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ABRSTRACT

This is the design project final report for the design of a
climate controlled sleeping chamber for infants and toddlers.
Ariother name for such & chamber is “"air orib®. The concent of an
air  crib  originated in the 1968 s by psychologist/author BUF,
Slinner.,

An air orib is an alternative slesping medioam to the convan-
tional crib. Tt i a chamber that is temperature and humidity
controlled to provide an optimum sleeping environment for  young
childeren. The design of such a chamber reguires engineering
analveis of fouwr subsvstems- ventillation, heating, humidifica-
tion, and control sysbem. The result is an alternative to the

conventional orib at & cost that is not prohibitive,



Climate Controlled Sleeping Chamber

Introduction

A climate  controlled sleeping chamber, or air orib, for
infants and toddlers is an alternative sleeping mediovm to  the
conventional crib. It ds & chamber that is ventillated with air
that is temperatuwre and humidity controlled to provide an optimum
sleeping envivronmant for voung children, ages @ to 2 yvears, Tis
purpose dae to enhance the psychological and physiological devel-
opment of yvoung ohildren. ‘ Because 1t is easier to heat a small
chamber than larger living guarters, the ailr orib also has
economi o advantages.

The design of climate controlled sleeping chamber must meet
some minimum reguirenents. The system mnust provide an
arnvironment  in which a young ohild betwsen the ages of @ and 2
VEArE  may Sleep. This environment must be temperature and
humidity controlled to a maximum of 29 degrees Fahrenheight and
SEY relative humidity, reapectively) It must Fit into a & foot
by 8 Ffoobt room and must be large enough to contain  the ohild
comfortablv. It must also maintain/fé/;0m§mrtable @arvironmant
without undo dratt or noise. The unit must be able to regulate

the temperature and humidity over an extended period of time to

within +5% with little or no maintenance. It should be run by



Mousehold power and all water suppliss may he self-contained.

-~

he svstem cannot have a retail value much greater than that of a

standard crib. Finally, the system must mest all safety standards

for infant sleeping furniture and residential safety codes 1
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Figure 15 A Climate Controlled Sleeping Chamber



Srummary
The asystem 1 designed has a hardwood base that houses four
subsvateans and  the chamber shell. The chamber ile enclosed by
174" acryvlic panels reinforced with 1" « 178" acrvlic supports.
The esnclosure has openings to allow for air movement, recircula-
tion, and access to the chamber.
The four subsyvstems housed in the base are !
17 ventillation system,
21 heating svshem,
Y humidification system, and
4 control system.
The design of these fouwr svstems is the major emphasis of this
desion project. Oher considerations in this design are unit

assthetics and cost analvyesis.

Syatems Design
Veantillation System

The wventillation system consists of a 26 gage sheet metal
duct  housed in the base of the unit and acrylic panels with
openings thalt serve as louvers attached to the acrylic bubble
that serves as  the chamber. The volume of  the chamber is

appravimately 48 cubic feet, and reguires two air changes per



ke

minute for sufficient ventillatimn} This yeilds a flow rate of
@ cubic feet per minute (ofmd. raloulating the presswre head
wsing equivalent resistances of duﬁts velld a reguired static
pressure head of 156" water. Famotor Fan modsl #Gb@ﬁxsmmvaﬁ 4%
cfm  at L 1&Y static presswre, which is satisfactory for  this
P PO,

Im ordes to maintain proper air speed across the heating and

! difying units, f loawity of 488 feet per minute (fpm)
o bk, i, : F - g e S i : : . .
e 75 fpm dis required, At F@ cfmy the equivalert diameter of-a--.a
round  duct to satisfy thig rBguirement is between 4.944 inches

and %.,38% inches. To optimize the face velocity reguirements for
Meating coils and filters, I chose to use a face veloocity of 45@
+pm At B8 cfm, this veilds & duct area of 2§u8 sguare  inches.
A sguare  duct of B OE/8Y by O EF/8Y satisfies this requirement.,
although I realize that good duct design would require I chose

, 5 5 L : x
duct dimensions of a more rectangular nature, this design is

satisfactory for this project. In the short distance of the
duct, a sguare duct of odd dimensions is suitable. The sguare

duct expands on  each end of the unit to the ares required to
enter  the chamber. An opening in the exterior of the bubble
permits some of the heated and humidified air to be vented into
Lhes  poom. This method reciroul ates approdimately 5% of  the

conditioned air. An intake duct introduces fresh air.
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Haeating System

The heating element is a single unit inside the ventillation
duct that uses Nichrome wire wound on 5 ceramic cores 1/78" thick
gach with an effective length of 4 inches. The original design
was to use ribbon elements, but the resistance per foot, 179
N/4t, was much too high, so coils are reconmended. Each element
has 32 coils per inch. This reduced the resistance requirement

b

to 12.98 2/4t. Nichrome ¥V gage# 33 wire has a resistance of
12.96SL /¢, This is a suitable resistance for this application.
The elements draw 1/2 amp, which corresponds to a temperature of
2EE degrees Fahrenheit. A heat transfer anavlsis proves this to

he an acceptable value. Also, the low amperage rating limits the

possibility of dangerous electrical shock.
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Humidification System

The humidification system uses btwo humidifiers to bring the
air to the reguired 5% relative humidity (rhd. Originally, 1 had
chosen to use a heated pan humidifier for the pre-humidifier, butl
afficiency and safety considerations prompited me to use $ilter
fumidifiers in both 10catimns] Both filter humidifiers use
aluminum mesh screens as a medium for evaporation.  Aluminum mesh
sereen s more easily cleaned, generates less odor, and doss not
encourage bacterial growth. It can also withstand a greater face
velocity. Water from a reservoilr is fed to the screens by 1/74Y
copper tubking.  The Jlow rate is controlled by solenoid valves
which, in twnrn, are controlled by humidistats- one in the duct,

st at 2EW relative bhumidity and one in the chamber set at S5@%

relative humidity. A condensation pan below the duct captures
ANy unevaporated moisture from  the humidifiers and any
condensation from the duct walls, This is a safety measure sinca

there should be no condensation from the walls.

Control Circuit

The control circuit, as shown in figure 4, uses 12¢ VAT

L

household powse., & amp fuse protects the circuit from

over L oad. M oseparate satety circuwit sounds a hoen and $1ashes a



light showld the household powesr go off while the unit is  in
operation.  Magnetic switch, E; controls the normally closed (ND)
switch, Fo, in the safety circuit. The fan is in parallel with
the magnetic and the other elements of the oirouit. Shown also
are the thermostats and humidistats which control  the elesctric
heater and scolenoid valves, respectively. Also, there is a float
valve in  the reservoir connected to the solenoid wvalve which
controls  the Fflow of water into the reservoir. A Ffloat wvalve
in  the condensation pan inswes against unusually high flows of
water  into the pan by closing the solenoid valves that oconteol
the Flow into the humidifiers. The instrument pansl  with the
control knobs of these systems is shown in figure 8, Farticul ar
enphasis on unit  assthebices was placed on the design of the
control  panel as it is the major interface betwsen the user and

the system.
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Cost Anal veils

In my cost analysis, the caloculated final cost is $21,5826,
H2E, GHE of which is engineering labor cost. At First glance.
this ot is prohibitive. However, it is ot truly
representative  of  the cost to mass produce a number of wnits,
aver which the engineering cost can be spread. The materials
cost only $448 (this is a liberal estimate). Labor costs for one
unit excluading the engineering cost amounted to $1, 1385, With the
benefite of mass production, the entire unit could cost betwsen
£EEE and $7EG, This indicates that, given a public interest in
this type of device and a wide range of styles, manufacturing
this oroduct is feasible and could be profitable. It is not  a
highly sophisticated system so that repair and maintenance would
not be a major Concern. Finally, the unit is collapsable enough
it can  be stored in hald the space it occupies while it is  in

wee. The hardwood base and rounded corners of the acrylic bubble

add to its attractivenesss.



Conclusions

The design of & climate controlled sleesping chamber dis  an
integrative project requiring the design and analysis of  four
systeams— the wventillation system, the heating sysbtem, the
Fumidification system and the control svebem. The ventillation
systen uses a sheet metal duct which houses the heater, pre-
humidifier, humidifier, and the fan. It vente into the chamber
providing partially recirculated, conditioned air. The heating
syatem s comprised of a single heater with five heating elements
af Nichrome V wire wound in coils on 1/78Y ceramic cores. The two
humidifiers are filter humidifiers with aluminum mesh matting.
The control @ circuit controls all the systems and has the added
feature  of a satety circuit that warns parentse 1§ the powser to
the unit is somehow interrupted. The control panel was design to
appeal to  the senses and be easily understood by an operator.
Theogh out the design procoess, satety reguirements  werea
consldered although specific codes and standards are rnat
meantioned in the body of this report.

The cost of the system couwld be between $500 and $788, a
reasonable  price for this unit, The hardwood base  would  also
appesl to  the public, making thise project feagible for

manufacturing.
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THE FOLLOWING ARE DESIGN DRAWINGS OF THE
RBABY CHAMBER INCLUDING THE SUBSYSTEMS.
SOME  OVERSIZE DRAWINGS ARE LOCATED IN THE POCKET

OF THIS FOLDER.
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THE FOLLOWING ARE MAJOR. CALLULATIONS
INVOLVVED M DESIGNING THE SURSYSTEMS
AMD STRUCTURE OF THIS PROJECT.
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THE FOLLOWING 1€ MANURACTURERS DATA
WHICH WAS USCD iIN THE DESIGN OF THIS
PROJECT. AISO INCLUNCD ARE SOME OF
THE SAFETY REGULATIONS TAKEN INTO

COMS/IDERATION WHILE WORAING ON THIS
PROJTECT.



PELICAN WIRE COMPANY INC.
Pear Miks ! [JZ <can
Sofpess Nictporg Soei

6266 TAYLOR ROAD
NAPLES, FLORIDA 33942

813/591-8555

Here it is — Warm Florida Sunshine and another Stock List from the Pelican Wire Company!

Larvy G Bill

PRESIDENT

CUSTOM INSULATING - LARGE INVENTORY - IMMEDIATE DELIVERY



PELICAN WIRE CO. INC.

STOCK LIST
08/23/84

PAGE 2

A. ¥. G.  DIAMETER  TYPE OF WIRE OHMS PER FT. QUANTITY LBS.  PRICE LBS. ITEN NO.
u .0201 NICHROME 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 2.5T1 19.99 15.51 210
2 0142 NICHRONE V 3.228 1.96 16.21 215
28 0126 NICHRONE V 4.090 16.56 16.61 280
29 0113 NICHRONE V 5.090 22.0 18.62 265
30 .010 NICHRONE V 6.500 3. 20.16 290
3l .0089 NICHROME V 8.206 1.75 22,10 295
2 .008 NICHROME V 10.16 1.63 24.10 300
33 L0071 NICHROKE V ) 90_ 3.59 21.25 305
- . oF 28.70 31C
35 .0056 NICHROME V 20.72 1.5 30.57 35
36 .005 NICHROME V 26.00 15.0 3434 32
N .0045 NICHRONE V 32.09 12.06 36.75 325
38 .004 NICHROKE V 40.62 5.1 46.20 33¢
39 .0035 NICHRONE V 53.06 419 49.35 335
2 .0025 NICHRONE V 104 3.0 82.95 u;
43 .00225 NICHROME V ' 128.5 .6 107.33 345
7] .002 NICHROME V N 162.5 2.18 127.05 35¢
46 .0015 NICHRONE V 288.9 9 229.95 385
10 102 ADVANCE .02826 515 8.41 362
1 .091 ADVANCE .03550 286 8.47 36:
.081 ADVANCE .04481 23.86 10.89 378
I, .064 ADVANCE 07178 89.07 11.36 75
16 .051 ADVANCE 13 16.85 11.36 380
18 .040 ADVANCE .1837 9.89 11.36 385
19 .036 ADVANCE 221 32.0 11.36 390
20 .0325 ADVANCE L2871 6.58 11.36 395
21 .0285 ADVANCE .3619 30.0 11.36 400
2 .0253 ADVANCE 4557 30.0 11.36 405
3 .0226 ADVANCE .5756 2.9 1n.nm 410
u .0201 ADVANCE a2n 36.58 11.97 415
25 0179 ADVANCE 9176 31.0 12.34 420
26 .0159 ADVANCE 1.163 10.0 12.73 425
3] 0142 ADVANCE 1.458 20.3 13.29 C 430
28 L0126 ADVANCE 1.852 - 36.19 14.46 435
29 0113 ADVANCE 2.302 13.67 14.86 40
30 .010 ADVANCE 2.94 1.0 - 15.43 445
3l .0089 ADVANCE 3.122 6.1 16.18 W
32 .008 - ADVANCE 4.59 . 14.42 17.59 450
13 L0071 ADVANCE 5.833 12.39 21.44 453
L] .0063 ADVANCE 7.408 20.0 21.58 455
35 .0056 ADVANCE - 9.315 3.0 23.31 460
36 ~.005 ADVANCE 11,76 9.9 . 25.28 465
N .0045 ADVANCE 14.52 6.0 30.85 470
38 .004 ADVANCE 18.37 12.0 -37.66 415
40 .0031 ADVANCE * 30.60 3.0 61.07 480
4l .00275 ADVANCE 38.88 2.5 82.95 485
.002 ADVANCE 73,50 . 0.5 157.50 490
lo 040 100K 1125 19.0 13.82 495
20 .032 N1DOHN .1758 EN 14.18 500
2 .0253 N1DOHN - L2812 28.1 14,53 505
17 .0201 M1D0HN L4455 42,0 510

~15.08
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75 PAMOTOR

INE OF THE PURDY GROUP OF LOMPANES

CFM: 115
SIZE: 4.68” Square x 1.50” Depth

FEATURES

e UL recognized - Yellow Card E41168

o Designed to meet C.S.A. and |.E.C.
standards

e Uni-housing

o Lighter weight

o Increased reliability and performance

]

]

Improved bearing system
Two ground positions, U.S. and Metric

Input Air

Model Voltage | Frequency | Power Flow |Speed | Weight Noiss Level L -
Number | Bearing System (ac) (Hz) | Watss) | (cfm) |(rpm) |( )| dB (A)][dB (SIL! B Saivie
4500X Sleeve, Broached 15 50/60 17 15 | 3100 18 “u N R ! R o e

Sintered lron lo- 1.560+.016 —
4506 X Ball Bearing 115 50/60 19 115 | 3250] 18 48 33
4550X Sleeve, Broached 220 50/60 17 115 (3100 18 a“u K1}

Sintered lron
4556X | Ball Bearing 20 | sos0 | 19 1s [3250] 18 [ a8 [ 3 e

430 a8

40 . 4.126£.008 ————
35 r———1‘5—’1
N s \ T - i
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g < _wm
™ ~,
S b \
-4 TNy % N | en
g 20 Sas AN Zs= ’ 23
é 15 ™ \ 37 !
x - e
é 10 s \'\
< - eea o -4
£ e S \. bt L
RS \ j - 1702 DIA. > Fe- .144:.005 DIA.
0 20 a0 60 80 100 120 140

AIR VOLUME (cfm)

4600X Series ™'

SIZE: 4.68" Square x 1.50" Depth

FEATURES
o UL recognized - Yellow Card E41168 ‘
o Designed to meet C.S.A. and I.E.C.
standards ‘
o Uni-housing \ é:
o Lighter weight Jl sg e uE
e Increased reliability and performance i <9
e Improved bearing system ! ;
e Two ground positions, U.S. and Metric 1
|
o L -L_
Tnput | A 4 i
2 & —of [e—.148+.005 fo— 1.028 —» .236:.010
'::‘m Bearing Sysm v::.. (H2) M) (::7 mm .-'1"' :'l". i F—1.500.016
4600X Sleeve, Broached 115 50/60 18 120 |3100( 18 L] n
Sintered Iron
4650X Sleeve, Broached 220 50/60 18 120 [3100| 18 4% 34
Sintered Iron S e
a0 an 4837 ———————}

:35 A ‘J r_l'::'."_._.‘ ._
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“AUTOMATIC CONTROLS 'i:)|.. LOW VOLTAGE::

' Fbi-ii{eaﬂm, Air Conditioning, Ventilating Systems. .- | --THERMOSTATS =

4:24-VOLT' MULTI-PURPOSE THERMOSTAT

» 45}0 qofF Range. Lbckablo Set Point Adjustment. SPST Mercury Switch

Al Minimum setting of 40°F makes this thermostat suitable for
$9.53 heating systems requiring control just above freezing. Also
has adjustable locking device that can lock temperature set-
+ .point lever at a specific setting or provide a minimum or maximum
- 'setting stop. Sealed SPST mercury switch type, for heating only. Attrac-
tive, instrument-style, easy-to-read dial. 32 to 108°F bimetal thermom-
eter. Convenient slide lever set-point adjustment with 35 to 80°F range.
Wide-range, adjustable anticipation of 0.15 to 1.0A handles all normal 24V
installations. Beige case, gold and black face. Shpg. wt. 12 oz.

7+ ‘No. 2E466. Multi-Purpose Thermostat. Retail $19.06. Each.................$9.53

> AUTOMATIC CONTROLS '

¥ For Heating, Air Conditioning, Ventilating Systems . .

Beions ey et e

Y000k, as s «o 24V HEATING/COOLING THERMOSTAT g

». Mercury Switch Type. No Sub-Base or Mounting Bracket Requlrcd: %

g s Fullfeature, economical thermostat for low- i

$| 1088 trol of all iypes of heating/coolin, syst:gsyoéggfe-m

i Soaled construction and slide-in terminals ‘speed installation,

eiteh mercury switch. Convenient Cool-Off-Heat and fan Auto-On

fxv(vl C! te:;. 50° to 90°F control range differential. 50°-90° thermometer, ;

; Tl 1"Fjl:lsi Eagxl-gnli?:lt ggtil;:ix;?it;? ol.%goig 1.2 amps. Fixed cooling anticipation &
o RS A k) y on y

oSy ..ot [l gold face plate. 3% W x 23 H x 134 ﬁ?%liﬁgg. vga?gse - R
L gsap 2+« i~ Neo. 2E273, Heating/Cooling Thermostat, Retail $23.76. Each..... v

24v"HEAT|NG/c00’|.ING THERMOSTAT -

$ SMP-A&II;II;IT;W:- No Syb-Base or Mounting Bracket Required SN B AR AR Feengpar xS HE 3 ki
-feature, economical thermostat £ g ' ' ' = ° INE VOLT

l 1.68 ; trol tof all fypes of heating/cooling sgvls.t}e?:‘;vs.v %ltaglee.uex AUTOMATIC CONTROI'S P toes LINE VOLTAGE
construction. Slide-in terminals. Snap-action switch—no 3 For Heating, Air Conditioning, Ventilating Systems ,THERMOSTATS

levelln. required. Convenient Cool-Off-Heat and f
B0 to $0°F montrol range differential. 50°90° theroroimoior Adyastante |
¥ e:?ltal axzﬁcﬁ:tg;,g 0{!;& t% lbzn agpi. Fixgd icooling anticipation; 1°F differ
oling.
“plate. 3% W x 29 H x 114" D. Shpg. wt. § oz Pronze and gold face

.. .0 .. 1 . Ne.2E514, Heating/Cooling Thermostat. Retail $23.36, Each.......$11.68

.24V SNAP-ACTION HEATING THERMOSTAT
< : F a No l.e;v:;lng Required. Adjustable Anticipator - < miian
vl ‘oo o 'Economical low-voltage thermostat for 24V c¢ ) '
J $6, oil or electric heating systems. Controlrclrcultc gxllggg; gg fg%
 piadt et perature g:o . Temperature selector has 50°-90°F range. 1°F
B amng'eghiglé- &0 t-ggm E:glr;ntggger. Adjustable heat antici ator,'o.ll-
e -~ 3% W x 2% Hx 1%4” D. Shpg. wt. 8 oz, = = e s g e
CLe el B omnsA 50 Nee 2E156, Heating Thermostat. Retail $12.40. Each.:.... 50 i 2 5620

. "HEATING-VENTILATING CONTROL . : -
For Farm and Commercial Applieaﬂqns,}lngl\ef?and Two-Stage Controls

- $ o Extremely sensitive to temperature chansf. Switches on
19.1 temperature rise -or drop. Dial rax'nlge adj. from :30° to:

i«Ne. 26206 - 110°F. 314°F fixed differential, SPDT switch rated at 16

B & ' amps, 120V, 60 Hz inductive load—2500 watts, 22 amp non-

V inductive (heating), 8 amps, 240V, 60 Hz, inductive load—5000 watts, 22

:»s « amp non-inductive. Compact, . helical femperature sensing element.
= A 1 enclosure. Corrosion resistant. Shpg. wt. 1 1b. UL listed.

-+, 4-ir1s - No, 26206, Single-Stage Thermostat, Retall $45.00. Each.........o....$19.10

viries ao: TWO-STAGE THERMOSTAT for controlling 2-speed ventilal fans; -
¢ 5. two exhaust fan applications for combination of heating and ventilating
or cooling systems. Two separate SPDT switches with one switch oper-
ating 3°F higher than second switch. Ranfe a{%. from 30° to 110°F. O&t i

. speclfications same. as above. Shpg. wt. 1 Ib. listed. ) 38
No. 2E207. Two-Stage Thermostat. Retail $68.00. Each...

"2 -~ THERMOSTAT- FOR PORTABLE HEATERS
' 2553 w§PST, Snap-Action Type. § Fi. Extension Cord, Hanging Chain "
$23 52 .Dayton line-voitage thermostat designed for controlling "

¢

24V SNAP-ACTION COOLING THERMOSTAT
L ol ' '::l Leveling Required. Auto-On Fan Switch g
R . Economical low-voltage thermost

57, 5 'l %ystems. Control circtgut closesogna:eg;ez:a‘:ucr%nxtirs%. %’éﬁ%
u‘l%’F Al n fan switich.oTemperature selector has 50° to 90°F range. |
St terential. 50°-90°F thermometer. Fixed cooling anticipation.
s e-In terminals for easy wlring..gtelge case, bronze and gold. face

8.90

as and oil-fired, fan-forced portable space heaters on
arms, construction sites and in industrial applications.
o b s Helps conserve fueld maintain even temperature. Has
__ six-foot HSJ cord set with 3-proni 'series” plug. User suspends thermo-
=~ stat’ by chain provided, plugs thermostat cord into 115V receptacle,
plugs heater into other end of thermostat “series” plug. Enclosed SPST,
snap-action contacts. Adjustable, 35 to 95°F, with “No. Heat” position
. .that allows turning heater off without disconnecting thermostat. Fixed
i51.:314° differential. Ratéd 15 amps @ 120VAC inductive, 90 locked rotor
" amps; 1800 watts, 120VAC non-inductive; 125VA, 24/120VAC, pilot duty.
Steel ‘case, 2 W, 5% H, 2%,” D, Gray finish, Shpg. wt. 134 Ibs, . .

No. 2E535. Thermostat. Retail $56.95. Each £ (e55.$23.52

. MULTI-PURPOSE LINE VOLTAGE THERMOSTAT
i SPDT for Heating and/or Cooling. Can Be Made Tamper-Proof .

$ Heavy-duty thermostat' for controlling ‘unit heaters, fan
29-74 coils, unitary coolers, refrigerating equipment, etc. Versa-
ey - tile unit can be set up for use three ways: (1) for external
knob adjustment over entire range, (2) for external knob adjustment
.over restricted - range by setting internal limit stops, (3) internal adjust-
ment only by removing cover. Removable adjustment knob allows ex-
ternal adjustment by -authorized person only. Includes blank face plate
to cover set point scale and thermometer, if desired. Features fast-acting
hydraulic sensing element and dust-proof switch contacts. 40 to 90°F (4.4 -
to 32.2°C) adjustment range. Also has internal set point dial calibrated
in °Fand °C. 2°F differential on heating, 3.5°F on cooling. Electrical rat-
ing: 16A @ 120VAC and 8A @ 240VAC for heating: 8A @ 120-240VAC for
cooling; non-inductive heating rating is 22A @ 120-270VAC. Silver beige -
case with two-tone brown face plate, 4% H x 2!%,W x 1'¥¢"D. UL listed. ..
Shpg, wt.11b." -~ N A I e
*:No. 2E503. Thermostat. Retail $59.50. Each > .5:: . $29.74

z SEE WARRANTY INFORMATION ON PAGE BEFORE INDEX . 705
F S { ' + :
]

. -Plate. 3% W x 2% H x 114" D, Shpg. " oz.
su1 3 No. 2E278. Cooling Thermostat. Retafl $15.02. Eac

== TEMPERATURE SETBACK CONTROL

:: For Heating Only. Operates with Existing Thermostat. 24V, o
& AC -

NN Auto_maﬂcally Ral;es or Lowers Temperature. Reduces Fuel Costs

S $ : Unique control - combines a temperatu
ot o 27.22 24 hour recycling timer to PrOTide an Bt
& oo of automatic heating temperature setback. Utilizes exist-
ln% tvo age room thermostat and 24VAC power transformer. Unit
Sherimoeta aecording Lo seitng of B e Smsins s o byl
4 e er. Suitable for residential or
“» commercial systems. Timer, th adjustable tri
of nighttime setback, daytime setback or both. Ry Lis selection
i,k Bttt Wil "Sonn, VPSR
“-and-set timer dial with 1/2 hour lncrgm:n usExgent. 1 Largef ot 4
‘or line voltage wiring. Requires 24VAC @ 10 R baigs Do hetieries
face plate, black and white diat. ¥ I 50 o gus‘ffell')?esl Sé”&”m

'No. 2E452. Temperature setback control, Retail $54.44; Each'......$2722

et 5~
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st.7¢;... PHONE YOUR ORDERS TO GRAINGER'S FOR TIME SAVING PICK-UP - ¢
7 7 WE'LL HAVE THE ITEMS READY WHEN YOUR TRUCK ARRIVES
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() 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 lightning,
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.

%onductive materials enclosing electrical conductors or equipment, or forming
part of such equipment, are grounded to limit the voltage to ground on these mate-
rials and to facilitate overcurrent device operation in 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:

Article Section
APPHANCES: sossisssmssismmmmsmisssisimss s 422-16
Branch CirCUits' wcusessissmsssensssssespmsmssssassansssisspiriss 210-5
210-6
, 210-7
Cablebus .insmmsmamsmmssssrssnimssessinss 365-9
Circuits and Equipment Operating at Less Than
SOVollS scvsmnsssmmmmmmmmamiimmnnsnimmegss 720
Class 1, Class 2, and Class 3 Circuits .........cccceevenene 725-20
725-42
Communications CirCuits .........cccocoevevevieiniiseenennes 800
Community Antenna Television and Radio Dis-
tribution SyStems ........ccoevvieieinieicieneee 820-7
820-22
820-23
CondUCtOrS ......oovviereterciittr e 310
Conductors (Grounded) ........cccoevvmnriicniniinncncnnnes . 200
Cranesiand HoOiStS woossasssmsmmmsmsmssisisssasssssssss 610
Data Processing Systems ....... sovssasss IS Ss ans 645-4
Electrically Driven or Controlled Irrigation Ma-
ChINes: sicssmmvmmmmsmmmemmsmssnas e 675-8
675-9
675-10
675-11
Electrical Floor Assemblies ........ccccooeeuiuiunecinennencas 366-14
Electric Signs and Outline Lighting 600
| Electrolytic Cells - . i sssssassossisisssonsisssasonsss 668
Elevators, Bumbwaiters,' Escalators, and Moving
WBIKS 2 et seteraba Ete it B o ST S TS 620
Fire Protective Signaling Systems .........cccccecevvuennnne 760-6
Fixed Electric Heating Equipment for
Pipeline and Vessels .........cccocvevvemenrnirecncviiernennnn. 427-26
Fixed Electric Space Heating Equipment ............... 424-14

Fixed Outdoor Electric De-Icing and Snow-Melt-
ing EQUIpmMeNt ... 426-28
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) Arti ccti
Fixtures and Lighting Equipment ..........o...o............. cle Slltlt([)l-(l);1
410-18
410-19
410-20
Flexible Cords .......cowuuvmimimemenemeeooo 3(1)8-%21
Generatprs .................................................................. 32(5)-53
Grounding-Type Receptacles (Outlets) .... 210-7
Hazardous Locations ...........ceee.vevovviin w.. 500-517
Health Care Facilities ..............coooeooreovvoooooo 517
Induction and Dielectric Heating Equipment ........ 665
Lighting Fixtures, Lampholders, Lamp Recep-
tacles, and Rosettes ............coooovomemrevovoio 410
Marinas and Boatyards  ............. 555-7
Metalworking Machine Tools ...................... 670
Mobile Homes and Mobile Home Parks ............... 550
Motion Picture and Television Studios and |
Similar Locations ............oo.ooeooveemoeooooooooooo 530-20
. 530-66
Motors, Motor Circuits, and Controllers ............... 430
OFZANS i imasssmsiniimsi o emtessissmgins 650
370-4
370-15
384-27
810
410-58
BaTkS ooyt S 551
SEIVICES oottt 230
Service EQUIPMENt ......coovvvrrvoveeeeoeeeee 230-63
Sound Recording and Similar Equipment .............. 640-4
Swimming Pools, Fountains ang imilar Instal-
lations 680
Switchboards and Panelboards 384-3(c)
Switches ggg-{ l
Theaters and Similar LOCations ...................oooo...... gggé%
Transformprs and Transformer Vaults .... 450-9
X-ray EQUIPMENt .o.ooeeeeeeeeeeeeeeoo 660 517-140 |

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

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

Exception No. 1: A system equipped with a ground detect 1
only industrial equipment in Ii?nit’gzi areas. grotnd detector and supplying

mrlsfxception No. 2: A system operating at 50 volts or less between conduc-

Exception No. 3: A system operatin g at over 300 volts between conductors.
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(c) Marking. Fuses shall be plainly marked, either by printing on the
fuse barrel or by a label attached to the barrel, showing the following: (1)
Ampere rating; (2) Voltage rating; (3) Interrupting rating 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. Classification. Cartridge fuses and fuseholders shall be classi-
 fied as follows:

Not Over Not Over Not Over
250 Volts 300 Voits 600 Volts

0- 30 ¢ 0- 30 0- 30

31- 60 31- 60 31- 60

61- 100 61- 100 61- 100
101- 200 101- 200 101- 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
3001-4000 3001-4000 3001-4000
4001-5000 4001-5000 4001-5000
5001-6000 5001-6000 5001-6000

Fuses shall be permitted to be used for voltages at or below their volt-
age ratings.
Exception No. 1: Fuses and fuseholders 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 normal
method of operation by other than manual means such as electrical or
pneumatic shall be permitted if means for manual operation is also pro-
vided.

240-81. Indicating. Circuit breakers shall clearly indicate whether they

are in the open “off” or closed “on” position. )
Where circuit breaker handles on switchboards are operated verticall
ther than rotationally or horizontally, the up position of the handle shall
e the “on” position.

240-82. Nontamperable. A circuit breaker shall be of such design that
any alteration of its trip point (calibration) or the time required for its OE-
eration will require dismantling of the device or breaking of a seal for oth-
er than intended adjustments.

240-83. Marking.
(a) Durable and Visible. Circuit breakers shall be marked with their
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rating in a manner that will be durable and visible after installation. Such
marking 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 molded, 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
volt, fluorescent lighting circuits, circuit breakers 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 ungrounded 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 location 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 available short-circuit current,
and the conductor used will need to be coordinated to prevent damaging or dan-
se_:{ious temperatures in conductors or conductor insulation under short-circuit con-

1uons.
240-101. Branch Circuits. Branch circuits shall have a short-circuit pro-
tective device in each ungrounded conductor or comply with Section 230-
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 groundin
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.
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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 signalinﬁ circuits having a maximum
current of 0.030 amperes as specified in Article 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 su’fply 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
qualiﬁezépersons will service the installation.

¢. 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 suitable*ground detectors on ungrounded systems can provide
additional protectién.

(c) Alternating-Current Systems of 1 kV and Over. AC systems of 1 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
no direct electrical connection, including a solidly connected grounded
circuit conductor, to supply conductors originatin% 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 portable generator shall not be required to be grounded and shall be
permitted to serve as the grounding electrode 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 fparts 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 dgc:nerator 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 equigment and the equig-
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 the generator frame when the generator is a component of a separately
derived system. The bonding of any conductor other than a neutral within
the generator to its frame shall not be required.

For frounding of portable generators supplying fixed wiring systems, see Section
250-5(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. Objectionable Current over Grounding Conductors.

(a) Arrangement to Prevent Objectionable Current. The grounding of
electric systems, circuit conductors, lightning arresters, and conductive
noncurrent-carrying materials and equipment 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
groundin%lconnections results in an objectionable flow of current, one or
more of the 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 Classified as Objectionable Currents. Tem-
porary currents resulting from accidental conditions, such as ground-fault
currents, that occur only while the grounding conductors are performing
their intended protective functions shall not be 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
grounded shall have the grounding connection made at one or more sup-
ply stations. A grounding connection shall not be made at individual ser-
vices nor.at any point on premises wiring.

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

(a) An AC system that is grounded on the premises shall have a
grounding electrode conductor connected to a grounding electrode at each
service. Such supply systems that originate outside the building shall have
at least one additional grounding connection 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 system on the sugpl side of the service dis-
connecting means at an accessible point on the {oad 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.

|  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 enclosure or grouped together in separate enclosures and employing a
secondary tie, a single groumi}ng electrode connection to the tie point of the
grounded circuit conductors from each power source shall be permitted.

(b) Grounded Conductor Brought to Service Equipment. Where an AC
system (leerating 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 12! 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 b
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 suprl_ied
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 noncurrent-
cagying equipment, interior metalfiping systems or building metal frames
and the equipment grounding conductor is bonded to grounding electrodes
described in Sections 250-81 and 250-83 which exist at the building. |

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 zystem that is required to be grounded by Section
25%-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
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 sﬁall 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 |
250-94 for the derived phase conductors, shall be used.to connect the
grounded conductor of the derived system to the grounding electrode as |
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specified in (c) below. Except as permitted by Exception No. 4 of Section

| 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: (1) The nearest available
effectively grounded structural metal member of the structure; or (2) The
nearest available effectively grounded metal water gipe; or (3) Other

| electrodes as specified in Sections 250-81 and 250-83 where electrodes
specified by (1) 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-sheathed 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

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. o "

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

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

Exception No. 2: Metal frames of electrically heated devices, exempted by
special permission, in which case the 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 on wooden poles, at a height exceeding 8 feet above
ground or grade level.

250-43. Equipment Fastened in Place or Connected by Permanent Wiring
Methods (Fixed) — Specific. Exposed, noncurrent-carrying metal parts
of the kinds of equipment described in (a) through (j) below, regardless of
voltage, shall be grounded.

(a) Switchboard frames and structures supporting switching equipment.

Exception: Frames of DC, single-polarity switchboards where effectively
insulated.

(b) Generator and motor frames in an electrically operated organ.

Exception: Where the generator is effectively insulated from ground and
from the motor driving it.

(¢) 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.

() Electric equipment in garages, theaters, and motion picture studios.

Excdeption: Pendant lampholders supplied by circuits not over 150 volts to
ground.

(@) Electric signs and associated equipment.

Exception: Where insulated from ground and from other conductive ob-
Jjects and accessible only to authorized persons.

(h) Motion picture projection equipment.

() Equipment supplied by Class 1, Class 2, and Class 3 remote-control |
and signaling circuits where required to be grounded by Part B of this ar-
ticle.

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

250-44. Nonelectric Equipment. The metal Farts 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 metal enclosures around
equipment of over 750 volts between conductors except substations or
vaults under the sole control of the supply company.

(g) é\'lobile homes and recreational vehicles as required in Articles 550
and 551.

Where extensive metal in or on buildings 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) throuigh (d) below, exposed noncurrent-carrying
metal parts of cord- and plug-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.
Exception No. 1: Motors, where guarded.

Exception No. 2: Metal frames of electrically heated appliances exempted
by Section 422-16.

(¢) In residential occupancies: (1) refrigerators, freezers, and air condi-
tioners; (2) clothes-washing, 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-

ers, lawn mowers, snow blowers and wet scrubbers; (5) portable hand-
amps.

Exception: Listed tools and listed apf)liances protected by a system (éf
double insulation, or its equivalent, shall not be required to be grounde
Where such a system is employed, the equipment shall be distinctively
marked.

(d) In other than residential occupancies: (1) refrigerators, freezers, and
air conditioners; (2) clothes-washing, clothes-drying, dish-washing ma-
chines, sump pumps and electrical aquarium equipment; (3) hand-held
motor operated tools; (4) motor operated appliances of the following
types: hedge clippers, lawn mowers, snow blowers and wet scrubbers; (5)
cord- and plug-connected appliances used in damp or wet locations or by
persons standing on the ground or on metal floors or working inside of
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.

Exception No. 2: Listed portable tools and listed appliances protected by
an approved system jf double insulation, or its equivalent, shall not be re-
Zuired to be grounded. Where such a system is employed, the equipment shall

e distinctively marked.

With reference to (c) and (d), portable tools or apgliances 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 800-31(b)(5). For further information see the Lightning
| Protection Code NFPA 78-1977 (ANSI) which contains detailed information on

grounding lightning protection systems.

F. Methods of Grounding

/

250-50. Equipment/ Grounding Conductor Connections. Equipment
groundinF conductor connections at the source of separately derived sys-
tems shall be made in accordance with Section 2 0-26(ag,. 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.
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(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
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 Fath to ground from circuits,
equipment, and conductor enclosures shall:

(a) Be permanent and continuous.

(b) Have capacity to conduct safely any fault current likely to be im-
posed on it.

(c) Have sufficiently low imgedance 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 conductor
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 conductor
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 §rounding 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
Methods (Fixed) — Grounding. Noncurrent-carrying metal parts of equip-
ment, where required to be grounded, shall be grounded by one o(} tlge
methods indicated in (a), (b), or (c) below.

_(a) By any of the equipment grounding conductors permitted by Sec- |
tion 250-91(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 Iprotect,ion as provided in Section 445-4(d), the
grounding conductor shall 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.

(¢) 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. 1: 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 250-9?.

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.

hen conductors are adjusted in size to compensate for voltage drop,
grounding conductors, where required, shall be adjusted propomonatery
in size.

Exception No. 1: An equipment irounding conductor not smaller than
No. 18 a:f?per 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.
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Exception No. 3: Where a raceway or a cable armor or sheath is used as
the equipment grounding conductor, as provided in Sections 250-57(a) and

250-91(b).

Table 250-94
Grounding Electrode Conductor for AC Systems
Size of Largest Service-Entrance Size of Grounding
Conductor or Equivalent for Electrode
onP:rallel Cogduclors Conductor
Aluminum or *Aluminum or
Copper-Clad Copper-Clad
Copper Aluminum Copper Aluminum
2 or smaller 0 orsmaller 8 6
1 or0 2/00r3/0 6 4
2/00r 3/0 4/0 or 250 MCM 4 2
Over 3/0 thru Over 250 MCM 2 0
350 MCM thru 500 MCM
Over 350 MCM Over 500 MCM 0 3/0
thru 600 MCM thru 900 MCM
Over 600 MCM Over 900 Mr\%éle 2/0 4/0
thru 1100 MCM thru 1750
Over 1100 MCM Over 1750 MCM 3/0 250 MCM

Where there are no service-entrance conductors, the grounding electrode conductor
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).

See Section 250-23(b). . Sl
-97. Outline Lighting. Isolated noncurrent-carrying metal parts
i?l?line lighting sysgtemsgshall be permitted to be bonded together gy a I\{o.
14 conductor protected from ph sical damage, where a conductor comply-

ing with Section 250-95 is used to ground the group. -
250-98. Grounding Conductor in Common Raceway. A grounding con-
ductor shall be permitted in the same raceway or enclosure with other
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 mating conpectori
and receptacles shall provide for first-make, last-break of the equipmen
grounding conductor.

Exception: Interlocked equipment, plugs, receptacles and connectors
which preclude energization without grounding continuity. '

(b) Switches. No automatic cutout or switch shall be placed in the
grounding conductor of a premises wiring system. .

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

K. Grounding Conductor Connections
250-111. To Raceway or Cable Armor. The point of connection of @he
grounding conductor to interior metal racewa{ys, cable armor, and the ltl]ke_
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 infrequently flexed in
service after installation, the radii of bends measured to the inside of the
bend shall not be less than specified in Table 349-20(b).

(b) Where the flexible metallic tubing is bent for installation purposes
and is not flexed or bent as required by use after installation, the radii of
bends measured to the inside of the bend shall not be less than specified in
Table 349-20(c).

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

-y Minimum Radil
inch 10 inches

J/Vi Egh 12Y% inches

% inch 17% inches

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

Trade

Size Minimum Radil
% inch 3% inches
% inch 4 inches
% inch 5 inches

ARTICLE 350 — FLEXIBLE METAL CONDUIT

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

350-2. Use. Flexible metal conduit shall not be used: (1) in wet loca-
tions, unless conductors are of the lead-covered type or of other type ap-
roved for the specific conditions; (2) in hoistways, other than provided in
ection 620-21; (3) in storage-battery rooms; (4) in any hazardous location
other than permifted in Section 501-4(b); (5) where rubber-covered con-
ductors are exposed to oil, gasoline, or other materials having a deteri-
orating effect on rubber; nor (6) underground or embedded in poured
concrete or aggregate. .
350-3. Minimum Size. Flexible metal conduit less than %-inch electrical
trade size shall not be used. '
Exception No. 1: For underplaster extensions as permitted in Section 344-2.
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Exception No. 2: For enclosing the leads of motors as permitted in Section
430-1 4!; b).

Exception No. 3: Flexible metal conduit of %-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.
Flexible Metal Conduit.*

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

Types TF, Types
Types T, XHHW, AF, TFN, Types FEP,
Size RFH-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 i 4 - 4
10 o 2 3

* In addition, one uninsulated grounding conductor of the same AWG size shall be
permitted.

350-4. Supports. Flexible metal conduit shall be secured by an ap-
proved means at intervals not exceeding 44 feet and within 12 inches 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 Jeet from a fixture terminal
connection for tap connections to lighting fixtures as required in Section
410-67(c). |
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 is required around

ggxi le metal conduit, it shall be installed in accordance with Section 250-

Exception: Flexible metal conduit shall be permitted as a grounding
means if the total length in any ground return path is 6 feet or less, the |
conduit is terminated in fittings approved for the purpose, and the circuit
conductors contained therein are protected y 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-

tung.
ingle 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 the applicable provisions of Articles 300 and with the
specific Sections of Articles 350, 501, 502, and 503 referenced below.

351-4. Use.

(a) The use of liquidtight 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 combination of ambient and/or conductor tempera-

ture will produce an operating temperature in excess of that for which the
material is approved.

351-5. Size.
(a) Minimum. Liquidtight flexible metal conduit smaller than ':-inch
electrical trade size shall not be used.
Exception: %-inch size shall be permitted 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 conduit, %- through
4-inch trade sizes, shall not exceed the percentage of fill specified in Table
1, Chapter 9. . ;

(b) The number-of conductors permitted in %-inch li%uidtight 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% feet and
within 12 inches on each side of every outlet box or fitting.

Exception No. 1: Where liquidtight flexible metal conduit is fished.
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Exception No. 2: Lengths of not more than 3 feet at terminals where flexi-
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
around liquidtight flexible metal conduit, it shall be installed in accord-
ance with Section 250-79.

Exception: Liquidtight flexible metal conduit shall be permitted as a
grounding means in the 1%-inch and smaller trade sizes if the total length in
any ground return path is 6 feet or less and the conduit is terminated in fit-
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.
Engle 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: (1) 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 hazardous
location except Class I, Division 2 locations as permitted in the Exception
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 permitted 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
app:{y to conductors installed in surface raceways when all of the followin
conditions are met: (1) The cross-sectional area of the raceway exceeds
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.

| 370-3. Nonmetallic Boxes. Nonmetallic boxes not over 100 cubic inches
shall be permitted only with open wiring on insulators, concealed knob-
| and(-itu.be wiring, nonmetallic-sheathed cable, and with rigid nonmetallic
conduit.
Nonmetallic boxes over 100 cubic inches manufactured with bondin
means between all raceway and cable entries shall be permitted to be use§
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. Installation

370-5. Damp or Wet Locations. In damp or wet locations, boxes and fit-
tings shall be so placed or ecLuipped 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 bodies 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.
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Table 370-6(a). Metal Boxes

Min. Maximum Number of Conductors

Box Dimension, Inches Cu.In.
Trade Size or Type Cap. No.14 No.12 No.10 No.8 No.6
4 x 1% Round or Octagonal 12.5 [ 5 5 4 0
4 x 1%2 Round or Octagonal 15.5 7 6 6 5 0
4 x 2% Round or Octagonal 21.5 10 9 8 7 0
4 x 1% Square 18.0 9 8 7 6 0
4 x 1% Square 21.0 10 9 8 1 0
4 x 2! Square 303 15 13 12 10 6*
411/16 x 1% Square 25.5 12 11 10 8 0
411/16 x 1'4 Square 29.5 14 13 11 9 0
411/16 x 2% Square 420 21 18 16 14 6
3 x 2 x 1% Device .5 3 3 3 2 0
3x2x2Device 10.0 5 4 4 3 0
3 x 2 x 2% Device 10.5 5 4 4 3 0
3x2x2% Device 12.5 6 5 5 4 0
3 x 2 x2% Device 14.0 7 6 5 4 0
3 x 2 x 3% Device 18.0 9 8 7 6 0
4 x 2% x 1% Device 10.3 5 4 4 3 0
4 x 2% x 1% Device 13.0 6 5 5 4 0
4 x 2% x 2% Device 14.5 7 6 ] 4 0
3% x 2 x 2! Masonry Box/Gang 14.0 1 6 5 4 0
3% x 2 x 3% Masonry Box/Gan% 21.0 10 9 8 7 0
FS—Minimum Internal Depth 1%

Single Cover/Gang 13.5 6 6 5 4 0
FD—Minimum Internal Depth 2%

Single Cover/Gang 18.0 9 8 7 6 3
FS— Minimum Internal Depth 1%

Multiple Cover/Gang 18.0 9 8 7 6 0
FD—Minimum Internal Depth 2%

Multiple Cover/Gang 24.0 12 10 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 deduc-
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 ag)ply. 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
two conduit entries and nonmetallic boxes shall be durably and legibly
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marked by the manufacturer with their cubic inch capacity and the max-
imum number of conductors permitted shall be computed using the vol-
ume per conductor listed in Table 370-6(b) and the deductions provided

| for in Section 370-6(a)(1). Boxes described in Table 370-6(a) that have a
larger cubic inch capacity than is designated in the table shall be
permitted to have their cubic inch capacity marked as required by this sec-
tion and the maximum number of conductors permitted shall be com-
puted using the volume per conductor listed in Table 370-6(b).

Table 370-6(b). Volume Required Per Conductor

Free Space Within Box

cf«:fﬁ.gt'or for Each Conductor
....................... 2. cubicinches
Eg' }g T oA i s omesmeem om——— Wp— 2.25 cubic inches
No: 10 .. T ——— 2.5 cubic inches
NO. 8 ettt sre e saeeeees . 3. cubicinches
No. 6 o T T ——— 5. cubic inches

- vided. Screws for snlxipporting the box shal

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 qonductors 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 maximum
number of conductors permitted shall be the maximum number permitted
by Table I, Chapter 9, for the conduit to which it is attached. )

Conduit bodies having provisions for less than three conduit entries
shall not contain splices, taps or devices unless they comply with the pro-
'visions of 370-6(b) and are supported in a rigid and secure manner.

370-7. Conductors Entering Boxes or Fittings. 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 boxpg or fittings are
installed with open wiring or concealed knob-and-tube wiring, conductors
shall enter through insulating bushings or, in dry places, through flexible
tubing extending from the last insulating support and firmly secured to the
box or fitting. Where raceway or cable 1s installed with metal outlet boxes
or fittings, the raceway or cable shall be secured to such boxes and fittings.

(c) Nonmetallic Boxes. ‘Where nonmetallic boxes are used with open
wiring or concealed knob-and-tube wiringt,) the conductors shall enter the
box tgrough individual holes. Where flexible tubing is used to encase the
conductors, the tubing shall extend from the last insulating support to no
less than Y% inch inside the box. Where nonmetallic-sheathed cable is used,
the cable assembly, including the sheath, shall extend into the box no less
than % inch through a nonmetallic-sheathed cable knockout opening,
Where nonmetallic-sheathed cable is used with single gang boxes and
where the cable is fastened within 8 inches of the box measured along the
sheath and where the sheath extends into the box no less than Y% inch, se-
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curing the cable to the box shall not be required. In all other instances in-
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 % 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 enclosed
on back and sides, and that substantial supf)ort for the devices will be pro-

i not be used in attachment of
therein.

370-10. In Wall or Ceiling. In walls or ceilings of concrete, tile, or other
noncombustible material, boxes and fittings s%all be so installed that the
front edge of the box or fitting will not set back of the finished surface
more than % inch. In walls and ceilings constructed of wood or other com-
bustible material, outlet boxes and fitings 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 fitting.

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

the device containe

370-12. Exposed Surface Extensions. In making an exposed surface ex-
tension from an existing outlet of concealed wiring, a box or an extension

rinF shall be mounted over the original box and electrically and mechani-
cally 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
pass through the interior of the box, they shall not be permitted to be
more than % 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 su ported as is oth-
erwise provided in this section. If of wood, the brace shaﬁ 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 urpose, 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 wrenchtight 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
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secured to the 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
facilitate 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
specified for the walls of the box or fitting of the same material and with
which they are designed to be used, or shall be lined with firmly attached
insulating material not less than 1/32 inch in thickness. Covers of porce-
lain or other approved insulating material shall be permitted if of such
form and thickness as to afford the required protection and strength.

370-22. Bushings. Covers of outlet boxes and outlet fittings having holes
through which flexible cord pendants may pass, shall be provided with ap-
proved bushings or shall have smooth, well-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. Nonmetallic 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 legibly marked with the
manufacturer’s name or trademark.

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

370-50. General. In addition to the 5generally apglicable 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 Iiunction boxes shall
provide adequate space and dimensions for the installation of conductors
in 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 diameter, 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 conductor 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. {

Exception No. 1: Where a conductor or cable entry is in the wall of a box
opposite to a removable cover and where the distance from that wall to the
cover is in 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 internally and externally, by enameling,
galvanizing, plating or other means.

(b) Suitable bushing, shields, or fittings having smooth rounded edges
shall be provided where conductors or cables pass through partitions and
at other locations 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 yvithqut re-
moving any part of the building. Working space shall be provided in ac-
cordance with Section 110-34.

(e) Boxes shall be closed by suitable covers securely fastened in place.
Underground box covers that weigh over one hundred pounds 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 the box cover and shall be readily visible. Letters shall be block
type at least ' 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 cabinets 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, cabinets and
cutout boxes of the surface type shall be so placed or equ.lglped as to pre-
vent moisture or water from entering and accumulating within the cabinet
or cutout box, and shall be mounted so there is at least '-inch air space
between the enclosure and the wall or other sulpgorting surface. Cabinets
or cutout boxes installed in wet locations shall be weatherproof.

For protection against corrosion, see Section 300-6.

373-3. Position in Wall. In walls of concrete, tile, or other noncombus-
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 Y% inch. In walls
constructed of wood or other combustible material, cabinets 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 substantially equivalent to
that of the wall of the cabinet or cutout box. Where metal pluﬁs or plates
are used with nonmetallic cabinets or cutout boxes, they shall be recessed
at least % inch from the outer surface.

373-5. Conductors Entering Cabinets or Cutout Boxes. Concjuctors enter-
ing cabinets or cutout boxes shall be protected from abrasion and shall
comply with (a) through (c) below.
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(a) Openings to Be Closed. Openings through which conductors enter
shall be adequately closed.

(b) Metal Cabinets and Cutout Boxes. Where metal cabinets or cutout
boxes are installed with open wiring or concealed knob-and-tube wiring,
conductors shall enter through insulatinﬁ bushings or, in dry places,
through flexible tubing extending from the last insulating 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 withir} a
cabinet or cutout box unless a gutter having a width in accordance with
Table 373-6(a) is provided. Conéuctors in parallel in accordance with Sec-
tion 310-4 shall be judged on the basis of the number of conductors in
parallel.

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

AWG or

Circular-Mil Wires per Terminal

Size of Wire 1 2 3 5
14-10 Not Specified - - - -
8-6 12 - - — -
4-3 2 — — - -
2 2% — — - -
1 3 — — — —
0-00 3% S 7 — -
000-0000 4 6 8 — -
250 MCM 4% 6 8 10 -
300-350 MCM 5 8 10 12 —
400-500 MCM 6 8 10 12 14
600-700 MCM 8 10 12 14 6
750-900 MCM 8 12 14 16 18
1,000-1,250 MCM 10 — — — —
1,500-2,000 MCM 12 — — — -

Bending space a# términals shall be measured in a straight line from the end of
the lug or wire-connéctor (in the direction that the wire leaves the terminal) 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 ungrounded confiuctors of No. 4 or
larger enter a raceway in a cabinet, pull box, junction box, or auxiliary
gutter, the conductors shall be protected by a substantial bushing provid-
ing a smoothly rounded insulating surface, unless the conductors are sepa-
rated from the raceway fitting by substantial insulating material securely
fastened in place. Where conduit bushin%s are constructed wholly of in-
sulating material, a locknut shall be installed both inside and outside the
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enclosure to which the conduit is attached. The insulating bushing or insu-
lating material shall have a tem{)erature rating not less than the insulation
1

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 junction boxes, aux-
iliary gutters, or raceways for conductors feeding through or tapping off to
other switches or overcurrent devices.

Exception: Where adequate space is provided 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 373-11(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 (iarotected both inside and outside against corrosion 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 constructed
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 1/16 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

gny live metal part, including live metal parts of enclosed fuses, and the
oor.

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

(3) Live Parts. There shall be an air space of at least % inch between
the walls, back, gutter partition, if of metal, or door of any cabinet or cut-



70-222 NATIONAL ELECTRICAL CODE

shall be made tith and where the assembly is held together by rivets or
bolts, these shall 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 gutters intended for outdoor use shall be of approved
raintight 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 grounded conductor cannot be disconnected until all the ungrounded
conductors of the circuit have been disconnected.

380-3. Enclosure. Switches and circuit breakers shall be of the exter-
nally Oﬁerable 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 switc boardpor panelboard.

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
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 permitled to be mounted so that the throw will be either vertical or
horizontal. 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 griﬁ) of the operating handle of the
switch or circuit breaker, when in its highest position, will not be more
than 6% feet above the floor or working platform.

Exception No. 1: 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 permitted
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 within reach of
conducting floors or other conducting surfaces, shall be provided with
faceplates of nonconducting, noncombustible material. Metal faceplates
shall 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.




70-224 NATIONAL ELECTRICAL CODE

380-10. Mounting of Snap Switches.

(a) Surface-Type. Snaf) switches used with open wiring on insulators
shall be mounted on insulati
at least ¥ 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 nonmetaﬁic 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 General-Use Snap 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.

(8) 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

ng material that will separate the conductors .
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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

380-15. Marking. Switches shall be marked with the current and voltage
and, (lif horsepower rated, the maximum rating for which they are de-
signed.

380-16. 600-Volt Knife Switches. Auxiliary contacts of a renewable or
quick-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

384-1. Scope. This article covers (1) all switchboards, panelboards, and
distribution boards installed 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 other articles that apply. Switchboards and panelboards in hazardous
locations 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
held firmly in place. Other than the requiredp interconnections and control
wiring, only those conductors that are intended for termination in a verti-
cal section of a switchboard shall be located in that section. Barriers shall
be placed in all service switchboards that will isolate the service busbars
and 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 beéarovided 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 suggly side to the switchboard or paneroard 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 terminals in switchboards and panelboards shall be so located
that it will be unnecessary 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 Fhase is grounded, that
phase busbar or conductor having the higher voltage to ground shall be
marked.

() 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.

(9) The minimum wire bending gpace at terminals and minimum gutter
space provided in panelboards and switchboards shall be as required in
ection 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 Ignitible Material. Switchboards shall be
so placed as to reduce to a minimum the probability of communicating
fire to adjacent vombustible materials.

384-7. Clearance From Ceiling. 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.

| 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, AVA, AVB, SIS, T, TA, TBS, TW, %‘JEN,
THWN, THW, MI, 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 panelboard, 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 inches above the bottom of the enclosure.

Minimum Spacing Between
Bottom of Enclosure and
Busbars, their Supports, or other
Obstructions (Inches)
Conductor

Insulated busbars, their supports, or other obstructions
Noninsulated BUSDATS .......c..coieviiiiiiiiceceee e

384-11. Grounding Switchboard Frames. Switchboard frames 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. Instruments, relays, meters, 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 trademark
in such a manner as to be visible after installation, without disturbing 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 panelboard is
one having more than 10 percent of its overcurrent devices rated 30 am-
peres or less, for which neutral 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 lightini 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
apgroved. . ;

or the purposes of this article, a 2-pole circuit breaker shall 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 panelboard shall be indi-
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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 panel-
board shall not be required if the panelboard feeder has overcurrent protec-
tion not greater than that of the panelboard.

Exception No. 2: Individual protection for lighting and appliance branch-
circuit panelboards is not required where such panelboards 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 pércent 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 (ag and (b) above shall be located on the
secondary side of the transformer.

Exception: A panelboard supplied by the secondary side of a single-phase
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
450-3(b)(1) and does not exceed the value determined by multiplying the
panelboard rating by the secondary-to-primary voltage ratio.

(e) A three phase disconnect or overcurrent device shall not be con-
nected to the bus of any panelboard 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.. ~Panelboards shall be mounted in cabinets, cutout

boxes, or enclosures approved for the purpose and shall be dead front.
Exception: Panelboards other than of the dead front externally operable

type shall be permitted where accessible only to qualified persons.

384-19. Relative Arrangement 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 of enclosed
fuses s[all be permitted.

384-23. Component Parts. Switches, fuses, and fuseholders used on pan-
elboards shall comply with the applicable requirements 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 parts, 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
samedpolarity 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
Opposite Opposite
Polarity Polarity
Where Where
Mounted on Held
the Same Free *Live Parts
Surface in Air to Ground
Not over 125 volts.....cccccevcerveruennnnn % inch % inch Y% inch
Not over 250 volts .. s 1% inch % inch Y2 inch
Not over 600 VOItS .......ceecerernenene 2 inches 1 inch 1 inch

* For spacing between live parts and doors of cabinets, see Section 373-11(a) (1), (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 e uigment grounding conductors shall be pro-
vided and secured inside oc} 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 scparate
grounding conductors are provided. The terminal bar shall be bonded to
the cabinet or panelboard frame and shall not be connected to the neutral
bar in other than service equipment.

Exception: When an isolated ground conductor is provided as in Section
250-74, Exception No. 4, the insulated ground conductor which is run with
the circuit conductors shall be permitted to pass through the panelboard
without being connected to the panelboard grounding terminal bar.
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a[pliance are required, data for selection of these devices shall be marked on
the

appliance. The minimum marking shall be that specified in Sections 430-
7 and 440-3.

(b) A household-type appliance with surface heating elements having a
maximum demand of more than 60 amperes computed in accordance
with Table 220-19 shall have its power supply subdivided into two or
more circuits, each of which is provided with overcurrent protection rated
at not over 50 amperes.

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

(d) Open-coil or exposed sheathed-coil types of surface heating ele-
ments in commercial-type heating appliances 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,
| rated at 16.7 amperes or more, the overcurrent device rating shall not ex-
ceed 150 percent of the appliance rating,

() Electric heating appliances emplo ing resistance-type heating ele-
ments rated more than 48 amperes shall have the heating elements sub-
divided. Each subdivided loadp shall not exceed 48 amperes and shall be
protected at not more than 60 amperes.

These su;g;lementary overcurrent protective devices shall be: (1) fac-
tory installed within or on the heater enclosure or provided as a separate
assembly by the heater manufacturer; and (2) accessible, but need not be
readily accessible; and (3) suitable for branch-circuit protection.

The main conductors supplying these overcurrent protective devices
shall be considered branch-circuit conductors.

Exception No. 1: Household-type appliances with surface heating ele-
menis as covered in Section 422-27(b) and commercial-type heating appli-
ances as covered in Section 422-27(d).

Exception No. 2: Commercial kitchen and cooking appliances usin
sheathed-type heating elements not covered in Section 42;-2 7(d) shall be
permitted to be subdivided into circuits not exceeding 120 amperes and pro-
tected at not more than 150 amperes where one of the Sollowing is met:

a. Elements are integral with and enclosed within a cooking surface;
b. Elements are completely contained within an enclosure approved for
the purpose; or
¢. Elements are contained within an ASME rated and stamped vessel.
Exception No. 3: Water heaters and steam boilers employing resistance-

stamped vessel shall be permitted to be subdivided into circuits not exceeding
120 amperes and protected at not more than 150 amperes.

E. Marking of Appliances
422-30. Nameplate.

(a) Each electric appliance shall be provided with a nameplate, giving
the identifying name and the rating in volts and amperes, or in volts an
watts. If the appliance is to be used on a specific frequency or frequencies,
it shall be so marked.

Whei 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 requireme.ms.
(b) Marking shall be located so as to be visible or easily accessible after

oy El ts. All heating elements that are rated
- of Heating Elements. )

gsczersgr.leMaar:g:?e, replacegble in the field, and a part of an a?[:::agx:lctzsslgﬁg

be legibly marked with the ratings in volts and amperes, o

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, t?er;rlvsirtlgré%
on an appliance consistinF of a motor with other load(s) or mo g kel
without other load(s) shall specify the minimum circuit size an
imum rating of the circuit overcurrent protective device.

Exception No. 1: Appliances factorgz-equipped with co}'fis and attachment |

plugs, complying with Section 422-3

3 . g °8 - . . . d
j 0. 2: An appliance where both the minimum circuit size an
mcfc)tfrcrffrtrltofaﬁng of the ggcuit overcurrent protective device are not more
than 15 amperes and complies with Section 422-30. ok
i i e rat-
lternate marking method shall be permitted to speci )
in(bc)>f ‘?hne Taregest motor in \%ols and amperes, and the additional load(s) 13
vo%ts and amperes, or volts and watts in addition to the marking require
in Section 422-30. '
Exception No. 1: Appliances factory-equipped with cords and attachment |
plugs, complying with Section 422-30. R
ion No. 2: The ampere rating of a motor % hp or less o
Iozfingx};naor:pefe or less shgll be permitted to be omitted unless such loads

constitute the principal load.

ARTICLE 424 — FIXED ELECTRIC SPACE
HEATING EQUIPMENT

A. General

is arti i i t used for space
24-1. Scope. This article covers fixed electric equipmen e
ﬁeating. Eqpueipment shall be of a type approved for tﬁe purpose and locii1t
tion where installed. For the purpose Ofbthis artxclet, l}e:.;;?egmesqlélrpcx)t:ﬁer
include heating cable, unit heaters, boilers, central s 1 r
:hzglc;ggduﬁxed electgric space heating equipment. This article shall not ap
pfy to process heating and room air conditioning. w s
i i er
-2. Other Articles. All requirements of this Code shall apply w
:::)l?cable. Fixed electric spch }lleatsxg t(;Iqulpgr;llesnlt?f(i;'i )l(xess érllectz:izg;gggz
i hall comply with Articles rough 517. e
lhoecaattil:gn i:fluzilpment%gcorporatin a hermetic refrigerant motor-compres
sor shall also comply with Article 440.

. Branch Circuits. ‘ e i o
Branch-Circuit Requirements. Individual branch circuits shall be
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permitted to supply anf' size fixed electric space heating equipment.
Branch circuits supp f'mg two or more outlets for fixed electric space
heating equipment shall be rated 15, 20, or 30 amperes.

Exception: In other than residential occupancies, fixed infrared heating

equipment shall be permitted to be supplied from branch circuits rated not
| 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
approved for continuous olperation at 100 percent of its rating, shall be

ermitted to supply its full-rated load as provided in Section 210-22(c)

xception No. 3. ’

_The size of the branch-circuit conductors and overcurrent protective de-
vxces_sul;)plylpg fixed electric space heating equipment consisting of me-
chanical refrigeration with or without resistance units shall be computed
in accordance with Sections 440-34 and 440-35.

The provisions of this section shall not apply to conductors which form
an integral part of approved fixed electric space heating equipment.

B. Installation

424-9. General. All fixed electric space heatin i in-
stalled in an approved manner. d g e pmankshall e

424-10. Special Permission. Fixed electric space heating equipment and
systems installed by methods other than covered by thigs acll'tic e may be
used only by special permission.

424-11. Supply Conductors. Fixed electric space heating equipment re-
quiring supply conductors with over 60°C insulation shaﬁ be clearly and
permanently marked. This marking shall be plainly visible after installa-
tion and shall be permitted to be adjacent to the field-connection box.

424-12. Locations.

(a) Fixed electric sp'ace heating equipment shall not be used wh %
posed to severe phy’é‘lcal damage unlesI: adequately protected. where ex

(b) Heaters and related equipment installed in damp or wet locations
shall be approved for such locations 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 spa i
: ! A . ce heatin,
equipment shall be installed to provide the required spacin %CtWCCl’l th%
equipment and adjacent combustible material, unless it has been found to
be acceptable where installed in direct contact with combustible material.

424-14. Grounding. All exposed metal parts of fixed electric space heat-
ing equipment 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
| the heater, motor controller(s), and supplementary overcurrent protective
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device(s) of all fixed electric space heating equipment from all un-
grounded conductors. Where heating equifment is supplied by more than
one source, the disconnecting means shall be grouped and identified.

(a) Heating Equipment with Supplementary Overcurrent Protection. The
disconnecting means for fixed electric S{mce heating equipment with sup-
plementary overcurrent protection shall be within sight from and on the
supply side of the supplementary overcurrent protection device(s), and in
addition shall comply with either (1) or (2) below.

(1) Heater Containing No Motor Rated Over s Horsepower. The above
disconnecting means or unit switches complying with Section 424-19(b)
(3) shall be permitted to serve as the required disconnecting 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 means provided shall be capable of being
locked in the open position.

(2) Heater Containing a Motor(s) Rated Over " Horsepower.

a. The above disconnecting means shall be permitted to serve as
the required disconnecting means for both the motor controller(s) and
heater if this disconnecting means is also in sight from the motor control-
ler(s) and the heater.

b. Where the disconnecting means is not within sight from the
heater a separate disconnecting means shall be installed, or the dis-
connecting means shall be capable of being locked in the open position, or
unit switches complying with Section 424-19(b) (3) shall be permitted.

c. Where the disconnecting means is not within sight from the mo-
tor controller location a disconnecting means complying 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 Motor or With Motor Not Over % Horsepower. For fixed
electric space heating equipment without a motor rated over "4 horse-
power, the branch-circuit switch or circuit breaker shall be permitted to
serve as the disconnecting means, where readily accessible for servicing.

(2) Over % Horsepower. For motor-driven electric space heating

equipment with a motor rated over '3 horsepower a disconnecting means
shall be located within sight from the motor controller.

Exception: As permitted by Section 424-19(a) (2).

(3) Unit Switches as Disconnecting Means. Unit switches with a
marked “off” position that are part of a fixed heater and disconnect all
ungrounded conductors shall be permitted as the disconnecting means re-

uired by this article where other means for disconnection are provided in
the following types of occupancies.

a. Multifamily Dwellings. In multifamily dwellings, the other dis-
connecting means shall be within the dwellin unit or on the same floor as
the dwelling units in which the fixed heater 1s installed, and shall also be
permitted to control lamps and ap liances. )

b. Two-Family Dwellings. In two-family dwellings, the other dis-
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- . I
i i side or outside of the dwel
connecting means shall be (})ermmed either in

i it i i heater is installed. _ . ;
T “E)wetillggntl?l; tl‘])x\?/ellings. In one-family dwellin ung§ th?1 sz(r:\t/:g;
disconrféctirrl‘g means shall be permitted to be the other disco

means.d Other Occupancies. In other occupancies, the branch-circuit

uit b[ea er, where rea lly aCCeSSlble fOl Se(‘llc"lg Of the
SWl(Ch or circul s h d
s lElE fhill:fffflll ed as th O 2 conne g nean

424-20. Thermostatically Controlled Swltchl.ng Devioes. 4 orabiastion
(@ Thermostatially contolled 8 WRE, Sl permited to serve
manually controlie A T
tal;el?:t(})\s::?)trslt?:{llers and d?sconnecting means provided all of the following
conditions are met:’ FE—
1) Provided with a marked “oft™ p :

((2)) Directly open all ungrounded conductors when manually placed
in the “off”” position. . ' -
in ®) Designed so that the circuit cannot be cnc‘:‘rgé%’ed (z)lslﬁioor:llamally af.
ter the device has been manually pl.aced in the “off” p :

(4) Located as speciﬁed in Section 424-19.

i i onduc-

b) Thermostats that do not dlgectly interrupt agl unglrlci):g:idgl nc1 i

. and operate remote control circuits shall not be req e i
trzgsuireme;r:ts of (a) above. These devices shall not be per

connecting means.

i i ircuit
424-21. Switch and Circuit Breaker to be |nd|catlngf. hs?r;:iciggfi :g‘{yc;;e.
breakc;rs used as disconnecting means shall be of the

424-22. Overcurrent Protection. . ' . e

(a) Branch-Circuit Devices. Electtrlc sp:oleirélgzg;n :icéigs%%n;ng hes

_operated equipment as e 1 o
tg?agzc:dg}%?r{a(l)Ec))vercurre(}lt protectlon, shall be considered as protect

3 ol
against overcurrent where supplied by one of the branch circuits in Article
10. . ' .

: (b) Resistance Elements. Electritc (sip?rfgr}elef}::r‘xg :él:;ggle?el,; ?t?ﬁ}olz:\lé

i i nts rate N
{gselsktlzgtieoggleertrll::g %uel*}g?\:fded. Each subdivided load shall not exceed

48 amperes and shall be protected at not mo)re than 60 amperes.
j ovided i jon 424-72(a).

Exception: As provtded in Section t
| (c))c O]:ercurrent Protective Devices. The supplomle;narcytooveir:sut;clegd
otective devices specified in (b) above'shall be: ( By Bt
gvrithin or on the heater enclosure or S}larz:}:ll;fedr 'ﬁ(g)‘;s:c::s )t
bly by the heater manu ; (2) ’ A o
s;eparlzztsi?:;e{g b); r)éadily accessible; and (3) suitable for branch-circul

protection.
| See Section 240-10.

i ide this overcurrent protection, 2
rtridge fuses are used to provic eion, 8
singgeéfsggnnec%ing means shall be permitted to be used for th

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 considered branch-circuit
conductors.

Exception: For heaters rated 50 kW or more, the conductors supplying the
supplementary overcurrent protective devices specified in (c) above shall be
permitted to be sized at not less than 100 percent of the nameplate 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 ampacity of field wired con-
ductors between the heater and the supplementary overcurrent protective
devices shall not be less than 100 percent of the rating or setting 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 cyclic operation of the
equipment.

D. Marking 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 volts and amperes.

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 ' horsepower and other loads
shall specify the rating of the motor in volts, amperes, and frequency, 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. Marking 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
and heating panels shall be furnished complete with factory-assembled
nonheating leads at least 7 feet in length.
424-35. Marking of Heating Cables and Panels.
marked with the identif}

ber, ratings in volts andy

Each unit shall be
ing name or identification symbol, catalog num-
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 inches
of the terminal end. The lead wire shall have the following color identi-
fication: 120-volt nominal, yellow; 208-volt nominal, blue; 240-volt nomi-
nal, red; and 277-volt nominal, brown.

(b) Heating Panels. Heating panels shall be permanently marked in a
location that is readily visible prior to application of panel finish.

424-36. Clearances of Wiring in Ceilings. Wiring located above heated
ceilings shall be spaced not less than 2 inches above the heated ceiling and
shall be considered as operating at an ambient of 50°C. The ampacity of
conductors shall be comﬁuted on the basis of the correction factors given
| in Tables 310-16 through 310-19.
Exception: Wiring above heated ceilings and located above thermal insu-
lation having a minimum thickness of 2 inches shall not require correction
for temperature.

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

(a) Exterior Walls. Where located in exterior walls, wiring shall be lo-
cated outside the thermal insulation.

(b) Interior Walls. Where heatin%lpanels are located in interior walls
or partitions, any wiring behind the heating panels shall be considered as
operating at an ambient of 40°C (104°F); and the ampacity of conductors

| shall be computed on the basis of the correction factors given in 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 é)anels shall not be installed in closets, over walls or par-
titions that extend to the ceiling, or over cabinets who§e clearance rom
the ceiling is less than the minimum horizontal dimension of the cabinet
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 provision shall not prevent the use of cable or panels in closet
ceilings as low temperature heat sources to control relative humidity, pro-
vided they are used only in those portions of the ceiling that are unob-
structed to the floor by shelves or other permanent fixtures.

| 424-39. Clearance from Other Objects and Openings. Heating elements of
anels and cables shall be separated at least 8 inches from the edge of out-
et boxes and junction boxes that are to be used for mounting surface
lighting fixtures. A clearance of not less than two inches shall be provided
from recessed fixtures and their trims, ventilatin% openings, 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.

ARTICLE 424—FIXED ELECTRIC SPACE HEATING 70-275

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 pernitted to run down a
vertical surface to reach a dropped ceiling.

(b) Adjacent runs of cable not exceeding 2% watts per foot shall be in-
stalled not less than 1% inches on centers.

(c) Heating cables shall be applied only to gypsum board, plaster lath
or other fire-resistant material. With metal ]atﬁ' 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 cab}es, the splice between the heating cable and non-
heating leads, and 3-inch minimum of the nonheating lead at the splice
§hall b;,]embedded in plaster or dry board in the same manner as the 1eat-
ing cable.

(e) The entire ceiling surface shall have a finish of thermally noninsu-
lating sand plaster having a nominal thickness of ' inch, or other

noninsulating material approved for the purpose and applied a i
y : ccording to
specified thickness and f[;ections. P o -

(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 permitted to be se-
cured at intervals not to exceed six feet by approved means.

(9) In dry board'installations, the entire ceiling below the heating cable
shall be covered with gypsum board not exceeding '4-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) Cz;bles shall be kept free from contact with metal or other electrical
conductive surfaces.

. () In dry-board applications, cable shall be installed parallel to the
Joist, leaving a clear space centered under the joist of 2% 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, wallp:
g i paint, wallpaper, or other approved sur-

424-43. Installation of Nonheating 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 Jjunction 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% watts per linear foot of cable.

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

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

Cables, units, and panels shall not be installed where they bridge 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
conduit, intermediate metal conduit, electrical metallic tubing, or by other
approved means. x

(f) Bushings or approved fittings shall be used where the leads emerge
within the floor slab. ,<

424-45. Inspection and Teét‘s. 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 field 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. Installation. 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 heater.

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-
tioners. 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
andkheaat 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 Circulit 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-
roved, integral, automatic-reset temperature-limiting control or control-
ers 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-



70-438 NATIONAL ELECTRICAL CODE

ARTICLE 550 — MOBILE HOMES
AND MOBILE HOME PARKS

550-1. Scope.

(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 electri-
cal wiring, fixtures, equipment and appurtenances related to electrical
installations within a mobile home park up to the mobile home service-
entrance conductors or, if none, the mobile 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

| Homes NFPA 501B-1977 (ANSI).

(b) A mobile home nct intended as a dwelling unit, as for example
equipped for sleeping purposes enly, contractor’s on-site offices, construc-
tion job dormitories, 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 apﬁ)ly to mobile homes intended for
connection to a wiring system nominally rated 115/230-volts, 3-wire AC,
with grounded neutral.

(e) All electrical materials, devices, appliances, fittings and other equip-
ment shall be listed or labeled by a nationally recognized testing agency
and shall be connected in an approved manner when installed.

550-2. Definitions.

Appliance, Portable:  Ari appliance which is actually moved or can eas-
ily be moved from one place to another in normal use.
For the purpose of this article, the following major appliances other than built-in

are considered portable if cord-connected: Trefrigerators, gas range equipment,
clothes washers, dishwashers without booster heaters, or other similar appliances.

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 equipment or a power-supply cord approved for mobile home use,
designed for the purpose of delivering energy from the source of electrical
supply to the distribution panelboard within the mobile home.

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

Mobile Home: A factory-assembled structure or structures equipped
with the necessary service connections and made so as to be readily mov-

ARTICLE 550—MOBILE HOMES AND PARKS 70-439

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 suprort 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.

Mobile Home Accessory Building or Structure:  Any awning, cabana, ra-
mada, storaﬁc cabinet, carFort, 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 of a mobile home park de-
signed for the accommodation of one 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 electrical wiring, fixtures,
equipment and appurtenances related to electrical installations within a
mobile home park, including the mobile home service equipment.

A. Mobile 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 not more
than one a%proved 50-ampere mobile home power-supply cord with inte- |
gral molded cap, or a permanently installed circuit.

Exception: A mobile home that is factory-equipped with gas or 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. |

(b) If the mobile home has a power—sul%ply cord, it shall pe er-
manently attached to the distribution panelboard 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 pigtail ends, extension cords, and similar
items shall not be attached to, or shipped with, a mobile home.

(d) A suitable clamp or the equivalent shall be provided at the distribu-
tion panelboard knockout to afford strain relief for the cord to prevent
strain from being transmitted to the terminals when the power supply
cord is handled 1n its intended manner.

(e) The cord used shall be of an approved type with four conductors,
one of which shall be identified by a continuous green color or a contin-
uous green color with one or more yellow stripes for use as the grounding
conductor.

(N The attachment plug cap shall be a 3-pole 4-wire iround}n type,
rated 50 amperes, 125/250 volts with a configuration as shown in Figure
550-3(f) and intended for use with the 50-ampere, 125/250 receptacle con-
figuration shown in Figure 550-3(f). It shall be molded of butyl rubber,
neoprene, or other materials which have been found suitable for the pur- |
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