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SPECIAL EQUIPMENT 

CHAPTER E-600 

ELECTRIC SIGNS AND oun..nw: LIGHTING 

A. General 

The provisions of this Chapter shall apply to the installation of conductors 

and equipment for electtlc signs and outline lighting as defined in Chapter E-100. 

~.:200-!.-~· pi§connect Reg}J;i.red. 

Ji~a.ch outline lighting installation, and each sign of other than the portable 

type, shall be controlled by an externally-operable switch or breaker which will open 

all ungrounded conductors and shall be suitable for conditions of installation, such 

as ex!JO sure to the weather. 

(1) .I:u...,_~.t.g)lt of. §.,1.gu. The switch or breaker required by E-600.02 shall be 

w:l. th:i.n sight of the sign or outliae lighting which it controls or rnay 1::e located 

elsewhere when capable of being locked in the open position. 

(2) ~Ql1t.~l Switch I!~i"Ug• Switches, flashers, and similar devices controll­

ing transformers shall be ei t.her of a type approved for the purpose, o.r have a cur­

rent rating r~ot less than twice the current rating of the transfonners. On alter­

na t:Lng-current circuits, general use alternating-current snap switches may be used 

to control inductive loads other than motors, not exceeding the ampere rating of 

Bwltch. See E-.380.14. 

Note: 'l'he intent of this rule is to prohibit one sign enclosure being used 

as a pull ·box or raceway for conductors supplying other signs or equipment• 

.K-oQ.Q~~JJ'_gundi~ 

(1) Signs, troughs, tube terminal boxes and other metal frames shall be 

g:r")Unded in the manner specified in Chapter E-250 of this code, unless they are in­

cn:ln.tad from ground and from other conducting surfaces and are inaccessible to un-
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(2) Isolated non-current-carrying metal parts of outline lighting may be 

bonded by No. 14 conductors and grounned in accordance with Chapter E-250. 

(.3) Signs of the portable incandescent or fluorescent-lamp type in which the 

open circuit voltage does not exceed 150 volts to ground are not requir8d to be 

grounded. 

E_:Q.oo.~®-~J..iilli'·.d of B:rar.Qh...Q.~uj._t. 

Oircui ts shall be so arranged that the number of outlets, lamps, and trans­

forraers connected to them, shall in no case place more than 15 amperes on a branch­

circui t. 

]:-600.07. M:altit!i. 

(1) Signs shall be marked with the maker~ s name, and for incandescent-lamp 

signs with the number of lampholders, and for electric discharge signs with input am­

peres at full load and input voltage. The marking of the s:Lgn shall be visible for 

inspection after installation. 

(2) Transfonners shall be marked with the makerts name, and transformers for 

ele0tric discharge signs shall be marked with the input rating in amperes or volt­

amperes, the input voltage and the open-circuit high-tension voltage. 

E-600 • .QB.. Enclosure§. 

Enclosures for signs and outline lighting shall conform to the following: 

(1) Conductors and_Teminals. Conductors and tenninals in sign boxes, cabin­

ets, and outline troughs shall be enclosed, except the supply leads. 

(2) Cutouts, Flash~s,_E\{~ Cutouts, flashers, and similar devices shall be 

enclosed in metal boxes the doors of which shall be arranged so that they can be 

opened with6ut removing obstructions or finished parts of the enclosure. 

(3) filreng:th. Enclosures shall have ample strength and rigidity. 

(4) Material. Except for portable signs of the indoor type, signs and outline 

lighting shall be constructed of metal or other noncombustible material. Wood may be 

used for external decoration if placed not less than 2 inches from the nearest lamp­

holder or current-carrying part. 
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(5) Mi.uim._um Thic~ss - Enclosure Metal. Sheet copper shall be at least 20 
inch). . 

ounce (0.028 / Sheet steel may be of ·No. 28 MS (USS Revised) gauge except that for 

outline lighting and for electric discharge signs sheet steel shall be of No. 24 MS 

(USS Revised) gauge, unless ribbed, corrugated or embossed over its entire surface, 

when it may be of No. 26MS (USS Revised) gauge. 

(6) Protection of Met~. All steel parts of enclosures shall be galvanized 

or otherwise protected from corrosion. 

(7) Enclosuras E,;x:posed to the Weather. Enclosures for outside use shall be 
. l 

weatherproof and shall have an ample number of drain holes, each not larger than 2 

inch or smaller than i inch. Wiring connections shall not be made through the bot-

toms of enclosures exposed to the weather unless the enclosures are of the raintight 

type. 

E-60Q.09. Poriable Gas 1'.gbe Sim· 

All gas tube signs not coming within the definition of portable shall be wired 

in accordance with the uode rule. Satisfactory i:ortable signs may be installed by 

connection with i:ortable cord. 

Note: As applied to Neon or gas tube signs, p:>rtable means less than 75 i:ounds 

in weight and 10 square feet over the largest surface, with all high tension wires 

and tube terminals within the sign enclosure proper, and the tubes or lamps fastened 

only to and not extending beyond the sign surface or background. All p:>rtable gas 

tube signs shall have the metal enclosure grounded by a three-wire cord connected to 

a three-point receptacle and the portable cord shall be limited to six feet in 

Jeneth. 

T.he -iJn~1d:nals shall be so designed that the tubing can be replaced without the 

necessity of exposing uninsulated live parts. If the spring contact type of recep­

tacle is used, it shall be so designed that, even with the tube removed, the live 

spring will be recessed a distance equal to three times the diameter of the receptacle 
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opening. It is recommended that the primary circuit be controlled by a ·relay that 

will open the circuit when a tube in the secondary circuit is broken or removed. 

Live parts shall be protected by barriers which require other than ordinary tools 

such as pliers and screw-drivers for removal unless access to the parts requires the 

disconnection of the primary circuits. (See E-410.SO). 

B. Signs and Outline Lighting - 600 Volts or Less 

J!l._--600.21. Installatign of Conductor.§.. 

Conductors shall be installed as follows: 

(1) }:[iring Method. Conductors shall be installed as open conductors on in­

sulators, in rigid metal conduit, flexible metal conduit, electrical metallic tubing, 

armored cable, metal troughing or Type MI cable. 

(2) ]:nsulation ancl.,Size. Conductors shall be of a type approved for general 

use and, except in portable signs and for short leads permanently attached to lamp­

ho lde :rs or ballasts, sha 11 be not sma1le r than No • 14 • 

(3) E~sed to the lieather. Conductors in raceways, armored cable or en­

closures exposed to the weather, shall be of the lead-covered type or other type 

specially approved for the conditions, except where rigid conduit, electrical metal­

lic tubing or enclosures are made raintight and arranged to drain. 

(4) li_um~.r_.Qf Conductors in Race11§J!:. Number of conductors in raceway for 

sign flashers may be in accordance with Table 1 of Chapter E-900. 

(5) Qpen Cond_llQ.j:.O~i;?.. Open conductors on insulatoJ'.'s shall comply w.i th the pro­

visions of E-300.02 to E-300.22 inclusive, and, if outdoors, Chapter E-730, except 

that the separation between conductors need be only 2 inches. 

Exception: Open conductors may be supported by lampholders located not more 

than 1 foot apart. 

(6) Conduc~;i;.-s Solder§d to Tem;i.nal§.. Where the conductors are fastened to 

lampholders other than of the pin type, they shall be soldered to the terminals and 



-446-

the exposed parts of conductors and terminals shall be treated to prevent corrosion. 

Where the conductors are fastened to pin-type lampholders which protect the terminals 

from the entrance of water, and which have been found acceptable for sign use, the 

conductors shall be of the stranded type but need not b'e soldered to the terminals. 

E-6~22. Lampholder;;i. 

Lampholders shall be of the unswitched type having bodies of suitable insulat­

ing material and shall be so constructed and installed as to prevent turning. Min­

iature lampholders shall not be employed for outdoor signs and outline lighting. 

C • Signs and Outline Lighting - Exceeding 600 Volts 

E-600.31. Iustalla_tion .Q.f CoruilJ..cJ.o~. 

Conductors shall be installed as follows~ 

(1) Wirin~ Met~. Conductors shall be installed as open work, as concealed 

conductors on insulators, in rigid or flexible metal conduit, or in electrical metal-. 

lie tubing. 

(2) _lmm,J_ation a,rul Size. Conductors shall be of a type approved for the pur­

pose and for the voltage of the circuit, and shall be not smaller than No. 14. 

(.3) Bends in Congug~ors. Sharp bends in the conductors shall be avoided. 

(4) O:g_en C.Qllilll.Q].QJ:§ - Indoors~ Open conductors indoors .shall be mounted on 

noncombustible, nonabsorptive insulators. Insulators of porcelain shall he gJ.azed 

on all exposed surfaces. A separation of at least it inches shall be maintained 

between conductors and between conductors and other objects. Conductors shall not 

be located where subject to physical damage. 

(5) Q.2ng_ealed Cond11,gtors on Insulator.IL=-.1.n.door§. Concealed conductors on 

:i.nsulator.s e:::.a.11 be separated from each other and from all objects other than the 

insulatord on 1,./hich they are mounted by a spacing of not less than 1~ inches for 

voltages above 101000 volts, and not less than 1 inch for volt8ges of 10,000 or less. 

They shall be installed in channels lined with noncombustible material and used for 

no other purpose, except that the primary circuit conductors may be in the same 
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channel. The insulators shall be of noncombustible, nonabsorptive material. 

(6) Conductors ;i,n. Racewajl;€J• Where the conductors are covered with lead or 

other metal sheathing, the covering shall extend beyond the end of the raceway, and 

the surface of the cable shall not 1:e injured where the covering terminates. 

(a) In damp or wet locations, the insulation on all conductors shall 

extend beyond the metal covering or raceway at least 4 inches for voltages over 

10,000, 3 inches for voltages over 5,000 but not exceeding 10,000, and 2 inches for 

voltages of 5,000 or less. 

(b) In d~J locations the insulation shall extend beyond the end of the 

metal covering or raceways not less than 2! inches for voltages over 10,000, 2 inches 

for voltages over 5,000 but not exceeding 10,000, and it inches for voltages of 

5,000 or less. 

(c) For c.onductors at grounded midpoint terminals, no spacing is requi-

red. 

(d) Not more than 20 feet of cable from a single transformer shall be 

run in metal raceway where the potential between the cable and the raceway is more 

than 5,000 volts. 

(7) Open Conductoxs ~ Ou~d.Q.q~.§· 

(a) Open conductors outdoors shall be mounted on noncombustible, non­

absorptive insulators. Insulators of porcelain shall be glazed on all exposed sur­

faces. A separation of at least two inches shall be maintained between conductors, 

and between conductors and other objects. 

(b) vfnere subject to physical damage, or where within reach from ground, 

roof, or window, conductors shall be enclosed in raceways o:r suitably guarded. 

Where guarded, a spacing of not less than lt inches shall be maintained between con­

ductors and the enclosure unless the enclosure is nonconducting and noncombustible. 

(8) ~1.ndows and Simil.ar Locations. Conductors that hang freely in the 

air, away from combustible material, and where not subject to physical damage, as 
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in some show-window displays, need not be otherwise protected. 

(9) Conductors may 1:e run from the ends of tubing to the grounded midpoint of 

transformers specifically designed for the purpose and provided with terminals at 

the midpoint. Where such connections are made to the transformer grounded midpoint, 

the connections between the high-voltage tenninals of the transformer and the line 

ends of the tubing shall be as short as possible. 

E-600.32. Transformer~. 

Transformers shall comply with the following: 

(1) Volt~. The transformer secondary open-circuit voltage shall not exceed 

15,0(X) volts with an allowance on test of 1,000 volts additional. In end-grounded 

transformers the secondary, open-circuit voltage shall not exceed 7,500 volts with 

an allowance on test of 500 volts additional. 

(2) h~ 

(a) Transformers shall be of a type approved for the purpose and shall 

be limited in rating to a maximum of 4,500 volt-amperes. 

(b) Open core-and-coil type trar:sfbrmers shall be limited to 5,000 volts 

with an allowance on test of 500 volts, and to indoor applications in small portable 

signs. 

(c) Transformers for outline lighting installations shall have secondary 

current ratings not in excess of 30 milliamperes except where they and all wiring 

connected to them are installed in accordance with the provisions of Chapter E-410 

for electric discharge lighting of the same voltage. 

(.3) $xpqsed to Weather. Transformers used outdoors shall be of the weather­

proof typ(~ or shall be protected from the weather by enclosure in the sign body or 

in a scpc'.ate metal box. 

(4) Transformer Secondary Connect~ons. The high-voltage windings of trans­

formers shall not be connected in parallel; and shall not be connected in serie~; 

except that two transformers each having one end of its high-voltage winding 'con­
nected to the metal enclosure may have their high-voltage windings connected in 



-449-

series to form the equivalent of a midpoint grounded transforiii.er. The grounded ends 

shall be connected by insulated conductors not smaller than No. 14. 

(5) Accessibj.~ Transformers shall be accessible. 

~-60Q.t.l2.. EJ.ectric J2i,gchal;'&L,_Tub~ 

Electric discharge tubing shall conform to the following; 

(1) !lfil!is.n· The tubing shall be of such length and design as not to cause a 

continuous over-voltage on the transformer. 

(2) Su~. Tubing shall be adequately supported on noncombustible, non­

absorptive supports. Tubing supports should, where practicable, be adjustable. 

(3) ~.c.]Jli.t!i Flanrrn~).e Material ar& Oth~.r._.§urfac.ruu, The tubing shall be 

free from contact with flammable material and shall be located where not no.rnally 

exposed to physical damage. Where operating in excess of 7, 500 volts, the tubing 

shall be supported on noncombustible, nonabsorptive, insulating supports which main­

tain a spacing of not less than t inch between the tubing and the nearest surf'ace. 

E.-Q.00.34. Te,;r.lninals a,nd Electrode Rfill.,ejltas;les for Electric Discharee Tubin~ 

Terminals and electrode receptacles for electric discharge tubing shall comply 

with the fo.llowing: 

(1) · Tertn.inal§.. Terminals of the tubing shall be inaccessible to unqualified 

persons and isolated from combustible material and grounded metal or shall be en­

closed. Where enclosed they shall be separated from grounded metal and combustible 

material by noncombustible, nonabsorptive insulating material approved for the pur­

pose or by it inches of air. Teminals shall be relieved from stress by the inde­

pendent supp:>rt of the tubing. 

(2) Tube Comies.rt{iQns Other Than With, Recsiptacles. Where tubes do not te :rmin­

a te in receptacles designed for the purpose, all live p:i.rts of tube terminals and 

conductors shall be so sup!XJrted as to maintain a separation of at least it inches 

between conductors or between conductors and any grounded metal. 



-450-

(3) ,Eece:gta&les. Electrode receptacles for the tubing shall be o:f noncombust-

ible, nonabsorptive insulating material approved for the purpose. 

(4) ~11shin£§. Where electrodes enter the enclosure of outdoor signs or of an 

indoor sign operating at a voltage in excess of 7,500 volts, bushings shall be used 

unless receptacles are provided or the sign is wired with bare wire mounted on ap-

proved supports which maintain the tubing in proper position. Bushings shall be of 

noncombustible, nonabsorptive material. Where bare wiring is used, the conductor 

shall be not less than No. 14 solid copper, shall be supported so as to prevent sag-

ging and lessening of the spacing required elsewhere in this Chapter, and electrode 

terminal assemblies shall be of an approved type and supported not more than 6 inches 

from the electrode terminals. 

(5) §hgw;-Windows. In the exposed .. type of show-window signs, terminals shall 

be (a) enclosed by receptacles approved for the purpose or (b) where hanging in 

air, free from grounded surfaces, enclosed in sleeves of vulcanized fiber, phenolic 

composition, or other suitable material which overlaps all live parts by at least 

t inch. 

(6) fuace£ta.cles .fil!d.J2ushing Se§.Jli. A flexible, non-conducting seal may be 

used to close the opening between the tubing and the receptacle or bushing against 

the entrance of dust or moisture. This seal shall not be in contact with grounded 

conductive material and shall not be depended upon for the insulation of the tubingo 

(7) .filnQJ.Q.sur~f: Metal• Enclosures of metal for electrodes shall be of not 

less than No. 24 MS (USS Revised) gauge sheet metal. 

(8) :filnplosures of InsuJating Mate;ris.1-....':. Enclosures of insulating material 
I 

shall be noncombustible, nonabsorptive and approved for the voltage of the circuit. 

E-6oo.;~. Switches on_j2Qors. 

Doors or covers giving access to uninsulated parts of indoor signs or outline 

lighting exceeding 6oO volts and accessible to the general public, shall either be 

provided with interlock switches which on the opening of the doors or covers dis-

connect the primary circuit, or shall be so fastened that the use of other than 

ordinary tools will be necessary to open them. 
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CHAPTER. E-610 

CRANES AND HOIS'.1."S 

· A. Scope and Use 

f. 

The provisions of this Chapter shall apply to the installation of cranes, 

crane runways, hoists and monorails. 

Note: For definitions of various kinds of cranes and hoists see American 

Standard Safety Code for Cranes, Derricks and Hoists, ASA B.30.2-1943. 

:fil-610 .Q2. Particulra.r Locations_. 

(1) Ignitible M~~fial Haz~r4£!. Installations in hazardous locations shall 

comply with the provisions of E-503.1.3. 

(2) QQ.mbustibl~_Mate:rig,1§..:.._ Where a crane operates over readily comblstible 

material, the resistors shall be placed in a well-ventilated cabinet composed of non-

combustible material so constructed that it will not emit flames or molten metal. 

Exception: Resistors may be located in a cage or cab constructed of noncom­
or cab 

bustible material which encloses the sides of the cage/from the flo.or to a point at 

least 6 inches above the top of the resistors. 

E-6J,O .11. W;i,,ring !1e:thruh 

Conductors shall be enclosed in raceways or be Type MI cable. 

Exception No. 1. Bare Conductors. Bare conductors used as contact conductors. 

Exception No. 2. Open Conductors. Short lengths of open conductors at re-

sisters, collectors, and other equipment. 

Exception No • .3. Flexible Connections. Where flexible connections are nee-

essary to motors and similar equipment, flexible metal conduit, armored cable, multi~ 

ple conductor rubber-covered cable or an approved non-metallic enclosure may be 

employed. 

Exception No. 4. Pendent Push-Button Stations. Where multiple conductor 
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cable is used with a suspended pushbutton station, the station must be supported in 

some satisfactory manner that will protect the electrical conductors against strain. 

~lb Raceway Te@naLFi tting:a. 

Conductors leaving raceways shall comply with the provisions of E-300.16. 

~..:QlQ.13. Tyw~ of CQ.lldlJctors. 

Conductors shall be of the :rubber-covered or the thennoplastic type except: 

Exception No. 1. Contact Conductors. Contact conductors along runways, crane 

bridges and monorails may be bare and may be of hard drawn copper, or aluminum, or 

steel in the form of tees, angles, tee· rails, or other stiff shapes. 

Exception No. 2. Flexible Conductors. Flexible conductors may be used to 

convey current and where practicable, cable reels or take-up devices may be employed. 

Exception No.· 3. Varnished Cambric Conductors. Varnished-cambric conductots 

(Type V) or asbestos varnished cambric (Types AVA and AVB) may be used in dry loca-

tions. , r ~ ·~1 

Exception No. 4. Type MI Cable. Type MI cable may be used in wet or dry lo­

cations within its specified temperature ratings. 

Exception No. 5, Exposed to High Temperatures. Conductors exposed to exter­

nal heat or connected to resistors shall have an insulation approved for the tem­

perature and location as specified in E-310.02. Where conductors not having a 

flame-resistant outer covering are grouped together, the group shall be covered with· 

a flame-resistant tape. 

E-610.14. Cond~Q.Ia• 

(1) Cur~~.ni:Par;cd.ng Ca.pad tii. The allowable current-carrying capacity of 

conductors shall be as shown in ~ab~e E-610.14(1). For the carrying capacity of 

conductors between controllers and resistors, see E-430.023. 

(2) Mini~.t. Conductors shall not be smaller than No. 14· 

Exception: No. 16 may be used for crane and hoist motor and control circuits 

only when the application meets E-610.14(1) current carrying capacity, and provided 

the conductors are protected against physical damage. 



Table E-610. J.4 (1) 

"'.at-Carrying Capacity in Amperes of Insulated Conductors in Raceway or Cable 
Usr:id with Short Time Rated Crane and Hoist Motors 

Ma~t~;:r· --6·o-0_c __ T 75°c-n---'·-- 90°c llO"C 

Temp. H 
-S-i-ze--....-fi~---T-yp_e_R-, ---rr ---~-·----~--Ty-p,_e -T-~-, -A-:VB-,· i--------

AWG i RW. T. TW Tvne RH. :RHW - mm. SA Ty:nSJ..AV=A,___ __ 
MGM . 60 _min 10 min 60 min 10_mir! _-2.Q_min 10 mi.;;;:.n~-69.min_ 30 m:t.ull--·-16 10 10 10 12 

14 20 20 25 26 
J2 25 25 30 33 
10 35 35 l 40 43 
8 45 50 55 6o 

6 57 70 
11
1 76 

5 65 80 85 
4 77 95 100 
3 90 115 I 120 
2 I 107 ]JO 137 
l ! 130 150 143 

0 
00 

000 
0000 

160 J.$0 
195 225 
245 280 
295 350 

250 I 350 375 
300 410 475 
350 'I 460 • 550 
400 !· 515 I 580 
45C II 565 . 640 

-~5_0_0 ___. ....... _6_20_.~.J __ ?oo 

190 
222 
280 ii 300 

' 
364 
455 
486 
538 
600" 

I 660 

86 
95 

117 
141 
160 
175 

2.33 
267 
341 
369 

420 
582 
646 
688 
765 

l 847 __ 

•• 
.31 
36 
49 
63 

83 
95 

Ill 
131 
148 
158 

. . 
.32 
40 
52 
69 

94 
106 
130 
153 
173 
192 

211 259 
245 294 
305 I 372 
319 399 

I~ 400 461 
497 636 
542 716 
593 760 
66o 836 
726 914 

--·----

. . 
38 
45 
6o 
73 

93 
109 
126 
145 
163 
177 

I 239 
275 
339 
.352 

447 
554 
616 
666 
740 

' 815 ··--

40 
50 
65 
80 

105 
J21 
147 
168 
190 
215 

294 
331 
4J3 
440 

516 
707 
809 
856 
930 
1004 

Other insulations shown in E-310.02 and approved for the temperatures and location 
may b.e substituted for those shown in Table E-610.14 (1). The allowable current­
carrying capacity of conductors used with 15-minute motors shall be the 30:...~inute 
ratings increased by 12 per cent. 
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(3) Qontact C~~· The size of contact wires shall be not less than the 

following: 

Distance between end 
strain ~nsulators 

0-.30 feet 
31-6o feet 

over 60 feet 

Size of 
wire 

No. 6 
No. 4 
No. 2 

Where a crane or hoist is operated by more than one motor, a common-return 

conductor of proper current-carr,ying capacity may be used. 

C. Contact Conductors 

E-610.41. Iu~tallation.....Q!..QQnt~ct Conductors. 

Bare contact conductors shall conform to the following: 

(1) Qont~ct Wir~§..:. Wires that are used as contact conductors shall be se-

cured at the ends by means of approved strain insulators and shall be so mounted on 

approved insulators that the extreme limit of displacement of the wire will not 

bring the latter within less than l~ inches from the surface wired over. 

(2) §.JJ..Dports Alon~!:l,W. Main contact conductors carried along runways 

shall be supported on insulating supports placed at intervals not exceeding 20 feet, 

and these supports shall be insulating except for grounded rail conductors as pro­

vided in E-610.21(5). Such conductors shall be separated not less than 6 inches 

except for monorail hoists where a spacing of not less than 3 inches may be used. 

Where necessary, intervals between insulating supports may be increased up to 40 

feet, the separation between conductors being increased proportionately. 

(3) §y:QW'ts on BridJlM· Bridge contact conductors shall be kept at least 

2i inches apart and, where the span exceeds 80 feet, insulating saddles shall be 

placed at intervals not exceeding 50 feet. 

Note: It is recommended that the distance between wires be greater than 2! 

inches where practicable. 
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(4) . SuJ2l)Qrts for R. · along runways and'.: .crane. brid-

ges, which are of the rigid type specified in E-610.13, Exception No. 1, shall b~ 

carried on insulating supports spaced at intervals of not more. than 80 times the 

vertical dimension of the conductor, but in no case greater than 15 feet, and 

spaced apart sufficiently to give a clear electrical separation of conductors or 

adjacent collectors of not less than 1 inch. 

(5) .Traclt g.s C;i:r.,cui t Cong11ctor. Monorail, tramrail or crane-runwt;i.y i:tracks 

may l:e used as a conductor of current for one fhase of a three-fhase alternating­

current system furnishing power to the carrier, crane or trolley, provided all of 

the following conditions are fulfilled: 

(a) The conductors for supplying the other two .phases of the power 

supply shall be insulated. 

(b) The power for all phases shall be obtained from an insulating trans-

former. 

(c) The voltage shall not exceed 300 volts. 

(d) The rail serving as a conductor shall be effectively grounded at the 

transformer and may also be grounded b~ the fittings used for the suspension or 

attachment of the rail to a building or structure. 

(6) ~lec"tl.i.cal Continuity of'.__Q.Q.lltact Co_nductorso All sections of bare rigid 

contact conductors shall be mechanically joined to provide. a continuous electrical 

connection. 

(7) Not to Sum>.lLOther,..!QID,pnent. Contact conductors shall not be used as 

feeders for any equipment other than the crane or cranes which they are primarily 

designed to serlfe. · : · 

(8) 1§.Ql@Jiing ·2~i.u€..QontaQ]_Q,onductors. Except in locations to which , ~1 

only qualified persons are admitted, contact conductors shall be so isolated by 

elevation or be provided with suitable guards so arranged that persons cannot in­

advertently touch the current-carrying parts while in contact with the ground or 

with conducting material connected to the ground. 
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!1.!:QlO. 2b_QQJ.Je ctors. 

Collectors shall be so designed as to reduce to a minimum sparking between 

them and the contact conductor, and when operated in rooms used for the storage of 

easily ignitible combustible fibers and materials the requirements of E-503.13 shall 

be complied with. 

D. Control 

E-610.31. Ru.u;wgy Con,d£ctor Di.§Sonnectin~ Means. 

A disconnecting means shall be provided between the runway contact conductors 

and the power supply. Such disconnecting means shall consist. of a motor-circuit 

switch or circuit-breaker, except that a general-use switch may be used when the dis­

connecting means is provided in accordance with E-610.32. This disconnecting means 

shall be readily accessible and operable from the ground, shall be arranged to be 

locked in the open position, shall open all ungrounded conductors simultaneously, 

and shall be placed within sight of the crane or hoist and the runway contact con­

ductors. 

E-610.32. j),J.sco~cting Means for Crane. 

Where a crane is operated from a cage or cab, a motor-circuit switch or cir­

cuit-breaker shall be provided in the leads from the runway contact conductors. The 

switch or circuit-breaker shall be in the cage or cab or mounted on the bridge and 

operable from the cage or cab when the trolley is at one end of the bridge. 

~-Ql0.33. Rat1ng of Di~gonnectin€ Means for Cr~. 

On both alternating-current and direct-current crane protective panels, the 

continuous ampere rating of the switch or circuit-breaker required by E-610.32, and 

mainline contactors, shall be not less than 50 per cent of the combined short-time 

~it)lplpere ratings of the motors, nor less than 75 per cent of the sum of the short-time 

ampere ratings of the motors required for any single crane motion. 

E-610. 34. Limit S1Yi tch. 

A limit switch shall be provided for upper limit of travel of crane hoists. 
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E. Overcurrent Protection 

E-610 .4i. Contact Conductors. 

The main contact conductors shall be protected by an overcurrent device. 

&:610 .42. a ran§.J1Q].Q.r..s....!.. 

Where more than one motor is emp~oyed on a crane, each motor shall have in­

dividual overcurrent protection as provided in Chapter E-4JO, except that where two 

motors operate a single hoist, carriage, truck, or bridge, and are controlled as a 

unit by one controller, the pair of motors with their leads may be protected by a 

single overcurrent device l1hich shall be located in the. cage or cab where there is 

one. Where the ove·,.o'Q·r-ren.t devtce is not readily accessible, it shall be enclosed or 

guarded uu:til it :i.s electrically disconnected from the source of supply. See E-240.16 

(1) • 

F. Grounding 

E-6lQ..!jL__Groundj_~. 

Motor frames, tracks, the entire frame of a crane or hoist, and cases of con­

trollers shall be grounded in the manner specified in Chapter E-250. Small p:> rtable 

ho:i.sts shall be grounded where required by E-2500045. 

CHAPTER. E-615 

TROI,"LEY CONDUC1DRS 

The provisions of this chapter shall apply to installations of trolley wires 

and feeders for supplying electric locomotives and cars. 

~.::.615 .Q 2. _;I:ns11fili on_.Qf_1;r.Ql:L..mU[i.~. 

Trolley wires shall have at least two separate and distinct insulations from 

the ground. A wooden pole or structure shall be considered as one insulation. 

E-6.l.i&~. of TroJ.l_gy Wires and F'§eder.s. 

Trolley wires and feeders shall be. provided with a mQuns by which t.hey ca.n be 

disconnected from their source of current. 
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CHAPTER E-620 

ELE.'VATORS, DWJBWAITERS, AND ESCALATORS 

A. Scope and General 

]!-620.001. Seo~~· 

This chapter shall apply to electrical equipment and wiring used in connection 

with elevators, dumbwaiters, and escalators. 

E·-620.,002. Volta~e Li:milfil.ions...!. 

The nominal voltage used for elevator, dumbwaiter or escalator operating con­

trol and signal circuits, operating equipment, driving machine motors, machine 

brakes, and motor-generator sets shall not exceed the following: 

(1) For operating eontrol and signal circuits and related equipment including 

door operator motors: 300 volts except that higher poten·tials may be used for fre­

quencies of 25 through 6o cycles alternating current or for direct current pro­

vided the current in the system cannot, under any conditions, exceed 8 milliamperes 

for alternating current or 30 milliamperes for direct current. 

(2) Driving machine motors, machine brakes, and motor-generator sets: 600 

volts, except. that higher potentials may be used for driving motors of motor-gen­

erator sets. 

E-620 .. Q03~Lm-Pa.rls EnclQsed. 

All live parts of electrical apparatus in the hoistways, at the landings, or 

in or on the cars of elevators and dumbwaiters or in the wellways or the landings 

of escalators shall be enclosed to protect against accidental contact. 

B. Conductors 

]i.::Q~l. __ Jn21JJA:ti.Qn.. of Co~g.r.g. 

The insulation of conductors installed in connection with elevators, dumb­

waiters or escalators shall comply with the following: 

(1) Q_ontmi Panel H.iring. Conductors from panels to main circuit resistors 
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shall be flame-retardant and suitable for a temperature of not less than 90°0. 

(1940 F .) • All other wiring on cont ml panels shall be flame-retardant, moisture­

resistant. 

(2) TravlgJi,ng_9£-J2l.es_. Traveling cables used as flexible connections between 

the elevator or dumbwaiter car and the raceway shall be Type E, EO, or ET elevator 

cable or other approved types and shall have a flame-retardant, moisture-resistant 

outer covering. 

(3) Othe:i;:_WirjJ}~ All conductors in t:P.e raceways and in or on the cars of 

elevators and dumbwaiters and in the wellways of escalators and in the machine room 

of elevators, dumbwaiters, and escalators shall have flame-retardant and moisture­

resistant insulation. 

(4) 'Ihicmess o;f, Insuls0lil..?Jl• 'Ihe thickness of the insulation of all conduc­

tors shall be suitable for the voltage to which the conductors are subjected. 

~:-6~ID11ID-~iz..e of Cot!d.lJgtru;.§.. 

The minimum size of conductors used for elevator, dumbwaiter and escalator 

wiring, except for conductors which form an integral p;i.rt of control equipment, 

shall be as follows: 

(1) Traveling Cables. 

(a) For lighting circuits: No. 14, except that No. 20 or larger conduc­

tors may be used in parallel provided the carrying capacity is equivalent to at 

least that of Noo 14 wire. 

(b) Operating cont.ml and signal circuits: No. 20. 

(2) Qther Wi rin~. All opera ting control and signal circuits: No. 20 • 

Co Wiring 

E-620.Q21. !.t!.nng,__Methods. 

Conductors located in hoistways and escalator wellways, in or on cars and 

machine and control moms, not including the traveling cables connecting the car 

and hoistway wiring, shall be installed in rigid conduit, electrical metallic tubing, 
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metal wireways, or Type MI cable subject to the following exceptions: 

Exception No. 1. Flexible conduit or armored cable may be used in hoistways 

and in escalator wellways between risers and limit switches, interlocaks, operating 

buttons, and similar devices. 

txception No, 2. Short runs of flexible conduit or armored cable may be used 

on cars where so located as to be free from oil and if securely fastened in place. 

Exception No. 3. Types s, SO~ and ST cords may be used as flexible connections 

between the fixed wiring on the car and the switches on car doors or gates. 

Exe eption No. 4. Conductors between cont ro 1 panels and machine mo to rs, ma­

chine brakes, and motor generator sets, not exceeding six feet in length, may be 

grouped together and taped or corded without l::eing installed in a raceway provided 

the taping or cording is painted with an insulating paint. Such cable groups shall 

be supp:irted at intervals of not more than three feet and so located as to be free 

from physical damage. 

Note: Where motor generators and machine motors are located adjacent to or 

underneath control equipment, and are provided with extra length terminal leads 

not exceeding six feet in length, such leads may be extended to connect directly 

to controller terminal studs without regard ·to the carrying capg.ci ty requirements 

of chapters E-430 and E-445. Auxiliary gutters may be used in machine and control 

rooms between controllers, starters and similar apparatus. 

D. Installation of Conductors 

Ji;-620.&31. Rac,e~y Termill5!:1 Fittinrw.. 

Conductors leaving raceways shall comply with the provisions of E-300.16. In 

no cese shall the raceway terminate less than 6 inches from the floor • 

.E.=620 .OJ2.t_..&.ta.J. liU.e.liA.YS • 

E-362.05 shall not apply to wireways. The sum of the cross-sectional area of 

the individual conductors in a metallic raceway shall not be more than 50 per cent 

of the interior cross-sectional area of the wireway. 
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&::620 .Q.il. Number...Qf_Q.ooo~ors in, Other H.~™· 

The number of operating and control circuit conductors in other raceways rnay 

be in accordance with Table 1 of Chapter E-900. 

E-6£:0 • o 34 • _furm.m:~ .• 

Supforts for conductor raceways in the hoistway or escalator wellway shall be 

seourely fastened to the guide rail or to the hoistway or wellway construction. 

E-6Z~~-Gutters (Wiring Troughsl. 

Auxiliary gutters shall not be subject to the restrictions of E-374.02 as to 

length or of E-374.05 as to number of conductors. 

E-:::62.D_..01.Q. Diffe~§ystems in CmJ:i.aceway or Trav.eJ,.ing Cable. 

Conductors for operating, control, rower, signal, and light circuits of too 

volts or less may be run in the same traveling cable or raceway system provided 

that all en nductors are insulated for the maximum voltage found in the cables or 

raceway system and all live p~rts of the equipment are insulated from ground for 

this maximum voltage. Such a traveling cable or raceway may also include a r;air 

of telephone conductors for the car telephone provided such conductors are insul­

ated for the maximum voltage found in the cable or raceway system • 

.11;.-620. QJ1.t_Jj,J:;illg:. .. i-.D...]oi~~ 

(1) No wires, cables or conductor enclosures shall be installed in any ele­

vator hoistway except those needed to serve the elevator or dumbwaiter equipment 

including wiring for heating, ventilating, and lighting the car or hoistway, wir­

ing for signals, for communicati.on with the car~ f'or a work light and convenience 

outlet approximately level with the lowest terminal landing floor and for fire 

detection systems. 

(2) Other wires, cables, or conductor enclosures may in exceptional cases 

be installed in the elevator or dumbwaiter, hoist.way only if approved in wri. ting 

by the Industrial Commission provided that no opening, terminal, outlet or junc­

tion box is within the hoistway and shall be continuous between outlets or ter·· 

minals entirely outside the hoistway. 
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Note: It is not intended to prohibit the interruption of long runs for the 

pur}JOse of supporting or puJ.1ing in conductors, and pull boxes may be installed for 

this purpose. 

E • Traveling Cables 

].;=.f220 .ow.,. ,SusJ_;lelliliQ.!J 

(1) Traveling cables shall be so suspended at the car and hoistway end as to 

:r:educe the strain on the individual copper conductors to a minimum. 

(2) Cables exceeding 100 feet in length and which have steel supp:>rting 

fillers shall be suspended directly by the steel supporting fillers. 

(3) Where non-metallic fillers are used, the cables shall be suspended by 

looping the cables around the supports. 

E-620A14.6_• HazardQ.11.~ Locations..L 

In hazardous locations, traveling cables shall be Type EO and shall be secured 

to explosion proof cabinets by heavy-duty rubber-bushed threaded connector bushings 

sealed off at the enclosure as provided in E-501005. 

E.:6~2. LocatiQp of and P.rotectiQn fQX_Q§J2les. 

Traveling cable supp:>rts shall be so located as to reduce to a minimum the 

:r;ossibili ty of damage due t.o the cables coming in contact with the hoistway con­

struction or equip:n.ent in the hoistway. Where necessary, suitable guards shall be 

provided to protect the cables against damage. 

F. Control 

E,:-620~.5];. Disconnecting Means. 

' (~} E:icternalJ.y operated circuit-breaker or fused switch of the enclosed type 

opening all lines shall be installed separately in the supply circuit of every 

elevator. :: .,. ·. or escalator. This breaker or switch shall be pro-

vided with proper overcurrent protection, and shall be located in the machine room 

on the lock-jamb side of the entrance door and be visible from the elevator machine. 

This breaker or switch shall not be made to close from any other part of the build­

ing. The switch shall be a horsei:;ower rated motor circuit switch for motors up to 
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and including 50 HP. 

(2) For PJWer dumbwaiters, the circuit breaker or disconnect 8witch shall 

be located adjacent to the GOUfo'CJl'."..er which shall be IlliDunted on the outside of the 

hoistway on the hoistway wall. 

~Q2QAQ22Q F~ctrlcal Eguipmen_t ill Ga~g_es a.u!i Siro;i.iar Occu~§.· 

Electrical equipnent and wiring used for elevatorsj dumbwaiters and escalators 

i.n ga.ra.ges shall confonn to the requirements of Chapter E-511. Wiring and equip-

ment locat,ed under the car platform shall be considered as being located in the 

hazardous areao 

Elevators driven by p:>lyphase alternating current machine motors shall be pro-

vided with means to prevent starting of the elevator mot~r when: 

(1) The phase r 0 tation· is in the wrong direction, or 

(2) There is a failure in any phase. 

G. Overcurrent Protection 

!:£?~061" ~.Qy2.murrent P.nitect~~.ll· 

Overcurrent protection shall be provided as follows: 

(1) C'-0~ml and Operaj:.,;i.ng_Q~JJ.i:t.~.. Control and operating ciroui ts and sig-

nal circuits shall be protected against overcurrent in accordance with the require-

ments of E-72.5.18. 

(2)·~ .. 

(a) Duty on elevator, dumbwaiter, and driving motors of generator sets 

used with generator field con~rol shall be classed as intennittent9 These motors 

shall be protected against overourrent in accordance with E-430.033. 

(b) Duty on escalator motors shall be classed as continuous. These 

motors shall be protected against ove:rcurrent in accordance with E-4J0 .. 032. 

H , Machine Room 

(1) Elevator, dumbwaiter and escalator driving machines, motor generator se·bs, 

controllers and auxiliary contl")l equipnent shall be installed in a space secured 
against unauthorized access. 
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(2) Such equirment may be located in rooms or spaces containing other equip-

ment essential to the operation of the building provided it is separated therefrom 

by a substantial metal grille enclosure of a design which will reject a ball two 

inches in diameter and is at least six feet high equipped with a self-closing and 

self-looking door. 

(.3) It is not intended to prohibit the installation of dumbwaiter or escalator 

controllers outside the spaces herein specified, provided they are enclosed in cab-

inets with doors or removable panels capable of being locked in the closed position; 

nor is it intended to prevent the instaJ.lation of dumbwaiter controllers within the 

hoistway without cabinets, provided removable or hinged panels capable of being 

locked in the closed position are installed in the hoistway enclosures to provide 

access to the controllers. 

~=62.0.:.Q:zb_Q~~Jrn..d Co.ID~ Pane,1.§.. 

(1) 'There shall be provided sufficient clear working space around control pan-

els to provide safe and convenient access to all live parts of the equipnent nee-

essa:cy for maintenance and adjustment. The minimum clear wo:rking space about live 
(1) 

parts on control panels shall not be less than set forth in E-620.0'72 (a) and (b) 

unless otherwise specified. 

(a) ]:,levato.r and Dum.l?wai te:r Pan~ls. 

1. In the front - JO inches to live panel parts. 

2. In the rear - 24 inches to live panel parts. 

3. On one side of a panel or a group of panels - ig inches except 

this clearance can be waived if there is a clear passageway, not less than 18 in-

ches wide at any point, from the front to the rear of the panel or panels. 

Note l.It shall be permissible to mount control panels on, over or against the 

hoisting machine or motor generator set or to place auxiliary control equipuent in 

the front or rear of control panels provided the clearances to the live parts are 

not less than specified and provided there is safe access to the front and/or back 
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of the controller from at least one side. 

Note 2. Where control panels e.re mounted in cabinets with swing doors or re-

movable :i;:anels, sufficient clear space shall be provided to fully open the doors 

or r~move the panels. 

l. 'Ihe minimum working clearance for escalator control panels shall be 

as spenif:i.od in E-620 .o7£
1

)(a) 'provided that where the control panel is mounted in 

the Mme flpace as the escalator drive machine and the clearances specified cannot 

be provided, they may be waived where the entire panel is arranged so that it can 

be :n-')a/3.:!.ly removed from the machine space and is provided with flexible leads to all 

external connections. 

·2. Where control panels are not located in the srune space as the drive 

machine they shall be so located. in cab:Lnets with C\oo:rs or removable :i;:anels capable 

of being locked in the closed. fO;:;i t:ton. Such cabtnets may be mounted in the balus-

t.:nd:i.ng on ~;he side away from the lJoving steps. 

J... G:rnu!'.lding 

Condu:i~i or ar.rnored cable attached to elevator cars shall be bonded to grounded 

metal pB:i:·t.s of the car with which they come in contact~ 

For electric elevators, the frames of all motors, elevator machines, controll-

ers and the metal enclosures for a.11 electrical devices in or on the car or in the 

hoistway shall be grounded. 

~...&8h__NQD::Elect ric E.levatQJ1.l. o 

For elevators other than electr:i.c, when any electrical conductors are attached 

to the car, the metal frame of the car, where nonnally accessible to persons, shall 

be grounded. 

~-620 .Q8fw..__li_aug-O~erated.J2§.]21es. 

All hand-operated metallic shifting rotpes or cables shall be grounded. 
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E-66Qe.Q85. _.I.nb.~I!lUt Gro~. 

Equipment mounted on members of .the structural metal frame of a building shall 

be deemed. to be grounded. Metal car frames supported by metal hoisting cables 

attached to or rmming over sheaves or drums of elevator machines shall be deemed 

to be grounded when the rn~rnhine is grounded in accordar.c e with Chapter E--250. 

K. Overspeed 

E-620 • 021~..1:9J:&t:.J1.e.~:ti11§..r:~L!9.rJ2i.r.~g_:!~Jhu:.rflU.°t...Elev0 tor~ • 

Where dry plate rectifiers or other types of rectifiers which are incapable 

of absorbing eJ_eot.rical energy a.re used to transform alternating current to direct 

current for the operation of a direct current elevator motor or motors, means shall 

be provided to absorb a sufficient amount of the energy regenerated by the elevator 

motor or motors under overhauling load conditions to prevent any elevator from at­

taining at any time a speed of more than 125 per cent of i tG rated speed (speed in 

the up direction with rated load in the car) • 

E-62,Q .092. Mot.2~.LOY..iU'f?~.eQ._!levic.~. 

Motor generators driven by direct current motors and used to supply direct 

current for the operation of elevator machine motors shall be provided with speed 

limiting devices as required by E-'430 .089 (3), which will prevent the elevator from 

attaining a.t any time a speed of more than 125 per cent of its rated speed. 

L. Lighting 

JJ: ~620 .101 • Ligh:1in.€:. 

The following required lights and convenience outlets are in addition to those 

required in the car (See Ind 4.76 of the Wisconsin Administrative Code): 

(1) Lmdin~ Li£ht,. Every elevator hoistway landing within or in connection 

with an occupied building shall be provided with sufficient light to clearly see 

small objects at the threshold. 
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(2) Machine Roo!D§. and Overhea_d Lighting. Every machine room shall be pro­

vided with artificial lighting having an intensity of not less than 2-foot candles 

o.t tI:.:i floor. Every area about a ceiling type machine, including overhead sheave 

rooms or lofts, shall be ampJy lighted. Control bf such lighting shall be in the 

approach to the machine room or overhead equipment. 

(.3) ifork Ligh:!ill• Every power elevator he1·Gafter installed shall be equipped 

w:tth a work light and convenience outlet loc:ated in ·!;he hoistway a~roximately level 

·with t.~te lowest terminal landing floor if hois'i:iway landing doors are usede 
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CHAPTER E-630 

ELECTRIC WELDERS 

A. General 

This Chapter covers extensively used types of welders which require special 

treatment, as distinguished from welders which do not require special treatment and 

welders not in connnon use and not yet developed to the extent that rating and con-

struction standards are possible. 

E-630.02. Other C~§A§.· 

This Chapter amplifj.es or modifies parts of Chapters E-100 to E-400 inclusive 

of this Code in order to properlY cover the operating conditions to which electric 

welder installations are subjected. Accordingly the appropriate provisions of Chap­

ters E-100 to E-400 inclusive applY to the comrxment parts of electric welder in-

stallations except as otherwise provioed in this Chapter. 

B. Transformer Arc Welders 

The current-carr,ying capacity of conductors shall be as follows: 

(1) I11QJ.vj,Qual Wel~. The rated current-carrying capacity of the supply 

conductors shall be not less than the z:ated primary current of the welder. 

(2) Q.rouJ;< of Weld~a· The rated current-carrying capacity of conductors which 

supply a group of welders may be less than the sum of the rated primary currents of 

the welders supplied. The conductor rating shall be determined in each case accord-

ing to the welder loading based on the use to be made of each welder and the allow-

ance permissible in the event that all the welders supplied by the conductors will 

not be in use at the same time. The load value used for each welder shall take into 

account both the magnitude a.nd the duration of the load while the welder is in use. 

Note: Conductor ratings based on 100 per cent of the rated primary current of 

the two largest welders, 85 per cent for the third largest welder, 70 per cent for 
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the fourth largest welder, and 60 per cent of the rated prim~ry current for all the 

remaining welders, should provide an ample margin of safety under high production 

conditions with respect to the maxinn.un pennissible termperature of the conductors. 

Percentage values lower than those given are permissible in cases where the work is 

such that a high operating duty cycle for indi.vidual welders is impossible. 

~:§lQ_!.Jb Ove rcurr§Xl, t Pro te ctJ,Q.U. 

Ove:rcurrent protection shall be as provided ia E-630 .12 (1) and (2) • Where ti.1e 

nearest standard rating of the overcurrent device used is under the value specified 

in t.l-iis i·ule, or where the rating or setting specifi.ed results in unnecessary open­

ing of ·!J.i·3 ovGrcurrent device, the next higher !'ali:tng or setting may be used. 

(1) fo.r.. WelQ.er,e. Each welder shall have overcurrent protection rated or set 

at not more than 200 per cent of the rated primary current of the welder, except 

that an overcurrent device is not :required for a welder having supply conductors 

protected by an overcurrent device rated or set at .not more than 200 per cent of the 

rated primary current of the welder. 

(2) E.fil:_QQDduotQ!'.§.!. Conductors which supply one or more welders shall be pro­

tected by an overcurrent device rated or set at not more than 200 per cent of the 

conductor rating. 

~-6.J0.13. Controller. 

A controller shall be provided in the suppiy connection of each welder which is 

not equipped with a controller mounted as an integral part of the welder. 'l'he con­

troller shall be a motor-circuit switch or a circuit-breaker. The ampere rating 

shall be not less than the rated primary current of the welder. The horsepower ra­

ting of a switch used as a controller shall be not less than the numerical value 

obtained by multiplying the rated primary current of the welder by 0.1, 0.2 or o.25, 

respectively, for 220-, 44D- and 550-volt welders. These factors apply to 2-pole 

switches. 
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~;:;63Q. l.4. Mark;i,n,g.. 

A nameplate gh·ing the following information shall be provided: name of manu­

facturer; frequency; primary voltage; rated primary current; maximum open-circuit 

secondary voltage; rated secondary current; basis of rating, i.e., the duty cycle, 

30-minute rating or ED-minute rating. 

C. Motor-Generator Arc Welders 

E -6 30 ·Ill.:. Qthe r R'Yl§ s Which A :QPl.Y. 

Motor-generator arc welder installations are covered by the appropriate rules of 

Chapters E-100 to E-400 inclusive applicable to conductors, motors, generators and 

associated equipment. Referring specifically to the motor supply connections, the 

following rules apply in ad.di tion to such other provisions as may be applicable. 

Conductor rating, E-430 .022 and E-430 .026. Overcurrent protection for motors, 

E-430.03.3: for conductors, E-4.30.052. Controllers, E-4.30.007, E-430.008 and E-430.083· 

Disconnecting means, E-430.111. 

D. Resistance Welders 

E-~- Capacity Qf 6unply ConQ.uctors. 

The current-carrying capaci·ty of the supply conductors necessary to limit the 

voltage drop to a. value permissible for the satisfactory performance of the welder 

is usually greater than that required to prevent over-heating as prescribed in 

E-630.Jl(l) and (2)< 

(1) Individual_w~ The rated current-carrying capacity for conductors for 

individual welders shall conform to the following: 

(a) ~llii\'.._.QJ;lg;rg,:ti.ons. The rated current-carrying capacity of the supply 

conductors for a welder which mayte operated at different times at different values 

of primary current or duty cycle shall be not less than '70 per cent of "the rated pri­

mary current for seam and automatically fed welders, and 50 per cent of the rated 

primary current for manually-operated non-automatic welders. 

(b) 9necific....Q!2.lll'l!:tion~ The rated current-carrying capacity of the sup-

ply conductors for a welder wired for a specific operation for which the actual 
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vrirna.r; c-u.rre11t anc: duty cycle are known and remai11 unubanged shall 'ce not lesl:i Ll1<-:r, 

trie product of the actual primary current and the multiplier given below fol' the dut, .. 

cycle at which the welder will be operated. 

Duty Cycle 
(per cent) •••••• 

Multiplier •• ~ q., .•• 
50 40 )U 25 w 15 10 '!. 5 5.o o:r }6S;:; 

• 71 .63 .55 .50 .45 .39 ._;>2 .2? .22 

The rated current-carrying capacity of conduGto ro wh1c:. 

:; .. _p}JlY two or more welders shall be not less than the sum of the value obtained c:i.::: 

,:,xplained in E-6.30.Jl(l) for the }fargest welder supplied, and 60 per cent of the 

values obtained as explaj.nec! in E ·-630. Jl (1) for· nll the other welders suppli ec; . 

(J) ~JS;W,,:'Ylltj.on Q.L 'l'e.r:m~. (a) The rated primary current is the rated kva ;nul-

tiplied by 1,000 and divided by the rated pri!Ilar.'f voltage, using vali.1es given OL t;"e 

nameplate. (b) The act·ual primary current is the c'l.lrrent drawn from -vhe supply 

,~ircui t during each welder operation at the particular heat tap and control settin. __ 

used. (c) The dat:y· cycle is the percentage of th,3 time during which the welde:r L 

lo;;,.ded. For irn~to.ncsi, a spot welder supplied by a ED-cycle systen: (216,000 cycJe·_, 

per hour) making fo~lr hundred 15-cycle welds :r;er hour would have a duty cycle of 

2.8 per cent (400 multiplied by 15, divided by 2k,orn, mult.iplied by 100). A se~v. 

welder opera ting 2 cycles 11on 11 and 2 cycles 11off 11 would have a duty cycle of 50 per 

cent. 

Overcurrent protection shall be as provided in E·-6JO .32 (1) and (2). where the· 

nea1-est standard rating of the overcurrent device used is under the value specified 

in this rule, or where -the rating or setting specified results in unnecessary open-

ing of the overcurrent device, the next higher rating or settin&, may be used. 

(1) For Welders_, Each welder shall have an overcurrent device re.ted or set 0.t 

not more than JOO per cent of the rated primary current of the welder, except that 

an overcurrent device is not required for a welder having a supply circuit protected 

by an overcurrent device rated or se·~ at not more than 30C per cent of the rated 
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primary current of the welder. 

(2) EQ..r_Qouduq:tors~ Conductors which supply one or more welders shall be pro­

tected by an overcurrent device rated or set at not more than 300 per cent of the 

conductor rating. 

E-62.Q. 23. PisconD.filtli,ug.,M§iill§.:. 

A switch or circuit-breaker shall be provided by which each welder and its conM• 

trol equipment can be iso2-ated from the supply circuit. The current-carrying cap­

aci ty of this disconnecting means shall be not less than the supply conductor rating 

determined as explained in this Chapter. The supply circuit switch may be used as 

the welder disconnecting means where the circuit supplies only one welder. 

[:6'30.34. M~J:ki~ 

A nameplate giving the following information shall be provided: name of manu­

facturer, frequency, primary voltage, rated kva at 50 per cent duty cycle, maxi­

mum and minimum open-circuit secondary voltage, &1ort-circui t secondary current at 

maximum secondary voltage and specified throat and gap setting. 
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CHAPTER E·-6.40 

SOUND-,RECORDING AND SDVU:LAR EQUIPMKNT 

],!~~640 .OJ,~Q.rist• 

This Chapter shall apply to installatj_ons of equipment and wiring used for 

sound-recording and reproduction, centralized distrib~tion of sound, public address, 

speech-input systems and electronic organs. 

~-q~02~PnliQl'!:iio!l...Qf, O~ther Ob~· 

(1) Except as modified by this Chapter, wiring and equipment from source of 

po11er to and between devices connected to the interior wiring systems shall comply 

with the requirements of Chapters E-100 to E-400, inclusive, of this code. 

(2) Wiring and equ:Lpment for public-address, speech~input, radio-frequency, 

audio-frequency systems, and amplifying equipment· associated with radio receiving 

stations in centralized distribution systems, shall comply with Chapter E-725. 

fil-6fi.Q.!.Q1~Nw.:nbe r~ o.t ..Q.Qni;:i.ucto riLiJL~G.fil&Jl.• 

The number of conductors in a conduit or other raceway shall comply with •rubles 

l to ? inclusive of Chapter E-900 except as follows: 

Exception No. 1. Special permission may be granted for the installation of two 

2-conductor lead-covered cables in 3/ 4-j.nch conduit, provided the cross-sectional 

area of each cable does not exceed .11 square inch. 

Exception No. 2. Special permission may be granted for the installation of 

two 2-conductor No. 19 lead-covered cables in t-inch conduit, provided the stun of 

the cross-sectional areas of the cables does not exceed 32 per cent of the internal 

cross-sectional area of the conduit. 

];.::§4Q.04 •• W:i.reJ.T~fil.1.d_~S3-IX Gu..1_ters. 

(1) Wireways and auxiliary gutters shall comply with the requirements of 

Chapters E-362 and E-374. 

(2) Where used for sound-recording and reproduction the following exceptions 

are made: 
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Exception No. 1. Number of Conductors in Raceway. Conductors in wireways or 

gutters shall not fill the raceway to more than 75 per cent of its depth. 

Exception No. 2. Auxiliary-Gutter Covers. Where the cover of auxiliary gut­

ters is flush with the flooring and is subject to the moving of heavy objects it 

shall be of steel at least i-inch in thickness; where not subject to moving of 

heavy objects, as in the rear of patch or other equipment panels, the cover shall be 

at least No. 10 MS(USS Revised) gauge. 

Exception No. J. Metal-Trough Racewa:ys·. Metal-trough raoeways may be in­

stalled in concealed p:1_acss p:covided they are run in a s·traight li~J.e between outlets 

or junction boxes o Cr;vcc.1.'S of boxes must be accessible. Edges of metal must be 

rounded at outlet or junction boxes and all rough projections smoothed to prevent 

abrasion of insulation or conductors. Raceways made of sections shall be bonded and 

grounded as p1'escribed in E-250.076c. 

Exception No. 4. Grounding Wireways and Auxiliary Gutters. Metal wireways and 

auxiliary gutters shall be grounded in accordance with the requirements of Chapter 

E-250. Where the wireway or auxiliary gutter does not contain i::ower supply wires, 

the grounding conductor need not be larger than No. 14 copper or its equivalent• 

Where the wireway or au:xilia:;.''Y' ~utter contains power supply wires, the g:.ounding 

conductor sh9.ll not b8 smaller tban the size called for in E-250.0950 

E -640 .O 5. CQ,ng~~~Ji. 

Amplifier vntpu.t ~~::.:nm:Li;s carrying audio-program signals of 70 volts or less 

and whose open cirryu:l.t voltage will not exceed 100 volts, may employ Class 2 wiring 

as covered in Chapter E~725o 

Note: The above is based on a·mplifiers whose open-circuit voltage will not 

exceed 100 volts when driven. wi'th a signal at any frequency from 60 to JDO cps 

sufficient to produce rated output (70. 7 volts) into its rated load. This also 

accepts the known fact that the average program :material is 12 db below the ampli­

fier rating - thus the average RMS voltage for an open-circuit 70 volt output would 

be only 25 volts. 
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E-Q_iJ:O.~ Gmumng of Q.~ctQ~· 

Conductors of different systems grouped in the same conduit or other metallic 

enclosure, or in JX>rtable cords or cables, shall comply w.i th the following require­

ments: 

(1) fu~..r-fua.pplv Conductors. Power-·supply conductors shall be properly indi-· 

cated and shall be used solely for supplying power to the equipment to which the 

other conductors are connected. 

(2) Leads.Ji.QJ1ot.QX_-Gen§l_ratgr or: JiPiS:n:. CQnyert~. Input leads to a motor­

genera'tor or rotary converter shall be run separately from the output leads. 

(3) Con~.S!tQr Insulation. The conductors r~hall be insulated individually, or 

callee ti vely in groups, by insulation at least equivalent to that on the i:ower­

supply and other conductors. 

Exception: Where the power-supply and other conductors are separated by a lead 

sheath or other continuous metallic covering. 

E-6Lt0 .07.r_..El~,QQ rd~. 

Flexible cords and cables ::;hall be of types P, K, S, SJ, ST, SJO, and SJT or 

other types specifically approved for the purpose for which they are to be used. 

The conductors of flexible cords, other than i;ower-supply conductors, may be of a 

size not smaller than No. 26 prnvided such conductors are not in direct electrical 

connection with the power-supply conductors and are equipped with current-limiting 

means so that the n:axi.mum ].X>wer under any condition will not exceed 150 watts. 

E-64Q..&8. Terminw. 

Terminals shall be marked to show their proper connections. '.I'erminals for con­

ductors other than ].X>wer-supply conductors shall be separated from the terminals of 

the power-supply conductors by a spacing at least· as grea·t as the Sp:lCi~ be:t;weeh 

powe·r:..supply terminals of opJX>si te :i;:olari ty. 

E.::~og. Ste ra~~~_g. 

Storage batteries shall comply with the following: 
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(1) .l.u§.:taJlation..!.. Storage batteries shall be installed in accordance with 

Chapter E-480. 

(2) · Q.Q .. UQJJcto_:i;:Jruiu1!1tiQl1• Storage-battery leads shall be rubber-covered or 

thermoplastic-covered. 

~-6_ii:Q .10. _Q_yercurrent Prot~ct;i.on. of 11A~~_£!,lliL~~Jll;t;,cu),.:tg. 
Overcurrent protection shall be provided as follows: 

(1) 11A11 circuit, where supplied by branch-lighting circuits, or by storage 

batteries of more than 4)-ampere-hour capacity, shall have overcurrent protection not 

exceeding 15 ami:eres. 

(2) "B11 circuits shall have overcurrent protection not exceeding one ampere. 

The overcurrent protection shall be placed in each i::ositive lead. 

(3) 110 11 circuits where supplied from branch lighting circuits or from storage 

batteries of more than 20-ampere-hour capacity shall hs. ve overcurrent protection not 

exceeding one ampere. 

(4) Overcurrent devices shall be located aB near as practicable to the battery. 

E.:.Q.4Q.:.lL_A,mpl;\fie.;rs~§..11iL.E~ctifie;i;:s -~.!. 

(1) They shaJl be suitably housed and shall be of a type approved for the pur-

pose unless otherwise expressly permitt~d by the administrative authority. 

(2) Amplifiers and rectifiers shall be so located as to be readi).y accessible. 

(3) Amplifiers and rectifiers shall be so located as to provide sufficient 

ventilation to prevent undue temperature rise within the housing. 

Equipment used in hazardous locations shall be specifically approved for the 

purpose. 

Amplifiers, rectifiers, loud-speakers and other equipment shall be so located or 

protected as to guard against physical damage such as might result in fire or personal 

hazard. 
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CHAPTElt E-650 

OR.GANS 

li:Q.2ihQ.L_Qfil!.Q.!~. 

This Chapter shall apply to those electric circuits and parts of electrically 

operated organs which are employed for the control of the sounding apparatus and 

keyboards. Electronic organs shall comply w.i th the appropriate provisions of Chap­

ter E-640. 

&:6'50 .Q 2 •. _s .911rce_Qi'~D..Q.r£.Y. 

The source of energy shall have a potential of not over 15 volts and shall l::e 

a self-e:xci ted generator, a two-coil-transformer type rectifier or a primary battery. 

1\(.::Q.2Q&.le....-1n.£?ula ti on :::.J1ro..JJ.n.Q.iU!l!.. 

The generator shall be effectively insulated from the ground and from the motor 

driving it, or both the generator and the motor frames sha11 be grounded in the man­

ner prescribed in Chapter E-250. 

E-6.2~Q.4~g_nduciQrJ?_. 

Conductors shall comply with the following: 

(1) Si&!2.:.. No conductor sha.11 be smaller than No. 26, and t,he common-return 

conductor shall be not smaller than No. 14. 

(2) l.llfilllatiou. Conductors shall have rubber, thermoplastic , asbestos, cotton, 

or silk insulation, except the common-return conductor which shall be rubber-covered, 

thermoplastic, asbestos-covered (types AA,AI,or AI.ii.), or slow-burning (type SB). The 

cotton or silk mo.y be saturated id th parn.ffin if desired. 

(3) Condtl£1o~__t.9...llug]il~.!.._ Except the common-return conductor, and conduc~· 

tors inside the organ proper, the organ sections and the organ console, conductors 

shall be cabled. The common-return conduotor may be placed under an additional 

covering enclosing 1:oth cable and return conduc'tor, or may be installed as a separate 

conductor and may re in contact with the cable. 

(4) Cable CQ2er.iue· 'l11e ca1Jle shalJ. be provided with one or more braided outer 
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coverings, provided that a tape may be used in place of an inner braid. Where not 

installed in metal raceways the outer braid shall he flame···retardant or shall be 

covered with a closely-wound fireproof tape. 

~=~ .o5. In£tallq.ti9.n..£L9.Q.n.fu1&]ors. 

Cables shall be securely fastened in place and may be attached directly to the 

qrgan structure without insulating supports. Cables shall not be placed in contact 

with other conductors. 

It:620 .o6~Pverc.,11,Iren t .~1'.Q..tecti.Q.u.!.. 

Circuits shall be so ar-7.'anged that all conductors, except the main supply con-· 

ductors and the common-return conductor, shall be protect~d from over-current by an 

overcurrent device of not greater than 15-ampere rating. 

CHAPTER E-660 

X-RAY EQUIPMENT 

A. Scope and Installation 

E-~1 .. Sco·ge. 

The provisions of this Chapter shall apply to all X-ray equipment operating at 

any frequency or voltage for medical or industrial use, or for any other pU:FfOSe. 

Note 1. Nothing in this Chapter shall be construed as specifying safeguards 

against the useful beam or stray X-ray radiation. 

Note 2. Recommendations for radiation protection by the National Committee on 

Radiation Protection and Measurement are published as National Bureau of Standards 

Handbooks obtainable from Superintendent of Documents, Washington 25, D. c. 

Note 3. Recommendations for radiation protection of industrial X-ray installa~ 

tions by the .American Standard Association Z 54 Sectional Committee are obtainable 

from the American Standards Association, New York l?, New York. 

;!l;=W-..:.Q~a~~d.Q.11.s>_LQ.9.§: tions o .r_.WQJli~l t S1Jll14lv. 

Unless approved for the location, X-ray and related equipment shall not be in-· 

stalled or operated in hazardous locations or operated on a supply potential of more 
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than 600 volts. 

E-66Q._,_OJ..:. __ Qonne Qli.QJL:iiQ...ii.1U~ldl:LiliQ'!Ji.:t • 

(1) St~_jq1~.trJtaefil. X-ray equipment permanently installed shall be con­

nected to the power supply by means of a wiring method meeting the general require­

ments of this code, except that equip.neut properl;'f supplied. by branch circuits not 

larger than a 30-ampere branch circuit may be supplied through suitable plug and hard 

service cable or cord. 

(2) fu.rlab'.le s.Jld '.r:ea,nsmrtabl£!... Portable type X-ray equipment of any capacity 

shall be supplied through a suitable plug and hard service cable or cord. Transr:ort­

a ble X-ray equipment of any capacity rnay be connected to its :r;ower supply by suitable 

temporary connectionG and hard service cable or cord. 

&:66o .04. :Qi.s£QQl1§C tj.n,g_,M,!3,fill§. 

(1) A fused disconnecting means or mam:.ally operable circuit-breaker of adequate 

capacity for at least 50 per cent of the input required for the momentary rating of 

the X-ray equipment shall be provided in the supply circuit at a location ree.dily 

accessible from the X-,ray control. I'or equipment requiring 125~-volt line fuses of 

30 ampere or less a plug and receptacle of proper size and of an approved make may 

serve as a disconnecting means. Individual branch circuit disconnecting means shall 

not be required for :r;ortable X-ray equipment of any capacity which complies with 

E-66o.10. 

Qefinj,tions: 

Cont;i.nllQY~ .ratin_g. Continuous mting is a constant load which can be carried 

for an indefinite period of time. 

~ng_time ~catQ . .ng,. A long time rating is the rating based on an operating inter-· 

val of 5 minutes or longer. 

~ig,n_r!:rtingo A momentary :rating is the rating based on an operating inter­

val that does not exceed 5 seconds. 

(2) The capacity of the branch circuit conductors and the ratings of discon­

necting means and overcurrent protection for X-ray equipnent is usually recommended 
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by the manufacturer for the specific installation. 

~Q.60..&~ri~.railliU..§..!. 

Unless provided with a permanently attached cord or a cord set, X-ray equipment 

shall be provided with suitable wiring terminals or leads for the connection of con­

ductors of at least the size required by the input load corresponding to the long 

time rating of the equipment. 

~~~Number of Conductors in RaceXfil:Y. 

The number of control circuit conductors installed in a raceway may be in ac­

cordance with Table 1 of Chapter E-900. 

~6QQ,07. X-ray InstalJ.atiOJ:l.§. 

(1) §.h.pcku,;m.of_InstalJ.atj.ons. All new equipment used on new installations of 

X-ray equipment, or used or reconditioned equipment moved to and re-installed at a 

new location shall be of the approved shockproof type, except as provided for in 

E-660 .o7 (2) • All controls, tables, X-ray tube stands, transformer tanks, shockproof 

cables, and X-ray tube heads, etc. shall be suitably grounded to prevent accidental 

shock to patient or o):J0rator. 

(2) Nou_~h.QQkp;ro..Q.f Re-i,w2t~ll12:tions. No non-shockproof X-ray equipment shall 

be re-installed in a new location without special permission from the admin­

istrative authority. Any such equipment shall be re-installed in an approved manner. 

];.=6QQ,&a:__Qn.,.Eluorosc~~..!.. 

Where permitted in accordance with E-66o.o7(2), leads on fluoroscopic tables 

shall be adequately immlated or 1::e provided with barriers which will guard against 

inadvertent contac·t. 

B. Control 

~::£2.W .09.!~I'.Y Equ:i, Pme.D:t. 

A manually controlled device shall be incorporated in the X-ray control supply 

or in the pdmary circuit to the high voltage transformer, and shall be adequate to 

control the load resulting from failures in the high voltage circuit. This device 
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shall be a part of the X-·ray equipment, but may be located in a separate enclosure 

immediately adjacent to the X-ray control unit. 

K-6§o..:..ub._...Elrl.iil?.1~1111euh 

Portable equipment shall comply with E-660 .097 but the manually controlled de­

vice shall be located in or. on the equipment. 

J.!:-9~6.0...!~~ . .Qsms.u:al • 

(1) R~ili,o~·.1:a;Qhj.Q__~. There shall be provided a timer· or automatic exr-'Osure 

terminating device and also a switch of a type which opens automatically except when 

hAld closed by the operator. 

(2) fl:UQXQ..§Q,Q.Jlic J'.YJ2 .. Ei• A switch shall be provided which shall be designed to 

open automatically except when held closed by the operator. 

(3) Th£lr~~7-.• A ti.mer or automatic exposure terminating device shall be pro·­

vided which is not of the repeating type. 

c. Industrial Apparatus 

~; ~6g!klb_Jn'~.tUll-~.-:1'.Q.Y-fil2IlV'a tus. 

(1) Ji12-Q.:log,:r'f1nhi.9J\llU'..111Q.WJ?COpic T;r..i;@§.· A switch which shall be designed to 

open automatically except when held closed by the opera-tor, or a timer, shall be 

provided except on equipment or installations effectively enclosed or provided with 

interlocks to prevent ready access to live current-carrying parts during operation. 

(2) .Ir~du.§.t..tis.J._Q_r..kabo ra:t.Q.ll...:1J?.Pa~ tu§.... - Diff racti.on_.Qr_lmQ.iati.Q.n __ ~ 

Positive indication of energization by pilot lights, readable meter deflections or 

equivalent Il'eans shall be provided except on equipment or installat:Lons effectively 

enclosed or provided with interlocks to preven-0 ready acces.s to live current-carrying 

parts during operation. 

~.:..6QQ .1J. __ FoQ:L§_ri tch •. 

Switches ope:r.ated by foot pressure to control the X-ray exposure shall return 

automatically to the X-ray off fOSi tion when foot pressure j.s removed. 
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Where more than one piece of apparatus is operated from the same high-voltage 

circuit, each piece or each group of apparatus as a unit shall be provided with a 

high-voltage switch or equivalent disconnecting meru1s. This disconnecting means 

shall be constructed, enclosed, or located so as to avoid contact by persons with 

its li "Ve parts • 

D. Transformers and Ca paci to rs 

E-66Q.15. g~n~ral. 

Transformers and capacj_ tors which are part of an il.-ray apparatus shaJl not be 

required to conform to the requirements of Chapters E-450 and E-1+60 of this code. 

]1-~6.Q~Q~~iug_QQ.m,ci tor ChareQ.!.. 

Capacitors shall be provided with an automatic means for discharge and grounding 

the plates whenever the transformer primary is disconnected from the source of supply. 
of 

Exception No. 1. Where all current-carrying parts of capacitors, and/the con~ 

ductors connected therewith, are at least 8 feet from the floor e.nd are inaccessible 

to unauthorized persons. 

Exception No. 2. Where within 8 feet from the floor are within enclosures of 

grounded metal or insulating material. 

E. Guarding and Grounding 

£;-6~2.:_..Gen~~ 

(1) High Vo.lta~ Par:t.s. All high voltage parts, including X-ray tubes, shall 

be mounted within grounded enclosures. Either air, oil, g·as or other suitable in-

sulating media may be used to insulate the high voltage from the grounded enclosure. 

The connections from the high voltage equipment to X-ray tubes and other high voltage 

comp:ments shall be made with high voltage cables of the shockproof type. 

(2) !!.QJUl..Q.~g,?.....QM~· Low voltage connecting cables to oil filled uni ts 

such as transformers, condensers, oil coolers, and high voltage switches which are 

not completely sealed shall be of the oil resistant type. 
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E.::.,@ • 18 • G roundinf£_. 

Non-current-carrying metal parts of tube stands, fluoroscopic and other equip­

ment shall be grounded in the manner prescribed in Chapter E-250. 

(1) .Psi_J:QaQ~l!. Portable aquipment shall be provided with an approved ground­

ing type plug. 

CHA.P'IER E-665 

INDUCTIVE .AND DIELECTRIC HEAT GENERATING EQUIPMENT 

A. Scope and General 

The provisions of this Chapter shall apply to the construction and installation 

of inductive and dielectric heat-generating equipment and accessories. 

E.::Q~Qk.__.J2~:li.9.Dlh 

(1) The term 11 generating equipment" as used in this Chapter shall be under­

stood to mean any equipment used to change the voltage and/or frequency of the p:>Wer 

supplied to such equiprnent. 

(2) Inductive heating is the heating of a nominally conducting material due 

to its own I~ losses when the material is placed in a varying elect:ro-inagnetic 

field. 

(3) Dielectric heating is the heating of a nominally insulating material due 

to :i.ts own dielectric losses when the material is placed in a varying electric field. 

(A) TI:e term "therapeutic high frequency equipment" as used in this Chapter 

shall be understood to mean generating equipment capable of producing alternating 

currents hB.ving frequencies greater than those frequencies which elicit neuromuscu-

lar response. In orde-r to comply with the above, the output frequency of the thera­

peutic high frequency equipment shall not be less than 2 megacycles. 

P:-96,,2.:.03. "·Application....Q~_ Cha:ptQ~· 

Wiring from the source of power to generating equipnent shall comply with code 
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Chapters E-100 to E-400 inclusive. Circuits and equipment operating on a supply 

circuit of more than 6oo volts shall comply with the provisions of Chapter E-710. 

E~~Y.s. Lo.9ations. 

Inductive and dielectric heat generating equipment shall not be installed in 

hazardous locations as defined in Chapter E-500 unless the equipment is designed and 

approved for hazardous locations. 

B. Power Supply 

~Q.5.:._ . .Qgpa ci :ty_g.L9,.y nply Co l!)u~m. 

(1) For:._Mo:tgr Generator r;,9lli:msiut.. Capacity of supply conductors shall be 

determined from Chapter E-430 of this code. 

(2) For Qjillg.r_ T11s,n :t:IQ.tQL~,:tor ~guim.§.ll:b Capacity of supply conductors 

shall be determined as follows: 

(a) The current-carrying capacity of the circuit shall be not less than 

the nameplate current rating of the equipment. 

(b) The current-carrying capacity of conductors supplying two or more 

equipments shall be not less than the sum of nameplate current ratings on all equip-

ment except as followG: Where, when supplying two or more equipments from the same 

feeder, simultaneous operation of said equipments is not possible, the capacity of 

the feeder shall be not less than the sum of the nameplate currents for the largest 

group of machines capable of simultaneous operation, plus 100 per cent of the stand-· 

by currents of the remaining machines supplied. 

E-665.06. Overcu~ren.t_:f~§cti.Qn. 

(1) EQUQ..]Q.I...QfilJ&.r~touguilJUl.Qnt. Overcurrent proted;ion shall be provided 

as specified in Chapter E-1~30 of this code. 

(2) Qj;he.r_Tha;o. ,Mo_t.9L~n§..rator Eg_yi,.m13p,:t,. Overcurrent protection shall be 

provided separately or as part of the equipment, to protect the equipment as a 

whole. The overcurrent device shall have a rating or setting of not WDre than 200 

per cent of the nameplate current rating. 

a:665.Q'.h._P;isconnec:tjJY,Ll1ea:g§_. 
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A readily accessible disconnecting means shall be provided by which each gener-

ating equipment can be isolated from the supply circuit. 'Ihe current-carrying cap-

aci ty of this disconnecting n;eans shall be not less than the nameplate current rating 

of equipment. The supply circuit switch may be used as the generating equipment _ . 

disconnecting means where the circuit supplies only one equipment. 

C. Output 

Output cirmi t parts shall include all high frequency com:r;onents external to 

the generator, indl.uding interconnecting radio frequency transmission lines, load 

tuning networks, and .. work applicators. 

J!;.-6Q2.Q9. Q.'JJ.il2ut Cirqyj.ts. 

Output circuits shall conform to the following: 

(1) Guarding. With respect to guarding, all such parts shall be considered 

with the generating equipment as a complete assembly. 

(2) .Q!an.erator Q,ill;,ru].. 'Ihe generator output shall be at direct-current ground 

potential (coupled outputs alone, without other precautions, will not suffice be­

cause of the danger existing during possible flashovers). 

(3) Q;§.U§r~QL~J?Plicator Connection. When the connections between the 

generator and work applicator exceed two feet in length the connections shall be en-

closed or guarded with non-combustible material. 

(4) ,HQik_fil?filicator. 'Ihe work applicator shall l:e so guarded that sai'e oper-

ation of the equipment will always be assured. 

E-665.J.~9.Y Ereau~ncy .AC in Gener§:i:1!.!.f;i_!TI'quiJ2ill<§l.Pt Outt?ui. 

Commerci&l frequencies of 25 to 60 cycle alternating-current output may be 

coupled for control purposes, b..lt shall be limited to a value of 150 volts avail-
only 

ablo/ during periods of circuit operation. 

E-665.11. Ke"iYl,.,.. d d t -- - ~ ~ epen en 
Where high speed keying circuits / ' on the effect of 11oscillator blocking" 

are employed, the peak BF output voltage during the blocked portion of the cycle 

shall not exceed 100 volts. 
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E-662.12. f.oot SJ&igh. 

Switches operated by foot pressure, except those for electro-surgical apparatus, 

shall be provided with a shield over the contact button to avoid accidental closing. 

E-g~.!.- Remote .Cqn.tl;Q].. 

When remote controls are used for applying i:ower, a 11Local-Remote 11 switch shall 

be provided and interlocked so as to prevent the i:ossill:ili ty of applying }Xlwer from 

other than one selected control point o~ points. 

D. Guarding and Grounding 

;!!J;:QQ,2.1.4 ._.Jla;m:h}g_LabeJ.s. 

Warning labels, definitely indicating danger, shall be attached to doors, access 

panels or at other vantage ]:'Dints 011 equipment, so that the labels will be plainly 

visible when doors are opened or panels are removed from compartments containing 

voltages above 250 volts AC or DC. 

E-665.15.___];.nclosure of Qeneratin€ A~ratus. 

The generating apparatus including the DC, low-, and high-frequency electrical 

circuits but excluding the output circuits shall be completely contained in an en­

closure of noncombustible material. 'I11e metal housings of motors, generators and 

the like may serve as a part of this enclosure. 

E-665.16._~~n~i_Qontrol§.. 

All panel controls shall be of 11 dead front" construction. 

~Q.65c.l'.Zo .A-'-gg_es~..Ji.g_J;pte,;rnal Equi n~t.t..-. 

Doors or detc;.chable panels may be employed for internal access~ Where doors 

are used, gi~ring access to voltages above 500 volts AC or DC either door locks shall 

be provided or interlocking shall be installed with the choice of precaution option­

al. Detachable panels not normally used for access to such parts shall be fastened 

in a manner not conveniently removable. 

;[:66 i:-.lfh-9-QJ?.i?:!~i.tQ.!'.§l.. 

(1) Where capacitors in excess of 0.1 Mfd. are used in DC circuits, either as 
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rectifier filter comJ:X>nents, arc suppressors, etc., having circuit voltages exceeding 

2.30 volts above ground, bleeder resistors or grounding switches shall be used as 

grounding devices. 

(2) Where auxiliary rectifiers are used w:i. th filter capacitors in the output 

for bias supplies, tube keyers, etc., bleeder resistors shall be used even though the 

DC voltage may not exceed 2.30 volts. 

£;-665~..t_-Wo rUPii1i.Qa tor Shielding. 

Protective cages or adequate shielding shall be used to guard work applicators. 

Interlock switches shall be used on all hinged access doors, sliding panels or other 

easy access means normallY intended for quick access to the applicator. All inter-· 

lock switches shall be connected in such a manner as to remove all }:X>wer from the 

applicator when any one of the access doors or panels is open. 

:fil:665.2~rounding an~i.ll~· 

Grounds or inter-unit bonding shall be used wherever required for circuit opera~ 

tion and for limiting to a safe value radio frequency }:X>tentials between all exposed 

non-current-carrying parts of the equipment and earth ground, also between all equip­

ment parts and surrounding objects and between such objec:t;·s and earth ground. Such 

grounding and bonding shall be installed in accordance with Chapter E-250 of this 

code. 

£1:-66 5. 2J,. Marki.ug. 

Each generating equipment ·Shall be provided with a nameplate giving the manu­

facturerst name and model indentification and the following input data: line vo J.ts, 

frequency, munber of phases, maximum current, full load kva, and :i;;ower factor. 

E. Therapeutic Equipnent 

Ji:Q.Q~~..t-Instv-1f1 tiou. 

(1) Where portability is not essential, equipment shall be permanently installed 

in accordance with Chapters E-100 to E-300 inclusive. 

(2) Where :i;;ortability is essential, the power supply cord shall be three-con­

ductor hard service cord of such current-carrying capacity as to be not less than ·the 
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marked rating of the equipment, and it shall be provided with one conductor whose 

insulation is green in color for equipment grounding. Where the marked rating of 

the equipment exceeds 15 amperes the cord shall terminate in an approved three-blade 

attachment-plug cap. Where the marked rating of the appliance does not exceed 15 

amperes the cord may be tenninated in an approved two-blade attachment-plug cap with 

grounding wire, (See E-250 .059). 

~.:Q.QLl.'.h_A npligqj±Q.I§_f QJ:_The rQ,wuij_, c Equi,wnen t. 

Application of the high frequency power to the patient may 1:e made by means of 

an electric field or of an induction field. Current-carrying parts of applicators 

shall be so insulated or enclosed that reliable isolation of the patient shall be 

assured. 

].;-670 .01. ScQ~· 

CHAPTER E-670 

MACHINE TOOLS 

A. General 

The pro,,isions of this Chapter apply to the electrical equipment for motor­

driven, complete metalworking machines, not portable by hand, having one or more tool 

and work holding devices used for progressively removing metal in·the form of chips. 

]}_:P.1Q.:.02. !ImliQ~on of Q!h(F Ch~ptera. 

The following provisions cover the requirements for electrical Wiring and equip­

ment on machj ne tools within the scope of this Chapter. They are in addition to or 

a.mendatory of the applicable provisions of other Chapters of this code which apply 

except as modified in this Chapter. 

;g;.:filQ,J2.b__Iffil1i.:lf.i,.Qation. 

Each eli:-.:~trically operated machine tool shall be marked where plainly visible to 

show the voltage, full-load current and· frequency required for each external circuit 

supplying the machine tool. For a multi-motored machine tool, this full-load cur­

rent marking shall be not less than the sum of the full-load currents required for 
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all motors which may be in operation at one time under normal conditions of use. · 

Where only a single motor is used, the motor nameplate may serve when plainly visi­

ble. 

];-670.04. Lighti_qg. 

Lighting fixtures which are a part of or attached to any machine tool shall con­

form to the following: 

(1) Volt§.ge. 'Ihe lighting circuit voltage shall not exceed 150 volts between 

conductors and shall be a grounded circuit. 

(2) ~le Co,;r.d. Flexible co rd if used shall be of a type suitable for hard 

usage (see Table E-400.11), and shall be resistant to coolant and oil. It shall be 

arranged so it cannot be damaged by moving parts of the machine. 

B. Wi r-ing Method 

];.:Q.20 .11. Wiring Method. 

Conductors shall be in rigid metal conduit or be Type MI cable, excep-b as pro­

vided in E-670.12 to E-670.14 inclusive. 

];-670 .12. FlexiQle_J1~tal Condu,ijt. 

Flexible metal conduit, including the liquid-tight type, may be used only where 

necessary to employ flexible connections for small or infrequent movements, as at 

motor terminals. 

E-670 • .l.1.:._Q.Qp.tinUQ.u2J.l: Moyi.nJLParts. 

Wiring connections to continuously moving parts of a machine tool shall be of 

approved type, extra-flexible, non-metallic-covered·, multi-conductor cable. Conduc­

tors shall conform to E-670 .22. In lieu of cable, individual conductors enclosed in 

flexible tubing may 1:e used. The tubing and its fittings shall be approved for the 

purpose, and conductors i.n such tubing shall be considered as subject to oil or coo­

lant. 

E-670. ;LL... Q.gmpa.rt~nt~ and Raceways. 

Compartments and raceways within the framework of a machine tool may be used to 



enclose conductors, provided they are isolated from coolant and oil rese!'Voirs and 

are entirely enclosed. Conductors in machine compartments and raceways shall be se­

cured and so arranged that they will not be subject to physical damage or abrasion. 

~.::Q1Q.~12.:.._...111J.mber of Benqs in C2p~uit• 

Where a run of rigid metal conduit does not exceed 25 feet in length, and the 

conductor fill does not exceed JO per cent of the crnss-sectional area of the con­

duit, the requirements of E-346.11 shall not apply. 

C. Conductors 

!:£20.2l •. Sizes Pel]litt~g. 

Circuit and control conductors on or in machines shall not be smaller than No. 

l~ except as follows: 

(1) Conduct..Q.rfLtQ V10ving f~1:11h.. Copper conductors for control purposes to con­

tinuously moving parts may be No. 16 where all such conductors are insulated for the 

maximum voltage of any conductor in the cable or tubing., 

(2) Conguctor§ to Elect:r;pnic and Precisio~yige~. Copper conductors to 

electronic and precision devices may be No. 20, except where pulled into raceways 

they shall be not smaller than No. 18. 

E-9.'.Z~22. '.!YQ.e. 

Conductors shall be of a type suitable for conditions of use. Flexi.ble, non­

metallic, multi-conductor cable shall have an oil- and moisture-resistant insulation 

with a flame-retardant outer covering. 

E-:670.22. Idantifj.cat;i.Qn of Q.Q.u~. 

Conductors shall be identified either by color code or by other distinctive 

means. White or natural gray coloring shall be used only for a grounded conductor, 

and green only for a conductor used to ground the frame of equipment. 

D. Control Equipment 

&:6.20.:31._ Mounting. 

Controllers shall be mounted in such a manner as to guard against physical dam­

age, oil, coolant, dust, and dirt. 
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Compartments in the column or base of a machine may serve as enclosures for 

control equipment where the following provisions are complied with: 

(1) Thickness_ .91..lW.:taJ.. The wall thickness shall be not less than Fo. 14 MS 

(USS Revised) gauge when of sheet steel, not less than 1/8-inch when of cast metal, 

or not less than 3/32-inch where of malleable iron. 

(2) Covers~ Compartments shall have tight-fitting hinged covers, not thinner 

than specified in E-670.32 (1) • Covers shall have adequate means for fastening se-

curely in a closed :i;;osition. 

(.3) Pontrol :g;nclQ..§.mfl...!. Compartments used for control enclosures shall be 
• ' • I '• 

readily accessible and shall not contain moving parts· not· directly connected_ to 
electrical control equipment, and shall be so located as to 
guard the control device3 against oil, coolant, chips, and dirt. 

(4) Vent~. A compartment enclosing group control equipment with branch cir.,. 

cui t fusing as specified in E-670.42 (2) shall have a clear opening of at least 2 

square inches, vented to another compartment within the column or base and having at 

least one-half the volume of the control compartment. 

(5) No _EJ.gor .Q;QQnin~. Compartments enclosing control equipment shall not be 

open to the floor or foundation u:i;;on which the machine rests. 

Controllers not in machine compartments shall comply with the following: 

. (1) Controllers with overcurrent protection as permitted by E-670.42 may he 

mounted on the outside of the machine tool or on the floor as close to the machine 

tool as possible provided the enclosures comply with all the provisions of E-670.32. 

(2) Other controllers may be mounted on the outside of the machine tool or 

elsewhere when they c9mply with the provisions of Chapter E-430. 

E. Motor Branch-Circuit Overcurrent Protection 

Any motor on a machine tool may be supplied from an individual branch circuit 
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in accordance ~,ii th the provisions of Chapter E-430, or may be connected to a branch 

circuit which also ._:upplies other motors on the same machine tool .in accordance with 

the provisio~1s 1 of E-.4.;.J0.053 or of E-670.42. The conductors supplying all motors on 

a single machine too]. n1ay be considered a single branch circuit where all of these 

motors are proteoced in accordance with the provisions of E-430.053 or of E-670.42. 

~Q.LQ".6i,2. SevgraJ.J:lQ..t.QAE..Q.n.J2n.!i.._Branch Circuit. 

Controllers and running overcurrent protective devices for two or more motors 

connected to the branch circuit of a single machine tool need not comply with the 

provisions of E-430.053, where all of the following provisions are complied with: 

(1) !~fu.1&;:;--R;t,.filllinfr P.m:tection. Each motor shall be protected by a motor-running 

overcurrent protective device. 

(2) Rati.ng....Qf Ov~~llrrent D~,g~. The branch circuit shall have overcurrent 

protection of a rating equal to that specified in E-430.052 for the largest motor 

connected to the circuit, plus an amount equal .to the sum of the full-load current 

ratings of all other motors on the machine tool which may be in operation at one 

time under normal conditions of use and which are connected to the same circuit. 

In no case shall overcur:rent protection be more than 200 amperes at 250 volts or 

less, or 100 amperes at 600 volts or less. 

(3) !l!,nclosUJ;:sl.§.• Enclosures for control equipment and running protective de­

vices enclosed in machine compartments, or mounted on or adjacent to the machine, 

shall comply in all respects with the provisions of E-670.32 or E-670.33. 

(4) ~Qnductors. The conductors of the branch circuit shall comply with the 

provisions of E-4J0.053(2). 

~-67.Q.jl:__J_rgtecti.Qn Arta;j,ust D~. 

Where the failure of one motor to operate while others continue to run could 

cause damage, they shall be so connected that the tripping of any overload or under­

current device will result in stopping of all of these motors. 
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E-670.52. Gr~. 

All machine tools within the scope of this_ Chapte:r, includiJ .g connected port­

able equipment, shall be effectiveJ.y grounded as specified in t'.ihapter E··250. 

&~..6..?0.5~a~in~ P~.r:til?.· 

A machine part that moves on grounded metal guides or supporhi'lg ways shall be 

considered as adequately grounded when the movable part may not readily oe re1110v-.::i 

by hand. 




