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EQUIPMEHT F'OR GENTI:RAL USE 

CHil.PTER E-400 

FLEXIBLE CORDS· 

A. General and Types 

Flexible cords shall be· suitable for the conditions of use and location. 

Cords of the several types shall confor.m to the descriptions of Table E-400.11. 

Types of flexible cords other than those listed in Table E-400·11 and other uses 

for types listed in the Table, shall be the subject of special investigations and 

shall not be used before being approved. 

B. Use and Installation 

E-400.03. Use • 

. Flexible cord may 1::e used only for (1) pendants; (2) wiring of fixtures; (3) 

connection of portable lamps or appliances; (4) elevator cables; (5) wiring of 

cranes and hoists; (6) for the connection of stationary equipment to facilitate 

their interchange; or (7) to prevent the transmission of noise or vibration. 

!=:4.QQ.,.9..k ._Prohibited Uses. 

Flexible cord shall not be used (l) as a substitute for the fixed wiring of a 

structure; (2) where run through holes in walls, ceilings, or floors; (3) where 

run through doorways, windows, or similar openings; (4) where attached to building 

surfaces; or (5) where concealed behind building walls, ceilings, or floors. 

Fle:>~ible cord shall be used only in continuous lengths without splice or tap. 

Flexible cord used in show-windows and show-cases shall be of types S, SO, s.t, 
SJO, ST, SJT, or AFS, except for the wiring of chain supported fixtures, and for 
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supplying current to r.ortable lamps and other merchandise for exhibition purposes. 

Flexible cord shall not be smaller than No. 18, except that tinsel cords, or 

cords having equivalent characteristics, of smaller size may be approved for use 

with specific appliances. 

Where the voltage between any two conductors exceeds JOO, but does not exceed 

6oo, flexible cord of No. 10 and smaller shall have rubber or thennoplastic insula

tion on the individual conductors at least 3/64 inch in thickness, unless type S, 

SO or ST cord is used. 
' ' 

(l) Ove.:cgµuen:!; Protection. Flexible cords not smaller than No. le, and 
• • ~· r •• •. ' . 

. ' . 
tinsel cords, or cords having equivalent 'characteristics, of smaller size approved 

for use with specific appliances, shall be considered as protected against over

current by the overcurrent devices described in E-'240.05. Cords shall be not 

smaller than required in Table E-400 .09 (2) for the. rated. current of the: appliance. 

Table E-400.09 (2). Current-Carrying Capacity of Flexible 
Co rd in Amperes 

Table E-:-400 .09 (2) gives the allowable current-carrying capa.ci ties for nqt more 

than three current-carrying conducfors in a cord. If the nu:m.ber of current-carry

ing conductors. in a cord is from four to six the allowable current-carrying cap-

aci ty of ea.ch conductor shall be reduced to 80 per cent of the values in the Table• 

(Based on Room Tempera tu re of .30°C (86°F.) • See E-400 .09 and Table E-400 .11.) 

'. 1 •• 
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*Th,ese t;}Tpes are used. almost exclusively in fixtures where they are exposed to 

high temperatures and ampere ratings are assigned accordingly. 

''•' 

':Note to Table E-400 .09 (2) . ; . 

Ultimate Insul~tio~ Temperature. In·no case shall conductors be associated 
" 

together in such a way with· respect to. the kind of··circuit, the wiring method em

ployed, or the number of conductors, that the limiting tempei,ature of the conductors 

will be exceeded. 
' ,' 

!_~400.10. ~11 ,a]_J.gints and Te!jJlinq.l§.. 

Flexible cords shall be. so connected to devices and to fittings that tension 

will not be transl!li. tted to joints or tenninal screws. This shall be accomplished 
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by a knot in the cord, winding with tape, by 8: srecial fitting des~gned for that 

purpose, or by other approved means which will prevent a pull on the cord from being 

directly transmitted to joints or tenninal screws•, 

Notes to Table E-400.ll 

1. Except for'·Types AFPOi. CFPO, P0-1, P0-2,. PO,. SP-1, SP-2, SPT-l, SPT-2, TP, 
. . . - ~ . , 

'IPT, and AVPO, individual conductors are twisted together. 
I 

2. Type P0-1 is for use only with ~rtable lamps, portable. radio receiving 

appliances, portable clocks and similar appliances which are not. liable to be moved 

frequently and whe·re appearance is a consideration. 

J. Types TP; TPT,. ,~, a~d 'IST. are suitable for use in lengths not exceeding 

eight feet when attached directly, or by means of a·special type of plug, to a . 
portable appliance rated. at 50 watts or less and or such nature that extreme flexi

bility of ·the cord is essential. 

4. Type K is suitable f.or use on theatre stages. 

5• Rubber:-filled or.varnished campric tapes may be substituted for the. inner 
I 

braids • 

. 6 •. · Types 3', SO,. and ST are suitable for .use on theatre stages, in garages and 
'· 

elsewhere, where f'.1:-exible cords are permitted by this Code. 

7. "Traveling cables for operating, co.~trol -arid ·signal circuits may have one 
·:: .• 

or more non-metallic fillers or may have a sup:r;orting filler of stranded steel 
.. 

wires having it's P~!J.l protective braid or cover. Cables exceeding 100 feet in 

length shall have.·steel supp::>rting fillers, except in locations subject to excessive 

moisture or corrosive vapors or gases. Where steel supporting fillers are used,. 

they shall run straight through the center of the cable assembly and shall not be . . { 

cabled with the copper strands of any conductor. 

f:h ··A third·.:conP,ucto,r in ~hese cables is for grounding purposes only. 
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9. The individual conductors of all cords excert thooe of heat~resistant 

cords (Types AFC • AFPO, AFPD, AFS, AFSJ, AVPO, AVPD, CF'C, CFPO and CFPD) shall have 

a rubber or thermoplastic insulation, except that the grounding conductor where 

used, shall be in accordance with E-400 .14 (2). A rubber compound shall be vul

canized except for heater cords (Types HO, HPD and HSJ) and for belt fillers in 

Types P-1, P-2, PW-1, PW-2 and PW. 
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Table E-400.11 - Flexible Cord 
(See E-400.02) 

( --T---~- \ - f Br~ 1 -- I . 
Trade !fame ; Type I Size , No. of ~Insulation I on Each ! Outer Covering Use i Letter l AWG \Conductors { ~ Co~ductor {. __ I' 

+-----; ~--- j 
1 

+ r- Attached I l N.Jt 

l TP See I 27 i 2 I Rubber I None 1· Rubber t to an f Damp 
11 Usage 

j Note 3 : !. . ! j Appliance I Places l 
Parallel l--;1 _ _,.l._. _ -.--- 1 -- I - . ---·-

Tinsel \ ; j 1 I ; Attached I 
Cord I TPT See 27 ~ 2 \ Ther.mo- i None i Thermo- I to an Damp ~ Not 

f Note 3 \ ·I plastic f ) plastic Appliance Places 't' ~ard 
l f I : f i l t Usage 

---- ;TS See - l 27 -tj. 2 o~~b: j ~;::- : - Imbber - A;a~ed r~amp ! :~~ ---
i Ni.,te 3 \ I ~ t ppliance l Places : Usage 

Ja~~~;~ 1--- ! - 1---~-----t-- -·-\ · · ·· Att~ched I ·-·- l ~fut--
Cord / 'IST See ) 27 2 or 3 j Thermo:- ! None I Thermo:- to. an ~ Damp ~ Hard 

l Note 3 i i plastic I f plastic I Appliance ! Places i Usage 
j_ f -+ I _L ' L ' . 

~~-f.AFC : - ! -2 or 3 r- Tott~! -~ None -~,p~~ i - : -
Covered , ( 18, 16 \ I Impreg- I or Rayon L 'j I Dry t- Not 
heat- t.AFPO t 14 ; 2 i nated lCotton, Rayon or Places 1 Hard 
Resistant ;~ \ I Asbestos j None ii' Saturated Asbestos I i { Usage· 
Cord ;11FPD t 2 or 3 i . 1 • • 

i ' I I ~ I \ 

Cotton:co;.=.--:cFC --+---~~ 2 o;--:J·r---fCotto"n ~;t-- None -·i·-~--------r-··---r-:---~--.--
ered Heat- I l 18, 16 f Impreg:-.:... Rayon ' I Pendant \ Dry I Not 
Resistant CFFO · 14 2 , nated Places Hard 
Cord f __ i __ J Cotton None Cotton or Rayon l f Usage 

-------.-1-f-ti..-CFP_D ___ > ~ ~----~:-3 ___ L_ _ ( -- ___ ... _ _i ____ -· _ l~ ! --
See Notes , 

i 
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~~~~~~--t~~~~-..~~~--;---~~~~-.~~~~~--~~~~--~--~~~~ 

f Braid 
Trade Name Type 

Letter 
Size 
AWG 

I No • of Insulation 1 on Each , 
. Conductors . iConductor f -·--- I :Po-1 

~ :, l~-r 2 r ---- ---- - -- I ---- 1- ------ -- - . ----
: 

I Parallel Cord 

I P0-2 Rubber Cotton Cotton or Rayon 
I 

I PO 18-10 I - - -All Rubber SP-1 18 
Parallel Cord Rubber None Rubber 

SP-2 18, 16 i 
l 

2 i 
SP-3 I Rubber ~ Rubber 
See 

1 Note 8 

-· 
All PJastic SPT-1 . - .. 2 Thermo- None Thermoplastic { 

Parallel Cord -- I plastic 
STI?-2 18,16 

~~~-,Thenroplastic All Plastic SPT-3 18-12 2 
Parallel Cord See plastic 1 

Note 8 
I 
I .. 

- -Lamp Cord c 18-10 2 or more Rubber Cotton None 

---Twisted Po rt- PD 18-10 

I 
2 or more Rubber Cotton Cotton or Rayon 

able Cord 

-- -, See Notes 

s See ---. --- -------y-- -- ----

Note 2 
Dry Not 

' Pendant Places Hard i 

or 
1 

Usage 
Port. 

f Damp Not Pendant 
., or f PJaces Hard 

Port. I Usage 

Ref'riger--E- Not 
ators or Places Hard 

Room .Air Usage 
Condi-
tioners 

Pendant Damp Not 
or Places Hard 

Portable 
I Usage 

Refriger- Damp Not 
ators or Places Hard 

Room Air 
Condi-

Usage 

tioners 
I 

Pend~l'D:ry Not Hard 
or Port. l Pla:s Useage 

Pendant , Dry Not H~ 
I or Port. , Place* Usage 

--1 -
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, P-1 I ~ 
1

- 1 --r r r- , 
1 _____ , I 1· , Pendant 1 } Not Hard 
fl P-2 1 18, 16 2 or ( Rubber Cotton· I Cotton over Rubber or l D:ry 

1

1 Usage 
Rei~orced l j more \ ; Filler Portable I Places 

Cora. I P 18-10 f ( ~ i_ ! · j I · ; ! · f 1 ! . 
1 

Usage · 

Moisture JI J;'w:r-TI--- t i - · --r' --c~tto1~,.:..Moisture -f Pend~~-T-- --r-Not Hard --
Proof Rein- . . II . l I Resistant Finish or ~ Damp I Usage 
forced Cord I PW-2 : 18, 16 1 

, ' over Rubber Filler Portable I P:la.ces 
t J 2 or 

1 
Rubber · Cotton · ·· I j Hard 

• PW 118-10 more I I . \ Usage 
I ' . 
i --· ---Braided ,. K l I Two Cotton, Mois- I Pendant Damp Hard · ·· · 

Heavy i See j 18-10 12 or· Rubber I Cotton 

1 
ture-Resistant I or Places Usage 

Duty Cord f: Note 4 i lI!Ore 
1
. Finish See Note 5 j Por~able . 

Vacuum 
1 

SV i 1 Rubber ) Rubber J Pendant I Damp 
Cleaner j 18 2~-_ · · ·None · ~ I or I Places 
~ f SVT _ l _ Themop11 I _ i --Thermplas~c Portable J 

I SJ t j ~bber, I , J 
Junior Hard f f 2, 3 ~ Rubber ; _ Pendant I Damp 

. .. Service r!SJO 18, 16 I or 4 ! } None I Oil Resist. . or . Pl.aces 
Cord · 'J I i -I ( Compound . r Portable j 

SJT ! t Thermpl' -,1 Thermoplastic 
1

1 
or Rubber I 

---·~· ---t----···~ ·-· S See Rubber · 
Hard Service ( Note 6 l l Rubber I 

Co,rd 18-10 \ · Pendant Damp 
f SO 2 or I None Oil Resist .Compound or I Places 
l more · _ Portable I 
J ST Themoplt f Thermoplastic ; 

Not Hard 
Usage 

------
Hard 
U~e 

Extra 
Hard 

Usage 

. ~ t or Rubber l ···· I 
~r-Jack- AFSJ - 18, 16 Impreg- , - - --- f--··- - 1 

··------

eted Heat-Re- I 2 or 3 nated None i Rubber 1
1
· Portable ~ Damp \ Portable 

sistant Cord I .AFS 18, 16, 14 Asbesto~L j -· __ i I PlaC::: I.,~~:_._ 
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I HC - f i -- f Rubber & Cotton I-None ! --- J D:cy 

· HPD 1 None ! Cotton or Rayon 

Portable 
Heaters Heater Co rd h 11.8-12 I Asbesto~ rm - - 1Portab1e Pl.aces 

l 2 3 : 
-------+----~t-----r ' ' -+-----1----------- - --
Rubber Jack- l f or 4 Rubber & I ! Damp ! Portable 

eted Heater F..SJ •

1

. 18-16 t ~sbestos. , None l Cotton and Rubber Portable I Places 1 Heaters 

Cord _ · f 'I 1· I ! L 
t;a:- ! j ~-

1

1 2, 3, IRubbfil. i Cotton ru-;d Rubbe~·- Ii Damp I P;=rtable -
Heater l HS j 14-12 or 4 I and , None I or Neoprene iPortable . Places Heaters 
Cord f l !Asbestos f ! ~- ! i 

r I ; ~ -1--. ~ , 
All-Neoprene r-·-· " I --,. ~-I --·------~ - --rna.mp-- I Portable __ _ 

~:'r,rt~N 11.8-16 j 2 ·---l~~~rene !lone Neoprene 1Portab1e~ces I Heaters 

Heat & Mois- 1 AiJl?O I l 2 tAsbestos , Asbestos, Flame-ret.,Pendant I Dam.pl Not 
ture Resist-1 18-10 i & Var. None ! Moisture Resist. or ( Places i Hard 

&'l.t Cord ___ AVPD I i 2 or 3 I ~-~~· l.. 1.Portab=~l -- t Usag~--
SR I 8-4 I 3 or 4 ·!lubber None I Rubber or Portable j Damp "l Ranges · 

l l r eoprene ! p J.aces 
Range Cable -i·-------1--------- -------- . i .. ----- ! . _ _ 

j SRT I S-4 ~or 4 11 Th~~~c . None\ Thermoplastic jPortable l D~p f-Ran_g_e_s __ _ 

Elevator 
Gable 

l E see 1f - , - P { - ~e cott:~:,·· oute-; j · -r-R..1.aces 
1 

Note 7 I . I J one Flam~-Retard- · Non-Hazardous 
I ,~ 18-14 ! f Rubber Cotton \ ant & Moisture Re- f Locations 

I 
i 1

1 
I sist. See Note 5 I Elevator j 

EO I i One Cotton and a Lighting I Hazardous 
See I ! Neoprene Jacket l and · I Locations 

I Note 7 j , See Note 5 Control . I 
f I 2 or more I I i . r 
. - i ! !, 
I r·· r:- I Three Cotton, Outer I {-----·-·---·-·· -

I
I ET 18-14 j ! Thermo:- Rayon ! one Flam~-Retard- { Non-Hazardous 
, See 1 1 plastic 1 ant & Mois·ture Re- i Locations 
! Note 7 I I j II sistant. See Note 5 l 
1 l I ~---- .,.-.,. ---- -· - ------.- ---- --· 

See Notes 
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C. Construction Specifications 

E-400.12. LabQJ§. 

Flexible cords shall be e :xamined and tested at the factory and shfil be labeled 

before shipment. 

];=i&Q.13. Grounded CondUQtor l£LEin:t.1f;i.Qe,.,"ti.Q,n. 

One cor.d uctor of flexible cords shall have a continuous marker readily dis

tinguishing it from the other conductor or conductors. 'Ihe identification shall 

consist of one of the following: 

(1) Q..olQ.Ied Braid,. A braid finished to show a white or natural gray color 

and the braid on the other conductor or conductors finished to show a readily dis

tinguishable solid color or colors. 

(2) Tr&.~tiD Brai.!h A tracer in a braid of any color contrasting with that 

of the braid and no tracer in the braid of the other conductor or conductors. No 

tracer shall be used in the braid of any conductor of a flexi..ble cord which con

tains a conductor having a braid finished to show white or natural gray, except, in 

the case of Types C, PD and PO cords having the braids on the individual conductors 

finished to show white or natural gray. In such C, PD and PO cords the identifying 

marker may consist of the solid white or natural gray finish on one conductor pro

vided there is a colored tracer in the braid of each other conductor. 

(3) Colored Insul!;l...ti.Q.UJ. A white or natural gray insulation on one conductor 

and insulation of a readily distinguishable color or colors on the other conductor 

or conductors for cords having no braids on the individual conductors (except 

cords which have insulation on the individual conductors 11~tegral with the jacket)• 

(4) Co~<;!_S,gmratQ,I_. A white or natural gray separator on one conductor 

and a separator of a readily distinguishable solid color on the other conductor or 

conductors of cords having insulation on the individual conductors integral with 

the jacket. 

(5) Ti,U))§d Cond~.. One conductor having the individual strands tinned 
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.. and the c:>'ther conductor .or conductor~ :having the individual strands untinned for 

ob rCls b'.aving 'insulatio11 "on the. -individual. ca,nducto rs integral with the jacket; · 
' . .. '. 

(6) Surfa,ce ~..I...,ldn~. A stripe, ridge or groove so located on the exterior of 

the cord as to identify one conductor for cords navi~g insulation on the individual 

·· conductors ii1tegral';·With the :jacket. . 

f;;_-li:QQ.:.14 "'-Ci.!u...,widing ConductQ..:r;:_!.<lentifi~a.tion..t 

' ' '\.. •. ·~ ·.: I • 

. " 

A conductor intended to be used as a grounding conductor shall have a continu

ous identifying marker readily distinguishing it from the other conductor or con

ductors. 'Ihe identifying marker shall consist of one of the following: 

(1) Colored, Brqid. A braid finished to show a green color. 

(2) Q..ol2~!usulation or 9overin.g. For cords having no braids on the indiv

idual conductors' a" g'reen insulation or green covering on one conductor. 

E-4£)0.15. InsU1at;t.on Thick;pess. 

The nominal thickness of rubber or thennoplastic. conductor insulation in Types 

'IS, 'lST, po.:.i, P-1, PW-1, SV, and SVT shall pe not less .,than l/64 inch. The nom

inal thickness of rubber insulation-. in Types HG, HPD, HSJ, and HS shall be not less 

than 1/64 fnch for-·the Nos .. 18-16 AWG sizes, and not less than 2/64 inch for th~ 

Nos. 14-12 AWG sizes. The nominal thickness of the thermoplastic insulation in 

Type ET elevator cable shall be not less than al mils for the No. 16 AWG size and 

not less than 1/32 inch for the No. 14 AWG size. The nominal thickness of the 

rubber insulation ·in Types }t.:.; and EO elevator cables shall be not less than 25 mils 

for the No. 18 and 16 AWG sizes. The nominal thickness of latex-rubber 

insUlation, when ·employed, in Types SJ, SJO, S and SO shall be not less than 15 

inils for the Noa. 18-16 AWG sizes and not less than 18 mils for the No. 14 AWG and 

larger sizes. The nominal thickness of conductor insulAtion in Types PO, P, PW, 

SP-2, SPT-2, HP:N, SR, and SRT shall be not less than J/64 inch. The nominal thick-
··~·· 

ness of thennopiasti'c insulation in Type SPI'-3 shall be not less than 4/64 inch for 

sizes 18-16 and 5/64 inch for No. l4 AWG ,and 6/64 inch for No. 12 AWG. For other 
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types, the :minimum nomtmal thickness of rubber or thennoplastic conductor insulation 

shall be as follows: size AUG 27, and 18 to 16 - 2/64 inch; 14 to 10 - J/64 incht 

8 - 4/64 inch. 

E•400.16. Attached to Receptacle Plu~s. 

Where a fle:xible cord is provided with a grounding conductor and equipped Vii th 

an attachment plug, the plug shall comply with E-250.059(1) and (2). 

CHAPTER E-402 

FIXTURE WIRES 

Fixture wires are designed for installation in lighting fixtures and in similar 

equipment where enclosed or protected and not subject to bending or twisting in use. 

Also, they are used for connecting lighting fixtures to the conductors of the cir-

cui t that supplies the fixtures. 

Note 1. For application in lighting fixtures, See Chapter E-410· 

Note 2. Jt,ixture wires are not intended for installation as bnmch circui.t con-

ductors or for the connection of rortable or stationaJzy" appliances • 

.fil=402.02 • ...J11nimurn Sizq. 

Fixture wires shall not be smaller than No. 18. 

E-40:1.Q.2. InsulatiQll. 

(1) The rubber insulations include those made from natural and synthetic 

rubber, neoprene and other Vulcanized materials. 

Note: The:i:ooplastic insulation may stiffen at temperatures below minus 10°0. 

(l.Li.OF.) and care should be used in its installation at such temperatures. It may 

be deformed when subject to pressure; care should be taken in its installation, as . 

for example, at bushings, or points of supp::>rt. See E-.373.06(2). 

(2) No conductoi· shall be used under such conditions that its temperature, 

even when carrying current, will exceed the temperature specified in Table E-310 .02 

(1) for the type of insulation involved. 
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Table E-402.04 

ALLOWABLE CURRENT-CARRYING CAPACI'l'Y OF FDCTURE WIRE 

(Based on Room Temperature of 3000 • , 86 °F.) 
~-----~- ~~---------.._ ________ ,. ___ __..._....,,._ 
-~-~~~..-.---... .....----...,.,~.-..---~~ ~ .. _____ ----..--

Size AWG ____ , ___________ ,_:,. __ -

18 
16 
14 

Rubber 'l'ypes 
. RF-1, RF-2, FF-1, 
FF-2, RFH-1, IW'H-2, 

FFH-1, FI•'H-2 

5 
7 

0. 

Fixture Wi:re --·· ___ .. _ ..... ~ 

Thermoplastic Types TF, TFF 

Cotton Type CF* 
-...--............ ___.. ... _., ______ _ 
Asbes·tos Type AFi~ 

------- ~------........,.__ Silicone Rubber Types 
SF-li~, SF-2*, SFF-1*, SFF-2'.t-

6 
8 

17 

1<-T'ne.s0 types are used allnost exclusively in fixtures where they are exposed 

to high temperatures and ainpere ratings are assigned accordingly. 

Note: Ultimate Insulation Temperature. In no case shall conductors be 

associated together in such a way with respect to the kind of circuit, the 

wir~ng method employed, or the nuNber of conductors, that the limiting tempera-
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. Table E-402.06 - FIXTURE WIRE 

- Trade Name Type Letter Insulation . ·. Thickness of Insulation I ~.iter Covering 
I 

Rubber-Covexed RF-1 Code Rubber 18 •.•••••• · •• i/64 Inch Ii :Non:-metallic covering 
I . Fixture Wire 1 . _ 

Soild or Code Rubber .. ·I 1 18-16 ••••••• 2/64 Inch j: : · . 
7-Strand RF-2 · . . _ ·1 Non-metallic covering 

Latex Rubber 18-lf? • • • • • • • • 18 Mils 

Rubber-Covered FF-1 Code Rubber 18 ••.•••• ·:-:-:-.-1/64 Inch Non-metalli7 covering 
Fixl>ure Wire _ --~~----1-----------
Flexible Code Rubber 18-16 •••••••• 2/64 Inch 
Stranding FF-2 :Non-metallic covering 

Latex Rubber 18-16 ••••••••• 18 Mils 

Heat Resistant --t--Rm-1 Heat-Resistant Rubber 18 ........... 1/64 Inch Non-me-Gallic covering 
Rubber-Covered J __ 
Fixture Wire - Heat-Resistant Rubber 18-16 • · ••••••• 2/64 Inch 
Solid or RFH-2 .. _ 1 Non-metallic covering 
7-Strand Heat-Resistant '. I J 

I 
Latex Rubber i 18-16 • • • • • • • • • 18 Mils 

;!,~~~~~:".~~ -ri"H-1 : Heat-Resistant Rubber I:. l8 .•••••• , , • 1/64 Inch Non-metallic covering ____ __._ __________ . ·- ---· .. --- -- ------~----+------------

I---- - ! Heat-Resistant Rubber · 118-16 . · . . . ~ -.-.--:2/64 Inch I 
Fle:xible F.IB-2 _ · _ 

1 
Non-metallic covering 

Stranding J Heat-Resistant 

. . I _ I Latex Rubber -· I 18-16 •••••• _._._._""'_'-'_ ........ _.._....._---1-J __________ _ 

Thennoplastic-Cov- I ~ : ·' ~ 
ered Fixture Wire - TF I Ther.rooplastic I 18-16 •••••••• 2/64 Inch 1··None 
Solid or Stranded I I I ;. 
--------· - I ___ _,_ ___________ . 
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Insulation Thickness of Insulation·. 

' ~~·--~--~~--~~~~~ 

~Trade N~ fype Letter -!-------------Outer Covering 

'lhemoplastic~ov
ered Fixture Wire -
Flexible Stranding 

TF.F .. Ther.moplas.tic 18-16 ••• . . .. . 
Cotton-Covered, I ·i ·. Impregnated . 
Heat-Resistant, i CF . -Cotton • • 18-14 • • .. . . 
Fixture Wire 

... 
• _2/64 Inch None 

-.f 2/64 Inch None 

Asbestos-Covered,. I . I Impregnated ·c - -~ 
Heat~Resistant, AF . Asbestos 
Fixture Wire ___ L_ · , 
Sili~one Insulate~l Silico;e Rubbe;-- 18 ••• • .---:-:- ~ \'!-/64 Inch I ·Non-Metallic 

2/64 Inch 18-14 • • • • • • • None,· 

Fixture Wire ~ . . " '. Covering 
• ..4 i _, ". 

7-Stl'and . . • • ., . . 
; . . t . 

Non-Metallic 
Covering 

S~lid:. or .~f SF-2 Silicone R:;.il;?er 18-14 •· • • .• -• ~32 Inch 

, ... --~ ..... _ .,,___ . .______ --- -~------+---------· 
d \· SFF;-l 1 ::.i:;..licone Rubber 18 • ·• • • • • • • i64 Inch Non':""Metallic 

1'~ixture Wire.· :_ ~ _ t . . i. Coverip.g ---·-

Flexible Stranding I SFF;'.""2 ·1 · Silicone ::Rubber J 18-14 • • • • • • •. . 2 Inch l Non-M~tallic 
_. •: · ·· ·: ··1 ; Covenng 
I ' I 

::;::;------ --· - . -·-~--~-.:::::.:___-~ ~__;·~·-:::::-=:.-- -·~--=- ~:::::~·::_., __ :::_:-.:. =-=~==-=::..::::...;=====tt:::==============--===== 
~ , . r 

t. 
r· 

·-

·•·. 
~ - l 

:·, 
. ' 
'f, 

i.' 

;,-
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' ·' .' I • ::: ·, • ~ 

A. Genel'al .. .. . : . . -· " .. . . ,,. " ...... ~ ............. .. . '•'[·· 
' . . ~ ' .. .... .. . . ; 

I ' ' ·. • >. • ' ,' • • ' 

Lighting fixturesl lam~olde~~, pendants, ·receptac;tes, ·and~ rosettee, incan-t: . . ~ , . . , . . .'~:. : . . . ; ;: , . I : -,. . : 

descent filament lamps.i arc ·1amps; 'elect~c discharge lamps, th~ wir!ng' and equip-
•• • : " ~ I • • ,f I 'i • ; . • .' ' ~ • ', ,.. ' I '~ 

ment fonning part of s~ch lai!J-ps, fixtu~s and, lighting installa~ions sh~ll.co~fonn 
. . . , . '.: ~ : • . ·. r .. ,. ~ .... ~ . . : 

to the provisions of this Cht~.pter1 :excep~ as 9therwi.se 1provided; in this; code.: 
;., ' . i . i 

E.:·410 .p2 • __ A.Jmli ca~].Q. O.the r~.Q.hApter~ ~ · · 

Equipment for use in hazardo.us locations: shall. co~orm· to Chapters E~506 to 

E-517. 

E-410.03. Live Parts~· . . 

Fixtures, lampho~~ers, lamps, ro~~tt;,s an~ ··~~eptacies sh~lt-:havtf.'no li'il,e 
: : 

' 
parts nonnally exposed to contact, excep~ in the case of cleat":"type l.aljipholders, 

receptacles and rosettes which are located at least 8 feet above the floor. La.mp-
. . ·i ' . •. . . 

holders, receptacles and switches which have e:iq::osed accessible tenninals ·shall not 
. . ' , .. 

be installed iu metal :fixture canoP:tes ·o.r in open bases of p;>rtab~ table or floor 
I ' • ' 

lamps. 

· B· •.. P.rovisions Fo:r·Fi:Xture·Locations ····"· · '. ....... . 
• l ' ' • 

E-lf,10.q4. Fixt{ures in b51mp. We.!i o.t corrosive· tocation§. . , 
t : ; : . . . : : ' : . ' : . . ; t • • ' • • ~ 

(1) Fixtures in~talled in d~p or :wet locations :shall be approv~ fi?r jsu~h 
.~ ' ' : ; . 

locations and shall be 'so const:ruotei:l .. o:zt·-:tnstalle(l that· ·water.-Oannot .. ~nte.~ .Q!r 
~ . . ..... 

accl.Ullulate in wireways, lamp}lOlders o~ other' eleot.rical parts~ !· 
' ' , .. 

. .. 
t • • •' . •• 

(2) Fixtures il)stalled in ~or;rosive locations shal;I. .be of a ~;y;pe api;rove? . 

for such locations. • J •• ~ 

~JQ .Q5, Fi:x:t;u:i;es riear dOinbus;tiPl~ 118,tetJ.AJ,~ . . . ; · ·· , 
•; ' • ,·~ .~ .. ' \ .... ~· •· ~· '., >·.. .~~' ~ ;:~ -~: • ', I 

Fixtures shall be so constructed, or installed, : or ··equipped· With· shades qi• . 
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. · ... 

guards'that combustible material. will not be subjected to temperatures in excess 

of 90°d · (194°F) • 

.!i!=ii:lO &fu...Jixt-q.re~Love:i;: CQm:bustible .Mate_IifU. 

· '-Lampholders installed over highly combustible material shall be of the un

switched type and unless an individual. switch is provided for each fixture, shal1 

be located at least 8 feet above the floor, ·or shall be otherwise so located wr 

guarded that the lamps cannot be readily removed or damaged. 

Externally wired fixtures .shall not be used in a show-window. 

Exception: Fixtures of the chain-supported type may be externally wired. 

E=fi.JD.O~. -Fixtures in ~~r.i Qlosets. 
.,..,. 
. ' (1) Fixtures in clothes closets shall be installed on the ceiling or on the 

wall above the door. 

(2) Pendants shall not be installed in clothes closets. 

E-410.;09. Space for Cgve !!:iJihtj.ng. 

Coves shall have adequate space and shall be so located that lamps and equip-

ment can be properly installed and maintained. 

C. Provisions at Fixture Outlet Boxes, Canopies and Pans 

E-410.1~-5pace for Conducto..,m.. 

Canopies and outlet boxes taken together shall provide adequate space so that 

fixture conductors and their connecting devices may be properly installed. 

E-AJ,0.11. Tem11erat11:m..Limit o:f 0Qnductors in Outlet Bow.. 

Fixtures shall be of such construction or so installed that the ~onductors in 

outlet boxes shall not be subjected to temperatures greater than that for which the 

conductors are approved. 

:t: .. :-/tlO.J 2. Ou"IJ,et_Boxes to . .Jw Cove;te.Q.. 

In a compieted installation, each outlet box shall be provided w.bth a cover 

unless covered by means of a fixture canopy, lampholder, receptacle, rosette, or 
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similar device. 

E-:.4lP·.lJ~...QQ_Y.Gli:.ng_o;t .9!2.~Qle t1at~p:i§.1 at Outlet Box~. 

Any combuC:Jtible wall or ceiling finish exprned between the edge of a fixture 

canopy or par1 and an outlet box shall be covered with non-combustible material. 

£:.:-410 .,..14..'!..,_ CJOJ.lI!.§lQ:!;,iQU_Q;LE;J..zt..lU'M • 

In gene:ral, ·fluorescent fixtures when supported independently of the outlet 

box shall be connected through metal raceways or armored conductors. This require- . 

ment may be waived when cord-equipped fixtures are suspended d!trectly below .the 

outlet box and the exposed cord is not subject tn strain or physical damage. 

D. Fixture Supports 

E-4;LQ ·l5. SlW.oorf.s ·- General. 

Fixtures, lampholders, rosettes and receptacles shall be securely supported. 

A fixture which weighs more than 6 lbs. or exceeds 16 inches in any dimension shall 

not be supported by the screw shell of a lampholder. 

E-4J..Q..16! Meft!JB oL.§ll.t?ll,Or:!!• 

Where the outlet box or fitting will provide adequate supJ:Qrt, a fixture shall 

be attached thereto; otherwise a fixture shall be supported as required by E-370.13· 

A fixture which weighs more than 50 lbs. shall be supported independently of the 

outlet box. 

E. Wiring of Fixtures 

~..!...~JI'.m1u·e Wi.:ri.D£...=..Qene.ral· 

Wiring on or within fi.xtures shall be neatly auanged and shall not be exi:osed 

to pbys:i.ce.1 damage. Excess wiring shall be avoided. Conducto~s shal 1 be so 

arranged that they shall not be subjected to temperatures above those for which 

they are approved • 

. ~fu_Qop,duct".1r Si....z&.• 

Fixture conductors shall not be smaller than No. lB· 

E-4lQ·l2.· _ Cond~.:g_tw· Insulation. 

(1) Fixtures shall be wired with conductors having insulation suitable. for 
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the current, voltage, and temperature to which the conductors will be subjected. 

(2) Where fixtures are installed in damp, wet, or corrosive locations, con

ductors sha.11 be of a type approved for such locations. 

(3) For current-carrying capacity of fixture wire, see Table E~402.04. 

(4) For ma:xinn.un operating temperature and voltage limitation of fixture 

wires, see E-310.02. 

E-410. 20 .__QQ,uductors~ for .Qer1@J.n Copdi t;tons. 

(1) Fixtures provided with Mogul base screw-shell lampholders and operating 

at not more than 300 volts between conductors shall be wired with Type AF, SF-1, 

SF-2, SFF-1 or Sl!,F-2 fixture wire. 

(2) Fixtures provided with other than Mogul base screw-shell lampholders and 

operating at not more than 300 volts between conductors shall be wired with Type 

AF, SF-1~ SF-2, SFF-1, SFF-2 fixture wire or Type AFC, AFPO, or AFPD flexible 

cord. 

Exception No. 1. Where temperatures do not exceed 90°c (19/+oF), Type CF 

fixture wire or Type CFC, CFPDJ or CFl?O flexible cord may be used. 

Exception No. 2. Where temperatures exceed 6o0 c but are not higher than 

75°0, Type RH rubber-covered wire, Type RFH-1, RFH-2, FFH-1, and FFH-2 fixture 

wires may be used. 

Exception No. 3. Where temperatures do not exceed to°C (l40°F), Type T ther

moplastic wire, Types TF and TFF fixtµre wire, Type R rubber-covered wire, and 

Types RF'-1, RF-2, l!,F-1, FF-2 fixture wire may be used, including use in fixtures 

of decorative type on which lamps of not over 60-watt J?ating are used in connec-· 

tion with imitation candles. 

Note: See E-402.06 and E-.'310.02 for fixture wires and conductors; also, 

Table E-400.09 (2) for flexible cords. 

E-L..lQ,21. G9nd,yc~;for Mov:,fil>le Parjll;l. 

(1) Stranded conductors shall be used on chain fixtures and other movable 

parts. 
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(2) Conductors shall be so arranged that the weight of the fixt~e or movable 

parts will not put a tension on the conductors. 

E:410~22. · ·p~ngent C~pducto;cs fo:r., Incandescent F,tj@nent Lamps. 

(1) Pendent lampholders .with permanently attached leads,, where used in o th~r 
,,. 

than festoon. Wiring,. shall b~ h~g from separate' stranded 'rubber-cov~red conductors 
. . 

which ar~ soldered directly to the circuit conductors but ~upx:orted ind~pel~denizy 
-'., _•_/.'.'.1 

•• l • 

thereof. 
• \ ' • "• :- ~\ ' ' <I ~ 

(2)' Suen 'pendent conductors 'shall be not smaller 'than No. 14 for heavy-d~ty 
. ..-_ .• 

; . •'' j 

or medi:um~base screw-shell lampholders, nor,. except for approved Christmas tree and 
- .. ·~ . . . ,. '• . 

' . ' 

decorative 'iighting outfits, smaller 'than No. 18 for :irit~~ediate or cande:J..abr~- . 
. '·.:J.: .. ·-'.::_: 

base lampholders • 
.. 

(3) Pendent conductors longer than 3 feet shall be twisted together where 

not cabled in an approved assembly. 

E-410.23. P,IQtection o;t_Condyctors. 

(1) Conductors shall be secured in a manner that will not tend to cut or 

abrade the insulation. 

(2) Conductors.shall be protected from abrasion where they pass through 
' • ' l •• :·~'.I , . 

metal. 

(.3) Exposed flexible cord or fixture wire shall .not be used to supply per-

manently. installed fixtures in show cases or wall cases. 

E-4lQ•64· ~onductor P.mtection a.;t Lamnholde~. 
~ - ., .. 

Where a metal lamph~laer-i's· attached to a. f'lexible cord, the inlet shall be 
. . ' 

equipped with an insulating bushing which, if threaded, .shall not be smaller than 
. ' . \ ' ' 

nominal 3/8. inch pipe size. · The edges of the bushing shall be rounded and all 

inside fins removed in order to provide a smo.oth bearing sur,f'ace for the condUc~· 
••f I 

tors. 

Note: Bushings having holes 9/J2 inch.in diameter are suitable for use with 

plain pendent cord and holes 13/.32 inch in diameter with reinforced cord. 



-268-

~4lO~i.._ QQ.n.nec.tions 2 Spl~g.§....&!d Tal2.§. 

(1) Fixtures shall b'e so installed that the connections between the fixture: 

conductors and the circuit conductors may be inspected without requiring the dis

connection of any p:irt of the wiring, unless the fixture is connected by means of a 

plug and receptacle. 

(2) Splices and taps shall not be located within fixture arms or stems. 

(3) No unnecessary splices or taps shall be made within or on a fixture. 

(4) For approved means of making connections, see E-195.13 and E-195.14. 

!::;-Li.10. 2q._ Fixture Raceyzays. 

· (1) ·Fixtures shall not be used as a ra.ceway for circuit conductors unless the 

fixtures meet the requirements of approved raceways, except that the conductors of 

a single branch circuit may be carried ·through an installation of fixtures 

approved for end to end assembly to form a continuous raceway. 

(2) IndiVidual fixtures of all types which are coupled, butted, telescoped, 

or connected together with metal raceways not over eighteen (18) inches in length, 

shall be considered as a single fixture. 

~-=.Li.lQ..-27. Polarization of Fixtures. 

Fixtures shall be so wired that the screw-shells of lampholders will be con

nected to the same fixture or circuit conductor or tenninal. For ix>lari ty iden

tification of conductors to screw-shells of lampholders, see E-200.08 • 

. F. Construction of' Fixtures. 

E-410.26. Combustj.ble Shades .and. ibclof?Ur!l§.. 

Adequate air space shall be provided between lamps and shades or other en

closures of combustible mate:rial. 

E-410 .t 29. ...Eixtu;re R~. 

(l) All fixtures requiring ballasts or transformers shall be plainJ.y marked 

with their electrical rating and the manufacturert s name,, trade-mark or other 

suitable means of identification. 
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(2) IJ.he elect:clcal rating s~~}?· include the volta~~- and frequency, and shall 

indicate thE? cur~n..t :rating of the unit including ,,the ballast, . transformer or 
' ' • ' ry. • ., • •• • 

auto.-transfonne:r. . .: ' . '•,. 

!=41.0AJO. Design a,nd Matebi.§:l •. 
' ..... . ' ' . 

Fixtures shall be constructed of metal,, wood, or other .. approved In;1. tenal and 

shall be so designed and asseI!lbleq as .to secure requisite mechlµlical: strength and . . . . . . . . . . 

rigidity. Wireways, includ~.ng th,e entrances th~~to,, shall b~ .such that conductors 

may be drawn in and wi thdra,wn. without ~njury. 

E-410.31. Non-Metallic Fi~. 

· .. ' .. ·1,. •, 
In. all fixtures not made .. entirely. of metal, wireways shall be lined with metal 

t ,., ·•' • ,.., ... ' • • • ·- • 

unless approved. _armor~d ol'.. lf?ad~oveI'.~d. condu.otors with suitable fitt:i,11g~. are used. 

lt-!tW..:..22 ... Mechamcal ,Strene;tb.. 

{l) Tubing .usE;Jd for. arms and stems where provided with cu,t threads shall be . . . .' . . ... 

" :· not les~. than. 0.040 inch in t[lickness an~ whel). p:ovided ~th roµed {:pressed) 

., thread$ sha.ll be not les.s ~han 0 .025 inch j,n thiclmess. Arms. and other .par:~s shall 
,, . ·.· ' . ·... \' .· . ·. . : . . . . : .. -. . ', 

be fastened to prevent turning. 

(2) Metal canopies supporting lampholders, shade.a, etc., exceeding .8.lbs., 

or incorporating a:ttachme.nt plug receptacles, shall be not l~ss the.µ O .020 inch in . . . . ' . 

thiclme~s. Other canppies .:shq.11 be not less than O .016 i11ch when made of steel 

and not less than O .o~ inch .. when of other metals. 
• . I :. . . 

(3) Pull type canopy.:- switches shall not be inserted in the rims of metal can-· 

opies wM.ch are less than O .025 inch in thickness /unless the rlm.s. are reinforced . 
• • • ' ' ' • • ... :.'.! ·,,,, :. ~ •. :. • • 

by the turning of a. bead or the. equ.1.valent. Pull type canopy switches, whether 
. .. .' . . ' \ .· .. . . . . ' 

mounted in the rims or elsewhere in sheet me_tal canopies,,. M,a.ll be loc.ated .n9t mor!3 

than 3-k inches from the center of the canopy. Dou~~e set screws, doub~e canopy 

rings, a, screw .ring, or equal I'lathod sh~ll bE! used where. the oauopy suprcrts a 
·• •,' • • I .,.:· ' ' ', . 

pull type .switch .or pendent receptacle.. . : 
. . : . . ' .. :. . . . . 

Note: 'Ihe above thickness requirement~ a:pply to, mea,Sl,l.rement~ road~ on_ i:tnished 

(formed) canopies. 
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E-A:J..O .3,'.L.Jliring Sm:c~. 

Bodies of fixtures, including p:>rtable lamps, shall provide ample space for 

splices and taps and for the installation of devices, if any. Splice compartments 

shall be of non~absorptive, non-combustible mate:rial. 

E-4J.0.34. Fixjju,m §~. 

Fixture studs which are not parts of outlet boxes, hickeys, tlip:>ds, and crow

feet shall be made of steel, malleable iron, or ~ther approved material. 

]I-klo .• ,J2,,.Jnsulat;Lug Jointa. 

Insulating joints shall be composed of mate:rials especially approved for the 

purpose. Those which are not designed to be mounted with screws or bolts shall 

have a substantial exte:rior metal casing, insulated from both screw connections. 

,S!-410.l~ Pol1,able.,1am.m. 

Portable table and floor lamps and fan motors on ceiling fixtures may be wired 

with approved rubber-covered conductors, provided the w:i.ri~g is not located so as 

to be subject to undue heating from lamps. 

E.:-410 .37. _Portable H and1amps. 

Handlamps of the portable type supplied through flexible cords shall be of 

the molded comp:>si tion or other type approved for the purpose. Metal-shell paper

llned lampholders shall not be used. Handlamps shall be equipped with a handle• 

Where subject to physical damage or where lamps may come in contact with combust

ible material, handlamps shall be equipped with a substantial guard attached to 

the lampholder or the handle. 

Note: For garages, see E-511.06. 

~-4lQ.3$. Qg:td Bushins;s. 

Bushing or the equivalent shall be provided where flexible cord enters the · 

base or stem of a portable lamp. The bushing shall be of insulating material 

unless a jacketed type of cord is used. 
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~-41Q.39. Tes~§· ...... .. '.' 
Al'.1:-. wiring ~hall be .free fI'?m. ~hort-circui ts ai;i.d grounds, and shall be tested 

for tp.~se :·d~fects prl.or to being ccmnected to t}::le circuit. 

E-~10 ./i_O. Li VU~.W • 

Exp:>sed live parts within :i;:orcelain fixtures shall be sui tabl.y recessed and 
.. ... .::L.<~:·~ , 

so located as to make it improbable that wires will come in contact with them. 

There shall be a spacing of at least t inch between live parts and the mounting . . ' ' .. - _-. "' . . ~ ' . . . ~ . . 

plane of the fixture. 

G. Installati~:m of Lampholders 

E-A:10 •41.:. . Screw-Shell lY'.m.• 
Lamphoiders of the screw-shell type shall be installed for use as lampholders . - . . ' ~ ,. ' . , ,, ' 

only. 

E-4J.O .42. :Cauble-Pole S}li tcheg tiam,l2h..!llQ.~. 

Where. used on un;i.dentified 2-wire circuits tapped from the ungrounded con-
• ; • : - ' ~ • • ' - . '. - - J • ~ • • 

ductors of multi-wire circuits, the switching device of lampholders of th~ 
1 . • ~- • I I ' • • • 

switched type shall simultaneously disconnect both conductors of the circuit. See 

E-~~.95. 

E-410.43, Lampholders in Damp or Wet locations. 

Lampholders installed in damp or wet locations shall be of the weatherproof 
. . . ,!: ' '. . 

type. 
''./ 

H. Construction of Lampholders 

~-410 .l.l.. Insu.la.:ti.J'.ln. •. 

The outer metal shell and the cap shall be lined with insuiating ma.i;e;.1.~1 

which shall prevent the shell and cap from ·cecondng a part of the circuit. The 

li.ning shall not extend beyond the metal shell more. th~n l/8 :incli, but shall pre-
. . . :· 

vent any current-carr,ying part of the la.mp base from being exposed when a lamp 
• j( •. 

is in the lampholding device. 
'I 

11;~410 ·4!5L-. Lead Wires. 

Lead wires, furnished as a part of weatherproof lampholders and intended to 
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be exposed after installation, shall be of approved, stranded, rubber-covered con

ductors, not less than No. 14 gauge (No. lS gauge for candelabra sockets), and 

shall be sealed in place or otherwise made raintight. 

Jie410 .46. Switched Lqpholders. 

Switched lampholders shall he of such construction that the switching mechan

ism interrupts the electricai connection to the center contact. lhe switching 

mechanism may also interrupt the electrJ.Qal connection to the screw shell when 

connection to the center contact is simultaneously interrupted. 

J. Lampe 

E-4J.O .49. B~tles, Inc§ll~scent Lamp§~ 

An incandescent lamp for general use on lighting branch circuits shall not be 

equipped with a Medium base when rated over JOO watts, nor w.i. th a Mogul base when 

rated over 11 500 watts. Above 11 500 watts, special approved bases or other de

vices shall be used. 

E:4l0•5o. lnslQsures, Mercmr:y-Vapor Lamp Awd.Ug.rv Eauiment. 

Resistor~. or regulators for mercury-vapor lamps sball be enclosed in noncom

bustible cases and treated as sources of heat. 

E-410.51. Arc Lamps. 

Arc lamps used in theatres shall conf'ozm to E-520.61, and arc lamps used in 

projection machines shall oonfom to E-540.20. Arc lamps used on constant-current 

systems shall confozm to the general requirements of Chapter E-710. 

K. Receptacles 

E-410.52, Rating awl Type. 

(1) Receptacles installed £or the attachment of p:>rtable cords shall be rated 

at not less than 15 amperes, 125 volts, or 10 amperes, 250 volts, a.11d shall be 0£ 

a type not suitable for use as lampholders •. 

(2) Faoeplates of non-ferrous metal shall be not less than 0.040 inch in 

thiclo:less, and 0£ ferrous metal, not less than 0.0.30, and plates of non-conduct

ing, non-combustible ma.texial shall be not less than 0.10 inch in thiclo:less. 
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. " . ,: .. . ·- . ~ .... 

Receptacles located in floors shall be enclosed in floor ooxes espec.ially 

approved for the purpose. ~. t • 

Exc~ption: Where such receptacl~s are located in elevated floors of show-
. : ., . ' .. 

... ,: • • 1 •• ·• : •• .' ' • ' . • '· • ;'· ; • • • • '. • 

windows or other locations and when the .J"~';~~ii;rl...st:rative' a:utho·rlty.: >judges them' 
·~ ' , . , ~ " 

to 00 'free 'rrom itiysic~i d~age, moisture and dirt, the standard approved type 'oi: 
' . 

flush receptacle box inay be tised. .· .. ' 

Re eeptacles ins.talled in damp or wet locat~9ns_. s,h,.all. i,)~· of the weathe·:rproof 

type~ 

Receptacles (1) installed for the attachment of flex.i.bl~, .~ords that have a 

grounding conductor, (2) havi1~g .~ .. ~aximtun rating of 15 amperes :at a.· p:>tentia.l be:.. 
. . Li .. ,·. 

tween 151 and 300 voits;-0-r having :a maximum :rating of either 15. or·20 amperes at 

a maximUm ·potential of 150 volts, (3) having two current-carrying contacts and one 

fixed grounding member, and (4) ha:ving a tein4.lJ.al for· the ·connection of a grounding 

conductor, shall have this grotmding terminal of 9:: . .Q;i.stinctly different appea:rarice 
' ~ .. ' . 

f~m the other; two terminals. 

£t-:Q,Q~~6~:t.iacilll!.Qnt P'iu@. 

... 
•' 

Attachment plugs for use With groUn:ding type· receptacles, E-410.55, ·and having· 

two current-carr.ying contacts and one. fixed ground:i.ng member shall haire' this ground·~ · 

ing member so designed as to prevent it maldng contact with either of!.the· current-· 

ca1~rying. contacts of the receptacle. Any tenninal for .the connection o.f a :grolind- · ' 

ing conductor shall be of distinctly .different appearanc'e f:rorq. the o.ther ·two' 'ter..; 

minals. 
,. . ' 

:i;... ·Rosettes . · 
• • I ;. • • • ~ 

.[::410.52. App:r;ri]'ed ~a!. 

(1) Fusible :rosettes shall not be installed. 
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(2) Separable rosettes which make i:ossi l:il.e a change in p:>lari ty shall not be 

used. 

If:~lO. 58 • ......fus.ettes ;i.~~..lfot Lo~to.u~. · 

Rosettes installed in damp or wet. locations shall be ·of the weatheI'proof type. 

Rosettes shall be rated at 660 watts, 250 volts, with a lllaJci.raum current 

rating of 6 amperes. 

When designed for use with exposed wiring, rosettes shall be provided w:i.. th 

bases which shall have at least two holes for supporting screws, shall be high 

enough to keep the wires and· tei'minals at least ~ inch froin the surface wir•ed over~ 

and shall have a }X'rcela.in lug under each tenninal to prevent the roset·~e being 

placed over projections which would reduce the separation to less than t inch. 
. . 

&-A10 .61~fiQ.§ettes f'o~~ f2oxes or lkic.e~~~-· 

When designed for use with conduit bbxes or wire raceways, rosette bases shall 

be high enough to keep wires. and te~naJ.s at least 3/8 inch froln tl'ie surface wired 

over. 

M. Special Provisions for Flush and Recessed Fixtures 

Fixtures which are installed in recessed cavities in walls or ceilings shall 

be of an approved type and shall conform to E·-410.63 to E-410.70 inclusive. 

fil.=410 36J •• .!em22rat.u~. 

(1) Fixtu'res shall .be ·SO constructed or installed that adjacent combustible 

mate:r1al will not be subjected to t~peratures in excess of 90°0 (194°F). 

(2) Where a fixture is recessed in fire-resistant material in a building of· 

fire-resistant construction, a temperature higher than 90°0 (194°F), but not higher 

than 150°C (32q°F) is acceptable if the fixture is plainly marked that it is 

approved for that service. 
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~~41Q.:.Q~Clearance. 

Recessed i:ortions of enclosures, other than at i:oints of supi:ort, shall be 

spaced at least t j.nch from combustible material. 

~410 .65. Wirina,. 

(1) Conductors having insulation sUi table for the temperature encountered 

shall be used. 

(2) Fixtures having branch circUit terminal connections which operate at 

temperatures higher than 6o°C (J.40°F) shall have circuit conductors as described in 

E-410.65 (2) (a) and. (2) (b): 

(a) Branch circuit conductors having an insulation su:t-bable for the 

temperature encountered may be run directly to the fixture. 

(b) Tap connection conductors having an insulation suitable for the 

temperature encou.ntered shall be run from the fixture tenninal connection to an 

outlet box placed at least one foot from the fixture. Such a tap shall extend for 

at least four feet but not more than six feet and shall be in a suitable metal race-

way. 

N. Constru.ction; Flush and Recessed Fixtures 

11;:-~J.O • qQ.. TGJ1r,9."il't1. -l;u:r:Q. 

Fixtures shall be so constructed that adjacent combustible material will not 

be subject to temperatures in excess of 90°0 (1940F). 

£!.=4,10 .67 o _lgicJ..2,§,1J;r_g_._ 

Sheet metal enclosures shall be protected against corrosion by galvanizing, 

plating, or other eqUivalent hea~-;resis_ting- coating, and shall not be less than No. 

22 MS (USS revised) gauge in thickness. 

E;:L~lO "6S • I,amu.J:L@:it.E1€'e Marking_. 

Incandescent lamp fixtures shall be marked to indicate the maxi.mum allowabla 

wattage of lamps. '.lbe markings shall be permanently installed, in letters at least 

J inch high, and located where visible during relamping. 
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No solder shall be used in the construction of the fixture box. 

Lampholders of the screw-shell type shall be of p:>rcelain unless specially 

·approved for the purpose. Cements, where used, shall be of the high.;...hea.t type. 

P. Si;ecial Provisions for Electric Discharge Lighting 
Systems of 1,000 Volts or Less 

!..-:itl-.9· 71. General. 

(1) · Equipment for use with electric discharge lighting systems and designed 

for an open-circuit voltage of i,ooo volts or less shall be of a type approved for 

such service. 

(2) The tenniniils of an electric discharge lamp shall be considered as alive 

where any lamp terminal is connected to a ~tential of more than 300 volts • 

. (3) Transformers of the oil-filled ty:re shall not be used. 

(4) In addition to complying with the general requirements for lighting 

fi:xtures, such equipment shall conform to Part P of this Chapter. 

E-/hlO ~ 72. Direct-Current EaW,pmeffh 

Fixtures installed on direct current circuits shall be equipped with auxili-

ary equipment and resistors especially designed and approved for direct current 

. operation and the fixtures shall be so marked. 

E-~o .. 73. Voltages - UlielJ.inz.. Occupancies. 

(1) Equipment having an open-circuit voltage of more than 1,000 volts shall 

not be installed in dwelling occupancies. 

(2) Equipment having an open-circuit voltage of more than 300 volts shall 

not be installed in dwelling occupancies unless such equipment is so designed that 

there shall be no exposed Jive parts when lamps are being inserted, are in place, 

or are being removed. 
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E-410.7;4.. Fia¢ure Mounting. 

(l) lil.~§eg ,ga1Jia.€!t!!• Fixtures having exp:>sed ballasts or transformers shall 

be so installed that such ballasts or transformers shall not be in contact with 

combustible material. 

(2) Combustible tow:•Den§;i tx Cellulose' FiJ:>el'board. Where a fixture contairdng 

a baliast is to be installed on combustible low-density oelJ.ulose fiberl:oard it 

shall, where surface mounted: 

(a) Be approved for this condition, or 

(b) Be spaced not less than li inches from the surface of the fiber.;. 

board. 

(c) Where such fiXtures a.re partially or wholly recessed, the pro

v.tsions of E· .. 410.62 to E-410•70 sha11 apply. 

Note: Combustible low-density cellulose fiberboard is considered to include 

sheets, panels and tiles which have a density of 20 :i;.ounds per cubic foot or less, 

a.nd which are formed of bonded plant fiber material; but does not include solid or 

laminated wood, nor fi l:erboard which has a density in excess of 20 ponnds per 

cubic foot. 

£;-410.75 •. ~ary Equ.ipneJJt Not Inte"ral kQ.th Fi:rj;ure. 

(l) Auxiliary equipment, including reactors, capaci. tors, resistors, ~d 

similar equipment, where not installed as part of a lighting fixture assembly shall 

be enclosed in accessible, permanently-installed metal cabinets. 

(2) Such separate equipment should be installed close to the lamps to keep 

the conductors l:etween lamps and auxi.lia:ries as short as possible •. Where display 

cases are not permanently installed, no po1--tion of a secondary'Circuit_may be in

cluded in more than a single case. 

(3) Ballasts approved for separate mounting and for direct connection to an 

approved wiring system need not be separatel.y enclosed. 
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k'ilQ.,.lfu_.AJJJS.-T;rarJ.SfO~.Dl· 

An auto:..transformer which is used as part of a ballast for supplying lighting 

units and which raises the voltage to more than 300 volts shall be supplied only 

by a g:i.;,unded system.-

Snap switches shall conform to E-JSci.14~ · 

Q. Special Provisions for Electrlo Discharge Lighting 
Systems of More Than 11000 yo1ts 

(1) Equipment for use with electric discharge lighting systems and designed 
~ . . 

,for-.an open-ciroui t voltage of more tmn. 1,000 volts. shall be of a type approved 

for-- such- service. 

(2) The. tenninal of an electric. Qisoharge lamp sh~11 be cpnsidered as alive 

when any lamp terminal is connect~d to a.potential of more than.JOO volts. 

(3) In addition to complying with the general requirements for lighting fix

ture·s,. suqh eq:uipment shall confonn to E-410.78 to E-410.90 inclusive. 

Note: For signs and outline lighting, see Chapter E-600. 

E-41.Q.,.7~Control.!, 

(1) Fixbures or lamp installations shall be controlled either singly or in 

group13 by. an extemally-operable switch or circ\,li t':"breaker which shall open all 

ungrounded primary conductors. 

(2) The st>:itch or circuit-breaker shall 1:e located ·within sight of the fix

tures or lamps, or it ma;r be loc~ied elsewhere if it is provided with means for 

locking in the open posi-Gion. 

E-/i,:},O. ru4.-Latll.l) $e.OOn~JL~ Lamm~. 

Parts which must be removed for lamp replacement shall be hinged or fasteried 

by an approved means. Lamps or lampholders or bbth shall: be so designed that there 

shall be no e;icposed live ;parts when lamps a.re being inserted or.are being removed. 
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Transformers and ballasts shall have a secondary open~ircuit voltage of not . . . 

more than 15,000 volts with an allowance on test of 11 000 volts additional. The 

secondary current rating shall be not more than 100 milli .i.aznperes when the open 

circUi t voltage is more than 7500 volts, and not more than 240 milli-amper~~ when 

the open circuit voltage is 71JJO volts or less • 

.E=itlQt.82. 'l'ransfome r . 'J.Zpe • 

Transformers shall be of an app:roved ·enclosed type. Transf¢rmers of other than 

the askarel insulated or dry type shall not be used. 

E-410 .a,3. 'l'rarlsfonne:r Secondarv Connectio~ ~ 

(1) The high-voltage windings of transformers shaii not be connected in series 

or in parallel, except that for two transformers, each having one end of its high

voltage winding grounded and connected to the enclosure, the high-voltage windings 

may be connected in series to form the equivalent of a mid-JX>int grounded t~ans-

former. 

(2) The grounded ends shall be connected by an insulated conductor not smaller 

than No. l4 AWG. 

E-L·.~S4. Trausfo_rmer Locations• 

(J.) Transformers shall be accessible after installation. 

(2) The transformers should 'IE installed as near to the.lamps as practicable 

to ke0:;;i ·bb.E' secondary conductors as short as JX>ssible. 

(3) Transfor·mers shall ~ so located that adjacent combustible materlais will 

not 1:e f.D.bjected to temperatures in excess of 9000 (194°F). 

~f::lQ.ill.2.!- X~aformer Lo,!2;,dinE:• 

The lamps connected to any transformer shall be of such length and character-

istics as not to cause a condition of continuous over-voltage on the transformer. 

E.:.4J.0.$6. Wiring Method. Segon~;a Conduct1>:i;:§• 

Approved gas-tube sign cable sUitable for the voltage of the circuit shall be 

used. For installation of conductors, see E-6oO.Jl. 
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.. 
Lamps shall be ade_qu~tely supported as required in E-000.33. 

E-410~,a~sur~ tQ D~£.El.• 

Lamps shall not be located where normally exposed to physical damage. 

Each fixture or each secondary circuit of tubing having an open-circuit vol-

tage of more than 11000 volts shall have a clearly legible marking in letters not 

less than i inch high reading ncaution • ' ••••• volts". The voltage indicated 

shall be the rated open-circui. t voltage. 

]!:-ir..10.QO. Swi.tches. 

Snap switches shall conform to E-380.14. 
R. . Grounding 

J!'ixt.ures and lighting equipment shall be grounded as provided in E-410~92 to 

E-410.96 inclusive. 

Pl-41.Q_,_9g!._-M@].~llic.J:{Uiv.a, Systems. 

Metal fixtures installed on outlets wired with grounded metal racewS:y or 

grounded armored cable shall be grounded. 

]l-,.410 ·.92~NQ!l:MetaJJ.i.9~J:in,gjhstemet. 

Metal fixtures installed on outlets wired with knob-and-tube work,, or non-

metallic sheathed cable, on circuits operating at 150 volts or less to ground, 

shall be grounded. 

Exception No. 1. Fixtures mounted on metal or metal lath ceilings 01• walls 

may be insulated from their supi:orts and from the metal lath by the use of in

sulating joints or fixture supports and canopy insulatiors. See E-410.95. 

Exception No. 2. Fixtures not mounted on metal or metal-lath ceilings or 

walls need no·!; be insulated or grounded. See E-410.95. 

Note: Fixtures made of insulating materials, and lampholders with shells of' 

insulating material, are recommended for use w.i. th wiring systems that do not 

afford a ready mea11s for grounding the exposed non-current-carrying parts of 
fixtures and lampholders. 
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~4lQ.24· Equim~nt of .. 11Q..re Thau l50 Volli~· 

(l) Metal fixtures, transformers and transformer enclosures on circuits 

operating at more than 150 volts to ground shall be grou11ded. 

(2) Other exposed metal parts shall be grounded unless they are. insulated from. 

ground and other conducting surfaces and are inaccessible to unqualified persons, 

except that lamp tie wires, mounting screws, olips and decorative bands on glass 

lamps spaced not less than it inches from lamp terminals need not be grounded. 

E-lrlO ·92· Eauiment Nea:r G;mJ.mQe..g Surf&CQS. 

(1) Ungrounded metal lighting fixtures, lampholders and face plates shall not 

be installed in contaot with conducting surfaces nor Within 8 feet vertically or 

5 feet horizontally of laundr,y tubs, bath tubs, shower baths, plumbing fixtures, 

steam -pipes or other grounded metal work or grounded surfaces. 

(2) Metal pull chains used at these locations shall be provided with insula

ting links. 

E-41Q~9.Q. Methods of' Grounding. 

Equipnent shall be considered as grounded where mechanically connected in a 

permanent and effective manner to metal raceway, the armor of armored cable, the 

grounding conductor in non-metallic sheathed cable, or to a separate grounding 

conductor not smaller than No. 14, provided that the raceway, armor, or grounding 

conductox• is grounded in. a manner specified in Chapter E-250. 
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. CH11PTER E.:.422 

.. ~ : . . ; .. ;· . . ·,· APPLIANCES 
.- ... . . ,• . 

. · .. : 

E-422.0l.- Scone~ 

~s chapter sh~ll apply to electlic appliances used in any occupancy. 

]!-422.02.~ra..n<Jh. Circuit Rsi.9,Yj.remenm. 

Evezy appliance shall be supplied by .a branc~ oiroui t of one of the types speoi-
.·. 

fi~d _i!} _.Oha!)t~.r E-210. Mo~or-operated appliances shall also confom to the require

ments. of Chapter E-4JO • .. . . , . . .. 

N~t~: Se.e Table E-22J.05 for the conductprs of a household range branch cir

cuit. 
~..... -· .. 

B. Installation of Appliances 
'.,, \. . 

;fil-422.03. fl1pdble Corel§. 
. . 

. Flexible cords used to connect heating appliances shall comply with_ the follow-

ing: 

(1) fulfrler CorQ.§ Reguim,g. All smoothi~ irons and p:>rtable electrl.oally

he~ted appliances rated at more than 50 watts and whi~h produce temperatures in 

excess of 121°0 (25QOF) on surfaces with whic~ the cord is liable to be in contact 

shall be. proVided with one of. the types of approved heater cords listed in Table . - ' . 

E-400.11. 

(2) Q:t;her fieatin~ Aplil.;1.anoes. All other portable electrically-heated appli

. ances s:tia.11 be connected with one of the. approv:ed types of cord lia.ted in Table 

E-400.11,satected in accordance with the usa~~ specified in that Table. 

;m-422.p4, Insu1ation of Awlia.M~· 

PortaJ:>le appliances i;\hall be proVided with an adequate dielecttic interposed 
. . . ' ' . : . . ' ~ . . ~: ' :· ' . ' 

between current-car.eying parts and. those extern.al surfaces which persons can touch, 
' '~ -. . : ·.• . ~ . .. . . .~.. ' ..... 

except for toasters, glills or other heating appliances in which the current

carrying parts at high temperature are necessarily exposed. In locations where 
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the dielectric is exposed to physical damage, it shall be suitably protected. 

:m:;~Q~_j!QJ::tab le Jnnn~.§i.Q..11.li~Jr!ie rill 

Electric heaters of the portable immersion type shall be so constzucted and 

installed that current-carr,ying parts are effectively insulated from. electrical 

contact with the substance in which immersed. The administrative ~ti.thor.tty 

may make exception of special applications of apparatus where' suitable precaution

ary measures are followed. 

E:-!J.:22.06. Pm.,tectj.on_Qf__.Copi.by.§ti;t>le Mate;ci.al. 

Each electrically-heated appliance that is obviously intended by size, weight 

and service to be located in a fixed position shall be so placed as to provide 

ample protection between the appliance and adjacent combustible material. 

E-42,g.g:z. $.t~ for Portab~ Am>liange~. 

Each smoothing iron and other portable electrically-heated appliance which is 

intended to be applied to combustible material shall be equipped with an approved 

stand, which may be a separate piece of equipment or may be a pa.rt of the appli-

ance. 

~/:22.0$. Signals for Heated Am>l;l.&J,ces. ·, 

In other than residence occupancies, each electrically-heated appliance, or 

group of electrically-heated appliances, intended to be applied to combustible 

DlB.terial, shall be installed in connection with a signal unless the appliance is 

provided with an integral temperature-limiting device. 

!ii:-422...!..Q.9~,.g. 

Electrically heated smoothing irons intended for use in residences shall be 

equipped with approved temperature-limiting means. 

E-422.10. Water Heatell_. 

It is recommended that permanently-installed electrically-heated water heaters 

be equipped with temperature-limiting means.· 



~:· 

-284-

!i-~22.11. _Infm-Red.l1amp Ingus]~He,sitinB; Awianoes. 

(1) Infra-red heating lamps rated at 300 watts or less may be used with lamp·· 

holders of the medium-base unswi tched porcelain type, or ether types ·approved for 

the purpose. · 

· (2) ·· Screw-she.ll lampholders shall not be used with infra-red lamps over 300 

watts rating unless the lampholders are especially approved for the purpose. 

(3) Lampholders may be connected to any of. the .branch circuits of Chapter 

E-210 and, in industrlal occupancies, may be opera~e~ .in series on circuits of 
'. 

more than 150 volts to ground provided the voltage .rating of the lampholders is not 

less than the circuit voltage. 

Note: Each section, fe,."lel or strip .aarr,ying a number of infra-red lampholders 

(including the inte~al wiring of such section, panel or strip) is considered an 

appliance. The tenninal '~onneotion block of eaoh,such assembly is deemed an in

dividual outlet. 
. ' 

E-lr:.22. J.fr. Giyundin,g,. 

Metal frames of portable and stationary electrically-heated appliances, oper-

ating on circuits above 150 volts to ground, shall pe grounded in the manner 

specified in Chapter E-250; provided, however, that where this is impracticable, 

grounding may be omitted by special permission, in which case the frames shall be 

. ,pennanently and effectively insulated from the g~und. 

Note: It is recommended that the frames be .g.rounded in all cases. For methods 

of grounding frames of electric ranges and clothes dryers, see E-250.057 and 

E-250.060. 

·~· 1:;422.JJ, Will-Mounted Ovens and Cowter-Mo:gp.ted Cooking Unit§. 

(l) Wall-mounted ovens and counter-mounted cooking uni ts complete with pro

vi~ions for mounting and for making electrical connections shall be considered as 

fixed appliances. 

(2) A separable connector or a plug and ~ceptS,c.le combination in the supJ;il.y 
• • I ' . 



line to an oven or cooking unit used only for ease in servicing or for installation 

shall: 

(a) Not be installed as the disconnecting means required by E-422.14; 

(b) Be approved for the temperature of the space in which it is located. 

C. Control and Protection of Appliances 

£;~2 ·~J?.QO!}Uect;Lng__Me]L1W_ • 

Each appliance shall be provided with a means for disconnection from all un

grounded conductors. 

Fcl~-~--~Dis.QP..u~~.Qll .... Qf.J:Q.:i.j!able Ap;nl~~· 

(1) For portable appliances (including household ranges and clothes dryers) a 

separable connector or an attachment plug and receptacle may serve as the dis

connecting means. 

(2)' The rating of a receptacle or of a separable connector shall not be less 

than the rating of any appliance connected thereto, except that demand factors 

authorized elsewhere in this Code may be applied. 

(3) Attachment plugs and connectors shall con.form to the following: 

(a) Live Part~· They shall be so constructed and installed as to guard 

against inadvertent contact with live parts. 

(b) J:nterrupting Camg_ili• They shall be capable of interrupting their 

rated curren·t without hazard to the operator. 

(c) Intercfign~ea.J2..tlit_x. They shall be so designed that they will not 

fit into receptacle.s of lesser rating. 

Note: For household electric ranges, a plug and receptacle connection at the 

rear base of a range, if it is accessible from the front by removal of a drawer, 

is considered as meeting the intent of this rule. 

!ii::-.42.?..:.lfu_...Di scom.1ection_of'_.S~t;Lonar,z _4mlian.QJill • 

(1) For stationary appliances rated at not over JOO volt amperes or 1/8 

horsepower, the branch-circuit overcurrent device may serve as the disconnecting 
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means. 

(2) For stationary appliances of greater rating the branch-circuit switch or 

circuit-breaker may, where readily accessbile to the user of the appliance, serve 

as the disconnecting means. 

l!!=ft.22 .12. Unit SW, tch~-~.§..Di§.Q.Q.nn..r;wj;~ia,n.e,. 

Switches which are a part of an appliance shall not be considered as taking 

the place of the single disconnecting means required by Part C of this Chapter, 

unless there a.re other means for disconnection as follows: 

(l) ltlll:i.-Fami lY...Illiru.ll~. In mu.J. ti-family (more than two) dwellings, the 

disconnecting means shall be w:t·thin the apartment, or on the same floor a.s the 

apartment in which the appliance is installed, and may control lamps and other 

appliances. 

(2) Two-Fam:J.lY RJiellings. In two-family dwellings, the disconnecting means 

may be outside of the apartment in which the appliance is installed. This will 

permit an individual switch for the apartment to be used. 

(3) Si11gle.:family; Dwellings. In single-family dwellings, the service dis

connecting means may.be used. 

(4) Oth~r Occuriancie~.· In other occupancies, the branch-circuit switch or 

circuit-breaker, where readily accessible to the user of the appliance, may be 

used for this purpose. 

~..4~S. Switch a!l<i.PircJJit=Break~~-h.~· 

Switches and circuit-breakers used as disconnecting means shall be of the in

dicating type. 

E-/,.?2.19. ._~to;r-D:ci.Y~.mlilID9.fil!. 

A switch or circuit-breaker which serves as the disconnecting means for a sta

tionary mbtor~d.:ci ven appliance of more tla n 1/$ ho rseJ;:Qwer shall be located within 

sight of the motor contJXJller or shall be capable of being locked in the open 

position. 
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I 

(1) Appliances, other than such motor-operated appliances as are required by 

Chapter E-4.30 to have additional overcurrent protection, shall be considered as pro·· 

teated against overourrent when supplied ey one of the 9iroui ts of Chapter E-210 

aad in accordance with the requirements therein specified. 

(2) A range, hot plate or similar appliance with surface heating el~ments, 

having a. maxi.mum demand of more than; 70 runperes,,. as calculated in accordance with 

Table E-220.05, shall have the main circuit subdivided into.too or more ·circuits, 

each provided with oi1erourrent protection rated at not more than 50 amperes. 

(3) Infra-red lamp heating appliances shall· have overcurrent protecr~ion not 

exceeding 50 amperes~ 

D. Marking of Appliances • 
.. . 

£;:::,422.21._liameplate. 

Each electric appliance shall be provided with a nameplate, giving the maker? s 

name and the normal rating in volts and amperes, or in volt~· and watts. 

Individual heating elements which are a part of .an elect:cl.c appliance contain

ing more than one heating element shall ~ach be le.gibly marked With normal rating 

in volts and amperes, or in volts and watts. 

F]. Spe'cial Provisions J!'or Fi:X:ed Electrical Spa.c~ Heating 

E-4_22..t.23. Genera,L. 

(1) Equipment- for use with electrical space heating systems shall be of a 

type approved for such service. 

(2) In addition to complying with the general requirements for appliances, 

such equipment. shall comply with Part E of this Chapter. 

(3) The special provisions of this Chapter shall app~y to· electrically ener

gized units, panels and cables for space heating. They shall also include central 

heating systems employing electrical heating units. 
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(4) Electrical space heating systems employing methods of installation other 

than covered by Part E of this Chapter may be used only by special permission. 

]!d!-~~ Us£i. 

Space hsating systems shall not be used: 

(1) Where exposed to severe physical damage unless adequately protected. 

(2) In wet or damp locations unless specially approved for the purpose. 

Note: See also rules on Corrosive Conditions, }~~·310.07. 

The operating temperature of room surfaces where embedded elements and panels 

are used shall not exceed 66°0. (1500F.) ~ (Based on room temperature of 30°0., 86°F.,) 
Note: It is recommended that a temperature limiting control device be · ·~~ · 

E-422.26!.-_App1i~.Jl~Q.J3~CQ'J!,.r.l~te_IJnitJil• 

(1) Panels and cables shall be installed in their complete sizes or lengths 

as supplied by the manufacturer. 

(2) Uni ts which are shortened or from which the marki11g 18.btils or nameplates 

a re missing shall not be installed. 

(J) Units shall be suitable for use with approved wiring systems • 

.S:.=k~.~2~- Heati,.Dg. Q.wk QQust.;a.1.Qt~gn_. 

Heating cables shall be furnished complete with factory-assembled non-heating 

leads at least 7 feet in length, and the leads shall consist of conductors and 

wiring approved for general use or other wiring approved for ·bhe purpose • 

.m=1~22.2~. Marking,_ o{~_Qables.!. 

(1) Each unit length of heating cable shall have a pel'manent marking located 

within 3 inches of the terminal end of the non-heating leads, and shall be legibly 

marked with the manufacturer's name or identification symbol, catalog number, and 

rating in volts and watts or amperes. 

(2) The lead wires shall have the following color identifications: 230 volts 

.nominal - red, 115 volts nominal - yellow. 

~~ incorporated in each baseboard electric heater unH in a residential occupancy. 
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(1) Thermostats and them.ostatically controlled sw:i. tching devices which in-· 

dicate ~ 11o:(f 11 position and which interrupt line current shall open simultaneously ., 

all ungrounded conductors in the 11off" pbsi tion. 
' ' ' 

(2) Thennostats and thermostatically controlled sw:i. tching devices which do not 

have 11on 11 or "offll r::ositions are not required to open all ungrounded conductors. 

(3) Switching devices consisting of combined the:r:mostats and manually con-
·.· .. 

trolle? sw:L t?hes which seI'V'e both as controllers and disconneting means shall: 

(a) Open regardless of tmuperature ~11 uhgrounded conduc.t.ors when man

ually placed in the. 11 off1l i:osi tion; 

(b) Be so designed that the circuit cannot be. energized automatically 

after the device has been.manually placed in the "off" p:>sition. 
- -

Note: See E-422.14, E-422.16 and E-422.18 for disconnecting means for sta-

tionary appliances. 

Jl=.422.30. Clettrances of Wiring in Ceilings. 

(1) Wirlng located above heated ceilings and w:i. thin thennal insulation shall 

be spaced not less than 2 inches above the heated ceiling and shall be considered 

as operating at an ambient of 50°0. '!he.current carrying capacities of conductors 

shall be computed on the basis of the correction-factors given in Tables E-310.12 _ 

and E-310.14. 

(2) Wirlng located above heated 'ceilings and over thennal insulation having a 

minimum thickness of 2 inches requires no correction for temperature. 

(3) Wiring located above heated ceilings and within a joist spa?e having no 

thermal insulation shall be spaced not less than two inches above the ceiling and 

shall be considered as operating at an ambient of 5ooc. '!he current carrying cap

acities of conductors shall be computed on the basis of the correction factors 

given in Tables E-310.12 and E-310.J.4. 
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!=422.31 •. _ Clearances of Wiring in_t:{allJ;t. 

(l) Where located in exterl.or walls, Wiring shall be located outside the ther-

mal insulation. 

(2) Where located in interl.or walls or partitions,· wiring shall. be located 

away from the heated sur.faces,, and the wirl.ng shall ba considered as operating at arl 

ambient of 40°0 (104°F); and the current carrying capacities of conductors shall be 

computed on the basis of the correction factors given in Tables E-310.12 and 

E-310.14. 

E-422.32. _Are~ ~riction.§. 

(1) Heating panels shall not extend beyond the room in which they originate. 

(2) Cables shall not be installed in closets,, over cabinets which extend to 

the ceiling, under walls or partitions or over walls or partitions which extend to 

the ceiling. 

Exception: Single iuns of cable may pass over partitions where they are em-

bedded. 

(3) This requirement shall not prohibit low-temperature heat sources in closets 

to control relative humidity. 

E-422.3~. Clearance from .Other Obiects and Openings. 

Panels and cables shall be separated at least 8 inches from lighting fixtures, 

outlet and junction boxes, and 2 inches from ventilating openings and other such 

openings in room surfaces, or sufficient area shall be provided to assure that no 

heating cables or panels will be covered by ~urface mounted lighting units. 

E.=422.JA• Splices~s. 

Embedded cables may be spliced only where necessary and only by approved means, 

and in no case shall the length of the heating cable be altered. 

E-422:~5. Installa.tion of_Heatin~ Gables in Drv Board and Plast~r. 

(1) Cables shall not be installed in walls. 

(2) Adjacent :runs of cable not exceeding 2 3/4 watts per foot shall be in-. 

stalled not less than it inches on centers. 
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(3) Heating cables may be applied only to. g,yp$U;m boar·d, plaster lath and sim·~ 

ilar fire-re.sistant materials.· With ·metal, lath or :other conducting. surfaces, a coat 

of plaster (brown or scratch coat) shall be applied to completely cover ·bhe metal · 

lath or conducting surface before the cable is .attached •. · 

(4) The entire ceiling surface shall have a fini~h of thermally non.:..insulating 

sand plaster or. other approved non··insula.ting mate:riiil having a nominal thickness of· 

~- inch. 

(5) Cables shall be secured at intervals not exceeding 16 inches by means of .. 

approved means. Staples or metal fasteners which straddle the cable shall no.t be. 
), 1 

used with met~l lath or other conducting surface. , · 

(6) In dry .l:)oard installations, _the ;entire ceiling shall be cov~red with 'gyp-
i ') 'I': I 

sum board not exceeding. t inch thickness.. The void between' the upper ·layer" of gyp;_ 

sum board and the surface layer of gypsum board shall be filled with thermally; c:on ... · 

ducting plaster or other approved material. ! .. 

(7) Cables shall be kept free from contact with metal or conducting surfaces. 

(8) Caution should. be used in attaching a surface layer of gypsum so that the 

nails or other fastenings do not pierce the heating cable. 

E:-422.36. I11stallatiop of Non-He~t;\rig Leadli.• 

(1) Non~heating leads of cables shall be installed in accordance with approved 

wiring methods from the junction box to a location on the underside of the c'eilirig. 

(2) Excess leads shall not be· cut but shall be secured to the underside· of the 

ceiling and embedded in plaster or. other approved material, leavir.g only a 'length 

sufficient to reach the junction box with not less than 6 inches of. freeCiead within 

the box. 

(3) The marki1g of the leads 'shall. be visible in the ·junction box. ·. 

E-422.2,7. Installation-2.f~ Cables in..JlQ...n.c..rete or Poured Jiq.§.QJL:cy: Floo_!:§.. 

(1) Adjacent runs of cable not exceeding 2. 3/4·watts per:foot shall be install-

ed not J.e-ss .than 1 inch an centers. 

(2) Cables shall be secured· in place by non.;.metalllc frames or spreaders while 
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the concrete or other finish is applied. 

(3) A spacing of at least l inch shall be maint~ned between the heating cable 

and other metallic bodies embedded in the floor. 

(4) Leads shall be protected where they leave the floor by rigid metal con

duit, electrical metallic tubing, or by other approved raceways extending to the 

junction box. 

(5) Bushings shall be used t'1here the ieads emerge in the floor slab. 

E-422.3$ !- Te§.ts During, im.d Afl;er InstalJ&it;i.QD.• 

(1) Embedded 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. 

(2) Cable shall be tested for insulation resistance after plastering or the 

pouring of floors. See E-195.19, Insulation Resistance. 

F. Provisions for Room Air-Conditioning Uni ts 

E:-422.32· General• 

The provisions of E-422.40 and E-422.41 shall apply to electxically energized 

units and equipment which control temperature and humidity. 

!:-4?.6·40· Gnumding. 

Exposed non-current-carrying metal parts which are liable to become energized 

shall be grounded under one or more of the following conditions: 

(1) Where permanently connected to metal-clad wiling; 

(2) When in a wet location and not isolated; 

(3) When within reach of a person standing on the ground outside of a building; 

(4) When in a hazardous locatiOn., see Chapter E-500; 

(5) Where in elect:cl.cal contact with metal or metal lath; 

(6) Where more than 150 volts to ground. 



,J1-422.£i.l. Branch.Circuit E.e.QJJ.!.mments. 
,_.: 

(1) The total load of motor operated air-conditioning equipment shall not ex-

ceed 80 per cent of the rating of a branch circuit which does not supply lighting 

units or other appliances. 

(2) The tot~l· l~a:a of air-concli tioriing ·equipnient ~h~ll not: exceed 50 per cent 

of the rating of a branch circuit where lighting units or other appliances are also 
..,1,.i 

aupplied. 
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CHAPTER E-430 

MOTORS, MOTOR CIRCUITS APD CONTROLLERS 

NOTE: See Diagram. Next Page for E-430.001 

A. General 

;ti--430 .002. 9ener~. 

The following general requirements cover provisions for motors, motor circuits, 

and controllers which do not properly fall into the other parts of this Chapter. 

m=ii:.JQ_,_003.. Sealed .filennet:j,c::tnie) ReftLg,,~ration Compre§Sor. 

For the purp:ises of this Chapter, a sealed (hermetic-type) refrl.geration com-

presser is a mechanical compressor consisting of a compressor and a motor, both of 

which are enclosed in the same housing, with no external shaft nor shaft seals, the 

motor operating in the refrigerant atmosphere. 

Where in this Chapter it is specified that some equipment shall be "in sight 

f rom11 another equipment, it means that the equipment must be visible and not more 

than 50 feet distant. 

~30.005. Other Cha:gters. 

Motors and controllers shall also comply with the applicable provisions of the 

following: 

Capacitors • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • E-46o .. 09 
Cranes and Hoists • • • • • • • • • • • • • • • • • • • • • • • • • Chapter E-610 
Elevators • • • • • • • • • • • • • • • • • • • • • • • • • •• OhapterE-620 
Garages, Aircraft Hangars, Gasoline Dispensing and Service Stations, 

Bulk Storage Plants, Finishing Processes and Flammable Anesthetics • • 
Chapters E-511, E-513, E-514, E-515, E-516 and E-517 

Hazardous Locations • • • • • • • • • • • • • • • • • • • • Chapters E-500-E-503 
Machine Tools • • • • • • • • • • • • • • • • • • • • • • • • • • • Chapter E-670 
Motion-ptcture Projectors •••••••••••••••••••• E-540.12, E-540.17 
Motion-picture Studios • • • • • • • • • • . • • • • • • • • • • • • Chapter E-530 
Organ.a • • • • • • • • • • • • • • • • • • • • • • • • .. • • • • • • • • E~50 .03 
Resistors and Reactors • • • • • • • • • • • • • • • • • • • • • • • Chapter E-470 
Theaters • • • . • • • • • • • • . • • • • • • • • • • • • • • • . • • • .E·-520 .48 
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~-L~3o.oo6. Current-Ca;r:rD,~ Ca~,Qity D~Ij],j.nat~on • 
. . · •. . . 

Current-carrying capacities sh~ll be detennin~d as follows: 

(1) Gene ml MotQr Agplicati.9.M• Except as noted in E-430.006 (2), whenever the 

current rating of a motor is used to determine ~he current-carrying capacity of 
. •. ~ . . . . . . 

conductors, swi tcJ;ies, branch-circuit .ove~cu~e.nt ... ~evi,ces1· ... etc ., the values given in . . .~ . . , ,. . 

Tables E-430.147, E-430.148, E-430.149, and E-430.150, including notes, :shall be 

used instead of _actual c'lJ,rrent rating marked on the motor nameplate. Motor ri..mning 

overcurrent protection shall be based on the motor nameplate current rating. Whan 

a motor is marked in amperes, but. not horse·p:>wer, the· horsepower rating· shall be 

assumed to be that corresponding to .the value given in Tables -E-4JO.l47, E-4.30.148, 

E-430 .149, and E-430.150 interp:>lated if necessary. · 
' . .. 

(2) Sealed (Hennetic-Ty;w) Re.frlgera;Y.pn Comp:t:,~so;r MQt!;>rs. For sealed (her-

metic-type) ref:z;igera.tion compressor motors .the f~ll-load current marked on the 

nameplate for the compressor shall be used to detennine the curr€nt-carrying capac

ity of the bra.nch-circui t cond~ctor~ (see E-430.022 .and E-430.024), branch-circuit 

overcurrent protection, and motor~running overcurr.ent .protection. For motor con-
.. ' ...... 

trollers and disconnecting means., .see E-430.083, EiKception No.- .3, and E-430.110. 

~-430 ~007. Marking On MQj;ors ~ 

... (1) '. Usual Motor.Applj;eations. A motor. shall be provided with a nameplate show-

ing the maker's name, the rating in volts and amperes, including those of the secon

. dary if a . wou..rid:-rotor· type of motor, the normal full-load speed and the interval 

during which it can operate at full load starting· cold, before reaching its rated 

:temperature. The time interval shall be 5, 15, Jo, or 60 minutes, or continuous. 

A motor rated at 1/8 horsepower or larger shall have the horsepower rating·marked 

on the nameplate except that the motors of arc welders may be marked in amperes. A 

motor provided with a protective device integral with the motor, that complies with 

E-430.032(1) (b) or E-430.0J2(3} (b) shall be permanently marked "Thermal Protection". 

An altema.ting;.·current motor rated at i horsepower or larger, unless it is a poly

phase wound-rotor motor, shall have the nameplate marked with a code letter to show 
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its input in kilovolt-amperes with locked rotor, selected from Table E-430.007(2). 

(2) t.ocls;eg R.Q.tor.: In!li,QatinLQ.ode Letters. Code letters marked on motor name-

plates to show motor input with locked rotor shaJJ. be in accordance with Table 

i~.:..1+30 .oo7 (2). 

Table E-430.007 (2) • Locked Rotor Indicating Code Letters 

====·=-=-=·::::··=========·==-=-==:lit!:•'::::::::::::::::::::-==========·==-=~"== .. -=~~ 
Cbde 

Letter 
Kilovolt-Amperes 
per Ho rse:i;;ower 

with Lo eked Ro to 1.; 
__ ... ._,. ... a •L .. oilic ,,_...___ ______ .,_ _________ ...._. __ _._ __ ..._ _____ _,.__.._, ______ -

A • • • • • • • • • • • • • • • • • • • • • • • 0 
B • • • • • • • •••••••• • • • •••• • J.15 -

.3.14 
3.54 
J.99 
4.49 

c • 
D • 
E • 

• • . . .. . . . • • • • • • • • • • • • 3.55 -
• • • • • • • e e e • • I W • e • e • .. e • 4 eO 

• • • • • • • • • • • • • • • • • • • • • • 4.5 
F • . • • • • • • • • • • • • • • • ~ • • • • • 5.0 
G • • • • • • • • • • • • • • • • • • • • • • • 5.6 
H • • • • • • • • • • • • • • • • • • • • • • • 6.3 
J • • • • • • • • • • • • • • • • • • • • • • • 7 .1 
K • • • • • '• • ~ • • • • • • • • • • • • • • • 8 .o 
L • • • • • • • • • • • . • • • • • • • • • • • 9 .Q 
M • • • •. • • • • • • • • • • • • • • • • • • • 10.0 
N • • • • • • • • • • • • • • • • • , • • • • • 11.2 
p • • • • . • • • • • • • • • • • • • • • • • • 12. 5 
R • • • • • • • • • • • • • • • • • • • • • • • 14 .Q 
s . . . . . . . • . . . . . ' . . . . . . . . . . 16 .o 
T , . • . • • . • • • • • • • • • • • • • • • • 18 .o 
u • • • • • • • • • • • • • • • • • • • • • • • 20. 0 
v . • . .•..••.•..•••••.•••• 22.4 

- 4.99 
5.59 
6.29 
7.09 
7.99 
s.99 
9.99 

- 11.19 
- 12.49 
- 1.3°99 
- 15°99 
- 17.99 
- 19°99 

22.39 
- arid up 

Note 1. The above table is an adopted standard of the National Elect.ti.cal Manu--

facturers Association. 

Note 2. The code letter indicating motor. input with locked rotor must be in 

an individual block on the nameplate, properly designated. This code lett.er is to 

be used for deter.mining branch-circuit overcurrent protection by reference to Table 

E-430.152, as proVided in E-430.052. 

(3) SelU,~d (fte.!1!,etj.c; .. T,ni~fr.i.ge;ration Comnressor Motors_. Sealed (hem.etic

type) refrigeration compressors shall be provided with a nameplate which shall give 

the manufacturer's name; the phase, voltage, frequency, and the full load current in 
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amperes of the motor (operating current when the compressor is delivering rated out-· 

put). The locked-rotor current of single-phase motoi·s having full load currents in 

amperes of more than 9 amperes at 115 volts and more than 4.5 ampe:res at 230 volts 

and e.11 polyphase motors shall also be marked 011 the nameplate. When a protective 

device integral with a motor is used (see E-430~032), the nameplate shall be marked 

with the words 11 Ther.mal Protection 11 • 

]L-iJQ.i...Q.QBA-Mar.ki.u~ C o.ui.mllE::rG,. 

A controller shall be marked with the makert s name or identification, the vol-

tage, the current or horsepower rating, and such other data as ma.y be needed to 

properly indicate the motors for wh:'i.ch it is suitable. 

Note: Where a controller is bu:i.lt in as an integral part of a motor or of a 

motor··generator set, the controller need not be individually marked when the nee-

essary data is on the motor nameplate. 

Tenninals of motors and controller·s shall be suitably marked or colored where 

necessary to ind:tcate the proper connections. 

Enclosures for controllers and disconnecting means for motors shall not be 
auxiliary gutters . , - ·· - · · · 

used as J
0 unction boxes. ·/ or- r' ··\- for conductors feeding throu:zh or 

- ·' M~~ . ~ 

tapping o:(f to other apparatus unless designs are employed which proviCl.e adequate 

space for this purpose. 

Ew4JQ.&l:J.~~s·t_Liguiq§_~ 
\ 

\Suitable guards or enclosures shall be provided to protect exposed current

carrying parts of motors and the insulation of motor leads where installed directly 

under 'equipment, or in other locations where dripping or spraying oil, water, or 
\ 

other injurious liquid may occur, unless the motor is designed for the existing 

"'· \ " \ 

conditions. 

Motor terminal housings shall be of ample size to properly make connections 

'/ 
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and shall be of substantial metal construction. 

~-·Lt.jQ .o ~-.Ji'Y:§hi.ng§..!. 

Soft-rubber bushings used to protect lead Wires where they pass through the 

frame of a motor shall not 1::e eJ(:posed to oils, grease, oily vapors, or other sub

stances having a deleterious effect on rubber• 

:Note: For conductors, see E-.310.07. 

~!--4~0J.l~. LQ~i.Qn. Q.f..M.Q]ors .• 

(1) V~nU.latiora,..ang Maintena!i~· Motors shall be located so that adequate 

ventilation is provided and so that maintenance such as lubrication of bearings aud 

replacing of brushes can be readily accomplished. 

(2) Q.uen. ~fo'to:r§.. Open motors having commutators or collector rings shall be 

located or protected so that sparks cannot reach adjacent combustible material. 'Ihis 

does not prohibit the installation of these motors on wooden floors or supp:>rts .• 

.m:-L..jO. 016. _Qve :rhea t:i,rnr l!:Qllt..1>~.Asruam.JJ.J.a ti on~· 

In locations where dust or flying material will collect on or in motors in. such 

quantities as to seriously interfere with the ventilation or cooling of motol.·s, a~d .. 

·thereby cause dangerous temperatures, suitable types of enclosed motors which will 

not overheat under the prevailing conditions, shall be used. E'specially severe con

ditions may require the use of enclosed pipe ventilated motors, or enclorure in 

separate dust-tight rooms, properly ventilated from a source of clean air. 

B. Motor Oircui t Conductors 

E-430~og1. Genf:lral. 

The provisions of Part B specify sizes of conductors capable of carr,ying the 

motor current without overheating under the conditions specified. 

[::410.:.Q?.2. ~OOfJ Mo to .t. 

(1) Branch-circuit conductors supplying a single motor shall have a carrying 

capacity not less than 125 per cent of the motor full-load current rating. 

Note 1. Any motor application is considered to be for continuous duty unless 
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the nature of the apparatus which it drlves 'is :sucll that the motor Will not oper·-

ate continuously with load under any condition of use. 

Note 2. For long runs, it may be necessary in order to avoid excessive vol·~ 

tage drop, to use c~nduetors of sizes larger than the minimum sizes selected from 

·Tables E-310.12 to E-310 .15 inclusiv~. 

Note .3. See diagram -E-4.30 .001, and EXample No. 8, Chapter E~OO. 

Exception: Conductors for a motor used for short-time, intermittent, periodic, 

or var-ying duty may have a carrying capacity not less than the percentage of the 

motor nameplate current. rating as shown in Table E-430 .022 ( (1) Exception) tmless 

the admini~:t:rative ·authority grants special pennission for conductors of small-

er size. 

(2) The conductors. between a stationary motor rated one horsepower or less, 

and the separate terminal enclosures pennitted in E-430.145(2) may be smaller than 

No. 14 but not smaller than.No~ 18, .. p~vided thev .. h~ve m1 "':-r1•m+.-:-.p,:zor.i-:t~s -0c,;po.c-ii>j· 0;;:s~ 

spe~aried above. 

·Table· E•450 •022 ( (1) - Exception) 

-=-===·=· ·::::--:·=-=- -~:....,.==:;;:·-::-::.:;:, ·=-=-=-=-=-=-=. :::-::::=:--::::-==~ ... -If""...=.:..:.~---~:.._.·-~ 
Percentages of Nameplate 

Classification of Se.rv.ice 

Current Ra.ting 

5- . ·15-
. Minute . Minute 

Rated Rated 
Motor. Motor 

30 & 60-· -o;;:- -
Minute tinuous 

Rated ·Rated 
Motor _Motor . . . _________ .....,. ---··--~-..-----.._.,..,...____..__,__, ____ _.w·--~ 

Short-Time Duty 
Operating valves, raising or lowering :rolls , 
etc. . . . . . ~ . . • . . . . • . . . . . . . 

'Intermittent Duty 
Freight and passenger elevators, tool heads, 
pumps, drawbridges, turntables, single
operator arc welders for :manual welding, etc •• 

Periodic Duty 
Rolls, ore and coal-handling machines, .etc ••• 

V ar.ying Duty • • • • • • • • • • • • • • • • • • • 

110 

85 

85 
110 

120 

85 

90 
120 

150 

90* 

95 
150 

... 

140 

140 
200 

-~f'I'hi~ figure~l~o. applies fOf. OOUQ~~tors -which .supply a motor':'generato~-·~;:-

Operator arc welde~ wbicJ:i has a EQ per cent duty cycle rating. ___ __._.,,----~----,..·--·----------~---.,~~·-.-.-.. - ---,·-----~....__.., __ _,,_..._,... ___________ , _________ ------·, .... ~~ ...... __ ___ 
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E-~,JQ..p.2.J. Wound-Rotgr Secondarx. 

For continuous au·t;y the conductors connecting the secondary of a wound-rotor 

alternating-current motor to its controller shall have a carrying capacity which is 

not less than 125 per cent of the full-load secondary current of the motor. 

Exception: (1) For other than continuous duty, these conductors shall have 
'·'"l.. ~ .. ~ .... 

a carrying capacity, in per cent of full-load secondary current1 not less than that 

specified in Tabie E-430 .022 ( (1) - Exception) • 

(2) Where the secondary resistor is separate from the controller, the carcy ... 

ing capadity of the conductors between controller and resistor shall be not less 

than that given :ln Table E~4J0.023 (Exception). 

Tabie E-430.023 {Exception) 
-~ ... _____ __._......,._.....__ _____ , ___ ,, ___ , ___ , ________ _ ....... _. .. -~-<11-.--.---.. 
_.....__, ___ k·--~-...--..i..--· _________________ ___..._..__._., __ .. _ .. _ ... ~.......__---- ·-

Resistor Duty Classification 
Carrying Capacity of Wire in 

Per Cent of Full-Load 
Secondary Current 

---------,_.._~--~~- ---------------~---------- ... ~-
Light starting duty • • • • • • • • • • • • • • • • • • 
Heavy starting duty • • • • • • • • • • • • • • • • • • 
Extra heavy starting duty • • • • • • • • • • • • • • • 
Light intermittent duty •••••••••••••••• 
Medium intennittent duty • • • • • • • • • • • • • • • 
Heavy intermittent duty • • • • • • • • • • • • • • • • 
Continuous duty • • • • • • • • • • • • • • • • • • • • 

35 
45 
55 
65 
75 
85 

110 

---------- ------------------------·-.. ------'? 
-~-., ..... --· _.._._,,,_.....,,___. --------,------~-------··• ... - ........ ----

Conductors supplying two or more motors shall have a current-carrying capac;i. ty 

of not less than 125 per cent of the full-load current rating of the highest rated 

motor in the group plus tJ.le sum of the full-load current ratings of the remainder 

of the motors in the group. 

Note: See Example No. 8, Chapter f.-900. 

E-430.025. Combinatiop_Loa,Q. Conductors supplying a motor load, and in addition a 

lighting or appliance load as computed from Chapter E-220 and other applicable rules, 

shall have a current-carrying capacity sufficient for the l:ighting or appliance 

load plus the required capacity for the motor load determined in accordance with 
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E-430.024, or, for a .single motor, in accordance with E--430.022. 

];=QQ..026. ~~.Q~111W£l::E:a,Q]gx. 

Where a reduced heating of the conductors results from motors operating on quty

cycJ.e, inte:rmi ttently, or from all motors not operating at one ti~e the adnunis..; 

trative authority may grant pennission for feeder conductors to be of a capacity 

less than specified in E-430.024 and E-430 .025, provided the conductor is of 

sufficient carrying capacity for the maxi.mum load dete:rmined by the sizes and number 

of motors supplied and the character of their loads and duties. 

E=4J0.027~na£i~!i..Jd:i..th Mo]Rr~. 

For provisions covering conductors where capacitors are installed on motor cir

cuits, see E-460 .07, E-460 .08 and. E-460 .09 •. 

C • Motor Running Overcurrent (Overload) Protection 

.E:-430 .031. Gengral. 

The provisions of Part C specify overcurrent devices intended to protect the 

motors, the motor-control apparatus, and the branch-circuit conductors against ex

cessive heating due to motor overloads. 

(1) Overload in electrical apparatus is an operating overcurrent which, when 

it persists for a suffi.qient-1.ength of time, would cause damage or dangerous ove:r

- heil.!;ing,o.f the~apparatus. It does not include short-circuits or ground faults. 

(2) These provisions shall not 1:e interpreted as requiring overcurrent pro

tection where it might introduce additional or increased hazards as in the case of 

fire pumps (see NFPA Standard for Centrifugal Fire Pumps (No. 20)). 

£;-fi,30 .Q32. ContiDU.ous .]uty_Motors. 

(1) More Than O.n~rsepowe.;r. Each continuous duty motor rated more than one 

horsepower shall be protected against :running overcurrent ,by one of the following 

means: 

(a) A separate overcurrent device which is responsive to motor current. 

This device shall be rated or selected to trip at not more than 125 per cent of the 
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motor fuJ.1-1.oad current rating for sealed (hermetic-type) refrigeration compress0r 

motors and motors marked to have a temperature rise not over 4000, and at not mor~ 

than 115 per cent for all other types of motors. This value may be modified as 

permitted by E-430.034. 

(b) A thermal protector integral with the motor, approved for use with 

the motor which it protects on the basis that it will prevent dangerous overheat-

ing of the motor due to overload or failure to start. If the motor current inter~· 

rupting device is separate from the mo·~or and its control circuit is operated by 

a. protective device integral with the motor, it shall be so arranged that the open-

ing of the control circuit will result in interruption of current to the inotor. 

(c) For motors larger than 1500 horsepower, a protec,tive device employ-

ing embedded temperature detectors which cause current to the motor to be inter-

rupted when the motor attains a temperature rise greater than marked on the name~ 

plate in an ambient of 40°c • 

Note: Standardo for the application of embedded temperature detectors are 

given in the .flmerlcan Staxtdards for Hotating Machinery, ASA C-50 (.paragraph 3.080). 

(2) 9_:U...f.:....Hor{3~~-.Q.J:J.1e.§§..i.~Manu~~ §j;a~e.9:• Each continuous duty motor 

rated at one horsepower or less which is :.10t permanently installed, is manually 

started and :i.s within sight from the controller location, shall be considered as 

protected against overcurrent by the overcurrent device protecting the conductors 

of the branch circuit. T'nis branch circuit overcu:rrent device shall not be larger 

than that specified in Table E-430.146, except tm t any such motor may be used at 

125 volts or less on a branch circuit protected at 20 amperes. Any such motor · 

which is not in sight from the controller location shall be pn>tected as specified 

in E-1+30 .032 (3). Any motor rated at one horsepower or less which is permanently 
installed, shall be protected in accordance with E-430 .032 (3) • 

(3) Q.n~l:§SlllQ~..I~P.r_L~_,_,J,l.Q.:!;.Qlll.:;t,.tig_,all.Y~.2.ta~tt.eq! Any motor of one horse-

p:rwer or less which is started automatically shall be protected against overcurrer.t 

by the use of one of the following means: 
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(a) A separate overcurrent device which is responsive to moto:r current. 

'Ihis device shall be rated or selected to trip at not more thah 125 per cent of 

the motor full-load current rating for sealed (henneticM-type) refli.geration com- . 

pressor mo-tors and motors marked. to have a temperature J:ise not over 40oC, and at 

not more than 115 per cent for all other types of motors. This value may be modi· .. 

fied as pe:nnitted by E-430.034. 

(b) A thennal protector integral with the motor, approved for use with 

the motor which it protects on the basis that it will prevent dangerous overlleating 

of the motor du.e to overload or failure to start. Where the motor current inter

rupting device is separate from the motor and its control circuit is operated by a 

protective device integral with the motor, it shall be so arranged that the open-· 

ing of the contl:Ul circuit will result in interruption of current to the motor. 

(c) The motor shall be considered as being properly pl:Utected where it 

is part of an approved assembly which does not normally subject the motor to over

loads and which is also equipped with other safety controls (such as the safety 

combustion controls of a domestic oil buzner) which protect the motor against 

damage due to stalled rotor current. Where such protective equipment is used it 

shall be indicated on the nameplate of the assembly where it will be visible after 

installation. 

(d) 1. In case .the impedance of the motor t-d.ndings is suf.ficient to 

prevent overheating due to failure to start, the motor may be protected as speci

fied in E-430.032(2) for manually started motors. 

2. Many alternating-current motors of less than l/20 horsepower, 

such as clock motors, serl.es motors, etc., and also some larger motors such. as 

torque motors, come w.i.thin this classification. It does not include split-phase 

motors having automatic switches to disconnect the starting windings. 

(4) Jloynd-l.k>.t.S2.r~ru1tla.d.e§,• The secondary circuits of wound-ro'tor alter

nating-current motors, including conductors, contl:Ullers, resistors, etc., shall 

be considered as protected against overcurrent by the motor-running over-current 
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device. 

. ~ ' ' 

A motor used for a condition of service which is inherently short time,· inter·· 

mittentj periodic, or varying duty, as illustrated by Table E-430.022((1)-Excep

tion), is considered as protected against overcurrent by the branch-circuit over

current device, proVided the overcurrent protection does not exceed that specified 

in Tables E-430.152 and E-4.30.15.3. · 

Note: Any motor application is considered to be for continuous duty unless 

the nature of the apparatus which it drives is such that the motor cannot operate 

continuously with load under any condition of use. 

E-~430.034. -~:!U.2ll...Q,;r_9~tting o! l'.rg~ective Deyic~. 

(1) Where the values specified for motor-running overcurrent protection do not 

correspon<f to the standard sizes or ra-tings of fuses, non-adjustable circuit

bre~kers·, thennal cut-outs, then:nal relays, the heating elements ,of thermal trip 

motor switches, or p:>ssible settings of adjustable circuit-breake1·s adequate fo 

carry the load, the next 'higher size, rating, or setting rnay be used, but 'not 

higher than 140 per .. cent of the full-load current ·rating of sealed (hennetic-type) 

· ref:dgeration compressor motors and motors marked· to have a temperature rise :not 

over 4000, and not higher than 130 per cent of the full-load current rating for 

all other motors. '· 

(2) In case it is not shunted during the starting period of the motor (see ' 

E-430.035), the protective device .shall have su.fficient time delay to pennit the· 

lDOtor to start and accelerate ita,.load. " 

E=43Q .O~ ·-· §h..un.~irid&;d~ Sl~~~ngg • 

(1) In ·the case of a motor that is manually started (includ:i.ng starting with 

a magnetic starter haVing push-button control), the running overcurrent protection 

may oo shunted. o.r cut out of .¢ircui t during the starj:;~ng period of the motor, 

provided. the device. by which the 'CN ercurrent protection is shunted or cut out 
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cannot be left in the starting i:oei tion, and fuses or time-delay ci+:cuit-breakel"s 

rated or· set at not over 400 per cent of the full-load current of the motor, are 

so located in the circuit as to be operative during the starting period of the 

motor. 

(2) The motor-·rt.Uming overcurrent protection shall not be shunted or cut out 

during the starting period if the motor is automatically .started. 

E-WQ .03~.!- Fuses_:: !n_~~U.Q.ll,g~o.,t. 

Where fuses are used for motor-running protection, a fuse shall be inserted in 

each ungrounded conductor. 

Exception: A fuse shall also be inserted in a grounded conductor under the 

circumstances set forth in the note following Table E-430.037 for circuits supp

lied. by wye-delta or delta-wye connected transfonners. 

!::/i.3.Q.£Q 37. _IJevi,cOl!_QWx... Than Fuses - In Wh:i....£h.. Conductor. 

Where devices other than fuses are used for motor-running overload protection, 

Table E-4.30 .037 shall govern the minimum allowable number and location of over·, 

current units such as trip coils, relays, or thermal cutouts. 

~4 30. OJ.a_,_li1Jl!ll?.~.Q.~raductQ..t§...QpJmed l?,y~;m_ur_ren t Device. 

Motor~runn:i.ng protective devices, other. than fuses, thermal cutouts, or ther·

mal protectors, shall simultaneously open a sUfficient number of ungrounded con

ductors to interrupt current flow to the motor. 

:fil.::~Q.32. Motgr_Qont~r as Rupnj.11Jr. O~un:e:o.t rrotection. 

A motor co'.1troller may also serve as the running overcurrent device where the 

.number of overcurrent units complies with E-4J0.037 and where these 01 ercurrent 

units are opera·bive in both the starting and running position in ·the case of a 

direct-current motor, and in the running PJSition in the case of an alternating

current motor. When a non-automatic Jmtor controller serves as the running over

current device, i·t is recommended that all uhgro'Unded conductors be opened. 

\ 
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Table g-430.0.37 

---~--......-·,,....,_.,-..._..,._.,,~·~'It•·,.-. ..- ---r~c---......,_,, ..... _.-..._.,,.,,_,__-_..,,..,_,.~.,., ··~~,--.. .._.,,.._...,..,__ __ ..,.....,,, .. , __ ~'-iY<:TI .... __....".~-..._-... ,,, -~ _ .... ,, -· 
_..., "'""'· ,,,. • ..,.,,...,.., """ ...... ___..,..__ ..... ~__...-.-.. e::_,.,.._,..,..._ .. J ....... __.., ..... _ _..,, __ , ..... ,-.co, ,4.,.._,,,_..,.,.._..,,..,...k'.~~-··-.·. ~ .... 

Kind of Motor 

1-phase A.C. 
or n.c. 

l-pha.se A .c • 
or D.C. 

1-phase A.C. 
or D .c. 

2-phase A.O. 

2-phase A.O. 

2-phase A .c • 

2-phase A .C • 

.3-phase A .C • 

3-phase A .c. 

.3-phase A .c. 

.3-phase A ·C • 

Supply System 

2-wire, 1-phase A.c. or 
D .c • ungrounded 

2-wire, 1-phase A.O. or 
D .c . , one conductor 
grounded 

3-wire, 1-phase A.C. or 
D. C., grounded-neutral 

3-wire, 2-phase A.G., 
ungrounded 

J~wire, 2-phase A.O., one 
conductor grounded 

4-wire, 2-phase A.C. 
grt:>unded or ungrounded 

5-wire, 2-phase A.C., 
grounded-neutral or 
ungrounded 

3-wire, 3-phase A .c ., 
ungrounded 

3-wire, 3-phase A.C., one 
conductor grom1ded 

3-wire, 3-phase A.C • 
grounded-neutral 

4-wi re, 3-phase A .C • 
grounded-neutral or 
ungrounded 

Number and location of 
over-current , units, such 
as trip coils, relays or 

thermal cutouts 

1 in either conductor 

1 in ung1uunded conductor 

l in either ung:rounded 
conductor 

2, one in each phase 

2 in ungro.unded conductors 

2, one per phase in un
grounded conductors 

2, one per phase in any 
ungrounded phase wir 

i~2 in any 2 conductors 

*2 1!:1 ungrounded conductors 

*2 in any 2 conductors 

*2 in any 2 conductors 
except the neutral 

_________ ....._ _____ ..,_.,...._....___ .. ..,.,...,._~....._. --.......... ·---··~--.. ·---~·-""~-----~-........ ~ -... --.-
~----~....--~ .. ---.,.~ ---··r---..- -~-=--""; ...... ·--·- _,_,_,_. _.,...,.,-..-r;.v..,..,.-.,.,,_ ___ ....-._... .• ,,,.....--· 

*Note-: Three rt.m.ning overcurrent 'uni ts she:tJ:i be ··US-ed '1&1er-e three-pha'se motors 

are installed i-n isolated, inaccessible; '"or unattended·'locatiol'!S unless the motor 

is protected by other a.)?proved means-.• 

Thermal cutouts, thennal relays, and other devices for motor-running protec-

tio1: which are not capable of opening short-circuits, shall be protected by fuses 

\ 
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or circuit-breakers with ratings or settings of not over I+ times the rating of the 

motor for which they al'e designed, imless approved for group in.stallation,and 

marked to indicate the maximum size of fuse by which they im.1st be protected • 

. L -

E-~.30 .041 . ..._Mo tQ~....Qli~Q.£lJ.1!l.r2-.l Pur~<?.I?~ .. E I'.£l.1Ui£LQJ,.rgJJ.i t~.§.. -------
Overcurrent protection for mo·i:;ors used on general purpoGe branch ci:rcui ts as 

permitted in Chapter E~210, shall be provided as follows: 

(1) One or more motors without individual running over-current protection may 

be connected to general purpose branch-circuits only· where the J.imi ting conditions 

specified for each of two or more moto::.."S in E··4J0.053 (1) are complied wi. th. 

(2) Motors of larger ratings than specified in E-430 .053 (1) may be conuected 

to general y;urpose branch~circui ts only in case each motor is protected by running 

over-current protection seJ.ected to protect the motor as specified in E-430.032. 

Both the controller and the motor-rllnning oveTcurrent device shall be approved for 

group installation with the protective device of the branch circuit to which the 

motor is connected. See E~.430.053. 

(3) Where a motor is connected to a branch circuit by means of a plug and 

receptacle, and individual running overcurrent protection is omitted as provided 

in E-4.30.0l+J.: (1), the rating of the plug and receptacle shall not exceed 15 amperes 

at 125 volts or 10 amperes at 250 volts. Where individual overcurrent protection 

is required as provideo. in E-·4.30.041 (2) for a motor or motor-operated appliance 

provided with an attachrnent plug for attaching to the branch ci1~uit through a 

receptacle, the running over-current device shall be an integral part of the motor· 

or of the appliance. The rating of the plug and receptacle shall be assumed fo 

determine the rating of the circuit to which the motor may be connected, as pro-·· 

vided in Chapter E-210. 
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(4) The overcurreLt device protecting a branch circuit to which a motor or 

motor-operated appliance is connected shall have sufficient time delay to penn.1t 

the motor to start and accelerate its load. 
l' if->~~/ 

!-:4·10 '.~.__AutoYJi3.,.tj,~ RS1sj;arting. 

A motor-running protective device which can restart a motor automaticalJ.y 

after overeurre~1t tripping shall not be installed unless approved for use with the 

motor which it protects. A motor which can restart automatically after shutdown 

shall not be installed so that its automatic restarting can result in inju:i:y to 

persons. 

D. Motor-Branch-Circuit Short Circuit and 
Ground Fa.ult Protection 

The provisions of Part D specify overcurrent devices intended to protect the 

motor-branch-circuit conductors, the motor control apparatus, and the motors 

against overcurren t due to short-circuits or grounds. They are in addition to or 

amendatory 0£ the provisions of Chapter E-240. 

~43ik.~:_Rating,,£r~ $~t:lij.ng_J.'.Q.t_.~,clj, vitl\L~l.li9~A-P ;i.l:CJ!J!. 

The motor-b:ranch-circui t overcurrent device shall be capable of carrying the 

starting current of the motor. Overcurrent protection shall be considered as being 

obtained when this overcurrent device has a rating or setting not exceeding the 

values given ·in Table E-430.152 or E-430.153; provided that where the overcurrent 

protection specified in the Table is not sufficient for the starting current of the 

motor, it may be increased, but shaJl in no case exceed 400 per cent of the motor 

full-load current. 
Branch circui·t protective device re.tiµgs 

Note 1. / calculated on this basis are given in columns 4, 5, 6 

and 7 of Table E-430.)46. 

Note 2. See Diagram in E-430.00l, and Example No. 8, Chapter ~-·900. 

Two or more motors may be connected to the same branch circuit under the 

) 
j 
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following conditions: 

(1) Two or more motors each not exceeding one horsepower in rating and each 

having a full-load rated capacity not exceeding 6 amperes, may be used on a branch 

circuit protected at not more than 20 amperes at 125 volts or less, or 15 amperes 

at 600 volts or less. Individual running overcurrent protection is unnecessary 

for such motors unless required by the provisions of E-430.032. 

(2) Two or more motors of ru1y ratings, each having individual running over

current protection, may be connected to one branch circuit provided all of the 

following conditions are compJied with: 

(a) Each motor·-ru.nning overcurrent device must be approved for group 

installation. 

(b) Each motor controller must be approved for group installatfon. 

(c) The branch circuit must be protected by fuses having a rating e~ual 

to that specified in E-430.052 for the largest motor connected to the branch cir·· 

cui t plus an amount equal to the sum of the full load current ratings of all other 

motors com1ected to the circuit. 

(d) 'Ihe branch circuit fuses must not be larger than allowed by 

E-430 .040 for the thennal cutout or relay protecting the smallest motor of the 

group. 

(e) The conductors of any ·tap supplying a single motor need not have 

individual branch circuit protection, provided they comply with either of the 

following: (1) no conductor to the motor shall have a current-carr,ying capacity 

less than that of the branch circuit conductors, or (2) no conductor to the motor 

shall have a current-carxying capacity less than one-third that of the branch cir

cuit conductors, with a minirm.un in accordance with E-430.022; the conductors to 

the motor-running protective device being not more than 25 feet long and being pro

tected from physical damage. 
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Motor-branch-circuit overcurrent protection and mot or-running overcurrent pro~ 

tection may be combined in a single overcurrent device when the rating or setting 

of the device provides the running overcurrent protection specified in E-4.J0.032. 

E-430.02].. Overcurren:t.. bevicws - In Wh;i.sh_Q.q.rufilc~ 

Overcurrent devices shall comply with the provisions of E-240.J.l. 

Where fuses are used for motor-branch-circuit protection, the fuse-holders 
.accommodate 

shall not be of a smaller size than required to ~the fuses specified by 

Table E-430.)46. 

Exception: Where fuses having time delay appropriate for the starting c~arac-

teristics of· the motor are used, fuseholders of smaller size than specified in Table 

E-430.146 may be used. 

A circuit-breaker for motor-branch circuit protection shall have a continuous 

current rating of not less than ll5 per cent of the full load current rating of the 

motor. 

E-4.30.=Q?.£.. Feeder Taus in Inacc~€!sible L9cation. 

If the location of the connection of a tap to the feeder conductors is not 

accessible, the motor-branch-circuit overcurrent device may be placed where it ·will 

be accessible, provided the conductors between the tap and the overcu.rrent device 

have the same current""Carrying capacity as the feeder; or provided they have a 

current-carrying capacity of at least 1/3 ,that of the feeder and are not more than 

25 feet long (where feede1·s are at a greater elevation, this distance may be in-

Cl:l::!ased to 50 feet) and are protected from physical damage. 

J.ii.=ltJ0,.059. Se1!3_ct°t;i.Q..Q_Q.t.~Q~tProt.ective Devj.ce. 

In case the values for branch circuit pro~ective devices detennined by Table 

E-4.J0.152 or E-430.153 do not correspond to the standard sizes or ratings of fuses, 

non-adjustable circuit-breakers, or thennal devices, or possible settings of adjust-
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able circuit-breakers adequate to carry the load, the next higher size, rating or 

setting may be used. (See E-240.06 and E-.240.07 for Standard Ratings.) 

E. Motor-Feeder Short-Circuit and Ground Fault 
Protection 

The provisions of Part E specify overcurrent devices intended to protect 

feeder conductors supplying motors against overcurrents due to short-circuits or 

grounds • 

.ID=41Q.~.962. Rating q~ting - Motor Lo~. 

(1) A feeder which supplies a specific fixed motor load and con~isting of 

conductor sizes based on E-430.024 shall be provided with overcurrent protect~on 

which shall not be greater than the largest rating or setting of the branch~circui·t 

protective device, for any motor of the group (based on Tables E-430.152 and 

E-430.153), plus the sum of the full-load currents of the other motors of the group. 

Note 1. Where two or more motors of equal horsepower rating are the largest 

in the group, one of these motors should be considered as the largest for the above 

calculations. 

Note 2. Where two or more motors of a group must be started .simultaneously, 

it may be necessary to install larger feeder conductors and correspondingly larger 

ratings or settings of feeder overcurrent protection. 

Note 3. See Example 8, Chapter E-900. 

(2) For large capacity installations, where heavy capacity feede;rs are in

stalled to provide for future additions or changes, the feeder overcurrent p:rotec-

tion may be based on the rated current-carrying capacity of the feeder conductors. 

1'!::4 30. 06 3 • Ra ting ....Qr S e:tting - Po~ an.d_L.igb.t J:.,oads • 

Where a feeder supplies a motor load, and in addition a lighting or a lighting 

and appliance load, the feeder overcurrent protective device may have· a rating or 

setting sufficient to carry the lighting or the lighting and applian oo load as 
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detennined in accordance with Chaptel:'s E-210 and E-220 plus, for a single motor, 

the rating p:i:rmitted by E-430.052, and for two or more motors, the rating permitted 

by E-430.062. 

F• Motor-Control Circuits 

Part F contains modifications of the general requirements and applies to the 

particular conditions of motor control circuits. 

Note: Control Circuits (Definition) - The control circuit of a control appa

ratus oi· system is the circuit which does not carry the main load current, and by· 

means oi' which the electric signals directing the performance of the controller are 

transmitted. 

E-420 .072.. Overc11rre.l t ~tection. 

Conductors of control circuits shall be protected against overcurrent in 

accordance with E-240.05, Exception No. 5. 

Exception. Such conductors shall be considered as being properly protected by 

the branch-circuit overcurrent devices under any one of the following conditions: 

(1) _ .. Where tb:e.,rating or setting of the branch-circuit overcurrent device is 

not more than 500 per cent of the carrying capacity of the control-circuit con~ 

ductors. 

(2) Where the cont.rolled device and the point of control (start and stop 

buttons, pressure sw:i. tch, thermostatic switch, etc.) are both located on the same 

machine and the control circuit does not extend beyond the machine. 

(3) Where the opening of the control circuit would create a hazard; as for 

example, the control circuit of fire-pump motors,. and the like. 

E-430 .073. Mechanic.a.l Pmt~tion Q! Conduct.QJ:. 

Where damage to a control circuit would constitute a hazard, all conductors of 

such remote-control circuit shall be installed in a raceway or be otherwise suitably 

protected from physical damage outside the control device itself. 
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Note: It is reconnnended that control circuits be so arra,nged that ru.1 accident-

al ground will not start the motor. 

(1) Control circuits shall be so arranged that 'they will be disconnected from 

all sources of supply whex1 the disconnecting means is irn the open JlOSi tion. The 

disconnecting means may consist of two separate devices, one of which disconnects 

the motor and the con-troller from the source of :power supply for the motor, and the 

other, the c~ntrol circuit from its power supply. Where the two s\,'lpa.rate devices 

are used, they should be located i1mnediately adjacent one to the other. 

(2) Where a transformer or other device is used to obtain a reduced voltage 

for the control circuit and is located in ·the controller, such transfo11!ler or other 

device shall be connected to the load side of the disconnecting means for the con-

trol circuit. 

G. Motor Controllers 

~:if.:2.Q_.Q8L._G,~~L~ 

The pro'l.1isions of Part G are intended to require suitable controllers for all 

motors. 

(1) Definition. For definition of "Controller", see Chapter E-100. For the 

purpose of this Chapter, the tenn "Cont.roller11 includes any switch or device nor-

mally used to start and stop the motor. 

(2) .§.tatj.gna;cr.Jio.]..Q..LQ.t"'l/a HQ_:rsew...w~r or-1,~. For a stationary motor rated 

at 1/8 horsepower or less, that is normally left running and is so constructed that 

it cannot be damaged by overload or failure to start, such as clock motors and the 

like, the branch circuit overcurren t device may serve as the controller. 

(3) Portab~ !-1..Qtor .Qf 1/3 H_9rsepo}!~.t:..O.I' Less. For a portable motor rated at 

1/3 horsepower or less, the controller may be an attachment plug and receptacle. 

Jii-430 ._Q82~.911t;;:Q.:1J..&?.~-.lliisi_gu. 

(1) Q..Qntmlle~. Each controller shall be capable of starting and stopping 

the motor which it cont·rols~ and for an alternating-current motor shall be capable 
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of interrupting the stalled-rotor current of the motor. 

(2) Au;to::T.i;ani?fo..m.r. An auto-transfo.nner starter shall provide an off por:3j.-

tion, a ru.nning po si ti on, and. a:t; least. one starting po si "tion. It shall be so de

signed th~t ·it '.cannot res·t .. ;iJJ tb.e starting position, or in any position which will 
~.' ' . . . 

render inoperative the pvergµ;r:>rent protective device in the circuit. 

(3) Rheo~g. Rheostat:a shall conform to the following: 

(a) Iutem.al_Q.Qnnections• Motor-star.ting rheostats shall be so designed 

that the contact ann canno~·-b.e left on intermediate segments• The point or plate on 
.',;:·. 

which the ann rests when in•· the starting position shall have no electrical connec-

tion w;j_th the resistor. 

(b) 11),:\t}er-Vol.,"ll.?.~ .Release, Di1~ct-Cur~nt Mptors. Motor-starting rheo-

stats for direct-curr~nt mot ors shall be equipped with automatic devices which will 

interrllpt the supply: before the speed of the motor has fallen to less than one-third 

its normal value. 

.·! 
·, 

The controller shall have a horsepower rating, which shall not be lower than 

the horsepower rating of the motor, except as follows: 

Exception No. 1. 

Stationary Motor of 2 Horsepower or Less. ]'or a stationary motor 

rated at 2 horsepower or less, and 300 volts or less, the controller may be a gen-

eral-use switch having an ampere rating at least twice the full-load current rating 

·of the motor. On AC circuits, general use snap switches suitable only for use on 

. ' "· 

AO (not general use AC-IXJ snap switches) may be used to control a motor having a 

full-load current rating not exceeding SO per cent of the ampere rating of the 

switch. 

Exception No. 2. Circuit-Breaker as Controller. A branch-circuit oircui t

breaker, rated in amperes only, may be used as a controller. Where this circuit.:.; 

breaker -1.s also used for overcurrent protection, it shall conform to the appropriate 
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provisions of this Chapter governing overcurrent protection. 

Exception No, J. Sealed (Hermetic-type) Refrigeration Compressor Motors. The 

motor controller shall have both a continuous duty full-load current rating, and 

a locked-rotor current rating, not less than the nameplate full-load current and 

locked-rotor curJ:>ent, respectively, of the compressor. In case the motor controller 

is rated in horsepower, but is without one or both of the foregoing current ratings, 

equivalent currents shall oo determined from the rating as follows: Use Table 

E-430.J.49, E-Li.Jo.14.9, or E-4.30.150 to determine the equivalent full-load current 

rating. Use Table E-430.151 to determine the equivalent locked-rotor current 

rating. 

E-4.20. 084 ._ N e~<:!..]Q..t.-9~.n...!l.l"Q..QD.S.13&.'!m~ • 

Ji.!xcept when it serves also as a disconnecting means (see E-430.111), the con

troller need not open all conductors to the motor. 

E-430 &S 5. ItLQrnJJd~d Q qnducto rs. 

One pole of the controller may be placed in a permanently grounded conductor 

provided the controller is so designed ·!;hat the pole in the grounded conductor can

not be opened without simultaneously opening all conductors of the circuit. 

E-li:.:2.0..!-0S6. Motor N.Q.t._il"Lmh·t_fro11d~.on].rQller. 

Where a motor and the driven machinecy are not in sight from the controller 

location, the controller shall comply with one of the following conditions: 

(1) The controller or its disconnecting means is capable of being locked in 

the open position, unless special pennission is given by the administrative 

authorlty. 

(2) A manually-operable switch, which will prevent the starting of the motor, 

is placed within sight from the motor location. This switch may l:e placed in the 

control circuit of the magnetic controller. 

(3) As othel'lt{ise specified in Chapters E-500 to E-517 of this Code. 
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1--:.~0 ·1287 • . _.}lym:Q.~of. l10,t9,;c:@ ?..m.~~L..P.L~~ ch_Q.qpJ!n?J...le;::.. 

Each motor shall be provided with ~n individual co~troller. 

Exception: For motors of 600 volts or less a single ·controller may· serve a 

group of motors under any one of the following conditions: 

(1) Where a numper of motors d:tive several parts of a single :machine or piece 

of apparatus such as .metal and wood-working machines, cranes, hoists, and similar 

apparatus. 

(2) Where a group of motors is under the protection of one overcurrent device 

as permitted in E-4.30.053(1). 

(3) Where a group of motors is located in a single room within sight from the 

controller location. 

!=k20 ~.oaa.~~-MiU.§..t~-§~-4-. ijotor§. 

Adjustable-speed motors that are controlled by means of field regulation shall 

be so equipped and connected that they cannot be started under weakened field, .un

less the motor is designed for such starting. 

lCli:20 • .Q.82.:_.S~...eQ...bf.fl)j.~taji_o..n. 

Machines of the following types shall be provided with speed limiting devices. 

(1) Separately-excited direct-current motors. 

(2) . Series motors. 

(.3) Motor-generators and converters wh:io h can be driven at excessive speed. 

f :rom the direct~·current end, as by a reversal of current or decrease in load. 

Exception No. 1. Unless the inherent characteristics of the machin~s, the 

system, or the load and the mechanical connection' thereto, are such as to safely 

limit the speed. 

Exception No. 2. Unless the machine is always \mder the manual control of a 

qualified operator. 

E::~Ji.10_.990. ·~· .Q.Qm'Q;i.~*Qn .. fla.s.e.b.Ql.d,~;;.,,And §.wiJ:i~,,.c 011:ti'o~· 

The rating of a combination fuseholder and switch used as a mv.tor-controller 
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shall be such that the fuseholder will accomm:>date the size of fuse specified in 

Table E-4.30 .146, i'or motor-running overcurrent protection. 

Exception: Where fuses having time delay appropriate for the starting charac

teristics of the rooter are used, fuseholders of smaller size than specified in Table 

E-4.30.146 may be used. 

H. Disconnecting Means 

E-430 .101. General. 

The provisions of Part H are intended to require disconnecting means <;:a:pible 

of disconnecting motors and controllers from the circuit. 

Note: See Diagram E-430.001. 

g:;-,4~02. . Inj)~t tmm Cq_ntro1J&.L.1oca;tj.on.... 

The disconnecting means shall be located in si@t from the controller location 

or be arranged to be locked in the open i:osition. 

~.103. To Disconnect Bo1£ li2tor and ControlJ,er. 

The disconnecting means shall disconnect both the motor and the controller 

from all ungrounded supply conductors. The disconnecting means may be in the same 

enclosure with the controller. 

E,:-liJQ.104. To Be Ing;i.cating. 

The disconnecting means shall plainly indicate whether it is in the open or 

clesed r.osi tion. 

l=ii:.30 .lQ5~_G:rounded Conductors. 

One i:ole •f the disconnecting means may disconnect a pennanently grounded con

ducto r1 p:rovided the disconnecting means is so designed tr.at the r.ole in the 

g:rounded conductor cannot be opened without simuJ.taneousJ.y disconnecting all con

ductors of the circuit. 

~:ii:.3Q~06. Service Switch a,§ Disconniz.Qting Mean§. 

Where an installation consis.ts of a single motor, the sezvice switch may serve 

as the disconnecting means, provided it confom.s to the requirements of this Chap

ter, and is within sight from the controller location or is arranged to be looked 
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in an open rnsition. 

E-410 .lQ.7, Readily Agcessi'bJ a. 

The disconnecting means shall be readi].y accessible. . 

~::$30 .108. Ever;y Sw;i. tch. : 

~ye :cy switch in t~e motor branch circuit within sight from the controller 

location shall comp].y with the requirements of Part H. 

E-il:),lOQ. fype. 

The disconnecting means shall be a motor-circuit switch, rated in horse

rower, or a circuit-breaker, except as permitted in E-430.109(1), (2), (.3)., · (4); 

or (5). 

(1) One-EiQ"hth Hoi:.semxre.1' or Le§.§• For stationary motors of 1/8 horsep>wer 

or less, the branch-circuit overcurrent device nia.y serve as the disconnecting 

means. 

(2) Two Horsemwer or 'Jrless. 

For stationary motors rated at ~2 horsetnwer or less and 300 volts or 

less, the disconnecting means may be a general-use sw.i.tch.having an ampere rating 

not .less than twice the·.fUl.1-load current rating of the motor. On AC. circuits, 

general use snap switches suitable on].y for use on AC (not general use AC-DC snap 
-

switches) may be used to disconnect a motor having a fU.11-load current. rating not 

exceeding 80 per cent of the ampere rating of the switch. .. 
(3) Qxe:c TllQ li,orseoower to and Including 5Q Horsepow~. 'Ihe separate dis-

connecting means required for a motor with an auto-transformer type of controller 
~ 

may be a general-use switch where all of .the following provisions are complied 

With: 

(a) The motor drives a generator which is provided with overcurrent 

protection. 

(b) The controller (1. ii;J capable of interrupting the ~talled-rotor 
.. "· 

current of the motor, 2. is provided with a no-voltage release, and J. is pro

vided with running-overcull:'r~t. protection not exceeding 125 per ~ent of ,the in.otor 
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full-load current rating. 

(c) Separate fuses o:r. a circui t·-breaker, rated or set at not more than 

150 per cent of the motor full-load current, are provided in the motor branch cir-

cuit. 

(4) Exceedj,ng 50 .H.Q.rsem.'~l'.· 

(a) For stationary mo·tors rated at more than 50 horsepower, the dis-

connecting means may be a motor-circuit switch also rated in amperes, a general-

use switch, or an isolating switch. 

(b) Isolation switches for motors exceeding 50 horsepower, not capable 

of interrupting stalled-rotor currents, shall be plainly marked "Do not open under 

load". 

(5) PortabJe MQ!oD• For portable motors an attachment plug and receptacle 
I 

may serve a~ the disconnecting means. 

E-4;0.110, Caruinfr Ca_m,city__and Interru:Q:tin'1' Capacj.t;y. 

(l) The disconnecting means shall have a carrying capacity of at least 115 

per cent of the current rating of the motor as determined from Tables E-430.147, 

E-430.J.4B, E-430.149, and E-430.150. 

(2) The disconnecting means for sealed (hermetic-type) refrigeration com

pressors shall be selected on the basis of the nameplate full-load current and 

loe~ed-rotor current respectively of the compressor motor as follows: 

{a) The ca.rrying capacity shall be at least 115 per cent of the nameplate 

full-load current. 

(b) To determine the equivalent horsepower in com.plying With the require

ments of E-430.109, select the ):lorsepower rating from Tables E-430.148, E-430.149, 

and E-430.150 corresponding to the fUll-load current, and also the horsepower rat

ing from Table E-430.151 corresponding to the locked-rotor current. In case the 

nameplate full-load current and locked-rotor current do not correspond to the cur-

rents shown in Tables E-430.148, E-430.149, and E-430.150, respectively, the horse-

power ra:ting corresponding to the next higher value shall be selected. In case two 
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different horsepower ratings are obtained when applying Tables E-430.:148, E-430.149, 

a.11d E-430.1.50 and Table E-430.1.51, a horsepower rating at least equal to the larger 

of the two values obtained shall ~ selected. 

~Q..JJ.l:.._§Xli;~_QP.. •. QA. Qj;rcui t"·~ I1il~~~- as Both..Q on~ roller ~.~;!,P.conr~.9-~i.ng]'!~w~. 

(1) A switch or circuit:...breaker complying with the provisions of E-l~J0.003 

may serve as both controller and disconnecting means provided it opens all un

grounded conductors to the motor, is protected by an overcurrent device (which may 

be the branch circuit fuses) which opens all ungrounded conductors to the switch 

or circuit-breaker, and is of one of the following types: 

(a) An air-break switch, operable directly by applying the hand to a 

lever or handle. 

(b) A circuit-breaker operable directly :tu applying the hand to a lever 

or handle. 

(c) An oil switch used on a circuit whose rating does not exceed 600 

volts or 100 amperes, or by special permission on a circUi t exceeding this capacity 

where under expert supervision. 

(2) The oil switch or circuit-breaker specified a love may be both power and 

manually operable. If power operable, provision should be made to lock it in the 

open position. 

(3) The overcurrent device protecting the controller may be part of the con

troller assembly or may be separate. 

(4) An autotransformer type of controller is not included above and will re-

quire a separate disconnecting means. 

l!!.-4JO.W....:. liotors Serv~d b~ a Single Disconnecting Me~~· 

(1) Each motor shall be provided with individual disconnecting means. 

Exception: For motors of 600 volts or less a single disconnecting means may 

serve a group of motors under any one of the following conditions: 

(a) Where a number of motors drive several parts of a single machine or 

piece of apparatus such as metal and woodworking machines, cranes, and hoists. 
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(b) Where a group of motors is under the protection of one set of over

current deVices as permitted by E-430.053(1). 

(c) Where a group of motors is in a single room within sight from the 

location of the disconned:;ing means. 

(2} The disconnecting means shall have a rating not less than is required by 

E-430.109 for a single motor the rating of which equals the sum of the horsepowers 

or currents of all the motors of the group. 

J. Requirements for Over 600 Volts 

&..420. lfr.J...:.. G;~ne~. 

The p:roVisions of Part J recognize the additional hazard due to the use of 

high voltage. They are in addition to or amendatory of the other provisions of 

this chapter. Other requirements for circuits and .equipment operating at more than 

600 volts are in Chapter E-710. 

E~J.Q.l?b.. ... Mo:r~.-T!tan 7500 V.Qlts • 

. Motors operating at more than 7500 vtilts between conductors shall .be installed 

in fire-resistant motor rooms. 

E~)Q.:.12.l:,~_M.Q,t..QI:. Running Overcurren t (Ov~.rloas!l...Prntectio.n .• 

Running overcurrent protection for a motor of over 600 volts shall consist 

either of a circuit-breaker, or of overcurrent units integral with the controller 

which shall simultaneously open all ungrotU1ded conductors to the motor. The over

current device shall have a setting as specified elsewhere in this Chapter for 

motor-running overcurrent (overload) protection. 

kQQ.!-124 • .§UQ.n-Circµj.t and Ground Fault Prcrbe9j;_;l. .. ~m. 

Each motor branch cil·cuit and feeder of more than 600 volts shall te protected 

against overcurrent by one of the following means: 

(1) A circuit-breaker of suitable rating so arranged tJ:.a t it can be serviced 

without hazard. 

(2) Fuses of the oil-filled or other .suitable type. Fuses shall be used with 

suitable disconnecting means or they shall be of a type which can also serve as the 
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disconnecting means. They shall be so arranged that they cannot be re·~fused or 

replaced while they are energized. 

(3) · Differential protection may be employed to protect an alter.i.1ating-cur-.cent 

motor, the motor control apparatus, and the branch-circuit conductors against over

current due to short circuits or grounds. When all these elements are included. 

within the protected zone of a differential protective system, the ratings or 

settings specified in E-430.052 do not apply. 

Note l. A differential· protective system is a combination of two or more sets 

of current transformers and a relay or relays energized from their interconnected 

secondaries. The prima:ties ·of the current transformers are connected on both sides 

of the equipment to be prl>t~cted, bo-th ends of the motor ptlase windings being 

brought out for this purpose. All of the apparatus and circuits included between 

·t;he sets of current transformers primaries constitute the prot13cted zone. The 

curre~it transformer secondaries and the relay elements are so interco1mected that 

the relay elements respond only to a predetennined difference between the currents 

entering and leaving the protected zone. When actuated, the relay or relays serve 

to trip the ·branch-circuit circuit breaker, thus disconnecting the motor, control: 

apparatus in the motor circuit and the branch-circuit conductors from the_.,-souxce 
. . 

Of power and, in the Case Of a synchronous motor, de-energizing its field circuit. 

The circuit-breaker or the fuses specified in E-:430 .124 may constitute the dis:

connecting means if they conform to 'the oth~r applicable requirements of this Chap-

ter. 

K. Protection of Live Parts - All Voltages 

E-!tJO • .131. G~rui..r..?.J.:. 

The provisions of Part K specify that live parts shall be protected in a manner 

judgedcadequate to the hazard involved. 
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E-!JJo.m~_.Jil)..§re.~ggj.reQ,.!. 

Exp:>sed live parts of motors and controllers operat,ing at 50 volts or more be

tween terminals, shall be guarded against accidental contact by enclosure, or by 

location as follows: 

(1) By installation in a room or enclosure which is accessible only to 

qualified persons; 

(2) By in.stallation on a suitable balcony, gallery or platform, so elevated 

and arranged as to exclude unqualified persons; 

(3) By elevation $ feet or more above the floor; 

(4) So that it will be protected by a guard rail when the motor operates at 

600 volts or less. 

Exception: Stationary motors having commutators, collectors and brush rigging 

located inside of motor end brackets and not conductively connected to supply cir-

cuits operating at more than 150 volts to ground. 

Where the live parts of motors or controllers operating at more than 150 volts 

to·ground are guarded against accidental contact only bi location as specified in 
.. 

E-430.132, and where adjustment or other attendt;i.nce may be necessary during the 

operation of the apparatus, suitable insulating mats orplatforms shall be provided 

so that the attendant cannot readily touch live parts tmless standing on the rr:ats 

or platforms. Where necessacy, steps and hand-rails should be installed on or 
. . 

about large machines to afford safe access to parts which must be examined or ad-

justed during operation. 

L. Grounding 

£-:-~Ul • Ci.~P.fil'al. 

The provisions of Part L specify the grounding of motor and controlle; frames 

to prevent a p:>tential abJve ground in the event of accidental contact between live 

parts and frames. Insulation., isofation,. or guarding are suitable alternatives to 
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grou..11ding of motors under certain conditions. 

~-~t_g]j,.Q..!f.~:t.":1t.Motp_m. 

· (1) The frames of stationa:cy motors ·.shall be grounded where any of the follow

ing conditions exist: 

ground. 

(a) 

(b) 

(c) 

(d) 

supplied by means of metal-clad wirinct. 
0 

located in a wet place and not ~solated nor guarded• 

in a ha~ardous location. (See Chapters E-·500 to E-517 inclusive.) 

the motor operates with any tenninal at more than 150 volts to 

(2) Grounding of the motor frame is preferable, but where the frame of the 

motor is not grounded, it shall be permanently and effectively insulated from the 

ground. 

The frames of portable motors which operate at more than 150 volts to ground 

shall be guarded or grounded. See E-250.045(4) on grounding of portable appliances 

in other than residential occupancies. 

Note 1. It is recommended that the frames of motors which operate at less 

than 150 volts to ground be grounded where this can be readily accomplished. 

Note 2. See E~250.059(2) for color of grounding conductor. 

E-430.144. Controllers. 

Controller oases, except those attached to ungroundei portable equipment and .;;-\' .. 

except the lined covers of snap switches, shaJl be grounded regardless of voltage. 

E-4JQ.J45. Method of Gmunding,. 

Grounding where required shaJl be done in the manner specified in Chapter 

E-250. 

(1) Groun.di,ng Th;mugh Tennina 1, Houe~. Where the wiring to fixed motors 

is in armored cable or metal raceways, junction boxes to house motor terminals 

shall be provided, and the annor of the cable or the metal raceways shall be con-
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nected to them in the manner specified in Chapter E-250. 

(2) Sepgr(;ltion of Jun~t:i,on .• Box from Motor. The junction box required by 
·-

E-430,J.45(1) may be separated fzcm the motor not more than 6 feet proVided the 

leads to the motor are armored cable or armored cord or are stranded leads en-

closed in flexible or rigid conduit or electrical metallic tubing not smaller than 

3/S .inch electrical trade size,· the armor or raceway.b~ing connected both to the 

mo~or and to the box. Whe~e stranded leads are used1 protected as specified above, 

they shall not be larger than Ne. 10, and shall comply with other requirements of 

the code for conductors to be used in raceways • 

. . 
' 
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Table E-430.}46. OvercuITent Protection for Motors 
(See Tables E-430.152 and E-430.153) 

Th.ese values are in accordance With E-430.006, E-430.022, E-430.032, E-430.034, E-430.052, E-430.059, except as 
follows: The cuITent. values in Column 1 are to be taken from Tables E-430.147 through E-430.150, including footnotes, 
but the values shown for running protection in Columns 2 and 3 must be modified if nameplate full load current values 
are different, as provided in E-430.006. The current values shown in Columns 2 and 3 must be re~uced by 8 per· cent for 
all motors other than open type motors marked to have a temperature rise of not over 40°C. as required by E-430~032. 
For certain exceptions to the values in Columns 4, 5, 6, and 7, see E-430.052 and E-430.059· See E-430.053 for values 
to be used for several motors on one branch circuit. For running protection of motors, see E-430.032. For setting of 
motor-branch-circuit protective devices, see Tables in E-430.152 and E-430.153. For grouping of small motors under the 
protection of a single set of fuses, see E-430.053. 

Col. No. 1 

Full load 
current 

. · rating of 
motor 

amperes 

2 3 

or Running Protection 
of Motors 

Maximum Maximum 
rating of setting 

nonadjust- of ad-
. able pro- justable 
tective protec-
devices. tive de

vices. 

4 5 6 7 

Maximum Allowable Rating or Setting of Branch Circuit Protective Devices 

With Code Letters 
Single phase, 
squirrel cage and 
synchronous. Full 
voltage, resistor 
or reactor starting, 
Code letters F to V 
inclusive. 

Without Code Letters 
Same as above. 

With Code Letters ~ 
ingle phase, squirr 

'el cage and synch~. 
ull voltage," resis

r or reactor start, 
ode letters B to E 

· nc lusi ve. Auto 
ransfonner start, 
ode letters F to V 
nclusive. 

i thout Code Letters 
(Not more than 30 

Amperes) squirrel 
cage and synchron
ous, auto trans
former start, high 

. reactance squi ITe 1 
f cage.* 

With Code Letters 
SquiITel cage and 
synchronous auto 
transformer start, 
Code letters B to 
E inclusive. 

ithout Code Letters 
More than 30 amp

!eres) squirrel cage 
land synchronous auto 

ransformer start, 
igh reactance 

squi rre 1 cage.* 

I-With Code Letters 
All motors code 
letter A. 

Without Code Letters 
DC and wound rotor 

motors. 

:.; 
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Col. No. 1 2 3 4 5 6 7 

Circuit Circuit Circuit Circuit 
Breakers Breakers Breakers Breakers 
(Non-adjust- (Non-adjust- (Non-adjust- (Non-adjust-
able Over- able Over- able Over- able Over-

Amperes Amperes Fuses load Trip) Fuses load Tiip) Fuses load Trip) Fuses load Trip) 

- ~_____..... 

1 2 2.25 15 15 15 15 15 15 15 15 
2 3 2.50 15 15 15 15 15 15 15 15 
3 4 J.75 15 15 15 15 15 15 15 15 
4 6 2.0 15 15 15 15 15 15 j5 l.5 
5 8 6.25 15 15 15 15 15 15 15 15 
6 8 7.50 20 15 15 15 15 15 15 15 
7 lO s.75 25 20 20 15 15 15 15 15 
s 10 10.Q 25 20 -- 20 20 20 20 15 15 

*See note at end of table. 

--·----· ---- ·- ......_..,_.--...- ___ , ___ _ 
9 12 11.25 30 30 25 20 20 20 15 15 

10 15 12.50 30 30 25 20 20 20 15 15 
11 15 13.75 35 30 30 30 25 30 20 20 
l2 15 15.oo 40 30 30 30 25 10 20 20 
13 20 16.25 40 40 35 30 30 30 20 20 
14 20 17.50 45 40 35 30 30 30 25 30 
15 20 18.75 45 40 40 30 30 30 25 30 
16 20 20.00 50 40 40, 40 35 40 25 30 
17 25 21.25 60 50 - 45 40 35 40 30 30 
18 25 22.50 60 50 45 40 40 40 30 30 
19 25 23.75 60 50 50 40 40 40 30 30 
20 25 25.00 60 50 50 40 40 40 30 JO 
22 30 27.50 70 70 60 50 45 50 . 35 40 
24 30 30.00 80 70 60 50 50 50 40 40 
26 35 32.50 80 70 70 70 60 70 40 40 

,. ....... +.~,, ... ;! -~-- ~ _ 35.oo 20 ?o 70 7o 60 7o 45 50 
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Col. No • l I 2 3 I ' 4 ! 5 I 6 I . 
30 40 37. 50 90 ,:,·:.·· . 100 80 70 60 70 45 50 

. 7 

32 40 40.00 100 100 80 70 70 70 50 5b 
"- 34 45 " 42.50 no 100 90 7o 70 7o 60 7b 

J6 45 45.00_ llO JOO 20 100 80. - - · · 100 · 60 70 
38 50 . 41.50 125 100· 100 100 80 100 60 70 
40 . . 50 . 50.00 125 100 100 100 80 100 60 70 
42 . 50 52. 50 125 125 110 100 90 100 70 70 
44 60 55 .oo 125 125 110 100 20 ioo 10 · · · 70 

..... I 

46 60 57.50 150 125 125 100 100 100 70 70 
48 .. ;~ : 60 60.00 150 125 125 100 100 100 80 100 ~., 

50' 60 62. 50 150 125 125 100 100 100 80 100 
52 - , 70 62 • .Q.Q_ 175 150 15.Q __ 122 no 125 $9 100 ~ I 

54 .. - 70 67. 50 175 150" 150 · 125 110 125 90 100 
56 70 70.00 175 ·150 150 125 125 125 90 100 
58 70 72. 50 175 150 150 . 125 125 125 9b 100 
Qo . ·- 80 .• 15.00 200 150 _ JjO 125 125 125 90 · 100 
62 .. ,. 80 77 .50 200 175 175 125 125 125 100 100 ... 
64 80 80.00 200 175 175 150 150 150 100 100 
66 80 82.50 200 175 175.. 150 150 . 150 100 100 
68 _9_0 · .. 8j.OO 225 175' l,75 150 150 150_ . 110 12!> 
10 · · 90 s7.5o 225 175 175 150 150 150 no 125 
72 90 90. 00 225 200 200 150 150 150 110 125 

,. 

74 90 92.50 225 200 200 150 150 150 125 125 ·-
. 76 · 100 95.00 250 200_ 200 175 175 175 125 122 

78 100 97.50 250 200 200 175 175 175 125 125 
80 100 100.00. . 250 200 200 175 175 175 125 125 
82 110 102.50 250 225·- 225 175 175 175 125 J25 
84 110 105.00 - 250 225_ 225 175 175 175 159 150 
86 110 107.50 300 225 225 175 175 175 150 150 
S8 110 110.00 300 225 225 200 200 200 150 150 
90 110 112.50 300 225 225 200 200 200 150 150 
92 J..g5_,_ll5.00 _300 220 250 200 - 200 200 150 150 
94 125 . 117. 50 300 250- - 250. 200 200 200 150 150 
96 . 125 120. 00 300 250.. 250 200 200 200 150 150 
98 125 122.50 300 250 250 200 200 200 150 150 

1?0 . . --· 135 . 125.00 _ 300 250 _ . 250 200 200 - 200 150 150 
Continued next page.- -

\ 
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Go 1. No. 1 I 2 3 4 5 6 7 

105 150 131.50 350 JOO 300 225 225 225 I 175 175 
110 150 137.50 350 300 300 225 225 225 175 175 
115 150 J44.00 350 3CO 300 250 250 250 175 175 
120 150 150.00 !+S)O • ~00 . 300 250 __ .,__ ... _g.5.0 . 250 200 200 
125 175 156.50 400 350 350 250 250 250 200 200 
130 175 162.50 400 350 350 300 300 300 200 200 
135 175 169.00 450 350 350 300· 300 300 225 225 
140 175_ 172.00 n - 450 250 -- 350 300 _300 300 _ 225 22,.2 
145 200 181.50 450 400 400 300 300 300 225 225 
150 200 1$7.50 450 400 400 300 JOO 300 22$ 225 
155 200 194.00 500 400 400 350 350 350 250 256 
160 20.P 200.00 ,200 - 400 400 350 350 350 250 25Q 
165 225 206.00 500 500 450 350 350 350 250 250 
170 225 213 .oo 500 500 450 350 350 350 300 300 
l75 225 219.00 600 500 450 350 350 350 300 300 
JBO 222 222.00 600 500 459- 400 400 400 300 30.::..0 __ 
185 250 231.00 6CO 500 500 400 400 400 300 300 
190 250 238.00 600 500 500 400 400 400 300 300 
J95 250 244.00 600 500 500 400 400 400 300 3G0 

__200 250 _ 250.00 600 500 5QO 400 400 400 300 300 
210 250 263.00 800 600 600 500 450 500 350 350 
220 300 275.00 800 600 600 500 450 500 350 350 
230 300 288.00 800 600 600 500 500 500 350 350 
24.0 300 i_C:0.00 800 600 600 500 500 500 400 /:±OC 
250 300 3J3 .oo 800 700 800 500 500 500 400 400. 
260 350 325.00 800 700 800 600 600 600 400 400 
270 350 338.00 1000 700 800 600 600 600 4'YJ 500 
gao__ 350 ____ 12.Q.oo lOOo 700 aoo 600 _ 600 600 450 _s~oo::.-_ 
290 .350 363 .oo 1000 800 800 600 600 600 450 500 
Joo 400 375.oo lOOo soo soo 6oo 600 600 450 500 
320 400 400.00 1000 800 800 700 800 700 50'.:l 500 

__ 3 ..... 4,..,Q 420 42s.oo 1200 • . . 1000 700 80o 700 600 6oo 
360 450 450 .oo 1200 • . . 1000 800 800 800 600 600 
380 500 475.00 1200 ... . 1000 800 800 800 6Co 600 
400 500 500. 00 1200 • . . 1000 800 $00 800 6CO 600 

---1f20 600 = 525.00 ~ 1600 • • . 1200 . • . 109.Q_ . . . 800 700 
Continued next page. 
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CoJ.m. No. 1 
, 

2 3 I i 5 ! 6 I 7 ! 
I 

440 600 550.00 1600 ... 1200 . .. 1000 . .. 800 700 
460 600 575.00 1600 . . . 1200 ... 1000 . .. 800 700 
480 600 600.00 1600 ... 1200 . .. 1000 . .. 800 800 
500 ·~·-" __ p25.00 1600 ... 1600 . .. 1000 

""'·" 
. .. SQL. ___ goo· 

--~· 

*High-reactaiw-e-sq~i;rel-cage m~tors-·are those -d;;igned to lirni t tb.~-;ta:~ting- ~;~nt by-means of deep~l;;t·" secondaries 
or double-wound secondaries and are generally started on full voltage. 
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'fab1e E-4.30. J.47. FulJ Load Currents in Amperes 

Direct Current Motors 

The following values of full-load currents are for motors running at. · ·baoe speed. 

-"""-..n.-....--~· .. ------·-_..~,-.,_~..----..--.... ---.. ~......-.----~~··-----
__...--..--.__,,::i ____ ,. __ ... ~~-vv-·--··~-~.-·-·---.-.---·----.. -··-'"'·-· .... -· .. __....-.. __ .... 

HP __ ___.____J._2Q....Y_~-·------·---·---··~-_:_----.. ----:1:- - I") q 
{< -<-o; le5 
1/3 3 .6 1.8 
~- 5.2 2.6 

----f.A-. ~· ·--·----f--~-· ·~:-z------·~------------z:~-
1t l.302 . 6 .. 6 
2 - 17 --···"' 

:?5 .. ""'""" -- ... ·· · -; -<-·-··-·zcr-.. -·----~-----·~~ ··-~- ·-
7i 58 29 

___ ,..1.Q2_, _________ ~.:...o;;.-~-?~.--. -·--~·· -~ .. --.-~-----,;).@ ___ , _____ .,_ ---
15 55 
20 72 
25 89 

_.....__......._ JO 24• ...._..,.-.., •. -~,.-~......_.,.---·.-~·-·-'°"'-·~ -a ... ··----"'"..-..... .......... ~9~- .. ---
40 JJ,o 
50 173 
60 206 

______ :lL. __ -·--~------"-- ---·---.. ~-~_. ___ ,__ ..... _ .. -··--··--... 2..5..L-. -~- _ 
100 ' J4J: 
~5 ~ 
~o ~s 

~--· ;?.00 -~-------·-.. ·-···~ --·---- -....:-.---... - ...... -~,-~--<•---

Table E-430 .14s. Full Load Currents in Amperes 

Single Phase Alternating Current Motors 
'£he following values of full-load currents are for motors rnnning at usual 

speeds and motors with normal torque characteristics. Motors built for especially 
low speeds or high torques may have higher full-load currents, in which case the 
:nameplate current ratings shoul& be used. 

To obtain full-load currents of 208 and 200-volt motors, increase correspond
ing 230-volt motor full-load currents by 10 and 15 per cent, respectiveJ.y. 
_ ...... _--.,,...._,._"_..,. __ ... .. - oaK>_.__.._t_,,..,.,.,., •... --··---"-·---- • ......_..... .. ,____._,_,_.,_ ·-- ..... ,.. ~ ..... __ ,,...._.._. __ ,so-_~---,. .. ..-,, ........ ~--· .. - ... --~- .... __ ._,.....,.__ ..... .., ........ _ ....... ....--~--...-.--·-__.....,.._ ..... __. ........ ,.....,,,._ ............ _ __. ....... __ . ...-...,. 

... . . . . . . 
--~··~·-..:!~ ... - ... -,. .. --· ... . . . . . . 

. ·-··- ........ ---
21 

---- 26 _,_,_~-

\ 
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Table E-430.149, Full-Load Current 

'.I.We-Phase A. C. Motors (4-wire) 

The following values of full-load current are for motors running at speeds 
usual for belted motors and motors with normal torque characteristics. Motors 
built for especially low speeds or high ~o~ues may require more ruruiing current, 
in which case the nameplate current rating should be used. Current in common con
ductor of 2-phase, 3-wire system Will be 1·41 times value given. 

=====:::::-===~~=-:-.=-~-=.;,;_-=-·=::;..~·-==~·==-=·============================:========::=:===-
Induction Type Synchronous Type 

Squirrel-Cage and Wound Rotor *Unity Power Factor 
Amperes Amperes 

__ n_ov_l __ 220--iV-1=-4·-4o_iV __ 55-a·iV---- 230CJJ ·1 220v 440;-r-·-55_50_iV_,!,__2_3o_CJJ __ _ 

4 2 . 1 T .s I I 
4.8 i 2.4 I 1.2 1.0 I I 

_ 6.Ld 3,2 ~- l:! I f 
it s.s 1 4.1+ . 2.2 n·s J I , 
2 I 11.21 5"6 iL 2.8 2.2 I L 
.3 I I 8 4 i 3 .2 I i 

7t r--i~ 1L-r·-n+ l·-~-1---1 --
~- ---1'--. .3~--- 12 I 10 t--.~!- ·-----

15 I 34 1 17 14 
20 ,,~ 1,5 , 23 i i8 I 
25 . . i1 5 5 I 2$ ! 22 I 6 4 7 24 19 4 • 7 

40 88 44 3 5 9 ~I 7 5 I 3 7 31 7 
50 I 108 54 t 43111 l 94 . 47 38 9 
60 • -129 65- 52 · 13 1r-m-1-56 I 44 ·-11---
75 ii 158 I 79 : 6.3 16 11 140 I 70 i 57 . 13 

tt
oo 212 . io6 1

1 

85 21 ll 1821 93 ! 74 ,. 17 
·t~s-_[ m il08 - '61c·· -·r1r .. I 93 -·:z-2----

i 311 155 i124 LJ1 ! l37 ! ~;-o I 26 
- .. l~l5 _ 208 jl66 .. 4.:._j l 18~-~~ ·- I- 3 5 _ 

j 

*For 90 and 80 per cent P.F. the above figures should be multiplied by 1.1 
and 1.25 respectively. 
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Tab le E-430 .150. Full-Load Current* 

Three-Phase A.C. Motors 
~ -
Induction Type Synchronous Type 

Squirrel-Cage and Wound Rotor **Unity Power Factor 
- Amneres Amni res -·--HP llOV 220V 1.J.OV ':)l)OV 2'300V 220V 1.1.ov '5'50V 230QY 

1/2 4 2 1 .8 
3/4 5.6 2.8 1·4 1.1 

1 ? '3.5 1.8 1.L.. 
it 10 5 2.5 2.0 
2 13 6.5 3.3 2.6 
'3 q /.,.. '5 L.. 
5 15 7.5 6 ' 

7t 22 11 9 
10 27 11.. ,, ---115 40 20 16 
20 52 26 21 
2'5 61,, 12 26 7 t:.,J, 27 22 5.4 
30 78 39 .31 8.5 65 33 26 6.5 
40 104 52 41 10.5 86 43 35 8 
t)() 12'1 6'3 e;r) , 'i 10~ t:..1 .. 1.1 •. 10 
6o 150 75 60 16 128 64 51 12 
75 185 93 74 19 161 81 65 15 

100 21 .. 6 1?'i QA 2':i 211 106 ~5 20 
125 310 155 124 .31 264 132 106 25 
150 360 180 144 37 158 127 JO 
200 1...<~0 21..0 1Q2 1.~ I 210 16A 4D -

For full-load currents of 208 and 200 volt motors, increase the corresponding 
220-volt motor full-load current by 6 and 10 per cent, respectively. 

*These values of full-load current are for motors running at speeds usual for 
belted motors and motors with nonnal torque characteristics. Motors built for 
especially low speeds or high torques may require more running current,in which 
case the nameplate current raMng should be used. 

**For 90 and 80 per cent P .F. the above figures should be multiplied by 1.1 and 
1.25 respectively. 

-
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Table E-·430 .151 

Locked-Rotor Current Conversio:c~ Table 

As Detennir1ed from Horsep:iwer and Voltage Rating 
Fu.r Use Only with E-430.083, Exceptior, No. 3, and E-430.1lu(2) 

Conversion Table 
-------=--1---=-=~~~----=e---~--==~~==~------~--~~---~-==-~M----~---~ 

t Maximum Interrupting Capacity - Amperes 
Ml";lx~ .HP I na"Ging -· --- I ·-----~--- ·--- ~ .. -

Sir:..gle Phase Two or Three Phase 
' 115 v 230 v 110 v 220 v 440 v --T58.s 29 .1, ·1-.. 24 ----u--- 6 

3/4 ! 82.B 41.4 I 33.6 :J..6.8 8·4 
1 ii 96 48 42 21 10.8 
1 1/2 120 60 60 30 15 
2 144 72 78 39 19·8 
3 I 204 102 54 27 
5 3.36 168 90 45 
7 1/ 2 480 240 132 66 

10 I 600 )00 162 84 
~ ~ 1~ 
~ JU 1% 
25 384 192 
30 468 234 
~ ~ 3U 
~ ~ 3~ 
60 900 450 
75 1110 558 

100 1476 738 
125 1860 930 
150 2160 1080 
200 2880 1440 

550 v 

4.8 
6.6 
8.4 

12 
15.6 
24 
36 
54 
66 
96 

126 
156 
186 
246 
300 
360 
444 
588 
744 
864 

1152 

---- ---~------
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Table E-430.152 

Ma:xiIIIllill Hating or Setting of Motor-Branch-Circuit Protective 
Devices for Motors Marked with a Code Letter 

Indicating Locked Rotor KITA - ··-T-"--: ___ Pe~t--;;f~F\i"JJ-LQ@.g Ciu:;r;n_t -~~---:_:::: 
Fuse Rating 'I Circuit Breaker Sett;ng~. --·-

Type of Motor J See also Table Instan- Time 
E-430.146, Columns taneous Limit 

4, 5, 6, 7 ~ Type Type 

_A_l_l_A_C_s.i'Ugle-phase and ----- · I 
polyphase squirrel cage 
and synchronous motors I 
with full-voltage, resis- I 
tor or reactor starting: 1 

Code Letter A • • • • 150 .I 

Code Letter B to E 250 
Code Letter F to V .300 II 

All AC squirrel cage and 
synchronous motors I 
with auto-transform.er 
starting: 

Code Letter A • • • • 
Code Letter B to E 
Code Letter F to V • 

-------

150 
200 
250 

. . . . . . 
• • • • 

• • • • . . • • 
• • . . 

1$0 
200 
250 

150 
200 
200 

Note 1. For certain exceptions to ·bhe values specified see E-430.052 and 

E-4J0.05~.. The values given in the last column also cover the ratings of non-

adjustable, time-limit types of circuit-breakers which may also be modified as in 

E-430.052. 

Note 2. Synchronous motors of the low-torque, low-speed type (usually 450 RPM 

or lower), such as are used to drive reciprocating compressors, pumps, etc., which 

start up unloaded, do not require a fuse rating or circuit-breaker setting in excess 

of 200 per cent of full-load current. 

Note 3. For motors not marked with a Code Letter, see Table E-430.153. 
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Table E-430 .153 

Maximum Rating or Setting of Motor-Branch-Circuit Protective 
Devices for Motors not Marked with a Code Letter 

Indicating Locked Rotor J.WA 

Type of Motor 

f Per Cent 
Fuse Rating 

See elso Table 
E-430 .J..46, Columns 

4, 5, 6, 7 

Single-phase, all types • • 
Squirrel-cage and synchron

ous (full-voltage, re
sistor and reactor 
starting) • • • • • • • • 

Squirrel-cage and synchron
ous (auto-transformer 
starting) 
Not more than 30 am-

peres • • • • • • • . . 
More than 30 amperes . . 

High~reactance squirrel-cage 
Not more than JO amperes • 
More than 30 amperes ••• 

Wound-rotor • • . . . . . . . 
Direct-current 

300 

300 

250 
200 

250 
200 

150 

f Full-Load Current 
Circgi. ~-Breaker Se...:::t..::.ti=.:· p.~g:..._ ___ _ 

Instan- Time 
tan&l~Us Limit 

'l'yPe Type 

• • • 

. . . 

• • • 
• • • 

. . . 
• • • 

• • • 

250 

250 

200 
200 

250 
200 

150 

Not more than 50 H oP. • • 150 250 150 

More than 50 H.P •• _. _____ 1_5o __ j __ ~~.----1~~--·--
N«Dte 1. For certain exceptions to the values specified see E-430 .052, and 

E-430.059· The values given in the last column also cover the ratings of non-

adjustable, time-limit types of circuit-breakers which may also be modified as in 

E-430.052. 

Note 2. Synchronous motors of the low-torque,low speed type (usually 450 RPM 

or lower) such as are used to drive reciprocating compressors, pumps, etc., which 

start up unloaded, do not require a fuse rating or circuit-breaker setting in ex-· 

cess of 200 per cent of full-load current. 

Note 3. For motors marked with a Code Letter, see Table E-4J0.152. 
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CHAPTER E-~445 

G1%1ERATORS 

Generators sha11 be located in dry places, and also so as to meet the require·-

rn,ents for motors in E··4JO.Ol4. Generators installed in hazardous locations as 

described in Chapters E-500 - E-503, or in other locations as described in ·Chapters 

E-510 - E-517, E-520, E-530, and E~665, shall also comply with the provisions of 

those Chapters. 

Note: It is recommended ·that waterproof covers be provided for use in emer-

gency. 

Each generator shall be provided with a nameplate giving the makerts name, the 

rating in kilowatts or kilovolt-amperes, the nomal volts and amperes corresponding 

to the rating, and the revolutions per minute. 

E-M!j,.03. Dr;i_.p Pan.,g. 
' 

Generators shall be f-":'OVided with suitable drip pans if required by the 

adruinistrative authority. 

]i:-445 .~Q.ve rc£.r...r.~nt PTQ:!!fil1.tion ,_ 

(1) Q..Q.ru=i,l;sa,nt-Pote,r.,:t;i,al Generato..r.2• Constant-pYt.ential generators, e:x:cept 

arternating-current generators and their exciters, shall be protected from excessive 

current by circuit-breakers or fuses. 

(2) Two-Wj.~~.Q~,r1f;JJ:€t4Q1'1a• Two-wire, direct-current generatol'.'s may have over-

current protection in one conductor only if the overcurrent device is actuated by 

the entire current generated, exc ept that in the shunt field. The overcurrent 

device shall not cpen the shlmt field. 

(3) £22 VQJ,]§._or l.ie.§§.:.. Generators operating at 65 volts or less and driven by 

individual motors shil be considered as protected by the overcurrent device pro-

tecting the motor if these devices will operate when the generators are delivering 
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!,o t n;.c.•rn than 150 per cent of their full-load rated current. 

(4) f:uk1an~§.tG. Two-wire, direct-current generators used iL C(h•J~• ·C'tior; 

with balancer sets to obtain neutrals for 3-wire systems sha11 be equipped with 

,;vernurre., t devices which will disqonnec t the 3-wire system in the case ·of excessi.vc: 

L.ll:balancing of voltages or currents. 

(5) .1-Wire, Direct-Current Generators. Three-wire, direct-curre1 Cs ger.erator&> 

whether compound or shunt wound~ shall be equipped with overctirrent devices, or,e i.; 

each ar.mature lead, aud so connected as to be actuated by the entire current from 

the 1;1.rmature. Such overcurrent devices shall consist either of a double-·pole, 

double-coil circuit-breaker, or of a !+-pole circuit-breaker connected i1:. the maix, 

and equalizer leads and tripped by two overourrent devices, one in each armature 

lead. Such protective devices shall be so interlocked that no one i:ole car: be 

opened wit;hout simultaneously disconnecting both leads of the armature from the 

system. 

E-,445 .05. S;i.ze of Conductors. 

The conductors from the generator terminals to supplied equipment shall have 

a carrying capacity not less than 115 per ce;:~ t of the nameplate current rating of· 

the generator. l"eutral conductors shall be the same size as the conductors of the 

outside legs. 

~-M5.06. Protecti...QLOf Live farts. 

Live parts of generators of' more than 150 volts to ground shall i:ot be exposed 

to accidental contact where accessible to unquaJified persons. 

E-445 .o7. Guards fQr .i.-i. ti_endan t~'l. 

Where necessary for the safety of attendants tho provisions of E-430.133 shall 

be complied with. 

~5.08. Grounding. 

If a generator operates at a tenuir .. al voltage in e:xcess of 150 ·volts to gHHU:ld) 

the frame sha.11 be grounded i1~ the manner specified iu Chapter E-2.50. If th0 frame 
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is lLOt grounded, it shall be peno.aiently and effectively insulated from the ground. 

E~6:it2_&~~bi.Mfi • 

Soft-rubber bushings used to protect lead wires where. they pass. through the 

frame of generator~, shall not be exposed to oils, grease, oily vapors, or other 

substances having a deleterious effect on rubber. 
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ClldlPTER E-450 

TRANSFORMERS AFD TRAl' SFORJvU::H VA UL TS 
(Including Secondary Ties) 

(1) Th.is Chapter applies to the installatiou of all traLsformers except: (1) 

current transformers; (2) dry-type transformers which constitute a component part 

of other apparatus and which conform to the requirements for such apparatus; (3) 

transformers for use with X-ray and high-frequency; (4) transformers used with 

Class 1 low-voltage power circuits or Class 2 remote control low-energy power and 

signal circuits which shall confo:rm to Chapter E-725; (5) transformers for sign and 

outline lighting which shall conform to Chapter E-600; and (6) trar,sformers for 

electric discharge lighting which shall conform to Chapter E-410. 

(2) This Chapter applies to the installation of transformers in hazardous 

locations except as modified by Chapter F.-500. 

Note: Supplementary rules are found also ir. Chapter :.:-710, Circuits and 

Equipment Operating at More than 600 Volts Between Conductors; and Service Installa-

tions Over 600 Volts as referred to in Chapter If-2.30. 

A. General Provisions 

E-450.02. Location. 

Transformers aLd transformer vaults shall be readily accessible to qualified 

personnel for inspection and maintenance. The locatiori. of oil insulated trans-

formers and trB.l1sformer vaults is covered in E-·450.24, E-450.25, and E-450.41; dry 

type traDsfonuers in E-450.21 a ;cl askarel insulated in E-450.2J. 

(1) Overcurrent protectiori shall 001,form to the foll.mVing. As used in this 

Chapter, the word 11transformer11 means a tra;::sforrner or a bank of transformers oper·· 

a ting as a unit. 

(a) Pri!Jl...S.JO:'.'-~.•.i.Q.§.. Each transforme:c fJhall be protected by an individuaJ. 

overcurrent device in the primary connection, 1°ated or set at not more than 250 
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per cent of the :cated primary current of the transformer, except that an Lld.i vidu.al 

ove:ccurrent device is not required when the primary cil'cui t overcurrent device pro-

vides the protection specified in this paragraph, and except as provided in E-450 • 

03 (b). 

(b) ~ry and Sfili.QJJ~_§~.Q§.• A transformer having an overcurrent 

device in the secondary connection, rated or set at r:ot more than 250 per ce.'.»L of 

the rated secondary current of the transformer, or a transformer equipped with a 

coordinated thermal overload protection by the manufacturer·, is not required to have 

an individual overcurrent device iL the primary connection provided the primary 

feeder overcurrent device is rated or set to open at a current value not more than 

six times the rated curre:nt of the transformer for tra.usfo:rmers having not more than 

six per cent impeda:<we, and not more than four times rated current of' the transform-

er for transformers having more than six but not more than te~1 per cent impedance. 

(c) i'.gte!ltii'.a-l_floltage) Transform~;t:§. Potential tra1-isformers si10uld be 

protected with primary fuses. The fuse rating should not exceed 10 arnperes for cir-

cuits of 600 volts or less, and 3 amperes for circuits of more than 600 volts. A 

resistor should be connected in series with high tension fuses when necessary to 

limit the possible short-circuit cllrrent to a value w:i. thin the interrupting capacity 

of the fuse. 

]!-450 t.0.2..:._Seconda:rLT~ 
Chapter, 

(1) As used in this the word 11 transformer11 means a transformer or a bank 

of transformers operating as a unit. A secondary tie is a circuit operating at 600 

volts or lesu between phases which coLnects two power sources or power supply poL:ts, 

such as the secondaries of two transformers. 'I'he tie may consist of OHe or more con~· 

due to rs per phase • 

(a) 1.i.ft..Q;iJ;:£..1Ji.t.s? • 'ri e circuits shall be provided at each end wl tJ1 over-

currei:t protection as required in Chapter F;L.240 of this Code, except under the con .. 
(l)(a)l. (1) (a)2 •. , . 

ditions descrlbed in E-450.0?' and E-450.0:r' in whicl1 cases the overc:urrern. 

protection may be in accorda.;,ce with E-450.05 (1) (a)3. 
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connected at the transformer supply points at each ehd of the tie aid overcur:rent 

protection is not provided in accordance with Chapter E-240, the rated current·-

carrying capacity of the tie shall oo not less than 67 per cent of the rated secon

dary current of the largest transformer connected to the secondary tie system. 

2. Loads Conpecteg Betli!a.§n Tral}s;f'.9.,l1!1.~L.Suppj,y Po:i.,:p..!£!.. Where load is 

connected to the tie at any point between transformer supply points and overcurrent 
protection 

/is r:.ot provided in accordance with Chapter E~2~.0, the rated current-carrying capac-· 

i ty of the tie shall be not less than 100 per cent of the rated secondary current of' 

the largest transformer connected to the secondary tie system except as otherwise 
(1) (a)2. 

provided in E-450.05/ and E-450.05 (l)(a)4 •• 

3. Tie Qi:ccuiU.roj;_~Qt~Q.n.• Under the conditions described in 
(l)(a)l. (l)(a)2. 

E-·450. 05 / and g-450 .05 / both ends of each tie conductor shall be equipped 

with a protective device which will open at a predetermined temperature of the tie 

conductor under short circuit conditions. This protection shall consist of one of 

the following: (1) a fusible link cable conr!ector, terminal or lug, commonly 

lmown as a limiter, each being of a size corresponding with that of the conductor 

and of approved construction a:.:.d characteristics according to the operating voltage 

and the type of insulation on the tie conductors, or (2) automatic circuit-breakers 

actuated by devices having comparable current-time characteristics. 

fointfi_: Where the tie consists of more than one conductor per phase, the conduct..or3 

of each phase shaU be interconnected in order to establish a load supply I-"Di:i:!.t, ancl. 
(l)(a)3. 

the protection spec:i.fied in E-450 .05/ shalJ. be provided in each tie conductor 

at this point, except as fo).lows: 

Exception: Loads may be connected to the individual. conductors of a multiple-

co1~ductor tie wi thont interco:1necting tne conductors of each phase and without the 
(1) (a)3. 

protection specified in E-450.05/ at load connectim: points provided; 'the tie 
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conductors of each phase have a combined capacity not less than 133 per cer1t of the 

rated secondary current of the largest trnnsformer connected to the secondary tie 

system; the total load of such taps does not exceed the rated secondary current of 

the largest transformer; the loads are equally divided on each phase and on the in

dividual conductors of each phase as far as practicable. 

5. Tie Cj,.r,cuit .Q.Q1.l.t.!'.9l· Where the operating voltage exceeds 150 

volts to grou.i.--id, secondary ties provided with limiters shall have a switch at each 

end t-:bich· wbeu open will de-e;::iergize the associated tie conductors and limiters. 

1'he current rating of the switch shall be not less than the rated current of the 

conductors connected to the switch. It shall be capable of opening its rated cur-· 

rent, and it shall be constructed so that it will not open under the magnetic 

forces resulting f1~m short-circuit current. 

(b) Oy,ru:-cur;nr,£.Laotection~qndaxy C..Qnn,~.Qti,Q,Jl§. When secondary 

ties are used an ove:ccurrent device rated or set at not more than 250 per cent of 

the rated secondary current of the transformers shall be provided in the secondary 

connections of each transformer, and in addition an automatic circuit-breaker actu

ated by a reverse-current relay set to open the circuit at not more than the rated 

secondary current of the transformer shall be provided in the secondary connection 

of each transformer. 

E.:-:/l:.iO~.Q.fu.. Pa rall.?l..Q.~x.!U.iQ1.1. 

Trn.nsfo:rmers may be operated in i::a.rallel and protected as a unit when their 

electrical characteristics are such that they will divide the load in proportion to 

their rating. 

E~4~0 .Q7.,:,... .• .Qy3J:qj,,11g. 

Transformers Cjhs.11 be guarded as follow;:;: 

(1) Me_g~_n,;b.Q11,.\.....P.rotectton. Appropriate provisior.s shall be ma.de to mitdmize 

the possibility of damage to transformers from external causes where the transform-· 

ers are located where they are exposed t.o physical da.raage. 
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(2) CaruLQ.r.li.u.G.lo_g__ui:~· Dry-type transformers shall be provided with a non-

combustible moisture-resistant case or enclosure which will provide reasonable pro-

tection against the accidental insertion of foreign objects. 

(3) ;g;~~JJ,rts. The transformer installation shall conform with the 

provisions for guarding of live parts in n::"'":J.95..Jh. 

(4) Voltage_~il-n&- The operating voltage of exposed live _parts of trans~· 

former installations shall be indicated by signs or visible markings on the equip-

ment or structures. 

E-450 .08. Grounding. 

Exposed. non-current carrying metal parts of transformer install.ations including 

fences, guards,'/ etc. shall be grounded where required under the conditions and in 

the manner prescribed for electrical equipment and other exposed metal parts in 

Chapter E~250. 

Each transformer shall be provided with a nameplate gi vii:tg the name of the manu.-

facturer; rated kilovolt-amperes, frequency, primary and secondary voltage; and the 

amount and kind of insu'.19.ting liquid where used and the transformer rating exceeds 

25 kva. Where Class B insulation, as defined in American Standard for Transformers 

C 57 .10 - 1953, is used in the construction of dry-type transformers of more than 

100 kva, the nameplate shaD.. so indicate. 

B. Specific Provisions Applicable to Different 
Types of Transformers 

(1) Transformers rated 112! kva or less shall have a separation of at least 12 

inches from combustible material unless separated theref1um by a fire-resistant heat-

insulating barrier, or lli".less of a rating not exceeding 600 volts and completely en= 

closed except for ventilating openings. 

(2) Transformers of more than 112! kva rating shall be installed in a trans-

former room of fire-~resistant construction unless they are constructed with Class B 
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(80°C rise) or Class H (150°C rise) insulation, and are separated i'rom combustible 

material not less than 6 feet horizontally and 12 i'eet vertically or are separated 

therefrom by a fire-resistant heat-insulating barrier. 

(3) Transformers rated more than 15,000 volts shall be installed in a vault. 

See Part C of this Chapter. 

!.::420·23. A~M~..:-J.n§.llJ.?.ted .'£r.~~sfoJlillirS Insta_l~_Qnl• 

Askarel-insulated transformers rated in excess of 25 kva shall be furnished 

with a pressure-relief vent. Where installed in a poorly ventilated place they shall 

be furnished with a means for absorbing any gases generated by arcing inside the 

case, or the pressure relief vent shall be connected to a chimney or flue which will 

carry such gases outside the building. Aske.rel-insulated transformers rated more 

than 15,000 volts shall be installed in a vault. 

E-450 .24. Oil-IumJ.la'Ged Tr§JJ.Sf.QP..UfJll.,..J;nstall.ed Indoora. 

Oil-insulated transformers shall be installed in a vault constructed as speci

fied in this Chapter except as follows: 

(1) Not _Oy~;r_ll.li.lwa JotS!:l....Qapaci tz.. The provisions for transformer vaults 

specified in Part C of this Chapter apply except that the vault may be constructed 

of reinforced concrete not less than 4 inches thick. 

(2) !igt Over €{00_ VQJ,ts. A vault is not required provided suitable arrange

ments are made where necessary to prevent a transformer oil fire igniting other 

materials, and the total transformer capacity in one location does not exceed 10 kva 

in a section of the building classified as combusti lile, or 75 kva where the sur~ 

ruunding structure is classified as fire-resistant construction. 

(.3) F11.:rnace-1:.ra.rut.{'Qr.tn...§1'§.• Electric furnace transformers of a total rating not 

exceeding 75 kva may be installed without a vault in a building or ruom of fire

resistant construction provided suitable arrangements are made to prevent a trans~ 

former oil fire spreading to other combustible material. 

(4) Jd,etll:chfilL-Byj..liliJ.~i;t. Transformers may' .be installed in a building which 
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does not conform with the provisions specified in this Code fo :c transformer vauJ_ts, 

provided neither the building nor its contents present a fire hazard to any other 

building or·-property, ar;d provided the building is used or .. ly in supplyirig electric 

service and the interior is accessible only to qualified persons. 

Fc45.P •. 25. OiJ, .. In.mJ.J .. a t~d.1.rfil.te.fo rme.r.§~. Jn.stall.§.!t Ou.:!i.QQQ.rl?.. 

Combustible material, combustible buildings and parts of buildings, fire es

capes, door and window openings shall be safeguarded from fires originating in o:tl

insulated transform.ers installed on, attached to, or adjacent to a building or com

bustible material. Space Gepa.n1tim~s, fLce~resistant barriers ar:d enclosures wM.c~1 

confine the oil of a ruptured trai:sfonller tank are recognized safeguards. One or 

more of these safeguards shall be applied according to the degree of hazard in

volved fo cases where the transforme.r ir1stallation presents a fire hazard. Oil 

enclosures may consist of fire-resistant dikes, curbed areas or basins, or trenches 

filled with coarse crushed stone. Oil e:;.1closures shall be provided with trapped 

drains in cases where the exposure and the qua.nti ty of oil involved are ouch that 

ren1ova.l of oil is important. 

C. Provisim,s for Tra.l"'.sformer Vaults 

E-450~---. Lcrng,:t;i.Q11. 

Vaults sha.11 be located where they can be ventilated to the outside air with-, 

out using flues or ducts wherever such a:1 arrangement is practict..ble. 

J£-.4~0.:42. Con~~~j;.;i,£>.fk· 

The construction of the vault shall be such as to ha.ve adequate structural 

strength for the cornli tions and a miLimum fi.re-·resis ta.rice of two and one~half 

hours according to AS'IM Fire Test StaLdard Ell9 - 41. The quality of the material 

used shall be of a grade approved by the ·administrative au·hhori ty. 

(1) As an example - The required fire-resistance may be obtained wit.h roof~! 

and walls of rei::iforcoc. concrete not less tmn 6 inches thick~ maso:.ny of brick not 

less tha l 8 ii-1Ches thick;i of 12·-L.:.ch load-·bearing hollow tile or 12·-ir.ch load-bearc· 

itig hollow co~1cre'te building urd ts. The inside wall and roof surface of vaults 
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constructed of hollow tile and hollow concrete building uni ts shall have a coating 

of cement or gypsum plaster not less than 3/4 inches thick. The vault shall have 

a concrete floor not less than 4 inches thick. Building walls and floors which meet. 

these requirements may serve for the floor, roof, and one or more walls of the 

vault. 

E-450 .43 ·- IklQrny,g. 

Any doorway leading from the vault into the building shall be protected as 

follows: 

(1) 1m. Qf Doo1;:o Each doorway ehall be provided with a tigh'l;-fi tting door of 

a type approved for openings in Class A situations as defined in the NFPA Standard 

for Protection of Openings in Walls and Partitions Against Fire, No. 80 (National 

Fire Codes, Vol. III). The administrative authority may require such a door 

on ea.ch sids of the wall where conditions warrant. 

(2) §~ A door sill or curb of sufficient height to confine within the 

Ve.ult. the oil .f:r.om the largest transformer shall be provided and in no case shall 

the hsi.ght be less than 4 inches. 

(3) Jp~ Entrance doors shall be equipped with locks, and doors shall be 

kept locked, access being allowed only to qualified persons. Locks and latches 

shall be so arranged that the door may be readily and quickly opened from the in

side. 

~d;,.iQ.Jb~_Y.e.ntil2-..ti21-u. 

The ventilation shall be adequate to prevent a transformer temperature in 

excess of the values prescribed in Americi;i.n Standard for Transformers, 0. 57 .10 -

1953. 

~Cki.2A-Jl.~pt.J l~:tiill'.L 0 t:§DiUg:§. 

When required by E~450.44, openings for ventilation shall be provided in 

accordance with the following~ 

(1) 1,Q_Q,.€),t;i,Qll.. Ventilation openings shall be located as far away as possible 
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·from doors, windows, fire escapes, and combustible material. 

(2) !r:ran~emenb. Vaults ventilated by natural circulation of air may have 

roughly half o~ the total area of openings required for ventilation in one or more 

openings near the floor and the remainder in one or more openings in the roof or in 

the sidewalls near the roof; or all of the area required for ventilation may be pro

vided in one or more openings in or near the roof. 

(3) §.~~ In the case of vaults ventilated to an outdoor area without using 

d1·cts or flues the combined net area of all ventilating openings after deducting the 

area occupied by screens, gratings, or louvers, shall be not less than 3 square 

inches per kva of transformer capacity in service, except that the net area shall 

be not less than 1 squa're foot for any capacity under 50 kva. 

(4) .Qove.ti,o,g. Ventilation openings shall ·be covered wi tl1 durable gratings, 

screens, or louvers, according to the treatment required in order to avoid unsafe 

conditions • 

(5) Da.m:g~. Where automatic dampers are used in the ventilatinn openings of 

vaults containing oil-insulated transformers, the actuating device should be made 

to function at a temperature resulting from fire and not at a temperature which 

might prevail as a resul·t of an overheated transformer or bank of transformers. 

Automatic dampers should be so designed and constructed to minimize the rossibility 

of accidental closing. 

(6) Qµct.~t· Ventilating ducts shall be constructed of fire-resistant material. 

E-~20~fu.Jmna~. 

Where practicable, vaults containing more than lOCJ kva transformer capacity 

shall be provided with a drain or other means which will carry off any accumulation 

of oil or water in the vault unless local conditions make this impracticable. The 

floor shall be pitched to the drain when provided. 

fil.:.-A5Qi41 • WateLJj__re.1t.l!D.!LAcc~..§!19.rie§. 

Any pipe or duct systems foreign to the electrical install<ation should not 
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enter or pass through a transformer vault. Where the presence of such foreign 

systems cannot be avoided, appu.rtenances thereto which require maintenance at regu

lar intervals shall not be located inside the vault. Arrangements shall be made 

where necessary to avoid possible t,rouble from condensation, leaks and breaks in such 

foreign systems. Piping or other facilities provided for fire :i;:r-crtec-Gion or for 

water-cooled transformers are not deemed to be foreign to the electrical installation. 

];~0.4~. S;to.r~~-1.u..h.ultq. 

Materials shall not be stored in transformer vaults. 

E-k._EQ.&l.!- Applica tj.on..• 

CHA.PTER E-46o 

CAP A.CI '.!DRS 

This Chapter applies to installation of capacitors on electric circuits in or 

on buildings. 

Exception No. 1. Capacitors that are components of other apparatus shall con-· 

form to the requirements for such apparatus. 

Exception No. 2. Capacitors in hazardous J.ocations shall comply with addition

al requirements in Chapters E-500 - E-517. 

E .::M:iQ-!.Ub_-1.o..ill1 tiqu. 

An installation of capacitors in which any single unit contains more than three 

gallons of combustible liquid shall be in a vaUlt conforming to Part 0 of Chapter 

E-450. 

E ::46Q~.o.J~anicaL~.;i:!2.t.S?ciJ..Qn. 

Capacitors ;:;hall be protected from physica] damage by location or by suitable 

fences, barriers or other enclosures. 

E~l,i.(20 .Qfu Cases mc;L§11:QI:Qrts,. 

Capacitors shall be provided with noncombustible cases and supJ_XJrts. 
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!!-46~~~19.Im~_!Iruzsl.wi..tlt.Q~. 

Transformers that are components of capacitor installations and are used for 

the purpose of connecting the capacitor to a power circuit shall be installed in 

accordance with Chapter E-450. 'l'he kva rating shall not be less than 135 per cent 

of the capacitor rating in kvar. 

~=@...&~ P.z:ain~e _Q!_g,tg,r,§.d Charg&. 

Capacitors shall be provided with a means of draining'Jipe stored charge, 

(1) Time of Di§charge. The residual voltage of a capacitor shall be re

duced to 50 volts or less within one minute after the capacitor is disconnected 

from the source of supply in the case of capacitors rated 6oO volts or less and in 

five minutes in the case of capacitors rated more than 6oO volts. 

(2) M~mns of. Di~par.ge. The discharge circuit shall be either permanently 

connected to the ter.minals of the capacitor or capacitor bank, or provided w:i. th 

automatic means of connecting it to the terminals of the capacitor bank on removal 

of voltage from the line. Manual means of switching or connecting the discharge 

circuit shall not be used. The windings of motors, of transformers, or of other 

equipment directly connected to capacitors without a switch or overcurrent device 

interposed, constitutes a suitable discharge means. 

E.:::46u.&2.!. Powe:r:Ji'actor Q.Q.rmc~ion - Mg.:!:..Q,.:r Circµi.t. . .!. 

The total kvar rating of capacitors which are connected on the load side of a 

motor controller shall not exceed t.he value required to raise the no·-load power 

factor of the rootor to unity. 

!=@:.08.:........QQ..11~tQ1' &.tin,g. 

(1) The current-carrying capacity of capacitor circuit conductors shall be not 

less than 135 per cent of the rated current of the capacitor. The current-carrying 

capacity of conductors which com1ect a capacitor to the terminals of a motor or to 

motor circuit conductors, shall be not less than one-third the carrying capacity of 

the motor circuit conductors but not less than 135 per cent of the rated current of 

the capacitor. 
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(2) Qve rcur;r,w:t.£.r.Q.tection.:.. 

(a) An overcurrent device shall be provided in each ungrounded conductor. 

Exception: A separate overcurrent device is not required on the load-side 

of a motor running overcurrent device. 

(b) The rating or setting of the overcurrent device shall be as low as 

practicable. 

(a) A disconnecting means shall be provided in each ungrounded conductor. 

Exception: A separate disconnecting me~ns is not required for a :capacitor 

connected on the load side of a motor overcurrent device. 

(b) The disconnecting device need not open all ungrounded conductors 

simultaneously. 

(c) The disconnecting device may be used for disconnecting the capacitor 

from the line as a regular operating procedure. 

(d) The continuous current carrying capacity of the disconnecting device 

shall be not less than 135 per cent of the rated current of the capacitor. 

E,::46o .og_. Raj;~. or Settin&t of_j:;Jae Motor-Runn:i,,ruz Overcurre;g.;t .ImY.i.~· 

Where a motor installation includes a capacitor connected on the load side of 

the motor-running overcurrent device, and the overcur-rent device used can te ad-

justed, the rating or setting of the motor overcurrent device shall be determined 
~> lf:.301 oo·J.. 

as provided in ~~, except that instead of using the full-load rated current of 

the motor as provided in that rule a lower value corresponding with the improved 
E-tf.ob • o z.-:i. 

power-factor of the motor circuit shall be used. ·~Q...22. applies with respect to 

the rating of the motor circuit conductors. 

Capacitor cases shalJ. be grounded in accordance with Chapter E--250. 

All live parts of capacitors which are connected to circuits of more than WO 

vol ts between conductors and are accessible to unqual.i.fie~ persons, shall be 
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enclosed or isolated. For isolation by elevation, see E-710 .J6. 

E-46o .12. Marking. 

Each capacitor shall be provided with a nameplate giving the maker's name, rat-

ed voltage, frequency, kvar, or amperes, number of phases, and if filled with a 

combustible liquid, the amount of liquid in gallons. When filled with a non-flarmn~ 

able liquid, the nameplate shall so state. The nameplate shall also indicate if a 

capacitor has a discharge device inside the case. 

CHAPTJm E-470 

RESIS'IORS AND REACTORS 
(For Rheostats see E-430 .S2) 

Resistors and reactors shall not be placed where exposed to physical damage. 

Where in the immediate vicinity of easily ignitible material they shall be of the 

oil-immersed type or shall be enclosed in metal boxes or cabinets. See Chapter 

E-500 for Hazardous Locations. 

Unless attached to a switchboard or other non-combustible material, or unless 

mounted as provided in E-470.03, resistors and reactors shall be separated from 

combustible material by a distance of not less than 1 foot. 

Where placed within a distance of 1 foot from combustible material, resistors 

and reactors shall be installed as follows: 

(1) 1ilab or .P.rnl· They sha11 be attached to a sla.b or panel of noncombustible,, 

nonabsorptive material such as slate, soapstone, or marble. 

(2) §irua_,Q!Sl~ The slab shall extend beyond the edges of the device and 

shall have a thicknes& prorortioned to the size and weight of the device but shall 

not be less than ~- inch thick. 

(3) SupJXlx;\;§.• The slab shall be secured in rosition by sup}Xlrts independent 
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of those fastenine the device to the slab. Dolts which supp.Jrt. the device shall be 

countersunk at least 1/3 inch below the rear surface of the slab and shalJ. be cov~ 

ered with insulating material. 

Fixed and movable contacts ;_,hall be so designed that arcing will be kept at a 

minimum. 

Reactors shall be compoGeo of noncombustible materials, and shall be mounted 

on noncombustible base;.;. 

Enclosures when mounted on plain surfaces shall make contact with such surfaces 

only at the point of' support, an air space of at least 1/4 inch being maintained 

between the enclosures and snrfaces. 

Insulated conductors used for connection between resistance elements and con-

trollers shall be suitable for an operating temperature of not less than 90°0 

(194°F) • 

Exception: For motor starting service other conductor insulations may be used. 

Incandescent lamps may be used as protective resistors for automatic controll-

ers, or may by special permission be used as resistors in series with other deviceo 

and shall conforr:1 to the folloWing: 

(1) !fa;unt;Ln~;. They shall. be mounted in r:orcelain receptacles on noncombust· 

i ble supports. 

(2) VoJ,i;ii!~· They shall "!:le so arranged that they cannot have impres.-ed ui:;on 

them a voltage greater thaL that for which they are rated. 

(3) _Ngm~. They shall be provided with a nameplate, permanently attached, 

giving; ~he wattage and. voltage of the lamp to be used in each recepta\lle •. 
(4J Not Car;or_Ma;i...rd211.r:mn].. They shall not carry or eontro l the main current 

nor constitute the regulating resistance of the device. 
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CHAPTER E-480 

S'IDRAGE BATTERIES 

The provisions of this Chapter shall apply to all stationary installations of' 

storage batteries using acid or alkali as the electrolyte and consisting of a number 

of cells connected in series with a nominal voltage in excess of 16 volts. 

~-fi8.Q.Q6~J.e;fini tion._Q.fJiQJlli.nal_Batten: Vo~. 

'Ihe nominal ba·ttery voltage shall be calculated on the basis of 2.0 volts per 

cell for the lead-acid type, and 1.2 volts per cell for the alkali type. 

~~Q.&2:._ . .J:lj.xing a:ud_Appa;ra tuiz. -~ u nl)li.fili_,from B J11i§.~. 

Wiring, appliances, and apparatus supplied from storage batteries shall be 

subject to the requj_rements of this Code applying to wiring, appliances, and appar

atus operating at the same voltage, except as otherwise provided for communication 

systems in Chapter li~-1300. 

~~.Q.&fu In(;wl.atiQD .... Q.;LfuJ:tteries of N_ot_O'l{er 250 Vol~. 

The provisions of this rule shall apply to storage batteries having the 

cells so connected as to operate at a nominal battery voltage not exceeding 250 

volts. 

(1) Lead-Acid B~t.§.ries. Cells in lead-lined wood tanks, where the number· 

of cells in series does not exceed 25, shall be supported individually on glass or 

glazed porcelain insulators. Where the number of the cells in series exceeds 25, 

the cells shall be sup:i;orted individually on oil insulators. 

(2) AllcaJi:-TY;Q~ Bp.t_i;Jilj.ru;i.. Cells of the alkali type in jars made of con

ducting material shall be installed in trays of nonconducting material, with not 

over 20 cells in a series circuit in arry one such tray, or the cells may be support~· 

ed singly or in groups on porcelain or other suitable insulators. 

(3) .\I!.U'l.€2illed J~r§.• Cells in unsealed jars made of nonconductive material 

shall be assembled in trays of glass or supported on glass or glazed :i;orcelain in~ 

sulators:; or, where installed on a rack, shall be supported singly or in groups on 
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glass or other suitable insulators. 

(4) :§e&J.gd RuQJ2~1'-.J.:a..&.~· Cells in sealed rubber or comi:;osi tion containers 

shall require no additional insulating support where the total nominal voltage of 

all cells in series does not exceed 150 volts. \.Jhere the total voltage exceeds 150 

vol ts, batteries shall be sectionalized into groups of 150 volts or less and each 

group shall have the individual cells installed in trays or on racks. Where trays 

or racks are required for this type of cell, such trays or racks shal 1 be supi:;orted 

on glass or glazed i:;orcelain insulators or oil··type insulators. 

(5) ~~d...Q:l&..§.§...£.r.J:~.i:ii.!Lif~~· Cells in sealed glass jars or in sealed 

jars of approved heat resistant plastic, with or without wood trays, require no 

additional insulation. 

fil=~Q.&2. InsJJlat,io,n of B,&it,er:i,~§ of Oyftr 250-Y.Q.l.t§.. 

The provisions of E-4B0.04 shall apply to storage batteries having the cells 

so connected as to operate at a nominal voltage exceeding 250 volts and, in addi

tion, the provisions of this Chapter shall also apply to such batteries. Cells 

shall be installed in groups having a total nominal voltage of not over 250 volts, 

in trays or on racks supported on oil insulators. 

Exception No. 1. Where each individual cell, or sub-group in the tray or rack, 

is supported on oil insula·tors, no ac1di tional insulation for the group need be p:ro

vided. 

Exception No. 2. Cells of not over 10 ampere-hour capacity in sealed glass 

jars may be grouped in trays, the total nominal voltage of all cells in such group 

not to exceed 250 volts, and each such tray to be supi:;orted on glass or glazed p;ir

celain insulators, the trays being mounted on racks supported on oil insulators 

with a total no:m.i.nal voltage of not over 500 volts for all cells in series on each 

such insulated rack. 

Note: Maximtun protection is secured by sectionalizing high-voltage batteries 

into cell groups insulated from each other. 
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~~06. Rack.§_anQ. .JJ'~· 

Racks and trays r3hall conform to the following: 

(1) &ck§. Racks, as requirod in this Chapter, refer to frame5 designed to 

support cells or trays. 'lhey shall be substantial, and made of: 

(a) Wood, so trBated as to be resistant to deteriorating action by the 

electrolyte; or 

(b) Metal, so treated as to be resistant to deteriorating action by the 

electrolyte, and provided with nonconducting members directly supporting the cells 

or with suitable insulating material on conducting.members; or 

(c) Other sir:ti.lar suitable construction. 

(2) 11:~.!. Trays ref er to f :cames such a~; crates or shallow boxes usually of 

wood or other nonconducting mate:rial, so constructed or treated ac to be resistant 

to deteriorating action by the electrolyte. 

E.::48Q..,~at tru;:y_J!o ops • 

Battery rooms shall conforni to the following: 

(1) Ugg. Separate battery rooms or enclosures shall be requireci only ~or 

batteries in unsealed jars and tanks where the aggregate capacity at the 8-hour 

discharge rate exceeds 5 kilowatt hours. 

(2) Ventilatio.J;.l. Provision shall be made for sufficient diffusion and ven

tilation of the gasee: from 'the battery to prevent the accumulation of an explosive 

mixture in the battery room. 

(3) W;Lrin" .tr~th9ll• In storage battery rooms, bare conductors, open w.Lring, 

Type MI cable or conductors in rigid oondui t or electrical metallic tubing shall be 

used as the wiring method. Rigid metal conduit, or electrical metallic tubing, 

where used, shall be of corrosion-resistant material or shall be suitably protectecl. 

from corrosion. 

(4) Varni~b...§il.:9£1n.:blic • ..Q.on~. Varnished-cambric-covered conductors, 

Type V, shall not b9 used. 
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(5) ~~r.:fL.QQnductors. Bare conductors shall not be taped. 

(6) Terminals. Where metal raceway or other metallic covering is used in the 

battery room, at least 12 inches of the condt0tor at the end connected to a cell 

terminal shall be free from the raceway or metallic covering and shall be bushed by 

a substantial glazed insulating bushing. The end of the raceway shall be sealed 

tightly to resist the entrance of electrolyte by spray or by creepage Sealing com-

pound, rubber insulating tape or o.ther suitable material shall be used for this 

purpose. 

E-5QQ.Ol. S~.:. 

SPECIAL OCCDPANCIES 

CHAPTER E-500 

HAZARDOUS LOCATIONS 

(1) The provisions of Chapters E-500 - F;-503 apply to locations in which the 

admin:i.strati ve autho:cl:ty judges the apparatus and wiring to be subject to the 

conditions indicated by the following classifications. It is intended that each 

room, section or area (including motor and generator rooms, and rooms for the en~· 

closure of control equipment) shall be considered individually in determining its 

classification. Except as modified in Chapters E-500 - E-50), all other applicable 

rules contained j_n this Code shall apply to electrical apparatus and wiring in

stalled in hazardous locations. For definitions of 11 approved 11 and 11 explosion-proof 11 

as used in these Chapters, refer to Chapter E-100; 11 dust-igni tion-proof 11 is defined 

in E-502.0l. 

(2) Equipment and associated wiring approved as intrinsically safe may be in

stalled in any hazardous location for which it is approved, and the provisions of 

Chapters E-500 - E·~5l? need not apply to such installation. Intrinsicalljr safe 

equipment and wiring is incapable of releasing su.fficient electrical energy under 

normal or abnormal conditions to cause ignition of a specific hazardous atmospheric 

mixture. Abnormal conditions will include accidental damage to any part of the 

equipment or wiring,insulation or other failure of electrical comp:ments, application 




