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ABbT P{~CT 

Thi s is the design project final r eport for the design of a 

climate cont ro l le d sleeping chamber fo r infants and t. oc:i d 1 <:::-)r- ~" .. 

The concept of an 

ai r crib ori gin ated in the 1960' s by psychologist/author B . F .. 

An air c rib is an alternative sl eeping medium to the conven-

I t is a ch amber that i s temperature and humi d ity 

control led t o provide an optimum sleep i ng e nvi ro nment f or young 

c h i lcln =.-n. The de s ig n o f such a chamber requires eng i n eer i ng 

analysis of four subsystems - ven t il latio n , he.,,\t. i ng, h U m i d i f i C: c:t -··· 

t. l Oil !I c: cm t ;·-o l !,s y i,;, t. em" Th e result is an alternative to t he 

conventional cr i b at a cos t that is not p ro hibiti ve. 



Cl i mate Cont r olled S l eeping Chamber 

I n t 1~odu c:t i o n 

A c limate c o ntr olled s leep ing c hamb er , few 

in f ants and toddle rs is a n alt e rn a ti ve sleepin g me diu m to the 

conventional c r ib. It i s a chamb er that is ventillated wi t h a i r 

th a t is t e mperature and humidity controlled t o pro vi de an optimum 

sleeping environment fo r young c h i l d r en , ages 0 t o 2 y e a rs. Its 

purpose is to enhance the p s ych ological and phy si ologi c al devel-

opment o f young children. Be cause i t is easier to heat a small 

cham be r than larger livi ng quarters , the air crib also has 

economic adva n tag e s. 

The de s i gn cf climate co nt r o lle d sleeping chamber must me et 

SOlnE? minimum req uir e ment s . Th e syst e m must prov i dE:~ 

e n vi ,, .. on mE"~n t in wh i c h a young chi ld b e tw e en the a g es of 0 a n d 2 

years may sleep . Th is environment mu st be te mpe rature and 

humidity co n troll e d to a max i mum of 9 5 degrees Fahrenheight and 

50% re l ativ e humidity, 
I 

r· e %1:H,~c ti ve 1 y. I t mus t fit into a 6 f oot 

by 8 foot r oom and must be larg e enough to contain the child 

c:om+ o1-··t, c1bl y. It mu.::-t ,:\l iso main t. a i n ?'= c1m+ 01--·tab l f:.' <·?.nv i r o nment 

wi t h out undo draft or nois e . The u.nit must be ab le to regulate 

t he temperature and humidity over an e xte nded p e riod of t i me to 

withi n +5% wi t h lit t le or no maintenance. I t should be run b y 



household powe r an d all water supplies ma y be self-contained. 

Th e system cannot hav e a retail value much greater than that of a 

standard c r ib. Finally, the system must meet all safet y standards 

se t for infan t sleep i ng furniture and resident i al safety codes 1n 

heati n g, ventillation, electrical wir i ng , and child safety. 

---- ---- - ---
,-. 

I I 

I I 
I I 
I I 
I I 
I I 
I ' I 0 0 I 

• ' I I 

• ' . • 

~ 

0 0 0 

Figure 1: A Climate Controlled Sleeping Chamber 



The system I designed has a hardwood base that houses four 

s;ubisyste:-!mi,, a nd the cham ber shell. The chamber · is enclosed by 

1 I LI." 2,cryl:i.c pi:\f1E-!l~::. rein-FDrced .-Jith l".,, 1/2" ac:ryl:ic ~;u p po r ts. 

The enclosure has Dpe nings to allow for a ir movement, l'"f.;~Ci l'"C:Ul a-· 

tion, and access to the chamber. 

The four s ubsy s tems housed i n the base are 

1) ventillation system, 

2) heating system~ 

3) humidification system, and 

4) control system. 

Th e design of these four systems is the major emphasis of this 

considerations in this design are unit 

aes thetics and cost analysis. 

Syst(:~ms Design 

Ventillation System 

The ventillation system consists of a 26 gage sheet 

duc:t hOU~iE'd in the base of the unit and 

opr~ni r,g~3 th.~t serve as louvers attached to the acrylic bubble 

th,:,t serves as the chamber. The vo 1 ume:~ o·f is 

approximately 45 c:ub i c feet, and requires two air changes pe r 

3 



2 
mi n ute for suf ficient ventillation. This yeilds a flow rfte of 

90 c ub ic feet per minute Ccfm) . Calculating the pressu r e head 

I.I.Si nq equ i valent r esistanc es of duc t s yeild a req ui red sted:i.c 

p r· eE::.,ure hf.~i::td of .. :L:::ib'' ~·J~:lte r .... 
3 

Pamotor Fan model #4600X moves 90 

c:fm ,3.t • 16 II whic:h is satisfactory fo r this ; 

pur ·pose: -1 .. 

In order to mainta i n proper air speed across the he a t ing and 

.r (fpm) 

round due l LG -MLi s fy t h ~~ ~equi re ment i s betwe en 4 . 944 i nchf?.:.~-

and 9 .. 383 inches. To optimize the fa c e ve l ocit y r e uir em ents fo r 

heating co i ls and filte r s, 

f pm At 9!2! cfm, this yeilds a duct area of 28.8 square in ches .. 

{\ s quare! duct o-f 5 :3/B'' by 5 ~:;/ 8" 5:.atisfies this r ·equi l'"F:!me1TI:.: .. 

although I realize that good duct design would require I 

duct dimensions 

sati : fac:tory for 

o f a more rectangular 
5 

rli::\tu.re, this d t'=Si qn 

th: i. s:. pr·o j ect. .. In the short. distance of 

duc t , a square duct of odd dimensions i s suitable. 

duct each en d of the un i t t o the area r equired to 

enter the chamber . An opening in the exterior of the bub!::; 1 €'= 

p e rm it s some of the heated and humidified a i r to be vented i. nto 

the r·oom . This method recirculates approximately 65% of thE! 

condi t io ned 2,i1- . An intake duct introduces fresh ai r. 

4 
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He at :i. n g E3y·::::-t em 

The heating element is a single unit inside the ventillation 

duct that u.~sE~=- l'-lic::hr ·omc:~ wi,~e wounc:I on 5 c:e 1···21mic c:on =is :1./B" thick 

each wit h an effective length of 4 inches. Th ei or· i q i n 21 1 

was to use rib bon elements, but the resistance per foot, 179 

fl /ft, was much too high, so coils are recommended. E2,c:h element 

has 32 coils per inch. This reduced the resistance r equirement 

b 
Nichrome V qage# 33 wire has a resistance of 

l :2 .. 9!t.l D. If t . This is a suitable resistance for this application. 

The elements draw 1 /2 amp, which corresponds to a temperature of 

200 degrees Fa hrenheit. A heat transfe r ana y lsis proves this to 

be an acceptable value. Also, the low amperag~ rating l i mits the 

possibility of dangerous el ectrical shock. 

A 

CD 

A --
SECTION A-A END VIEW 



Humidification System 

The humidification system uses two humidifiers to bring the 

air to the required 50% re lative humidity Crh). Originally, I had 

chosen to use a heated pan humidifier for the pre-h umidifier, but 

efficiency and safety considerations prompted me to use filter 

7 
i n both locations. Both filter humidifiers use 

aluminum mesh screens as a medium for evaporation. {-U urni num mei;;h 

screen i s more easily cleaned, generates le s s odor, and does not 

encourage bacterial growth. It can also withstand a greater face 

velocity. Water from a reservoir is fed to the screens by 1 /4 11 

c: opp e,~ tub i. n q • The flow rate is controlled by so len oid V ,::'\1. VE?S ; 

wh:i. c:h, :i. n tun ,, are controlled by humidi s tat s- one in the duct, 

at 20% relative humidity an d o n e in the chamber set 

relative humidity. A co ndensation pa n below the duct ca ptures 

unE:)Va.porated moisture from the humidifiers and any 

condensation from the duct wal l s. Thi s is a safety measure sine ~ 

there should b e no condensation from the walls. 

Ccmt,·-o1 Ci ,· .. cu :i. t 

The con trol circuit, as shown in f igu re 4, uses 

h0U":: ·!-~ho1 ci fuse protect::. ci n::ui t 

over· 1 oac: I • A separat e safety circuit sounds a horn and flashes a 

• 



l i ght should the household power go off while t he un it is i n 

opera tion. Magnetic s witch, K, contr ols the normally closed (NC) 

swi tc h, Ko, in the s a fety c ircuit. Th e fan i s i n parallel with 

the magnetic and the other elements of the c ircuit . 

a r e the ther mo sta t s a n d humidistats which control 

Shown a ls o 

the elec tr i c 

heate r and so l e noid valves, respectively . Also , there is a float 

valve in the reservoir connected to the so lenoid valve which 

controls the flow of wate r into the reservoir. A float v a lve 

in the conde n s a tio n pan insures against unusually high f l ows of 

water into the pan by closi ng the solenoi d valves that control 

the f low into t h e humidifiers . The i n s trument panel with the 

control knobs of these systems is s hown in figure 5. Particular 

emphasis on unit a esth etics was placed on t he d e sign of the 

cont rol panel a s it i s t he major interface betwee n the u ser and 

the system. 
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Cost Ana ly sis 

I n my cos t a n a l ysis, the calculat e d fi nal cos t is $ 21 , 526, 

$ 20,00 0 of which is engineering labor cost . At first glan ce, 

this cost is prohibitive. However, i t is n ot truly 

represe ntat ive of th e c o s t to mass p ro duce a n u mbe r o f units, 

ove r wh ich the engineering cost ca n be spre a d. The materia ls 

cost on l y $ 4 60 (t h is is a libera l e s tim ate ) . Lab or costs for one 

uni t excluding the engineering c os t amo un ted to $1,125 . Wi th th e 

b enefits o f mass produ c t i on, t he e n tire unit co u ld cost between 

$500 and $ 7 0 0 . This i n dicates th at, given a p ub lic i nte rest in 

this t y pe of device and a wid e range of styles, ma n uf acturing 

t h is pr o du ct is fea s ib le and could b e prof i table . I t i s not a 

highly sophisticated system so that repair and maintenance would 

not be a major conc ern. Fin ally , the un it i s collapsable enough 

it ca n be store d in half the space it o c cupie s whil e i t is in 

use. The har d wood base and rou n ded corners o f th e acrylic bubble 

ad d to it s attractivenes s. 



Conclusions 

The desig n of a climate controlled sleeping chamber 1s an 

integrative project requiring t he design and an a l ys i s of four 

systems- the ventillation system, the heating system, the 

humidi ficat ion s ystem and the control system. The ventillation 

syste m uses a sheet metal duct which houses the heater, pre -

humidifier, humidifier , and the fan. It ve nts into the chamber 

providing partially recirculated~ conditioned a i r. The heating 

system is comprised of a single heater with five heating elements 

of Nichrome V wire wound i n coils on 1/8'' ceramic cores. The two 

hu midifiers are filter humidifiers with al umin um mesh matting. 

The control c ir cuit controls all the systems and has the added 

feature of a safety circuit that warns parents if th e power to 

the unit is somehow interrupted. The control panel was design to 

appeal to the senses and be easi l y understood by an operator . 

Through out the design process, safety requirements wer e 

considere d although sp ec1f1c codes and standards are n o t 

mentione d in the body of this report. 

The cost of the system cou l d be between $500 a nd $700, 

reasonable price for this unit. The hardwood base would also 

appeal to the public, making 

manufacturing. 

this pro ject feasi ble for 
~ 

II 
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PELICAN WIRE COMPANY INC. 
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Here it is - Warm Florida Sunshine and another Stock List from the Pelican Wire Comp_anJl.! 

PRESIDENT 

CUSTOM INSULATING - LARGE INVENTORY - IMMEDIATE DELIVERY 



A. V. G. DIANETER TYPE OF VIRE 

PELICAN VIRE CO. INC. 
STOCK LIST 
08/23/8, 

PAGE Z 

OHNS PER FT. QUANTITY LBS. PRICE LBS. ITEN NO. 
-----------------------------------------------------------------~---------------------------------------------------------------z, .0201 NICHRONE V HARD DRAWN 1.609 30.0 10.50 260 
25 .0197 NICHRONE V 2.029 55.97 14.96 265 
26 .0159 NICHRONE V 2.571 19.99 15.51 270 
27 .01'2 NICHRONE V 3.228" I. 96 16.21 275 
28 .0126 NICHRONE V ,.090 16.56 16.61 280 
29 .0113 NICHRONE V 5.090 22.0 18.62 2ss· 
30 .010 NICHRONE V 6.500 31.2, 20.16 290 
31 .0089 NICHRONE V 8.206 I. 75 22 .10 295 
32 .008 NICHRONE V 10.16 1.63 2,.10 3or 

' 33 .0071 NICHRONE V H:U- 3.,z 27.25 305 
n .0063 Alchddht O 5. 28.70 31C 
35 .0056 NICHRONE V 20.72 1.5 30.57 315 
36 .005 NICHRONE V 26.00 15.0 3'.3, 32C 
37 .0045 NICHRONE V 32.09 12.06 36.75 325 
38 .004 NICHRONE V ,0.62 5.7 ,6.20 330 
39 .0035 NICHRONE V 53.06 4.79 ,9.35 . 335 
,2 .0025 NICHRONE V '104 3.0 82.95 34~ 
,3 .00225 NICHRONE V \ 128.5 .6 107.33 345 

" .002 NICHRONE V \ 162.5 2. 18 127.05 35C 
,6 .0015 NICHRONE V 288.9 .9 229.95 3t:: ; . 

10 .102 ADVANCE .02826 575 8.'7 36C 
II .091 ADVANCE .03550 286 8.'7 365 

.081 ADVANCE .04481 23.86 10.89 370 

.06' ADVANCE .07178 89.07 11.36 375 
16 .051 ADVANCE .113 16.85 11.36 380 
18 .040 ADVANCE .1837 9.89 11.36 385 
19 .036 ADVANCE .227 32.0 11.36 390 
20 .0325 ADVANCE .2871 6.58 11.36 395 
21 .0285 ADVANCE .3619 30.0 11.36 ,oo . 
22 .0253 ADVANCE .,s51 30.0 11.36 ,os 
23 .0226 ADVANCE .5756 42.99 11. 77 ,10 
2, .OZOI ADVANCE • 7277 36. 58 n.97 ,1s 
25 .0179 ADVANCE .9176 37.0 12.3, ,20 
26 .0159 ADVANCE 1.163 10.0 12. 73 425 
27 .01'2 ADVANCE 1.,58 20.3 13.29 ,30 
28 .0126 ADVANCE 1.852 · 36.19 14.'6 . ,35 
29 .0113 ADVANCE 2.302 13.67 1,.86 ,,o 
30 .010 ADVANCE 2.94 11.0 · 15.0 HS 
31 .005q ADVANCE 3. 722 6 .• 1 16.18 4'1 
32 .008 ADVANCE 4.594 · 1,.,2 17.59 ,so 
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(f) Conditions under which guards , isolation, or insulation may be sub
stituted for grounding. 

(g) Connections for lightning arresters. 

Systems and circuit conductors are grounded to limit voltages due to lieihtning, 
line surges, or unintentional contact with higher voltage lines, and to stabilize the 
voltage to ground during normal operation . Systems and circuit conductors are sol
idly grounded to facilitate overcurrent device operation in case of ground faults. 

Conductive materials enclosing electrical conductors or equipment, or forming 
part of such eq_u.ipment, are grounded to limit !he yoltage to ground on these mate
rials and to fac1htate overcurrent device operat10n m case of ground faults . See Sec
tion 110-10. 

250-2. Application of Other Articles. In other articles applying to particu
lar ' cases of installation of conductors and equipment, there are require
ments that are in addition to those of this article or are modifications of 
them: 

:rt~~itcI:c~it~··::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

Cable bus ..................................... : .............................. . 
Circuits and Equipment Operating at Less Than 

50 Volts ..................................................... .............. . 
Class I, Class 2, and Class 3 Circuits ...................... . 

Communications Circuits ........................................ . 
Communit y Antenna Television and Radio Dis-

tribution Systems .................................................. . 

Conductors ................................................................ . . 
Conductors (Grounded) ........................................... . 
Cranes and Hoists ..................................................... . 
Data Processing, Systems .......................................... . 
Electrically Dnven or Controlled Irrigation Ma-

chines ...................................................................... . 

Electrical Floor Assemblies ..................................... . 
Electric Signs and Outline Lighting ........................ . 

I Electrolytic Cell s ...... ; ......................................... ....... . 

El~!l~~s ·}~~-~~~.'.~~-~ '. .. ~~~-~-1-~~~~~'. .. ~.~~--~-~-~.'.~~--
Fire Protective Signaling Systems ........................... . 
Fixed Electric Heating Equipment for 

Pipeline and Vessels ............................................. . 
Fixed Electric Space Heating Equipment .............. . 
Fi~ed Out .door Electric De-Icing and Snow-Melt-

mg Eqmpment ....................................................... . 

Article 

720 

800 

310 
200 
610 

600 
668 

620 

Section 
422-16 
210-5 
210-6 
210-7 
365-9 

725-20 
725-42 

820-7 
820-22 
820-23 

645-4 

675-8 
675-9 
675-10 
675-11 
366-14 

760-6 

427-26 
424-14 

426-28 
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Fixture s and Lighting Equipment ........................... . 

Flexible Cords ···························································· 

Generators .................................... .............. ............... . 
Grounding-Type Receptacles (Outlets) ................. . 
Hazard ous Locations ................................................ . 
Health Care Facilities ..................................... .......... . 
Induction and Dielectric Heating Equipment ....... . 
Lighting Fixture s, Lampholders, Lamp Recep-

tacles , and Rosettes .............................................. . 
Marinas and Boatyards ........................... ................. : 
Metalworking Machine Tools ............................ ..... . 
Mobile Homes and Mobile Home Park s ............... . 
Motion Picture and Television Studios and . 

Similar Locations .................................................. . 

Motors , Motor Circuits, and Controllers ................ . 
Organs ........................................................................ . 
Outlet, Switch and Junction Boxes , and Fittings ... . 

Panel boards ............................................................... . 
Radio and Television Equipment ........................... . 
Recept~cles and ~ttachment Plugs ......................... . 
Recreallonal Vehicles and Recreational Vehicle 

Parks ....................................................................... . 
Services ........... ................................................. ........... . 
Service Equipment ..................................... ............... . 
Sol!nd ~ec ording and Similar Equipment ............. . 
Sw1mmmg Pool s, Fountains and Similar In stal-

lations ..................................................................... . 
Switchbo ards and Panel boards ............................... . 

Switches ······································································· 

Theaters and Similar Locations ............... ............... . 
Transformers and Transformer Vaults ................... . 
X-ray Equipment ...................................................... . 

B. Circuit and System Grounding 
250-3. Direct-Current Systems. 

Article 

500-517 
517 
665 

410 

670 
550 

430 
650 

810 

551 
230 

680 

660 

70-83 

Section 
410-17 
410-18 
410-19 
410-20 
410-21 
400-22 
400-23 
445-8 
210-7 

555-7 

530-20 
530-66 

370-4 
370-15 
384-27 

410-58 

230-63 
640-4 

384-3(c) 
384-11 
380-1 
380-12 
520-8 1 
450-9 

511-140 I 

(a) Two-Wire Direct Current Systems. Two-wire DC systems supplying 
premise s wiring shall be grounded. 

Ex~eption No. I : A system equipped with a ground detector and supplying 
only industrial equipment in limited areas. 

Exception No. 2: A system operating at 50 volts or less between conduc
tors. 

Exception No. 3: A system operating at over 300 volts between conductors. 

I 
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(c) Marking. Fuses shall be plainly marked, eith~r by printing _ on the 
fuse barrel or by a label attache~ to the barrel, sh~wmg t~e followmg: (I) 
Ampere rating; (2) Volta~e ratthg ; (3) Interrupting ratmg where other 
than 10,000 amperes; (4) 'Current Limiting" where applicable; (5) The 
name or trademark of the manufacturer . 

Exception: Interrupting rating marking shall not be required on fuses 
used for supplementary protection. 

240-61. ClasslflcaUon. Cartridge fuses and fuseholders shall be classi
fied as follows: 

Not Over 
250Votts 

Not Over 
300 Volts 

Not Over 
600 Volts 

~ m ~ m ~ m 
31- 60 31- 60 31- 60 
61- 100 61- 100 61- 100 

IOI- 200 IOI- 200 IOI- 200 
201- 400 201- 400 201- 400 
401- 600 401- 600 401- 600 
601- 800 601- 800 601- 800 
801-1200 801-1200 801-1200 

1201-1600 1201-1600 1201-1600 
1601-2000 1601-2000 1601-2000 
2001-2500 2001-2500 2001-2500 
2501-3000 2501-3000 2501-3000 
300 l -4000 300 l -4000 300 l -4000 
4001-5000 4001-5000 4001-5000 
500 l -6000 500 l -6000 500 l -6000 

Fuses shall be permitted to be used for voltages at or below their volt
age ratings. 

Exception No. J: Fuses andfuseholders larger than 6000 amperes shall be 
permitted when approved for the purpose. 

Exception No. 2: Fuses and fuseholders of other voltages shall be per
mitted. 

G. Circuit Breakers . 
240-80. Method of Operation. Circuit breakers shall be trip free and ca
pable of being closed and opened by manual operation. Their ~ormal 
method of operation by other than manual means such _as e_lectncal or 
pneumatic shall be permitted if means for manual operation 1s also pro
vided . 
240-81. Indicating. Circuit breakers shall clearly indicate whether they 
are in the open "off" or closed "on" p<_>sition. · . 

Where circuit breaker handles on switchboards are operated vertically 
9ither than n,>tationally or horizontally, the up position of the handle shall 

-'be the "on" position. 
240-82. Nontamperable. A circuit breaker shall be of su~h desig~ that 
any alteration of its trip point (calibration) or the time_ reqmred for its op
eration will require dismantling of the device or breakmg of a seal for oth
er than intended adjustments. 

240-83. Marking. 
(a) Durable and Vlslble. Circuit breakers shall be marked with their 
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rating in a manner that will be durable and visible after installation . Such 
markmg shall be required to be visible after removal of a trim or cover. 

(b) Location. Circuit breakers rated at 100 amperes or less and 600 
volts or less shall have the ampere rating mold ed, stamped, etched, or sim
ilarly marked into their handles or escutcheon areas. 

(c) Interrupting Rating. Every circuit breaker having an interrupting 
rating other than 5000 amperes shall have its interrupting rating shown on 
the circuit breaker. 

Exception: Interrupting rating marking shall not be required on circuit 
breakers used for supplementary protection. 

(d) Circuit Breakers Used As Switches. Where used as switches in 120 I 
volt, fluorescent lighting circuits, circuit breaker s shall be approved for the 
purpose and shall be marked "SWD." 

H. Overcurrent Protection Over 600 Volts, Nominal 
240-100. Feeders. Feeders shall have a short -circuit protective device in 
each unorounded conductor or comply with Section 230-208(d)(2) or 
(d)(3). The protective device(s) shall be capable of detecting and inter
rupting all values of current which can occur at their loc.ation in excess of 
their trip setting or melting point. In no case shall the fuse rating in con
tinuous amperes exceed three times, or the long time trip element setting 
of a breaker six times, the ampacity of the conductor. 

The operating time of the protective device , the ava ilable short-circuit current , 
and the conductor used will need to be coordinated to prevent damaging or dan
g~~ous temperatures in conductors or conductor insulation under short-circuit con
a1t10ns. 

240-101. Branch Circuits. Branch circuits shall have a short-circuit pro
tective device in each ungrounded conductor or comply with Section 230-1 
208(d)(2) or (d)(3) . The protective device(s) shall be capable of detecting 
and interrupting all values of current which can occur at their location in 
excess of their trip setting or melting point. 

ARTICLE 250 - GROUNDING 

A. General 

250-1. Scope. This article covers general requirements for grounding 
and bonding of electrical installations, and specific requirements in (a) 
through (g) below. 

(a) Systems, circuits, and equipment required, permitted , or not per-
mitted to be grounded. 

(b) Circuit conductor to be grounded on grounded systems. 
(c) Location of grounding connections. 
(d) Types and sizes of grounding and bonding conductors and elec

trodes . 
(e) Methods of grounding and bonding. 



j 

70-84 NATIONAL ELECTRICAL CODE 

I Exception No. 4: A rectifier-derived DC system supplied from an AC sys
tem complying with Section 250-5. 

Exception No. 5: DC fire protective signaling circuits having a maximum 
current of 0.030 amperes as specified in Artic!e 760, Part C. 

(b) Three-Wire Direct-Current Systems. The neutral conductor of all 3-
wire DC systems supplying premises wiring shall be grounded. 
250-5. Alternating-Current Circuits and Systems to Be Grounded. AC cir
cuits and systems shall be grounded as provided for in (a), (b), (c), or (d) 
below. Other circuits and systems shall be permitted to be grounded. 

(a) Alternating-Current Circuits of Less Than 50 Volts. AC circuits of 
less than 50 volts shall be grounded under any of the following conditions : 

(1) Where supplied by transformers if the transformer supply system 
exceeds 150 volts to ground. 

(2) Where supplied by transformers if the transformer supply system 
is ungrounded. 

(3) Where installed as overhead conductors outside of buildings. 
(b) Alternating-Current Systems of 50 Volts to 1000 Volts. AC systems of 

50 volts to 1000 volts supplying premises wiring and premises wiring sys
tems shall be grounded under any of the following conditions : 

. (1) Where the system can be so grounded that the maximum voltage 
to ground on the ungrounded conductors does not exceed 150 volts. 
· (2) Where the system is nominally rated 480Y /277-volt, 3-phase, 4-
wire in which the neutral is used as a circuit conductor. 

(3) Where the system is nominally rated 240/ 120-volt, 3-phase, 4-wire 
in which the midpoint of one phase is used as a circuit conductor. 

(4) Where a service conductor is uninsulated in accordance with Sec
tion 230-4. 

Exception No. 1: Electric systems used exclusively to supply industrial 
electric furnaces for melting, refining, tempering, and the like. 

Exception No. 2: Separately derived systems used exclusively for rectifiers 
supplying only adjustable speed industrial drives. 

Exception No. 3: Separately derived systems supplied by transformers that 
have a primary voltage rating less than 1000 volts provided that all of the fol
lowing conditions are met: 

a. The system is used exclusively for control circuits. 
b. The conditions of maintenance and supervision assure that only 

qualified persons will service the installation. 
c. Continuity of control power is required. 
d. Ground detectors are installed on the control system. 

Exception No. 4: Isolated systems as permitted in Article 517. 
The proper use of suitabh;•ground detectors on ungrounded systems can provide 

additional protec'~n . 
(c) Alternating-Current Systems of 1 kV and Over. AC systems of I kV 

and over supplying portable equipment shall be grounded. Where supply
ing other than portable equipment, such systems shall be permitted to be 
grounded . Where such systems are grounded, they shall comply with the 
applicable provisions of this article. 
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(d) Separately Derived Systems. A premises wiring system whose pow
er is derived from generator, transformer, or converter windings and has I 
no direct electrical connection, including a solidly connected grounded 
circuit conductor, to supply conductors originating in another system, if 
required to be grounded as in (a) or (b) above , shall be grounded as speci
fied in Section 250-26. 

250-6. Portable and Vehicle Mounted Generators. 

(a) Portable Generators. Under the following conditions the frame of 
a por_table generator shall not ~e required to be grounded and shall be 
permitted to serve as the groundmg efectrode for a system supplied by the 
generator: 

(1) The generator supplies only equipment mounted on the generator 
and/or cord- and plug-connected equipment through receptacles 
mounted on the generator, and 

(2) The noncurrent-carrying metal parts of equipment and the equip
ment grounding conductor terminals of the receptacles are bonded to the 
generator frame . · 

(b) Vehicle Mounted Generators. Under the following conditions the 
frame of a vehicle shall be permitted to serve as the grounding electrode 
for a system supplied by a generator located on the vehicle: 

(1) The frame of the generator is bonded to the vehicle frame , and 
(2) The generator supplies only equipment located on the vehicle 

and/or cord- and plug-connected equipment through receptacles 
mounted on the vehicle or on the generator, and 

(3) The noncurrent-carrying metal parts of equipment and the equip-1 
ment grounding conductor terminals of the receptacles are bonded to the 
generator frame, and 

(4) The system complies with all other provisions of this article. 

(c) Neutral Conductor Bonding. A neutral conductor shall be bonded 
to t~e generator frame when the generator is a component of a separately I 
denved system. The bonding of any conductor other than a neutral within 
the generator to its frame shall not be required. 

For grounding of portable generators supplying fixed wiring systems, see Section 
250-S(d). 

250-7. Circuits Not to Be Grounded. The following circuits shall not be 
grounded : 

(a) Circuits for electric cranes operating over combustible fibers in 
Class III locations, as provided in Section 503-13. 

(b) Circuits as provided in Article 517. 

C. Location of System Grounding Connections 

250-21. ObJecllonable Current over Grounding Conductors. 

(a) Arrangement to Prevent ObJecllonable Current. The grounding of 
electric systems, circuit conductors, lightning arresters, and conductive 
noncurrent-carrying materials and eqmpment shall be installed and ar
ranged in a manner that will prevent an objectionable flow of current over 
the grounding conductors or grounding paths . 
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(b) Alterations to Stop Objectionable Current. If the use of multiple 
grounding connections results in an objectionable flow of current one or 
more of tbe following alterations shall be made: ' 

(1) Discontinue one or more such grounding connections. 
(2) Change the locations of the grounding connections. 
(3) Interrupt the continuity of the conductor or conductive path inter

connecting the grounding connections. 
(4) Take other suitable remedial action satisfactory to the authority 

having jurisdiction. 
(c) Temporary Currents Not Classlfled as Objectionable Currents. Tem

porary currents resulting from accidental conditions, such as ground-fault 
curre~ts , that occur o~ly while. the grounding conductors are I?erforming 
theu intended protechve funct10ns shall not oe classified as objectionable 
current for the purposes specified in (a) and (b) above. 
250-22. Point of Connection for Direct-Current Systems. DC systems to be 
ground~d shall have t~e groundini connection made at one or more sup
ply stahons. A grounding connechon shall not be made at individual ser
vices nor . at any point on premises wiring. 

250-23. Grounding Connections for Alternating-Current Systems. 

(a) }\n AC system that is grounded on the premises shall have a 
gro~nding electrode conductor connected to a grounding electrode at each 
service. Such supply systems th~t originate _outside the building shall have 
at least one addit10nal g~oundmg connechon made to a grounding elec
trode on the secondary side of the transformer supplying the system, ei
ther at the transformer or elsewhere. The grounding electrode conductor 
shall be_connected to the AC s.xstem o~ the supply side ?f the service dis-

' 

connecting ~eans at an accessible po~nt on the load side of the service 
drop or service lateral , preferably within the enclosure for the service dis
connecting means. Grounding connections shall not be made on the load 
side of the service disconnecting means . 

I See definition of Service Drop and Service Lateral; also Section 230-21. 

Exception No. 1: A grounding conductor shall be connected to each sepa
rately derived system as provided in Section 250-26. 

Exception No. 2: A grounding conductor connection shall be made at 
each separate building where required by Section 250-24. 

Exception No. 3: For ranges, counter-mounted cooking units, wall
mounted ovens, clothes dryers and meter enclosures as permitted by Section 
250-61. 

Exception No. 4: For services that are dual fed (double ended) in a com
mon enclos~re or_grouped tog_ether in separate enclosures and employing a 
secondary t~e, a_ single groun_diing electrode connection to the tie point of the 
grounded czrcuzt cor;fiuctorsfrom each power source shall be permitted. 

(b) Grounded Conductor Brought to Service Equipment. Where an AC 
system operating at 1000 volts or less is grounded at any point, the 
grounded conductor shall be run to each service. This conductor shall be 
routed with the phase conductors and shall not be smaller than the re
quired grounding electrode conductor specified in Table 250-94 and in 
addition, for service phase conductors larger than 1100 MCM, 'the 
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grounded conductor shall not be smaller than 121/2 percent of the area of 
the largest phase conductor. 

Exception : The grounded conductor shall not be required to be larger than 
the largest ungrounded service conductor. 

250-24. Two or More Buildings Supplied from Single Service Equipment. 

(a) Grounded Systems: Where two or more buildings are supplied by 
a grounded system from a single service equipment, each building shall 
have a grounding electrode connected to the AC system grounded circuit 
conductor on the supply side of the building disconnecting means . 

(b) Ungrounded Systems: Where two or more buildings are supplied 
by an ungrounded system from a single service equipment, each building 
shall have a grounding electrode connected to the metal enclosure of the 
building disconnecting means . 

Exception for (a) and (b) above: A grounding electrode at a separate 
building shall not be required where the conditions of either a. or b. below 
are met : 

a. Only one branch circuit is supplied and there is no equipment in the 
building that requires grounding. 

b. No livestock is housed in the building, an equipment grounding 
conductor is run with the circuit conductors for grounding any noncurrenl
carrying equipment, interior metal piping systems or building metal fram es 
and the equipment grounding conductor is bonded to grounding electrodes 
described in Sections 250-81 and 250-83 which exist at the building. I 
250-25. Conductor to Be Grounded - Alternating-Current Systems. For 
AC premises wiring systems, the conductor to be grounded shall be as spe
cified in (a) through (e) below. 

(a) Single-phase, 2-wire: the identified conductor. 
(b) Single-phase, 3-wire: the identified neutral conductor. 
(c) Multiphase systems having one wire common to all phases: the 

identified common conductor. 
(d) Multiphase systems having one phase grounded: the identified con

ductor. 
(e) Multiphase systems in which one phase is used as in (b) above: the 

identified neutral conductor. 
See Article 200 for means of identification . 

250-26. Grounding Separately Derived Alternating-Current Systems. A 
separately derived AC system that is required to be grounded by Section 
250-5 shall be grounded as specified in (a) through (d) below. 

(a) A bonding jumper , sized in accordance with Section 250-79( c) for 
the derived phase conductors, shall be used to connect the equipment I 
grounding conductors of the derived system to the grounded circuit con
ductor . Except as permitted by Exception No . 4 of Section 250-23(a), this 
connection shall be made at the source of the separately derived system 
and ahead of any system disconnecting means or overcurrent device . 

(b) A grounding electrode conductor , sized in accordance with Section I 
250-94 for the derived phase conductors , shall be used to connect the 
grounded conductor of tbe derived system to the grounding electrode as I 
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specified in (c) below . Except as permitted by Exception No. 4 of Section 
I 250-23( a), this connection shall be made at the source of the separately de

rived system and ahead of any system disconnecting means or overcurrent 
device. 

(c) The grounding electrode shall be as near as practicable to and pre
ferably in the same area as the grounding conductor connection to the 
system. The grounding electrode shall be : (I) The nearest available 
effectively grounded structural metal member of the structure; or (2) The 
nearest available effectively grounded metal water pipe; or (3) Other 

I electrodes as specified in Sections 250-81 and 250-83 where electrodes 
specified by ( I) or (2) above are not available. 

(d) In all other respects, grounding methods shall comply with require 
ments prescribed in other parts of this Code. 

D. Enclosure Grounding 

250-32. Service Raceways and Enclosures. Metal enclosures for service 
conductors and equipment shall be grounded. 
250-33. Other Conductor Enclosures. Metal enclosures for other than 
service conductors shall be grounded. 

Exception No. 1: Metal enclosures for conductors added to existing instal
lations of open wire, knob-and-tube wiring, and nonmetallic-sheath ed cable, 
if in. runs of less than 25 feet , if free from probable contact with ground, 
grounded metal, metal lath, or other conductive material, and if guarded 
against contact by persons shall not be required to be grounded. 

Exception No. 2: Metal enclosures used to protect cable assemblies from 
physical damage shall not be required to be grounded. 

E. Equipment Grounding 

1

250-42. Equipment Fastened In Place or Connected by Permanent Wiring 
Methods (Fixed). Exposed noncurrent-carrying metal parts of fixed 
equipment likely to become energized shall be grounded under any of the 
conditions in (a) through (f) below. 

(a) Where within 8 feet vertically or 5 feet horizontally of ground or 
grounded metal objects and subject to contact by persons. 

{b) Where located in a wet or damp location and not isolated. 
(c) Where in electrical contact with metal. 
(d) Where in a hazardous location as covered by Articles 500 through 

517. 
(e) Where supplied by a metal-clad , metal-sheathed , or metal-raceway 

wiring method, except as permitted by Section 250-33 for short sections of 
raceway. . ,

1 
, f. 

(I) Where equipment operates with any terminal at over 150 volts to 
ground . 

Exception No. 1: Enclosures for switches or circuit breakers used/or other 
than service equipment and accessible to quqlified persons only. 

Exception No. 2: Metal frames of electrically heated devices, exempted by 
special permission, in which case tlie frames shall be permanently and effec
tively insulated from ground. 

Exception No. 3: Distribution apparatus, such as transformer and capaci-
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tor cases, mounted 011 wooden poles, at a height exceedi11g 8 feet ahore 
ground or grade level. 
250-43. Equipment Fastened in Place or Connected by Permanent Wiring I 
Methods (Fixed) - Specific. Exposed, noncurrent-carrying metal parts 
of the kinds of equipment described in (a) through U) below, regardless of 
voltage, shall- be grounded . 

(a) Switchboard frames and structures supporting switching equ ipment. 
Exception : Frames of DC, single-polarity switchboards where effectively 

insulated. 
(b) Gener ator and motor frames in an electrically operat ed organ. 
Excep tion: Where the generator is effectively insulated from ground and 

from the motor driving it. 
(c) Motor frames , as provided by Section 430-142 . 
(d) Enclosures for motor controllers. 
Exception : Lined covers of snap switches. 
(e) Electric equipment for elevators and cranes. 
(f) Electric equipment in garages, theater s, and motion picture studios. 
Exception : Pendant lampholders supplied by circuits not over 150 volts to 

ground: 
(g) Electric signs and associated equipment. 
Exception : Where insulated from ground and from other conductive ob

jects and accessible only to authorized persons. 
(h) Motion picture projection equipment. 
(I) Equipment supplied by Class I, Class 2, and Class 3 remote-control I 

and signaling circuits where required to be grounded by Part B of this ar
ticle. 

(I) Lighting fixtures as provided in Part E of Article 410 . 

250-44. Nonelectric Equipment. The metal part s of nonelectric equip
ment described in (a) through ( e) below shall be grounded. 

(a) Frames and tracks of electrically operated cranes. 
(b) Frames of nonelectrically driven elevator cars to which electric con

ductors are attached. 
(c) Hand-operated metal shifting ropes or cables of electric elevators. 
(d) Metal partitions, grill work, and similar met al enclo sures aro und 

equipment of over 750 volts between conductors except subs tations or 
vaults under the sole control of the supply company. 

(e) Mobile homes and recreational vehicles as required in Articles 550 
and 551. 

Where extensive metal in or on building s may become energized and is subject to 
personal contact, adequate bonding and grounding will provide additional safety. 

250-45. Equipment Connected by Cord and Plug. Under any of the condi
tions described in (a) through (d) below , exposed noncurrent-c arrying 
metal parts of cord- and pfug-connected equipment likely to become 
energized, shall be grounded . 

(a) In hazardous locations (see Articles 500 through 517). 
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(b) Where operated at over 150 volts to ground . 
Ex ception No. 1: Motors, where guarded. 
Exception No. 2: Metal fram es of electrically heated appliances exempted 

by Section 422-16. 
(c) In residential occupancies : (I) refrigerators , freezers, and air condi

tioners; (2) clothes-washmg, clothes-drying, dish-washing machines , sump 
pumps, and electrical aquarium equipment ; (3) hand-held motor operated 
tools; (4) motor operated appliances of the following types: hedge clip
pers, lawn mowers, snow bfowers and wet scrubbers ; (5) portable hana
lamps . 

Ex ception: Listed tools and listed appliances protected by a sy stem of 
double insulation, or it$ equivalent, shall not be required to be grounded 
Where such a sy stem is employed, the equipment shall be distinctively 
marked. 

(d) In other than residential occupancies : (I) refrigerators , freezers, and 
air conditioners ; (2) clothes-washing, clothes-drying, dish-washing ma-

I 
chines, sump pumps and electrical aquarium equipment; (3) hand-held 
motor operated tools; (4) motor operated appli ances of the following 
types : hedge clippers ; lawn mowers, snow blowers and wet scrubber s; (5) 
cord- and plug-connected appliances used in damp or wet locations or by 
persons standmg on the ground or on metal floors or working inside of 

I 
metal tanks or boilers ; (6) tools likely to be used in wet and conductive lo
cations; and (7) portable handlamps . 

Exception No. 1: Tools likely to be used in wet and conductive locations 
shall not be required to be grounded where supplied through an isolating 
transformer with an ungrounded secondary of not over 50 volts. 

I Exception No. 2: Listed portable tools and listed appliances protected by 
an approved system of double insulation, or its equivalent, sha71 not be re
quired to be groundea. Where such a sy stem is employed, the equipment shall 
be distinctively marked. 

I 
With reference to (c) and (d), portable tools or appliances not provided with spe

cial insulating or grounding protection are not intended to be used in damp , wet, or 
conductive locations. 
250-46. Spacing from Lightning Rods. Metal raceways, enclosures , 
frames, and other noncurrent -carrying metal parts of electric equipment 
shall be kept at least 6 feet away from lightning rod conductors , or they 
shall be bonded to the lightning rod conductors . 

See Sections 250-86 and 800-3 l(b)(S). For further information see the Lightning 
I Protection Code NFPA 78-1977 (ANSI) which contains detailed information on 

ground ing lightning protection systems. 

F. Methods of Grounding 

250-50. Equipment/ Grounding Conductor Connections. Equipment 
grounding conductor connections at the source of separately denved sys
tems shafl be made in accordance with Section 250-26(a). Equipment 
grounding conductor connections at service equipment shall be made on 
the supply side of the service disconnecting means and shall be made as 
indicated in (a) or (b) below. 

(a) For Grounded System. The connection shall be made by bonding 
the equipment grounding conductor to the grounded circuit conductor 
and the grounding electrode conductor . 

ARTICLE 250-GROUNDING 70-91 

(b) For Ungrounded System. The connection shall be made by bonding 
the equipment grounding conductor to the grounding electrode conduc
tor. 

Exception for (a) and (b) above: For branch-circuit extensions only in ex 
isting installations that do not have an equipment grounding conductor in I 
the branch circuit, the grounding conductor of a grounding-type receptacle 
outlet shall be permitted to be grounded to a grounded cold water pipe near 
the equipment. 

250-51. Effective Grounding Path. The path to ground from circuits, 
equipment, and conductor enclosures shall : 

(a) Be permanent and continuous. 
(b) Hav~ capacity to conduct safely any fault current likely to be im

posed on 1t. 
(c) Have sufficiently low impedance to limit the voltage to ground and 

to facilitate the operation of the circuit protective devices in the circuit. 

250-53. Grounding Path to Grounding Electrode. 

(a) Grounding Electrode Conductor. A grounding electrode conduct or 
shall be used to connect the equipment grounding conductors , the service
equipment enclosures and , where the system is grounded , the grounded 
conductor to the grounding electrode. 

(b) Main Bonding Jumper. For a grounded system, an unspliced main 
bonding jumper shall be used to connect the equipment grounding con
ductor and the service-equipment enclosure to the grounded conductor of 
the system within the service equipment or within the service condu ctor 
enclosure . A main bonding jumper shall be a wire, bus, screw, or similar 
suitable conductor. 

250-54. Common Grounding Electrode. Where an AC system is con
nected to a grounding electrode in or at a building as specified in Sections 
250-23 and 250-24, the same electrode shall be used to ground conductor 
enclosures and equipment in or on that building . 

Two or more electrodes that are effectively bonded together shall be 
considered as a single electrode in this sense. 

250-55. Underground Service Cable. Where served from a continuous 
underground metal-sheathed cable system, the sheath or armor of under
ground service cable metallically connected to the underground system, or 
underground service conduit containing a metal-sheathed cable bonded to 
the underground system, shall not be required to be grounded at the 
building and shall be permitted to be insulated from the interior conduit 
or piping . 
250-56. Short Sections of Raceway. Isolated sections of metal raceway or 
cable armor, where required to be grounded , shall be grounded in accord
ance with Section 250-57. 
250-57. Equipment Fastened In Place or Connected by Permanent Wiring I 
Methods (Fixed) - Grounding. Noncurrent-carrying metal parts of equip
ment, where required to be grounded , shall be grounded by one of the 
methods indicated in (a) , (b), or (c) below. 
. (a) By any of the equipment grounding conductors permitted by Sec- I 

hon 250-9l(b). 
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installed in accordance with (a) above in regard to restrictions for alumi
num and also in regard to protection from physical damage. 

Exception : Sizes smaller than No. 6 shall not be required to be enclosed in 
a raceway or armor where run in the hollow spaces of a wall or partition or 
where otherwise installed so as not to be subject to physical damage. 

250-93. Size of Direct-Current System Grounding Conductor. The size of 
the grounding conductor for a DC system shall be as specified in (a) 
through (c) below. 

(a) Where the DC system consists of a 3-wire balancer set or a balancer 
winding with overcurrent protection as provided in Section 445-4( d) , the 
groundmg conductor shalf not be smaller than the neutral conductor. 

(b) Where the DC system is other than as in (a) above, the grounding 
conductor shall not be smaller than the largest conductor supplied by the 
system. 

(c) In no case shall the grounding conductor be smaller than No . 8. 

250-94. Size of Alternating-Current Grounding Electrode Conductor. The 
size of the grounding electrode conductor of a grounded or ungrounded 
AC system shall not be less than given in Table 250-94. 

Exception No. I : Grounded Systems . Where connected to made electrodes 
(as in Section 250-83), that portion of the grounding electrode conductor 
which is the sole connection between the grounding electrode and the 
grounded system conductor shall not be required to be larger than No. 6 cop
per wire or its equivalent in ampacity. 

Exception No. 2: Ungrounded Systems . Where connected to made elec
trodes (as in Section 250-83), that portion of the grounding electrode con
ductor which is the sole connection between the grounding electrode and the 
service equipment shall not be required to be larger than No. 6 copper wire or 
its equivalent in ampacity. 

250-95. Size of Equipment Grounding Conductors . The size of copper, 
aluminum, or copper-clad aluminum equipment grounding conductors 
shall not be less than given in Table 250-95. 

Where conductors are run in parallel in multiple raceways, as permitted 
in Section 310-4, the equipment grounding conductor, where used, shall 
be run in parallel. Each parallel equipment grounding conductor shall be 
sized on the basis of the ampere rating of the overcurrent device 'protect
ing the circuit conductors in the raceway in accordance with Table 250-95. 

When conductors are adjusted in size to compensate for voltage drop , 
gro1:1nding conductors, where required, shall be adjusted proportJonately 
m size. 

Exception No. I: 4,i equipm(!nJ grounding conductor not smaller than 
No. 18 copper and not smaller than the circuit conductors if an integral part 
of a listed flexible cord assembly shall be permitted for grounding cord-con
nected equipment where the equipment is protected by overcurrent devices 
not exceeding 20-ampere rating. 

Exception No. 2: The equipment grounding conductor shall not be re
quired to be larger than the circuit conductors supplying the equipment. 

ARTICLE 250-GROUNDING 70-101 

Exception No. 3: Where a raceway or a cable armor o.r sheath is m ed as 
the equipment grounding conductor, as provided in Sectwns 250-57(a) and 
250-9/(b). 

Table 250-94 
Grounding Electrode Conductor for AC Systems 

Size of Largest Service-Entrance Size of Grounding 
Conductor or Equivalent lor Electrode 

Parallel Conductors Conductor 

Aluminum or •Aluminum or 
Copper-Clad Copper-Clad 

Copper Aluminum Copper Aluminum 

2 or smaller 0 or smaller 8 6 

I or O 2/0 or 3/ 0 6 4 

210 or 3/0 410 or 250 MCM 4 2 

Over 3/0 thru Over250MCM 2 0 

350MCM thru 500 MCM 
Over 350 MCM Over 500MCM 0 3/ 0 

thru 600 MCM thru 900 MCM 
410 Over600MCM 0ver900 MCM 2/0 

thru 1100 MCM thru 1750 MCM 
250 MC M Over 1100 MCM Over 1750 MCM 3/ 0 

Where there are no service-entrance conductors , the grounding electrode conduc tor 
size shall be determined by the equivalent size of the largest service-entrance conductor 
required for the load to be served. 

• See installation restrictions in Section 250-92(a). 
Sec Section 250-23(b). 

250-97. Outline Lighting. Isolated noncurrent-carrying metal part s of 
outline lighting systems shall be p~rmitted to be bonded togethe r by a No. 
J4 conductor protected fr?m physical damage , where a conductor comply-
ing with Sect10n 250-95 1s used to ground the group. . 
250-98. Grounding Conductor In Common Raceway. A ground.mg con
ductor shall be permitted in the same raceway or enclo sure with ot her 
conductors of the system to which it is connected. 

250-99. Grounding Conductor Continuity. 
(a) Separable Connections. Separable connections such as those pro

vided in draw-out equipment or attachment plugs and mahng con~ec tors 
and receptacles shall provide for first-make, last -break of the equipment 
grounding conductor. 

Exception: Interlocked equipment, plugs, receptades and connectors 
which preclude energization without grouniiing continwty . . 

(b) Switches. No automatic . cutou.t .or switch shall be placed m the 
grounding conductor of a premise s wmng system. . 

Exception: Where the opening of the cutout or switch disconnects all 
sources of energy. 

K. Grounding Conductor Connections 
250-111. To Raceway or Cable Armor. The point of connection of 1he 
grounding conductor to interior metal raceways, cable armor, and the hke 
shall be as near as practicable to the source of supply and shall be so cho-
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proved for the purpose. Fittings shall effectively close any openings in the 
connection. 

See Section 300.22(b) and (c). 

349-20. Bends. 
(a) Where the flexible metallic tubing shall be infrequen~ly . flexed in 

service after installation, the radii of bends measured to the ms1de of the 
bend shall not be less than specified in Table 349-20(b). 

(b) Where the flexible metalli~ tubing is bent f?r instal_lation purp~ses 
and is not flexed or bent as required by use after mstallat10n, the ~aau ?f 
bends measured to the inside of the bend shall not be less than specified m 
Table 349-20(c). 

Table 349-20(b). Minimum Radii for Flexing Use 

Trade 
Size 

% inch 
'h inch 
'% inch 

Minimum Radii 

10 inche s 
12'h inches 
17'h inches 

Table 349-20(c). Minimum Radii for Fixed Bends 

Trade 
Size 

% inch 
'h inch 
3A inch 

Minimum Radii 

3'h inche s 
4 inches 
5 inches 

ARTICLE 350 - FLEXIBLE MET AL CONDUIT 

350-1. Other Articles. Installations of flexible metal conduit shall comply 
I with the applicable provisions of Articles 300, 333, and 346. 

350-2. Use. Flexible metal conduit shall not be used: (I) in wet loca
tions unless conductors are of the lead-covered type or of other t}'.pe ap
prov~d for the specific conditions ; (2) in hoistwa:ys, other than provide~ m 
Section 620-21; (3) in storage-battery rooms ; ( 4) m any hazardous location 
other than permitted in Se.ctjon ~Ol-4(b); (5) where !ubber-~overed co~
ductors are exposed to oil, gasoline, or other matenals havmg a deten
orating effect on rubber; nor (6) underground or embedded m poured 
concrete or aggregate. 
350-3. Minimum Size. Flexible metal conduit less than 'h-inch electrical 
trade size shall not be used. 

Exception No. J: Forunderplasterextensions as permitted in Section 344-2. 

ARTICLE 350-FLEXIBLE MET AL CONDUIT 70-19 : 

Exception No. 2: For enclosing the leads of motors as permilled in Section 
430-145(b). 

Exception No. 3: Flexible metal conduit of Mi-inch nominal trade size 
shall be permitted in lengths not in excess of 72 inches as a part of an ap
proved assembly or for lighting fixtures. 

Table 350-3. Maximum Number of Insulated Conductors In "!,-In. 
Flex Ible Metal Conduit.• 

Col. A = With fitting Inside conduit. 
Col. B = With fitting outside conduit. 

TypesTF, Types 
T~s T, XHHW,AF, TFN, Types FEP, Size R H-2, TW,RUH, THHN, FEPB, PF, AWG SF-2 RUW THWN PGF 

A B A B A B A B 18 3 3 7 4 8 5 8 16 2 2 4 3 7 4 8 14 4 3 7 3 7 12 3 4 4 10 2 3 

• In additi on , one uninsulated grounding condu ctor of the same A WG size shall be 
permitted . 

350-4. Supports. Flexible metal conduit shall be secured by an ap
proved means at intervals not exceeding 41/2 feet and within 12 inche s on 
each side of every outlet box or fitting. 

Exception No. 1: Where flexible metal conduit is fished 
Exception No. 2: Lengths of not more than 3 feet at terminals where flexi

bility is necessary. 

Exception No. 3: Lengths of not more than 6 feet from a fixture terminal 
connection for lap connections to lighting fixtures as required in Secti on 
~~~- I 
350-5. Grounding. Flexible metal conduit shall be permitted as a 
grounding means where both the conduit and the fittings are approved for 
the purpose. Where an equipment bonding jumper 1s required around I 
flexible metal conduit, it shall be installed in accordance with Section 250-
79. 

Exception: Flexible metal conduit shall be permilled as a grounding 
means if the Iota/ length in any ground return path is 6 feet or less, the I 
conduit is terminated in fittings approved for the purpose, and the circuit 
conductors contained therein are protected by overcurrent devices rated at 20 
amperes or less. 

350-6. Bends In Concealed Work. A run of conduit for concealed race
way, between outlet and outlet, fitting and fitting, or outlet and fitting, 
shall not contain more than the equivalent of four quarter bends (360 de
grees total), including those bends located immediately at the outlet or fit
tmg. 

Angle connectors shall not be used for concealed raceway installations. 
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ARTICLE 351 - LIQUIDTIGHT FLEXIBLE 
METAL CONDUIT 

351-1. Scope. This article covers use and installation requirements for 
liquidtight flexible metal conduit. 

351-2. Definition. Liquidtight flexible metal conduit is a raceway of cir
cular cross section having an outer liquidtight, nonmetallic, sunlight
resistant jacket over an inner flexible metal core with associated couplings, 
connectors, and fittings and approved for the installation of electric con
ductors. 
351-3. Other Articles. Installations of liquidtight flexible metal conduit 
shall comply with th'e applicable provisions of Articles 300 and with the 
specific Sections of Artides 350, 501, 502, and 503 referenced below. 

351-4. Use. 
(a) The use of liquid tight flexible metal conduit shall be permitted for 

both exposed and concealed work : 
(1) Where conditions of installation , operation, or maintenance re

quire flexibility or protection from liquids , vapors , or solids. 
(2) As permitted by Sections 501-4(b), 502-4, and 503-3, and in other 

hazardous locations where specifically approved. 
(b) Liquidtight flexible metal conduit shall not be used: 

(1) Where subject to physical damage. 
(2) Where any combi~ation of ambien_t and/or conductor te~pera

ture will produce an operatmg temperature m excess of that for which the 
material 1s approved. 

351-5. Size. 
(a) Minimum. Liquidtight flexible metal conduit smaller than V2-inch 

electrical trade size snail not be used . 

Exception : Ya-inch size shall be pennitted as covered in Section 350-3. 
(b) Maximum. The maximum size of liquidtight flexible metal conduit 

shall be the 4-inch trade size. 

351-6. Number of Conductors. 

(a) The number of conductors permitted in a single condu~t, V2-_through 
4-inch trade sizes, shall not exceed the percentage of fill specified m Table 
I, Chapter 9. ! 

(b) The numbei1:of conductors permitted in ¥a-inch liquidtight flexible 
metal conduit shall not exceed that permitted in Table 350-3. 

351-7. Fittings . Liquidtight flexible metal conduit shall be used only 
with terminal fittings approved for the purpose. 

351-8. Supports. Where liquidtight flexible metal conduit is installed as 
a fixed raceway, it shall be secured at intervals not exceeding 4'h feet and 
within 12 inches on each side of every outlet box or fitting. 

I Exception No. 1: Where liquidtight flexible metal conduit is fished 

ARTICLE 352-SURFACE RACEWAYS 70-193 

Ex ception No. 2: Lengths of not more than 3 feet at terminals where fl ex i-1 
bility is desired. 

351-9. Grounding. Liquidtight flexible metal conduit shall be permitted 
as a grounding conductor where both the conduit and the fittings are ap
proved for the purpose . Where an equipment bonding jumper is required I 
around liquidtight flexible metal conduit , it shall be installed in accord
ance with Section 250-79. 

Exception: Liquidtight flexible metal conduit shall be pennitt ed as a 
grounding means in the l ~-inch and smaller trade sizes if the total length in I 
any ground return path is 6 feet or less and the conduit is terminated in fi t· 
tings approved for the purpose. 

351-10. Bends In Concealed Work. A run of conduit for concealed race
way, between outlet and outlet , fitting and fitting, or outlet and fitting. 
shall not contain more than the equivalent of four quarter bends (360 de
grees total) , including those bends located immediately at the outlet or fit
ting. 

Angle connectors shall not be used for concealed raceway installations. 

ARTICLE 352- SURFACE RACEWAYS 

A. Metal Surface Raceways 

352-1. Use. The use of surface raceways shall be permitted in dry loca
tions. They shall not be used: (I) where subject to severe physical damage 
unless approved for the purpose; (2) where 300 volts or more between 
conductors unless the metal has a thickness of not less than .040 inch ; (3) 
where subject to corrosive vapors; (4) in hoistways; (5) in any hazardou s 
location except Class I, Division 2 locations as permitted in the Exception I 
to 501-4(b); nor (6) concealed except as follows: 

Exception No. 1: Metal surface raceways approved for the purpose shall 
be permitted for underplaster extensions . 

Exception No. 2: As pennitted in Section 645-2( c)(2). 
See definition of "Exposed - (As applied to wiring methods) " in Article 100. 

352-2. Other Articles. Metal surface raceways shall comply with the ap
plicable provisions of Article 300. 
352-3. Size of Conductors. No conductor larger than that for which the 
raceway is designed shall be installed in metal surface raceway . 
352-4. Number of Conductors In Raceways. The number of conductors 
installed in any raceway shall be no greater than the number for which the 
raceway is designed . 

The derating factors in Note 8 to Tables 310-16 through 310-19 shall not 
apply to conductors installed in surface raceways when all of the following 
conditions are met: (1) The cross-sectional area of the raceway exceeds 4 
square inches ; (2) The current-carrying conductors do not exceed 30 in 
number; (3) The sum of the cross-sectional area of all contained conduc
tors does not exceed 20 percent of the interior cross-sectional area of the 
surface raceway. 
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ARTICLE 370 - OUTLET, SWITCH AND JUNCTION 
BOXES, AND FITTINGS 

A. Scope and General 

370-1. Scope. This article covers the installation and use of boxes con
taining outlets, receptacles, switches or devices; junction or pull boxes and 
conduit bodies as required by Section 300-15. Fittings referred to in Sec
tion 300-15 used as outlet, junction or pull boxes shall conform with the 
provisions of this article depending on their use . 

Installations in hazardous locations shall conform to Articles 500 
through 517. 

For systems over 600 volts, nominal, see Part D of this article. 

370-2. Round Boxes. _ Round boxes shall not be used where conduits or 
connectors requiring the use of locknuts or bushings are to be connected 
to the side of the box. 

I 370-3. Nonmetallic Boxes. Nonmetallic boxes not over 100 cubic inches 
shall be permitted only with open wiring on insulators, concealed knob

I and-tube wiring, nonmetallic-sheathed cable, and with rigid nonmetallic 
conduit. 

I 
Nonmetallic boxes over 100 cubic inches manufactured with bonding 

means between all raceway and cable entries shall be permitted to be used 
with metal raceways and metal-sheathed cable. 

370-4. Metal Boxes. Where used with knob-and-tube wiring or nonme
tallic-sheathed cable, and mounted on or in contact with metal or metal 
lath ceilings, walls, or metallic surfaces, metal boxes shall be grounded . 

B. lnstallatlon 

370-5. Damp or Wet Locations. In damp or wet locations , boxes and fit
tings shall be so placed or equipped as to prevent moisture from entering 
or accumulating within the box or fitting. Boxes and fittings installed in 
wet locations shall be approved for the purpose. 

For boxes in floors, see Section 370-17(b). 
For protection against corrosion, see Section 300-6. 

370-6. Number ,of Conductors In Switch, Outlet, Receptacle, Device, and 
Junction Boxes; · Boxes shall be of sufficient size to provide free space for 
all conductors enclosed in the box. 

The provisions of this section shall not apply to terminal housings sup
plied with motors. (See Section 430-12.) 

Boxes and conduit bodie s containing conductors, size No . 4 or larger , 
shall also comply with the provisions of Section 370-18. 

(a) Standard Boxes. The maximum number of conductors, not count
ing fixture wires permitted in standard boxes, shall be as is listed in Table 
370-6(a). See Section 370-18 where boxes or conduit bodies are used as 
junction or pull boxes. 

ARTICLE 370-BOXES AND FITTINGS 70-211 

Table 370-6(a). Metal Boxes 

Min. Maximum Number of Conductors 
Box Dimension, lnchn Cu . In. 
Trade Size or Type Cap. No.14 No.12 No.10 No.8 No.6 

4 x I 1A Round or Octagonal 12.5 6 5 5 4 0 
4 x I~ Round or Octagonal 15.5 7 6 6 5 0 
4 x 2 !4 Round or Octagonal 21.5 10 9 8 7 0 
4 x I 'A Square 18.0 9 8 7 6 0 
4 x I~ Square 21.0 to 9 8 7 0 
4 x 2!4 Square 30.3 15 13 12 10 6• 
4 II /16 x I 'A Square 25.5 12 I I 10 8 0 
4 11/16 x I~ Square 29.5 14 13 II 9 0 
4 11/16 x 2!4 Square 42 .0 21 18 16 14 6 
3 x 2 x I~ Device 7.5 3 3 3 2 0 
3 x 2 x 2 Device 10.0 5 4 4 3 0 
3 x 2 x 21A Device 10.5 5 4 4 3 0 
3 x 2 x 2~ Device 12.5 6 5 5 4 0 
3 x 2 x 23A Device 14.0 7 6 5 4 0 
3 x 2 x 3~ Device 18.0 9 8 7 6 0 
4 x 2 !4 x I~ Device 10.3 5 4 4 3 0 
4 x 2!4 x I JI, Device 13.0 6 5 5 4 0 
4 x 2!4 x 2!4 Device 14.5 7 6 5 4 0 
33A x 2 x 2~ Masonry Box/Ga ng 14.0 7 6 5 4 0 
3'A x 2 x 3~ Masonry Box/Gan~ 21.0 to 9 8 7 0 
FS- Minimum Internal Depth I V. 

Single Cover/Gang 13.5 6 6 4 0 
FD-Minimum Internal Depth 2~ 

Single Cover / Gang 18.0 9 8 6 
FS- Minimum Internal Depth I '% 

Multiple Cover / Gang 18.0 9 8 6 0 
FD-Minimum Internal Depth 2~ 

Multiple Cover/Gang 24.0 12 to 9 8 4 

• Not to be used as a pull box. For termination only. 

(1) Table 370-6(a) shall apply where no fittings or devices, such as fix
ture studs , cable clamps , hickeys, switches, or receptacles , are contained in 
the box and where no grounding conductors are part of the wiring within 
the box. Where one or more fixture studs, cable clamps , or hickeys are 
contained in the box, the number of conductors shall be one less than 
shown in the tables; an additional deduction of one conductor shall be 
made for each strap containing one or more devices; and a further dedu c
tion of one conductor shall be made for one or more grounding conduc
tors entering the box. A conductor running through the box shall be 
counted as one conductor, and each conductor originating outside of the 
box and terminating inside the box is counted as one conductor. Conduc
tors, no part of which leaves the box, shall not be counted. The volume of 
a wiring enclosure (box) shall be the total volume of the assembled sec
tions, and where used, the space provided by plaster rings, domed covers , 
extension rings , etc. that are marked with their volume in cubic inches . 

(2) For combinations of conductor sizes shown in Table 370-6(a), the 
volume per conductor listed in Table 370-6(b) shall apply. The maximum 
number and size of conductors listed in Table 370-6(a) shall not be ex
ceeded. 

(b) Other Boxes. Boxes 100 cubic inches or less other than those de
scribed in Table 370-6(a), conduit bodies having provision for more than I 
two conduit entries and nonmetallic boxes shall be durably and legibly 
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marked by the manufacturer with their cubic inch capacity a~d the max
imum number of conductors permitted shall be computed ~sing the .vol
ume per conductor listed in Table 370~6(b) .and the deductions provided 

I for in Section 370-6(a)( 1). Boxes d~scnbe~ in Tab!e 370-6(a) that have a 
larger cubic inch capacity .than 1s d~s1gnated in the .table sh~II be 
permitted to have their cubic inch capacity marked as ~equired by this sec
tion and the maximum number of con?ucto~s permitted shall be com
puted using the volume per conductor hsted in Table 370-6(b). 

Table 370-&(b). Volume Required Per Conductor 

Size of 
Conductor 

No.14 ............................................................................... · 
No.12 ...................................................................................... . 
No. IO ...................................................................................... . 
No. 8 ............................................................................... · 
No. 6 ............................................................................. . 

Free Space Within 8011 
for Each Conductor 

2. cubic inches 
2.25 cubic inches 
2.5 cubic inches 
3. cubic inches 
5. cubic inches 

Where No. 6 conductors are installed the minimum wire bending space 
required in Table 373-6(a) shall be provided. 

(c) Conduit Bodies. Conduit bodies enclosing No. 6 ~nductors or 
smaller shall have a cross-sectional area not less than twice the .cross
sectional area of the largest conduit to which it is .attached. The maxu~um 
number of conductors permitted shall be the maximum number permitted 
by Table I, Ch~pter 9,. for the ~?nduit to which it is attached. . . 

I 
Conduit bodies having prov1s1on~ for less than three con~u1t entnes 

, shall not contain splices, taps or devices unle~s. they comply with the pro
' visions of 370-6(b) and are supported in a ng1d and secure manner. 
370-7. Conductors Entering Boxes or Rttlngs. Conductors entering. boxes 
or fittings shall be protected from abrasion, and shall comply with (a) 
through (d) below. 

(a) Openings to Be Closed. Openings through which conductors enter 
shall be adequately closed. 

(b) Metal Boxes and Fittings. Where metal outlet boX:e~ or fittings are 
installed with open wiring ?r conce~led kno?-and-tube wmng, conduc~ors 
shall enter through insulating bushin~s or, m dry places, through flexible 
tubing extending from the last insulating ~upport an~ firmly secured to the 
box or fitting. Where raceway or cable 1s installed with metal outlet ~oxes 
or fittings, the raceway or cable shall be secured to such boxes and fittings. 

(c) Nonmetalllc 'Boxes. ·, Where nonmetallic boxes are used with open 
wiring or concealed knob-and-tube wiring, the c?nd~ctors shall enter the 
box through individual holes. Where flexible tub1.ng 1s u.sed to encase the 
conductors, the tubing shall extend from the last. insulating suppo~ to no 
less than 'A inch inside the box . Where nonmetalhc-she.athed cable 1s used, 
the cable assembly, including the sheath, shall extend into the box no ~ess 
than 'A inch through a nonmetalli<:-sheathed. cab.le knockout opemng . 
Where nonmetallic-sheathed cable 1s used with single gang boxes and 
where the cable is fastened within 8 inches of the box measured ~ong the 
sheath and where the sheath extends into the box no less than 1A inch, se-
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curing the cable to the box shall not be required. In all other instances in-1 
dividual conductors and cables shall be secured to nonmetallic boxes . 

(d) Conductors No. 4 AWG or Larger. Installation shall comply with 
Section 373-6(c). 

370-8. Unused Openings. Unused openings in boxes and fittings shall be 
effectively closed to afford protection substantially equivalent to that of 
the wall of the box or fitting. Metal plugs or plates used with nonmetallic 
boxes or fittings shall be recessed at least 1.4 inch from the outer surface. 
370-9. Boxes Enclosing Flush Devices. Boxes used to enclose flush de
vices shall be of such design that the devices will be completely enclo sed 
on back and sides, and that substantial suprort for the devices will be pro 
vided. Screws for supporting the box shal not be used in attachment of 
the device contained therein. 

370-10. In Wall or Celllng. In walls or ceilings of concrete , tile, or other 
noncombustible material , boxes and fittings shall be so installed that the 
front edge of the box or fitting will not set back of the finished surface 
more than \4 inch. In walls and ceilings constructed of wood or other com
bustible material, outlet boxes and fittings shall be flush with the finished 
surface or project therefrom . 

370-11. Repairing Plaster. Plaster surfaces that are broken or incomplete 
shall be repaired so there will be no gaps or open spaces at the edge of the 
box or fittmg. 

Exception: On walls or ceilings of concrete, tile, or other noncombustible 
material. 

370-12. Exposed Surface Extensions. In making an exposed surface ex
tension from an existing outlet of concealed wiring, a box or an extension 
ring shall be mounted over the original box and electrically and mechani
calfy secured to it. 

370-13. Supports. Boxes shall be securely and rigidly fastened to the 
surface upon which they are mounted, or securely and rigidly embedded 
in concrete or masonry. Where nails are used as a mounting means and I 
pass through the interior of the box, they shall not be permitted to be 
more than 1.4 inch from the back of the box. Boxes shall be supported from 
a structural member of the building either directly or by using a substan
tial and approved metal or wooden brace, or shall be supported as is oth
erwise provided in this section . If of wood, the brace shall not be less than 
nominal one-inch thickness. If of metal it shall be corrosion -resistant and 
shall not be less than No. 24 MSG . 

Where mounted in new walls in which no structural members are pro
vided or in existing walls in previously occupied buildings, boxes not over 
100 cubic inches in size, specifically approved for the purpose, shall be af
fixed with approved anchors or clamps so as to provide a rigid and secure 
installation. 

Threaded boxes or fittings not over 100 cubic inches in size that do not 
contain devices or support fixtures shall be considered adequately sup
ported if two or more conduits are threaded into the box wrench tight and 
are supported within 3 feet of the box on two or more sides as is required 
by this section. 

Threaded boxes or fittings not over 100 cubic inches in size shall be con
sidered to be adequately supported if two or more conduits are threaded 



70-216 NATIONAL ELECTRICAL CODE 

secured to t~e box proper by screws or bolts instead of hinges. Boxes having 
covers of this form shall be used only for enclosing joints in conductors or to 
facilitat~ the drawing in of wires and cables. They shall not be used to en
close switches, cutouts, or other control devices. 
370-21. Covers. Metal covers shall be of a thickness not less than that 
spe~ified for the w~lls of the box or fitting of the same material and with 
~h1ch !hey are d_es1gned to be used, or shall be lined with firmly attached 
m~ulatmg matenal not less than 1/32 inch in thickness. Covers of porce
lam or other approved insulating material shall be permitted if of such 
form and thickness as to afford fhe required protection and strength. 
370-22. Bu~hlngs • . Covers of outlet boxes and outlet fittings having holes 
through wh1~h flexible cord pendants may f.ass, shall be provided with ap
proved bushings or.shall have smooth, wel -rounded surfaces, upon which 
the cord may bear. Where conductors other than flexible cord may pass 
through a metal cover, a separate hole equipped with a bushing of suit
able insulating material shall be provided for each conductor. 
370-23. Nonmetalllc Boxes. Provisions for supports or other mounting 
means for nonmetallic boxes shall be outside of the box, or the box shall 
be so constructed as to prevent contact between the conductors in the box 
and the supporting screws. 
370-24. Marking. All boxes and conduit bodies covers extension rings 
plaster rings, and the like shall be durably and iegibly ~arked with th~ 
manufacturer's name or trademark . 

D. Pull and Junction Boxes for Use on Systems Over 600-Volts, Nomlnal 

370-50. General. In addition to the generally applicable provisions of 
Article 370, the rules in Sections 370-51 and 370-52 shall apply. 
370-51. Size of Pull and Junction Boxes. Pull and junction boxes shall 
provide adequate space and dimensions for the installation of conductors 
m accordance with the following : 

(a) For Straight Pulls. The length of the box shall be not less than 48 
times the outside diameter, over sheath, of the largest conductor or cable 
entering the box. 

(b) For Angle or U Pulls. The distance between each cable or conduc
tor entry inside the box and the opposite wall of the box shall not be less 
than 36 times _the_ outside diamet~r, over sheath, of the largest cable or 
conductor. This distance shall be increased for additional entries by the 
amount of the sum of the outside diameters, over sheath of all other ca
bles or ~onductor entries through the same wall of the box. 

The distance between a cable or conductor entry and its exit from the 
box shall be not less than 36 times the outside diameter over sheath of 
that cable or conductor. · ' ' ' 

Ex~eption No. 1: Where a conductor or cable entry is in the wall of a box 
oppos1~e !o a removable co~er and where the distance from that wall to the 
cover 1s m conformance with the provisions of Section 300-34. 

Exception No. 2: Terminal housings supplied with . motors which shall 
comply with the provisions of Section 430-12. 

(c) One or more sides of any pull box shall be removable. 
370-52. Construction and Installation Requirements. 

(a) Boxes shall be made of material inherently resistant to corrosion or 
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shall be suitably protected , both intern ally and externall y, by enameling, 
galvanizing , plating or other means . 

(b) Suitable bushing, shields, or fittings having smooth round ed edges 
shall be provided where conduct ors or cables pass throu gh partiti ons and 
at other 1ocations where necessary. 

(c) Boxes shall provide a complete enclosure for the contained conduc 
tors or cables . 

(d) Boxes shall be so installed that the wiring is accessible without re
moving any part of the building. Working space shall be provided in ac
cordance witb Section 110-34. 

(e) Boxes shall be closed by suitable covers securely fastened in place. 
Underground box covers that weigh over one hundred pound s shall be 
considered as meeting this requirement. Covers for boxes shall be per
manently marked "HIGH VOLTAGE. " The marking shall be on the out
side of tbe box cover and shall be readily visible. Letters shall be block 
type at least V2 inch in height. 

(f) Boxes and their covers shall be capable of withstanding the handling 
to which they may be subjected. 

ARTICLE 373 - CABINETS AND CUTOUT BOXES 

373-1. Scope. This article covers the installation of cabinet s and cutout 
boxes. Installations in hazardous locations shall comply with Articles 500 
through 517. 

A. Installation 

373-2. Damp or Wet Locations. In damp or wet locations, cabinet s and 
cutout boxes of the surface type shall be so placed or equipped as to pre
vent moisture or water from entering and accumulating witbm the cabinet 
or cutout box, and shall be mounted so there is at least 114-inch air space 
between the enclosure and the wall or other supporting surface . Cabin ets 
or cutout boxes installed in wet locations shalf be weatherpro of. 

For protection against corrosion, see Section 300-6. 
373-3. Position In Wall. In walls of concrete , tile, or other noncombu s
tible material , cabinets shall be so installed that the front edge of the cabi
net will not set back of the finished surface more than 11-1 mch. In walls 
constructed of wood or other combustible material , cabinet s shall be flush 
with the finished surface or project therefrom. 
373-4. Unused Openings. Unused openings in cabinet or cutout boxes 
shall be effectively closed to afford protection substantiall y equi valent to 
that of the wall of the cabinet or cutout box. Where metal plugs or plate s 
are used with nonmetallic cabinets or cutout boxes, they shall be recessed 
at least 11-1 inch from the outer surface . 
373-5. Conductors Entering Cabinets or Cutout Boxes. Condu ctors enter
ing cabinets or cutout boxes shall be protected from abrasion and shall 
comply with (a) through (c) below. 



70-218 NATIONAL ELECTRICAL CODE 

(a) Openings to Be Closed. Openings through which conductors enter 
shall be adequately closed. 

(b) Metal Cabinets and Cutout Boxes. Where metal cabinets or c~~out 
boxes are installed with open wiring or concealed knob-and-tube wmng, 
conductors shall enter through insulating bushi~gs or: in dry places, 
through flexible tubing extending from the last msulatmg support and 
firmly secured to the cabinet or cutout box. 

(c) Cables. Where cable is used, each cable shall be secured to the cabi
net or cutout box. 
373-6. Deflection of Conductors. Conductors at terminals or conductors 
entering or leaving cabinets or cutout boxes and the like shall comply with 
(a) through (c) below . 

(a) Width of Wiring Gutters. Conductors shall not be deflected withi~ a 
cabinet or cutout box unless a gutter having a wi~th in accordan~e with 
Table 373-6(a) is provided. Conductors in parallel m accordance with Se~
tion 310-4 shall be judged on the basis of the number of conductors m 
parallel. 

Table 373-6(a)· Minimum Wire Bending Space at Terminals and 
Minimum Width of Wiring Gutters In Inches 

AWGor 
Circular-Mii 
Size of Wire 

1
14-10 
8-6 
4-3 
2 
I 
0-00 
000-0000 
250MCM 
300-350 MCM 
400-500 MCM 
600-700MCM 
750-900MCM 
1,000-1,250 MCM 
1,500-2,000 MCM 

Not Specified 
11h 
2 
21h 
3 
3'h 
4 
4'h 
5 
6 
8 
8 

10 
12 

Wires per Terminal 
2 3 

5 
6 
6 
8 
8 

IO 
12 

7 
8 
8 

IO 
IO 
12 
14 

4 

IO 
12 
12 
14 
16 

5 

14 
16 
18 

Bending space a). terminals shall be measured in a straight line from .the end of 
the Jug or wue -connector (in tht; direction that the wire leaves the termmal) to the 
wall or barrier. · 

(b) Wire Bending Space at Terminals. Conductors shall not be de
flected at a terminal unless bending space in accordance with Table 373-
6(a) is provided. 

(c) Insulated Bushings. Where ungrounde~ con?uctors of No .. ~ or 
larger enter a raceway in a cabinet, pull box, Junction box, or aux1hary 
gutter, the conductors shall be protected by a substantial bushing provid
ing a smoothly rounded insulatmg surface , _unl~ss the. conducto~s are sepa
rated from the raceway fitting by substantial msulatmg matenal secur~ly 
fastened in place . Where condmt bushings are con~tr~cted wholly. of m
sulating material, a locknut shall be installed both ms1de and outside the 

ARTICLE 373-CABINETS AND CUTOUT BOXES 70-219 

enclosure to which the conduit is attached. The insulating bushing or insu
lating material shall have a temperature rating not less tfian the insulation 
temperature rating of the installed conductors. 
373-7. Space In Enclosures. Cabinets and cutout boxes shall have suffi
cient space to accommodate all conductors installed in them without 
crowding. 

373-8. Enclosures for Switches or Overcurrent Devices. Enclosures for 
switches or overcurrent devices shall not be used as jun ction boxes, aux
iliary gutters, or raceways for conductors feeding through or tapping off to 
other switches or overcurrent devices. 

Exception: Where adequate space is prol'ided so that the conductors do 
not fill the wiring space at any cross section to more than 40 percent of the 
cross-sectional area of the space, and so that the conductors, splices, and taps 
do not fill the wiring space at any cross section to more than 75 percent of the 
cross-sectional area of the space. 

373-9. Side or Back Wiring Spaces or Gutters. Cabinets and cutout boxes 
shall be provided with back wiring spaces, gutters, or wiring compart
ments as required by Sections 373-1 l(c) and (d) . 

B. Construction Specifications 
373-10. Material. Cabinets and cutout boxes shall comply with (a) 
through (c) below. 

(a) Metal Cabinets and Cutout Boxes. Metal cabinets and cutout boxes 
shall be protected both inside and outside against corro sion and shall be 
approved for the purpose . 

For protection against corrosion , see Section 300-6. 

(b) Strength. The design and construction of cabinets and cutout 
boxes shall be such as to secure ample strength and rigidity. If construct ed 
of sheet steel, the metal shall not be less than No. 16 MSG. 

(c) Nonmetallic Cabinets. Nonmetallic cabinets shall be submitted for 
approval prior to installation . 
373-11. Spacing. The spacing within cabinets and cutout boxes shall 
comply with (a) through (d) below. 

(a) General. Spacing within cabinets and cutout boxes shall be suffi
cient to provide ample room for the distribution of wires and cables 
placed in them, and for a separation between metal parts of devices and 
apparatus mounted within them as follows: 

(1) Base. Other than at points of support, there shall be an air space 
of at least I I 16 inch between the base of the device and the wall of any 
metal cabinet or cutout box in which the device is mounted . 

(2) Doors. There shall be an air space of at least one inch between 
any live metal part, including live metal parts of enclosed fuses , and the 
door. 

Exception: Where the door is lined with an approved insulating material 
or is oj a thickness of metal not less than No. 12 MSG, the air space shall 
not be less than 0 inch. 

(3) Live Parts. There shall be an air space of at least 1/2 inch between 
the walls, back, gutter partition , if of metal, or door of any cabinet or cut-
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shall be made tight and where the assembly is held together by rivets or 
bolts, these shalf be spaced not more than 12 inches apart. 

(c) Suitable bushings, shields, or fittings having smooth rounded edges 
shall be provided where conductors pass between gutters, through parti
tions, around bends, between gutters and cabinets or junction boxes, and 
at other locations where necessary to prevent abrasion of the insulation of 
the conductors. 

(d) Where insulated conductors are deflected within an auxiliary gutter, 
either at the ends or where conduits, fittings, or other raceways enter or 
leave the gutter, or where the direction of the gutter is deflected greater 
than 30 degrees, dimensions corresponding to Section 373-6 shall apply. 

~e)_ Auxiliary gu_tters .intended for outdoor use shall be of approved 
ramllght construction. 

ARTICLE 380 - SWITCHES 

A. Installation 

380-1. Scope. The provisions of this article shall apply to all switches, 
switching devices, and circuit breakers where used as switches. 
380-2. Switch Connections. 

(a) Three-Way and Four-Way Switches. Three-way and four-way 
switches shall be so wired that all switching is done only in the un
grounded circuit conductor. Where in metal enclosures, wiring between 
switches and outlets shall be run with both polarities in the same enclo
sure. 

(b) Grounded Conductors. Switches or circuit breakers shall not dis
connect the grounded conductor of a circuit. 

Exception No. 1: Where the switch or circuit breaker simultaneously dis
connects all conductors of the circuit. 

Exception No. 2: Where the switch or circuit breaker is so arranged that 
the grou,J_ded conductor cannot be disconnected until all the ungrounded 
conductors' of the c(rcuit have been disconnected. 
380-3. Enclosure. Switches and circuit breakers shall be of the exter
nally operable type enclosed in boxes or cabinets approved for the pur-

l pose. The minimum wire bending space at terminals and minimum gutter 
space provided in switch enclosures shall be as required in Section 373-6. 

Exception: Pendant- and surface-type snap switches and knife switches 
mounted on an open face switchboara or pane/board. 
380-4. Wet Locations. A switch or circuit breaker in a wet location or 
outside of a building shall be enclosed in a weatherproof enclosure or cab
inet that shall comply with Section 373-2. 
380-5. Time Switches, Flashers, and Similar Devices. Time switches, flash
ers, and similar devices need not be of the externally operable type . They 
shall be enclosed in metal boxes or cabinets. 

Exception No. 1. Where mounted in switchboards, control panels, or en-
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closures and so located that any live terminals, located within 6 inches of the 
manually adjustable clock dial or "on-off" switch, are covered by suitable 
barriers. 

Exception No. 2. Where enclosed in approved individual housings with no 
live parts exposed to the operator. 

380-6. Position of Knife Switches. 

(a) Single-Throw Knife Switches. Single-throw knife switches shall be 
so placed that gravity will not tend to close them . Single-throw knife I 
switches, approved for use in the inverted position, shall be provided with 
a locking device that will ensure that the blades remain in the open posi
tion when so set. 

(b) Double-Throw Knife Switches. Double-throw knife switches shall 
be permitted to be mounted so that the throw will be either vertical or 
honzontal. Where the throw is vertical, a locking device shall be provided, 
the blades remaining in the open position when so set. 
380-7. Connection of Knife Switches. Single-throw knife switches shall 
be so connected that the blades are dead when the switch is in the open 
position. 
380-8. Accessibility and Grouping. 

(a) All switches and circuit breakers used as switches shall be located 
that they may be operated from a readily accessible place. They shall be 
so installed that the center of the grip of the operating handle of the 
switch or circuit breaker, when in its nighest position , will not be more 
than 6V2 feet above the floor or working platform. 

Exception No. ]: On busway installations, fused switches and circuit 
breakers shall be permitted to be located at the same level as the busway. 
Suitable means shall be provided to operate the handle of the device from the 
floor. 

Exception No. 2: Switches installed adjacent to motors, appliances or 
other equipment which they supply shall be permitted to be located higher 
than specified in the foregoing and to be accessible by portable means. 

Exception No. 3: Hookstick operable isolating switches shall be permitt ed 
at heights of more than 6 feet, 6 inches. 

(b) Snap switches shall not be grouped or ganged in outlet boxes unless 
they can be so arranged that the voltage between adjacent switches does 
not exceed 300, or unless they are installed in boxes equipped with per
manently installed barriers between adjacent switches. 
380-9. Faceplates for Flush-Mounted Snap Switches. Flush snap switches , 
that are mounted in ungrounded metal boxes and located withm reach of 
conducting floors or other conductino surfaces, shall be provided with 
facerlates of nonconducting , noncom'bustible material. Metal faceplates 
shal be of ferrous metal not less than 0.030 inch in thickness or of non
ferrous metal not less than 0.040 inch in thickness. Faceplates of insu
lating material shall be noncombustible and not less than 0.10 inch in 
thickness but they shall be permitted to be less than 0.10 inch in thickness 
if formed or reinforced to provide adequate mechanical strength . Face-, 
plates shall be installed so as to completely cover the wall opening and 
seat against the wall surface. 
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380-1 O. Mounting of Snap Switches. 
(a) Surface-Type. Snap switches used with open wiring on insulators 

shall be mounted on insulating material that wilf separate the conductors 
at least V2 inch from the surface wired over. 

(b) Box Mounted. Flush-type snap switches mounted in boxes that are 
set back of the wall surface as permitted in Section 370-10 shall be in
stalled so that the extension plaster ears are seated against the surface of 
the wall. Flush-type snap switches mounted in boxes that are flush with 
the wall surface or project therefrom shall be so installed that the mount
ing yoke or strap of the switch is seated against the box. 
380-11. Circuit Breakers as Switches. A hand-operable circuit breaker 
equipped with a lever or handle, or a power-operated circuit breaker ca
pable of being opened by hand in the event of a power failure, shall be 
permitted to serve as a switch if it has the required number of poles. 
380·12. Grounding of Enclosures. Enclosures for switches or circuit 
breakers on circuits of over 150 volts to ground shall be grounded as 
specified in Article 250. Where nonmetallic enclosures are used with 
metal-sheathed cables or metallic conduits, provision shall be made for 
grounding continuity. 

380-13. Knife Switches. 
(a) Knife switches rated at over 1200 amperes at 250 volts or less, and at 

over 600 amperes at 251 to 600 volts, shall be used only as isolating 
switches and shall not be opened under load. 

(b) To interrupt currents over 1200 amperes at 250 volts or less, or over 
600 amperes at 251 to 600 volts, a circuit breaker or a switch of special de
sign approved for such purpose shall be used. 

(c) Knife switches of ratings less than specified in (a) and (b) above 
shall be considered general-use switches. 

See definition of general-use switch in Article 100. 

(d) Motor-circuit switches shall be permitted to be of the knife-switch 
type. 

See definition of a motor-circuit switch in Article 100. 

380-14. Rating and Use of Snap Switches. Snap switches shall be used 
within their ratings and as follows: 

(a) AC Gener~I-Use S11ap Switch. A form of general-use snap switch 
suitable only for use on alternating-current circuits for controlling the fol
lowing: 

(1) Resistive and inductive loads, including electric-discharge lamps, 
not exceeding the ampere rating of the switch at the voltage involved. 

(2) Tungsten-filament lamp loads not exceeding the ampere rating of 
the switch at 120 volts. 

(3) Motor loads not exceeding 80 percent of the ampere rating of the 
switch at its rated voltage. 

I 
(4) Snap switches rated 20 amperes or less directly connected to 

aluminum conductors shall be approved for the purpose and marked 
CO/ALR. 

(b) AC-DC General-Use Snap Switch. A form of general-use snap 
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switch suitable for use on either AC or DC circuits for controlling the fol
lowing: 

. (1) Resistive loads not exceeding the ampere rating of the switch at 
the voltage applied. 

(2~ Inductive loads not exceeding 50 percent of the ampere rating of 
the switch at the applied voltage. Switches rated in horsepower are suit
able for controlling motor loads within their rating at voltage applied. 

(3) Tungsten-filament lamp loads not exceeding the ampere rating of 
the switch at the applied voltage if "T" rated. 

For switches on signs and outline lighting, see Section 600-2. 
For switches controlling motors, see Sections 430-83, 430-109, and 430-110. 

B. Construction Specifications 
380-1 ~· Marking. Switches shall be marked with the current and voltage 
a_nd, 1f horsepower rated, the maximum rating for which they are de
signed. 

38~·16. 600-Volt Knife SwltC?hes. Auxiliary contacts of a renewable or 
qu!ck-break type or the equivalent, shall be provided on all 600-volt knife 
switches designed for use in breaking currents over 200 amperes. 
380-17. Fused Switches. A fused switch shall not have fuses in parallel. 

ARTICLE 384 - SWITCHBOARDS AND 
PANELBOARDS 

3~4-~. S~ope. Thi~ article covers (I) all switchboards, panelboards, and 
d1stnbut10n boards mstalled for the control of light and power circuits, 
and (2) battery-charging panels supplied from light or power circuits. 

Exception: Switchboards or portions thereof used exclusively to control 
signaling circuits operated by batteries. 
384-2. Other Articles. Switches, circuit breakers, and overcurrent devices 
used on switchboards, panelboards, and distribution boards, and their en
closures, shall comply with the requirements of Articles 240, 250, 370, 380, 
and <?ther articles that apply. Switch.boards and panelboards in hazardous 
locat10ns shall comply with the requirements of Articles 500 through 517. 
384-3. Support and Arrangement of Busbars and Conductors. 

(a) Conductors and busbars on a switchboard, panelboard, or control 
board shall be so located as to be free from physical damage and shall be 
h~I? firmly in place. Other than the required interconnections and control 
wmng, only those conductors that are mtended for termination in a verti
cal section of a switchboard shall be located in that section. Barriers shall I 
be/laced in all service switchboards that will isolate the service busbars 
an terminals from the remainder of the switchboard. 

(b) The arrangement of busbars and conductors shall be such as to 
avoid overheating due to inductive effects. 
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(c) Each switchboard , switchboard section, or panelboard , if used as 
service equipment, shall be provided with a main bonding jumper sized in 
accordance with Section 250-79(c) or the equivalent placed within the ser
vice disconnect section for connecting the grounded service conductor on 
its supply side to the switchboard or panefboard frame. All sections of a 
switchboard shall be bonded together using an equipment grounding con
ductor sized in accordance with Table 250-95. 

(d) Load terminal s in switchboards and panelboards shall be so located 
that it will be unnece ssary to reach across or beyond an ungrounded line 
bus in order to make load connections. 

(e) On a switchboard or a panelboard supplied from a 4-wire delta
connected system, where the mid-point of one phase is grounded, that 
phase busbar or conductor having the higher voltage to ground shall be 
marked . 

(f) The phase arrangement on three phase buses shall be A, B, C from 
front to back, top to bottom, or left to right, as viewed from the front of 
the switchboard or panelboard . The B phase shall be that phase having 
the higher voltage to ground. Other busbar arrangements shall be per
mitted for additions to existing installations and shall be marked. 

I 
(g) The minimum wire bending space at terminals and minimum gutter 

space provided in panelboards and switchboards shall be as required in 
Section 373-6. 

A. Switchboards 
384-4. Location of Switchboards. Switchboards that have any exposed 
live parts shall be located in permanently dry locations and then only 
where under competent supervision and accessible only to qualified per
sons. Switchboards shall be so located that the probability of damage 
from equipment or processes is reduced to a minimum. 
384-5. Wet Locations. Where a switchboard is in a wet location or out
side of a building , it shall be enclosed in a weatherproof enclosure or cabi
net installed to comply with Section 373-2. 
384-6. Location Relative to Easily lgnlllble Material. Switchboards shall be 
so placed as to reduce to a minimum the probability of communicating 
fire to adjacent 'tiombustible materials . 
384-7. Clearance From Celling. A space of 3 feet or more shall be pro
vided between the top of any switchboard and any nonfireproof ceiling. 

Exception No. 1: Where a fireproof shield is provided between the switch
board and the ceiling. 

I Exception No. 2: Totally enclosed switchboards. 
384-8. Clearances Around Switchboards. Clearances around switch
boards shall comply with the provisions of Section 110-16. 
384-9. Conductor Covering. Insulated conductors where closely grouped , 
as on the rear of switchboards, shall each have a flame-retardant outer 
covering. The conductor covering shall be stripped back to avoid contact 
with the terminals . Insulated conductors used for instrument and control 
wiring on the rear of switchboards shall be flame-retardant, either inher
ently or by means of an outer covering, such as one of the following types: 
RH , RHH , RHW , V, ALS, AV A, A VB, SIS, T, TA, TBS, TW , THHN, 
THWN, THW, Ml, XHHW, or other types approved for the purpose. 
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384-10. Clearance for Conductors Entering Bus Enclosures. Where con
duits or other raceways enter a switchboard , floor standing pan el board, or 
similar enclosure at the bottom , sufficient space shall be provided to per
mit installation of conductors in the enclosure . The wiring space shall not 
be less than shown in the following table where the conduit or raceways 
enter or leave the enclosure below the busbars , their supports, or other ob 
structions . The conduit or raceways , including their end fittings shall not 
rise more than 3 inche s above the bottom of the enclo sure. 

Conductor 

Minimum Spacing Between 
Bottom of Enclosure and 

Busbars, their Supports, or other 
Obstructions (Inches) 

Insulated busbar s, their supports, or other obstructions ............................ 8 
Nonin sula ted busbars .................................................................................... 10 

384-11. Grounding Switchboard Frames. Switchbo ard frame s and struc
tures supporting switching equipment shall be grounded . 

Exception: Frames of direct-current single-polarity switchboards shall not 
be required to be grounded if effectively insulated. 

384-12. Grounding of Instruments, Relays, Meters, and Instrument Trans
formers on Switchboards. Instrument s, relays, meter s, and instrument 
transformers located on switchboards shall be grounded as specified in 
Sections 250-121 through 250-125. 

B. Panelboards 
384-13. General. All panelboards shall have a rating not less than the 
minimum feeder capacity required for the load computed in accordance 
with Article 220. Panelboards shall be durably marked by the manufac
turer with the voltage and the current rating and the number of phases for 
which they are designed and with the manufacturer 's name or tradem ark 
in such a manner as to be visible after installation, without disturbin g the 
interior parts or wiring . 
384-14. Lighting and Appliance Branch-Circuit Panelboard. For the pur
poses of this article, a lighting and appliance branch-circuit panel board is 
one having more than 10 percent of its overcurrent devices rated 30 am
peres or less, for which neutr al connections are provided . 
384-15. Number of Overcurrent Devices on One Panelboard. Not more 
than 42 overcurrent devices (other than those provided for in the mains) 
of a lighting and appliance branch-circuit panelboard shall be installed in 
any one cabinet or cutout box. 

A lighting and appliance branch-circuit panelboard shall be provided 
with physical means to prevent the installation of more overcurrent de
vices than that number for which the panelboard was designed. rated, and 
approved. 

For the purposes of this article , a 2-pole circuit breaker sha ll be consid
ered two overcurrent devices ; a 3-pole breaker shall be considered three 
overcurrent devices. 
384-16. Overcurrent Protection. 

(a) Each lighting and appliance branch-circuit panel board shall be indi-



70-228 NATIONAL ELECTRICAL CODE 

vidually protected on the supply side by not more than two main circuit 
breakers or two sets of fuses having a combined rating not greater than 
that of the panelboard . 

Exception No. 1: Individual protection for a lighting and appliance pane/
board shall not be required if the pane/board feeder has overcurrent protec
tion not greater than that of the pane/board. 

Exception No. 2: Individual protection for lighting and appliance branch
circuit pane/boards is not required where such pane/boards are used as 
service equipment in supplying an individual residential occupancy. 

(b) Panelboards equipped with snap switches rated at 30 amperes or 
less, shall have overcurrent protection not in excess of 200 amperes . 

(c) The total load on any overcurrent device located in a panelboard 
shall not exceed 80 percent of its rating where in normal operation the 
load will continue for 3 hours or more. 

Exception : Where the assembly including the overcurrent device is ap
proved for continuous duty at 100 percent of its rating. 

(d) Where a panelboard is supplied through a transformer, the over
current protection required in (a) and (b) above shall be located on the 
secondary side of the transformer. 

Exception : A pane/board supplied by the secondary side of a single-p6ase 
transformer having a two-wire (single-voltage) secondary shall be considered 
as protected by overcurrent protection provided on the primary (supply) side 
of the transformer, provided this protection is in accordance with Section 
450-J(b)(l) and does not exceed the value determined by multiplying the 
pane/board rating by the secondary-to-primary voltage ratio. 

I 
(e) A three phase disconnect or overcurrent device shall not be con

nected to the bus of any panel board that has less than three phase buses . 
This is intended to prohibit the use of "delta breakers" in panelboards. 

384-17. Panelboards In Damp or Wet Locations. Panelboards in damp or 
wet locations shall be installed to comply with Section 373-2. 
384-18. Enclosure,,. ,, Panel boards shall be mounted in cabinets, cutout 
boxes; or enclosures approved for the purpose and shall be dead front. 

Exception : Pan~lboards other than of the dead front externally operable 
type shall be permitted. where accessible only to qualified persons. 
384-19. Relative Arrangemeni of Switches and Fuses. In panelboards, 
fuses of any type shall be installed on the load side of any switches. 

Exception: As provided in Section 230-94 for use as service equipment. 

C. Construction Specifications 

384-20. Panels. The panels of switchboards shall be made of moisture
resistant, noncombustible material. 
384-21. Busbars. Bare busbars shall be permitted if they are rigidly 
mounted. 
384-22. Protection of Instrument Circuits. Instruments , pilot lights, poten
tial transformers , and other switchboard devices with potential coils shall 
be supplied by a circuit that is protected by standard overcurrent devices 
rated 15 amperes or less. 
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Exception No. 1: Where the operation of the overcurrent device might in
troduce a hazard in the operation of devices. 

Exception No. 2: For ratings of 2 amperes or less, special types o(e ncloscd 
fuses shall be permitted. 
384-23. Component Parts. Switches, fuses, and fuseholders used on pan
elboards shall comply with the applicable requirement s of Articles 240 
and 380. 
384-24. Knife Switches. Exposed blades of knife switches shall be dead 
when open . 
384-26. Minimum Spacings. The distance between bare metal part s, bus
bars, etc., shall not be less than specified in Table 384-26. 

Exception No. 1: At switches or circuit breakers. 
Exception No. 2: Inherent spacings in listed components. 
Where close proximity does not cause excessive heating, parts of the 

same polarity at switches , enclosed fuses, etc. shall be permitted to be 
placed as close together as convenience in handling will allow. 

Table 384-26. Minimum Spacings Between Bare Metal Parts 

Not over 125 volts ........ ...... .......... .. 
Not over 250 volts ........ ...... .......... .. 
Not over 600 volts .......... .......... .... .. 

Opposite 
Polarlty 
Where 

Mounted on 
the Same 
Surface 

'!.. inch 
1114 inch 
2 inches 

Opposite 
Polarity 
Where 
Held 
Free 
In Air 

•;, inch 
'!.. inch 
I inch 

•uve Parts 
to Ground 

1/ , inch 
\!, inch 
I inch 

• For spacing between live parts and doors of cabinet s. see Section 373-1 l(a) ( I). (2). 
and (3). 

384-27. Grounding of Panelboards. Panelboard cabinets shall be 
grounded in the manner specified in Article 250 or Section 384-3(c). An 
approved terminal bar for equipment grounding conductors shall be pro
vided and secured inside of the cabinet for the attachment of all the 
feeder and branch-circuit equipment grounding conductors, where the 
panelboard is used with nonmetallic raceway or cable , or where separate 
grounding conductors are provided . The terminal bar shall be bonded to 
the cabinet or panel board frame and shall not be connected to the neutral 
bar in other tlian service equipment. 

Exception: When an isolated ground conductor is provided as in Section 
250-74, Exception No. 4, the insulated ground conductor which is mn with 
the circuit conductors shall be permitted 10 pass _through 01e pan e/board 
without being connected to the pan e/board grounding term111al bar. 
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af ;lian c_e are require<!, _data for selection of these devices shall be marked on 
t e appliance. The m1mmum marking shall be that snecihed in Sections 430-
7 and 440-3. r 'J' 

(b~ A household-type appliance with surface heating elements having a 
m_ax1mum demand of more th_an 60 amperes computed in accordance 
with Tabl~ 220-19 shall _ha".e its power supply suodivided into two or 
more c1rcmts, each ofwh1ch 1s provided with overcurrent protection rated 
at not over 50 amperes . · 

(c) Infrared lamp commercial and industrial heating appliances shall 
have overcurrent protection not exceeding 50 amperes. 

(d) (?pen-coil o~ exposed sh_eathed-coil types of surface heating ele
ment s in com~ercial-t_ype heating appliance s shall be protected by over
current protective devices rated at not over 50 amperes . 

(e) If the branch circuit supplies a single nonmotor-operated appliance 
I rated at 16. 7 amperes or more, the overcurrent device rating shaI! not ex~ 
ceed 150 percent of the appliance rating . 

(I) Electric heating appliances emplor · ng resistance-type heating ele
~e!lts rated more t~~n 48 amperes shal have the heating elements sub
d1v1ded. Each subd1v1ded load shall not exceed 48 amperes and shall be 
protected at not more than 60 amperes. 

These su1Ie!11~ntary overcurrent protective devices shall be: (I) fac
tory installe within or on the heater enclosure or provided as a separate 
asse1:n bly by the heater manufacturer; and (2) accessible, but need not be 
readlly accessible ; and (3) smta~Ie for branch-circuit protection . 

hTh1 eb main _conductors supplying these overcurrent protective devices 
s al e considered branch-c1rcuit conductors . 

Exception No. _l : Hoi!sehold-type appliances with surface heating ele
ments as covered m Section 422-27(b) and commercial-type heating appli
ances as covered in S ection 422-27(d). 

Ex ception No. ?: Commercial kitchen and cooking appliances usin 
sheathed-type heatm$. elem_ents not covered in Section 422~27{d) shall bf 
permwed to be subd1v1ded mto circuits not exceeding 120 amperes and pro
tected at not more tha_n 150 amperes where one of the following is met: 

a. Elements are integral w11h and enclosed within a cooking surface· 
b. Elements are completely contained within an enclosure an'Provedfi~r 

the purpose; or r, 

c. Elements are contained within an ASME rated and stamped vessel. 
Ex_ceptw~ . No. 3: Water h_eaters and steam boilers employing resistance

type imm ersion electric heat!ng elements contained in an ASME rated and ~1;1ped vessel shall be permitted to be subdivided into circuits not exceeding 
amperes and protected at not more than 150 amperes. 

E. Marking of Appliances 
422-30. Nameplate. 

(a~ Ea~h ~lectric appliance shall be provided with a nameplate giving 
the 1dent1fying n'.1me a_nd the rating in volts and amperes, or in v~lts and 
watts. If the appliance 1s to be used on a specific frequency or frequencies 
1t shall be so marked. ' 

Whe1 tor overload protection external to the appliance is required 
the app e shall be so marked. ' 
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See Section 422-27(a) Exception for overcurrent protection requirements. 

(b) Marking shall be located so as to be visible or easily accessible after 
installation. 
422-31. Marking of Heating Elements. All heating elements that are rated 
over one ampere, replaceable in the field, and a part of an appliance shall 
be legibly marked with the ratings in volts and amperes, or m volts and 
watts, or with the manufacturer's part number. 
422-32. Appliances Consisting of Motors and Other Loads. Appliances 
shall be marked in accordance with (a) or (b) below. 

(a) In addition to the marking required in Section 422-30, the ma!king 
on an appliance consisting of a ~otor wi!h _other !~ad(~) ~r motors with or 
without other load(s) shafl specify the m1rnmu1? c1rcm_t size and the max
imum rating of the circuit overcurrent protective device. 

Exception No. I: Appliances factory-equipped with cords and attachment I 
plugs, complying with Section 422-30. _· . 

Exception No. 2: An appliance where both the m!nimu'1? circuit size and 
maximum rating of the circuit overcurrent protective device are not more 
than 15 amperes and complies with Section 422-30. 

(b) An alternate marking method shall be permitted t~ ~pecify the r~t
ing of the largest motor in volts and amperes, and the additional load(~) m 
vo1ts and amperes, or volts and watts in addition to the marking reqmred 
in Section 422-30. 

Exception No. I : Appliances factory-equipped with cords and attachment I 
plugs, complying with Section 422-30. 

Exception No. 2: The ampere rating of a motor Mi hp or less or a nonmotor 
load one ampere or less shall be permitted to be omitted unless such loads 
constitute the principal load. 

ARTICLE 424 - FIXED ELECTRIC SPACE 
HEATING EQUIPMENT 

A. General 

424-1. Scope. This article covers fixed electric equipment used for space 
heating . Equipment shall be of a type appro~ed for the purpose an_d loca
tion where install_ed. For the purpose of t~1s article, heating eqmpment 
shall include heating cable, umt heaters, b01lers, central systems, or other 
approved fixed elec~ric space heati~g equi~f!1e~t. This article shall not ap
ply to process heating and room air conditioning . 
424-2. Other Articles. All requirements of this Code shall apply where 
applicable. Fixed electric spact: heating equipment for_ use in ha~ardous 
locations shall comply with Ar_llcles 500 thr~mgh ~17. Fixed electric space 
heating equipment incorporating a hermetic refrigerant motor-compres
sor shall also comply with Article 440. 

. Branch Circuits. 
Branch-Circuit Requirements. Individual branch circuits shall be 
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permitted t? su_pply any _size fixed electric space heating equipment. 
B~anch c1~cu1ts supplymg two or more outlets for fixed electric space 

heatmg equipment shall be rated 15, 20, or 30 amperes. 
E-:ception: In other than residential occupancies, fixed infrared heating 

equipment shall be permitted to be supplied from branch circuits rated not 
I over 50 amperes. 

(b) Branch-Circuit Sizing. The size of branch-circuit conductors and 
overcurrent protective devices supplying fixed electric space heating 
equipment consisting of resistance elements with or without a motor shall 
be computed on the basis of 125 percent of the total load of the motors 
and the heaters. A contactor, thermostat, relay , or similar device, 
appr~ved for contin~ous operation at JOO percent of its rating, shall be 
perm1t~ed to supply its fulf-rated load as provided in Section 210-22(c), 
Exception No. 3. 

The size of the branch-circu it conductors and overcurrent protective de
vices surplying fixed electric space heating equipment consisting of me
chanica refrigeration with or without resistance units shall be computed 
in accordance with Sections 440-34 and 440-35. 

1:he provisions of this section shall not apply to conductors which form 
an mtegral part of approved fixed electric space heating equipment. 

B. Installation 

424-9. General. All fixed electric space heating equipment shall be in
stalled in an approved manner. 
424-10. ~peclal Permission. Fixed electric space heating equipment and 
systems mstalled by methods other than covered by this article may be 
used only by special permission. 
42~-~1. Supply Conductors .. Fixed elc~tric space heating equipment re
qumng supply conductors with over 60 C insulation shall be clearly and 
P.ermanently marked . 1:his marking s~all be plainly visible after installa
tion and shall be permitted to be adJacent to the field-connection box. 
424-12. Locations. 

(a) Fixed electric space heating equipment shall not be used where ex
posed to severe physical damage unless adequately protected. 

(b) Heaters and related equirment installed in damp or wet locations 
shall be approved for such location s and shall be constructed and installed 
so that water cannot enter or accumulate in or on wired sections, electrical 
components, or duct work. 

See Section 110-11 for equipment exposed to deteriorating agents . 

424~13. Spacing from Combustible Materials. Fixed electric space heating 
eqmpment shall be installed to provide the required spacing between the 
equipment and adjacent combustible material , unless it has been found to 
be acceptable where installed in direct contact with combustible material. 
~24-14. _Groundl1_1g. All exposed met~) parts of fixed electric space heat
mg eqmpment likely to become energized shall be grounded as required 
in Article 250. 

C. Control and Protection of Fixed Electric Space Heating Equipment 

424-19. Disconnecting Means. Means shall be provided to disconnect 
I the heater, motor controller(s), and supplementary overcurrent protective 
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device(s) of all fixed electric space he_ating equipme!1t from all un
grounded conductors. Where heating equipment 1s supplied ~y mc_ire than 
one source, the disconnecting means shall be grouped and 1dent1fied. 

(a) Heating Equipment with Supplementary Over~urrent _Protectlo~. The 
disconnecting means for fixed electric space h~a~mg_eqmpment with sup
plementary overcurrent protection shall be w1thm sight fron:i, and on the 
supply side of the supplementary overcurrent protection dev1ce(s), and m 
addition shall comply with either (I) or (2) below. 

(1) Heater Containing No Motor Rated Over Y• Horsepower: The above 
disconnecting means or unit switches comrlymg _with Section 424-19(b) 
(3) shall be permitted to serve as the reqmred d1sconnectmg means for 
both the motor controller(s) and heater under either (a) or (b) below . 

a. The disconnecting means provided is also within sight from the 
motor controller(s) and the heater ; or 

b. The disconnecting mean s provided shall be capable of being 
locked in the open position. 

(2) Heater Containing a Motor(s) Rated Over '!, Horse~ower. 
a. The above disconne cting means shall be permitted to serve as 

the required disconnect _ing means. for b<?th _the motor controller(s) and 
heater if this disconnectmg means 1s also m sight from the motor control-
ler(s) and the heater. . . . . 

b. Where the disconnecting means 1s not w1thm sight from t~e 
heater a separate disconnecting mean~ shall be. installed. or ~h.e dis
connecting means sha_ll be ~apab1e ?f bemg locked m the open pos1~1on, or 
unit switches complymg w1tfi Section 424~ I 9(b) q) _sha)l be _permitted . 

c. Where the disconnecting _means 1s not w1thm s1g~t from _the mo
tor controller location a disconnectmg means complymg with Section 430-
102 shall be provided . 

d. Where the motor is not in sight from the motor controller loca-
tion, Section 430-86 shall apply. 

(b) Heating Equipment Without Supplementary Overcurrent Protection. 

(1_) Without Mo~or or With Motor _Not Over '!, tiorsepower. for fixed 
electnc space heatmg equipment w1tholl:t a motor rated over Vs_ horse
power, the branch-circuit switch or circmt br~aker shal_l be perm1tt_ed to 
serve as the disconnecting means , where readily accessible for serv1cmg. 

(2) Over '/, Horsepower. For motor-driven ele~tric spac_e heating 
equipment with a motor rated over Vs horsepower a disconnecting mean s 
shall be located within sight from the motor controller. 

Exception : As permitted by Section 424-!9(a) (2). 

(3) Unit Switches as Disconnecting Means. Unit swit_ches with a 
marked "off'' position that are part of a fixed heater and disconnect all 
ungrounded conductors shall be permitted as _the disco!lnecting me.ans r~
qmred by this article where othe~ means for d1sconnect1on are provided m 
the following t)'.pes of occupancies. . . . . 

a. Multifamily Dwell_ings. In mult1f!'lmily _dwelling s, the other dis-
connecting means shall be w1thm the dwelhni; ~mt or on the same floor as 
the dwelling units in which the fixed _heater 1s mstalled , and shall also be 
permitted to control lamps and appliances. . . . 

b. Two-Family Dwellings. fn two-family dwellings , the other dis-
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t
. eans shall be ermitted either inside or outside of the dwell-

connec_ u~g m . fi j h ter is installed . . · 
ing umt m which t~e xe 11" ea In one -family dwelling umt s the serv_1ce 

c. One-Family Owe mgs. ·u d to be the other disconnecting 
disconnecting means shall be perm1 e 
means . . her occupancie s the branch -circuit 

d. O~her_ Occupancies. In ~~dil accessible for servicing of the 
switch or c1rcU1t breaker, ~thedre s the Jther disconnecting means . 
fixed heater , shall be permit e a 

424-20 Thermostatically Controlled Switching Devl~es. b " t" 
. l d "t hing devices and com ma ion 

(a) Thermostatically control e 11 ~~~~tches shall be permitted to serve 
thermostats and manually contro / eans provided all of the following 
as both controllers ~nd d1sconnec mg m 
conditions are met: .. 

1 Provided with a marked "off" pos1t1on. 
~2~ Directly. ~pen all ungrounded conductors when manually placed 

in the "off ' pos1t1on. . . t be ener ized automatically af-
(3) Designed so that the c1rtU1t ~a~;J in the .. ]tr• position . 

ter the device has been manua y p a 
(4) Located as specified in Section 424-19. d d duc-

d. tly interrupt all ungroun e con 
(b) Thermostats that do not I ~~~Ults shall not be requi~ed to meet t~e 

tors and operate remote contro d . hall not be permitted as the d1s-
requiref?ent s of (a) above . These ev1ces s 
connecting means . . . 

be Indicating. Switches and c1rcU1t 
424-21. Switch and. Circuit B~eaker to shall be of the indicating type. 
bre akers used as disconnecting means 

424-22. Overcurrent Protection. . . t other 
(a) Branch-Circuit Devices. Electric spac~ hde~ymi;tJf :r:r3~ ;nd 440 

ted equipment as reqU1re t d than such motor-opera t" snail be considered as protec e 
to have additional overcurrent roJe~ ion, of the branch circuits m Article 
against overcurrent where supp ie y one 

210. . h ting equipment employing 
(b) Resistance Ele,ments. . Electn~i:ire ettan 48 amperes shall have 

resistanc~-type heatlJlg ~d~~t~ r~ach subdivided load shall not exceed 
the heat1 ng elemehn~llsbu iv1 teect~d at not more than 60 amperes . 
48 amperes and s a,. e pro . 

Exception: As provided in Sectwn 424-72(a). t 
The supplementary overcurren 

I (c) ~vercurr~nt Prote~tlve . Devlce:bove shall be: ( l) factory installed 
protective devices specified m (b) plied for use with the heater as a 

I within or on the heater enclosure or s~fcturer· (2) accessible, but shall not 
separate assembly by th~ heater ~~f ~ d (3) suitable for branch-circuit 
be required to be readily access1 e, an 
protection. 

I See Section 240-10. t" a d ·de this overcurrent protec ion, 
Where cartridg~ fuses are u~\ ~ pr~;itted to be used for the several 

single disconnecting means s a e p 
subdivided loads. 

See Section 240-40. 
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(d) Branch-Circuit Conductors. The conductors supplying the supple
mentary overcurrent protective devices shall be consid ered branch-cir cuit 
conductors. 

Exception : For heaters rated 50 kW or more, the conductors supply ing the 
supplementary overcurrent protective devices specified in (c) above shall be 
permitted to be sized at not less than /00 percent of the nameplat e rating of 
the heater provided all of the following conditions are met: 

a. The heater is marked with a minimum conductor size; and 
b. The conductors are not smaller than the marked minimum size; and 
c. A temperature-actuated device controls the cyclic operation of the 

equipment . 
(e) Conductors for Subdivided Loads. The amp acity of field wired con

ductors between the heater and the supplement ary overcurrent protective 
devices shall not be less than 100 percent of the rating or settmg of the 
overcurrent protective device protecting the subdivided circuit(s) . 

Exception : For heaters rated 50 kW or more, the ampacity of field wired 
conductors between the heater and the supplementary overcurrent protective 
devices shall be permitted to be not less than 100 percent of the load of their 
respective subdivided circuits provided all of the following conditions are 
met: 

a. The heater is marked with a minimum conductor size; and 
b. The conductors are not smaller than the marked minimum size; and 
c. A temperature-activated device controls the cy clic operation of the 

equipment . 

D. Mart<lng of Heating Equipment 

424-28. Nameplate. 

(a) Marking Required. Each unit of fixed electric space heating equip
ment shall be provided with a nameplate giving the identifying name and 
the normal rating in volts and watts , or in vofts and ampere s. 

Electric space heating equipment intended for use on alternating cur
rent only or direct current only shall be marked to so indicate. The mark
ing of equipment consisting of motors over Vs horsepower and other loads 
shall specify the rating of the motor in volts, amperes, and frequenc y, and 
the heating load in volts and watts , or in volts and amperes . 

(b) Location. This nameplate shall be located so as to be visible or 
easily accessible after installation . 
424-29. Mart<lng of Heating Elements. All heating elements that are re
placeable in the field and are a part of an electric heater shall be legibly 
marked with the ratings in volts and watts, or in volts and amperes . 

E. Electric Space Heating Cables and Panels 

424-34. Heating Cable and Heating Panel Construction. Heating cables I 
and heating panels shall be furnished complete with factory-a ssembled 
nonheating leads at least 7 feet in length. 
424-35. Mart<lng of Heating Cables and Panels. Each unit shall be 
marked with the identifying name or identification symbol , catalog num
ber, ratings in volts and watts, or in volts and amperes . 

(a) Heating Cables. Each unit length of heating cable shall have a per-
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manent legible marking on each nonheating lead located. within 3 _inch~s 
of the terminal end. The lead wire shall have t~e followmg color 1dent!
fication: 120-volt nominal, yellow; 208-volt nommal, blue; 240-volt nomi
nal red· and 277-volt nominal, brown. 

(~) H;atlng Panels: ~e.ating P.anels shall_ be _permanently m~rked in a 
location that is readily v1s1ble pnor to apphcat10n of panel fimsh. 

424-36. Clearances of Wiring In Ceilings. Wiring located abov~. heated 
ceilings shall be spaced not le~s than 2 inch<:s above t~e heated ce1hn~ and 
shall be considered as operatmg at an a~b1ent of 50 C. !he ampac1ty of 
conductors shall be computed on the basis of the correction factors given 

I in Tables 310-16 through 310-19. . 
Exception: Wiring above heated ceiling_s and located above ~hermal m~u

lation having a minimum thickness of 2 inches shall not require correctwn 
for temperature. 

424-37. Clearances of Branch-Circuit Wiring In Walls. 

(a) Exterior Walls. Wh~re loc~ted in exterior walls, wiring shall be lo-
cated outside the thermal msulation. 

I (b) Interior Walls. Where heating panels are located in inter_ior walls 
or partitions, any wiring behind the beatmg panels shall ~e considered as 
operating at an ambient of 40° C ( l04°F); and _the ampac1ty_ of c<?nductors 

I shall be computed on the basis of the correct10n factors given m Tables 
310-16 through 310-19. 

424-38. Area Restrictions. 

(a) Heating cables and panels shall not extend beyond the room or area 
in which they originate. 

(b) Cables and panels shall not be installed \n closets, over walls o\r,ar
titions that extend to the ceiling, or over cabmet~ who~e clearance ~om 
the ceiling is less than the minimum horizontal d1mens1on of the cabmet 
to the nearest cabinet edge that is open to the room or area. 

Exception: Isolated single runs of cable shall be permitted to pass over 
partitions where they are embedded. 

(c) This rovision shall not prevent the use of cable ?r panel~ i_n closet 
ceilings as low temperature heat source~ to control rel!1!1ve hum1d1ty, pro
vided they are used i;mly in those portions of the ce1hng that are unob
structed to the floor ,b.y shelves or other permanent fixtures. 

I 424-39. Clearance from Other Objects and Ope~lngs. Heating elements of 
panels and cables shall be separated at least 8 mches from the e_dge of out
let boxes and junction boxes that are to be used for mountmg sur.face 
lighting fixtures. A clearance of not less than t_wo. inches s~all be provided 
from recessed fixtures and their tri~s, ventilatmg openmgs, and other 
such openings in room surfaces. Sufficient area shall be provided to assure 
that no heating cable or panel will be covered by any surface mounted 
lighting units. 

424-40. Splices. Embedded cables shall be spliced only where necessary 
and only by approved means, and in no case shall the length of the heat
ing cable be altered. 
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424-41. Installation of Heating Cables on Dry Board, In Plaster and on Con
crete Ceilings. 

(a) Cables shall not be installed in walls. 
Exception: Isolated single runs of cable shall be permilled to run down a 

vertical surface to reach a dropped ceiling. 

(b) Adjacent runs of cable not exceeding 23A watts per foot shall be in
stalled not less than I Yi inches on centers. 

(c) Heating cables shall be applied only to gypsum board, plaster lath 
or other fire-resistant material. With metal lath or other electrically con
ductive surfaces, a coat of plaster shall be applied to completely separate 
the metal lath or conductive surface from the cable. 

See also (f) below. 

(d) All heating cables, the splice between the heating cable and non
heating leads , and 3-inch minimum of the nonheating lead at the splice 
shall be embedded in plaster or dry board in the same manner as the heat
ing cable. 

(e) The entire ceiling surface shall have a finish of thermally non insu
lating sand plaster having a nominal thickness of Yi inch , or other 
noninsulating material approved for the purpose and applied according to 
specified thickness and dHections. 

(f) Cables shall be secured at intervals not exceeding 16 inches by 
means of approved stapling , tape, plaster , nonmetallic spreaders, or other 
approved means. Staples or metal fasteners that straddle the cable shall 
not be used with metal lath or other electrically conductive surfaces. 

Exception: Cables approved for the purpose shall be permilled to be se
cured at intervals not to exceed six feet by approl'ed means. 

(g) In dry board installations, the entire ceiling below the heating cable 
shall be covered with gypsum board not exceeding Yi-inch thickness. The 
void between the upper layer of gypsum board, plaster lath, or other fire
resistant material and the surface layer of gypsum board shall be com
pletely filled with thermally conductive nonshrinking plaster or other ap
proved material or equivalent thermal conductivity. 

(h) Cables shall be kept free from contact with metal or other electrical 
conductive surfaces. 

(I) In dry-board applications , cable shall be installed parallel to the 
joist , leaving a clear space centered under the joist of 21h inches (width) 
between centers of adjacent runs of cable. Crossing of joist by cable shall 
be kept to a minimum. Surface layer of gypsum board shall be mounted 
so that the nails or other fasteners do not pierce the heating cable. 

Where practicable , cables shall cross joists only at the ends of a room. 

424-42. Finished Ceilings. Finished ceilings shall not be covered with 
decorative panels or beams constructed of materials which have thermal 
insulating properties, such as wood, fiber, or plastic . Finished ceilings shall 
be permitted to be covered with paint, wallpaper, or other approved sur
face finishes. 

424-43. Installation of Nonheatlng Leads of Cables and Panels. 

(a) Free nonheating leads of cables and panels shall be installed in ac
cordance with approved wiring methods from the junction box to a loca-
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tion within the ceiling. Such installations shall be permitted to be single 
conductors in approved raceways , single or multiconductor Type UF, 
Type NMC, Type MI, or other approved conductors . 

(b) Not less than 6 inches of free nonheating lead shall be within the 
junction box. The marking of the leads shall be visible in the junction box. 

(c) Excess leads of heating cables shall not be cut but shall be secured 
to the underside of the ceiling and embedded in plaster or other approved 
material, leaving only a length sufficient to reach the junction box with not 
less than 6 inches of free lead within the box. 

(d) Excess nonheating leads of heating panels shall be permitted to be 
cut to the required length. They shall meet the installation requirements 
of the wiring method . employed in accordance with Section 424-43(a). 
Nonheating leads shall be considered to be an integral part of an ap
proved fixed electric space heating panel and not subJect to the ampacity 
requirements of Section 424-3(b) for branch circuits. 

424-44. Installation of Panels or Cables In Concrete or Poured Masonry 
Floors. 

(a) Panels or heating units shall not exceed 33 watts per square foot of 
heated area or 16\/2 watts per linear foot of cable. 

(b) The spacing between a~jacent runs of cable shall not be less than 
one inch on centers. 

(c) Cables shall be secured in place by nonmetallic frame s or spreaders 
or other approved means while the concrete or other finish is applied. 

Cables , units, and panels shall not be installed where they brii:lge ex
pansion joints unless protected from expansion and contraction. 

(d) Spacings shall be maintained between the heating cable and metal 
embedded in the floor. 

Exception: Grounded metal-clad cable shall be permitted to be in contact 
with metal embedded in the floor . 

(e) Leads shall be protected where they leave the floor by rigid metal 
I conduit , intermediate metal conduit, electrical metallic tubing , or by other 

approved means. 
(f) Bushings or approved fittings shall be used where the leads emerge 

within the floor slab. 

424-45. Inspection and Tests. Cable installations shall be made with due 
care to prevent damage to the cable assembly and shall be inspected and 
approved before cables are covered or concealed. 

424-46. Panels - General. Sections 424-46 through 424-48 cover only 
heating panels of less than 25 watts per square foot assembled together in 
the fiefd to form a heating installation in one room or area using approved 
methods of interconnection. Such an installation shall be connected by a 
recognized wiring method. 

424-47. Panels to Be Complete Units. Panels shall be installed as com
plete units unless approved for field cutting in a recognized manner. 

424-48. lnstallatlon. Panels shall be installed in an approved manner . 
Nails , staples, or other electrically conductive fasteners shall not be used 
where they penetrate current-carrying parts. 
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Exception : Insulated fasteners shall be permitted with systems for which 
they are recognized. 

F. Duct Heaters 

424-57. General. Part F shall apply to any heater mounted in the air 
stream of a forced-air system where the air moving unit is not provided as 
an integral part of the equipment. 
424-58. Approved. Heaters installed in an air duct shall be approved for 
the purpose and installed in the approved manner. 
424-59. Air Flow. Means shall be provided to assure uniform and ade
quate air flow over the face of the beater. 

Heaters installed within 4 feet of a fan outlet , elbows, baffle plates , or other ob
struction in duct work may require turning vanes, pressure plates, or other devices 
on the inlet side of the duct heater to assure an even distribution of air over the face 
of the heater . 

424-60. Elevated Inlet Temperature. Duct heaters intended for use with 
elevated inlet air temperature (such as heat pumps) shall be approved for 
the purpose and so marked . 
424-61. Installation of Duct Heaters with Heat Pumps and Air Condi· 
tloners. Heat pumps and air conditioners having duct heaters closer than 
4 feet to the heat pump or air conditioner shall have both the duct heater 
and heat pump or air conditioner approved for such installation and so 
marked. 
424-62. Condensation. Duct heaters used with air conditioners or other 
air-cooling equipment that may result in condensation of moisture shall 
be approved for use with air conditioners . 
424-63. Fan Circuit Interlock. Means shall be provided to ensure that the 
fan circuit is energized when the first heater circuit is energized . However , 
time or temperature controlled delay in energizing the fan motor shall be 
permitted. 
424-64. Limit Controls. Each duct heater shall be provided with an ap
proved, integral, automatic-reset temperature-limiting control or control
lers to de-energize the circuit or circuits . 

In addition , an integral independent supplementary control or control
lers shall be provided in each duct heater that will disconnect a sufficient 
number of conductors to interrupt current flow. This device shall be man
ually resettable or replaceable . 
424-65. Location of Disconnecting Means. Duct heater controller equip
ment shall be accessible with the disconnecting means installed at or 
within sight from the controller. 

Exception : As permitted by Section 424-19(a). 
424-66. Installation. Duct heaters shall be installed in accordance with 
the manufacturer 's instructions in a manner so that operation will not 
create a hazard to persons or property . Furthermore, duct heaters shall be 
located with respect to building construction and other equipment so as to 
permit access to the heater. Sufficient clearance shall be maintained to 
permit replacement of controls and heating elements and for adjusting 
and cleaning of controls and other parts requiring such attention. See Sec
tion 110-16. 

For additional installation information, see Air Conditioning and Ven-
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550-1. Scope. 

NATIONAL ELECTRICAL CODE 

ARTICLE 550 - MOBILE HOMES 
AND MOBILE HOME PARKS 

(a) The provisions of this article cover the electrical conductors and 
equipment installed within or on mobile homes, the conductors that con
nect mobile homes to a supply of electricity, and the installation of ele~tri
cal wiring, fixtures, equipment and appurtenances related to electncal 
installations within a mobile home park up to the mobile home service
entrance conductors or, if none, the mobife home service equipment. 

Wherever the requirements of other articles of this Code and Article 
550 differ, the requirements of Article 550 shall apply . 

For requirements on body and frame design, construction, and the installation of 
plumbing and heating systems in mobile homes, refer to Standard for Mobile 

I Homes NFPA SOIB-1977 (ANSI). 
(b) A mobile home n0t intended as a dwelling unit, as for example 

equipped for sleeping purP.oses i,nly, contractor's on-site offices, construc
tion JOb dormitones, mobile studio dressing rooms, banks, clinics, mobile 
stores, or intended for the display or demonstration of merchandise or 
machinery, shall not be required to meet the provisions of this article per
taining to the number or capacity of circuits required . It shall, however, 
meet all other applicable requirements of this article if provided with an 
electrical installation intended to be energized from a 115-volt or 115/230-
volt AC power supply system. 

(c) Mobile homes installed in other than mobile home parks shall com
ply with the provisions of this article. 

(d) The provisions of this article apply to mobile homes intended for 
connection to a wiring system nominally rated 115/230-volts, 3-wire AC, 
with grounded neutra1. 

I 
(e) All electrical materials, devices, appliances, fittings and other equip

ment shall be listed or labeled by a nationally recogmzed testing agency 
and shall be connected in an approved manner when installed. 
550-2. Definitions. 

Appllance, Portable: An' appliance which is actually moved or can eas
ily be moved from one place io another in normal use. 

For the purpose of this article, the following major appliances other than built-in 
are consicfered portable if co~d-connected: refngerators, gas !a~ge equipment, 
clothes washers, dishwashers without booster heaters, or other similar apphances . 

Distribution Panelboard: See definition of panelboard in Article 100. 
Feeder Assembly: The overhead or under-chassis feeder conductors, 

including the grounding conductor, together with the necessary fittings 
and eqmpment or a power-suJ?ply_ cord approved for mobile home 1:1se, 
designed for the purpose of defivenng energy from the source of electncal 
supply to the distribution panelboard within the mobile home. 

I Laundry Area: An area containing or designed to contain either a laun
dry tray, clothes washer, and/or a clothes dryer. 

Moblle Home: A factory-assembled structure or structures equipped 
with the necessary service connections and made so as to be readily mov-
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able as a unit or units on its own running gear and designed to be used as 
a dwelling unit(s) without a permanent foundation. 

The phrase "without a permanent foundation" indicates that the sur.port system 
is constructed with the intent that the mobile home placed thereon will be moved 
from time to time at the convenience of the owner. 

Moblle Home Accessory Building or Structure: Any awning, cabana , ra
mada, storage cabinet, carport, fence, windbreak or porch _established for 
the use of the occupant of the mobile home upon a mobile home lot. 

Mobile Home Lot: A designated portion ~f a mobile ho~e park de
signed for the accommodation of o:°e mobile . home and its accessory 
buildings or structures for the exclusive use of its occupants. 

Mobile Home Park: A contiguous parcel of land which is used for the 
accommodation of occupied mobile homes . 

Mobile Home Service Equipment: The equipment containing the dis
connecting means, overcurrent protective devices, and receptacles or other 
means for connecting a mobile home feeder assembly. 

Park Electrical Wiring Systems: All of the ~lectrical wi~ing, fi_xt~res, 
equir.ment and appurtenances related _to electncal 1_nstallat!ons w1thm a 
mobile home park, including the mobile home service eqmpment. 

A. Moblle Homes 

550-3. Power Supply. 

(a) The mobile home service equipment shall be located adjacent to the 
mobile home and not mounted in or on the mobile home. The power sup
ply to the mobile home shall be a feeder assembly consisting of n?t f!10re 
than one approved SO-ampere mobil~ home po_wer_-supply cord with mte-1 
gral molded cap, or a permanently mstallecf c1rcu1t. 

Exception : A mobile home that is factory-equipped with gas o_r oil-fired 
central heating equipment and cooking appliances shall be permitted to be 
provided with an approved mobile home power-supply cord rated 40 amperes. I 

(b) If the mobile home has a power-supply cord, it s~all ?e per
manently attached to the distribut10n panefboard or to a Junction box 
permanently connected to the distribution panelboard, with the free end 
terminating in an attachment plug cap. 

(c) Cords with adapters and pigtajl ends , ~xtension ~ords, and similar 
items shall not be attached to, or shipped with, a mobile home. 

(d) A suitable clamp or the equivalent ~hall ~e provided at the distribu
tion panelboard knockout to afford stram relief for the cord to prevent 
strain from being transmitted to the terminals when the power supply 
cord is handled in its intended manner. 

'(e) The cord used shall be of an approved type with four conduct~rs, 
one of which shall be identified by a continuous green color or a cont_m
uous green color with one or more yellow stripes for use as the groundmg 
conductor. 

(f) The attachment plug cap shall be a 3-pole ~-wire groun~ing _type, 
rated 50 amperes, 125/250 volts with a configuration as shown m Figure 
550-3(f) and intended for use with the SO-ampere, 125/250 receptacle con
figuration shown in Figure 550-3(f). It shalf be molded of butyl rubber , 
neoprene, or other materials which have been found suitable for the pur- I 
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