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HIRING DESIGlJ AlJD PROTECTION 

CHAPI'ER E-200 

USE AND IDENTIFICATION OF 
GROUNDED CONDUCTORS 

This Chapter provides requirements for the use and identificL.tion of a 

grounded conductor in interior wiring systems. (See definitions of "grounded 

conductor" and "grounding conductor" in Chapter E-100.) 

E-200,02. General 

All interior wiring systems shall have a grounded. conductor which is con-

tinuously identified throughout the system except as follows: 

Ex:ception No. 1: A grounded conductor is not required in certain circuits 

or systems as provided in E-200.05, E-250.00J, F.-250.005, E-250.006, E-250.007, 

E-250.008, E-503.13, and E-517.06. 

Ex:ception No, 2: Continuous identification throughout a length of a con-

ductor between terminals is not required for certain conductors under E-200~06(1) 

and (2). 

E-200-0.:2. Connection to Grounded System0 

No interior wiring shall be electrically connected to a supply system unless 

the latter contains, for any grounded conductor of the interior system, a 

corresponding conductor which is grounded. 

Note: Electrically connected irilplies connection capable of carrying current 

as distinguished from connection through electromagnetic induction. 

E-200.04. Circuits deriyed from Auto-Transformers. 

Branch circuits as described in Chapter E-210 shall not be supplied through 
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auto-·transformers (tra:::1sformers in uhich a pa.rt of tl1e iifinding is co:ir1on to 

both p:t'J.ma:ry and seconJc:cr.y circuits) unless the system supplied has an ide,..,tif ied 

grounded conductor which is solidly connected to a siinilar identified grounded 

conductor of the system supplying the auto-t:r!:msf ormer c 

(1) Two-wire bre.nch circu;i.,ts and multi~~wire AC circuits may be tapped from 

the ungx·ounded conductors of c:i,r.cuits having identified grounded neutralso 

Switching devices in such circuits shall have a pole in each ungrounded con-

ductor~ except as provided for motor cont:;.~ol1e:cs in :ffi.~4.300084 and for heating 

equipment in E-4220290 

(2) Polyphase circuJ.ts need not ha:ve one conductor grounded and indentifj.ed, 

except as required by E=250a005.:1 but where one conductor is grounded it shall be 

identified0 

(3). other unidentified unp;·ounded systems or circuits ;nay be used only by 

special permission. 

Identification for /li,'rounded conductors shall be as follows~ 

(1) Insulated conducto:rrs of No. 6 or smaller~ except conductors of Type MI 

cable, shall have an outer identification of white or natural gJ.~ay color as 

specified in E->310.,02(6) •. The grounded conductors of Type MI cable shall be 
·1 '. 

identified by distinctive marking at the terminals during the process of 

installation., 

(2) Insulated conductors larger than Noo 6 shall have an outer identifica~ 

ti.on of white or natural gray color or shall be identified by distinctive white 

marking at terminals during process of installation0 

(3) Where, on a 4-wire delta-connected secondary, the midpoint of one 

phase is grounded to supply lighting and similar lo.ads, that phe.se conductor 

havirig the higher voltage t<? ground shall be indicated by painting or other 
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effective means at any point where a connection J.s·to-·be··made if the neutral 

conductor is present. 

E-200,07. Identified Conductor in Grounded Circuits Only. 

Conductors having white or natural gray covering shall not be used other 

than as conductors for which identification is required by E-200.02, except 

under the following conditions, and then only where they are, in other respects, 

suitable for use as ungrounded conductors in the circuit: 

Exception No. l; Identified conductors, rendered permanently unidentified 

by painting or other effective means at each outlet where the conductors are 

visible and accessible, ltlay be used as unidentified conductors. 

Note: The foregoing permits the use of two-wire cable having one black and 

one white conductor on two-wire circuits tapped from the outside legs of a three-

wire system or any two conductors of a multi-wire system where the identified 

conductor of the two-wire cable is rendered permanently unidentified at ter-

minals. 

Exception NoG 2: Cable containing an identified conductor may be used for 

single-pole, three-way or four-way switch loops where the connections are so 

made that the unidentified conductor is the return conductor from the switch 

to the outlet. 

Note: . . unnecessa'Mr This exceptJ.on makes it . ·: : · ;"to paint the terminal of the 

identified conductor at the switch outletG 

Exception No~ 3: A flexible cord, for connecting a portable appliance, 

having one conductor identified as required by E-400.lJ rna.y be used even though 

there is no grounded conductor in the circuit supplying the outlet to which it 

is connected. 

E-200.0S, Connections to Screw-Shellse 

An identified conductor, where run to a screw-shell lampholder, shall be 

connected to the screw-shell. 
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E-.200,09. ) 1leans of Identification of Terminals, 

The identification of' terminals to which a grounded conductor is to be 

connected s!1all be by means of a metal~ic plated coatil16 substantially white 

in color, such as nickel or zinc, or the terminals may be of material sub-

stantially white in color. The other terminals shall be of .a readily dis-

tinguishable different color. , 

E-.200,10. Identificatioo of Tergi.nals. 

(1) Device Terminals, 

All devices provided with terminals for the attachment of conductors 

and intended for connection to more than one side of the circuit shall have 

terminals properly marked for. identification except as follows: 

Exception No. 1: Marking may be omitted where the electrical connection of 

a terminal intended to be connected to the grounded conductor is clearly evident. 

Exception No • .2: Single~pole Devices. Devices to the terminals of which 

only one side of the line is connected need not have terminals marked for 

identification. 

Exception No. 3: Panelboards and Devices. The terminals of lighting panel-

boards and of devices havin1:; a normal current rating of over 30 amperes need 

not be marked for identification, except as required in E-.200.10(.2) for .polar-

ized receptacles for attachment plugs and polarized attachment-plugs • 

. . (.2) Plugs and Receptacles. 

Two-wire polarized receptacles for attachment plugs and polarized 

attachment plugs shall have the terminal intended for connection to the grounded 

conductor marked for identification. 

Exception No. 1: Two-wire attachment plugs, unless of the polarity type, 

need not have their terminals marked for identification. 

Exception No. 2: Three-wire Receptacles and Plugs. Three-wire attachment-

plug receptacles and three-wire attachment plugs, one terminal of which may be 
·' 

used for the connection of a grounding conductor, shall have such terminal 
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indicated in a manner differing from that specified in E-200.09. The other 

terminals need not be marked for identification. 

(3) S9rew-S,helJ.§1.. 

In the case of devices with screw-shells, the identified terminal shall 

be the one connected to the screw-shell. This 4oes not apply to screw-sheJ.ls 

which serve as fuseholders. 

(4) Screw-Shell Dev~ with Leads. 

In the case of screw-shell devices with attached leads, the conductor 

attached to the screw-shell shall have white or natural gray finishq The outer 

finish of the other conductor shall be of a solid coj_or that will not be con­

fused with the white or natnral-gray finish which is to identify the grounded 

conductoro 

(5) Fixed Applianc~o 

The terminals of fixed appliances need not be marked to indicate the 

proper connection to the grounded conductor unless a single-pole switch forms 

an integral part, then the terminal connected to the switch shall be the 

unidentified terminalo 

(6) !'._ortable Appliances. 

The terminals of portable appliances need not be marked for identifica-

ti on. 



CHAPTER E-210 

BRANCH CIRCUITS 
... ~ ... 

E-210.01. Scope. 

The provisions of this Chapter shall apply· to branch circuits supplying 

lighting or appliance loads or combinations of such loads. Where motors, or 

motor-operated appliances, are connected to any circuit supplying lighting or 

other appliance loads, the provisions of both this Chapter and Chapter F~430 

shall apply. Chapter E-430 shall apply where branch circuit supplies only motor 

loads. 

Ec:..210.02. Specific Purpose Branch Circuit, 

The provisions applying to branch cLcuits referred to in the following table 

are exceptions to the provisions of this Chapter or are supplementary thereto, and 

shall apply to branch circuits supplying the loads referred to therein: 

Busways • • • • • • • • • • • • •. • • • • 9 • • • • • • • 

Cranes and Hoists • • • • • • • • • • • • • • • • • • • 
Elevators, Dwnbwaiters and ~scalators ••••••••• 
Infra-red Industrial Heating Equipment •••••••• 
Inductive and Dielectric Heat Generating 

Equipment • • • • • • • , • • • • • • • • • • • • • • 
Ir1struments • • • • • • .• • •. o • • • • • • • • • • • • 

Motion Picture Studios and Similar 
Locations • • • • • • • • • • • • • 

Motors and Motor Controllers • • • • • 
• • • 

• • 
• • • • • • . . . . • • 

Clrgans • • • • • • • • • • • • • • • • • • • • • • • • 
Remote-Control, Low-Energy Power, Low-

Rule 
Rule 
Rule 
Rule 

E-364.08 
E-610.42 
E-620.61 
E-422.11 

Chapter F.-665 
Rule E-.384.22 

Chapter E-530 
Chapter E-4.30 
Rule E-650.06 

Voltage Power and Signal Circuits • • • • • • ~ • • • Chapter E-725 
Signs and Outline Lighting • • • • • • • • • • • • • • • Rule F.-600,06 
Sound Recording and Reproduction • • • • • • • • • • • • Rule E-640.06 
Space Heating; Panel and Embedded Types • • • • • • • • Chapter F.-422 
Systems over 600 Volts ••••••••••••••••• Chapter E-710 
Systems under 50 Volts ••••••••••••••••• Chapter E-720 
Theatres and Assembly Halls • • • • • • • • • • • • • • Rules E-520.41, 

E-520.52 and E-520.62 
Welders 0 • • • • • • • • • • • • • • • • • • • • • • • Chapter F.-6.30 
X-ray Equipment • • • • • • • • • • • • • • • • • • • • Rule E-660.03 

~O.OJ, Classifications, 

Branch circuits recognized by this Chapter shall be classified in accordance 
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with the maJdmtun per~1ut·ted rating or setting of the overcurrent device, and the 

classification for othe1" than individual b1"anch circuits shall be 15, 20, 30 and 

50 amperes.. When conductors of higher capacity are used for arry :reason, the rat..-

ing m:· sett;ing of the specified overcu:e.rent device shall determine the c:l1"cuit 

classification. 

A. GENERAL PRuvISIONS 

Branch circuits recognized by this Gha.pter m .. !.J..y be installed as multi-wire 

circuits. A multi-wire b:ranch circuit as referred to herein is a circuit consist-

ing of two or more ungrounded conductors having a potential difference between 

them, and an identified grounded conduc.t.or havirig equal potential dif'ference be~· 

tween it and each ungrounded conductor of the circuit and whi.ch is connected to 

the neutral conductor of the systema 

E.-210 * 05 & f !21.91· Code_. 

(1) Where installed in raceways, as open work, or as concealed knob-and-tube 

work, the conductors of multi-wire b:ranch circuits and two-wire b:i.~anch circuits 

connected to the sarae system shall conforn! to the following color code. Three-

wire circuits - one black, one white, one red; four-wire circui-l~s - one black, one 

white, one red, one blue; five-wire circuits - one black, one white, one red, one 

blue, one yellow$ Where more than one multi-wire branch circuit is carried through 

a single raceway the ungrounded conductors of the additional cir'cuit may be of 

colors other than those specified •. All circuit conductors of the same color shall 

be connected to the same ux~rounded feeder conductor throughout the installation. 

(2) Arry conductor in+-qnded solely f o:r equipment grounding purposes shall be 
ident~fied by a green color unleGli it be baro; E'mept· for public higt-frtuy traf'fio, 
control, coilllllUJ.1ications, metering, railway;·· and :railroad signal· inGtallations, 

conductors having a green covering shall not be used for other than grounding 
purposes. 

Note: See E-200.07 for use of white or natural gray for grounded or neutral 
conductors. 



.E!,--210,06, Voltage. 

(1) The voltage to ground on branch circuits supplying lampholders, fixtures, 

or standard receptacles of 15-ampere or less rating shall not exceed 150 volts, 

except as follows~ 

Exception No. 1. In industrial establishments the voltage of branch circuits 

which supply only lighting fixtures that are equipped with mogul-base screw-shell 

lampholders or with lampholders of other.types approved for the application, 

mounted not less than eight feet fromthe floor, which do not have switch control 

as an integral part of the fixture shall not exceed ,300 volts to ground; 

Exception No. 2. In industrial establishments, office buildings, schools, 

stores, and public and commercial areas of other buildings, such as hotels or 

transportation terminals, the voltage of branch circuits which supply only the 

ballasts for electric discharge lrunps in permanently installed fixtures mounted 

not less than eight feet from the floor, which do not have manual switch control 

as an integral part of the fixture shall not exceed 300 volts to ground; 

Exception No. 3. For infra-red industrial heating appliances as described 

in E-422.11; 

Exception No. 4. In railway properties as described in F.-195.18. 

(2) Voltage Between Conductors - Dwellings. 

In dwelling occupancies, the voltage between conductors supplying lamp-

holders of the screw-shell type, receptacles, or appliances, shall not exceed 

150 volts, except as follows: 

Exception: The voltage between conductors may exceed 150 volts when supplying 

only: 

(a) Permanently connected appliances, 

' (b) ., Portable appliances of more than 1,330 watts, 

(c) Portable motor-operated appliances oft horsepower o.r greater.rating. 

F_.-210.,07.&. Grounding Becev:tacles .. 

Where a grounding receptacle is installed as specified in .JJ-210.22(2) and 
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E-250.059, to provide grounding facilities required in E-250.045, the. branch 

ci'ircuit or branch circuit raceway shall include or provide a grounding conductor 

to which the grounding contacts of the grounding receptacle shall be connected. 

The metal armor of armored cable or a metallic raceway is acceptable as a ground­

ing conductor. 

E-210e08 •. Heay;y-Dutx Lampholders. 

Heavy-duty lampholders referred to in this Chapter shall include lampholders 

rated at not less than 750 watts. 

Exception: Admedium lampholders rated at 660 watts shall be considered to 

be heavy duty type. 

B. SPECIFIC REQUIREMENTS 

E-210.19, Conductors, 

Circuit conductors shall conform to the following: 

(1) Carrying Capacity. 

Shall have a carrying capacity of not less than the rating of the branch 

circuit and not less than the maximum load to be served. 

(2) Minimum Size. 

Shall not be smaller than No. 8 for ranges of 8-3/4 kw or more rating, nor 

smaller than No. 14 for other loadso 

(.3) Exceptions: 

Exception No. 1. Range Loads. See Note 5 of Table E-220.05. Where the maxi­

mum demand of a range of 8-3/4 kw or more rating is computed according to Column A 

of Table E-220.05, the neutral conductor of a three-wire branch circuit supplying 

a household electric range, a wall-mounted oven or a counter-mounted cooking unit 

may be smaller than the ungrounded conductors but shall have a carl"Ying capacity 

at least 70 per cent of the current-carrying capacity of the ungrounded conductors 

and shall not be smaller than No. 10. 
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Note: Cable assemblies with the neutral conductor smaller tban the ungrounded 

conductor shall be so marked. 

Exception No. 2. Tap Conductors. Tap conductors may be of less capacity 

' than the branch circuit rating provided no tap conductor is.of less capacity than 

the load to be served and provided the rating is not less than 20 amperes for 50 

ampere circuits or 15 amperes for circuits rated less than 50 amperes and only .. 

when these tap conductors supply eitheri 

(1) Individual lampholders or fixtures with taps extending not longer than 

18 inches beyond arry portion of the lampholder or fixture, except as required in 

E-410.65(2)(b); or, 

(2) Individual outlets with taps not over 18 inches long; or, 

(3) Infra-red lamp industrial heating appliances. 

(4) Tap conductors supplying electric ranges, wall-mounted electric ovens and 

counter-mounted electric cooking units from 50 ampere branch circuits shall be no 

longer than necessary for servicing. 

Exception No. 3. Fixture Wires and Cords. Fixture wires and cords may be 

of smaller size, but not less than the size specified in Exception No. J of 

E-240.05. 

See Tables E-400.09(2) and E-402.04. 

Exception No. 4. Outlet Devices. Outlet devices may have less carrying cap­

acity than the branch circuit rating, but not less than the types and ratings 

specified in E-210.21(1) - (3). 

E-210.20. OVercurrent Protection~ 

The rating or setting of overcurrent devices shall conform to the following: 

(1) 11@.ting 

Shall not be in excess of the carrying capacity of the circuit conductor. 

Exception: Tap Conductors and Fixture Wires. Tap conductors, fixture wires 

and cords ~s permitted in E-210.19(3) may be considered as protected by the circuit 
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(2) Single Appliance. 

Shall not exceed 150 per cent of the rating of the appliance, where the 

circuit supplies only a sir~lc appliance of 10-ampere or more rating. 

~-210.21. Outlet Dev~ces, 

Outlet devices shall have a rating not less than the load to be served and 

shall conform to the following: 

(1) LamQholders, 

Lampholders when connected to circuits having a rating of over 20 amperes 

shall be of the heavy duty type. 

(2) ReceBtacles. 

(a) 'When connected to circuits having two or more outlets, receptacles 

shall conform to the following: 

15-amp. 
20-amp. 
30-amp. 
50-amp. 

circuits 
circuits 
circuits 
circuits 

• • 
• • . • 
• • 

• • • 
• • • 
• • • 
• • • 

• . • . • • • 
• • • • • • • 
• • • • • • . 
• • • • • • • 

• • • • • Not over 15-amp. rating· 
• • • • • • 15 or 20-amp. rating 
• • • • • •• • • • 30-amp. rating 
• • • • • • • • • 50-amp. rating 

(b) Receptacles connected to c:ircui ts having different voltages, 

frequencies or types of current (AC or DC) on the same premises shall be of such 

design that attachment plugs used on such circuits are not interchangeable. 

(c) Grounding receptacles rated at 15 or 20 amperes and installed in 

circuits of less than 150 volts between conductors shall be approved for use only 

on potentials less than 150 volts. Grounding receptacles rated at 15 runperes 

and installed in circuits of 151 to 300 volts between conductors shall be approved 

for use only on potentials not less than 151 volts. 

(d) Receptacles rated at 15 amperes connected to 15 or 20 ampere branch 

circuits serving two or more outlets shall not supply a total load in excess of 

12 amperes for portable appliances. 

(3) Capacity of range receptacles may be based on single range loads as 

computed from Table E-220.05. 



-47-

E-210.22, Receptacle Outlets Reguire..d..._ 

Receptacle outlets shall be installed as follows: 

(1) Qeperal. 

Where portable cords are used, except where the attachment of cords by · 

other means is specifically permitted. 

Note: A cord connector that is supported by a permanently connected cord 

pendant is considered a receptacle outlet. 

(2) n:-relling Type Occupancj.~.e.._ 

(a) In every kitchen, dining room, breakfast room, living room, parlor, 

library, den, sun room, recreation room and bedrocil:n,;· receptacle outlets shall be 

installed so that no point along the floor line in any usable wall space is more 

than six feet, measured horizontally, from an outlet in that space including any 

usable wall space two feet wide or greater and the wall space occupied by sliding 

panels in exterior walls. The receptacle outlets shall, insofar as practicable, 

be spaced equal distances apart. Receptacle outlets in floor shall not be counted 

as part of the required number of receptacle outlets unless located close to the 

wall. 

. .ki tch6r~ ( 'b) Only grounding type outlets shall be installed in; launury rooms, open 

porches, breezeways, basements, cellars, work shops, garages, on the exterior 

surfaces· of outside walls or in like locations where the outlet may supply ·equip-

ment used by persons standing on the ground or on groliidai.~onductive materials. 

These outlets shall be installed in accordance with E-210.07. 

E-210~23. Maximum Load. 

The maximum load shall conf o:rm to the following: 

(1) Motor-Operated Appliances-'-

The total load shall not exceed 80 per cent of the branch circuit rating 
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if motor-operated appliances are supplied. Where circuit supplies only motor-

operated appliance loads, Chapter E-430 is to apply. 

(2) Qther Loads. 

The total load shall not exceed the branch circuit rating, and shall not 

exceed 80 per cent of the rating where in normal operation the load will continue 

for long periods such as store lighting and similar loads. Jn computing the load 

of lighting units which employ ballasts, transformers or auto-transformers, the 

load shall be based on the total of the ampere rating of such units and not on the 

wattage of the lamps. 

Exception: Range Loads See Note 5 of Table E-220.05 • • 
E-210,24. Permissible LOads, 

Individual branch circuits may supply any loads. Branch circuits having two 

or more outlets .may supply only loads as follows: 

(1) 12- and 20-Am~ere Branch Circuits, 

Lighting units and/or appliances. The rating of any one portable appliance 

shall not exceed 80 per cent of the branch circuit rating. The total rating of 

fixed appliances shall not exceed 50 per cent of the branch circuit rating when 

lighting units·or portable appliances are also supplied. 

(2) ~0-Aroriere Branch Circui~ 

· Fixed lighting units with heavy duty lampholders in other than dwelling 

occupancies; or appliances in any occupancy. The rating of any one portable 

appliance shall not exceed 24 amperes. 

(3) 50-Ampere Branch Circuits 3 

Fixed lighting units with heavy duty lampholders in other than dwelling 

occupancies; or fixed cooking appliances; or fixed range and water heater; or 

infra-red lamp industrial heating appliances. 

Note: The term 11fixed 11 as used in this section recognizes cord connections 

where otherwise permitted. 
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E-210.25. Table of Reguirements 2 

The requirements for circuits having two or more outlets (other than the 

receptacle circuits of E-220.03(2) ) as specifically 1rovided for above are 

swnmarized in Table E-210.25. 

Table E-210.25 

Branch Circuit Requirements 

(Type R, RW, RU, RUW, RH-RW, SA, T, TW, RH, RUH, R.11W, RHH and THW conductors in 
raceway or cable) 

CIRCUIT RA'.l'ING 15 Amp. 20 Ampe 30 Amp. 50 Amp. 

CONDUCTORS: 
(Min~ Size) 

Circuit Wires 14 12 10 6 
Taps 14 14 14 12 
Fixture Wires 

and Cords Ref er to Rule E-240.05, Exception No. 3 
... 

. -··· .. 

OVERCURREm 
PRarECTION 15 Amp. 20 Amp,, 30 Amp. 50 Amp. 

OUTLET DEVICES: 
Lampholders Any Any Heavy Heavy 

Permitted Type Type Duty Duty 
Receptacle 15 Max. 15 or 20 30 50 

Ra.ting Amp. Amp. Amp. Amp. 

MAXIMUM 
LO\D 15 Amp. 20 Amp. 30 Amp. 50 Ampo 

PERMISSIBLE Refer to Refer to Refer to Ref er to 
LOAD Rule Rule Rule Rule 

E-210.24(1) E-210.24(1) E-210.24(2) F..-210.24(3) 
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CHAP~'ER L-215 - FEEDERS. 

E-215.01. Scope. 

This Chapter deals with the sizes of conductors in the feeders needed to 

gupply power to the loads as calculated under Chapter E-220. 

E-215.02, Conductor Size, 

(1) Feeder conductors shall have a current rating not smaller than the feeder 

load as determined by E-220,04. A 2-wire feeder supplying two or iaore 2-wire 

branch circuits, or a 3-wire feeder supplying mo:re than two 2-wire branch circuits, 

or two or more 3-wire branch circuits, shall be not smaller than No~ 10. Where a. 

feeder carries the total current supplied by the service-entrance conductors, 

such feeder, for services of No. 8 and smaller, shall be of the same size as ~he 

service-entrance conductors, 

(2) Where at any time it is found that feeder conductors are, or will be, 

overloaded, the feeder conductors shall be increased in capacity to accommodate 

the actual load served. 

Note: See Examples Nos. 1 to 7 of Chapter E-900 • 

.f!C215.03. Voltage Drop. 

The size of the feeder conductors should be such that voltage drop up to t!w 

final distribution point for the load as computed by Er-220.04 will not oe dOre 

than 3 per cent for power or' heating loads, and not more than 1 per cent for 

lighting loads or combined lighting, heating and power loads. 

E-212 1 04. OVercurrent Protection. 

Feeders shall be protected against overcurrent in accordance with the pro­

visions of Chapter F..-240. 

E-215.05, Common Neutral Feeder. 

A common neutral feeder may be employed for two or three sets of J-wire 

feeders, or two sets of 4-wire or 5-wire feeders. When in metal enclosures, 

all conductors of feeder circuits employinb a cor:Jmon neutral feeder shall bP 
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contained within the same enclosure as provided in E-300.20. 

~5,06, ~gram of Ieeger§..L 

If required by the admi.nist:vative auth0rity, 

d,e .tails shall be supplied previous to installation. 

a diagram showing feeder 

This diagram should show: 

Area in square feet; load (before applying demand-factors); demand-factors 

selected; computed load (sfter applYing demand-factors); and the size of conduc­

tors. 

CHAPTER E-220 

BRANCH CIRCUIT AND FEEDER CALCUIATIONS 

~0,01, SC0£8. 

This Article provides the basis for calculating the expected branch circuit 

and feeder loads and for determining the nwnber of branch circuits required. 

E-220r02. Calculation of Branch Circuit 4oadso 

(1) The load for branch circuits shall be computed in accordance with the 

provisions of this Rule" 

(2) Where in normal operation the maximwn load of a branch circuit will 

continue for long periods of time, such as store lighting and similar loads, the 

minimum unit loads specified in this Rule shall be increased by 25 per centa 

(3) General Ligh:t._ing Load, 

(a) In Listed Occupancies. In the occupancies listed in Table E-220.02 

(3)(a)2, a load of not less than the unit load specified shall be included for 

each square foot of floor area. 

1. In determining the load on the "watts per square foot" basis, the 

floor area shall be computed from the outside dimensions of the building, apart­

ment or area involved, and the number of floors; not including open porches, 

garages in connection with dwelling occupancies, nor unfinished spaces and unused 

spaces in dwellings unless adaptable for future use. 
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Note 1. The unit values herein are based on minumum load conditions and 

100 per cent power factor, and may not provide sufficient capa..city for the in-

stallation contemplated. 

Note 2. In view of the trend toward higher intensity lighting systems and 

increased loads due to more general use of fixed and portable appliances, each 

installation should be considered as to the load likely to be imposed and the 

capacity increased to insure safe operation. 

Note 3. Where electric discharge lighting systems are to be installed, high 

power-factor type should be used or the conductor capacity may need to be in-

creased" 
Table E-·220002(3) (a)2. 

General Lighting Loads by Occupancies 

Type of Occupanc:• 

Armories and Auditoriums 
Banks 
12.!1~ber Shops apd Beautv Parlors 

Unit Load per 
Sqo Ft,, (Watts) 

1 
2 

..Qb..1l:£.~Ch~e~s.,.,_~-~~-~~--~~~~--~----~~--~---~~~~~--=l,._~~~~-
Cl ub s 2 
Court Rooms ~~~·~~~~-...~-~~-----~---~-~-----~~~_..,.2 ____ ~~~ 

1•&E:Illings Lothe~ __ 'T'jJ.anJJ.S?;..:;t_.e""'l'""s_.).,_~----·--------------::-----­
Garages - Cormnercial (2.,tQ.r.....,.aG~a·e....,_)~~-~~~~~~~~-~---~~--....... ~---~--~--­
l!o§ll.i tals 2 
•~Hotels, including apartment houses without 
....J2l:QY~ions for cooking_bv tenants 2 
Industrial Cornm~1:,cial (Loft) Buildings 2 

Sc:ihgols 3 
Stores 
Warehouses Storage 
In any of the above occupancies except single­

f amily dwellings and individual apartments 
of multi-family dwellings: 

Assembly Halls and Auditoriums 
Halls, Corridcrs, Closets 
Storage Spaces 

1 
i 
t 

~~All receptacle l")utlets of 15-ampere or less rating in single-family and multi­
family dwellings and in guest rooms of hotels (except those connected to the re­
ceptacle circuits specified in F.-220,,03(2) ) may be considered as outlets for 
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general illwnination, and no additional load need be included for such outlets. 

The provisions of F_,-220.02(4) shall ~pply to all other receptacle outlets. 

(b) In other Occupancies, In other occupancies, a load of not less than 

the unit load specified in E-220.02(4) shall be included for each outlet. 

(4) other LoadsA For lighting other than general illumination and for 

appliances other than motors,·a load of not less than the unit load specified 

below shall be included for each outlet, 

~*Outlets supplying specific appliances and other loads ••••• ~ • • • • • • • • 

• • • • • • • • • • • • • • • • • • • • • • • • • • • Amp. rating of appliance 

Outlets supplying heavy-duty lampholders • • • • . . • • • • • • • 5 amperes 

! other outlets • • • • • • • • • • • • • • • • • • • • • • • • • it amperes 

~t-For motors, see E-430.022 and E-4.30.024. 

*This provision not applicable to receptacle outlets connected to the circuits 

specified in E-220.03(2) nor to receptacle outlets provided for the connection of 

fixed lighting units to facilitate servicing and replacement. 

(5)Exceptions. The minimum load for outie.ts specified in E-220.02(4) shall 

be modified as fallows: 

Exception No. 1. Ranges. For household electric ranges, the branch circuit 

load may be computed in accordance with Table E-220.05. 

Exception No. 2. Show-Window lighting. For show-window lighting a load of 

not less than 200 watts for each linear foot of show-window,.measured horizontally 

along its base, may be allowed in lieu of the specified load per outlet. 

Exception No. 3o Multi-Outlet Assemblies. Where fixed multi-outlet assem-

blies are employed, each five feet or fraction thereof of each separate and con­

tinuous length shall be considered as one outlet of -~~t less than it ampere 

capacity; except in locations where a number of appliances are likely to be used 

simultaneously, when each one foot or fraction thereof shall be considered as an 

outlet of not less than It amperes. The requirements of this Rule are not 

applicable to dwellings or the guest rooms of hotels. 
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Exception No. 4 Telephone Exchanges~ Shall be waived for manual switch­

boards and switching frames in telephone exchanges. 

(6) Existing In~tions. Additions to existing installations shall 

conform to the following: 

(a) Dwelling Occupancie§..:. New circuits or extensions to existing cir­

cuits may be determined in accordance with F..-220.02 (3) or (4);, except that pol'­

tions of existing structures not previously wired, Ol' additions to the building 

structure, either of which exceeds 500 square feet in area, shall be determined 

in accordance with E-220.02(3). 

(b) ~her Than Dwelling Occupancies. When adding new circuits or ex­

tensions to existing circuits in other than dwelling occupancies, the provisions 

of E-220.02(3) or (4) shall apply. 

E-220.03. Branch Circuits Required. 

Branch circuits shall be installed as follows: 

(1) Lighting and Appliance Circuits. 

(a) For lighting, and for appliances, including motor-operated appli­

ances, not specifically provided for in E-220.03(2), branch circuits shall be 

provided for a computed load not less than that determined by E-220.02. 

(b) The number of circuits shall be not less than tha:-t determined from 

the total computed load and the capacity of· circuits to be used. In every case 

the number shall be sufficient for the actual load to be served, and the branch 

circuit loads shall not exceed the maximum loads srr.,c:i.fied in E-210.2.3,. 

(c) Where the load is computed on a "watts per square foot 11 basis, the 

total load, in so far as practical, shall be evenly proportioned among the branch 

circuits according to their capacity. 

Note 1. When lighting units to be installed operate at other than 100 per cent 

power factor, see E-210.23(2) for maxir11wn ampere load permitted on branch cir­

cuits. 
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Note.~. For general illumination in dwelling occupancies, it is recommended 

that not less than one branch circuit be installed f.Q:r,each 500 square feet of 

floor area in addition to the receptacle circuits called for in E-220.03(2). 
See examples Noa 1, la, lb, le, and 4, Chapter E-900. 

(2) Receptacle Circuits, Dwelling Occupancies4 , • 

For the small appliance load in kitchen, laundry, pantry, dining-roolll and 

breakfast-room of dwelling occupancies, two or more 20 ampere branch circuits in 

addition to the branch circuits specified in E-220.03.(1_) shall. be provided for all 

receptacle outlets (othe:i:· than outle~s for clocks) in these rooms, and such cir-

cuits shall have no other outlets. 

Note. A three wire 115/230 volt branch circuit is the equivalent of two 

115 volt receptacle branch circuits. 

(3) Other Circuits. 

For specific loads not otherwise provided for in E-220.03 (1) or (2), 

branch circuits shall be as required by other rules of ihe Code. 

E-220.0ka Calculation of Feeder Loads, 

The computed load of a feeder shall be not less than the swn of all branch 

circuit loads supplied by the feeder, as determined by E-220.02, subject to the 

following provisions: 

(1) General Lighting. The demand factors listed in E-220.04(2) rnay be 

applied to that portion of the total branch circuit load computed for general 

illumination. These demand factors shall not be applied in determiriing ,·the ·number 

of branch circuits for general illuraination supplied by the feeders. 

Note 1. See E-220.04(8) and (9). 

Note 2. The demand factors herein are based on minimum load conditions and 

100 per cent power factor, and in specific instances may not provide sufficient 

capacity for the installation contemplated. In view of the trend toward higher 

intensity lighting systems and increased loads due to more general use of fixed 

and portable appliances, each installation should be cons.idered as to the load 
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likely to be imposed and the capacity increased to insure safe operation. 'Where 

electric discharge lighting systems are to be installed, high power-factor type 

should be used or the conductor capacity may need to be increased. 

Table E-220.04(2) 

Calculation of Feeder loads by Occupanci~.s 

Type of 
Occupancy 

Dwellings - other 
than Hotels 

~~Hospitals 

*Hotels.- including 
Apartment Houses 
without provision for 
cooking by tenants 
Warehouses 
J.Stor~e) 
All others 

Portion of Lighting Load 
to which Demand 
Factor Applies (wattage) 

First 3000 or. less at 
Next 3001 to 120,000 at 
Re:mainder over 120,000 at 
First 50, 000 m: less at 

_Remainder over 50,000 at 
li'irst 20 ,ooo or less at 
Hex-b 20, 001 to 100, 000 st 
Remainder over 100,000 at 

First 12,500 or less at 
R.emainde:r.· over 12, 500 at 
Total wattage 

Feeder 
Demand 
Factor 

100~6 
35% 
~ 

100% 5ra 
100% 

~~The demand factox·s of this Table shall not apply to the computed load of sub­
f eeders to areas . jp hospitals and hotels wheJ."'e entire lighting is likely to be 
used at one time; as in operating rooms, ballrooms, or dining rooms. 

(3) §how-Window Lighting. For show-window lighting, a load of not less than 
200 watts shall be included for each linear foot of show-window measured horizontal-

ly along its base. 

(4) Motors. For motors, a load computed according to the provisions of 
E-430.o06, E-430.022, E-430.024, Fi-430.025 aria E-430.026. 

(5) Weutral Feeder Load. The neutral feeder load shall be the maximum 

unbalance .of the load determined by E-220004. The maximum unbalanced load shall 

be the maximum connected load between the neutral and any one ungrounded conductor; 

excep~ that the load thus obtained shall be multiplied by 140 per cent for 5-wire, 

2-phase systems. For a feeder supplying household electric ranges, wall-mounted 

ovens and counter-mounted cooking units, the maximum unbalanced load shall be 

considered as 70 per cent of the load on the ungrounded conductors, as determined 
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in accordance with E-220.05. For 3-wire DC or single-phase AC, 4-wire 3-phase 

and 5-wire 2-phase systems, a further demand factor of 70 per cent may be applied 

to that portion of the unbalanced load in excess o~.200 amperes. There shall be 

no reduction of the neutral cap:i.city for that portion of the load which consists 
. ' 

of electric discharge lighting. 

See Ex:amples 1, la, lb, le, 2, 3, 4 and 5, Chapter E-900. 

(6) Fixed Electrical Space Heating. The computed load of a feeder supplying 
·_ .1' : . r· 

fixed electrical space heating equipmi;lnt shall be the total connected load on all 

branch circuits. 

Exception No. 1. Where reduced loading of the conductors results from units 

operating on duty-cycle, intermittently, or from all un~ts not operating at one 

time, the admima;t>-ratiu;a -a'bi.thori t.y. ~~~~ may [;rant permission for feeder conductors 

to be of a capacity less than 100 per cent, prqvided the conductors are of suffi­

cient capacity for the load so determined. 

Exception No. 2o ~220.04(6) does not apply wheri feeder capacity is calcu-

lated in accordance with optional method in E-220.07 for one-family residences • 
.. .. .. .:, 

(7) Non-coincident Load. In adding the branch circuit loads to determine the 

feeder load, the smaller of two dissimilar loads may be omitted from the total 

where it is unlikely that both of the loads will be served simultaneously • 

(8) Small Awliances. The computed branch circuit load for rE),Ceptacle out-

lets in other than dwelling occupancies, for which the allowance is not more than 

lt amperes per outlet, may be included with the general lighting load and subject 

to the demand factors in E-220.04(1). 
Dwelling Occupancies 

Note: The requirements in following E-220G04(9) - (12) apply to dwelling type 

occupancies and are supplemental to E-220.,04(1) c (8). 

(9) Small Appliances - Dwell:iJ}g. OcctlJ2..al1£ie~. In single-family dwellings, in 

individual apartments of multi-family dwellings having provisions for cooking by 

tenants, and in each hotel suite having a serving pantry, a feeder load of not less 
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than 3,000 watts shall be included for small appliances (portable appliances 

supplied from receptacles of 15 or 20 a:npere rating) in pantry and breakfast-room, 

dining room, kitchen and laundry. Where the load is subdivided through two or 

more feeders, the computed load fOl' each Sl1all include not less than 3,000 watts 

for small appliances. These loads may be included with the general lighting load 

and subject to the demand factors in E-220.04(1). 

(10) :EtLectric Ran£e.P-t, The feeder load for household electric ranges and 

other cooking appliances, individually rated more than 1-3/4 kw, may be calculated 

in accordance with E-220005. 

Note: In order to provide for possible future installation of ranges of 

higher ratings, it is recommended that where ranges of less than 8-3/ 4 kw i~atings 

or wall-mounted ove:-1s and counter-nounted cooking units are to be installed, the 

feeder capacity be not less ths.n the maximum demand value specified in Colman A of 

Table E-220.05. 

(a) Where a number of single-phase ranges a-re supplied by a 3-phase, 

4-wire feeder, the current shall be computed on the basis of the demand of twice 

the maximum number of ranges connected between any two phase wires. 

Note: See Exa..~ple 7, Chapter E-900~ 

(11) Eixed Appliaq_ces (other than Ranges, Air conditioning _Jj/~nt or 

..§J2g,ce He~ng Egqiprnent}. Where four or more fixed appliances other than elec­

tric ranges, air conditioning equipment or space heating equipment are connected 

to the same feeder in a single or multi-family dwelling, a demand factor of 75 

per cent may be applied to the fixed appliance load. 

(12) Spa.ce Heating and .Air_ Coolinge · In adding branch circuit loads for 

space heating. and air cooling in dwelling occupancies, the smaller of the two 

loads may be omitted from the total where it is unlikely that both of the loads 

will be served simultaneously. 
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Table E-220.05 

Demand Loads for Household Electric 
P~nt;es, Wall-Mounted Ovens, Counter-Mounted Gookin[~ 

Units and other Household Cooking Appliances 
Over 1-3/4 kw Rating 

Column A to be used in all cases except as otherwise permitted in 
Note 4 belowo 

NUMBER OF 

Maximum 
Demand 

(See Notes) 
Demand Factors 

(See Note 4) 
~----~~~--~~~~~__,~~--~~--_.,.~~---~-----~---~~--~~ 

APPLIANCES COLU11N A COLUMN B COLIB-lN C 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26-30 
31-40 
41-50 
51-60 
61 & over 

(Not over 12 (Less than J~~ (3-@- kw to 8-3/4 
kw Ha ti.ng...,l _______ la--.r...-..Ra.._t .... i_· n .. R,...· ),__ ____ ._...:l_w"'"'· ...;;Ra--..t._i""'n..,g ... ) _____ _ 

8 Iw 
11 kw 
14 kw 
17 kw 
20 ltW 
21 kw 
22 kw 
23 kw 
24 kw 
25 kw 
26 kw 
27 kw 
28 kw 
29 kw 
30 kw 
31 kw 
32 kw 
33 kw 
3.4 kw 
35 ktv 
36 kw 
37 kw 
38 kl/ 

39 kw 
4.0 kw 

(15 lrn plus 1 kw) 
(for each range ) 
(25 kw plus J/ L~) 
( kw for each ) 
( range ) 

80% 
65% 
55% 
5(Jf~ 
45% 
43% 
40~~ 
36% 
35% 
34% 
327b 
32% 
32% 
32% 
327b 
28% 
28% 
28~; 
28% 
28% 
26% 
26% 
26% 
267& 
26% 
2L1-% 
22% 
20% 
18% 
16% 

Note 1.. Over 12 kw to 21 kw ranges all of same kw ra-C;i:gg,. For ranges, 

individually rated more than 12 kw but not more than 21 kw, the maximum demand in 

Column A shall be increased 5 per cent for each additional lrn of rating or major 

fraction thereof by which the :ratirig of individual J:.•anges exceeds 12 kwe 



Note 2. Oller 12 ln1 to 2.1 kw r,.-;.nges gf u12egual ratings. For ranges individu­

ally rat.ed more tnan 12 kw and 'of different ratings but. none exceedini:; 21 kw an 

a•.rera.ge value of rating shall be calculated by add:tng together the :mtings of all 

l.'anges to obtain the total cormected load (using 12 kw for any range rated less 

than 12 kw-) and dividing by the total number of ranges; and then the ma."Ciraum 

demand in Column A shall be increased 5 per cent for each kw or major fraction 

therof by which this average value exceeds 12 kw. 

Note .3. Generally, the demand for commercial :ranges should be based on the 

maximum nameplate rating. 

Note 4. crier l"'." 3/ 4 kw to 8-J/ 4 kw. In lieu of the method provided in 

Column A, loads rated more than 1-3/L~ kw but not more than 8-3/4 kw may be con­

sidered as the sum of the nameplate ratings of all the loads, multiplied by the 

demand factors specified in Co]J.unns B or C for the given number of loads. · 

Note 5. Branch Circuit Load. Branch circuit load for one range may be 

computed in accordance with Table E-220.05$ The branch circuit load for one wall­

mounted oven or one counter-mounted cooking unit shall be the nameplate rating of 

the appliance. 
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Table E-220.06 

Demand Factors for Household Electric Clothes Dryers 

~l:' of Demand Factor 
--~PLY==-~e~1~~s~----~~--~-------.~.._~--~--~--~----~~------~---_....(.pe~;r_;.,,_;c.~~r~1t~1~-

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11-13 
14-19 
20-24 
25-29 
30-.34 
35-39 
40 up 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. • • • • • • • • • • 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • t • • • • .. • • • • • • • • • • • 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

100 
100 
100 
100 

80 
70 
65 
60 
55 
50 
45 
40 
35 
32.5 
30 
27.5 
25 

Note: The demand factor permitted in E-220.,04(11) will not apply when this 

table is ueed 

~ .... 0,;;.7 ..... ...._ .... 0J?.,,....t;,;;i,,_o.,.m,,..~.:;l_C ... a;;,;J;;;.;c .... ul-=a-t_i_o.;,;;n,_f...,o_r.._0..,1..,.1e._-""F-..;;arn~i~l ... ;l .... l.1e..,s ... 1...,· d ... e .... n;;,;.cacwr.., 

For a one-family residence served by a 115/230 volt, 3-wire, 100 a.mp.· or 

lar~er service where the total load is supplied by one feeder or one sei of service 

entrance conductors, the following percentages may be used in lieu of the rnethod 

'1f determinini.:, feeder (and service) loads detailed in E-220.04. 

Table E-220.07 

(1) Optional Calculation for One-Family Residence 

LOAD (in kw or kva) 

Air conditioning and cooling including heat pump compressors 

Per Cent 
of Load 

(see E-220.04(12) • • • • • • • • • • • • • • • • • • • • • • • 100% 

iJentral electrical space heatir11- (see Ei-220.04(12) • • • • • • • • 100% 
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Less thi;:m fou:i;· s~Jparately cont:t.,olled electrical space heating 
units (see E-220.04(12) • • • • • • • • • • • • • • • • • • • 100% 

First 10 kw o.f all other load • • • • • • • • • • • • • • • • . . . 100% 

Remainder of other load • • • • • 0 • • • • • • • • • • • • • • 

(2) All other load shall include 1500 watts for each 20 ampere appliance 

outlet circtdt (E-220.03(2));lighting and portable appliances at 3 watts per square 

foot~ all fixed appliances, (including four or more separately controlled space 

heating units (see E-220.04(12)),ranges, wall-mounted ovens and counter-mounted 

cooking units) at nameplate rated load (kva for motors and other low power-factor 

loads). 

See Examples l(b) and l(c) of Chapter E-900. 
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CHAPTER E-230 - SERVICES 

A. General Requirements 

E-230.001, SCOJ2Sl1 

The provisions of this Chapter shall apply to the conductors and equipment for 

control and protection of services - circuits that conduct electric power from the 

supply system or plant to the premises to be served. 

Note: For over 600 volts see E-230.100 

E-230,002. Number of Servi£eS to a Building. 

In general, a building shall be supplied through only one set of service 

conductors, except as follows: 

Exception No. 1. Fire Pumps. Where a separate service is required for fire 

pumps. 

Exception No. 2. Emergency Lighting. Where a separate service is required 

for emergency lighting purposes. 

Exception No. 3. Multiple-Occupancy Buildings. 

(1) By special permission, in multiple-occupancy buildings where there is 

no available space for service equipment accessible to all the occupants. 

(2) Buildings of multiple occupancy may. have two or more separate sets of 

service-entrance conductors which are tapped fr01n one service drop, or two or more 

sub-sets of service-entrance conductors may be tapped from a single set of main 

service conductors. See E-2J0.07~2lnd E-2J0.090(l)(d). 

Exception No. 4. Capacity Requirements. Where capacity requirements make 

multiple services desirable. 

Exception No. 5. Buildings of Large area. By special permission, where more 

than one service drop is necessary due to the area over which a single building 

extends. 
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Exception Noo 60 Different Characteristics or Classes of Useo Where addition-

al services are required for different voltages, frequency, or phase, or different 

classes of useo Different classes of use could be bacause of needs for different 

characteristics, or because of rate schedule as in the case of controlled water 

heater service. 
mu~t 

Note: On a farm or any place that/depend partially or wholly on a local 

motor-driven pump for fire protectionF it is advisable to connect that motor in 

such a way that the opening of other than its own ·circuit protection will not 

interrupt service to the pump. 

f,-230.003. Service from one Building Through'AnotheJ:c_ 

No overhead service, no underground service, and no service from an isolated 

plant shall supply one building through another, unless such buildings are under 

single occupancy or management. Conductors in conduit or duct placed under at 

least two inches of concrete beneath a building, or buried in two inches of brick 

masonry or in concrete within a wall, shall be considered outside the building. 

B. Insulation and Size of Service Conductors 

E-230.00.ft-._ Insulation of Service Conducto.6:.§.. 

Service conductors shall have an insulating coverin~ which will normally with-

stand exposure to atmospheric and other conditions of use and which shall prevent 

any detrimental leakage of current to adjacent conductors, objects, or the ground. 

Exception. Grounded Conductor. In the case of service conductors that have a 

nominal voltage to ground of not more.than 300 volts, a grounded service conductor 

without an insulating covering may be installedo 

Note 1. For Service Drops - See E-2300022. 

Note 2. For Service Entrance Conductors - See E-230e040. 

Note 3. For Underground Services - See E-230.0JO. 

E-230.005. $ize of Service Conductors. 

Service conductors shall have adequate current-carrying capacity to safely 

conduct the current for the loads supplied without a temperature rise detrlinental 

to the insulating covering of the conductors, and shall have adequate mecL~nical 
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strengtho 

Note: i1inimwn sizes are given in the following rE:iferences: 

For Service Drops - E-23000230 

For Service Entrance Conductors - E-230a04lo 

For Underground Service Col'.1ductors - E-23000410 

c. Service Drops 

E-2~0.0?l~ N4.filber of Dr~ 

No building shall be supplied through more than one service drop, except for 

the purposes listed in E-230.002. 

E-210e0?2.,. Service D:r~ Conductor~ 

(1) Conductors in multiple-conductor cabl9s shall be rubber-covered or thermo­

plastic-covered except a grounded conductor may be uninsulated where the maximum 

voltage to ground of any conductor is not over 300 voltso 

(2) All open, individual conductors shall be rubber-covered, thermoplastic­

covered, or weatherproof-covered. 

E-230.023. Minimum Size of Service .Qrop Conductors. 

Conductors in service drops shall be not smaller than No. 8 when of soft 

copper, or No. 12 when of meo.iurn or hard-drawn copper. 

Note: Conductors to a building from a pole on which a meter or service switch 

is installed shall be considered as a service drop and installed accordingly. 

E-230 o 02&.. Clearance of SeJ;:Yic~-~ 

Service drops shall not be readily accessible and, for voltages not in excess 

of 600 volts, shall conform to the following: Paragraphs (1)-(5) inclusive. 

For clearance of conductors of over 600 volts, see ~123QOJ. 

(1) ~111nce Over Roof;,_ Conductors sh~ll have a clearance of not less than 

8 feet from the highest point of roofs over which they pass, except that where the 

voltage between conductors does not exceed JOO volts and the pitch of the roof is 

greater than J" per foot, 
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~~~}ilEm, the clearance inay be not less than 3 feet. Where the service conduit 

extends throUf;h a roof, the servic!3 drop conductors, if operating at less than 

300 volts between conductors, may have a clearance of not less than 18 inches 

vertically above the roof providing such conductors do not extend more than 45 

inches across the roof. 

(2) Clearan.£2...from Ground. Conductors shall have a clearance of not less than 

10 feet from the ground or from any platform or projection from which they might 

be reached. See rules E-123.03 and E-730.18a 

(3) Clearance from Building Openi,ngs. Conductors shall have a clearance of 

not less than 36 inches from windows, doors, porches, fire escapes, or similar 

locations. The clearance from windows refers only to those portions of windows. 

which are normally capable of being opened. Conductors run above a window are 

considered inaccessible from that windowo No clearance is required from windows 

consisting of glass blocks or fixed panes which cannot be opened. 

(4) Clearance over Storage Tank§· Open conductors shall not pass over i'lam.mable 
liquids storage tanks. Such conductors operating at more than 300 volts to ground shall be 
kept at least 15 i'eet horizontalJ.y from such tanks. When the voltage is 300 or below, a 
hori.zontal clearance of not less than 8 feet shall be maintained. 

(5) Clearance from Wells. Service drops shall not pass over wells and shall 

be kept at least 5 feet horizontally from such wells. 

E-230.025, SupPorts over Buildings. 

Where practicable, conductors passing over a building shall be supported on 

structures which are independent of the building. Where necessary to attach 

conductors to roof they shall be smpported on substantial structures. 

E-230,026. Point of Attachment ~o Buildings. 

The point of attachment of a service drop to a building shall be not less than 

10 feet above finished grade and shall be at a height to permit a minimum clearance 

for service drop condu~tors as specified in E-730.18, "Clearance From Gl!:'ouud 11 ,. 

The attachment should not be more than 30 feet above ground, unless a greater 

height is necessary for proper clearance. 
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E-230 .027, 1vieans of A ttachmE\Jlt.. 

Multiple-conductor cables used for service drops shall be attached to buildings 

by fittings approved for the purpose~ Open conductors shall be attached to non-

combustible, no~bsorptive insulators securely attached to the building, or by 

fittings approved for the purpose. 

D. Underground Services 

E-2:1QA.O JO o Ins11la ti on - Underground Serv;ige CondµctQ!:.§.. 

(1) Underground conductors up to the point of attachment to service equipmem 

shall be ·covered'with rubber, cambric, thermoplastic, paper or other approved in-

sulating material, except: 

Exception No. 1. Uninsulated grounded neutral conductors of alu.Jinwn or coppex 

may be installed und0~ground when part of an approved cable assemblyo 

Exception No. 2. Bare grounded neutral conductors of copper may be installed. 

underground in duct or conduito 

(2) Insulated service conductors installed underground, or in concrete slabs 

or masonry in direct contact with earth, shall be lead-·covered or of other types 
specially approved for the purpose., 

E-230.0)i,~ze of UndE2f'g_round Service Conductorsa 

Same as required for service entrance conductor. See E-230.041. 

E.:: 6JQ "0 ,22 " Prot e ct,j. Qil 4E..t=4PJit~ Damage., 

(1) l.D..j:he _ Qroguct.,_ Underground service conductors shall be protected against 

physical damage by being installed in duct, conduit, in cable of one or more con-

ductors app;eoved for the purpose, or by other approved meanso See E-310.01(2). 

(2) Qu,_f~~~A Where underground service conductors are carried up a pole th0 

caech:anioal pl~otection shall be installed to a point at least 8 feet above the 

;~round. Such mechanical protection may be provided by the use of approved cable, 

pipe, or other approved meanso 
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(3) Where Enteri,llg Builditlh,:. Underground service conductors shall have 

mechanical protection in the form of rigid or flexible conduit, electrical metallic 

tubing, auxiliary gutters, the metal tape of an approved service cable, or other 

approved means. The mechanical protection shall extend to the enclosure for the 

service equipment unless the service switch is installed on a switchboard, in 

which case a bushing shall be provided which, except where lead-covered conductoris 

are used, shall be of the insulating type~ 

E-220.033, __ Raceway S~al. 

Where a service raceway or duct enters from an underground distribution system, 

the end within the building shall be sealed with suitable compound so as to prevent 

the entrance of moisture or gases. Spare or unused ducts shall also be sealedo 

E-230.034. Grounding Racewa;zs am Cable Sheath.l?,a. 

See E-230.0630 

.ffi.:-.2,20.0;?~.. J;'.erminati_on~t Service Eguipmer-;i:-

See E-230.042, Exception No. 3, and E-230.053. 

E. Service-Entrance Conductors 

]'c2l0,0&0. Insulation of Service-Entrance C.Qllductors 2 

(1) Service-entrance conductors extending along the exterior of or entering 

buildings shall be rubber-covered or thermoplastic-covered if in raceways, or in 

cables approved for the purpose, except a grounded conductor may be uninsulated 

where the maximum voltage to ground of any conductor is not over 300 volts. 

(a) Where on the exterior of the building only, the conductors may be 

weatherpr9of-covered. 

(2) Open individual conductors which enter the building shall be rubber­

covered or thermoplastic-covered. 

E-230.0LJ_. Size of Service-Entrance Conductors,.!, 

Service-entrance conductors, including underground services, shall have a 

current-carrying capacity sufficient to carry the load as determined by Chapter 
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ti;-220 a.ud in accorda!.lce with Ttibles s~-310.12, E-310 .13, li:-JlG.11,., FJ-Jlv.1>. S1.:~rvice 

ei.1trar,ce cor,ductors shall not be smaller than No. 6 except: 

Bxception No. l. lt'or single family residences requiring more than two .2·-wi:r.-e 

branch circuits and for mult.i-occups.ncy buildings requiring more than two 2 ... wire 
branch circuits, the service shall be a minimum of 100 amperes, 3-wire, and each 
1.UU t :requiring more than two 2-wire" branch circuits shall have a .3-Wire service·. 

Exceptiori No. 2. For installations consisting of not more than two 2-wire 

branch circuits they shall not be smaller than No. 8. 

Exception No. 3a By special permission due to limitatioLS of supply so·~1.rca OJ. 

load requirements they shall not be smaller than No. 8. 

Exception No. 4. For installations to supply only limi tecl loads <.>f a single 

branch circuit, such as small p:.>lyphase power, controlled water hea·i;ers and the 

like, they shall not be smaller than the conductors of the bra:o.ch c:trcui t and in no 

case smalle l' than No. 12. 

"S:xception No. 5. The neutral conductor which shall have a current~carrying 

0apaci ty in confor.mi ty with E-220 .04 (5), but shall not be smaller than the un~· 

grourided conductors when these are No. 8 or smaller. 

Ser11i ca-entrance coriductors shall be without splice except as follows: 

Exception No. 1. Clamped or bolted connections in a meter enclosure are per-

mitted. 

E'.lroeptiou No. 2. Taps to main se:rvice conductors are permitted as provided J1:; 

E-230.002, Exceptim· No. 3(b) or to individual sets of service equipment as pro-

vi.dad ir. E-230 .070. 

Excep-tion No. J. A connection is pennitted, when properly er1closed, where ar. 

1mdergrol.ll~d service conductor enters e. buildi 1g and is to be extended to the 

service equipment or meter in another form of approved service raceway or service 

cable. 
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Exception :No., 4., A connection is permitted whe:re service conductors are ex-

tended from a service drop to an outside meter location and returned to connect 

to t.he sex-vice entrance conductors of an existing installation. 

Excep"G:i.on Noe 5~ 1'"or extending existing services, special per.mission to make 

spl:Lces in f itti:ngs of the service run and to extend existin&; wire size may be 

cranted. 

Conductors other than se:i.~vice conductors, groundi11g conductors, or control 

conductors from tirne switches having overcurrent protection, shall not be installed 

111 the same service raceway· or service entra11ce cable.; 

Note L Water heater leads are to be co:nsidered as sex·vice entrance conductorfl .. 

Note 2.. Where a meter is located on a pole the wires to and from the meter 

may be installed in the same racei..ray if service equipment is provided at 

each building supplied from this pole. 

F~ Installation of Service-Entrance Conductors 

Serv:i.ce-entrance conductors extending along the e:irter:i.or, or entering buildings, 

i.C!8.,Y be installed as separate conductors, in cables approved for the purpose, o:i.~ en-

closed in rigj.d conduit, or, for circuits not exceeding 600 vol ts, in electrical 

metallic tubing or as busways. 

Note: Service-entrance conductors shall not be run within the hollow spaces 

of frame buildings unless provided with overcurrent protection at their outer endo 

Conductors in conduit or duct placed under at least two inches of concrete 

beneath a building, or buried in two inches of brick masonry or in concrete within 

a, wall, shall be considered outside the building,. 

Individual open conductors or cables other than approved service-entrance 
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cables, shall not be installed within 8 feet of the ground or where exposed to 

physical damage. Service-entrance cables, where liable to contact with awnings, 

shutters, swinging signs, installed in exposed places in driveways, near coal chutes 

or otherwise exposed to physical damage, shall be of the protected type or be 

protected by conduit, electrical metallic tubing or other approved means. 

E-230,,047. Individual Open Conductors Exoosed to ,Weathel;. 

Individual open conductors exposed to weather shall be supported on insulators, 

racks, brackets, or other means, placed at intervals not exceeding 9 feet and 

separating the conductors at least 6 inches from each other and 2 inches from the 

surf ace wired over; or at intervals not exceeding 15 feet if they maintain the 

conductors at least 12 inches aparto For 300 volts or less, conductors may have 

a separation of. not less than 3 inches where supports are placed at intervals not 

exceeding 4-t feet and conductors are not less than 2 inches from the surf ace wir~d 

over. Weatherproof conductors (type WP). on exterior of buildings shall have a 

clearance from the ground of not less than 8 feet, and a clearance from windows, 

doors, porches, etc., of not less than J feet. Conductors run above the top level 

of a window are considered out of reach from that window. 

E-2,20.048. Indiv:!,9..l!J:l..OPen Co,tl~9rs l~ot Expo.sod to Ueather .. 

Individual open conductors not.,exposed to the weather ~Y .be supported on glass 

or porcelain knobs placed at intervals not exceeding 4t feet and maintaining the 

conductors at least one inch from the surface wired over and a separation of at 

least 2t inches between conductors. 

E-230.049. Individual Conductors Enteri.ng Buildj.~ 

Individual conductors entering buildings shall pass inward and upward through 

slanting noncombustible, nonabsorptive insulating tubes, or shall enter through 

roof bushings, and shall conform to the provisions of Chapter E-324. Drip loops 

shall be formed on the conductors before entering tubes. 

E-230.050. Service Cables. 

Service cables of a type not approved for mounting in contact with a building 
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s11all ha.ve insulating supports at intervals not exceedinf) 1) feet, and rnaintaining 

a distance of at least 2 inches from the surface wired oYe;c. Service cables mounted 

i11 c::ontact with the buildfog shall be suppo:l'.'ted at interval::i not exceeding L~~ feet. 

Service raceways shall be equipped with a raintight se:L~vice heado Service 

<iabJ.es, unless continuous from pole to service equipment o:r. meter, shall be equipped 

with an approved raintight service head, or be formed in a gooseneck, taped and 

painted or taped with self-sealing -weather-resistant thermoplastics and held 

securely in place by its connection to service-drop conductors below the gooseneck 

o:i.~ by a fitting approved for the pu:r··pose. Drip loops shall be formed on indi.vidual 

<~onductors,. To prevent the entrance of moisture, service-entrance conductors shall 

be connected to the service-drop conductors below the level of the service head or 

t.he termination of service-entrance cable sheathso 'VJhex·e service heads are used, 

eonductors of opposite polax·ity shall be brought out through separately bushed 

When rigid metal raceways are installed where exposed to weather the raceways 

shall be made raintight and arranged to drain. 

Where conduit, electrical metallic tubing, o:r. service cable is used for service 

conductors, the inner end shall enter a terminal box or cabinet, or be made up 

airectly to an equivalent fitting, enclosing all live metal parts, except that 

where the service disconnecting means is mounted on a switchboard having exposed 

bus-bars on the back, the raceway may be equipped with a bushing which shall be of 

the insulating type unless lead-covered ccncuctors are used • 

.F}-2?Q~Q5&0 Grgunding Service Racewa s and Cable Armor. 

See F.:-230.063 .. 

* Se:Vic~ head and S?r'V'ice-drop attachments shall be so located that no rt 
0 drip loops or SeI'V'ice-drop conductors within 3 feet of the . h pa f the 

·~. , service ead and service 
drop a-uta:chments shall be less ."'Ghan 12 inches from communication cables or conductor 
attached to or carried along the surface of a building. 

~ 
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G. Service Equipment 

E-230,060, Haza~dous Loc~tiQ.U§.. 

Service equipment installed in hazardous locations shall comply with the re­

quirements of Chapters E-500 to E-517 inclusiveo 

E:;2_30.06L Sery_~ EguiEment .Q;rou,J?,§£,, 

Where supplied at the sa.me side of the building by more than one overhead 

service drop or more than one set of underground service conductors, the service 

equipments, except for services as permitted in E-2300002, shall be grouped and 

equipment marked to indicate the load it serves. 

H. Gro·o.nding and Guarding 

E-230 .. 062.. llilar~ 

Live parts of service equipment shall be enclosed so that tI'-ey will not be 

exposed to accidental contact, unless mounted on a switchboard, panelboard or 

controller accessible to qualified persons only and located in a room or enclosure 

free from easily ignitible material. Such an enclosure shall be provided with 

means for locking or sealing doors giving access to live parts. 

E-220.063. Grouuding and .fl9ndj~ 

Service equipment shall be g:::·c·,_mdBd as follows~ 

(1) EguiPm8l1t.l!.. The enclosure fo~c service equipment shall be grounded in the 

manner specified in Chapter E-·250, unless (a) the voltage does not exc;eed 150 

volts to ground and such enclosures are (b) isolated from conducting surfaces, 

and (c) unexposed to contact by persons 01~ materials that may also be in contact 

with other conducting surfaces. 

(2) ~ceways. Service raceways, and the metal sheath of service cables, 

shall be groundedo Conduit and metal pipe from underground supply shi;i,ll,be con­

sidered sufficiently grounded where containing lead-sheathed cable bonded to a 

continuous underground lead-sheathed cable system. 

(3) Flexible Conduit. Where a service run of rigid metal raceway is inter­

rupted by flexible metal conduit, the sections of rigid metal raceway thus 
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interrupted slia.11 be uonded tot,ether by a copper conductor not sinaller tl1an l\0 0 cl, 

using clamps or other approved hi.eans. ·The conductor and bonding devices shall be 

protected from physical damage. Where the flexible conduit runs to the service 

cabinet, similar bonding shall be installed between the cabinet and the rigid race­

way. 
J. Disconnecting Means 

E-230.070. General 

Each set of service-entrance conductors shall be provided with a readily 

accessible r,1eans of disconnectinl, all conductors from the source of suppl;/. 

(1) ~G.h. and Cir9uit-3reaker. 

(a) The disconnecting means .shall be manually operable. It may consist of 

not more than siJ0* switches or si:le* circuit-breakers in a common enclosure, or in a 

group of sepa~ate enclosures, located at a readily accessible point nearest to the 

entrance of the conductors, either inside or outside the buildiDf;; wall. Two or 

three single pole switches or brealrnrs, capable of individual operation, may be 

installed on multi-wire circuits, one pole for each ungrounded conductor, as one 

multi-pole disconnect (where applicable, see rule E-230.053) provided they are 

equipped with "handle ties", "handles within 1/16 inch proximity", a "master 

handle", or 11 other means", making it practical to disconnect all conductors of tbe 

service with no more than six* operations of the hand. The disconnecting means 

shall be of a. type approved for service equipment and for prevailing conditions. 

(b) For service operating at not to exceed 250 volts and capacities up 

to and including 100 amperes, the service switch and service fuses, when not a 

part of a switchboard, shall be of the accessible fuse or dead front type in ii·hicb 

the fuses are dead when accessible and no live parts are exposed to accidental 

contact.· 

~~ Main disconnects for fire pumps, eoergency lighting or fire alarm systems shall 

not be counted as disconnecting means so far as the limit of six disconnecting 

means is concerned. 
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( c) Where the meter is not of the socket type or where current trans~ 

formers or large self ~contained meters are used, the main disconnect:Lng means may 

consist of not more than sixl~ switches or manually-operated ci:r.cuit-brea"k:ers, pro­

vided one of the following disconnecting means is installed ahead of the meter or 

the metering transformers: 

lo An appr·oved bolted link type disconnecting means for services 

not to exceed 250 volts and for capacities up to and including 400 amperes .. 

'1.,, 

* Main disconnects for fire pumps, emergency lighting or fire alarm systems 

shall not be counted as discom1ecting means so far as the limit of six dis­

connecting means is concerned. 

. '1 
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2. l·.ianually operated disconnectillg switches or circuit-breakers. 

a. For services rated 250 volts or less having a capacity 

above 400 amperes. 

b. For all services rated in excess of 250 volts. 

Note: If such disconnecting means is incapable of being operated 

under full load, the service on which it is installed must be sealed or otherwise 

rendered inaccessible to other than qualified personso 

(2) J:1ultl..t?~-Occupancy. In a multiple-occupancy building, each occupant shall 

have access to his disconnecting means. A multiple-occupancy building having 

individual occupancy above the second floor shall have service equipment grouped in 

a common accessible place, the disconnecting means consisting of not more than siJd~ 

switches or si~ circuit-breakers. Multiple-occupancy buildings that do not have 

individual occupancy above the second floor may have service conductors run to each 

occupancy in accordance with E-230~CD2(Exception No. 3} and each such service may 

have not more than siJd~ switches or circuit-breakers. 

(3) 1Jisconnection of Grounded Conductor. If the switch or circuit-breaker 

does not interrupt the grounded conductor, other means shall be provided in the 

service cabinet or on the switchboard for disconnecting the grounded conductor from 

the interior wiring. 

(4) More Than One Building. In a property comprising more than one building 

under single management, the conductors supplying each building served shall be 

provided with a readily accessible means, within or adjacent to the building, of 

disconnecting all ungruunded conductors fr01n the source of supply. In garages and 

outbuildings on residential property the disconnectin~ means may consist of a snap 

switch, suitable for use on branch circuits, including switch controls at more than 

one point. 

* Main disconnects for fire pumps, emergency lighting or fire alarm systems shall 

not be counted as disconnecting means so far as the limit of six disconnecting 

means is concerned. 
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the conductors controlled by the service disconnecting means, the disconrector 

shall be of a design that will open al1 w.:grounded conductors from the usual ~mpply 

'before connection is made to the emergency supply, unless agreed UPJn arrangemerrlis 

have been made for para11el operation and suitable automatic control equiJ:;"'ID.ent pro-

vided. 

(1) The se:l."'vice disconnecting means shall have a ra·~ing not less than the load 

to be carried determined iL accordar:ce with Chapter E-220. In general the service 

disconnecting means sha11 have a rating of not less than 60 amperes where a switch 

is used, and not less than 50 amperes where a ci:rcui t-breaker is u;::;ed, except: 

Exception No. L For single family residences requiring more than t.wo 2-wire 

branch circuits a. nd .... J t. .. . .. J _, . 
. . . :i:or mu.- i-occi;pancy b1..U. .o.ings requiring more than two 2-wire 
branch cir.Gui ts, ·the service equipment shall have a rating of not less· tha;.1 J.00 
amperes. 

Exception No. 2. For installations consisting of no-G more than two 2-wire 

branch circuits a service equ:i.pment of 30 ampere minimum rating may be used. 

Exception No. J. For installations consisting of a singJ.e branch circuit a 

circuit-breaker of 15 or 20 ampere rating may be used. 

(2) Where multiple switches or circuit breakers are used in accordance wit.h 

E-230.070 (1), the combined rating shall not be less than required for a single 

switch or breaker. 

Ei.::.~3Q_&~_,_Q.Qnnect;l.QJ,1 to TenfilpfJ.l§. 

The service conductor·s shall be attached to the disconnecting means by pres-

sure connectors, clamps or other approved means, except that connections which de-

pend u:r;xm solder shall not be used. 

E-:-,61Q,.&21.,_-.Q.ru1JJ.ec]icmLJll12.~~f Discon,~.];Ui.g,j1§)allll• 

Service fuses, meters, high-impedance shunt circuits (such as potential coj . .J_s 
of meters, et:c.), supply conductors for time switches, surge protective capacitors, 
instrument transformers, lightning arresters and circuits for emergency systems, 
fire pump equipment, fire and sprinkler alarms as provided in E-230.094, may l10 



on the supply side of the disconnectinb means. Taps from service conductors to 

supply time switches, circuits for emergency lighting, etc., shall be installed in 

accordance with E-230.044 and disconnecting means shall be installed as required in 

E-230.070. 

Note: For detailed service provisions for fire alarm, sprinkler supervisory, or 

watchman systen1s, see appropriate Standards of the National Fire Protection Associ-

ation. 
K. Overcurrent Protection 

E-230.090, Where Required. 

Each ungrounded service-entrance conductor shall have overcurrent protection. 

(1) Ungrounded Conduct,g;r. Such protection shall be provided by an overcurrent 

device in series with each ungrounded service conductor, having a rating or setting 

not higher than the allowable carrying capacity of the conductor, except as follows: 

Exception No. 1. For motor-starting currents, ratings in conformity with 

Fr-430.052, E-430.062, or E-430.063 may be used. 

Exception No. 2. Circuit-breakers may have a setting in conformity with 

E-240.05, Exception No. 2 and Fr-240.07. 

Exception No. 3. Not more than six!~ circuit-breakers or six sets of fuses 1;12,y 

serve as the overcurrent device. 

Exception No. 4. In a multiple occupancy building each occupant shall have 

access to his overcurrent protective devices. A multiple occupancy building havini:, 

individual occupancy above the second floor shall have service equipment grouped in 

a common accessible place, the overcurrent protection consisting of not more than 

six* circuit-breakers or six sets of fuses. Multiple occupancy buildings that do 

not have individual occupancy above the second floor may have service conductors 

run to each occupancy in accordance with E-230.002, Exception No. 3(b) and each 

such service may have not more than six* circuit-breakers or six sets of fuses. 

Note: A set of fuses is all the fuses required to protect all the ungrounded 

conductors of a circuit. Single pole breakers may be grouped as in E-230.070(1) 
as one multiple protective device 0 

*Main disconnects for fire-pwnps, emergency lighting or fire alarm systems 
sh~ll not be counted as disconnecting means so far as the limit of six disconnect­
l.Ilg means is concerned. 
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(2) N.ot in Ground~d Conductor. No overcurrent device shall be inserted in a 

grounded service conductor except a circuit-breaker which simultaneously opens all 

conductors of the circuito 

(3) More Than On~ Buildingo In a property comprising more than one building 

under single management, the ungrounded conductors supplying each building served 

shall be protected by overcurrent devices, which may be located in the building 

served or in another building on the same property, provided they are accessible to 

the occupants of the building servedo 

E-230.091, Location. The service overcurrent device shall be an integral part of 

the service disconnecting means or shall be located immediately adjacent thereto, 

unless located at the outer end of the entrance 0 

E-230,092. Location o? Branch-Circuit Overcurrent Devic.§§ .• 

'Where the service overcUJ.~rent devices are locked or sealed, or otherwise not 

readily accessible, branch-circuit overcurrent devices shall be installed on the 

load side, shall be mounted in an accessible location and shall be of lower rating 

than the service overcurrent deviceo 

E-230.093. Protection of Specific Circuits. 

Where necessary to prevent tampering, an automatic overcurrent device protect­

ing service conductors supplying only a specific load such as a water heater, may 

be locked or sealed where located so as to be accessible. 

E-230,094, Relative Location of Overcur.rent Device and Other Service Egui2ment. 

The overcurrent device shall protect all circuits and devices except as 

follows: 

(1) The service switch may be placed on the supply side~ 

(2) High impedance shunt circuits (such as potential coils of meters, etc.), 

lightning arresters, surge protective capacitors, and instrwnent transformers, may 

be connected and installed on the supply side of the service disconnecting means 

as permitted in E-230.073. 
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(3) Circuits for emergenc;/ supply and time switches raay be connected on the 

supply side of the service overcurrent device where separately provided with over-

current protection. 

(4) Circuits used only for the operation of fire alarm, other protective 

signalling systems, or the supply to' fire pw11p equipment may be connected on the-

supply side of the service overcurrent device where separately provided with over-

current protection. 

(5) Meters for alternating current service not in excess of 600 volts, pro-

vided the service contains a grounded conductor and the cases and enclosures of 

such meters are grounded by connection to the grounded circuit conductor (see 

E-250.061) or to a common system and equipment ground electrode (see E-250.054); or 

meters for alternating current service not containing a grounded service conductor 
. /. 

'" - . 
and not in excess of 300 volts. 

L. Services Exceeding 600 Volts 

Service conductors and equipment used on circuits exceeding 600 volts shall 

comply with the applicable provisions of the preceding rules of this Chapter and 
,, ·. 

with the following rules which al'e additions to o·r uodifications of the preceding 

rules. 

Note 1. Secondary conductors, not the primary conductors, are regarded as con-

stituting the service conductors to the building proper in the following cases: 

b. Where step-down transformers are located in a separate building from the 

one served. 

c. Where step-down transformers are located in the building served in a 

I • transformer vault corilorming to the requirements of rules E-450.41 to 

* d. _ E-450.48, and under the sole control of the supply company. 

Note 2. In no case will the provisions of this Chapter apply to equipment not 
* Where the transformer prl.macy disconnecting means is in a locked enclosure, 

accessible to authorized personnel alone. 
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directly connected to service conductors, and consequently will not apply to 

equipment in vaults under the sole control of the supply company. 

E-230.101, Service-Entrance Conducto~. 

(1) Conductor Size, Service conductors shall be not smaller than No. 6 unless 

in cable. Conductors in cable shall be not smaller than No. 8, 

(2) Wir~ng Metho4..!l• In locations accessible to other than qualified persons 

service-entrance conductors of more than 600 volts shall be installed in rigid con­

duit, or as multiple conductor cable approved for the purpose. 

(3) .QQ,en Work. If open work is employed where not accessible to other than 

qualified persons, the service conductors shall be rigidly supported on glass, por­

celain or other insulators approved for the purpose, which will keep them at least 

8 inches apart, except at terminals of equipment. They shall be not less than 2 

inches from the surfaces wired over and for voltages exceeding 2,500 not less than 

3 inches. 

(4) Supports. Service conductors and their supports, including insulators, 

ahall have strength and stability sufficient to insure maintenance of adequate 

clearance with abnormal currents in case of short circuits. 

(5) qu~ding~ Open wires shall be guarded where accessible to unqualified 

persons. 

(6) Service Cable. vil1ere cable conductors emerge from a metal sheath or race­

way, the insulation of the conductors shall be protected from moisture and physical 

damage by a pothead or other approved means. 

(7) Draining Raceways. Unless conductors specifically approved for the pur­

pose are used, raceways embedded in masonry, or exposed to the weather, or in wet 

locations shall be arranged to drain. 

(8) Over 15,000 Volts. where the voltage exceeds 15,000 volts between con­

ductors they shall enter a transformer vault conforming to the requirements of 

E-450.41 to E-450.48. 
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{ 9) ·Enclosed oy Concrete or Brick_& Conductors in conduir. or duct and enclosed 

by concrete or brick not less than 2 inches thick shall be considered outside the 

building. 

E::2.J0.102. Warning .Signs. 

High voltage signs shall be posted where unauthorized persons might come in 

contact with live parts. 

E-230.1031. Disg,onnesting Means. 

The circuit-breaker or the alternatives for it specified in E-2300106 will con­

stitute the disconnecting means required by E-230.070. 

E-220.104. Isolatiug Switch.ru1.. 

Isolating switches shall be provided as follows: 

(1) Air-break isolating switches shall be installed between oil switches or 

air or oil circuit-breakers used as service switches and the supply conductor, ex­

cept where such equipment is mounted on removable truck panels or metal-enclosed 

switchgear units which cannot be opened unless the circuit is disconnected, and 

which, when removed from the normal operating position, automatically disconnect 

the circuit-breaker or switch from all live parts. 

(2) When the fuses used with non-automatic oil switches in accordance with 

E-230.106 are of a type that may be operated as a disconnect switch, they may serve 

as the isolating switch when they completely disconnect tqe oil switch and all 

service equipment from the source of supply. 

(3) Air-break isolating switches shall be accessible to qualified attendants 

only. They shall be arranged so th1:J,t a ~rounding connection on the load side can 

readily be madeo Such grounding means meed not be provided for duplicate isolating 

switches, if any, installed and maintained by the supply company. 

Jfc:230.105. Eguipment in Secondaries. 

If the primary service equipment supplies one or more transformers whose 

secondary windings feed a single set of mains, and the primary circuit-breaker is 
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.. .ianually operable from a point outside the transformer vault or accessible to 

qualified persons only, the disconnecting means and overcurrent protection may be 

omitted from the secondary circuit, provided the setting of the primary circuit­

breaker is such as to protect the secondary circuit. If not manually operable 

from outside the vault, means shall be provided to trip the breaker from outside 

the vault. In all other cases the secondary circuit shall be provided with a dis­

connecting means and overcurrent protection as required by various paragr~phs of 

this rule. 

Note: "Manually operable" calls for a mechanical, rather than only electrical, 

linkage between the circuit-breaker and the point of operation, and refers to both 

the opening and closing operationso 

E-230.106, Overcurrent Protectionq 

Overcurrent devices shall be provided in accordance with the following: 

(1) In Vault or Consisting of Metal-Enc_l_Qsed Swi!chgearo Where the service 

equipment is installed in a transformer vault meeting the provisions of E-450.41 to 

E-450.48, or consists of metal-enclosed switchgear, the requirements for overcurrent 

protection and disconnecting means may be fulfilled by the following: 

(a) On circuits of 15,000 volts or less, oil-filled or other fuses of suit­

able rating and type may be used without switch or circuit-breakel" provided they may­

;)e operated as a disconnecting means. 

(b) Where the voltage is 25,000 or less, a non-automatic oil switch, an 

air load-interrupter switch, or other approved switches, capable of interrupting the 

rated circuit load and suitable fuses may be used. 

(c) Automatic-trip circuit-breakers may also be used under the limitations 

outlined in E-230.106(l)(a) and (b). Where these limitations are exceeded, an auto­

matic-trip circuit-breaker shall be installed in compliance with the requirements of 

E-230 .106 (2). 

(d) Where the voltage is 15,000 or less, a switch capable of interrupting 



-85-

the no-l0ad current of the transformer and suitable fuses may be used, provided the ........ 

switch is interlocked with a circuit-breaker in the secondary circuit of the trans-

former so that the switch cannot be opened when the circuit-breaker is closed, 

(e) Vaults shall conform to the provisio'ns of Fr-450.41 to E-450.48. 

(f) Metal-enclosed switchgear shall consist of a substantial steel struc-

ture and a steel enclosure of thickness not less than 1/8 inch, over the sides and 

top. The enclosure shall be furnished as an integral part of the equipment. Where 

installed over a wood floor, suitable protection thereto shall be provided~ 

(2) Where the service equipment is not in a vault or metal enclosure, require-

ment for the overcurrent protection and disconnecting means may be fulfilled by the 

following: 

(a) Circuits of not over 25,000 volts, air load-interrupter switches or 

other approved switches, capable of interrupting the rated circuit load may be used 

with suitable fuses on a pole outside the building. 

(b) On circuits of any voltage, an automatic trip circuit-breaker of suit-

able current-carrying and interrupting capacity with an overcurrent unit in each 

ungrounded conductor and so arranged that the operation of any one device will open 

all ungrounded conductors may be used. The circuit-breaker shall be located as near 

as possible to where the service conductors enter the building, or else on a pole 

outside the building. 

(3) Fuses. Fuses used as permitted in Fr-230.106(1) and (2) shall have an 

interrupting rating at least equal to the maximum short-circuit current possible in 

the circuit. 

(4) Circuit-Breakers. Circuit-breakers shall be free to open in case the cir-

cuit is closed on an overload. This can be accomplished by means such as trip-free 

breakers or by multiple breakers having an operating handle per pole. A service 

circuit-breaker shall indicate clearly whether it is open or closed, and shall be 

capable of interrupting the maximum short-circuit current to which it may be sub-



~l . 
: \ ·i 

-86-

jected. 

E-2,20.107. Li,;;ht.nint~ Arresters~ 

Lightning arresters installed in accordance with the requirements of Chapter 

E-280 shall be placed on each ungrounded overhead service conductor on the supply 

side of the service equipment·, when called for by the a£l~f:.1,i:~~tive authority. 
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CHAPI'ER E-240 

OVERCURRENT PRGrECTIO~ 

A. Installation 

g;-240 .01. Scope • 

This Chapter provides the general requirements for the application of over-

current protective devices. 

E-2fi,,0.02.. f.urrne of Overcur:r;:,ent f.rotection. 

Overcurrent protection for conductors and equi,pmept is provided for the pur­

pose of opening the electric circuit if the current reaches a value which will 

cause an excessive or dangerous temperaturE;J.in the conductor or conductor in-

sulation. 

E-240.03. Protection of Eg1.J,i}2ment, 

F.quiplt1ent shall be protected against overcurrent as . specified in the ref~ 

ences in the following table: 

Equipment 

Appliances • • • • • • • • • • Q • • • • • o • • a • • • • • • • • • 

Capacitors • • • • • • • • o • • • • • • • • • 9 • • • • • • • • • • 

Cranes and Hoists • • • • 8 • • • • • • • • • • • • • • • • • • • • 

Elevators, Dumbwaiters and Escalators ~ e ••• 8 •••• ~ •••• 

Emergency Systems • o • • • • • • • • • • a • • • • • • • • • • 

Generators • • • • Q • • • • • • • • o • • • • • o • • • • • • • • • 

Inductive and Dielectric Heat 
Generating Equipment • • • • • • • • • o • • • • • • • • • • • • • 

Machine Tools o • • • • • • • • o • • • • • • o • • • • • • • • • • 

Motion Picture Studios and Similar Locations • • • • • • • • • • • • 
Motors and Motor ControllerJJ • • • • • • • • • • • • • o • • • • • • 

O:rgans e A O 0 e O e e O O O 0 e O e O O a O 0 O 0 0 • G • 0 0 0 0 O 

Over 600 Volts • • • • • • • o • • • • • • • .• • • • • • • • • • • • 

Remote-Control, Low-Energy Power, Low-Voltage 
Power and Signal Circuits •••••••••••••••••••• 

services • • • . • • . • • . . • . . . . . • . . • . . . . . . 
Signs and Outline Lighting • • • • • • • • • • • • • • • • • • • • • 
Sound Equipment • • • • • • • • • • • • • • • • • • • • o • • • • • 

Switchboards and Panelboards • • • • • • • • • • • • • • • • • • • • 
Theaters and Assembly Halls • • • • • • • • • • • • • • • • • • 
T:ransf armers • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Welders • • • • • • • • • • • . • • • • • . • • • • . • • • • • • • 
X-ray Equipment. • • • •. • • . • ~ • • • • • • • • • • • • • • • • • • 

Chapter l~o. 

Ei-422 
E-460 
E-610 
E-620 
E-700 
E-445 

E-665 
E-670 
E-530 
E-430 
E-650 
E-710 

E-725 
E-230 
E-600 
E-640 
E-384 
E-520 
E-450 
E-630 
E-660 
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,&-2.4Q.04, Time-Delay Overcurrent Protection .... 
Circuit breakers and 

plug fuses installed in residential occupancies on circuits of 20 

amperAs or Jess sqall be of the time-delay type. 

E-240,05, Overcurrent Protectio~ o.£..Conductors, 

Conductors shall be protected in accordance with their current-carryin~ cap-

acities, as given in Tables E-Jl0.12 through E-310.15, except as follows: 

Exception No .. 1. Rating of Overcuri~ent Protection.. When the standard ampere 

' .~ ... , ... 

ratings and settings of 6vercurrent devices do not correspond with the allowable 

current-carrying capacities of conductors, the next higher standard rating and 

setting may be used. 

Exception No. 2. Adjustable-Trip Circuit Breakers. Adjustable-trip circuit-

breakers of the thermal trip, magnetic time-delay trip or instantaneous-trip types 

shall be set to operate at not more than 125 per cent of ."t.he allowable current-

carrying capacity of the conductor. 

Note: The effect of the temperature on the operation of thermally-controlled 

circuit-breakers should be taken into consideration in the application of such 

circuit-breakers when they are subjected to extremely low or extremely high tem-

. peratu;re.s •. 

. ]¥ception No. 3. Fixture Wires and Cords. Fixture wire or flexible cord, 

sizes No. 16 or No. 18, and tinsel cord shall be considered as protected by 20-

ampere overcurrent devices except as provided in E-620.61. Fixture wires of the 

sizes permitted for taps in E-210.19(3)(b) shall be considered as protected by tbe 

overcurrent protection of the 30-ampere and 50-ampere branch circuits of Chapter 

E-210. Flexible cord approved for use with specific appliances shall be consid-

ered as protected by the overcurrent device of the branch circuit of Chapter E-210 

when conforming to the following: 

20 runpere circuits, No.'18 cord and larger. 

JO ampere circuits, cord of 10 amperes capacity and over. 
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50 ampere circuits, corci. of 20 amperes capacity and over. 

Exception No. 4. Hotor Circuits. The conductors supplying motors and motor­

operated appliances shall be considered as protected by the overcurrent protective 

devices specified in E-4J0.032, E-430.034, E-430.052, E-430e053.and E-430 0 062. 

Exception No. 5.' Remote Control. Except as provided in Chapter E-725, the 

conductors of the control circuits of re1;1ote-control switches shall be considered 

as protected from overcurrent by overcurrent devices that are not of the so-called 

time-lag type and are rated or set at not more than 500 per cent of the carrying 

capacity of the remote-control conductors, as specified in Tables E-310Gl2 through 

Fr-310.15. 

Exception :Noo 6. Public highway traffic signal circuits whose conductors 

are not overloaded may be protected by overcurrent devices rated or set at not more 

than 200 per cent of the carrying capacity of the conductors, as specified in 

Tables E-310al2 through E-310~15~ 

E-240.0~-=Fuses._ 

(1) If the allowable current-carrying capacity of a conductor does not 

correspond to the rating of a standard-size fuse, the next larger size or rating 

of fuse rray be used. 

(2) Standard ampere ratings for fuses are 15, 20, 25, 30, 35, 40, 45, 50, 60, 

70, so, 90, 100, 110, 125, 150, 175, 200, 225, 250, 300, 350, 400, 450, 500, 600, 

800, 1000, 1200, 1600, 2000, 2500, 3000, 4000, 5000, and 6000. Fuses with ampere 

rating other than the standard ratint; listed .rray be used when they are of an 

ampere rating smaller than those included in the standard list. 

(3) Plug fuses and fuse holders shall not be used in circuits exceeding 125 

volts between conductors except in circuits supplied from a system havinc a 

grounded neutral and no conductor in such circuits operating at more than 150 

volts to ground. 

(4) The screw-shall of plug-type fuse holders shall be connected to the load 

side of the circuit. 
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E-240. OZ... f)on-Ad.j us table-Trip CircuJ: t-J2,reakers. 

(1) Non-adjustable-trip circuit-breakers, except as otherwise permitted in 

I\ote 10 to Tables E-310.12 through E-310.15 shall be rated in accordance with the 

current-carrying capacity of the conductor. When the allowable current-carrying 

capacity of a conductor does not correspond to the ratint; of a standard-size cir-

cuit-breaker, the next larger size or rating of c.ircuit-breaker may be used., 

(2) Standard ampere ratings for circuit breakers are 15, 20, 30, 40j 50, 60, 

70, 100, 125, 150, 175, 200, 225, 250, 300, 350, 400, 500, 600, 700 and 800. 

~240,08a Thermal Device§.a_ 

Thermal cutouts, thermal relays and other devices not designed to open short-

circuits, shall not be used for P1otection of conductors against overcurrent due 

to short-circuits or grounds but may be used to protect motor branch circuit con-

ductors from overload if protected in accordance with E-430e040. 

E-240.09, Feeders at Supply Stations. 

Each conductor of a constant-potential circuit entering or leavi1~ a supply 

station, except grounded neutral conductors, shall be protected from excessive 

current by a circuit-breaker, or by an equivalent device of approved design. Such 

protective devices shall be located as near as practicable to the point where the 

conductors enter or leave the building. For the outgoing circuits not connected 

with other sources of power, the protective devices may be placed on the supply 

side of transformers or similar devices. 

E-240.11. 'Ungrounded ConductoJ:§.. 

(1) 
:: J 

An overcurrent device (fuse oz• overcurrent trip unit of a circuit-breake:c) 

shall be placed'inea~h ungrounded cionci{i.ctor. The number and position of the over-
'' 

current units such as trip coils or relays shall be as given in Table E-240~28Q 

(2) Circuit-breakers shall open all ungrounded conductors of the circuit, 

except as follows: 
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Exception: Individual single-pole circuit-breakers may be used for the pro­

tection of each conductor of ungrounded 2-wire circuits, each ungrounded conductor 

of 3-wire direct-current or single-phase circuits, or for each ungrounded conductor 

of lighting or appliance branch circuits connected to 4-wire three-phase systems, 

or 5-wire 2-phase systems, provided s,uc,h lighting or appliance circuits are supplied 

from a system having a grounded neutral and no conductor in such circuits operates 

at a voltage greater than permitted in E-210.06. 

E-240,12. Grounded Conductor. 

No overcurrent device shall be placed in any permanently grounded conductor, 

except as follows: 

Exception No. 1. Where the overcurrent device simultaneously opens all con­

ductors of the circuit. 

Exception No. 2. For motor-running protection as provided in E-430.036 and 

E-430.037. 

~0.ll: Change in Size of Grounded Conductq~o 

Where a change occurs in the size of the ungrounded conductor, a similar change 

may be made in the size of the grounded conductor. 

E-240.14. Fuses in Multiple. 

For the protection of conductors having allowable carrying capacities exceeding 

the rated capacity of the largest approved cartridge type~fuse in E-240.23(l)(a), 

such cartridge fuses arranged in multiple may be used, provided as few fuses as 

possible are used and the fuses are of the same type, characteristics, and rating 

and provided the fuseholder terminals are mounted on a single continuous pair of 

bus-bars, or have an equivalent arrangement that will eliminate any potential 

difference between the terminals of the fuseso 

B. Location 

~40.15. Location in Circuit. 

Overcurrent devices shall be located at the point where the conductor to be 
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p1:otected receives its supply, except as follows: 

Exception No. l. Service Cor,ductors. An ove.rcu.-c:-cer". )ro'Lec·~ive device for 

service conducto:i.·s ~:1ay be located as specified in E-'230.091. 

Exception No. 2. Smaller Conduc·Cor l?:t'otected. v1here t11e ove:i.~ctcerent J.evice 

protectinr, the 1c:.r1.,er conductors also protects the smaller conductors in accord<:tnco 

with Tables F..-310.12 through E-310.15. 

Exception No. 3. Branch Circuits. Taps to indiyi_qual outlets and circuit con-· - .,_,_ - . ". . ... -

ductors suppl;ting a single household electric range shall be. considereci as. protect-

ed by the branch circuit overclll'rent devices when in accordanqe with the. require-

ments of E-210.19 and E-210.20. 

Exception No. 4. Taps. A conductor tapped from a feeder shall be considered 

as properly protected from ove:rcu-rrent t-ihen installed in accorclance with E-210.25, 

E-364.08 and E-430~058. 

Exception No. 5. Taps Not OVe:r· 10 .:Feet Long. Whe'.):'.e: (1) the smaller; ~O?;ld'(,lcto:t: 

has a cu.rrent-ca:t.·:ryini~ capacity of not less than the sum of the alloimble cur:rent­

carrying capacities for the cot1dt1.ctors of 'the one· or nore circuits or loads 

supplied, anc1(2) the tap is not over 10 feet long and does' not extend beyond th0 

switchboa:t·d, panelboard, or control devices i:rhich it supplies, and (3) except. c.t 

the point of connection to the feeder, the tap is enclosed in conduit, elect:r~:.c.,_::_ 

metallic tubing, or in metal gutters vihen not a part of the switchboard or pqnc:l= 

board. 

Exception l\~o. 6. Taps Not OVer 25 Feet Long. \vhere the smaller conductor has 

a current-carrying capacity at least one-third that of the conductox· from wnid.~ H. 

is supplied, and pl.'ovided the tap is suitably protected fro1n physical damage, is 

not over 25 feet long, and terminates in a single circuit-breaker or set of fused 

which will limit the load on the tap to that allowed, by-Tables F.-310.12 through 

E-310.15. Beyond this point the conductors may supply any number of circuit-b:r.eak-

ers or sets of fuses. 
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E-240.1£. Location in Premises. 

Overcur:rent cle-vices shall be 1oca ted lofhere they will be: 

(1) Readily accessible, e:x:c~·pt as provided in E-230.091 for se:r.vice equipment, 

E-.364.11 fo:r busways, and E-610.42 for c:i.·anes and hoists. 

(2) Not exposed to physical d~'llage. 

(.3) Not in the vicinity of easily igni tible ;:na terial. 

c. Enclosurefl 

E-240.17... Encl_gsu:res for Overcurrent Devices. 

(1) -~n.eraJ..& OvercLU':t•ent devices shall be enclosed in cutotct boxes or cabinets, 

unless a pa:1.·t of a specially approved asse:1bl:: which affordi3 equivalent protection, 

or unless mounted on switchboards, panelboards or controllers located in rooms or 

enclosures free from easily ignitible material and dampness. The operatirig handle 

of a ci--rcuit-ht'eaker may be accessible without opening a door or cover. 

(2) Damp or Wet Locations. Enclosures for overcurrent devices in damp O:t.' wet 

locations shall be of a type approved for such locations and shall be mounted so 

there is at least one-f ourt.h inch air space between the enclosure and the wall or 

other supportin6 surface. 

(3) Vertical Position. Enclosures for ove:r.current devices shall be mounted 

in a vertical position unless in individual instances this is shown.to be imprg,ctic­

able. 

(4) Eos~ttes, Fuses shall not be mounted in rosettes. 

D. Disconnectinc and Guardin6 

E-240"18. Discopnection of Fuse~l gind Th~erual C~ts Jefo:r.e .Handling,. 

Disconnecting means shall be provided on the.supply side of.all fuses or.ther­

mal cutouts in circuits of more than 150 volts to c;round and cartridge fuses in 

circuits of any voltage, whe:r.e accessible to othe:t· than qualified persons, so that 

each individual circuit containing fuses or thermal cutouts can be independently 

disconnected from the source of electrical energy, except as provided in E-2.30.073 
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anc1 except t.hat a single disQonnectinc means may be used t.o control a group of ~ir·· 

.:::.iits each pl·otected by fuses or thel·:nal cutouts under the conditions described in 

L--430.112 • 

.E.-240.1~. Arcing or Suddenly-Aovint=, PaJ.~ts. 

Arcing or suddenly-moving parts shall comply with the follov1ing: 

(1) Location_._ Fuses and circuit-breakers shall be so located. or shiel<~.ed ..:.i,<' t 

:1•<'Gons will not be bllrned or otherwise injured by tl1eii.· operation. 

(2) ~ddenly-1-Ioving Parts. Handles or levers of circuit-1Jreakers, and siuilc:.. 

p!:lrts which may move suddenl:r in such a way that persons in the vicinity are lia•)·:.; 

~,o be injured by ueing struck by them, shall be gual·ded or isolated. 

E. Plug Fuses and Fuseholde:cs 

Fr-24-0,20, Plug Fuses of the :Edison-Ease Type. 

Plug fuses of the Edison-base t;ype shall conform to the fallowing: 

(1) Cl,as,sification. Plug fuses of this type shall be classified at not ove-.; 

l.25 volts, 0 to 30 amperes. 

(2) Live Pa:t•ts. Fuses and fuseholders when installed and assembled together 

shall have no live parts exposed. 

(3) Marking. Plug fuses of 15 amperes rating or less shall be distinguished 

from those of larger rating by an hexagonal opening in the cap through which the 

mica or similar window shows, or by some other prominent hexagonal feature such as 

the form of the top or cap itself, or an hexagonal recess or projection in the top 

or cap. 

li-240.21. Fuseholders for Plug Fu~. 

Fuseholders for plug fuses of 30 amperes or less shall not be installed unle2,3 

they comply with E-240.22 or a.re made to comply 11rith E-211.0.22 by the insertion of ai. 

adapter. 

~0 .... 2~ PlLJ[; Fuses and Fuseholders of Type S. 

Where Type S plug fuses are to be used as the overcurrent device requireu 0y 

this Code, the fuses and fuseholders shall conform to the fallowing require:.1entJ; 
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(1) Classification. Plug fuses and fuseholders of Type S shall be classified 

at not mver 125 volts; 0 to 15 amperes, 16 to 30 ampereso 

(2) furu:is tJSable 0.1ly in Fuseholders of ;the Same Classificati O-U.t. Fuses of the 

16 to 30 ampere classification shall not be usable with fuseholders or adapters of 

the 0 to 15 ampere classification. 

(3) Fuseholders and A£1aEters. Fuses, fuseholders, and adapters shall be so 

designed that a fuse other than a Type S fuse cannot be used in a fuseholder or 

adapter designed for Type S fuses. 

(4) ±_amperabiliJi.Y· Fuses, fuseholders and adapters she..11 be so designed ES to 

be subject to tamper ill[; or bridging only with difficulty. 

(5) Adapters to be Non-Removable. Fuse adapters shall be so designed that wben 

once inserted in a fuseholde:r. they cannot be removed. 

(6) Interchangeability. Fuses, fuseholders and adapters of various manufact­

urers shall be interchangeable with each other, and the plugs with adapters shall be 

suitable for use in the Edison-base type fuseholder. 

(7) flug Ty~. Fuses and fuseholders shall be of the plug type. 

(8) Am2ere Ra.ting. Each fuse, fuseholder and adapter shall be marked with its 

ampere rating. 

(9) l4arking. Fuses of the 0 to 15 ampere rating shall be distinguished fron 

those of larger rating by an hexagonal opening in the cap through which the mica or 

similar window shows, or some other prominent hexagonal feature such as the f o:i.~m of 

the top or cap itself, or an hexagonal recess or projection in the top or cap. 

F. Cartridge Fuses and Fuseholders 

E-240,23, Cartridge Fuses and Fusehold~. 

Cartridge fuses and fuseholders shall conform to the following: 

(1) Classification. 

(a) 0-600 ampere cartridge fuses and fuseholders shall be classified as 

regards current and voltage as follows: 
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hot, over 250 volts 

--~ . .iw.12fil~ 

0- 30 
31- 60 
61-100 

101·~200 
201~400 
401.~600 

I·,ot ove:i:- 600 vol tJ 
-~~.~a__-

0- 30 
31~ 60 
61-100 

101-200 
201-11..00 
401~600 

('0) 601-6000 ampere cart:r.id1~e fuses and :L'useholclers shall \Je classiffoJ. a:t 

COO vol-Ls ;;~s follovis: 

601 - 800 amperes 
801 - 1200 

1201 - 1600 
1601 - 2000 
2001 - .3000 
3001 - 4000 
4001 - 5000 
5001 - woo 

1:o·te: The:ce a:re no 250 volt ra·tinrss over 600 ampe:t'ecl, but 600 volt fuses i:LaJ 

be :..tsed fo:r lowe:t• voltagese 

(2) N.,on-:,int~~,t,.,eabJ&., 0-6000 ai.1pere cartt"idfr,e fuses and fuseholders shall 

be so designed that it will be impossible to put a fu;Je of any i:,iven class into &. 

fuseholder which is designed for a current lo'ltl'er, ol~ voltae!.e higher, than that oi' 

the class to whici; it belongs. Puseholde:i.~s for cu:crent lirniting fttses shall not 

permit insertion of fuses which are not cu:i:rent limiting. 

(3) &1?:rkiJ.:!.f;;.• Fuses shall be plainly !;mrked with ·(;he ampere rating, volta.t;e 

rating, ClLt'rent-lirnitation 

where it applies, and the nc:u1e or trademark of the maker. 'rhe marking shall be 

eithe:r;• by direct printing on the fuse 'barl'el or by means of an attacned J.abelo 

G. Link Fuses and Fuseholders 

E::240. 2Li.: 11Ai1>:.. li'nses and li'u.seholde:t.>§.. 

Link fuses and fuseholcle:es shall be used only Jy special permission and shall 

(1) 11guntitig. Link fuses shall be mounted on approved fuseholde~.·s. 
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(2) Dimensionso """"" Link fuses and fuseholders shall have the following dimen-

sions in inches: 

A.mJ2eres Capacity 

Not over 125 volts 
601 - 1500 

Not over 250 volts 
601 - 1500 

Minimum Separation 
of Nearest Metal 

Parts of Opposite 
Polarity 

2-3/4 

Minimum 
Break 

Distance_ 

2 

(a) For 3-wire systems, link fuses, and fuseholde:r.s.shall have the break 

distance required for circuits of the potential of the outside wires, except that 

in 125-250 volt systems with grounded neutral the fuses and fuseholders in 2-wire, 

125 volt branch circuits may have the spacing specified for not over 125 volts. 

(3) ~cirg. A space shall be naintained between the fuse terminals of link 

fuses of the same polarity of at least t inch for voltages up to 125, and of at 

least 3/4 inch for voltages from 126 to 250. This is the minimum distance allow-

able and greater separation shall be provided where practicable. 

(4) Ms!:terial. Contact surfaces on tops of link fuses shall be of copper or 

aluminum having good electrical connections with the fusible part of the strip. 

(5) }tinimum Ra.ting. Link fuses and fuseholders shall be used only in sizes 

rated at .more than 600 amperes, and only by special permission. 

(6) Marking. Link fuses shall be stamped with 80 per cent of the maximum 

current which they can carry indefinitely. 

H. Circuit~Breakers 

Circuit-breakers shall conform to the following: 

(1) Method of Operation. In·general, circuit-breakers shall be capable of 

being closed and opened by hand without employing any other source of power, al-

though normal operation may be by other power such as electrical, pneumatic, and 

the like. Large circuit-breakers which are to be closed and opened by elect:cical, 

pneumatic, or other power shall be capable of being closed by hand for maintenance 



purr:oses and shall also be capable of being tripped by hand under loa.d without t,he 

use of re wer. 

(2) 1,y~Q.L.QmI.a.tJ..nn., CircUi t-breakers of the 0-JO alnpere class should be 

o.f' the time-dela.y type. 

(3) ~;y . ....,'t,Q •. ,g,,.'Q~€Ji.,or. Circuit-breakers shall be arranged and moun·ted so 

·that their oparation is not likely to injure the opera.tor .. 

(4) lr!£~~u.. Circuit-breakers sh.all i.ndicata whether they are in the oper. 

or cloGed i:;osi tion. 

(5) ]l'Q1J.::1~W~· An air cil'cuit-b:ree.ker, used for the branch circuits 

described in Chapter E-210, shall be of such design that any alteration of its trip 

point (call.bratio:n), or in the time required for its ope1·ation, will be difficult .. 

(6) ~.ni:r,, Circuit-breakers shall be marked tv.i. th their rating in such a 

manner that the ma1·king vd.11 be visible after instalJ.atione 

and appliance b:ranch circuits shall be non-5.nterchangeable in accordance with the 

f'o llowing p:rovi sions: 

(a) Circuit-breakers rated within the range of 0-250 volts, alternating 

current and not more than 100 amperes shall be classified as regards current as 

follows: 

0-20 
21-50 
51-100 

(b) Such circuit-breakers or their multiple mounting and bussing mea.ns 

shall be so arranged that it will be difficult, after a circuit-breaker has been 

~··-- I 
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installed, to replace it with a breaker of a higher ampere classification. 

(c) Such circuit-breaJcers of hii~;he:r. than 0-20 alJpere classli'ication shall 

be difficult to install in tl;.e spare spaces which are left for future additions. 

~0.27. CUJ.":i;ent Limitinb Ov-ercurrep1 Protective Device, 

A current li~i:d.ting overcurrent protective device is a device which, when 

interrupting a specified circuit, will consistently limit the short-circuit current 

fo that circuit to a specified iiJB.gnitude substantially less than that obtainable 

in the same circuit if the device were replaced with a solid conductor having 

comparable impedance. 

------------- ~--

Notes to Table E-240.28 

?}l. An overcurX'ent unit may consist of n series overcurrent tripping device or 

the combination of a current transform.er and a secondary overcurrent trippil1f, device .. 

Either two or three secondary overcurrent tripping devices may be used with three 

current transformers on a 3-phase system similar to those shown in Diaf,rams 15 and 

18. 

'H*2. When three cu."t'rent t.t'ansf armers are used instead of three series over-

current tripping devices shown in Diagrams 13, 15, 17 and 18, the secondary trippirit; 

devices may consist of three secondary overcurrent trippin~ devices or two second-

ary overcurrent tripping devices with a. residual current t:cippinf., device of a loHe:i.' 

range. See Diagram 16. 

J. Where standard devices are not available with three or four overcur::t'ent 
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uni ts as requi:red in the Table, it is perui8sible ,..;o substitute two overcurrent 

nni ts and one fuse vihere three ove:r.·current units are called for, two ove.T.current 

units and two fuses vihere four overcurrent units a1~e called for. The fuse or fuses 

are to be placed in the conductors not containini; an overcur:i.~ent unit. This 

practice, hmveve1.·, oi su~)stitutinc fuses .fo:i.~ overetu·rent nnits is to be discom·a,.,:,ed 

fo:t> obvious reasons. 
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Table E-240.28.- Nm1ber of Overcurrent Uni-Gs, Such as Trip 
Coils or Relays, for Protection of Circuits 

(See Diagrams 1 to 19 following this Table) 

(See E-240.11 for the overcut'l.~ent protection of conductors in general, E-2.30.090 

for services, and E-430.0.37 for motors). 

SYSTEHS 
*Number and Location of 

Overcurrent Units 

2-Wire, Single-phase A.C. or D.C. Two (one in each conductor. Diagl·am 1). 
Ungrounded. 

2-wire, Single-phase, A.c. or D.c., One (in ungrounded conductor. Diagram 2). 
One Wire Grounded 

2-Wire, Single-phase AoC. or D.C., Two (one in each conductor. Diagram 3). 
Mid-point Grounded. 

2-Wire, Single-phase A.G. Derived Two (one in each conductor. Diagram 4)., 
from 3-Phase, with Ungrounded NeutralB 

2-Wire, Single-phase Derived from Two (one in each conductor. Diagram 5)., 
3-Phase, Grounded Neutral System by 
Using outside Wires of 3-Phase Circuit. 

3-Wire, Single-phase, A.C. or D.C. Three (one in each conductor. Diagram 6). 
Ungrounded Neutral 

3-Wire, Single-phase A.G. or D.C. 
Grounded Neutral. 

3-Wire, 2-Phase, AeC. Common Wire 
Ungrounded. 

3-Wire, 2-Phase, A.C., Common Wire 
Grounded. 

4-Wire, 2-Phase Ungrounded, Phases 
Separate. 

4-Wire, 2-Phase, Grounded Neutral, or 
5-Wire, 2-Phase, Grounded Neutral. 

3-Wire, 3-Phase, Ungrounded. 

3-Wire, 3-Phase, 1 Wire Grounded. 

J-Wire, 3-Phase, Grounded Neutral. 

Two (one in each conductor except neutral 
conductor. Diagram 7). 

Three (one in each conductor. Diagram 8)0 

Two (one in each conductor except common 
conductor. Diagram 9). 

Four (one in each conductor. Diagram 10). 

Four (one in each conductor except neutral 
conductor~ Diagrams 11 and 12). 

Three (one in each conductoro 
Diagram 13H). 

Two (one in each ungrounded conductor. 
D!Lagra.m 14). 

Three (one in each conductor. 
Diagram 15~H~) • 



3-·Wire, 3-Phase, Mid-point of one 
phase grounded. 

4-Wire, 3-Phase, Grounded Neutral. 

4~·Wire, 3-Phase, Ungrounded Neutral. 
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Three (one in each conductor. 
Diagram 17**). 

Three (one in each ungrounded con­
ductor. Diagram 18**) • 

Four (one in each conductor. 
Diagram 19). 

Supplementary overcurrent protection may be included in appliances or other 

utilization equipment to provide individual protec·tion for specific components, or 

internal circuits wlthin the oqm.pment itself. It does not abrogate any of the 

requirements applicable to branch circuits and is not to be used as a substitute 

for branch-ci:t•cui t protectio1h 

Supplementary overcurrent devices where provided shaJ.l be located in each 

separate appliance or other equipment and shall not extend to circuits beyond the 

confines of the equipment. 

Supplementary overcurrent protective devices need not be readily accessible. 

Supplementary overcurrent protective devices shall be able to interrupt short-

circuit currents of the magnitude likely to be encountered by the branch circuit 

overcurrent protective device protecting that circuit. 

Supplementary overcurrent protective devices are not required to be inter-

changeable with branch circuit overcurrent protective devices. 

Supplementary overcurrent protective devices shall be rated at not more than 

15 amperes. 
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CHAPrER E-250 

GROUNDING 

A. General 

:fe250.001. ~COQe. 

This Chapter treats of protection of electric installations by grounding. In-

sule.tion, isolation, and gual•ding are suitable alternatives under certain condi-

tions. See E-195016~ 

(1) ~ms and Circuits, Circuits are grounded for the purpose of limiting 

the voltage upon the circuit which might otherwise occur through exposure to light-

ning or other voltages higher than that for vlhich the 'circuit is designed; or to 

limit the maximum potential to (;round due to normal voltage. 

(2) ~posed Conductgr Enclosures. Exposed conductive materials enclosing 

electric conductors are grounded for the purpose- of preventing a potential above 

ground on the enclosures. 

(3) Ex:gosed Eguipment Enclosureso Exposed c~mc;l\lctive materials encl. osing 

electric equipment, cl' forming a part' o.f such equipment, are grounded for the pur-

pose of preventing a potential above ground on the equipment. 

E-250 ,002.. , other Chapters. 

In other Chapters, applying to particular cases of installation of conductors 

and equipment, there are requirements that are in addition to those of this Chapter 

OJ.' are modifications of them: 
Chapters 

Appliances • • • • • • • • • • • • • • • • • o • • • • • • • • • • • • • E-422 
Cranes and Hoists • • • • • • • • • • • • • • • • • • • o 0 • • • • • • E-610 
Elevators • • ,. • • • • • • o • • • • .. • • • • • • • • • • • • • • • • E-620 
Hazardous Locations ••••••••••••••••• o • • • • • • • E-500-E-517 
Inductive and Dielectric Heat Generating • • • • • • • • • • • • • 0 • • E-665 
Less Than 50 V • • • • • • • • • • • • • • • • • • • • • • • • • • • • • E-720 
Lighting Fixtures • • • • • • • • • • • • • • • • • • • • • • • • • • • E-410 
Motion Pict.ure Studios • • • • • • • • • • • • • • • • • • • • • • • • • E-5.30 
i1otors and Controllers • • • • • • • • • • • Q • • • • • • • • • • • • • E-4.30 
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01'b$..IlS • • • • • • • • • • • • • • • • 
Radio anJ TelevisioL • • • • • , , • • 

•• • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • 

Services • • • • • • • • • • • • • • • • • • • • • • • , .. • • o • • • 

Sisns and Outlhle Lii;l1tin;., • • • • • , • • • • • • • • • • • • • • • • 
Sound Recordin;-:, etc, ••••••••••• o •••••••••••• 

X-ray Equipr,1ent ••••••••••••• o ••••••••••••• 

B. Circuit and S-.;rste:. Ground.in., 

EC250 .OOJ.. l_\.10-~lix'e Direqt-Ourrent SY:steas a 

• • 
• • 
• • 
• • 

~Ht-pters 

E-650 
E-GlO 
E-230 
E-600 
E-640 
E-66o 

'l'wo-wil·e di:t•ect-current syste!·as supplyil'lb interior wirint...,. anQ ope.1.'E,.tiiJ;:. at not 

ruore than 300 vol ts betweeri conductors, shl;l.11 be ~;rounded, unless Sli.ch system is 

used for supplying industrial equipment in linited areas and the circuit is equipp-

ed with a ground detector. 

Note: It is recommended that 2-wire direct-ctU'rent systems operatirlb at ;.iore 

than JOO volts between conductors be grounded when a neutral point can be estab-

lislled such that thE• maximum difference of potential between the neutral point and 

any other point on the system does not exceed 300 volts, It is reco1nmended that 

2-wire direct-cu:crent systems be :not grounded when the voltage to ground of eithel' 

conductor would exceed 300 volts after i-:;roundin;;. See E-250.022. 

E-250 .004. Thl·ee-Wire Direct-Current ~vste:01s. 

The nem;:ce.1 conductor of all 3-wire direct-cur.rent s;;-sterns supplyinf, inte:t.'io.r 

wirint. she.11 be t~:i.·ounded. See E-2500022 

E-250 ,002_. Alte:rnating,-Current Systems.. 

Secondary alternating-cu.t•rent systems supplying inte:l'ior wirint;, and interio:1.· 

u.lternatini:;-ctU'rent wirint:; systems, except those covered in E-2500006, E-2500007 

and E-250.008, shall be g"Y.'ounded when tbej' can be so f;rounded that the li!B.ximw;i. 

voltage to ground does not exceed 300 volts. WherE:: a service conductor is unin-

sulated in accordance uith E-2.30.004, the systet! shall be grounded, 
Note l.Ilibher voltage systems may be grounded. 
Note 2e It is recommended that ungrounded systems supplying industrial· equip-

.rrent and operatins at rnore than 150 volts and less than 600 volts be equipped witJ.1 

~round detectors. 
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E-250.006, .B't.u·nace Circuits. 

Electric furnace circuits need not be 6rounded. 

E::220.00? 1 &lectl~ic .cr~e Circuits .... 

Circuits for electric cranes operating over combustib·le fiLiers in Class III 

hazardous locations shall not be grounded. See E-503.13. 

E-250.008.._ Circuits of ~ess_Than 50 Volt§. 

Circuits of less than 50 volts need not be grounded; except as follows: 

(1) Where supplied by transformers from systems of more than 150 volts to 

ground, except as provided in E-250.045(4). 

(2) Where suppliE?c:J. by transformers from ungrounded systems, 

(3) Where run overhead outside buildingso 

c. Location of Grounding Connections 

E-250.021. Current Over Grounding Conductors. 

The grounding of wiring systems, circuits, arresters, cable armor, conduit, or 

other 1netal raceways as a protective measure shall be so arranged that there will 

be no objectionable passage of cu..rrent over the grounding conductors. The tempor­

ary currents set up under accidental conditions, while the grounding conductors are 

performing their intended protective functions, are not to be considered as objec­

tionable. Where an objectionable flow of current occurs over a grounding conductol", 

due to the use of multiple grounds, (1) one or more of such grounds shall be aban­

doned, or (2) their location shall be changed, or (3) the continuity of the con­

ductor between the grounding connections shall be suitably interrupted, or (4) 

other means satisfa. tory to the '·itctmfni'stra:ci..ve authority 

limit the current. 

E-25Q.022. Grounding Connectio_n fo:r Direct-Curreni Systems6 

shall be taken to 

Direct-current systems which: are to be grounded shall have the gl~ounding con-

nection made at one or more supply .. .stations but not at individual services nor 

elsewhere on interior wiring. 
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E-250 .. 02;2. Grounding Connections for Alt§gnating-Current S,'(stems. 

Secondary alternating-current circuits which are to be grounded shall have a 

connection to a grounding electrode at each· individual service,. except as provided 

for in E-250.021. The connection shall be'made on the supply side of the service 

disconnecting means. Each secondary distribution system which is grounded shall 

have at least one additional connection··to a grounding electrode at the trans­

former or elsewhere. No connection to a grounding electrode shall be ma.de to the 

grounded circuit conductor on the load side of the service disconnecting means, 

except as provided for in E-250.024.· 

&=~20,.024. Two or More Buildings Suin?lied by a Single fu'lrvic.!4 

(1) Where more than one building is supplied by the same service, the grounded 

circuit conductor of the wiring system of any building utilizing one branch circuit 

supplied from such service may be conriected to a grounding electrode at such 

building, and in the case of any building housing equipment required to be ground­

ed or utilizing two or more branch circuits supplied from such service, and in the 

case of a building housing live stock, shall be so connected. 

(2) When a metal race11ay system is used in any such building supplied from a. 

single service and this metal raceway or any connected non-current carrying metal 

part is accessible from any grounded surface, the metal raceway system and the 

neutral conductor shall be bonded together and connected to an approved ground 

electrode at the entrance to the building. 

E-250.022, Conductor to be Groundedo 

For alternating-current interior wiring systems the conductor to be grounded 

shall be as follows: 

(1) Single-phase, ·-2-wire: the identified conductor; 

(2) Single-phase, 3-wire: the identified neutral conductor; 

(3) Multi-phase systems having one wire common to all phases: the identified ( 

common conductor; 
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(4) Mu.1, ti-phase ·~systems having one phase grounded: the identified conductor; 

(5) . Multi-phase ... s;rstems in which one phase is used as in (2): the identified 
' . 

neutral conductor•:: One phase only can be grounded. 

See Chapter E-200. 

Note: The identified conductor is comm.only known as 11the white wire. 11 

E-250.026 2 Isolated Systems. 

For an interior wiring system or circuit which is required to be grounded and 

which is not electrically connected to an exterior secondary distribution system, 

the grounding connection shall be made at the transformer, generator, or other 

source of supply, or at the switchboard, on the supply side of the first switch 

controlling the systemo See fine print note after E-200 0 030 

D. Enclosure Grounding 

E-250...Q.12. Service Conductor En,,£1..osures~ 

Service raceways, service cable sheaths or armoring, when of metal, shall be 

grounded. 

E-250.033, other Conductor Enclosures. 

Metal enclosures for conductors shall be grounded, except they need not be 

grounded in runs of less than 25 feet which are free from probable contact with 

ground, grounded metal, metal lath or conductive thermal insulation and which, 

where within reach from grounded surfaces~ are guarded agai~st contact by persons. 

E-250.0340 Spacing from Lightning Rods. 

Metal enclosures of conductors shall, wherever practicable, be kept at least 

6 feet away from lightning rod conductors. Where it is not practicable to secure 

6 feet separation, they shall be bonded togethero 

Eo Equipment Grounding 

E-250.042, Fixed Equipment - General. 

Under any of the following conditions, exposed, non-current-carrying metal 

parts of fixed equipment, which are liable to become energized, shall be grounded: 
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(1) Where equipment =rs supplied by means of metal-clad,wiring; 

(2) Where equipment is located in a wet iocation and is not isolated; 

(3) Where equipment is located within.reach of a person who can make contact 

with any grounded surface or object; 

(4) Where equipment is-located ·withln: rea~h· ~f a person standing on the . 

ground; 

(5) Where equipment is in a hazardous location; see Chapters E-500-E-517 

inclusive; 

(6) Where equipment is in electrical contact with metal or metal lath; 

(7) Where equipment operates with any terminal at more than 150 volts to 

ground, except as follows: 

(a) Enclosures for switches or circuit b~eakers where accessible to 

qualified persons only; 
,·t ' 

(b) Metal frames of electrically-heated devices, exempted by special per-

mission, in which case the frames shall be permanently and effectively insulated 

from ground; 

(c) Transformers mounted' on wooden poles at a height of more than 8 feet 

from the ground. 

Note: See E-103.04(2). 

E-250,043. Fixed %Juipment - Spjcj,fic.· 
' 

Exposed, non-current-carrying metal parts·or the following kinds of equipment, 

regardless of voltage, shall be grounded: 

(1) Frames of motors as specified in E-430.142; 

(2) Controller cases for motors;· except lined covers of snap switches; 

(3) Electric equipment of elevators and cranes; 

(4) Electric equipment in garages, theatres 'and motion picture studios, ex-
" cept pendent lampholders dn circuits of•, not more than 150 vol ts to ground; 

(5) Motion-picture projection equipment; 



-112-

(6) Electric signs and associated equipment, unless these are inaccessible to 

unauthorized persons and are also insulated from ground and from other conductive 

objects; 

(7) Generator and motor frames in an electrically operated organ, unless the 

generator is effectively insulated both from ground and from the motor driving it; 

(8) Switchboard frames and structures supporting switching equipment, except 

that frames of direct-current, single-polarity switchboards need not be grounded 

where effectively insulated. 

E-250.0LJi.. Non-Electrical fuuipmento 

The following metal parts shall be grounded·: 

(1) . Frames and tracks of electrically operated cranes; 

(2) The metal frame of a non-electrically driven elevator car to which elec-

trio conductors are attachede 

1 (3) Hand-operated metal shifting ropes ·or cables of electric elevators; 

(4) Metal enclosures such as partitions, grill work, etco, around equipment 

carrying voltages in excess of 750 volts betweert'conductors, unless in substations 

or vaults under the sole control of the supply company. 

E-250.045 8 Portable EqUipmento 

Under any of the following conditions, exposed non-current-carrying metal parts 

of portable equipment shall be grounded= 

(1) In hazardous locations (see Chapters E-500 to E-517); 

(2) When operated at more than 150 volts to ground, except: 

(a) Motors, where guarded; 

(b) Metal frames of electrically-heated appliances exempted by E-422.12. 
clothes-washing, .· .. 

(3) .In residential occupancies, (a)/clothes-drying, and dish-washing machines, 

and (b) portable, hand held, motor operated tools and appliances of the following 

types: drills having a chuck capacity exceeding 1/8 inch, hedge clippers, lawn 

mowers, wet scrubbers, sanders and sawso · 
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(4) In other than residential oc,c.upancies, (a) per table appliances used in 
.• · i 

damp or wet locations, or by persons standing on the ground or on metal f'loors 01· 

working inside of JUetal tanks or boilers, and (b) portable tools which are likel;ir 

to be used in wet and conductive locations shall be grounded except where supplied 

through an insulating transformer with ungrounded secondary of not over 50 volts .. 

Note 1. This paragraph shall not be construed to prohibit the use of an in-

sulating transformer with a secondary.voltage. greatel'" than 50 volts, where the 

exposed metal parts of the appliance connected to such a transformer ar6 grounded, 

and provided other conditions of this Chapter are fulf;illed. 

Note 2. It is recommended that the fran1es of all portable motors which operate 

at 11ore than 50 volts and less than 150 volts to ground be grounded, ·where this 

can be readily accomplished. 

E-250.046. Spacing from Lightniru; Rods. 

Metal frames and enclosures of electric equipment shall, wherever practice"blc, 

be kept at least 6 feet away from lightning rod conductors& Where it is not prac-

ticable to secure 6 fee·~ sepa::ration, they shall be bonded together. See E-250.034 

and E-250.086. 

F. Hethods of Grounding 

E-250,051. Effective Grounding. 

The path to ground from circuits, equipment, or conductor enclosures shall (1) 

be permanent and aontinuous and (2) shall have ample carrying capacity to conduct. 

safely any currents liable to be imposed on it, and (3) shall have impedance 

sufficiently low to lbnit the potential above ground and to facilitate the oper-

ation of the overcurrent devices in the circuit. 

E-250.052, Grounding a Circuit Conductor. 

The srounding conductor may be connected to the grounded circuit conductor a~ 

any convenient point on the premises on the supply side of the service disconnect-

ing means. 
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E-250,053. Common Groundi,.ug Conductor. 

The grounding conductor for circuits may also be use_d for grounding equipment, 

conduit and other metal raceways or enclosures for conductors, including service 

conduit or cable sheath and service equipment. 

E-250A054, Common Grounding Electrodeo 

Where the alternating-current system is connected to a grounding electrode in 

or at a building as specified in E-250.023 and E-250.024, the same electrode shall 

be used to ground conductor enclosures and equipment in or on that building. 

E-250.022· Undergr9und Se~vic~ Cable, 

Where served from a.continuous underground metal-sheathed cable system, 

the sheath or armor of underground service cable metallically connected to the 

underground system, or underground service conduit containing a metal-sheathed 

cable bonded to the underground system, need not be grounded at the building and 

may be insulated from the interior conduit or piping. 

Short Sections of Raceway.· 
-~~-~--~~-'=-

Isolated sections of metal raceway or cable armor~ where required to be ground-

ed, shall preferably be grounded by connecting to other grounded raceway or armor, 

but may be grounded in accordance with E-250.057, .. 

(1) Metal boxes, cabinets and fittings, or non-current-carrying metal parts 

of other fixed equipment, where metallically connected to grounded cable armor or 

metal raceway, are considered to be grounded by such connection. 

(2) Where not so connected they may be grounded in one of the following ways: 

(a) By a grounding conductor run with circuit conductors; this conductor 

may be uninsulated, but where it is provided with an individual covering, the cover­

ing shall be finished .to show· a green color. 

(b) By a separate grounding conductor installed the same as a grounding 

conductor for conduit and the like; 
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(c) By special permission, other means for grounding fixed equipment 

may be used. 

E-250.058. Equipment on Structural Metal. 

(1) Electric equipment secured to ariiin contact with the grounded structural 

metal frame of a building, shall be deemed to be grounded. 

(2) Metal car frames supported by metl;i.l hoisting cables atta<il!hed to or run-

ning over sheaves or drums of elevator machines shall be deemed to be grounded 

where the machine is grounded in accordQnce with this Code. 

E-250.059. Portable Equipment. 

Non-current-carrying metal parts of portable equipment may be grounded in any 

one of the following ways: 

(1) By means of the metal enclosure of the conductors feeding such equip-

ment, provided an approved plug is used, one fixed contacting member for the pur-

pose of grounding the metal enclosure, and provided, further, that the metal en-

closure is attached to the plug and to the equipment by connectors approve~ for 

the purpose~ 

(2) By means of a grounding conductor run with the circuit conductors in 

cable assemblies or flexible cords, provided an approved plug is used, one fixed 

contacting member for the purpose of connecting such grounding conductor to the 

grounded metal raceway or cable armor or to a grounding conductor installed only 
a 

for equipment grounding purposes; the grounding conductor in/cable assembly may 

be uninsulated; but where an individual covering is provided for such conductors 

it shall be finished to show a green color; 

(3) By means of a separate flexible wire or strap, insulated or bare, pro­

tected as well as practicable against physical damage. (This construction to be 
used only by special permission except where a part of an approved p:>rtable equip-
E-250 .060. Frames of Electric R~nges and Electric Clothes Dryers. ment.) 

Frames of electric ranges and electric clothes dryers shall be grounded by 

any of the means provided for in E-250.057 and E-250.059 or where served by 120-
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240 volt, three-wi .. re branch circuits, they may be grounded by connection to the 
' t ... 

grounded circuit conductors, provided the grounded circuit conductors are not 

smaller than No. 10 AW.G. The frames of ·wall-mounted ovens and counter-mounted 

cooking units shall be grounded and may be grounded in the same manner as electric 

ranges. 

E~250o061. Grounding Equipment to Qircuit Conductor. 

The grounded service conductor on the supply side of the f;e :." ·:ti~(,· 

disconnecting means may be used for grounding meter housing and service equipment. 

The grounded circuit conductor on the load side of the service disconnecting means 

shall not be used for grounding equipment, cable armor, or metal raceways except 

as provided in E-250.057(2)(c) and in E-250.0600 

G. Bonding 

The electrical continuity of the grounding circuit for the following_equip­

ment and enclosures shall be assv~ecyby one of the means given in E-250.072. 

(1) The service raceways or service cable armor or sheath, except RS pro~ 

vided in E-2.30.063(2) and E-250.055; 

(2) .All.service equipment enclosures containing service entrance conductors, 

including meter fittings, boxes or the like, interposed in the service raceway or 

armor; 

(3) Any conduit or armor which forms part of the grounding conductor to the 

service raceway. 

~~50·o072. C~,!!ity at Service Equipment. 

Electrical continuity at service equipment shall be assured by one of the 

following means: 

(1) Bonding equipment to the grounded service conductor in a manner pro-

vided in E-250.113. 

(2) Threaded couplings and threa4ed bosses on enclosures with joints made 
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up tight where rigid cond~it. is involved. 

\3) Thread.less couplings made up tight for rigid conduit and .electrical 

metallic tubing. 

(4) Bonding jumpers meeting the other requirem~nts of this chapter. Bond~ng 

jumpers shall be used around concentric or eccentric knockouts which are punched 

or otherwise formed so as to impair the electrical connection to ground. 

(5) Other devices (not locknuts and bushings) approved for the purpose. 

E-2500073._Metal_&.!!!Qr or Tape of Service Cable. 

With service cable having an uninsulated grounded service conductor in con­

tinuous electrical contact with its metallic armor or tape, the metal covering is 

considered to be adequately grounded. 

~20.07~Continy1~at Other Enclofil¥eS. 

The electrical continuity of metallic raceway systems and cable armor that 

are to · serte as grounding conductors shall be assured. At points where racei,, <i.v 

or armor connects to metal enclosures, any non-conducting coating which might 

interrupt such continuity shall be removed unless fittin[s are used which are so 

designed that such removal is unnecessary. 

E_:-2,20.075. Volta~s ExceedinL2,2Q_,Y£lli. 

Xhe electrical continuity of metal racewby or metal sheathed cable which con­

tains any conductor other than service entrance conductors of more than 250 volts 

to ground shall be assured by one of the methods specified in E-250.072(2) - (5), 

or by one of the following methods: 

(1) Thread.less fittings, made up tight, with conduit or armored cable; 

(2) Two locknuts, one inside and one outside of boxes and cabinets • 

.E.'"'.'250.076. Lo2~,il-Jointed Metal Raceway§_. 

Expansion joints end telescoping sections of' raceways sha.11 be made electrical­

ly continuous by bondin5 jumpers or other arproved means. Metal trough raceways 

used in connection with sound. recording 1¥1d reproducing, made up in sections, shall 
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contain a grounding conductor to which each section shall be bonded. 

E-250.077. Hazardous Locations. 

In hazardous locations, regardless of the voltage involved, the electrical 

·continuity oi metallic raceway, boxes and the like, shall be assured by one of 

the methods specified in E-250.072(2-5). 

E-250.078. Bonding_Jumpers. 

Bonding jumpers shall conform to the following: 

(1) Material and Size. Bonding jumpers shall be of copper or other corrosion­

resistant material and shall be of sufficient size to have current-carrying capacity 

not less than is required for the corresponding grounding conductor; 

(2) ~chment. Bonding jumpers shall be attached to cabinets and the like 

in a manner provided in E-250.113; where used between grounding electrodes or 

around water meters and the like, they shall be attached in a manner provided for 

in E-250.114. 

H. Grounding Electrodes 

l[;-250 .081. Water PiE~· 

A metallic underground water piping ·system, either local or supplying a 

community, shall always be used as the grounding electrode where such a piping 

system is available. If the buried portion of the metallic piping system is less 

than 50 feet excluding well casings, or has a resistance to ground of more than 

3 ohms, the piping system ground shall.be augmented by at least 2 grounding elec­

trodes recognized in E-25000~2 and E-250.083 wherever the circuit or non-current 

carrying parts are required to be grounded. 

E-250.082. Other Availabl~ Electrodes. 

Where a water system as described in E-250.081 is not available, the grounding 

connection may be made to any of the following if the resistance to ground is less 

than 3 ohms or the metal is supplemented by two electrodes of the type recognized in 

E-250.083: 

(1) The metal frame of the building, if effectively grounded; 
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(2) A continuous metaliiq underground gas piping system; 

(3) Other local metallic underground systems, such as piping, tanks, and the 

like. 

E-250.083. Made Electr2_des. 

Where electrodes described in E-250.081 and E-250.082 are not available, the 

grounding electrode shall consist of a driven pipe, driven rod, buried plate or 

other device approved for the purpose and conforming to the.:fbllowing requirements: 

(1) Plate Ele~~· Each plate electrode shall present not less than 2 

square feet of surface to exterior soil. Electrodes of iron, or steel plates shall 

be at least t inch in thickness. Electrodes of non-ferrous metal shall be at least 

0.06 inch in thickness. 

(2) Pipe Electrodes., Electrodes of pipe or conduit shall be not smaller than 

of the 3/4 inch trade size and, where of iron or steel, shall have the outer su:rface 

galvanized or otherwise metal-coated for corrosion protection~ 

(3) Rod Electrodes. Electrodes of rods of steel or iron shall be at least 

5/8 inch in diameter. Approved rods of non-ferrous materials or their approved 

equivalent used for electrodes shall be not less than t inch in diameter. 

(4) Installation. Electrodes should, as far as practicable, be imbedded below 

permanent moisture level. Except where rock bottom is encountered, pipes or rods 

shall be driven to a depth of at least 8 feet regardless of size or number of elec­

trodes used. Pipes or rods when less than standard commercial length shall prefer­

ably be of one piece. Such pipes or rods shall have clean metal surfaces and shall 

not be covered with paint, enamel or other poorly conducting materials. Where rock 

bottom is encountered at a depth of less than 4 feet, electrodes shall be buried in 

a horizontal trench, and where pipes or rods are used as the electrlllde they shall 

comply with E-250.083(2) and (~) and shall not be less than 8 feet in length. Each 

electrode shall be separated at least 6 feet from any other electrode, including 

those used for signal circuits, radio, lightning rods, or any other purpose. 
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E-250.084. Resista~. 

If the resistance to ground of an underground piping or metallic system is 

more th-an 3 ohms, two made electrodes must be added to the grounding electrodes. 

If a single made electrode does not have a resistance to ground of less than 25 

ohms, two made electrodes shall be installed. The distance between made electrodes 

shall be at least 6 feet. 

~50 .085. Railway Track§.. 

Rails or other grounded conductors of electric railway circuits shall not be 

used (1) as a ground for other than railway lightning arresters and railway equip­

ment, conduit, armored cable, metal raceway, and the like, where other effective 

grounds are available; and (2) in no case shall such ra.ils or other grounded con­

ductors of railway circuits be used for grounding interior wiring systems other 

than those supplied from the railway circuit itself. 

E-250.086. Use of..11ghtning E2£§.· 

Lightning rod conductors and driven pipes, rods or other made electrodes used 

for grounding lightning rods, shall not be used in lieu of the made grounding elec­

trodes required by this chapter for grounding wiring systems and equipment. The 

foregoing provision shall not be taken to forbid the hDnding together of the several 

made electrodes that are respectively provided for electric wiring systems and equip­

ment, for communice.tion systems, and for lightning protection. See E-800.Jl(2)(e). 

J. Grounding Conductors 

~-250.091. Material. 

The material for the grounding conductors shall be as follows: 

(1) For System or Common Groun~igg ConductQ.r.. The grounding conductor of a 

wiring system shall be of copper or other corrosion-resistant material. The con­

ductor may be solid or stranded, insulated or bare. Except in cases of bus-bars, the 

grounding conductor shall be without joint or sp~ice throughout its length. Wher~ 

the grounding conductor is not of copper, its electrical resistance per linear foot 
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shall not exceed, and its tensile strength shaii ·not be less than that of the 
, · ,copper ~.: : . 

allowable/conductor for such a purpose. 

(2) · For Conductor Enclosures and~~!.E.ment OnJ:z. The grounding conductor 

for equipment and for conduit and other metal raceways or enclosures for con-

ductors, may be a conductor of copper or other corrosion-resistant material, 

stranded or solid, insulated or bare, a bus-bar or a rigid conduit, steel pipe, 

electrical metallic tubing or the armor of armored cable, except that under con-

ditions favorable to corrosion a grounding conductor of copper or other corrosion-

resistant material shall be used. 

~-250.092. Installation. 

Grounding conductors shall be installed as follows: 

(1) System or Common Grounding Conductor. A grounding conductor, No. 4 or 

larger, may be attached to the surface on which it is carried without the use of 

knobs, tubes or insulators. It need n'ot have 'protection unless exposed to severe 

physical damage. A No. 6 grounding conductor, which is free from exposure to 

physical damage, may be run along the surface of the building construction with-

out metal covering or protection, where it is rigidly stapled to the construct.ion; 

otherwise, it shall be in conduit, electrical metallic tubing or cable armor. 

Grounding conductors smaller than No. 6 shall be in conduit, electrical metallic 

tubing or cable armor. Metallic enclosures for grounding conductors shall be 

electrically continuous from the point of attachment to cabinets or equipment to 

the grounding electrode, and shall be securely fastened to the ground clamp or 

fitting. Where rigid metallic conduit or steel pipe is used as protection for 

a grounding conductor, ·the installation shall comply with the requirements of 

Chapter E-346; where electrical metallic tubing is used, the installation shall 

comply with the requirements of Chapter E-348. 

(2) Conductor Enclosures ·and Eg_uipmen t Only. A grounding conductor for 

conductor enclosures and equjpment only shall meet the requirements of E•250.092( 

1),, except that where smaller· than No. 6 , as permitted by E-250 .095, it need not 
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be ·armored or installed in a raceway where run 'throue,h thE:- hollow spaces of a 

wall or partition or otherwise run so as to be not subject to physical damage. 

~50.093. Direct-Current Ciro~. 

The carrying capacity of the grounding conductor for a direct-current suFply 

system or generator shall be not less than that of the largest conductor supplied 

by the system, except that where the grounded circuit conductor is a neutral de­

rived from a balancer winding or a balancer set protected in accordance with re­

quirements of E-445.04(4), the size of the grounding conductor shall not be less 

than that of the neutral conductor. The grounding conductor shall in no case be 

smaller than No. 8 copper. 

E-2,20.094. Alternating-Current and Service Equi£mefil. 

(1) Wiring S~stem and_CoIJl!!!Q!l Grounding Conductor. The size of the grounding 

conductor for an alternating current system or for a Qommon grounding conductor 

shall not be less than is given in Table E-250.094(1), except that where connected 

to made electrodes (as in E-250.083) the conductor need not be larger than No. 6 

coi:_.per wire or its equivalent in carrying capacity. 

(2) Where the wiring system is not grounded at the premises, the size of a 

grounding conductor for a service raceway, for the metal sheath or armor of a 

service cable, and for service equipment shall be not less than is given in Table 

i-250.094(2), except that where connected to made electrodes (as in E-250.08~ the 

conductor need not be larger than No. 6 copper or its equivalent in carrying cap­

aci ty. 
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Table E-250.094(1). Sizes of' Grounding Conductors 

Size of Largest Service 
Conductor or Equivalent 
for Multiple Conductors 

Size of Copper 
Grounding Conductor 

.AWG. No. 

2 or smaller . . . . . . . . . . . . . • • • •• 
l or 0 • • • • • • • . • • . • • 
00 or 000 • • • • • 
Over 000 to 350,GOO c.m •••• 
Over 350,000 c.m. to 600,000 c.m. 
Over 600,000 c.m. to 1,100,000 c.m. 
Over 1,100,000 c .m. • • • . • • . .. 

. . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
• • • • • • • • • • • • •• . . . . •• 

Table E-250.094(2). Sizes of Grounding Conduct0rs 

8 
6 
4 
2 
0 
00 
000 

Size of Grounding Conductor 

Size of Largest Service 
Conductor or Equivalent 
for Multiple Conductors 

2 or smaller • • • . . • • • • • • • • • • . . . 
l or O • • • • • • • • • • • • • • • • • • • 
00 or 000 • • • • • • • • • • • • • • 
Over 000 to 350 ,ooo c .m. • • • • • • • • • • • • 
Over 350,000 c.m. to 600,000 c.m. • •••••• 
Over 600, 000 c.m. to 1,100,000 c.m ••••••• 
Over 1,100,000 c .m. • • • • • • . • • • • •••• 

Copper 
Wire 

AWG. No. 

8 
6 
4 
2 
0 
00 
000 

Electrical 
Conduit or Metallic 

Pipe Tubing 
Trade Size Trade Size 

(Inch) (Inch) 

t t 
1 

3/4 it 
3/4 it 

1 2 
1 2 
1 2 

---================================================:=::========= 
E-250.095. Interior Raceway and Eggipment. 

The size of the grounding conductor for conduit, cable sheath or armor, and 

other metal raceways or enclosures for conductors, and for equipment, shall be not 

less than given in Table E-250.095, except that where connected to electrodes as 

described in E-250.083, the grounding conductor need not be larger than No. 6 

co~per or its equivalent. 

For grounding portable or pendent equipment, the conductors of which are 
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protected by fuses or circuit~breakers rated or set at not exceeding 20 amperes, 

No. 18 copper wire may be used. Conductors of Nos. 16 or .18 copper which are used 

for grounding portable equipment shall be par·(; of an approved flexible cord assem-

bly. For grounding portable ~r pendent equipment protected at more than 20 amp-

eres, Table E-250.095 shall be followed. 

Table E-250.095. Sizes of Grounding Conductors 

Rating or Setting of 
A~tomatic Overcur­

rent Device in Circuit 
Ahead of Equipment, 
Conduit, etc., Not 

Excee.ding (Amperes) 

20 
30 
40 
60 

100 
200 
400 
600 
800 

1000 
1200 

*Permissible only -when 
----------

part of 

E-250.097. Outline Lighting. 

an approved 

Copper 
Wire 

No. 

16* 
14 
12 
10 
8 
6 
4 
2 
0 

00 
000 

of Grounding_QQn£1:!.qt2.r_ 
Electrical 

Conduit 
or Pipe 

(Inch) 

1 
2' 
t 
t 
.l. 

i 
2 
3/4 
3/4 
1 
1 
1 

Metallic 
. Tubing 

(Inch) 

t 
2' 
t 
1 

I 
2 
1 
it 
1t 
2 
2 
2 

cable assembly. 

---
Isolated non-current-carrying metal parts of outline lighting systems may be·' 

bonded together by a No. 14 conductor protected from physical damage, where a 

conductor complying with E-250.095 is used to ground the groupo 

E-250.098. Common Racew~. 

A grounding conductor may be run in the same metal raceway with other con-

ductors of the system to which it is connected. 

E-250.09~ontinuity. 

No automatic cutout or switch shall be placed in the grounding conductor bf an· 
i 

interior wiring system unless the opening of the cutout or switch disconnects all 

·s:iurces of energy. 
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Ko Grounding Conductor Connections 

E-6_20.111. T© Racewa;y_or Cable ~fil2t• 

The point of connection of the grounding conductor to interior metal raceways, 

cable armor and the like shaJ.l be as near as practicable to the source of supply 

and shall be so chosen that no raceway or cable armor is grounded through a run of 

smaller Size than is called for in E-250.095. 

~-250.112. To Electrode. 

The grounding connection to the electrode shall be located as follows: 

(1) To W~~ PipesQ System or common grounding conductors shAll be attached 

to a water pipine; system on the street side of the water meter or on a cold water 

pipe of adequate current-carrying capacity as near as practicable to the water ser-

vice entrance to the building. Where the source of the water supply is from a 

driven well in the basement of the premises, the connection shall be made as near 

as practicable to the well. Where practicable, the point of attachment shall be 

accessible. Where the point of attachment is not on the street side of the water 

meter, the water piping system shall be made electrically continuous by .bonding 

together all parts between the attachment and the street side of the water meter 
contain 

or the pipe entrance which/insulating sections or are liable to become disconnected, 

as at meters, valves and service w.1ions. Equipment may be grounded to a cold water 

pipe near the equipment. 

(2) ~o Gas Pipes. The point of attachment of a grounding conductor to gas 

piping shall always be on the street side of the gas meter, and shall be access-

ible where practicable. 

(3) To_Other Electrodes. The grounding conductor shall be attached to other 

electrodes permitted in E-2500082 and E-250.083 at a point which will assure a 

permanent ground. Where practicable the point of attachment shall be accessible. 

The grounding conductor, bond, or bonding jumper shall be attached to circuits, 
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conduits, cabinets, equipment, and the like, which are to 1:e grounded, by means of 
n 

suitable lugs, pressure connectors, clamps, or 0ther approved means, except that 

connections which depend upon solder shall not be used. 

The grounding conductor s:r. all be attached to the ground fog electrode by means 

of (1) an approved bolted clamp of cast bx·onze or brass or of plain or malleable 

cast iron, or (2) a pipe fitting, plug, or other approved device, screwed into the 

pipe or into the fitting, or (3) other equally substantial approved means. The 

grounding conductor shall be attached to the grounding fitting by means of suitable 

lugs, pressure connectors, clamps, or other approved means, except that connections 

which depend upon solder shall not be used. Not more than one conductor shall be 

connected to the grounding electrode by a single clamp or fitting, unless the 

clamp or fitting is of a type approved for such use. 

~=250.115. Ground Clamps. 

For the grounding conductor of a wiring system the sheet-metal-strap type of 

ground clamp is not considered adequate unless the strap is attached to a rigid 

metal base which, when installed, is seated on the water pipe, or other electrode 

and the strap is of such material and dimensions that it is not liable to stretch 

during or after installation. 

Note: Ground clamps for use on copper water tubing and copper, brass, or lead 

pipe should preferably be of copper , and those for use on galvanized or iron pipe 

should preferably be of galvanized iron and so designed as to avoid physical damage 

to pipee 

E-250.116. Protection of Attachment. 

Ground clamps or other fittings, unless approved for general use without pro-

tection, shall be protected from ordinary physical damage (1) by being placed where 

they are not liable to be damaged or (2) by being enclosed in metal, wood, or 

equivalent protective covering. 
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E-2500117. Clean Surfaces. 

Where a non-conductive protective coating, such as paint or :. enamel, is used on 

the equipment, conduit, couplings or fittings, such coating shall be removed from 

threads and other contact surfaces in order to insure a good electrical connection. 

L. Instrument Transformers, Relays, etc. 

~20.121. Instrument Transformer Circuits. 

The secondary circuits of current and potential instrument transformers shall 

be grounded where the primary windings are connected to circuits of 300 volts or 

more to ground, and, where on switchbo~ds, shall be grounded irrespective of vol­

tage, except that such circuits need not be grounded where the prime.ry windings are 

connected to circuits of 750 volts or less and no live parto or wiring are exposed 

or accessible to othe:rythan qualified persons. 

H2.0olg2. In.etr..2mfilli..'.ILE!i:1§former Cases. 

Cases or frames of instrument transformers shall be grounded where accessible 

to other than cua.1-ified persons, except that cases or frames of current transfor-

mers, the 9rir1mries of which are not over 150 volts to ground and which are used 

exclusively to supply current to meters~ need not be grounded. 

~hl.?l~_Q.§~§._of~l!Q§nts,, Msters and H§l<i!:zE! •• ::-9E~Qtini: V21:~JIBe 750 or Less. _ 

Instruments, meters and relays which operate with windinE,;s or working parts at 

750 volts or less shall be grounded as follows: 

(1) N0_!,_qQ_Swit£hboardso Instruments, meters and relays not located on switch­

boards1 which operate with windings or working parts at 300 volts or more to ground, 

and accessible to other than qualified persons, shall have the cases and other ex­

posed metal parts grounded; 

(2) On Dead_E!:Q!1!_Switchboards o Instruments, meters and relays (whether 

operated from current and potential transformers, or connected directly in the 

circuit) on switchboards having no live parts on the front of the panels shall have 

the cases grounded; 
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(3) On_Live Front Switchboards. Instruments, meters and relays (whether 

operated from current and po ten ti al transformers, or connected directly in the 

c:l_rcuit) on switchboards having exposed live parts on the front of panels shall 

not he.V(~ their cases grounded . Mats of insulating rubber or other suitable floor 

insulation, shall be provided for the operator where the voltage to ground exceeds 

150. 

E""'.250~J.2L.,. Cases of Instruments 2 Meters and ReJ&llL.=-Qper.§ting Voltagg__qyer '.Z5Q. 

Where instruments, meters and relays have current-carrying parts over 750 

volts to ground, they shall be isolated by elevation or protected by suitable 

barriers~ grounded metal or insulating covers or guards. Their cases shall not be 

grounded, except as f ollows: 

(1) In electrostatic ground detectors the internal ground segments of the 

instrument are connected to the instrument case and grounded; the ground detector 

shall be isolated by elevation e 

;§;-250.125. Instrum~p.t Grounding_Q.~mductQt. 

The grounding conductor for secondary circuits of inJtrument transformers 

and for instrument cases shall not be smaller than No. 12, where of copper or 

where of other metal, shall have equal conductance. Cases of instrument trans­

formers, instruments, meters and relays which are mounted directly on grounded 

metal surfaces of enclosures or grounded metal switchboard panels shall be con­

sidered to be grounded and no additional grounding conductor will be required. 

M. Lightning Arresters 

E-250Gl31. On Secondary ServiQ~750 Volts or Less. 

Where a lightning arrester is installed on a secondary service, the connec­

tions to the service conductors and to grounding conductor shall be as short as 

practicable. The!J'ounding conductor may be (1) the grounded service conductor, 

or (2) the common grounding conductor, or (3) the service equipment grounding 

conductor. The tending or grounding conductor shall be of copper not smaller than 



No. 14 or of equivalent corrosion-resistant material. 

F.-250.132. On Primary; Circyits. 

The grounding conductor of a lightning arrester protecting a transformer 

which supplies a secondary distribution system may be interconnected as follows: 

(1) MetaJJi c Interconnection. A metallic interconnection may be made to 

the secondary neutral provided that, in addition to the direct grounding connec­

tion at the arrester: 

(a) The grounded conductor of the secondary has elsewhere a grounding 

connection to a continuous metallic underground water piping system. However, in 

urban water pipe areas where there are at least four waterpipe connections on the 

neutral and not less than four such connections in each mile of neutral, the met­

allic interconnection may be made to the secondary neutral with omission of the 

direct g:rounding connection at the arrester. 

(b) The grounded conductor of the secondary system is part of a 

multi-grounded neutral system, of which the primary neutral has at least four 

ground connections in each mile of line in addition to a ground at each service. 

(2) Through Spark Gap. Where the secondary is not grounded as in 

E-250.132{1), but is otherwise grounded as in E-250.082 and E-250.083, such inter­

connection, where made, shall be through a spark gap having a 6o~cycle breakdown 

voltage of at least twice the primary circuit voltage but not necessarily more 

than 10 kv, and there shall be at least one other ground on the grounded con­

ductor of the secondary not less than 20 feet distant from the lightning arres­

ter grounding electrode. 

{3) By Special Permission. Except as above provided, interconnection of 

the arrester ground and the secondary neutral may be llla.de only by special pev­

mission. 
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CHAPTER E-280 

LIGHTNING ARRESTERS 

A. Industrial Stations 

E-;;;80 oCl~_i'.lliere Re_guired. 

Lightning arres'ters shall be provided in industrial stations in loc3:~ions where 

thunderstorms are frequent and adequate rirotection against lightning is not other­

wise provided. 

Note: For lightning arresters in hazardous locations, see Chapters E-500 -

E-517. 

E-280~C2. Numb~r Regui~. 

A lightning arrester shall be connected to each ungrounded overhead conductor 

entering or leaving the station, except that where there is more than one circuit, a 

single set of arresters may be installed on the station bus where means are pro­

vided to protect circuits that may remain disconnected from the bus. 

!1!-28Q e. Q2. Where Connec 'bed. 

The arrester shall be connected on the line side of all connected station 

apparatus. 

B. Other Occupancies 

E-280oll. Ut·:Ui~1!on ~uipment. 

Lightning arresters installed for the protection of utilization equipment may 

be installed eit.her· inside or outside the 1:uilding or enclosure containing the equip­

ment to be prot~cted. Arresters, unless isolated by elevation or made otherwise 

inaccessible to unqualiffed ·persons, shall be enclosed, and where the operating 

voltage of the circuit exceeds 750 volts between conductors they shall be inaccess­

ible to unqualified persons. 
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C. GeQeral 

E-280.21. Location - Indoors. 

Arresters installed indoors shall be located well a.way from other equipment, 

passageways and combustible parts of buildings, and where containing oil shall be 

separated from other equipment by walls meeting the requirements of E-450.42. 

E-280.22. Location - Outdoors. 

Where arresters containing oil are located outdoors, provision shall be made 

to drain awa;v any accumulation of oil. 

Note: Oil may be dre.ined away by ditches and drains or the oil may be ab-

sorbed and danger of spreading removed by paving the yard with cinders or other 

absorbent material to a depth of several inches. 

E-280.23. Connections - eiz~nd Mate~1· 

The connections between the arrester and the line wire or bus, and between 

arrester and ground shall be of copper wire or cable or the equivalent, and, except 

as provided on secondary services in E-250.131, shall not be smaller than No. 6, 

and shall be made as short and as straight as practicable, avoiding as far as 

possible all bends and turns, especially sharp bends. 

E-280.24. Insulation. 

Lightning-protection accessories such as gap electrodes, and choke coils where 

used, shall have an insulation from ground or from other conductors at least equal 

to the insulation required at other points of the circuit. 

E-280.25. Switch for Isolating Arrester. 

Where isolating switches or disconnecting devices are used, they shall with-

stand, in full open position, a voltage test between live parts 10 per cent in 

excess of the maximum voltage test they will withstand to ground. 

~280.26. Gr2unding 

Lightning arresters shall be grounded in the manner prescribed in Chapter 

E-250. 


