !II 
var y so w l ,lel r, unll such outdoor ·on ducto r s are not at nil li>tbl e to ciiu se 
fir e, no ttLl>l e irn s uccn 11111 le J'o r t hem. 



24 CLASS C. - 1 SIDE WORK. 

17. Switches, Cut-Outs, Circuit Breakers, Etc. 

( Fo,· constn,ct'ion i·ttles see Nos. 51, 52 cincl 5/:J.J 

a. Must, wh never called for, unl ess otherwise provided 
(for exceptions see No. 8 c and o. 22 c ), be so a rranged that 
the cut-outs will protect, and the opening of the switch or cir­
cuit breakers will disconnect, a ll of th e wires; t hat is, in a two­
wire system the two wires, and in a three-wire syste m the three 
wires, must be protected by the cut-out and disconnected by the 
operation of the s witch or c ircuit breake r. 

I t i s 11n1t·h s"r ,,. to h11vc a cit· ·uit 111J <1olu tc ly dis,·o,rnc(·lcd from th o 
ource of current wh •n tho sut1ct,y tl cv k eR opel'n t.c 0 1· swit ches nrc O\)cn. 

Othcrwi o sh rt C'i1·c·uits might b · llludo or shocks 1·cccivctl 1 •spudnl y II' 
t h e ·ystcm wu s grou11d ,1. 

b. Must not be pl aced in the immed iate vi ini ty of eas il y 
ignitable stu ff or where exposed to inAammable ga es or dust 
or to fl yings of combus tibl e mater ia l. 

li t -outs UIHI (' i l'(' Ui t bnmkcrs Hl'C d iHl,;notl t,o )Jl 'OVC lll th fu AIOn 0 1' 
wl1·cs 111 whlel1 th ey 11rc iuocrtcd l:Jy lo,·11 tl ng th o l 11 uvlt11l, I fu Ion o l' 
·om•thin ,,. i f too h ·1\.\'Y currents urc th1·o w1t on th e wlrcH l11 u. pln f'C spu­

ol11 ll y cles'1g11 cd to wiLh ot11nd It. ~l 11 11 y ul' t horn 11111k • 11 eo 11ald el'IIIJl e lh1 Ah 
nn(l somctru10R throw uL g lolw losof 111 eltcd mctHI wh en th y opcru t •, U111 s 
mu king nC.(· ·ssnry isolution from c· 111\Ju !-itl l,l c stuff. 

witC'l, es 11111 y nlso 1·11use lln shos whe11 ov c11 c<l , n 11d th r cfo ro nee(! lo 
be sn rely 10,·11 ted. 

c. Must, when xpose l t dampn ess, ither be inclosed in 
a waterproof box or mounted on por ela in knol s. 

J . Wires. 

CONSTANT-CUJC.UEN'.r SYST.EltlS • 

. Pl'ln c lpnlly S<ll'lcs A1·0 LI ,1ouug. 

(, e «/so Kos. l •I , I ii MUI 70.) 

a. Must have a n approved rubber insul atin rr coverin g. 
(See No. 41.) 

'l'h o h igh vo lt11g •s gcnol'!lll y •111ploy d m11ke it doalrn!JIO to hn"e th · 
very !Jest iusulnLio 11 . 

b. Must be arranged to enter and leave th e building through 
a n app roved do ubl e-contact servi e switch ( e o. 51), mounted 
in a non-co mbus tible case, kept fre from moisture, and easy f 
access to poli e or fi remen. So- a iled "sn, p swit hes" mus t 
n t be used on high-potential ircu.its. 

This Is to mnkc It po sil, l e to cut tho hl!(h "o ltngo cun· nt entirely out 
~r. ~-,t,~~1~:

1
nfl,~'i;i~rs eo[,,\t,'.ia. 'l'h ' swltuh Is 11 1s0 11 euessnry wh ou w ork Is 1:0 

c. Mu t a lways be in p la in sight, and never in cased, 
except wh en required by the l n pec tion Department having 
j uriscli ction. 

On ncco u11t o l' tho l1igh "ol tnges genCl'lill y used, It Is coMhlcr Ii snf •r 
to hu vc the wires wh ore they cuu !Jo u11tlor const11 11t lnspoctl on. 

d. Must be supported on glass or porcela in insulators, 
which· separate the wire at least one inch from th e surface 
wired over, and must be kept rig-idly at least ight inches from 
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18. Wires . - Continueil. 

each other, except within th e structure of lamps, on hanger ­
boarrls, in cut-out boxes, or like places, wh ere a less di s tance is 
necessary. 

'l'h o h loit is l,o so ri g i<.ll y secure th e wires thnt th ey cn nnot com e I n 
contact wi th ca<"h other 0 1· uny Uliug else. 

e. Must, on side walls, be protected from mec hanical inju ry 
by a substantial boxing, retaining an ai r space of one in ch 
a round th e conductors, closed at the top (th e wires passi ng 
t hrough bushed holes), and exte nding not less than seven fee t 
fro m th e Aoor. When c rossing floor timbers in cella rs or in 
rooms, where th ey mi~ht be exposed to inj ury, wires must be 
attached by their in sul ating supports to the under side of a 
woode n s trip not less th an one-half an inch in thi ckness. 

Fo,· n1 0Lh o( ls o f' l,oxi ng, HOO P1·otcwti ng n oxcs, pugcs 71, 72 n 11 cl 73, n nd 
fo r ru1111 i 11g IJ01t nls, sec li'ig. 3:?, pngo HO. 

19. Arc lamps. 

( 1"01· consfruction n,le.~, see No. 1;7.J 

a. Must be care(ull y isolated from inflammable mater ial. 

/,. Must be provided at all tim es with a gla s glob sur­
rou nding th e a rc, se ure ly fasten ed upon a cl sed 1 ase. No 
b roke n or racked g lobes to I e used. 
. Are l111npH 11 0-0 nlwn y~ li11hlc l o lhrow o ff H1m rk s, hot \;Ila or ,·11rhon 

or even I.ho cnt iru red -hot <·lll"hon ii.se l f. Th e g lol, Is snpposod Lo prevent 
tho es .. 11po or Hul"h hot 11111-tlclcs. 

c. Must be provide I with a wire netting (having a mesh 
not ex eedin g one and on -q uarte r in hes) around th e g lob , 
and an approved spa rk arres ter (see . 5 ), when r adi ly 
inf-Jamm al le mate rial is in the vi in ity of the la m1 s, to prevent 
e cape of sparks, melted copper r arbon. l tis rec mm nded 
that pla in carbons, no t oppe r-plated , be used f r lamps in such 
places . 

.1\ re lnmps, when nsecl in pla s where they are exposed to flying-s of 
easi ly inll :un111ablc malcri:il , should havt· the c:irbons incloscd completely in :L 
g·lobc in i:, uch mann r as lo avo id lhc n ·ccssi ty for spark arr stcrs. 

F or th · I rt·scnt, g- lohcs and spark arrcfi tCrs w ill nnt be required on so. 
called 11 in v r1 d :ir " l:1111ps1 but this type of la.mp must not be used w here 
expos d l o fl y ings of asil y inB:unomble malcrials. 

'l~ho objection mnd to ·oppor -pln ted cn r bons ts duo to t he fart thnt 
as t ho 1:11rhons burn nw11 v, t he copper , not being consumed, collects iu 
m ol ted g lo!Jules , whlcl, rn1) f"rorn ti me Lo time. 

d. Wh re hang r-1 oards (see o. 56) are not u sed, lamps 
must be hung from insulat ing supports other than their 
conductors. 

'l'be con,tu ·ti ng wires ,.,. not properl v supports. E'irmo,· j oint. nn,l 
a gonero.ll y su.f L' n1·1·n11gcmcut is secured where the wires a.re iutl peucl nt 
of tho uppurts. 
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20. Incandescent Lamps in Series Circuits. 

a. Mu t have th e conductors in tailed as provided in Rule 
o. 18, and each lamp mu t be provided with an automati c 

cut-out. 
A s such l11m11s on t he same r\ rcu i t wiLh the nrrs n,rc equal ly dn ngor ­

ous In n il eloctl'i<·11 I points t;hey should be instil lied with eq u11I cu re, but or 
co urse 110 prov i sion need !JC mndc for hot pnrti cl es o1' cn riJon or spu r ks. 

b. Must have each lamp suspended from a hanger-boa rd 
by means of rig id tube. 

'l 'o prevent t he wires from swing ing in to tontnrt with oiJjects nenr nt 
Jrn1Hl , unll to pre ve nt µoHf.tibillt y of hreuking- of th wire, from co n st!}11t 
bending or loosening of th o cr ew s holding the wire in place. See F'i g. 
36, pngc 106. 

c. No electro-m;i gneti device fo r switches and no system 
of multipl e-seri es or series-multipl e lighting will be approved. 

Rxpericnce h11 s sh wn th11t 11rngnotl<- d •v i ·cs !Jc,·0 111 0 ru sty or lilied 
wlt11 dufl t , nnfl o fl cn ruil wh •n w nnl ,1. 

Both muitlpi c-sori cs 11nd scrle -mul Uplo sy stem s or lig h ting wlll'e 
on <'O used, IJul. gave u. gooU duu l or t rou1.Jl o tt11d proved tilcm solves gcrnJ1·. 
ally unrc.liu iJle. 

d. U nd er no ci rcumstances can they b atta h d to gas 
fixtures. 

Bern use of tho tl1111 gc rous proximity IJctwccn the hig h vo l tnge dr· 
·uit nnd 11 1,1 1w ·whi ch Is lhu,·oughly ro 1111 ccte!l to the g rourn[ 

CONS'l'ANT-POTEN'l'JA.L S~STEltlS. 

Gcnc,·rtl Uulcs - All Voltngc s. 

21. Automatic Cut- outs (l' uses and "i rcuit Ureakers). 

( ee o. 17, r,11 rlfo1· conxtnwtion, Nox. fi2 wul fi/1 .) 

a. Mu t be pla ed on all servi e wires, ither overh ead or 
und rgrou nd , as near as possible to th e point wh re th ey enter 
th e bui lding, an I ins ide th e walls , and arranged to cut off th e 

ntire urrent from the bu ilding. 
\Vher the swi t h required b_v Hui " No. 2i is inside the built.ling , the ul­

oul required hy thi s section mu lb placed so as lo prot ect il. 

Ju fuctorl s hu vl 11g privnto /' )an ts , the yn rd wires running from 
iJulltllng to IJulldlng 11 rc not g norn ly 1·0 11 sldor ecl ns S0r\>i!' e wires, so tl,,,t 
c ut-o uts would 11 0 1, 1)0 required wh o,· tl, u wires 11tc r buil c.ling ··, if th e 
ont l'lng 111 111 11 8 11rc 80 1,rotc1·tcd 11 8 to ful l y t11k · c11rc or tho en te ring wi re. 

'L'h puq,osc of sud1 cut-ou ts is to rn11ko sure thnt tho wires inside 1~ 
bull!ling 1·1t1111<Jt IJe suhjc<"t ,I to 11 ,·ur1·ent 111.rger t hnn th ey c11n s11t'ol y 
cnrry. '1111 •y ur 111Jooh11,cl y 11 c,·cs nry when tnking curren t from tll 

I uhflc pl11nt , 11 s th o [us s i n th ir11.1in nre o rtc11 ·hnngcd withou t r 1,11nl 
o th o wiring In t ho buildings. 

b. Mu t be placed at every point wh ere a change is mad 
in the size of wire (unless the cut-out in the larger wire will 
protect the small er. \See No. 10). 
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21. Automatic Cul-outs . - Contin,.ed. 

c. Must be in plain sight, or inclosed in an approved 
box, (see No. 54), and readily accessible. They must not be 
placed in the canopies or shells of fixtures . 

J\fon v cut-o uts muke ft ··onsitlernblc externnl Jlash wh en a fu se m elts, 
so that lioxinl{ Is oflc11 necessary ror safety. uch r ooms us a cotton I i cker 
room or· cn rd room, u cloth rntppi11g room, a wood-wo rking tlcpnrtme nt, 
nrnl in f'nr,t most or th o rooms in t x til c mills of any kind contain enough 
l11flnn11n111Jlc Sl,ulf to rnnk e cut-outs, in whic-h the fu se I s n ot so tir1htt11 en­
closed thnt if the cut-out w re cover ed with such stuff us cotton lint It 
uulll Uluw with out lg11iti 11 g- the cotton, u11 snfo unless boxed. 

( cc ~' i!(, 27 1111(1 d e ·cl'iµti on, l nge 05, for suggestions on boxes. Al so, 
soo f'Igs. 2 , ao "'"1 a1. ) 

d. Must be so placed that no set of in candescent lamps, 
wh eth er g rouped on one fixture or several fixtures or pendants, 
req uirin g more than 660 watts shall be dependent upon one 
ut-out. Special permission may be g iven in writing by the 

l n ·peclion Department having juri diction for departure from 
thi s rul e in case of la rge chandeliers, stage borders and illumin­
ated signs. 

'J'ho Iden I s to l111 vc a smnll fuso to protect the 1,11111, socket, nucl t h 
sn111ll wire user! fo ,· fl xtu,·cs, pentl1111ts, etc. I t ul so I ·s8cns the ·11111, ·cs or. 

xtinµ-uish111 g n. l111'KC 11u1111Jc1· of lights tr n short ch ·1·uit o(·curs. 
f 'usc<I ros •ttcs used with fl cxll l c eortl pcncl11nts ure of course con­

Hid •red th' Cqt1lvn )e11 t Of' It l ' llt-Oll t, 
Wi th fu sed rosoU.tJ8, howcv ' r , th lm1nC'h ('\n·uits shou ld be n1Tnngcd 

RO 11 s 11ot to ,·cq uli·c over twc11ty -flvo 11mpc1'1J l'uscs, 11 s, II' 11 1·0R •tto foil s, It 
Is best to h11vo II rc11so 1111bl y s11,nll l'us • bohlncl It. 

e. Must be provided with fu ses, the rated apac ity of 
whi ch does no t ex eed the a llowable carrying capac ity of the 
wire, and, when ircuit breakers ar us cl , they mus t not be set 
m re tha n about thirty per ent. ab ve th e a llowable carryin g 
capac ity of th wire, unless a fu sible ut-out is also installed in 
th e ir uit (sec o. ltl}. 

Ovo1·. fu~lnK ts II to 111mon fnult nnd ts u11ncccssu1·y wll,h w cll -11111d o 
fu s s, II H thor IK 011 Ug"lt 11111rgi 11 IJ •twcc 11 the rntlng nnd th n1 cltl11g point 
to lnk 1·111· • o f' t h onll1111ry fluctt111tl o11 s or Lh o <0 Ul'l'C11t. 

'I mutt h1·c11 kcr s opo11 so 011 sl ly thn.t it i s o l'l;en 11 er·cssnr.v to so t t horn 
tlllH'h 11.hovo 1"11 0 Ol'{ l\11 111·y ,· u1·1·c11t, to kct' p them f'l'o111 eo11 st:111tl y opcn\ 11 ,..;-. 
Wh c11 th is Is tho ('II SC, II !'use Is IIC('C8811ry to l) l'OtC ·t tho wli· from ll, stc11dy 
houv)' cun·ent IJelow th o opening p iut of t Ic <'ircull, 1.u·cnk r . '11h c fu ~o 
,. •q u11· s n 1111;1 tim to hent, so does not m el t with lh • 111 oment11ry ri se 
or cu1·I· •nt wtilcll would op n tl10 drC" u1t br -.nkcr if s ·t us low ns 11 c -.sFlnry 
I prot )t•t th wire. 

22. Switches. 
{Sec No. 17, a11,t.{or co 11st1·1ictio" No. fi l .J 

n. Must l e pl aced on all se rvi ce wires, either verh ea l or 
underground, in a readily ac essible place, as near as possible 
lo th e point where th e wires enter f;!1 e building, and arranged 
to ut off the entir current. , 

In fn ·tol'l <!R h11 v ing \' rl vnt' nln11ts, t h y11nl wires running from 
bulldl11g t:o l,1111 ,lln!( 111·0 11 0 , !(CnOl'llll y <·onsldorcd a~ servi ce wir s, 80 th11t 
sw1trh cs woul I not be required wit 11 tli or · wel'e switches on tho rnuin s 
·0 11vonlo11tly I c·ntcd, or wh en tho1,re1101·11tors w er e nenr nt hnnd. 

'I'll• purpose o r suC'h swltl'h cs Is to 11111kc sure tbn.t current on n bo 
cut off from the ln slt.lc wli·cH 110 I' 1·epuii '8 ot· in cn~c oe nro 01· other ac· •i dent. 
'11h •y nro, of course, absolutely uoccs nry wh en tu king current from 
puullc·. line . 

S o Fig. 8, pngc 72, nnd not s, pnges 72-74, for be ·t arl'nngcment o f 
swttchc8 ht various cnses. 
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22. Switches. - Co11t imuul . 

b. Must always be placed in dry, accessible p laces, and be 
grouped as fa r as possible. Kn ife switches must be so p laced 
that g ravity wil l tend to open ra th er than close th e switch. 

,v-11 011 111 room s containing i11f1amrnnblc stuff, open jnt·k-kni l'c switr hcs 
shoul cl ,e11 ornll y lJe enclo. eel i 11 fir •-proo fed boxes. Such swi tches mnke " 
tin h wh eu Ih oy nre opened nutl u lso I resent pos ilJilities o r hort c ircuits 
aero s th ei r ex posed 111 c t11I parts. 

I t i s not !losirnbl c to have switches · ·nt;t ,·ed about nt rntHl om. IL Is 
ensicr 11 11d c-hcaI1or to inst,i ll t hem p ro perl y i r g r ouped, und nlso, when 
grouped they e11n be better (":11·cd for. f f j1tC'k -k 11 irc ~witches nrc 11 0& 
plnced AO gntvi ty tends to open then, , w cuke 11 ing- or IJrcnking or the spring 
may nllow til t.mi to p11rtly close, · 1using :ires and I.Jurning. 

c. Must not be s ingle-pole, except wh en the circuits whi ch 
they control suppl y n t more than six Hl candle-pow er lamps or 
their equi valent . 

.Oouul e-pol e switch s nrc alwa ys p,·e fernhl o to slng l •-pole, ns t;hoy 
nbsolu t ' i.V dls,·onn cc- I, lh o pa r t f l11 0 syst o111 ut o f u sl', not ha,·tng It 
connccictl by oue ido, us i~ the en c wi th single-pole witch •:,;, 

d. Where flu sh switches are used , whether with conduit 
systems or not, th e s witches must be enclosed in boxes co n­
s truct d of or lined with fire resi ting material. No push 
buttons for be ll s, gas-lightin g circuits or the li ke shall be placed 
in the sa me wall plate with witches controlling electric light or 
power wiring. 

23. Electric Heaters. 

a. Must if stationary, be pla ed in a safe si tu at ion, is la ted 
from infl ammable ma t ri als and be tr ated as sour s or heal. 

b. Must each have a ut-out and i11dicati11g switch (see 
o. 17 a). 

c. Must have the at tachments of f ,ed wires lo th heaters 
in pl a in ight, eas il y ac es ible and p rol ctcd from interference, 
accid ental or otherwise. 

d. The fl exible condu tors fo r portable ap1 aratu , such as 
irons, tc., must have an approved insu lati ng covering (see 

o. 45 It). 

c. Must ea h be provided with name-pla te, g1v1ng the 
maker 's name and the normal capac ity in volts and amperes. 

ti 11.fo11nry hcntc ,·s should bo treated liko stoves whid1 mig h t l>ceomo 
ovcrh oa tct.l HL uny ti me. 

Porwbl o hoato,·H, su h os n11 t -li·ons, huvc thi dn11g r, thn t if left 
stnncltn ,:: wi t h th e current on t hey In time 111• u111ul11t ' hcnt en u g h to ch111· 
combustl iJI stuff 11 1111 to ll11111l y act It 011 111·0. 

pcclnl care should ho t:1k e11 In 111-r11llg lng r lrcults for po1tnul c h nt I·s 
to hfl vo swit ·h s so locntc(I Lha t u II clc pn l'trnc11t, 11ot ht opo1·11 ti n cian hn \'O 
th e cuI-rc11t cut ontlrol y out or it. uI-rc 11t: It uld or co ,u·sc 110 cut o ff fl-0 111 
all ii nos nt nl!{h t wh •11 work stops. 

A lamp ln circuit with tho hcnter s Is o fto11 r.011vcnle11 t to Lln1w nttcn­
tl on to the position or th e swi tch . 
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Any citpdt attached to any 111acl1i11e, or combination of 
mac/tines, wlticlt develops a differmce of poten#al, between 
a11y two wires, of' over ten 71olts and less titan 300 volts, 
sltall be considered as a low-potential circuit, and as coming 
1mder tllis class, 1111/ess an approved t ra1tsforming drwil;e 
is nsed, i11/lic/1 c11ts tile difference of potential down to ten 
volts or less . Tlte primary circuit not to exceed a poten­
tial af 3 ,500 volts. 

24. Wires. 
G e 11e1·n l l Cul cs . 

( ee al.so Nos. J-1, 15 and JG.) 

a. Must not be laid in p las ter, cement or s im ilar fin ish. 
1ii r csll plnstc1· null <·c 111 e nts 111 11,y IJ ·,Jt,h r nlka.lln o o r ud<I , 1111d 1111 t il 

fl1111ll y set liuvc II C0 ITO Iv "' ac.tion 011 t.h l11 sul :1t lng n111LCl'lnl s of' t h e wlr •s. 
' l'h C 11 111 0 1111 1: or sudt alk111i 11 u or utit.l 1H· tio 11 is so111 ctl mcs 0 111 v s u11it'i cnt to 
luj,11·0 u, e Rt11·l'11 c • ol' l,ho l11 sul11tlu11 , !Jul, rnur · o ftc11 It will 11 oi 0 11l y dost ,·oy 
U, o l11 sul111l0 11 , !J u t lnjuro U, ' wi rn its Ir. 

b. Must never be fasten cl with stapl es. 
A stnpl o <lrlvon ov or 11 wi re will 11l11,ost 11lw11y s ,· u t n. h o i ' in n, o 

l11 sul11.tl o11 , o r cv 11 ,·rn<'k l,h wire ll s II', 111nkl11!( n IJatl co 11111ct whl ·h may 
tl ovo lop h c11 t ·11 0 11 !(h to s t flro t th e l11 sul11Lio11. 

c. Must no l be fish ed 
pla cs where th e in. pector 
have been ompliecl with. 

for any great distance, and on ly in 
an satis fy him self that the rules 

rt l s d •slrniJl to do 11 s li t llo fl shl11!( 11 s possliJl , n s tho c n lit1011 o r 
th fi shed wl r ~s h111lwu y 8 son1 what u11rc1·tui 11 . 

d. Twin wires mu st never I e us cl, except in conduits, or 
where nex il le onclu to rs are necessary. 

A t win wlro 1s 11 111do up i.J y pl11 cl 11 !( two sc 1mrntoly l nsul11tc,1 wires 
u11d r th o Hn mo i11 s11ln tl 11 µ- t·uvol'1 ng-. 'J1 hl• )r ur unsnro 1'01· ll~ h t, or power 
w<n·k on nccoun t or t ho short di stu.nco I) ' tw un th em, nnll th 1 rca<llnoss 
with whieh 1111 ,u·c t, 11·tl11g 11t 011 end will l'o ll o w ,dong th o wire. 

e. Mu t be' protected on side wall· from mechanical injury. 
Wh n ross ing fie or timbers in ell ars r in rooms, where they 
might I e exp sect to injury, wires must be atta heel by their 
insul;itin g supports l the unde r sid e of a wood n s trip, not 
less than on e-half inch in th i knes , and not less than three 
inches in width. 

uita ble p rol clio n o n s id wal ls 111:ty be secured by a s ubs tantial boxinl{, 
rctainin J,;" an :u r space of on inch aroun d th • co 11duc1or, clos •d al !he top (t he 
wir •s pass ing lhr<)ttg-h bushed holes ), nncl ex tendin g- not lc~s th an five feet 
from 1ltc f\ oor; o r hy a n iron- armor ·cl or 111 l :Ll - shcathcd insulntin g condui t 
s ulli i nlly s tron g t.o with s tand the s train it w ill be su1 j · ·tcd to; o r plain 
111e l:1l l'i\)C, lined with in s ulatin g tubin g-, w hich mu:;t extend o nc- h:1.lf in h 
b •yonc t 1 • ·nd o r t lie metal lube. 

The pipe must ex tend not les s tha11 fiv · feel above the fl oor, a n I may 
extend through th tl oor in p lace o r a fl oor bus hing . 

If iron pipes a rc us d with a ll c rnatin g- c urrents, the two or more wires o r 
a c ircuit muJ;t be placed in the same conduit. ln th is case the ins ulation o( 
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24. Wires . - Cont'inued. 

each w ire must be rei nforced by a tough conduit tubing projecting beyond the 
e nd s o f the iron pipe at leas t two inches. 

( ~' or cuts ancl general suggestions on protectiou, see pages 82, sa, 84.) 

f. W hen run immediately under roofs or in proximity to 
watertanks or pipes will be ons idered as exposed to mois ture . 

.Been use there i s 11111.Jlo to 1,e more or less wnter l eak ing through the 
roo f, or e lse l'onncll by condensntiou on th e ln sitlc. 

S Jtcelul Uul cs , 
For open work . 

In Dry Places : 

If· Must have a n approved " rubber " or "slow-burning 
weather-proof" in sulation . (See Nos. 41 and 42.) 

1\ low . lJurnl ng w c:ither -proo f. <·overing Is c-onsld •r cl good enough 
wh er e wiro is cntirolr on l11 t- ulnting suppo1·ts. I ts rnnin oUjcct I to provont 
the wlros c;o111lng nec11lc 11 t11 ll y i 11 eo ntuct with ouch ot.hc1· or anxthi11 g ol c . 

J11 Fn cLO r y J\ l ut.uul work spec1o l v ennission in writi11r1 will be given 
for· using "slow.lnHnit1A'" wlt·cs wh c1·c, on nccount or excess ive hcut or 
other spechtl r cn sons, th l typo of wlt·o i s prerernbl o. 

It . Must be rig id ly supported on non-combusti ble, non­
absorptive in sula tors, whi ch separate th e wire at least one-half 
inch from the surface wired over, and th ey must be kept apar t 
at least two and one-half in ches. 

llig id supporling- rcc/u ires, under ordinary conditions, where w iring along 
fl at sudaces, supports at ast cvc.ry four :111d one-half feet. If th e wires are 
liable 10 be disturbed, the distance betwee n supports shou ld l>c shorlcn d. J n 
bu ilcli11).;'S of mill constructi on, mai ns of No. S B. & S. wire or over w here not 
liable to be disturbed, ma y be separated about four in ·hes, ancl ru 11 /rom limber 
to tin1b r, n t breaking nround, and may be sup1,ort cl at ca h limber only. 

'rhi s rule wi ll not be in tcrpr I.eel t:n forbid the placing or th • neutra l of a 
three-wire sys l ·m in the cc11t rc of a a th ree-wire cleat, pro\1 id •cl th outside 
w ires nre scpuratcd two and 0 11 •. half inches . 

Tho pro/icr (l! stnnco IJctwe •n i11 sul11to1·s <I p llfl s l11 rgcly on tho sur­
r undlugs. n pl11co w hcro colllngo nrc I w, 01· whor e !Jol ts, shnt'tlng or 
otbc l' 111uchi11 ry mu y rcq ui ro frcq ut.•nt ut1 "' 11 tio11 , tnsulu tors mn y hll\10 to 
ho p int· •(l O\lury fuw f ct, tu pruvo11 t th· wli· •i:s gcLUng out o f plnt·c by (' 111'0· 
1 sa u rnl u1111 vvidnl.Jl knot·king. /\guit1, wil,h u. hiHl1 c ' lllng und no clrnnco 
J'o r tlornng- ~111 \nt, n g rcntCI' tli sti1 111 c· o wou ld IJo ullowublc. 

'J'h ' whole id '" i s, to so ri g idl y secure the wir 'S thut they cn.nnot come 
In contn ·t wl, cn loo 0 ucd IJy shdnkogc o.f timbers untl ll oors, or IJy curcloss 
knocking. 

In damp places, suclt ns B reweries, ugar H o1tSu, Packinl[ 
1-fouses, S tables, Dye H ouses, Paper or Pulp Mills, or 
b11ildi11![s specially liable to moisture or acid r1r otlter fu mes 
liable to injure tlte wires or t/1eir i11s11/ation, except w/1ere 
usedforpcndants: 

i. Must have an approved rubber insulating covering (see 
No.41 ). 

j. Must be rigid ly supported on non-combustible, non­
absorptive insulators, which separate th e wire a t least one inch 
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24. Wires . - Continued. 

from the surface wired over, and they must be kept apart at 
least two a nd one-half inches. 

Rigid support ing requires under ordinary conditions, w here wiriug over 
flnl surfaces s upports at least c,·c ry four and one. half feet. If the wires arc 
liab le to be d is turbed, the cli~ta ncc betwee n s upports s hou l<l be s horlt:n ed. In 
buildings of mill constru ction, 111:tins of N o. 8 IL & S. wire or over, w here not 
liabl e to be dis turhecl, 111 ay be separated about four inches n11d run from timber 
to timber, not breaki ng around, :1.nd 111 ay be s upported at eac h timber onl y . 

k . Must have no joints or spli ces. 
tb ri~,},~i:::1~,-- ~llf t~~C ~~r,~~ jo i11t SO thllt its in sul,ction will be 11,S goofl ns 

F~r moulding work. 

!, . Must have app roved rubber insulating covering (see 
No. 41 ). 

Rubber ins ul ation is nec ·ssnry to prcvcut lcnkn gc o f curre nt, Ir the 
mo ul ding should become da.111p . 

m. Must never be placed in mou lding in concealed or 
damp places . 

.Fo r I' •11 1· th11t wrttc ,· n111.y aon k Into· th o woo(I 1Lo d •n.uso lcnkago I' 
cun· ut between the wlt·o , bu 1·ni11g th (:} wood nnd sturti 11 g :1, Jl!·c w hich 
w ould not UIJ lmm cdlnt.uly dhmo ve,·od . '.rho notion of the ·u1-ront 111 n, cnso 
111<0 th is Is to vo ,·y g 1·11 d11,t li /' co nv e rt, t il e wood Into chMcoa l, then d1·y th o 
w ut r out, 1rn<l tll Cu igni te t 10 uhnl'C011I. 

It Is to be und o,·atood t1111t the sole ouj ··ct o f tho mouldin g I to fur . 
uiFJh u. co 11 vo11i c1.1t tt.1HI t'u,irly ~oo<J -loo kt11 g run -wn.y t'or the wires in whi ch 
th ey 11,re pl'otc<~ted fron1 111 cr.h11nicu l i njury. Nui ls ui;.cd for :1111 stc11 lng n 
th o cove r mu t be v r.v ·nrcl'ul ly d riven, su a s to 11void Injuring the ln sula . 
tl on, 11.nd ought novur Lo IJo ur:sud Lo hold thu wires in the groov \!i. 

For conduit work . 

n. Must have an approved rubber insul ating covering (see 
0. 47). 

'I'ho best ln sulutl on Is no ·o s1u- i• ho ,· ·, n.s th lin ing o l' t l, o oo n<l ul t 
I.ms gene rall y li ttl e pe n nnno nt ln s illn.tl ng po we r 1111<1 n111 y he omitted 
entirely. l\l orcovcr, lln.111pn css Is ul wuy s ,., possil>i li ty i11 n. conduit. 

o. Must not b d raw n in unti l a ll mechani a l work on the 
bui ld ing has bee n, as fa r as poss ible, co mpleted. 

'l'hl s mak es It 11,h olutel y neceAs111·y th11.t; th o con(lul t ho ul cl iJ co rn . 
pleto fron, one Jun ctio n uo x to n nothc r, nnd thnt 111 1 Joi nts IJC 1·111· full y 
11111 le. I I' wli ·os we ro In.Id In th e ·undul ts a s they wore insta ll ed , It would 
lie ;, 0 ,·y ousy to noglc ·t these µoln ts. 

p. Must, fo r a ltern ating systems, have the two• or more 
wires of a circuit drawn in th e same conduit. 

Jt is ad visud that th is bC done for direct 1.1rrc 11t sys tern also, so that th --.y 
may I e ch:mg'ed to altcr11ating systems at any tim •, i11cl uction trou bl es preve nt. 
ing s uch a change uni •ss this cons tructio n is fo llowed . 

" 'Ith 1tltornn.tlng syste ms, tr the wi,·os of II c ir ·ul t n.re In d iffe rent 
iron co n1luit , th e re wi l_l IJe troub l [rom Inductive losses, nud und er ce r. 
tnlu co nclitions tbe conduits mn.y bee mo se ri ous ly heated. 
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24. Wires , - Contfo·ue<t. 

Th e trouble becom es much l oss if th e wires 11.:·o pull ed in to th e sitmc• 
con(lui t, lo s sti ll ii' t ho wires b si111 1 l y Lwlstc(l tog-cthc1·, noel qui te disnp. 
pcn1· i f concentric wire is u ed. 

For concea led knob and tube work. 

q. Must have an approved rubber insulating cove ring 
(see No. 41 ). 

Jn conccu lcd wol'k , th e ,. 11tliti9n of t.hc wil'C is o f ten unkno wn , so 
that the IJc::;t insulation h; nct·cssnry f.o r snfct.y. 

r. Must be rig i ll y supported on non-combustible, non­
absorptive insulato rs which separate the wire at least one inch 
from th e su r[ace wired over, and mus t be kept a t least ten 
in ches apart, and, wh en p s ibl e, should be run singly on 
separa te tim bers or studdi 1w. 

R igid supporting- rcq,iires, under ordinary onditions, w h.crc wi rin g- :1 lo11g 
fl at surf:1ces supports :1l lea st every four and · one-half feet. J f the wires arc 
li able to be disturbed, the distance between supports should be shortened. 

s. When from t he nature of the case it is impossible to pla e 
con ealed wiring on non-com! ustible insu lating upports f 
g lass or por elain an appi-oved arm ored cable (single or tw in 
conductors, see o. 4 ) may be used if it is installed withou 
jo ints between out! ts, and th e cable armor prop rl y ente rs a ll 
fittin gs and is rig id ly secured in place; or, if the wires are not 
exposed to moisture they may I e fi shed on the loop sy tem if 

, separately encased throug hout in approved Aex ibl e tubing or 
cond uits. 

Wi shing uncl r noo 1·s r In wnl ls Is done by b rin g holoR 111. su l111hle 
tli stn11 ccs 11p1u t ;i11d pu shing u ti nt. spri ng. wlro rrom on llulo town,rd s tho 
ol.hur 111ul c11 tch l ng l t wi th n wll· hook . Tl1 · wir to ho flshorl Is 11l,tnl'11cd 
to the 11d o r tho spri ng wir nnd pull d into pin ·o. 'rh c,· 1·11 11 , or course, 
be no 11 s 111·11 ncc that euch flsl, od wir ·s tlo not II In c los conLncL with g11s, 
wuto1·~piµ ·s1 or otll or winJ8, Lhurul'oro t11 0 11 ' ti o l' t hu prot lcUng co11dult. 

For fixture work. 

t . Must h ave an approved rubl er insul ati ng covering (see 
1o. 46), and sha ll not I e less in size th .ln o. 1 13. & S. 

' l 'he wire covu l'lng lies in (' ntn ·t, wll.h t h • 111 •tnl o f' the ll xtur c, so 
t hn t II flrst -ul11 ss l nsul11 to r , like rulJb r, i s ne,·essary. 

I t ls vory 1111d ·~lrn l>lc to us • sul'h s11111II wl ros ns those, as th ey lta.vc 
lint IIU;lc me ·hn.nlM.I Stl'llng Lh 1111d 11 1·0 easil y broken hy v ilJ1·11.tion o t' the 
nx tur l wh en 111 pince. 'l11t • o slzus m· • onl y 'to be u cd iu p in. ·e wh ore tt 
ts nlJs lu tel y ltnpo siblc to put 11, lnrgor 110<.l snfor wire, 

11,. S upply conductors, and especiall y the splices to fi xture 
wires, must be kept clear f the g rounded part of gas pipes, 
and, wh ere shell s are use I, the lat ter must be constru cted in a 
mann er afford ing suffi cient area to allow this requirement. 

v. Must, wh en fi xtures a re wired outside, be so secured as 
not to be ut or abraded by th e pressure of the fasten ings or 
motion of the fi xture. 

'fhc pccln l olJj e ·t her o i to prov nt ncct<.10 11 t11 l cont11 ·t uetw oen tho 
wires nnd the g round . 
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25. Interior Conduits. 
( 'eea lso Nos. 24" to v an<l 49. ) 

ll y int rior conduits is gcnernll y und ,·stood m etnl tul>es or p ipes 
through which ortllnttry insul,itc<i wires 111·0 .1·u11. 

The object o f :i tube or condu il is lo facil itate the insertion or extraction 
of the conductors to prot<·d them from mccha11 ical in)u ry and, as fa r :1s poss ible, 
from moisture. 'l'ubcs or cond uits arc to be considered merely as ra<·cways 
and arc not to be relied upon for insu lat ion between wire and w ire, or bctwct:n 
the w ire and the grou nd. 

a. No conduit tu be hav in g a n intern al li ameter of less 
th a n fiv e-eig hths of an in ch s ha ll be used. (If conduit is lined, 
measureme nt to be ta ken insid e of linin g .) . 

' mnllcr conduits w er e J'oum l in p1·11 ct l ·c to mukc o close 11 fl t thn t Lhc 
wil·cs ·ould not 1'cHclil y l>c tlrn.wn in 0 1· out. 

b. Mus t be continuous from on e junction box to a noth er, 
or to fi xtures, a nd the cond uit tube must p roperly enter a ll 
fittin gs. 

'J'hey 111us Le continuous to cnsu,·c U1t1t t he wlro Is Jll'Otectcli Hs 
wholo length. 

c. Must be first install ed as a comple te co nduit syste m, 
witho ut the cond uct rs. 

'J1his Is t.o insure tl111 t old wires C'nn I.Jo d rn." rn out nnd new ones druwn 
In 11.L nny t im e. 

d. T ust be equip ped a t e ve ry outlet wi th a n approved 
outl et box. 

c. Me tal onduits, wh ere they enter jun tion boxes, and 
at a ll o th · r o ut! ts, e tc., must be fitted with a apping of 
a ppro ved insul a ting materi a l, fitted so as to protect wire fr 111 

a bras i n. 
f Mus t ha ve th e metal of th e co nduit perm a nently a nd 

effe tu all y g ro und ed. 
' l 'h conduit i s su1· to b 111 01· or l oss gr ound d , nnd " positive 

g 1·01111d Is r cqulr •LI It •r fo r Lh same rc11 sons t ltut II I oRl t i vc !( t'Ound \\'!IS 
r· •quired l'or gen •1·nt.0 1· f1·u111 ut1 . cu l1L8t pnrugrnpli lmdur c. 

20. Fixtures. 
( ·ee also No . 2.J. t to ,1.J 

a. M ust, when ~upported from the gas piping of a 1 uildin g, 
b in sul a ted from th e gas-pipe system by means of approved 
insul ating joints (see 1o. 50) pl aced as lo e as possible to the 
ce iling. 

Jt is rcco n1 me nded tlmt th · g-ns outlet pipe be protected :ibov • t.h in sul nlin g 
joint by a non. ~ombusl ibl e, nnn.absorpti vc insul:iling- tube, havi11g a flan ge at 
th e low er end w here il ·0 1ncs in ont :i t w ith the i11sulaLing j int ; and that, 
wh ·ru outl et tu bes :Lrc uscd 1 1h y bc of sufli r icnt length to extend below the 
insulating joint 1 and th at they be sos urcd that they will not be µ.ushcd back 
w hen the cnnopy is pul in place. \ ·Vhcre iron cili ngs ;Lrc used care must be 
takc •1 lo sec lhat the canopy is thoroughly and permane ntly in s ulated from the 
ceiling . 

rr wires '11rrv ln1: cu,·,· •nt to lnrnndcsccnt lights on i::11 s fixtures must 
be used , It I nhsolutc l y n cossltl'y to Jl ll y part! •ulM 11ttcntlon to tb e !nsul"­
t! on betw •cu tho wires uml th e g round. A s th e 11v11ll11blc sµn.co Is smn.ll 
th• wire lnsulntlon cnunot IJc ver y Lhlck , so t ltnt thi s ·1111 boat be d nc hy 
using whut Is cnlleli on !11 sul11Llng joint, 11t tho top o f th o g11 s-1>ipe, !nsuln.­
tl ng tho fixture In tho room from the nrnlu µ!pc. Thi s j oin t I s mulie by 
lntet·po Ing whnt i s, In effect," pl ce of gus-plpe mode o f 1111 iusulutlng 
material like hnrd rnbber or porceluln. 
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26. Fixtures. - onl-inue<l. 

b. Must have all burs, or fin s, removed before the conduc­
tors are drawn into th e fi x ture. 

Been.use such very shnr p edges 1.,·e lin.b le to cut und ten,· the insult,­
tions o f the wi re when It is druwu in to the nxturc, or, lu time, by meclrnni ­
cu l jnrriug of the fixture in positio n. 

c. T he tendency to conde nsation within the p ipes should 
be g uarded against by seali ng th e upper end of th e fixture . 

Th e reason for scn lin~ the up ~cr entl is ,_ l>ccnuse, i f the _lower end :,t?JJ
0
e~i(i~.1e hcuvy, moist Ht r w ilt t'n I out, lcnvtng ulwu ys the ltghter , dr y 

d. No combina ti on fi xture in whi ch the conductors a re 
concealed in a space less tha n on e-fourth in ch between the 
insi le pi pe a nd the o utside casing will be approved . 

'l'hi spncc ls 11 cccssnry to ul low fo r the tbl ·k nees or lns ul n.tl on ro· 
qulrcd In or I r Lo p1·01ic rl y lnsulnto tho wi re. 

e. Must be tested fo r " contacts" between cond uctors a nd 
fi xtures, for "short ci rcuits" a nd fo r g round conn~ctions before 
it is connected to its suppl y cond uctors . 

f. eiling blo ks for fixtures should be made of insula ting 
materi al ; if not, t he wires in passing through the pl ate must b 
s urrounded with non-combus tible, non-absorptive, insula ting 
materi al, suc h as g lass or porcela in. 

27. Sockets. 
( F o,· constr1'ct io11 ,·ulcs, see No . 66 ,) 

a. In rooms wh ere inA a mm al le gases may ex ist the in can­
desce nt lamp a nd th socket must be inclosecl in a vapor-tight 
globe, a nd upported on a p ipe-ha nger, wir cl with approved 
ru bber-covered wir lsee o. 41) soldered d ire tly to the 

ircuit. 
( co ~·tg. tlli, 1111 gc 100, for SUl{l(OStlons.) 
Wh n " lnmp Is tu,·ne(.) out 1,y 11. koy so ·ket " s11111.II s1111.rk Is ulw,.ys 

pro•lu ·Cll ol' sufll ·lent In tensity to Ig ni te suet, gnses, u.nd If tho .In.mp It If 
llro11ks whil e ll urn lng, th e hot fl111111 out is 1111.blo to set Jil·o to th o gns. 

b. 1 n cla mp or wet places, or over spe ially inAamm abl e 
stuff, waterproof sockets mus t be us cl. 

\ •Vhcn wat •rproof sockets arc used, they should be hung by scp:tratc 
stranded rubbcr~CO\lere I wires, not smaller th:tn o. 14 .B . & ., w hich shou ld 
preferab ly be twist cl tog-ether when the drop is over three feet. T hese w ires 
should be soldered dir ct to th cir ·uit wires, but supported independently o( 
the 111. 

( ·co Figs. 33, 34 iiml 85, pages 103, 104 iincl 105, for suggestions.) 

28. Flexible Cord. 

a. Mus t have a n approved insula tion and covering. (See 
o. 45 c.) 

b. Must not be used as a support for clusters. 
'l 'h y ,no not mcchn.nlca ll y strong enough to snf ly sustu iu much 

weigh t. 
c. Must not be used except for pendants, wiring of fixtures 

and portable lamps or motors. 
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2 . Fle x Ible Cord . - Cont-int1ecl . 

Jn fl oxibl corcl s t he wires of oppo ite polarity are brought ver y n ear 
together, so t lrnt th e ch ance f or hort c ircuits 11 1·0 g r at. I t ts not an u11. 
common thing 1'or ono or rn oro of th e Une wt 1·cs to Orcuk nntl th e loose cntl 
to ponotru.te tl1 e insulat ion n.nd form a ho1't cil'cuit with th e other wire. 

'.l' ho nrc ro rm cd nt the i11 sta11t t he hort circuit occurs i s apt to set fire 
to th e i11 sulution of the wire tr it be ,,t nil of II combustil.Jle nn turc . '.l'hi s 
wi ll sometimes occur ove11 if th e c ir ·ui t IJ lnst1111U y o po11 od IJy rn eltlng o f 
the fu ses. 

Jt Is fo r th ese r ensons t hat it i s rl eslrnbl e to linil t the use o r co rd to 
t hose p lnces wh ere 11o tbiug el se will do. 

d. Must not be used in show windows. 
13 •c1w so o l' t h II e with which ,, d c l'cct;t ve ·o,·tl wi ll s t fire to t ho 

tn fl umnmhlc 111,ite rl a l ,,bout it, 11ml r ecord s show 1111 unCortunntely lurgo 
number o f Hrcs ·ituscd by the common fl x li.Jle ·ord In wlutl ows. 

e. Must be protected by insulating bushings where the 
cord enters th e socket. 

'l'ho sock ets 11 s Ol'(linurll y mnrlc hnvo tho hot throui,h whi ch th o 
wire must enter threaded . 'L' he r oug h edges w uld soon ·ut th,·oug h t ho 
l11 sul11tlon o l' t he co rd natl ell use u short cit· ·ult wer e It not fo r th o busl1ing s. 
Fmycd cont Is undoslrn b le, 11 s the fr11.y l11 g tonds to continu a up th o co rd . 
Tltc frn y •li ends 11lso tnkc lire ver y r endlly. 

f Must be so suspended th at th e entire we ight of the 
so ket and lamp wi ll be borne by kn ts und r the bushing in 
the so kct, and ab ve th e point wh ere th e cord omes throug h 
the ceiling block or rosette, in order th a t the strain may be 
taken from the joints and bind ing screws. 

'I.' ho ol ct 1·tcn l conn ection, w hich ts g011 01·11l l y 11111(10 liy ch, mIi l ng th e 
011 0 wlrns uncl ,. n ll 11.t -ho111let l sc,· w , hn s not sulll cl o11 t 111 cct111.nical stro11gth, 
Ullll should not I.Jc t ru sted us nm ' nns or sust11l11l11g t ho w eig ht o r th lu11q, 
u n(I Ott! 11g s. 

I t Is " g od prnctlco a l so to hl\\'e tl1 0 •n(l s go i ng under binding sc rews 
clipped 111 m olted sol l lor. 

'l'lli s binds th o flo e wires togeth er un I I1r evo11ts n l ooso ud from 
mini, In con tu ·t with p1trt o r t ho ock ts, •tc. , 1111d I,rodu ·ing a short 

c ir ·ult. 

29. Arc Lights on Low-Potential Circuits. 

a. Mu t have a cut-out (see No. 17 a) for each lamp or 
each seri es of lamp . 

The 1 ranch conductors should hav · :1 carry ing- capacity about fifty p r 
cent. in ex css or the normal current rcqutr d by tl1 lamp to prov ide for hc:i vy 
current 1·cquired when lamp is started or when curb ns bcco111c stu k w ithout 
over-fu sing the wires . 

b. Must on ly be furnished with such resistan es or regu­
la tors as are inclosed in non-combu t i! le material , such' resis­
tances being treated as sources of heat. J ncancl escent lamps 
must not be used for resistance devices. 

These ,. sl st1111ces 11.r c un ·omfortnbl y wnrm to the h11nd wit n th 
11,mp Is burning proper ly , 11 11 (1 mny bo m olted by oxcessl vo ·urrent if tho 
la111 I, s fal l to burn 11 s they should. 

c. Must be supplied with globes, and protected by spark 
arresters and wire netting around g lobe, as in the case of arc 
lights on high-potential circuits. (See Nos. 19 and 58.) 
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30. Economy Coils. 
a. Economy and compensator coils for arc lamps mu t be 

mounted on non- ombustible, non-absorptive, insulatin g sup­
ports, such as glass or porcelain, allowing a n air space of at 
least one inch between frame and support, and in ge neral to be 
treated like sou rces of heat. 

31. Decorative Series Lamps. 

a. Inca ndescent lamps run in series shall not be us cl for 
decorative purpo ·es in s ide of bu ildings, except by special per­
mission in writing from the Inspe tion Departm ent having 
jurisd ict ion. 

UIGH-POTENTJAL SYSTEJUS. 

(300 TO 3,500 VOLTS.) 

Any ci1-cuit attached to any mac/tine, or combination of 
machines, wlticlt dev elops a differe11ce of potential betwem 
any two wires, of uver 300 volts and less titan 3,500 volts, 
slia/L be considered as a ltiglt-Potential cz"rcuit, and as 
coming- muter t/1at class, 111tless an approved transforming 
device is used, w lticlt cuts t/1e difference of potential dowit 
to 300 volts or less. 

32. Wires -
( See also N os. J.J, 1,; niul JC.) 

a. Must have an approved rubber insulating covering. 
(See . 41.) 

111 F11 ·tory Mut.1111 1 wo1·k , .,peoilt) w1·1wiss io" in w.-itfr1q wil l he g lvc 11 
.fo r U8ing 11 slow 1Ju1·11ing wcut l1 orproo l1 " nnd " low 1Jurial11g-,. wil'OS fo r 
volt11gca 11 ot ovc1· 7~0 whcro I.he co11dltlo 11 s ur ru.vornhlc. '.L'll o "alow­
hurulng" lnsuluM011 Is ubout t.h e same us I.It o ol(I U 11tlorw1·ltCrR'. 

favornl.Jl o conditions would 111 c1111 , h sl!lcs t.h 11b~ " " of sorn o 
s1, cl 11I r c11 so11 11111kl11g rubl.Jer l usulntlon prcr rn bl ' , th oroughly dry sur­
r undings nml wires AO loc:nt (I thnL tho ordinury workmno, whil e going 
11bout his 1·og11l111· work, would 11ot IJ • llkoly to co111 111 ,·011t11 ·t with Chem. 

111 Ili c clu ss or Ji11·tory work to wh ich thi s •x option t. th e rul e 
a.ppltcs, Lile wlr s 111·' onU1' ly 0 11 lnsulntors1 u1· • In 11111 111 sight, und so 
u,or oug ltl y out or t.h o w11y th11t tho higher g rncl of. l11 suln.t.lou I s 11otttlwn.ys 
11 uo ·esstty. 

b. Must be always in plain s ight and never encased, except 
wh ere required by the In spection Department having jurisdic­
tion. 

c. Must be rigid ly supported on glas or porcelain insula­
tors which ra ise the wire at least one inch from the su rface 
wired over, a nd must be kept apart at least four inches for 
voltages up to 750 and at least eight in ches for voltages over 750. 

Ttigid s upporting requires under ordinary conditions, where wiring along 
flat surfaces, s upports at least ahout every four and one-half feet. 

Jf th e wires arc wius ually liable to be disturbed, the distance between 
s upports s hou ld be s hortened . 
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:12. Wires. - C'ont-inuerl. 

I n bu ildings of mill construction, mains of N o. S B. & . wire or over, 
where not li able to be di sturbed, 111:ty bes ·paratt:cl abou t six inches for voltag·cs 
up to 750 and ahoul ten ind1cs for volta ges ahov · iSO; :ind run from l imber to 
timber, not brca ki11g around , and may be s upported at each timber on ly . 

'.ril e prop 1· di stu11t·c IJOtwcl' n in Aul:lto1·s depends l::u·i.;-c ly ott t.h c s1u·­
rountli ng-s. 111 plm·ct:t wh ere eci liugs nrc low, 0 1· wh cl'C IJclls, shafting, or 
other mnch i 11 c1·v 111:i y 1·cq uirc fl' cqu o11t, nttcnti on, i11 sub1to1·s nrn y lrn\'O 10 
he plnt'cd uvur,Y fe w reel 10 prevent th em g-cl ti 11 ~ together OI' ot.hcrw i • 
out of pla('c by (·arch.•ss 1111d u,u1 voidnhlc knoeking-. Ag-ui u, wi1h n hig h 
t·c iling-; H ll t l 11 0 ch1111 tc t'o r lcru 11gu111 cnt., a 1:p·e11tm· distu11c.e w ultl 1Jc 
al low11hl o. 

'11 11 • wh ole id •n i s, t, fl.O rigioly fiCtu r o th e wlros tll11 t. t,hcy tfln11ot. 
,·omc i11 <·011lm·t wh en loosc11 ctl IJy shrl nkago or tirnl,crs 1111LI fl oo r ,;, or IJy 
('U l'CICS8 kno(· k l ng . 

'I'll • covcriu ,r or tl1 0 wires should uot Uc dopond •d on fo l' inKulntio11 . 
'1111 0 wire s Hllou hfl c RO t:\UJ)j)Ol'tcd 0 11 th} gln sH01· pon:clai11 i111-rnl 11t.ors tllnt, 
i f' lm 1·c wlro w c ,·c used, Lil e 111 sulntlo11 would Htill !Jc cxl·c ll c 11t,. 'l'h c o f!i<'c 
of th • <·o vc 1·i11 !( will then he chie ll y to protc,-t the wires 1'1·0111 ncc- lLl<ml11I 
c·v11luctij oC 11 11 y kind . 

d. Must be protected on side wa lls from mechan ical injury 
I y a substantia l box in g , reta ining an a ir spa e f one in h 
around th e conductors, closed a t the top (the wires p, ss in g 
through bushed hol es) and ex tending not less th an seven .( ct 
from th e flo r. ·when er ss ing tloor timbers, in ell ars or in 
rooms, where th y might b exposed to injury, wire, must be 
atta heel by th eir in sulating supports to the under side of a 
wooden st ri p not less th a n one-ha lf an in h in thi c l ness. 

( l!'_o r cuts 11ml g II rn l uggcst1 011 s on p,:ot. 'Ction, s ·o p11 !(0S 2, 8:1 
nntl I. ) 

33. Transformers (Wh en permitted in s ide bui ldings, se 
N o.13.) -

(.Fo,· co11sln1ction ,·,ties , see No, 02.) 

a. Must be located a t a point as near as pos ible to that 
at which the primary wire ente r th e buil ling. 

'.L'hl s Is to ,·ctl uec t ho n111 ou11 t or high vo l tn go prlnrnry wll'O lo I.h o 
1Jul ldi11g to II s111,ill 1111 11111 ou11t ns 1w ssli>I •. 

b. Must be placed in an encl sure onstruct cl of or line l 
wi th fire-r s isti ng mater ial ; th e enclosu re to be used on ly for 
this purpos , and to I c kept securely lo keel , and access to the 
same a ll wed on ly t responsible persons . 

c. Must be effectua lly ins ul a ted from th grou nd, and the 
nclosure in whi ch they a re placed mus t be practicall y a ir tig ht, 

except that it shall be thoroughl y venti lated to th e outdoor ai r, 
if possibl , through a chimney or flue . There shou ld be at 
leas t six in hes ai r space on all sid es of the tra nsformer. 

, ·o 11 lso not s undor No. Jab. 
'J'h IJJ ' ·tof th c11cl sure Is to nvoltl th o tlungol's outllnod In No. J3 a. 

34. Car Wiring -
a. Must be always run out of reach of th e p assengers, a n I 

must have an approved rubber insu lating covering. (See 
No. 41.) 
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35. Car Houses -

a. Must have the troll ey wires secure ly supported on insu­
lating hangers. 

b. Must have th e troll ey hangers placed at such a distance 
apart tha t, in case of a break in the troll ey wire, contact cannot 
be made with the floor. 

c. Must have cut-out switch located at a proper place out­
side of the bui lding, so that all trol)ey circuits in the building 
can be cut out at one poi nt, and line ir"cuit-brea kers must be 
install ed, so tha t when this cut-out switc h is open the troll ey 
wire will be dead at all points within 100 feet of the building. 
The current must be cut out of the bui ld ing wh enever the same 
is not in use or th e road not in operati on. 

d. Must have a ll lamps and s tationary motors installed in 
such a way that one main sw itch can control the whole of eac h 
install ation - lig hting or power - independently of main feed r­
switch. No portable incande cent lamps or twin wire allowed, 
except that portable incandescent lamps may be u ed in the 
pits, onnections to be made by two approved ru bber-c vered 
fl exible wires (see Ko. 41), properly protected against mechani­
cal injury; the circuit to boo controll ed by a swi tch placed 
outside of the pit. 

e. Must have all wiring and apparatus in tailed in accord­
ance with ru les under lass" C" for co nstant potential systems. 

f. Must no t have any system of feede r d i tribution center­
ing in the build ing. 

g . Must have the rai ls bond ed at ach joint with not less 
than o. 2 B. & S. an nealed copper wire; a lso a supplementary 
wire to be run for each track. 

It. Must not have cars left with trolley in electr ical con­
nection with the tro ll ey wire. 

30. Lighting and Power from Railway Wires -

"· nust not be permitted , under any pretense, In the same circuit 
with trolley wires with a ground return, except In electric railway cars, 
electric car houses, and their power stations , nor s hall the same dynamo 
be used for both purposes. 

Ll!(htl ng rrom t1·01J cy wires Is forbi clden because of th e <ln nger of 
lntrod u ·l ug Into r, buil cllng n, hi gh potonttnl cln;ult (genernll y fiOO volts) 
w hich has so much cnpnclty I.Jnck or It 1u1tl which Is thoroughl y co11 11 cctecl 
with the onrth on ono slllo. Lighting from lower vo ltage tro ll ey wires Is 
al so forblllll en on noco uu t or th e gl'O uncl conn ection. 

87. Series Lamps -

a. No system of multiple-series or series-multipl e for light 
or power will be approved . 

Doth systems hnve b on more or less u sed, but hav.c p,·ovecl them­
selves gcncrnll y unreliau le. 'l'h e trouble comes, jint , ri-0111 the fi tti ngs, 
which nro 110t clcslgned 'fo r the high voltnges, IUHI seco11 cl , fro m tbe lnrgo 
currents which mny fl ow If one or more lamps or motors .fo ll , tcnlllng to 
burn out parts of the npparntu s. 
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37. Serles Lamps.- Cont inued. 

b. U nder no circumstances can lamps be attached to gas 
fixtures. 

J3ccause of th e dnnger ous proximi ty between the hig h vol tage ci rcuit 
ancl n pi I)e which i s thoroughly connected to the ground. 

EX'l'ltA. IlIGH-POTENTIA.L SYSTEMS. 

OVER 3,500 VOL'.l' . 

A 11y circuit attaclted to any mac/tine or combination of ma­
c/tines, wlticlt develops a dijfere11ce of potential, between 
any two wins, of over 3/i00 volts, sltall be cousidercd as an 
extra liz'g!t-j)otent£al circuit, aitd as coming zmder tltat class, 
unless an approved transforming rle11ice £s used, w lticlt cuts 
tlte difference of potential rlow1t lo 3,500 volts or less. 

3 . Primary Wi res -

a. Must not b brought into or over buildings, except 
power and sub-s tations. 

39. Secondary Wires -
a. Must be installed under rul es for high-potential sys­

tems, wh en th ir immed iate primary wires carry a current at 
a potenti a l of over 3,500 volts, unl ess the p rimary wires are 
enti rely underground . 

'l'ho presence of wlros c,irr y lng n cu r r ent n.t a poton tln l o r over 3,.5()0 
volts In the streets of c ities auc.l towns l s conslc.lc r ed as luer onslng the li r e 
llllZ2'rc.l . 

In Fnctory ll'futun l w or k this r oq uh·omont wi ll ho witlvorl wh r e 11 
srtfo 111..-angemcnt ol' t ho IJl"in,n.r y wl,·cs ·1111 IJo mndo 111111 su ltu,b lo p ,·otoc­
tlon 'l'or tho cco1HJ11rios pi-ov lc.led. m ,ch su It cnso shoul c.l be t r ontod on 
Its own merit . 
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FITTINGS, MATERIALS AND DETAILS OF 

CONSTRU CTI ON.* 

A. II Sys te m s a 11d Voltages. 

Jns nlntc tl Wh·cs - Jl.nlcs '10 to 4 

40. General Rules. 
a. opper for insulated conductors must never vary in 

d iameter so as to be more than o/1000 of an inch 1 ss than the 
specified s ize. 

b. W ires and cables of all kinds designed to, m et the 
following specificati ns must be I lai nly tagged r mark ed as 
follows: 

1st. The maximum voltage at which the wi re is cl s igned 
to be used. 

2d. T he words" National • lectrical ode Standa rd." 
Sci. Name of the man ufacturing co mpany a nd, if des ired, 

trade name of the wire. 
4th. Month and year when manufactured. 

41. Rubber-Covered . 
a. oppe r fo r conducto rs must be thor ugh ly tin ned. 

Insulation for voltages between 0 and 600, 

b. Must be of rubber or o th r a ppr ved subs tan e, and be 
of a thi kn ess not less th a n th at g iven in the fo ll win g table fo r 
13. & S. gauge sizes: 

Fr m :I to 
14 to 
7 to 

" 
l to 

00 Oto 
500,000 to 

La rger than 

16, in lus ive, 
" ' '1 

0000: 
600,000, 

J ,000,000, 
l ,000,000, 

" 
" 

M. 

Measurements of insul atin g wall a re to be made at th e 
thinnest portion of th e diele tric. 

,. c:i~ II i11; .. 1,:1,:L'!~ 111:[181~-~; W,0 ~.~\~~:·r~:~i~~'.~~-~11
1\~~ci .. ~~f~~I \1.~0 t/:gg,::;;~,1~18s 

Jlttlngs, nn<I o r l11 to th r hnvo uccn sevornl lrnpu1-t11nt oxnmplo o f this 
co-op rn t lon. Jn U •ccmuo,·, 18!)8, n. spc,; 1,.1 committee mot the lending 
s ckct 111111111l'ncture1·s 1111!111g rcctl on " complete sot o f spcl"lflc11tlons. 111 
,J 11 11ui11·y, 1800, nnothc r ,·omml t tco 11 s ·rnbl ti In h lcngo 11 11(1 d is ·usse<I for 
sovcrnt tln ys, with reprcso11tutl v s of th o lending lusulatotl wire 11urnur1w­
turers In th · uitetl t,,tos nntl 'n1111tln , spoclflt-ntlons for lnsulntlons o f 
vurlous klulis 111Hi r nchc I en lly snt l sl'uctor y ugrc rn cnt . 

Jn oth er llnC8, IJy co,..-c ·,pondouce 111HI ·onl'cr nee slm l l t11· bouc fl<:lnl 
co-opcrn.t lon hns !Jc •11 secured, nnd a 11um1Je1· of mnttc,· 111·0 now under . 
going such consluemtlon. 

40 
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41.. Rubber-covered. - ontinuell. 

c. The completed coverings must show an in sulation resist­
ance of at least 100 megohms per mile during thirty days' im­
mersion in water at 70 degrees F. 

d. Each foot of the compl eted covering must show a 
dielectric st reng th suffi ient to resis t throughout five minutes 
the appli cation of an E. M. r. of 3,000 volts per YG,~-inch 
thi ckn ess of insul ati on under the fo llowing co nditions:-

The sour e of a ltern atin g E. M. F. shall be a tran sform er 
of a t leas t one kilowatt capacity. The application of th e E. M. F. 
shal l firs t be made at 4,000 volts for fi ve minutes and then the 
voltage increased by steps of not over 3,000 volts, each held 
for fiv e minutes, until the rupture of th e insulat i n occu rs. The 
tes ts for dielectric s trength shall b made on a sampl e of wire 
whi ch has been immersed for sev nty-two hours in water, one 
i ot of which is submerged in a c nducting liqui l held in a 
meta l trough, one of the transform er termin als being co nn ected 
to the copper of th e wire and the other to the metal of the 
trough. 

Insulations for voltages between 600 and 3 ,600 . 

e. The thickness of th e in sul a ting walls must not I e less 
th an those give n in th e fo llowing table for B. & S. gauge sizes: 

From 14 to 1, inclusive, %2" 
From O to 500,000, . M., %~", overed by a tape or a braid. 
Larger than 500,000, " '1/:1i", " " 

f The requirements as to insul a tion and break-down resist­
ance for wires for low-potential systems shall apply, with the 
ex eption th a t an in su lation res is tance of not less than 300 
megohms per mile shall be r quired. 

Insulations for voltag es ov er 3,600. 

/[. Wire for ar light cir uits exceeding 3,500 volts p tcntial 
shal l have an in sul a ting w;ill not less than (}b" in thickn es ·, 
and shall withstand a breakdown test of at least 30, 00 volts 
and have an insula tion of a t least 500 megohms per mile. 

The tes ts on thi wire to be made under the same condi­
tions as for low-p te ntial wir s. 

' pccifications for insulations for altern ating currents exceeding 31500 volts 
ha ve been cOnsidcred but on account or the somewhat complex conahions in 
such work, it has so far been deemed inexpedient to spe ify general insulations 
for this use. 

Protecting braid . 

/1. All of the above insulations must be protected by a sub­
stantial braided covering properly saturated with a preservative 
compound and sufficiently strong to withstand a ll the abrasion 
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41. Rubber-covered.- Continued. 

likely to be met with in practice, and suffic iently elasti c to p er­
mit all wires smaller than No. 7 B. & S. gauge to be bent 
_around a cylinder with twice the diameter of the wire, without 
injury to the bra id. 

42. Slow-burning Weather-Proof. 

a. The insula tion shall consis t of two coatings, the inner 
one to be fire-proof in character, the outer to be weather-proof. 
The inner fi re-proof coating must comprise at lea t six- tenths 
of the tota l thickness of the wall. Th e comple ted covering 
must be of a thickne s not le s than that g iven in the fo llowing 
table for B. & S. gauge s izes : -

From 
" 
" 

" 
Larg 

14 to , in lus ive, %1" 
7 to 2, " 1;\o" 
2 to 0000, " %.a.'' 

0000 to 500,000, . M., %2" 
500,000 to 1,000,000, " %.1." 
r th an 1,000,000, ¼" 

Measurements of insul at in g wall a re to be made a t the 
thinnes t portion of th e diel ec tric. 

b. The inn er fire-proof oa ting s ha ll be layers of cotton or 
other th1·eacl , the outer one of whi h must b braicl e I. A ll th 
interstice of these laye rs a re to be fill ed with the fire-proofin g 
compound. This is to be mate rial whose s lid onstituent is 
not s usceptible t moisture, and which wi ll not burn ven wh n 
g roun I in a n oxidizable o il , mak ing a compound , whi h while 
proof agains t fire and 111 isture, at the sa me time has ons i le r­
able e las ticity , 11nd which wh n d ry will suffer no change at a 
te1111 ratur of 2ii0 degrees F. and whi h wi ll not burn a t even 
higher temperature. 

c. The weather-pr of coating s hall be a s tout braid thor­
oug hly saturat cl with a dense m ois ture-proof compound 
thor ugh ly s li cked down , appli ed in s u h man ner as to drive 
any a tmosph ri mo i ture from the tton braiding, the reby 
se urin g a · vering to a g reat degree water-proo f a nd of hi o- h 
ins ul a ting p wer. This compound to retain its elas tic ity at' 
ze ro F . and n t to drip a t 180 degree F. 

This wll· la not na hurnnblo ns th • old " Wcuth c r.pr o f," D r ns 
subj ect to softo11 l11g u11 l r h nt, but s till Is nblc to ,·cpc l th o o rrllnn,·y 
1111,ount o r moisture 1'ound Indoo rs. It wo uld not us 111,lly be u ed for 
out ltl work. 

43. Slow-burning., 

a. The insul ation ·h all be th e same as th e "Slow-burning 
W eather-proof," except th at the outer braiding s hall be im preg­
nated with a fire-proofing compound imilar to that required for 
the interior layers , and with the outer surface fini heel smooth 
and hard . 
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43. Slo w-burning. - Contintte<l. 

This II s low.hu rning-" w ire shall only be used with special permiss ion of 
the In s pection D epartme nt hav ing jurisdiction. 

This ts pr11 cticnll y the olcl "Un,lc rwrlters " insuln.tlon . 1t Is speciall y 
u seful In hot, liry pliices where ordlunr y insul11ttons would peri sh, nl so 
where wires nre bunched, !LB on th e llnck o f ii lnrge wl tchbo1u·d or in n 
wire towe r, so thnt tho uc ·u111ul11 t lon o r rubber or wenthc r-proof insu­
lntlons woul l re ult in un objectionn. lll y lnrge mnss o f hig hl y lulhimm nble 
mntorinl. 

Its use ts restrl tcd , as Its insuln tl ng qunlitics arc not hig h nncl nre 
cfornu gcli lJy rn isture . 

44. Weather -proof -

a. The insul ating covering shall consist of at least three 
braids thoroughly impregnated with a dense moisture repellent, 
which will not drif at a temperature lower th an 160 degrees F. 
The thickn ess o insulation shall be not less th a n th at of 
"Slow-burning W eather-proof.'' The outer surface shall be 
thoroughl y sli cked clown. 

_'Thi s wire Is for outd oo r use whe r moisture Is ccrtulu uml wh ore 
fir -p roof q uali t ies nro not uoces nry. 

45. Fl exible Cord -

a. Must be made of strand ed opper conductors, each strand 
to be not larger than o. 20 or smaller th an No. 30 B. & S. gauge, 
and a h stranded conductor must be covere I I y an approved 
insu lation and protected from me hanical injury by a tough, 
braided outer c ve ring . 

For pendant lamps. - In thi s class is to be in ·lucl cl all fl ex ibl e 
cord whi ch, und er usual cond itions, hangs free ly in a ir, and 
which is not likely to be moved s ufficie ntly to ome in contac t 
with surrounding objects. 

b. Ea h strand ed conclu tor must have a carryi ng oopacity 
equivalent to not less th an a No. 1 H. & S. gauge wire. 

c. The covering of each s trand ed oncluctor must be made 
up as fo llows: -

1s t. A tight, close wind of fin otton. 
2d. The insul a tion pro1 er, whi ch shall be either water­

! roo f or sl w-b urn ing. 
3d. An outer over of silk or Olton. 

•r1, wind or 1·o t,Lo 11 Le nds to p r ve nt " llr ken strn11 I pu,wt urlng u, o 
lnsulnti on 1111(1 ,·1111 ij l11g n. short clre uit. It nl so kcc1)s th e ,·uull(ll" Crom 
C0l'l'0dlng th o (' OJ)J) OI' • • 

d. Water-proof in sul ation must be solid, at least' 1/a2 of an 
in ch thi ck, and must show an in ul a tion resi tance of 50 meg­
ohms per mil e through ut two weeks' immersion in water at 
70 degrees F., and s tand th e tes ts prescribed fo r low-tension 
wires as far as th ey apply. 

e. Slow-burning insulation must be at least %~ of an inch 
in thickness and composed of substanti al, elastic s low-burning 
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45. Flexible cord for pendant lamps.- Co11tinue<!. 

materials which will suffer no damage at a temperature of 250 
legrees Fahrenheit. 

\\·atcr.proor ins ul:ilion may he used anyw here . I w-burning insulation 
is on ly pcnn1ss iblc i11 pcnn:111cntly dry places . 

f. The outer protecting braiding hould be so put on and 
sealed in place that wh en c ut it will not fray out, a nd where 
cotton is used, it shou ld be impregnated with a flame-proof 
paint which will not have an injurious effec t on the insulation. 

For portables. - In this cla s is included all cord used on 
portable lamps small portable m tors, etc. 

g. F lexible ord for portabl use must have water-pro f 
ins ul ation as required in section d Ior pendant or I, and in add i­
tion be pr vided with a rei nfo rcin g ve r espe iall y desig ned to 
withstand th e abrasion it will be ·ubject to in tJ1 e uses to whic h 
it is to be put. 

For portable heating apparatus. 

It. Must be made up as fo llows: -
J t. A tight, close wind of fine cotton. 
2d. A thin layer of ru bber abou t ½oo-inch thick, or other 

ce menti ng material. 
3d. A layer o[ asbestos in sulation at leas t %~-inch thi ck. 
4th. A stout I ra id of ollon. 
6th . An out r reinfor ing over especially desig ned to 

with land abrasion. 
This cord is in 110 sense w:ttcr.prool, tile Lhin Inver of rubber being spcci · 

ficd in rel r tlmt it mav St! rvc mcrclv as :L seal to f1clp hold in pla ·c the line 
cotton and asbestos, au(I it should b :so put on as to a co111pli sh thi s. 

4-0. Fi1ture Wire -

a. Mu t have a soli d insulatio n, with a slow-burning, tough, 
outer covering, th e wh I to be at kast 1/.,2 of an in ch in thi k­
ncss, and s how a n in s ul ati n res ista nce b tween oncluctors, 
and between eith er ndu ctor and the g round, of a l least one 
megoh m per mile, after one week's s ubm ers ion in water at 
70 degrees • ahren heit, a nd afte r three minutes' elec trifica tion , 
with 550 volts. 

47. Co nduit Wi re -

Must compl y with the fo llowing specifications : -

a. For metal co nduits hav in g a lining o[ in sula ting mate­
ria l, ing le wires mu t comply with Rui c 41, a nd a ll duplex, 
twin and con e ntric c ncluctors mus t comp ly wi th Rule 41, and 
must also have each co nductor s _parately braided or taped and 
a s ubstantial braid covering the wh ole. 

b. For unlined metal co nduits, conductors must conform 
to the specifications given for lined conduits, and in addition 
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4i. Conduit Wire, - 011/im,e<l. 

have a second outer fibrous covering a t leas t %2 o[ a n in ch in 
thick ness, and sufficiently tenacious to withstand the abras ion 
of be ing haul ed through the metal cond uit. 

Tho 1.ffHitl required urouud nch <·0tHlu<"tor in <luplox, twin, nnd con. 
ecnLric CHblcs Jg tu holtl the rul>lJcr insul11tlo11 in pin ·c 1111d provcut jam ­
ming und llattcning. 

4 . Armored Cable -

a. The armor of such cables must be at least equal in 
thickne s and of equal st rength to resi t pen tration by na il s, 
et ., as the a rmor or metal coverings of metal condu its (see 
l o. 49 b). 

b. T he conductors in same, single wire or twin onductors, 
mu ·t have an in s ulating covering as required by No .. .n, any 
fill e r used to secure a round exterior must be impreg nated 
with a moisture repell ent, and the whole bu n h of onductors 
an l fill ers must have a separate exterior covering of insu lating 
materi al at least %2 f an in h in thi ckness, onformin° lo the 
insu lation standard g iven in o. 41 and overed with a substan­
tial I raid. 

V er y ,·cll nhlc lnsu l11l lo11 l a sped fl ed, ns suC'h rul>I s nrc l lnblc to lrnr<I 
11 Hnl{C, und in 111 1y pnrt o1' Lll otr longtll mn y be sul,j <·t to molMtun.•, whllu 
th ey 11111 y 11 ot ho cusll y 1·omovnblo, 80 th1it n 1J rcnk dow 11 011 lnsulnLion ls 
lik ely to iJ • 'X)I ' ll 8 1VO. 

40. Interior Conduits -

( /o 'u1· wfri119 ,·,ties see No8. 2.j_ rnul !!IJ .) 

a. Eac h length of ondu it, wh ther in ulated or uninsu­
la ted, mu t have the maker's name or initial stamped in the 
m tal r attached thereto in a satisfactory manners tha t the 
in spectors can r adi ly see the same. 

' l'hl s mnkcs It (ll fll cult for Irr ·s ,,o rr sll,1 muk rs t,o succ ·ss rully l(Ct 
th ei r ijLUff 011 tho 11111rkot, :rud r end ors t possible to p ine' tire r cs1,onslbi liLy 
fo r· t'nulty pieces. 

Metal Conduits with Lining ol Insulating Matorlal. 

b. The metal coverin g or pipe must be equal in strength 
to th e rclinary com mer ial form s of gas pipe of Lhe same size, 
a nd its lhi kn css must be not less th a n tha t of standard gas­
pipe as shown by the following table: -

s 1:.rn. •r111 c 1rnt;ss OF 
JN ' II E$ .. ,VAL.1,.,.- JN IU~. 

½ .)09 
% .111 
¾ .ll 3 

1 .134 

RIZ F.. 
I NUII E 

1¼ 
1½ 
2 

1'111 l{NEfo; OP' 
WALli,- I N IIE . 

.140 

.145 

.l<'i4 

An allowance of 2/ioo of an inch for variation in manufac­
turing and loss of thickness by cleaning will be permitted. 
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49. Metal Conduits with Lining of Insul ating Material. - Cont'inttecl. 

c. Must not be seriously ;:iffected externall y by burn ing 
out a wire inside the tube wh en th e iron pipe is connected to 
one side of the ircuit. 

d. Must have the insulat ing lining firml y secured to the 
pipe. 

e. The insulating lining must not crack or b reak when a: 
length of th e conduit is uniform ly bent a t temperature of 212 
degrees Fahrenh eit to a n a ngle of ninety degrees, with a curve 
havin g a radius of fi ftee n in ches, fo r pipes of one in ch and less, 
a nd fifteen times the di ameter of pipe fo r la rger pipes. 

f. The insula ting lining mus t not so ften injuriously at a 
temperature below 212 deg rees Fah renh eit a nd must leave 
water in which it is boi led pract ically neutra l. 

g . The ins ul ating lining must be at leas t %2 of an inch in 
thickness, a nd the mate ri als o.f which it is omp sed must be of 
s uch a na tu re ;:is wi ll not have a deteriora ting ffect on the 
in sula tion of th e condu ctor, and be s ufficientl y tough and tena­
ciou to withstand the abras ion test of cl raw 111g in and out of 
sam e long lengths of onclu tors . · 

11 . The in sula tin g lini n~ mus t not be mecha nicall y weak 
after th ree cl ays ' subm ersi on 111 wa ter, a nd, wh en removed from 
the pipe e ntire, must not ab orb more than ten per cen t. of its 
weig ht of water duri ng 100 h urs of submersion. 

£. All lbo ws or bends must be so made tha t th e conduit 
r lining of same will not be inj ur d. The radius of the curve 
f the inner e lge of any elbow not to be less than three and 

on -h;:i lf in hes. Mus t have not more than the quivalent of 
four quarter bends from outlet to outlet, th e bends at the outlets 
not be ing ou nted . 

Unli ned Metal Conduits. 
j. Pl i1 in iron or steel pipes of eq ual thi kn e s and 

stren th s specifi cl f r lined conduits in o. 40 b may be us d 
, s onclu its, provided their in te rior sur(ac s a re s m th a nd fr 
from burs ; pip to be ga lvaniz cl , r the interior surf a es 
coated or ena mclccl, to preve nt oxidi zat ion , with some s ub tan e 
whi h wi ll not softe n so as to I e orn e st i ky and p revent wire 
from being withdra wn from the pipe. 

k. All elbows orb nds must be so made th at the cond uit 
will not be injured. The rad ius of the curve of the inner edge 
of a ny elbow not to be less than three and one-half in ches. 
Must have not mor than the 1uivalent of fou r quarter bends 
from outlet to ou tlet, the bend at th e outlet not be ing counted. 

50. Wooden Mouldings -
( Ji'o,· wi,·in(J 1·ttles, see No . fU. .J 

a. Must ha ve, both outside and inside, at least two coats of 
water-proof pai nt, or be im pregnated with a moisture repellent. 
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50. Wooden Mouldings. - Con!'in,iecl . 

'.l.' he icleii i s to fill up the pores of the woocl antl preveut the possilJil ­
lty of Its becoming s1ttumtetl with wttter. 

b. Must be made in two pi eces, a backing and capping, so 
constructed as to thoroughly encase the wire, and provide a 
one-half in ch ton gue between the conductors, and a solid back­
ing, which, under g rooves, shall not be less than three-eighths 
of an in ch in thickness, and must afford suitabl e protection 

• from abrasion . 
It is recommended that onl y hardwood moulding be used. 

51. Switches -
{ See Nos. 17 mul 22.J 

a. Must be mounted on non-combustible, non-absorptive, 
insulating bases, such as slate or porcelain. 

b. Must have carrying capacity suffi cient to prevent undue 
heating. 

c. Must, when used for service switch es, indicate, on in­
spection, whether the current be "on" or " off. " 

Inc.li eu.ting switcl1 os nrc muuh profcrro<l fo r nil work, ns hy showi ng 
nt 11 cc w h •U1e1· t;h curl'Cn t i s on 01· o il' t hey tc11d to s11vc mlstn kcs 1111<.l 
possible nccidcnts. The rn ·t thnt lli,hts don t l) u1·n o,· tl111,t II motor docs 
not run Is not 11 cccss11rlly n s11rc slg 11 tl111t the m11·1·011t is o ff, but the iiHll ­
··n.tln l-{ swltcl1 11111,k os it possilJl o to su1·cly cut the CUl'rent o lt before l.Jcgiu-
11ing ,·oµnlrs. 

d. Must be plain ly marked where it will always be visible, 
with the name of the mak ran l the urrent and th e voltage for 
which the switch is desig ned. 

'l'hl s Is to p1·cvc11t mistnkcs nnd the 11.ccl de11ts likel y to t'ollow If 
switches (L l 'C used 1rnd er <~011iliU011 s for whi ch the,, were not do~i~n •ti. 
The 1111111 0.or the mnkcr render s It poss li.Jlo to p ine· 'tho r e ·po11 slbllity for 
failure . 

c. Must, for constant-potentia l systems,operate sue essfully 
at fifty per ent. overload in amperes, with twenty-five per ent. 
excess voltage under the most severe conditions they a re liable 
to meet with in practice. 

ThiR test i s dosign e(I to g l v n rcn sonnblo m11rgi11 b tw n the orcll ­
no.ry 1·11,LinH of t li c sw lt •)J 11nd tho l) r nki11g-dow11 poin t, thus F.1- 0cul'i11g a 
swltoh whlcb t'i1t1 nlwnys snl' ·ly lrnndlc lta 11 01·1nul Jund. 1\ l urcov ·1·1 t,hcre 
18 enough 1 • •wn y, o thnt thu switch could snl' ly isLund n. modornto 1111, unt 
ol' vcrlo11dl11g. 

f Must, for co nstant-potential systems, have a firm and 
secure con ta t ; must mak e and break read ily, and not top 
wh en motion has once been imparted by th e handle. 

g . M-ust, for co nstant urr nt systems, close ti,e main 
circuit and dis onnect th - bran h wi res when turn ed "off;" 
mu t be so co nstructed that they shall be automatic in ac tion , 
not stopping betwee n points when started, and must prevent an 
a rc between th e points under all c ircumstan ces. They mu s t 
indi cate, upon inspection , whether the current be "on " or" off." 

If t l, c swi tch does not huvo tho qunllties r ec\uired by fund g, there Is 
gr e1Lt li111Jllii;y of t he contacts coming to r est wit, a slight . p11ce hotwcon 
th em, which will lJe hri lgecl by the ·unent forminl'( 11111u·c sull"ici ent to hcut 
the switch to redness. £oosc contncts nre very where IL source of 11 at. 
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52. Cut-outs and Circu it-Breakers -

(Fo1· -i11st<tllation r1tles, see .Vos. 17 anti 2 1.) 

a. Must be supported on bases of non-comb ustibl e, non­
absorpti ve ins ul ating mate ri a l. 

nnm p 11 cs t 11d ~ to cnu c xccssh·c leak s ovc1· tll o wet surfn('CS 01' 
th e t·uL-outs, pcrhnps fluul ly r suh,ing iu a shol' t cit·euit.i 11g untl d1uv .. orou:5 
hen ting. 

b. Cut-outs mu . t be provided with over , wh en not 
a rran ged in approved cab ine ts, so as to obviate any danger of 
th e melted fus e meta l comin g in ontact with a ny s ul s ta nce 
whi ch mig ht be ig nited thereby. 

c. ut-o uts must operate s ue essfull y, und er th e most 
severe con litions th y a re Ii al le to meet with in pra t ice, o n 
s ho rt ircuits with fuses rated a t 50% above, and with a voltage 
25% above th e urre nt an I voltage fo r whi ch th y ar d e ·ig n d. 

'I 'he,·o i s 11lw11y s tho pos ihility or 11 1:Hgor fu so th1111 th e C'ut-out wn s 
<l csig-n (I ror bui 11 ,,.;- pu t 111 ~ aguin , th • vollugc i 11 11 1ost plnnt s c1u1 , urnh.H' 
som · co 11dlLi ns, l 1H·ruft :;O consltl rnlJly nbovc the nornrnl. 'l'h .. 11 ocd or 
s0 111 0 murglu /I K n l'Hl·Lor of' sn I' •tr to pr v •nt the cut~out~ bei ng ruined ht 
01·tll11nry s •r vlt· ts, tlt cr .. l'o r , ovlcl 11t. 

'l'h most seven • co11d itlo 11 s whi •h 11 ('UI · ut is likely t.o me t. in p1·m· ­
tlr i s II clc11d short dr('IJ\t nm! only one fu s !)lowing. 

d . Circuit-b r akers must opera te succe sfully, under th e 
most severe o nditi o ns th ey a re liab le to meet with in pra ti ce, 
on short ir uits wh en se t a t ii0% ab ve th e ur rent, a nd with a 
voltage 25% above that for whi h th ey a re desig ned . 

F'or th o sum o 1·enson ns in c. 

e. Must be pl,linl y marke I wh ere it will a lways be vis ibl , 
with th e na m o[ th e maker, and curren t a nd voltage f r which 
the levi ce is d e. ig ned. 

1ro1· Lh su 111 0 rcusons t,hitt alrnlh11· 1· qui,· m nts wor o mode for 
swi tch s. ' 'O f1 11 · pl'i11t, :-lo. 51 <l. 

I t Is ti sll'IIIJ!o 11lso to 11 o111·k cut.outs 011 1·0111pl ctod syst·o,ns wll h t h slzo 
o r !'u se bclo1lg l 11g 111 t hem. 'l'hls wi ll ten d to ouvlnto I,h d11 11g ,,. or r opl11c­
ing" t,u ,·ned -out l'us by nc to l11rgc to prote ·t th o wir s. 

53. Fuses -
( J1'or i11sl<1llatio11 ,·ule•. see Nos . 17 o,uf 2 1. ) 

a. Must have ontact s urfaces or tips of harde r metal 
hav ing perfect e lect rical co nnect ion with the fus ible part of the 
s trip. 

'!'ho use or th e hnr,l m eta l ti\ i s t nffonl 11 strong m e huul ·111 bcnr lng 
for the s ·row s, c ln111p , 01· 01hor < ,•Ices prov ld d fo r holding the fuso. 

b. Mu t b s ta mped with about 0% of the maximum cur­
rent they a n carry indefinite ly, thus a ll owing about 25% over-
load before fuse melts. · 

Vlith naked op 11 fuses , of ord inarv sha.pcs , and not ov r 500 amp ·tcs 
ca.pacity, the mi11im11m curre nt which wi ll melt th in in about hve minutes 
111 ay be safel y tak •n as the melting- poi nt, as the fu se pra ti ·all y reaches 1ls 
maximum temperature in this ti me. \V ith larger .fuses a longer time is 
neccssnry. 
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53. Fuses. - Cont'imie<l. 

Enclosed fu ses w here the fu se is often in contact with s ub lances having­
g-ood conducti vity to heat, and oft en o f considerable volum e, require a mu ch 
longer time to n!ach a 11 1a:x imu111 temperature on account of· the surrounding 
111 :tlcri:il w hi ch heat s up slowl y . 

This data is g iven to fad litate testing . 

c. Fuse termi nals must be stamped with the maker's nam e, 
ini t ial , or some known trade-mark . 1 

~' or reasons co tirol y similar to those ' ivcn unde r No. 51 <t. 

54 . • Cut-out Cabinets -

rr . Must be so cons tructed, and cut-outs so arranged, as to 
obvia te a ny clanger of th e melted fu se meta l coming in contact 
with any substance wh ich might be ig nited thereby . 

.1\ suit:th!c box can be made of marble, slate, or wood, strongly put 
together, the door to clos ... agaiust a rahb t so as to be pcrf "Clly dust ti g h"t., :ind 
it shnnld be hung on strong- hin g-cs and held closed by n strong hook or ·: it c h. 
I f Lhc box is wood the inside shou ld be li11 ed w ith sheets of asbe;s los hoard 
about onc.six tc •11th of :in inch in th i kncss , nc:1tly put on and fi r111l y s ·cured in 
place h_v shellac :ind ta cks. The wires should cuter through hol s bu shed 
w ith porce lain bu shi ngs; th 1 ushings tig'hlly lit ti ng the holes in the l>ox, and 
the w ires li g htly fitting- the bus hings {us in g tape lo blll ld up lhc wire, if nec­
essary} so :i s to keep ou t th dust, 

( l' OI' gcucn tl A11 ggcsUons untl rl cscrl 1itlons, sec Figs. 27, 2 , 30 nnd 31, 
pugcs !J5- 'IOL. 

55. Sockets -
(See N o :n.) 

So kets of all kinds, in clucl in rr wa ll rec ptacles, mu t be 
constructed in accordance with the fol lowing speci fi cations. 

a. Standard Sizes . - The stan lard lamp . ocket shall be uit­
able fo r use n any voltage not ex eecl ing 250 an I with a ny 
s ize lamp up to 50 . P. For lamps lar,;;-er than 50 . .P. a 
standard keyless so ket may be used, or, if a key is required , 
a specia l socket designed for the urrent to be used must be 
made. Any special soc kets must fo llow the ge nera l spirit of 
th e e spec i fi a tions. 

b. Marklng.- The standard socket must be plainly marked 
50 c. p. , 250 v., and with eith r th e manufact urer's name or reg­
istered trade-mark . Specia l large sockets mus t be marked with 
th e current a nd voltage fo r whi h th ey are designed. 

c. Shell . - Meta! used fo r shells must be moderately hard 
but not h ard enoug h to be brittle, or so soft as to be eas il y 
dented or knocked out of pla e. Brass shells must be at leas t 
0.0J3 in ch in thickness, and shell s of any other material mus t be 
thick enough to g ive the same s tiffness and strength as brass. 

d. Lining . - The inside of the shell s must be lined with 
insula ting material , which shall absolutely prevent the shell 
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55. Sockets . - Co11tin1tell. 

from becoming a part of the circuit even though th e wires inside 
the socket should start from their position under binding 
screws. 

The materi al used for lini ng must be at least 1/s2-inch in thi ck­
ness and must be tough a nd tenacious. It mu st not be injur­
iously affected by th e heat from the larges t lamp permitted in 
the socket and must leave the water in wh ich it is boi led prac­
tically neutral. It must be so firmly secured to the shell that it 
will not fa ll out with ordinary handlin g of the socket. 1 t is 
preferable to have the lining in one piece. \ 

c. Cap . - Caps wh en of sheet l rass must be a t least 0.013 
inch in thi ckness, and when cast or made of other metals must 
be of equiv alent strength. The inlet piece, except fo r special 
soc kets, must be tapped and threaded for ordinary ¼ -in ch pipe. 
It must co ntai n sufficient metal for a fu ll , s tron\; thread, and 
when not of the same piece as the cap, must be Join ed to it in 
a way to give the st rength of a s in gle p iece. 

There must be sufficient room in the cap to enable the 
ordinary wireman to easily and quick ly make a knot in the ord 
and p ush it into place in cap wi th out crowding. All parts of 
the cap upon which the knot is likely to bear must be smooth 
and well insul ated . 

f. Frame and Screws . - The frame holding mov ing parts 
must be sufficiently heavy to g ive ample s trength a nd stiffnes . 

Brass piece containing screw threads must I e a t least 
0.06-i nch in thi kness. 

Binding Post S rews must not be smaller than o. 5 wire 
and about 40 threads per in ch. 

g. Spacing.- Point of opposit polarity must verywhere 
be kept not less than %4,- inch apart un less separated by a reli able 
insulation. 

It. Connections . - The co nnecti ng points for the flexible 
cord must be made to very se urely grip a o. 16 or 1 B. & . 
conductor. A turned-up lug, arrange l so that the cord may be 
gripped betw en the screw and th e lug in suc h a way th at it 
cannot po sibly come ou t, is strongly advised . 

z'. Lamp Holder. - The socket must firm ly hold th e lamp in 
place so th at it can not be easily jarred out and must provide 
a con ta t good enough to prevent un lue heating with maximum 
current a llowed. T he holding pieces, springs, and the like, if 
a part of the circuit, must not be suffi cien tly exposed to allow 
them to be brought in contac t with anythin g outs ide of lamp 
and socket. 

j. Base . - T he inside parts of the socket, whi ch are of in­
sula ting materi al, excep t the li ning, must be made of porcelain. 

k. Key. -The socket key-handle must be of such a materi al 
that it will not soften from the heat of a 50 candle-power lamp 
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55. Sockets . - Conti,me<l. 

hanging downwards in air at 'i0 degrees F. from the socket, and 
must be securely, but not necessarily rig idly, attached to the 
metal spindle it is designed to turn. 

l. Seallng.-A ll screws in porcelain pieces, which can be 
. firmly sealed in place, must be so sealed by a water-proof com­

pound which will not melt below 200 degrees F. 
m . Putting Together. - The socket must, as a whole, be so 

put toiether that it will not rattle to pieces. Bayonet joints 
or eqmval ent are recommended. 

it. Test. - The socket when slowly turned "on and off," at 
the rate of about two or three times per minute, must "make 
and break" the circuit s ix thousand times before failing, when 
carrying a load of 1 ampere at 220 volts . 

o. Keyless Sockets . - Keyless sockets of all kinds must 
comply with requirements for key sockets as far as they app ly. 

jJ. Sockets of Insulating Materials . - Sockets made of porce­
lain or other insulatin g ma teri al must conform to the above 
requirements as far as they apply, and all parts must be 
strong enough to withs tand a moderate amount of hard usage 
without breaking. 

q. Inlet Bushing.- When th e socket is not attached to fixtures 
the threaded inlet must be prov ided with a strong insul ating 
bushing havi ng a smooth hole of at least 1%4,-inch diameter. 
The corners of th e bushing must I e rounded and a ll ins ide 
fins removed, so that in no place will the cord be subjected to 
th e cutting or wearing action .of a sharp edge. 

56. Hanger-boards -

a. Hanger-boards must be so constru ted that all wires 
and current carrying dev ices thereon shall be exposed to view, 
and thoroughly insulated by being mounted on a non-combust i­
ble, non-absorptive insulating substance. All switches attached 
to the same must be so onstructed th at they hall be automatic 
in th eir action, cutting off both poles to the lamp, not stoppi ng 
b etwee n po in ts when started, a nd preventing an arc I etween 
points under all circumstances. 

Fol' the same 1·01,sous thitt slmlhu: re rull' •monts wcl'c made undo" 
51 fnml !J· 

Lt ls doslrnblo to cut o ff both polos to tho In.mp, so that there would 
be no d11ngc l' In hnnd li ng It If the circuit wel'O gromidec\. 

57. Arc Lamps -
(Fo,· install«tion ,·ttles, see No. 19.J 

a. Must be provided with reliable stops to prevent carbons 
from fa ll ing out in case the clamps be ome loose. 

b. Must be carefully insulated from the circuit in all their 
exposed parts. 

To pl'ovent n Jca,kn.ge of CUl'rent to any object whlch should happen 
to come rn contact with the outside framing of the lamp. 
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57. Arc Lamps. - Continued, 

c. Must, for constant-current systems, be provided with an 
approved h and switc h, a lso an a utomati c sw itc h that will shun t 
the cu rrent around the carbons, should th ey fai l to feed properl y. 

The hand switch to be approved, if placed anywhere except 
on the lamp itself, mast compl y with requirements fo r switches 
on hanger-boards as lai 1 clown in No. 56. · 

'l'h object or the hand switch Is to entire ly di sconnect t he lnrnp fo r 
the purpose or ndjus1,1nont or tri111rning-, nnd tile :iutomutit· AWH.t· h t nutin­
t11ln ·ontlnuity ol' the dr,;uit, houltl the c,11·bo11 s fuil to prupcrl y feed. 

5 . Spark Arresters -
( ee 'o . 7.? c.J 

a. Spark arresters must so 1 e Lhe upp r orifice of th 
g lobe, that it will be impossibl e for any sparks, thrown off by 
the earl ons, to es ape. 

f>O. Insulating Joints-
(. ·ee No. 2G a.; 

a. Must 1 e ntirely made of materi a l that wi ll resist the 
ac tion of ill uminating ga e , and will not give way or soften 
under Lhe h at of a n ord in ary gas flame or leak under a 
moderate pressure. They sha ll I e so arra nged that a d eposit 
of moisture wil l not destroy th e insulati ng effect, and shall hav 
an insu lat in g re i:ta nce of at least 250,000 ohms between the 
gas-pipe atta hm nls, and b s ufficie ntl y tron~ to resist the 
strain they wi ll be li able to b subjc ted to in being installed. 

Where wh·os c·nnyl ng c·utTOnts to l 11 c·1 111(los1·cnt lights on gns nx turcs 
Ht' used, It I ulisolute ly noc·cs~11 1·y l.o p11 y p11nl ·ul11 1· 11tt •11 t1011 to t ho l nau­
littlon IJ ·twcc11 the wires 11 11cl t ho g 1·o u11 (l . ' l'lt ls c1111 !Jest IJo dono hy using 
wh11L Is ca lled 1111 lnsul11ti11g Joi nt, 11t th o top ol' tit guR- plpe, l11Rui11tlng t ho 
li xtu 1·0 I n th o 1·00 111 from th o mnl n plpo. 'I h i s joi nt Is 11111<1 0 by l11tc:rpoRl11 g 
w h11 t Is, In o fTuct," pi occ ol' g11 s-plpo rnudo of 1111 l nsui11,tlni; 11111t;orl11 I Jlko 
ltn.nl ru bi.Jo r 01· i>orco l11 l n. 

b. l nsul ati ng joints having soft rubber in their construction 
will not be appr vecl. 

Llec11.use so rt ruiJIJ r so II h11r l onR nn<.I cracks. 

60. Resistance Boxes and Equalizers -

( /1'01· ·instcillrition ,-,,Les, see No. 4.) 

a. M ust be equ ipped with metal, or wilh other non-com­
bust ible fram es. 

Th word 11 fr :un " in this section rclrLtts to the entire case and sur. 
roundings of the rheostat, :ind not nlone to the uphol Hng supports. 

R osi tnnce boxes nro used ro ,· t ho expr ess l)Urposo of o ;)poslng th o 
pn ssnge of ourro11 t, nncl 1tro, t her eroro, ve ry linbl to g t ex ·oodlngl y hot, 
nncl hence sh ul cl hnve uo combu tlble rnntoriul In th eir construction. 
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61. Reactive Coils and Condensers -

a. Reactive co ils must be made of non-combustible 
material , mounted on non-combust ible bases and treated, in 
general, like sources of heat. 

Ren ·th ·c co ils 11111 y g ' t very hot untlCL' some conrliti ns, so t hn t they 
should t c t1·c.•1tct.1, in goncru I, liko rllcostnts, n I though the Unngc1· ol:cxtrcrn e 
ove1·hcnt i11g ls not us g rout. 

b. Condensers must be treated like apparatus operating 
with equivalent voltage and cu rrents. They must have non­
combustible cases and supports , and must be isolated from all 
combuslil le materials and , in ge neral, treated like sources of 
heat. 

"'ondc11scr:-,, like trnns rorincrs, Hl'C practi~1 ll y IHtl'111l oss until some 
, fnult o<·r urs iu th em. 

1' 1tcn t he Lroul.Jlc 11111 y lie IJ11ckcd up by Lit e l:ull c·11p11.city or t he wires 
1rntil the protc ·ti ng dcvh:cs work. 

62. Transformers -
( Fo1· fo.st ftl/ation ,·ules, see .No.,. I 7, 13 (171{l 9/1.) 

a. Must not be I lacecl in any but metal Ii or other non­
combustible cases. 

On llC('0U ll l ol' Lit JJ0S8 11Jlu tl1111gor s from IHll'II -0UIS 111 u,c C il s 
11h·e11tly ouLlln •,I. 

b. Must be constructed to comply with th e fo llowing 
tests: -

Jst. Shall be run for eight consc utive hours at full load 
in watts under conditions of scrvi e, and at the end of that 
time the ris in temperature, as 111 as ured by the in rease of 
res i tance of the primary c ii , shall not ex ed 1:15 degrees f,, 

2d. The insulation of transformers when heated shall 
with tand co ntinuou ly fo r liv minutes a difference o[ potenti a l 
of 10,000 volts (alternating) between primary and se on lary 
coils, and between the primary o il and core; an 1 a no load 
"run" at double voltage for thirty minutes. 

63. Lightning Arresters -
( 1"0,· installat ion n,les, see No. G.J 

a. Must be mounted on non-coml ustible bases, and must 
be so onstru ted as not to maintain an a rc after the di charge 
has passed, and must have no moving parts. 

\ \'h cncvcr 1111 nr1·cst ·r work8, tho dv11 11mo currc11t teucl s to follow tho 
ll i;lt Lul ng cll sch11 1·gc, us u ,o dl scl 11t rgo vol 11tl ll1.cs " li ttl e or the 111et11 l 11nLI 
fo 1·111 s 11, r,l'ldgc or 111 cut1 vupor hctwcon tho poi nts, whi ·h quite 1·cutlil y coD~ 
tlu ·ts •I ·ctrldty. 'L'ho n ,.,. SI.or must iJ • so <le ignccl ns Lo IJl'eak thi s nrc, 
otl10 .. wl s t ho tl y 1111rn os 11111.y bo lnj u r cl 11,11d t he sc ,·vicc i 11 tCl'ruptccl. Jt Is 
11 lso dosll'llb lc, o l' r·ourso, t hnt t he n,·,·cst,c l' sit ul cl not IJe burned out, fo l' I! 
IL ls !twi ll 11ot I.Jc l'e11,ly to tnkc u sccoud dischnl'go. 

M ov i ng p111ts 11rc "\'t to I.Jccomo co ,Totlctl 1111<1 stuck, thus r cn lcrlng 
tho ll l'l'CBtCI' l noper:o ttvo I' t hey ,we tl cpcntl cd u pon. 
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64. Signalling Systems.-(Governing wiring for T elephone, T ele­
graph, D istri ct Messenger, and Call-Bell circuits, F ire and 
Burglar Alarms, and all s imilar systems.) 

a. Outside wires shou ld be run in underground ducts, or 
strung on poles and as fa r as po sible kept off of buildino-s, 
and must no t be placed on th e same cro s-arm with elecrric 
light or power wires. 

I nsulated wire is not required. 

b. When outside wires are run on same pole with electric 
ligh t or power wires, the distance between the two inside p ins 
of each cross-arm must not be less than twenty-six inches. 

'£hi s Is to glvo wl,·cmcn 1Lmplo 1·oom to got at 111! tho wlrns. 

c. All ae ri al conductors and underground conductors which 
are directly conne ted to ae ri al wires must be provided with 
some approved protective device, whi ch shall be located as 
near their poin t of entrance to the bui ldin (:: as possible, and not 
less than s ix inches from curta ins or other infl amm able materi al. 

d. If the protector is pla cd inside of building, wires, from 
outside support to bi ndi ng posts of protector, shall comply with 
the fo llowing requirements: -

1st. Must be of copper, and not smaller than o. 16 B. & . 
gauge. 

2d. Must have an approved rubber in ulating covering. 
(See No. 41.) 

3d. Must have drip loops in. each wire immedi ately outside 
the building. 

4th. Must enter buildings through separat hol s sloping 
upward from the outside; wh n pra ticable, holes to be 
bushed with non-absorptive\ non-combustible insulating 
tubes exte nding through t 1eir entire length . Where 
tubing is not practicable, the wires shall be wrapped with 
two laye rs of insulatin g tape. 

5th. Must be supported on porcelain insulators, so that 
they will not come in contact with anything other than 
their desig ned supports. 

6th. A separation between wires of a t lea t two and one­
half in ches must be maintained. 

Jn en e of er ssos these wll·os nmy become a pn,-t or a high -voltage 
cir ult, so thnt slmlltu· cnro to thttt given hlgh-voltnge ·I,· ·ul ts Is noollo I la 
placing them. Rol!tLblc po1·col11ln bushings :Lt tho ont,·nnco holes nre 
destmble, 1u1Cl nro onl y w11lved unclcr adverse condi tio ns bcc,m so the 
stnto of the 11rt In thi s type of wiring nmkes '"' ab lute requirement 
ln11dvlsable. 
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64. Signalling Systems . - Continued. 
; I f I ~ :( ~ / 1" I ! 10 ! t: I ! : : f I 

t 1 I I ~ l 'c { ( I t t C I f;I C \ 

C\ I , 1-t I i' ~ '- i \"~ I ( I I C I I ( I I I 

e. The ground wire of the protective (levier.. ~!n il be n1n • · 
in accordance with the following requireme(! ts ~..;..: ~ .: : ·, : , · ·, : 

1st. S ha ll be of COPI er, and not smaller'tl,an \ :, , '113 B'.•& s. : 
2d. Must have an approved rubber insulating covering. 

(See No. 41.) 
3d. Shall run in a straight a line as possible to a good 

permanent g round, to be made by connecting to water or 
gas pipe, preferably water pipe. If gas pipe is used, 
the onnection, in all cases, must be made between the 
meter and service pipes. J n the absence of other good 
ground, the ground shall be made by means of a metallic 
plate or bunch of wires buried in permanently moist 
earth. 

4th. Sha.II be kept at least three inches from all oth er 
conductors and supported on porcela in insulators, so as 
not to come in contact with anything other than its 
designed supports. 

The method of m1tkl11g 11 " g r un<l ," shown in Fig. 7, page 70, might 
conv eniently be used wh el'C pipes l'1'0 11 t 11v11iln.1Jle. 

Jn n.ttn.chlug 11 g ,·ou u(I wire to " pl 1,o, It Is or.ton lliOl cult to mn.ke 11 
thoroughl y roll111JI • so lder joint. I t Is b •tto ,·, th e refo r·. wh •re po slble, 
to cnrofu ll y so lder th o wlro to a brnss I lug, which mu.y thou be firmly 
s ·rew II into,, pipe flt.ting. 

Wh ore such jol11td n1· • 1111ulo und e rgro und , th ey shoul<l b t11oroughly 
proto ·ted ngnln st co r, ·o 1011 by wm1l! ini; with tnpe unll then 1,mintlng. 

f The protector to be approved must comply with the 
following requirements:-

1st. Must be mounted on non-combustible, non-absorptive 
insulating bases, so designed that when the protector is 
in place, all parts which may be a li ve will be thoroughly 
insulated from the wall holding the protector. 

2d. Must have the following parts : 
A li ghtning arrester which will operate with a difference 

of potential between wires of not over 500 volts, and 
so arranged that the chance of accidental g rounding 
is reduced to a minimum. 

A fuse des igned to pen the circuit in case th e wires 
become crossed with light or power circuit . The fuse 
must b able to open the 1rcuit without arcing or 
serious Aashing when crossed with any ordinary com­
merci al light or power circuit. 

A heat coil whi ch wi ll operate before a sneak current can 
damage the instrument the protector is guarding. 
~·he hoot co ll Is d slg ne<l to w,.,.m up n.ncl melt out with n cul'l'out 

Jn.rgo e nough to e ndung r the Instrum e nts if continued for n Ion_ g 
tim e, b ut so smn.11 t ll nt rt woult.l not blow the fuses ordinarily fo und 
ncccsan.ry .fo 1· such inst ru111 cuts. These smn.ller currents arc oCtcu 
caJl cd II sneak" cul'rcnts. · 

3d. The fuses must be so placed as to protect the arrester 
and heat coils, and the protector terminals must be plainly 
marked" line,"" instrument,"" ground." 
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! ( ~ h ~ t I< < I .1; : t 

, !·4~: ~;(o~a!l}~9 sys1er,1.i : - Cn,
1

tl11ue<l. 

, , , , ,g. , '.y.ir<;>~ . bey0na the prote tor, except where bunched, 
, fn•.iH )J'e 1',e '·tl)~,: a rra.o1 ged and securely fas te ned in pl ace in a ny 
:c 'nh !Me11t; v,.-:,d : L'l::i nli ke ma nner. T hey mu ·t not come nearer 
th a n s ix in hes to a ny electri c li g ht or power wire in the build-
ing, u nless encased in approved tu b ing so secu red as to prevent 
its s lipping ou t of p lace. 

The w ires would o rd inari ly he in su lated, but lhc kind of ins u lation is 
not s \Jccifiecl, as tlu:: p ro t.c to r is re lied upo n to s to p a ll da11!{crous curre nts . 
J!orce a i11 lub in g- or c irc ul ar loo m co nd ui t n,ay b used fo r c 11cas i11 g· w ires 
w here req uired :1s ab vc. 

h. Wires c nne tee! with outside circuits, where bunch d 
together within a ny bu ild in g, or inside wires where b1icl in con­
d uits or d u ' ts with ele tri c lig ht or powe r wires, must have . 
fir -res is ti ng covering ·, o r el e must be e nclosed in an a ir-tig ht 
tu be or d uct. 

IL IH f c111· •d Ui:t t I f :t. hurnn.lJl c l nHulul.iou wc ,·o used , 11 c l111tt ro spurk 
n tigl1 t. lg-nitc it. n ml t·nuso a serious 111·0, fo r muny i nirn lutlo1H:1 tv11tni11 a 
lu q;·o n 111 o u11 t.o l' vct'y 1·c11dily lrn1·1111l l l 111u Uor . 

64A. Additional Rules for Factory Mutual Work -

In t h is w or~ . t he fo llowing rules, w hich are addi tional t o the 
"Code," must be carefully fo llow ed, as the m ore o r less Isola ­
ted location of the majo rity o f factory pro perties makes It possib le 
to introd uce som e very desirable requi re m ents no t universal ly 
feasi b le. 

a. Fore ig n wires (z'. c. , those not o wn cl o r ont roll ed hy 
the insured , su h as a ny public li g ht or J o wer wires, publi c 
t lephone, telegra ph, ity fire-a la rm wir s, e t ,) of ;i ll kin ds, not 
used by th ins ur d, s ho u.l I be k pt off of a l.I bui l ling , a nd 
out of th e yard s o f J roperti s in ·ured by th s ompanies. 

For eig n wires, fi uc lt 11 8 t ·l c l ,ltonc, t.c log rnplt , ot.c., wll lt 1,lt clr gc tt orull y 
1ong cin:ui tt-1 uml on-011 ('urc lcss i11t· com,1,1·w·Ll o11 , ur • spcc·lu ll y upt to <·0111 0 
111 co11lui·L w lt,h lt g h t. 1111d po w o1· w l n .:M. I f t.h •y 111· • 111tn ·h cd l o 111111 Uulld ­
h1gs o r 11llow cd t.o Ct'Ofi 111 111 y :ll'lls, l it r e Is 1.1l w:i ys lit• d11ngor t ltn t th ey 
wilt brcnk 1 mitl , c·o11li11 f,C 111 e u 11t11t'l wll,h s o u1 0 prlv111 o 111 111 wire, 1SC11tl a. 
t1u11 gcro u8 tH1r1·011t Into th o 1Juil(ll11g-ii, \(' Ith pl'ult111Jly 11 1·csultlng n,·c. ~·o r ~ 
01~ 11 ll g- l1t n11d po w (• 1· wir •s uru oxf'lud ull ro1· s l111il1tr 1·c11 Ao 11 s . l\l o rco vor , 
su ·h wlr • a1.,. u/ '" to IJC In t h wu y 01) l11·u Ht 1·011111 s nntl luddor • 

Unrlur t h is , •11rllng would 11 lso coitt o tro l l •y wire sup\,o,'ts, wit! ·h 11ro 
not d os lrn!Jlo o n uulltlln!(S, us t it y tt1 11 y tend to cuntluct ig lt tning to llt u 
hulhllttg 11111I ul so 11111 y not 11l wu y s !Jc t)1 01· ug ltl y ltt sulntcd from tho llv · 
trolley wire. 

b. All wires used by th insured should be systema tically 
laid out throug h th e yards. pe ial ca re should be ta ken to so 
I cate them th at they will not interfere with fire s treams or 
la lcle rs . 

'.rltt s mnttor ts or,llnnrll y g iven t o llttto nttcntl 11, with th r esult 
t hn t 1111 unsightly lnn!(IC o f wires 01•otttu11l ly r esults, Inviting c rosses which 
cn.n conrluct thtnger ous cuncnts into th e !Ju it clt ngs, nttd ot:t n so locuted us 
to o!Jstruct Jlro sfronms und ltlntlc r t ho p utting up of lnd<lor s. 
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6 1A . Additi onal Rules for Factory Mutual Work . - Continued. 

c. Private wires (i. e., those owned a nd controll ed by the 
insured, uch as watch-clock, private telephone, call -bell, and 
s imilar wires) must be a rranged about as follows : 

1st. Where poss ibl e, run them so that they cannot fall or 
be fallen upon by any wire carrying a dan<rerous current 
or like ly to come in on tact with a wire carryin g a danger­
ous current. 

2d. vVherc crosses cannot ,be preve nted, provide guard 
wires that will absolutely prevent contacts. 

3d. Where cros es must occur, and guard wires cannot be 
arranged, provide protectors as required I y No. 04 above. 

Jt will gcncntll }r l>c found possible in tltTflnging privntc wires about 
th mill y:inl s to o keep th~111 t,y t11 e111 sol vcs t,h11t thoro will lie 11 0 possl -
1.JI I ILy o r their co 111ing in 1~011tnet with tho ci1·cuil s Cfll'l'yl n~ tlun gcrous cur. 
r c11 ts. Sut h :-ivoiclnuce of tit ... po sil>ilit.y of d1111~ •r i~ 1tlwnys prc rc rnlJl c 
to th o putti11g in of sn f'cguurds . .1.\J orcovor, Uy doi11g t.hi s th o f'OSt or pro. 
tecto r s i s snve<l. 

-05. Electric Gas Lighting -

Where ele tri c gas-lig hting is to be used on th e same 
fixture with the electri light: 

n. No part f the gas-piping r fixture shall be in electric 
conne ti n with th e ga:-lig hting circuit. 

b. The wire used with the fixtures must h ave a non­
inA a mm al le insu lation, or, where onceale I between the pipe 
and shell of the fixture, th e insulat ion must be su h as required 
for fixture wiring fo r the el ctri light. 

c. The whole insta11a tion must test free from "grou nds." 
d. The two insta ll a tior,s must te t perfect ly free from con­

nection with each other. 
'J'h c u se o r the two systems on th s>1rn o ll xtu ro Is 11 ot d ·Hlt·nl>lc , 11 s 

th e g-:t .li g-llting wires urc n t nm with th u <·u r nc<· .. HEt11l'y l'ol' cl<wtrtc. 
lip:htlng drcuit~, nnd :trc :dn1ost c 1'lnil1 , s00 11 c1· or laLor, to com • in ·ontnct 
with the cloctri c-lighti11g wi res. 

66. Insulation Resistance -

The wiring in a ny buil ling mu st test fre e fr m grounds, i. c., 
the complete in sta ll atio n must have an in sul ation between on­
lu ctors and between a ll c ndu tors and the gr und (not 

i n ludin g atta hm nts, ckets , recep tacles, etc.) of not less 
th a n th e fo llow ing : 

5 amperes ..... .. .. . : ... ... .......... 4,0001000 
10 II • • • • • •• • • • • • • • • • • • • • • •• • • • , 2 ,000,()()() 
25 . . . . . . . . . . . . . . . . . . . . . . . . . . . Soo,ooo 
50 . .. .. .. .. .. . .. .. . . . .. .. . . .. 400,000 

I 00 , , , , , , , , , , , , , , , , , , , , , , , , , , , 200
1
000 

200 , , .. , .. • . . , .. ,., . ... ,...... 100,000 

~ ::::::::::::::::::::::::::: ~~:~ 
1,6oo . . . . . . . .. . . . . .. . . . . . . . . . . . . 12,500 

A11 cut-outs and sa[ety devi ces in place in the above. 
Where lamp sockets, receptacles and electroliers, etc., are 

connected , one-half of the above will be required. 
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67. Soldering Fluid -

a. The following formu la for soldering flu id is suggested: 

Saturated solution of zi nc chloride ..... .... . ... ·i parts. 

t:~~!1~!1~0

: :::: : : :: : : :: :: : : ~ : :: :: :: :: :: :::::::::I~~~;~~-
[CLAS F.-Ju:AltINE -iVOJtJC.- Ru les 6 to 0.-A s the Fn •tory 

l\Iutunls do not ente r t his clt,ss of work , these rul es arc not printed here.) 
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