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ARTICLE 210 — BRANCH CIRCUITS 210.5

ment grounding conductor), shall have means to identify the
terminal for the grounded circuit conductor (if any).

200.11 Polarity of Connections. No grounded conductor
shall be attached to any terminal or lead so as to reverse the
designated polarity.

ARTICLE 210
Branch Circuits

Part I. General Provisions

210.1 Scope. This article provides the general requirements
for branch circuits.

210.3 Other Articles for Specific-Purpose Branch Circuits.
Table 210.3 lists references for specific equipment and applica-
tions not located in Chapters 5, 6, and 7 that amend or supple-
ment the requirements of this article.

210.4 Multiwire Branch Circuits.

(A) General. Branch circuits recognized by this article shall
be permitted as multiwire circuits. A multiwire circuit shall be
permitted to be considered as multiple circuits. All conductors
of a multiwire branch circuit shall originate from the same
panelboard or similar distribution equipment.

Informational Note No. 1: A 3-phase, 4-wire, wye-connected
power system used to supply power to nonlinear loads may
necessitate that the power system design allow for the possibility
of high harmonic currents on the neutral conductor.

Informational Note No. 2: See 300.13(B) for continuity of
grounded conductors on multiwire circuits.

(B) Disconnecting Means. Each multiwire branch circuit shall
be provided with a means that will simultaneously disconnect

Table 210.3 Specific-Purpose Branch Circuits

Equipment Article Section
Air-conditioning and 440.6, 440.31,
refrigerating equipment 440.32
Busways 368.17
Central heating equipment 422.12

other than fixed electric
space-heating equipment

Fixed electric heating 427.4
equipment for pipelines
and vessels

Fixed electric space-heating 424.3
equipment

Fixed outdoor electrical 426.4
deicing and snow-melting
equipment

Infrared lamp industrial
heating equipment

Motors, motor circuits, and 430
controllers

Switchboards and 408.52
panelboards

422.48, 424.3
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all ungrounded conductors at the point where the branch
circuit originates.

Informational Note: See 240.15(B) for information on the use
of single-pole circuit breakers as the disconnecting means.

(C) Line-to-Neutral Loads. Multiwire branch circuits shall
supply only line-to-neutral loads.

Exception No. 1: A multiwire branch circuit that supplies only one
utilization equipment.

Exception No. 2: Where all ungrounded conductors of the multiwire
branch circuit arve opened simultaneously by the branch-circuit overcur-
rent device.

(D) Grouping. The ungrounded and grounded circuit
conductors of each multiwire branch circuit shall be grouped
in accordance with 200.4(B).

210.5 Identification for Branch Circuits.

(A) Grounded Conductor. The grounded conductor of a
branch circuit shall be identified in accordance with 200.6.

(B) Equipment Grounding Conductor. The equipment
grounding conductor shall be identified in accordance with
250.119.

(C) Identification of Ungrounded Conductors. Ungrounded
conductors shall be identified in accordance with 210.5(C) (1)
or (2), as applicable.

(1) Branch Circuits Supplied from More Than One Nominal
Voltage System. Where the premises wiring system has branch
circuits supplied from more than one nominal voltage system,
each ungrounded conductor of a branch circuit shall be identi-
fied by phase or line and system at all termination, connection,
and splice points in compliance with 210.5(C) (1) (a) and (b).

(a)  Means of Identification. The means of identification
shall be permitted to be by separate color coding, marking
tape, tagging, or other approved means.

(b) Posting of Identification Means. The method utilized
for conductors originating within each branch-circuit panel-
board or similar branch-circuit distribution equipment shall be
documented in a manner that is readily available or shall be
permanently posted at each branch-circuit panelboard or simi-
lar branch-circuit distribution equipment. The label shall be of
sufficient durability to withstand the environment involved and
shall not be handwritten.

Exception: In existing installations where a voltage system(s) already
exists and a different voltage system is being added, it shall be permissi-
ble to mark only the new system voltage. Existing unidentified systems
shall not be required to be identified at each termination, connection,
and splice point in compliance with 210.5(C)(1)(a) and (b). Labeling
shall be required at each voltage system distribution equipment to iden-
tify that only one voltage system has been marked for a new system(s).
The new system label(s) shall include the words “other unidentified
systems exist on the premises.”

(2) Branch Circuits Supplied from Direct-Current Systems.
Where a branch circuit is supplied from a dc system operating
at more than 60 volts, each ungrounded conductor of 4 AWG
or larger shall be identified by polarity at all termination,
connection, and splice points by marking tape, tagging, or
other approved means; each ungrounded conductor of 6 AWG
or smaller shall be identified by polarity at all termination,
connection, and splice points in compliance with
210.5(C)(2)(a) and (b). The identification methods utilized
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210.6 ARTICLE 210 — BRANCH CIRCUITS

for conductors originating within each branch-circuit panel-
board or similar branch-circuit distribution equipment shall be
documented in a manner that is readily available or shall be
permanently posted at each branch-circuit panelboard or simi-
lar branch-circuit distribution equipment.

(a) Positive Polarity, Sizes 6 AWG or Smaller. Where the
positive polarity of a dc system does not serve as the connection
point for the grounded conductor, each positive ungrounded
conductor shall be identified by one of the following means:

(1) A continuous red outer finish

(2) A continuous red stripe durably marked along the
conductor’s entire length on insulation of a color other
than green, white, gray, or black

(3) Imprinted plus signs (+) or the word POSITIVE or POS
durably marked on insulation of a color other than
green, white, gray, or black and repeated at intervals not
exceeding 610 mm (24 in.) in accordance with
310.120(B)

(4) An approved permanent marking means such as sleeving
or shrink-tubing that is suitable for the conductor size, at
all termination, connection, and splice points, with
imprinted plus signs (+) or the word POSITIVE or POS
durably marked on insulation of a color other than
green, white, gray, or black

(b)  Negative Polarity, Sizes 6 AWG or Smaller. Where the
negative polarity of a dc system does not serve as the connec-
tion point for the grounded conductor, each negative ungroun-
ded conductor shall be identified by one of the following
means:

(1) A continuous black outer finish

(2) A continuous black stripe durably marked along the
conductor’s entire length on insulation of a color other
than green, white, gray, or red

(3) Imprinted minus signs (=) or the word NEGATIVE or
NEG durably marked on insulation of a color other than
green, white, gray, or red and repeated at intervals not
exceeding 610 mm (24 in.) in accordance with
310.120(B)

(4) An approved permanent marking means such as sleeving
or shrink-tubing that is suitable for the conductor size, at
all termination, connection, and splice points, with
imprinted minus signs (=) or the word NEGATIVE or
NEG durably marked on insulation of a color other than
green, white, gray, or red

210.6 Branch-Circuit Voltage Limitations. The nominal volt-
age of branch circuits shall not exceed the values permitted by
210.6(A) through (E).

(A) Occupancy Limitation. In dwelling units and guest rooms
or guest suites of hotels, motels, and similar occupancies, the
voltage shall not exceed 120 volts, nominal, between conduc-
tors that supply the terminals of the following:

(1) Luminaires
(2) Cord-and-plug-connected loads 1440 volt-amperes, nomi-
nal, or less or less than ”; hp

(B) 120 Volts Between Conductors. Circuits not exceeding
120 volts, nominal, between conductors shall be permitted to
supply the following:

(1) The terminals of lampholders applied within their voltage
ratings
(2) Auxiliary equipment of electric-discharge lamps
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Informational Note: See 410.137 for auxiliary equipment limita-
tions.

(8) Cord-and-plug-connected or permanently connected
utilization equipment

(C) 277 Volts to Ground. Circuits exceeding 120 volts, nomi-
nal, between conductors and not exceeding 277 volts, nominal,
to ground shall be permitted to supply the following:

(1) Listed electric-discharge or listed light-emitting diode-
type luminaires

(2) Listed incandescent luminaires, where supplied at
120 volts or less from the output of a stepdown autotrans-
former that is an integral component of the luminaire
and the outer shell terminal is electrically connected to a
grounded conductor of the branch circuit

(3) Luminaires equipped with mogul-base screw shell lamp-
holders

(4) Lampholders, other than the screw shell type, applied
within their voltage ratings

(5) Auxiliary equipment of electric-discharge lamps

Informational Note: See 410.137 for auxiliary equipment limita-
tions.

(6) Cord-and-plug-connected or permanently connected
utilization equipment

(D) 600 Volts Between Conductors. Circuits exceeding
277 volts, nominal, to ground and not exceeding 600 volts,
nominal, between conductors shall be permitted to supply the
following:

(1) The auxiliary equipment of electric-discharge lamps
mounted in permanently installed luminaires where the
luminaires are mounted in accordance with one of the
following:

a. Not less than a height of 6.7 m (22 ft) on poles or
similar structures for the illumination of outdoor
areas such as highways, roads, bridges, athletic fields,
or parking lots

b. Not less than a height of 5.5 m (18 ft) on other struc-
tures such as tunnels

Informational Note: See 410.137 for auxiliary equipment
limitations.

(2) Cord-and-plug-connected or permanently connected
utilization equipment other than luminaires

(8) Luminaires powered from direct-current systems where
either of the following apply:

a. The luminaire contains a listed, dc-rated ballast that
provides isolation between the dc power source and
the lamp circuit and protection from electric shock
when changing lamps.

b. The luminaire contains a listed, dc-rated ballast and
has no provision for changing lamps.

Exception No. 1 to (B), (C), and (D): For lampholders of infrared
industrial heating appliances as provided in 425.14 .

Exception No. 2 to (B), (C), and (D): For railway properties as descri-
bed in 110.19.

(E) Over 600 Volts Between Conductors. Circuits exceeding
600 volts, nominal, between conductors shall be permitted to
supply utilization equipment in installations where conditions
of maintenance and supervision ensure that only qualified
persons service the installation.
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ARTICLE 210 — BRANCH CIRCUITS 210.9

210.7 Multiple Branch Circuits. Where two or more branch
circuits supply devices or equipment on the same yoke or
mounting strap, a means to simultaneously disconnect the
ungrounded supply conductors shall be provided at the point
at which the branch circuits originate.

210.8 Ground-Fault Circuit-Interrupter Protection for Person-
nel. Ground-fault circuitinterrupter protection for personnel
shall be provided as required in 210.8(A) through (E). The
ground-fault circuit interrupter shall be installed in a readily
accessible location.

Informational Note No. 1: See 215.9 for ground-fault circuit-
interrupter protection for personnel on feeders.

Informational Note No. 2: See 422.5(A) for GFCI requirements
for appliances.

For the purposes of this section, when determining distance
from receptacles the distance shall be measured as the shortest
path the cord of an appliance connected to the receptacle
would follow without piercing a floor, wall, ceiling, or fixed
barrier, or passing through a door, doorway, or window.

(A) Dwelling Units. All 125-volt, single-phase, 15- and 20-
ampere receptacles installed in the locations specified in
210.8(A) (1) through (10) shall have ground-fault circuit-
interrupter protection for personnel.

(I) Bathrooms

(2) Garages, and also accessory buildings that have a floor
located at or below grade level not intended as habitable
rooms and limited to storage areas, work areas, and
areas of similar use

(3) Outdoors

Exception to (3): Receptacles that are not readily accessible and are
supplied by a branch circuit dedicated to electric snow-melting, deicing,
or pipeline and vessel heating equipment shall be permitted to be instal-
led in accordance with 426.28 or 427.22, as applicable.

(4) Crawl spaces — at or below grade level
(5) Unfinished portions or areas of the basement not inten-
ded as habitable rooms

Exception to (5): A receptacle supplying only a permanently installed
fire alarm or burglar alarm system shall not be required to have ground-
Sfault circuit-interrupter protection.

Informational Note: See 760.41(B) and 760.121(B) for power
supply requirements for fire alarm systems.

Receptacles installed under the exception to
210.8(A) (5) shall not be considered as meeting the
requirements of 210.52(G).

(6) Kitchens — where the receptacles are installed to serve
the countertop surfaces

(7) Sinks — where receptacles are installed within 1.8 m
(6 ft) from the top inside edge of the bowl of the sink

(8) Boathouses

(9) Bathtubs or shower stalls — where receptacles are instal-
led within 1.8 m (6 ft) of the outside edge of the bathtub
or shower stall

(10) Laundry areas

(B) Other Than Dwelling Units. All single-phase receptacles
rated 150 volts to ground or less, 50 amperes or less and three-
phase receptacles rated 150 volts to ground or less,
100 amperes or less installed in the following locations shall
have ground-fault circuit-interrupter protection for personnel.
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(1) Bathrooms
(2) Kitchens
(3) Rooftops

Exception: Receptacles on rooftops shall not be required to be readily
accessible other than from the rooftop.

(4) Outdoors

Exception No. 1 to (3) and (4): Receptacles that are not readily accessi-
ble and are supplied by a branch circuit dedicated to electric snow-
melting, deicing, or pipeline and vessel heating equipment shall be
permitted to be installed in accordance with 426.28 or 427.22, as
applicable.

Exception No. 2 to (4): In industrial establishments only, where the
conditions of maintenance and supervision ensure that only qualified
personnel are involved, an assured equipment grounding conductor
program as specified in 590.6(B)(3) shall be permitted for only those
receptacle outlets used to supply equipment that would create a greater
hazard if power is interrupted or having a design that is not compatible
with GICI protection.

(b) Sinks — where receptacles are installed within 1.8 m
(6 ft) from the top inside edge of the bowl of the sink

Exception No. 1 to (5): In industrial laboratories, receptacles used to
supply equipment where removal of power would introduce a greater
hazard shall be permitted to be installed without GICI protection.

Exception No. 2 to (5): For receptacles located in patient bed locations
of general cave (Category 2) or critical care (Category 1) spaces of health
care facilities other than those covered under 210.8(B)(1), GI'CI protec-
tion shall not be required.

(6) Indoor wet locations
(7) Locker rooms with associated showering facilities
(8) Garages, service bays, and similar areas other than vehi-
cle exhibition halls and showrooms
(9) Crawl spaces — at or below grade level
(10) Unfinished portions or areas of the basement not inten-
ded as habitable rooms

(C) Boat Hoists. GFCI protection shall be provided for
outlets not exceeding 240 volts that supply boat hoists installed
in dwelling unit locations.

(D) Kitchen Dishwasher Branch Circuit. GFCI protection
shall be provided for outlets that supply dishwashers installed
in dwelling unit locations.

N (E) Crawl Space Lighting Outlets. GFCI protection shall be

provided for lighting outlets not exceeding 120 volts installed
in crawl spaces.

210.9 Circuits Derived from Autotransformers. Branch
circuits shall not be derived from autotransformers unless the
circuit supplied has a grounded conductor that is electrically
connected to a grounded conductor of the system supplying
the autotransformer.

Exception No. 1: An autotransformer shall be permitted without the
connection to a grounded conductor where transforming from a nomi-
nal 208 volts to a nominal 240-volt supply or similarly from 240 volts
to 208 volts.

Exception No. 2: In industrial occupancies, where conditions of main-
tenance and supervision ensure that only qualified persons service the
installation, autotransformers shall be permitted to supply nominal
600-volt loads from nominal 480-volt systems, and 480-volt loads from

70 -59



Copyright 2017 National Fire Protection Association (NFPA®). Licensed, by agreement, for individual use and download on 11/10/2017 to Lori Brown for designated user Lori Brown. No other reproduction or transmission in any

form permitted without written permission of NFPA®. For inquiries or to report unauthorized use, contact licensing@nfpa.org.

210.10

ARTICLE 210 — BRANCH CIRCUITS

nominal 600-volt systems, without the connection to a similar groun-
ded conductor.

210.10 Ungrounded Conductors Tapped from Grounded
Systems. Two-wire dc circuits and ac circuits of two or more
ungrounded conductors shall be permitted to be tapped from
the ungrounded conductors of circuits that have a grounded
neutral conductor. Switching devices in each tapped circuit
shall have a pole in each ungrounded conductor. All poles of
multipole switching devices shall manually switch together
where such switching devices also serve as a disconnecting
means as required by the following:

(1) 410.93 for double-pole switched lampholders

(2) 410.104(B) for electric-discharge lamp auxiliary equip-
ment switching devices

(3) 422.31(B) for an appliance

(4)  424.20 for a fixed electric space-heating unit

(5) 426.51 for electric deicing and snow-melting equipment

(6) 430.85 for a motor controller

(7) 430.103 for a motor

210.11 Branch Circuits Required. Branch circuits for lighting
and for appliances, including motor-operated appliances, shall
be provided to supply the loads calculated in accordance with
220.10. In addition, branch circuits shall be provided for
specific loads not covered by 220.10 where required elsewhere
in this Code and for dwelling unit loads as specified in
210.11(C).

(A) Number of Branch Circuits. The minimum number of
branch circuits shall be determined from the total calculated
load and the size or rating of the circuits used. In all installa-
tions, the number of circuits shall be sufficient to supply the
load served. In no case shall the load on any circuit exceed the
maximum specified by 220.18.

(B) Load Evenly Proportioned Among Branch Circuits.
Where the load is calculated on the basis of volt-amperes per
square meter or per square foot, the wiring system up to and
including the branch-circuit panelboard(s) shall be provided to
serve not less than the calculated load. This load shall be evenly
proportioned among multioutlet branch circuits within the
panelboard(s). Branch-circuit overcurrent devices and circuits
shall be required to be installed only to serve the connected
load.

(C) Dwelling Units.

(1) Small-Appliance Branch Circuits. In addition to the
number of branch circuits required by other parts of this
section, two or more 20-ampere small-appliance branch circuits
shall be provided for all receptacle outlets specified by
210.52(B).

(2) Laundry Branch Circuits. In addition to the number of
branch circuits required by other parts of this section, at least
one additional 20-ampere branch circuit shall be provided to
supply the laundry receptacle outlet(s) required by 210.52(F).
This circuit shall have no other outlets.

(3) Bathroom Branch Circuits. In addition to the number of
branch circuits required by other parts of this section, at least
one 120-volt, 20-ampere branch circuit shall be provided to
supply the bathroom(s) receptacle outlet(s). Such circuits shall
have no other outlets.
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Exception: Where the 20-ampere circuit supplies a single bathroom,
outlets for other equipment within the same bathroom shall be permitted
to be supplied in accordance with 210.23(A)(1) and (A)(2).

N (4) Garage Branch Circuits. In addition to the number of

branch circuits required by other parts of this section, at least
one 120-volt, 20-ampere branch circuit shall be installed to
supply receptacle outlets in attached garages and in detached
garages with electric power. This circuit shall have no other
outlets.

Exception: This circuit shall be permitted to supply readily accessible
outdoor receptacle outlets.

210.12 Arc-Fault Circuit-Interrupter Protection.  Arc-fault
circuit-interrupter protection shall be provided as required in
210.12(A), (B), (C), and (D). The arc-fault circuit interrupter
shall be installed in a readily accessible location.

(A) Dwelling Units. All 120-volt, single-phase, 15- and 20-
ampere branch circuits supplying outlets or devices installed in
dwelling unit kitchens, family rooms, dining rooms, living
rooms, parlors, libraries, dens, bedrooms, sunrooms, recreation
rooms, closets, hallways, laundry areas, or similar rooms or
areas shall be protected by any of the means described in
210.12(A) (1) through (6):

(1) A listed combination-type arc-fault circuit interrupter,
installed to provide protection of the entire branch
circuit

(2) A listed branch/feeder-type AFCI installed at the origin
of the branch-circuit in combination with a listed outlet
branch-circuit type arc-fault circuit interrupter installed at
the first outlet box on the branch circuit. The first outlet
box in the branch circuit shall be marked to indicate that
itis the first outlet of the circuit.

(3) A listed supplemental arc protection circuit breaker
installed at the origin of the branch circuit in combina-
tion with a listed outlet branch-circuit type arc-fault
circuit interrupter installed at the first outlet box on the
branch circuit where all of the following conditions are
met:

a. The branch-circuit wiring shall be continuous from
the branch-circuit overcurrent device to the outlet
branch-circuit arc-fault circuit interrupter.

b. The maximum length of the branch-circuit wiring
from the branch-circuit overcurrent device to the first
outlet shall not exceed 15.2 m (50 ft) for a 14 AWG
conductor or 21.3 m (70 ft) for a 12 AWG conductor.

c. The first outlet box in the branch circuit shall be
marked to indicate that it is the first outlet of the
circuit.

(4) A listed outlet branch-circuit type arc-fault circuit inter-
rupter installed at the first outlet on the branch circuit in
combination with a listed branch-circuit overcurrent
protective device where all of the following conditions are
met:

a. The branch-circuit wiring shall be continuous from
the branch-circuit overcurrent device to the outlet
branch-circuit arc-fault circuit interrupter.

b. The maximum length of the branch-circuit wiring
from the branch-circuit overcurrent device to the first
outlet shall not exceed 15.2 m (50 ft) for a 14 AWG
conductor or 21.3 m (70 ft) for a 12 AWG conductor.

NATIONAL ELECTRICAL CODE 2017 Edition


loria
Highlight

loria
Highlight

loria
Highlight


Copyright 2017 National Fire Protection Association (NFPA®). Licensed, by agreement, for individual use and download on 11/10/2017 to Lori Brown for designated user Lori Brown. No other reproduction or transmission in any

form permitted without written permission of NFPA®. For inquiries or to report unauthorized use, contact licensing@nfpa.org.

ARTICLE 220 — BRANCH-CIRCUIT, FEEDER, AND SERVICE LOAD CALCULATIONS

220.14

Exception No. 2: Where a building is designed and constructed to
comply with an energy code adopted by the local authority and specify-
ing an overall lighting density of less than 13.5 wvolt-amperes/m?
(1.2 volt-amperes/ft%), the unit lighting loads in Table 220.12 for
office and bank areas within the building shall be permitted to be
reduced by 11 volt-amperes/m? (1 volt-amperes/ft*).

220.14 Other Loads — All Occupancies. In all occupancies,
the minimum load for each outlet for general-use receptacles
and outlets not used for general illumination shall not be less
than that calculated in 220.14(A) through (L), the loads shown
being based on nominal branch-circuit voltages.

Exception: The loads of outlets serving switchboards and switching
Jframes in telephone exchanges shall be waived from the calculations.

(A) Specific Appliances or Loads. An outlet for a specific
appliance or other load not covered in 220.14(B) through (L)
shall be calculated based on the ampere rating of the appliance
or load served.

Table 220.12 General Lighting Loads by Occupancy

Unit Load
Volt-amperes/  Volt-amperes/
Type of Occupancy m? ft?
Armories and auditoriums 11 1
Banks 39P 3l b
Barber shops and beauty 33 3
parlors
Churches 11 1
Clubs 22 2
Courtrooms 22 2
Dwelling units* 33 S
Garages — commercial 6 %
(storage)
Hospitals 22 2
Hotels and motels, including 22 2

apartment houses without
provision for cooking by

tenants®
Industrial commercial (loft) 22 2
buildings
Lodge rooms 17 1%
Office buildings 39> 3P
Restaurants 22 2
Schools 33 3
Stores 33 3
Warehouses (storage) 3 Y4

In any of the preceding
occupancies except one-
family dwellings and
individual dwelling units of
two-family and multifamily

dwellings:

Assembly halls and 11 1
auditoriums

Halls, corridors, closets, 6 Yo
stairways

Storage spaces 3 Y

*See 220.14(]).
"See 220.14(K).

2017 Edition NATIONAL ELECTRICAL CODE

(B) Electric Dryers and Electric Cooking Appliances in Dwell-
ings and Household Cooking Appliances Used in Instructional
Programs. Load calculations shall be permitted as specified in
220.54 for electric dryers and in 220.55 for electric ranges and
other cooking appliances.

(C) Motor Outlets. Loads for motor outlets shall be calcula-
ted in accordance with the requirements in 430.22, 430.24, and
440.6.

(D) Luminaires. An outlet supplying luminaire(s) shall be
calculated based on the maximum volt-ampere rating of the
equipment and lamps for which the luminaire(s) is rated.

(E) Heavy-Duty Lampholders. Outlets for heavy-duty lamp-
holders shall be calculated at a minimum of 600 volt-amperes.

(F) Sign and Outline Lighting. Sign and outline lighting
outlets shall be calculated at a minimum of 1200 volt-amperes
for each required branch circuit specified in 600.5(A).

(G) Show Windows. Show windows shall be calculated in
accordance with either of the following:

(1) The unit load per outlet as required in other provisions
of this section

(2) At 200 volt-amperes per linear 300 mm (1 ft) of show
window

(H) Fixed Multioutlet Assemblies. Fixed multioutlet assem-
blies used in other than dwelling units or the guest rooms or
guest suites of hotels or motels shall be calculated in accord-
ance with (H) (1) or (H)(2). For the purposes of this section,
the calculation shall be permitted to be based on the portion
that contains receptacle outlets.

(1)  Where appliances are unlikely to be used simultaneously,
each 1.5 m (5 ft) or fraction thereof of each separate and
continuous length shall be considered as one outlet of
not less than 180 volt-amperes.

(2) Where appliances are likely to be used simultaneously,
each 300 mm (1 ft) or fraction thereof shall be consid-
ered as an outlet of not less than 180 volt-amperes.

(I) Receptacle Outlets. Except as covered in 220.14(]) and
(K), receptacle outlets shall be calculated at not less than
180 volt-amperes for each single or for each multiple recepta-
cle on one yoke. A single piece of equipment consisting of a
multiple receptacle comprised of four or more receptacles
shall be calculated at not less than 90 volt-amperes per recepta-
cle. This provision shall not be applicable to the receptacle
outlets specified in 210.11(C) (1) and (C) (2).

(J) Dwelling Occupancies. In onefamily, two-family, and
multifamily dwellings and in guest rooms or guest suites of
hotels and motels, the outlets specified in (J) (1), (J)(2), and
(J) (8) are included in the general lighting load calculations of
220.12. No additional load calculations shall be required for
such outlets.

(1) All general-use receptacle outlets of 20-ampere rating or
less, including receptacles connected to the circuits in
210.11(C) (3)

(2) The receptacle outlets specified in 210.52(E) and (G)

(3) The lighting outlets specified in 210.70(A) and (B)
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ARTICLE 220 — BRANCH-CIRCUIT, FEEDER, AND SERVICE LOAD CALCULATIONS

(K) Banks and Office Buildings. In banks or office buildings,
the receptacle loads shall be calculated to be the larger of (1)
or (2):

(1)  The calculated load from 220.14(I)
(2) 11 voltamperes/m? or 1 volt-ampere/ft?

(L) Other Outlets. Other outlets not covered in 220.14(A)
through (K) shall be calculated based on 180 volt-amperes per
outlet.

220.16 Loads for Additions to Existing Installations.

(A) Dwelling Units. Loads added to an existing dwelling
unit(s) shall comply with the following as applicable:

(1) Loads for structural additions to an existing dwelling unit
or for a previously unwired portion of an existing dwell-
ing unit, either of which exceeds 46.5 m? (500 ft?), shall
be calculated in accordance with 220.12 and 220.14.

(2) Loads for new circuits or extended circuits in previously
wired dwelling units shall be calculated in accordance
with either 220.12 or 220.14, as applicable.

(B) Other Than Dwelling Units. Loads for new circuits or
extended circuits in other than dwelling units shall be calcula-
ted in accordance with either 220.12 or 220.14, as applicable.

220.18 Maximum Loads. The total load shall not exceed the
rating of the branch circuit, and it shall not exceed the maxi-
mum loads specified in 220.18(A) through (C) under the
conditions specified therein.

(A) Motor-Operated and Combination Loads. Where a circuit
supplies only motor-operated loads, Article 430 shall apply.
Where a circuit supplies only air-conditioning equipment,
refrigerating equipment, or both, Article 440 shall apply. For
circuits supplying loads consisting of motor-operated utilization
equipment that is fastened in place and has a motor larger
than % hp in combination with other loads, the total calculated
load shall be based on 125 percent of the largest motor load
plus the sum of the other loads.

(B) Inductive and LED Lighting Loads. For circuits supplying
lighting units that have ballasts, transformers, autotransform-
ers, or LED drivers, the calculated load shall be based on the
total ampere ratings of such units and not on the total watts of
the lamps.

(C) Range Loads. It shall be permissible to apply demand
factors for range loads in accordance with Table 220.55, includ-
ing Note 4.

Part III. Feeder and Service Load Calculations

220.40 General. The calculated load of a feeder or service
shall not be less than the sum of the loads on the branch
circuits supplied, as determined by Part II of this article, after
any applicable demand factors permitted by Part III or IV or
required by Part V have been applied.

Informational Note: See Examples D1(a) through D10 in Infor-
mative Annex D. See 220.18(B) for the maximum load in
amperes permitted for lighting units operating at less than
100 percent power factor.

220.42 General Lighting. The demand factors specified in
Table 220.42 shall apply to that portion of the total branch-
circuit load calculated for general illumination. They shall not
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be applied in determining the number of branch circuits for
general illumination.

220.43 Show-Window and Track Lighting.

(A) Show Windows. For show-window lighting, a load of not
less than 660 volt-amperes/linear meter or 200 volt-amperes/
linear foot shall be included for a show window, measured hori-
zontally along its base.

Informational Note: See 220.14(G) for branch circuits supplying
show windows.

(B) Track Lighting. For track lighting in other than dwelling
units or guest rooms or guest suites of hotels or motels, an
additional load of 150 volt-amperes shall be included for every
600 mm (2 ft) of lighting track or fraction thereof. Where
multicircuit track is installed, the load shall be considered to be
divided equally between the track circuits.

Exception: If the track lighting is supplied through a device that limits
the current to the track, the load shall be permitted to be calculated
based on the rating of the device used to limit the current.

220.44 Receptacle Loads — Other Than Dwelling Units.
Receptacle loads calculated in accordance with 220.14(H) and
(I) shall be permitted to be made subject to the demand
factors given in Table 220.42 or Table 220.44.

Table 220.42 Lighting Load Demand Factors

Portion of Lighting Load to

‘Which Demand Factor
Applies Demand

Type of Occupancy (Volt-Amperes) Factor (%)
Dwelling units First 3000 at 100
From 3001 to 120,000 at 35
Remainder over 120,000 at 25
Hospitals* First 50,000 or less at 40
Remainder over 50,000 at 20
Hotels and motels, First 20,000 or less at 50
including From 20,001 to 100,000 at 40

apartment houses  Remainder over 100,000 at

without provision

for cooking by

tenants* 30
Warehouses First 12,500 or less at 100

(storage) Remainder over 12,500 at 50
All others Total volt-amperes 100

*The demand factors of this table shall not apply to the calculated load
of feeders or services supplying areas in hospitals, hotels, and motels
where the entire lighting is likely to be used at one time, as in
operating rooms, ballrooms, or dining rooms.

Table 220.44 Demand Factors for Non-Dwelling Receptacle
Loads

Portion of Receptacle Load to
Which Demand Factor Applies

(Volt-Amperes) Demand Factor (%)
First 10 kVA or less at 100
Remainder over 10 kVA at 50
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ARTICLE 220 — BRANCH-CIRCUIT, FEEDER, AND SERVICE LOAD CALCULATIONS

220.61

220.50 Motors. Motor loads shall be calculated in accordance
with 430.24, 430.25, and 430.26 and with 440.6 for hermetic
refrigerant motor-compressors.

220.51 Fixed Electric Space Heating. Fixed electric space-
heating loads shall be calculated at 100 percent of the total
connected load. However, in no case shall a feeder or service
load current rating be less than the rating of the largest branch
circuit supplied.

Exception: Where reduced loading of the conductors results from units
operating on duty-cycle, intermittently, or from all units not operating
at the same time, the authority having jurisdiction may grant permis-
sion for feeder and service conductors to have an ampacity less than
100 percent, provided the conductors have an ampacity for the load so
determined.

220.52 Small-Appliance and Laundry Loads — Dwelling Unit.

(A) Small-Appliance Circuit Load. In each dwelling unit, the
load shall be calculated at 1500 volt-amperes for each 2-wire
small-appliance branch circuit as covered by 210.11(C)(1).
Where the load is subdivided through two or more feeders, the
calculated load for each shall include not less than 1500 volt-
amperes for each 2-wire small-appliance branch circuit. These
loads shall be permitted to be included with the general light-
ing load and subjected to the demand factors provided in Table

220.42. |2 are required +3000 VA

Exception: The individual branch circuit permitted by 210.52(B)(1),
Exception No. 2, shall be permitted to be excluded from the calculation
required by 220.52.

(B) Laundry Circuit Load. A load of not less than 1500 volt-
amperes shall be included for each 2-wire laundry branch
circuit installed as covered by 210.11(C) (2). This load shall be
permitted to be included with the general lighting load and
shall be subjected to the demand factors provided in Table

220,42

220.53 Appliance Load — Dwelling Unit(s). It shall be
permissible to apply a demand factor of 75 percent to the
nameplate rating load of four or more appliances fastened in
place, other than electric ranges, clothes dryers, space-heating
equipment, or air-conditioning equipment, that are served by
the same feeder or service in a one-family, two-family, or multi-
family dwelling.

220.54 Electric Clothes Dryers — Dwelling Unit(s). The load
for household electric clothes dryers in a dwelling unit(s) shall
be either 5000 watts (volt-amperes) or the nameplate rating,
whichever is larger, for each dryer served. The use of the
demand factors in Table 220.54 shall be permitted. Where two
or more single-phase dryers are supplied by a 3-phase, 4-wire
feeder or service, the total load shall be calculated on the basis
of twice the maximum number connected between any two
phases. Kilovolt-amperes (kVA) shall be considered equivalent
to kilowatts (kW) for loads calculated in this section.

220.55 Electric Cooking Appliances in Dwelling Units and
Household Cooking Appliances Used in Instructional
Programs. The load for household electric ranges, wall-
mounted ovens, counter-mounted cooking units, and other
household cooking appliances individually rated in excess of
1% kW shall be permitted to be calculated in accordance with
Table 220.55. Kilovolt-amperes (kVA) shall be considered
equivalent to kilowatts (kW) for loads calculated under this
section.

2017 Edition NATIONAL ELECTRICAL CODE

Table 220.54 Demand Factors for Household Electric Clothes
Dryers

Number of Demand Factor

Dryers (%)
1-4 100
5 85
6 75
7 65
8 60
9 55
10 50
11 47
12-23 47% minus 1% for each dryer
exceeding 11
24-42 35% minus 0.5% for each dryer
exceeding 23
43 and over 25%

Where two or more single-phase ranges are supplied by a
3-phase, 4-wire feeder or service, the total load shall be calcula-
ted on the basis of twice the maximum number connected
between any two phases.

Informational Note No. 1: See the examples in Informative
Annex D.

Informational Note No. 2: See Table 220.56 for commercial
cooking equipment.

220.56 Kitchen Equipment — Other Than Dwelling Unit(s). It
shall be permissible to calculate the load for commercial elec-
tric cooking equipment, dishwasher booster heaters, water
heaters, and other kitchen equipment in accordance with
Table 220.56. These demand factors shall be applied to all
equipment that has either thermostatic control or intermittent
use as kitchen equipment. These demand factors shall not
apply to space-heating, ventilating, or air-conditioning equip-
ment.

However, in no case shall the feeder or service calculated
load be less than the sum of the largest two kitchen equipment
loads.

220.60 Noncoincident Loads. Where it is unlikely that two or
more noncoincident loads will be in use simultaneously, it shall
be permissible to use only the largest load(s) that will be used
at one time for calculating the total load of a feeder or service.

220.61 Feeder or Service Neutral Load.

(A) Basic Calculation. The feeder or service neutral load shall
be the maximum unbalance of the load determined by this arti-
cle. The maximum unbalanced load shall be the maximum net
calculated load between the neutral conductor and any one
ungrounded conductor.

Exception: For 3-wire, 2-phase or 5-wire, 2-phase systems, the maximum
unbalanced load shall be the maximum net calculated load between the
neutral conductor and any one ungrounded conductor multiplied by
140 percent.
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220.61 ARTICLE 220 — BRANCH-CIRCUIT, FEEDER, AND SERVICE LOAD CALCULATIONS

Table 220.55 Demand Factors and Loads for Household Electric Ranges, Wall-Mounted Ovens, Counter-Mounted Cooking Units,
and Other Household Cooking Appliances over 1% kW Rating (Column C to be used in all cases except as otherwise permitted in

Note 3.)
Demand Factor (%) (See Notes) Column C
Maximum Demand (kW)
Column A Column B (See Notes)
Number of Appliances (Less than 3% kW Rating) (3% kW through 8% kW Rating) (Not over 12 kW Rating)

1 80 80 8

2 75 65 11

3 70 55 14

4 66 50 17

5 62 45 20

6 59 43 21

7 56 40 22

8 53 36 23

9 51 35 24

10 49 34 25

11 47 32 26

12 45 32 27

13 43 32 28

14 41 32 29

15 40 32 30

16 39 28 31

17 38 28 32

18 37 28 33

19 36 28 34

20 35 28 35

21 34 26 36

22 33 26 37

23 32 26 38

24 31 26 39

25 30 26 40

26-30 30 24 15 kW + 1 kW for each range
31-40 30 22
41-50 30 20 25 kW + % kW for each range
51-60 30 18
61 and over 30 16
Notes:

1. Over 12 kW through 27 kW ranges all of same rating. For ranges individually rated more than 12 kW but not more than 27 kW, the maximum
demand in Column C shall be increased 5 percent for each additional kilowatt of rating or major fraction thereof by which the rating of individual
ranges exceeds 12 kW.

2. Over 8% kW through 27 kW ranges of unequal ratings. For ranges individually rated more than 8% kW and of different ratings, but none exceeding
27 kW, an average value of rating shall be calculated by adding together the ratings of all ranges to obtain the total connected load (using 12 kW for
any range rated less than 12 kW) and dividing by the total number of ranges. Then the maximum demand in Column C shall be increased 5 percent
for each kilowatt or major fraction thereof by which this average value exceeds 12 kW.

3. Over 1% kW through 8% kW. In lieu of the method provided in Column G, it shall be permissible to add the nameplate ratings of all household
cooking appliances rated more than 1% kW but not more than 8% kW and multiply the sum by the demand factors specified in Column A or
Column B for the given number of appliances. Where the rating of cooking appliances falls under both Column A and Column B, the demand
factors for each column shall be applied to the appliances for that column, and the results added together.

4. Branch-Circuit Load. It shall be permissible to calculate the branch-circuit load for one range in accordance with Table 220.55. The branch-circuit
load for one wall-mounted oven or one counter-mounted cooking unit shall be the nameplate rating of the appliance. The branch-circuit load for a
counter-mounted cooking unit and not more than two wall-mounted ovens, all supplied from a single branch circuit and located in the same room,
shall be calculated by adding the nameplate rating of the individual appliances and treating this total as equivalent to one range.

5. This table shall also apply to household cooking appliances rated over 1% kW and used in instructional programs.
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ARTICLE 220 — BRANCH-CIRCUIT, FEEDER, AND SERVICE LOAD CALCULATIONS

220.83

Table 220.56 Demand Factors for Kitchen Equipment —

Other Than Dwelling Unit(s)
Demand Factor
Number of Units of Equipment (%)
1 100
2 100
3 90
4 80
5 70
6 and over 65

(B) Permitted Reductions. A service or feeder supplying the
following loads shall be permitted to have an additional
demand factor of 70 percent applied to the amount in
220.61(B) (1) or portion of the amount in 220.61(B) (2) deter-
mined by the following basic calculations:

(1) A feeder or service supplying household electric ranges,
wall-mounted ovens, counter-mounted cooking units, and
electric dryers, where the maximum unbalanced load has
been determined in accordance with Table 220.55 for
ranges and Table 220.54 for dryers

(2) That portion of the unbalanced load in excess of
200 amperes where the feeder or service is supplied from
a 3-wire dc or single-phase ac system; or a 4-wire, 3-phase
system; or a 3-wire, 2-phase system; or a 5-wire, 2-phase
system

Informational Note: See Examples D1(a), D1(b), D2(b), D4(a),
and D5(a) in Informative Annex D.

(C) Prohibited Reductions. There shall be no reduction of
the neutral or grounded conductor capacity applied to the
amount in 220.61(C) (1), or portion of the amount in (C)(2),
from that determined by the basic calculation:

(1) Any portion of a 3-wire circuit consisting of 2 ungroun-
ded conductors and the neutral conductor of a 4-wire,
3-phase, wye-connected system

(2) That portion consisting of nonlinear loads supplied from
a 4-wire, wye-connected, 3-phase system

Informational Note: A 3-phase, 4-wire, wye-connected power
system used to supply power to nonlinear loads may necessitate
that the power system design allow for the possibility of high
harmonic neutral conductor currents.

Part IV. Optional Feeder and Service Load Calculations

220.80 General. Optional feeder and service load calculations
shall be permitted in accordance with Part IV.

220.82 Dwelling Unit.

(A) Feeder and Service Load. This section applies to a dwell-
ing unit having the total connected load served by a single
120/240-volt or 208Y/120-volt set of 3-wire service or feeder
conductors with an ampacity of 100 or greater. It shall be
permissible to calculate the feeder and service loads in accord-
ance with this section instead of the method specified in
Part III of this article. The calculated load shall be the result of
adding the loads from 220.82(B) and (C). Feeder and service-
entrance conductors whose calculated load is determined by
this optional calculation shall be permitted to have the neutral
load determined by 220.61.
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(B) General Loads. The general calculated load shall be not
less than 100 percent of the first 10 kVA plus 40 percent of the
remainder of the following loads:

(1) 33 voltamperes/m? or 3 voltamperes/ft®> for general
lighting and general-use receptacles. The floor area for
each floor shall be calculated from the outside dimen-
sions of the dwelling unit. The calculated floor area shall
not include open porches, garages, or unused or unfin-
ished spaces not adaptable for future use.

(2) 1500 volt-amperes for each 2-wire, 20-ampere small-
appliance branch circuit and each laundry branch circuit
covered in 210.11(C) (1) and (C) (2).

(3) The nameplate rating of the following:

a. All appliances that are fastened in place, permanently
connected, or located to be on a specific circuit

b. Ranges, wall-mounted ovens, counter-mounted cook-
ing units

c. Clothes dryers that are not connected to the laundry
branch circuit specified in item (2)

d. Water heaters

(4) The nameplate ampere or kVA rating of all permanently
connected motors not included in item (3).

(C) Heating and Air-Conditioning Load. The largest of the
following six selections (load in kVA) shall be included:

(1) 100 percent of the nameplate rating(s) of the air condi-
tioning and cooling.

(2) 100 percent of the nameplate rating(s) of the heat pump
when the heat pump is used without any supplemental
electric heating.

(3) 100 percent of the nameplate rating(s) of the heat pump
compressor and 65 percent of the supplemental electric
heating for central electric space-heating systems. If the
heat pump compressor is prevented from operating at
the same time as the supplementary heat, it does not
need to be added to the supplementary heat for the total
central space heating load.

(4) 65 percent of the nameplate rating(s) of electric space
heating if less than four separately controlled units.

(5) 40 percent of the nameplate rating(s) of electric space
heating if four or more separately controlled units.

(6) 100 percent of the nameplate ratings of electric thermal
storage and other heating systems where the usual load is
expected to be continuous at the full nameplate value.
Systems qualifying under this selection shall not be calcu-
lated under any other selection in 220.82(C).

220.83 Existing Dwelling Unit. This section shall be permitted
to be used to determine if the existing service or feeder is of
sufficient capacity to serve additional loads. Where the dwelling
unit is served by a 120/240-volt or 208Y/120-volt, 3-wire service,
it shall be permissible to calculate the total load in accordance
with 220.83(A) or (B).

(A) Where Additional Air-Conditioning Equipment or Electric
Space-Heating Equipment Is Not to Be Installed. The follow-
ing percentages shall be used for existing and additional new
loads.

Load (kVA) Percent of Load
First 8 kVA of load at 100
Remainder of load at 40
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220.83

ARTICLE 220 — BRANCH-CIRCUIT, FEEDER, AND SERVICE LOAD CALCULATIONS

Load calculations shall include the following:

(1) General lighting and general-use receptacles at 33 volt-
amperes/m2 or 3 Volt—amperes/ft2 as determined by
220.12

(2) 1500 voltamperes for each 2-wire, 20-ampere small-
appliance branch circuit and each laundry branch circuit
covered in 210.11(C) (1) and (C) (2)

(3) The nameplate rating of the following:

a. All appliances that are fastened in place, permanently
connected, or located to be on a specific circuit

b. Ranges, wall-mounted ovens, counter-mounted cook-
g units

c. Clothes dryers that are not connected to the laundry
branch circuit specified in item (2)

d. Water heaters

(B) Where Additional Air-Conditioning Equipment or Electric
Space-Heating Equipment Is to Be Installed. The following
percentages shall be used for existing and additional new loads.
The larger connected load of air conditioning or space heat-
ing, but not both, shall be used.

Load Percent of Load
Air-conditioning equipment 100
Central electric space heating 100
Less than four separately 100

controlled space-heating units
First 8 kVA of all other loads 100
Remainder of all other loads 40

Other loads shall include the following:

(1) General lighting and general-use receptacles at 33 volt-
amperes/m? or 3 voltamperes/ft*> as determined by
220.12

(2) 1500 volt-amperes for each 2-wire, 20-ampere small-
appliance branch circuit and each laundry branch circuit
covered in 210.11(C) (1) and (C) (2)

(3) The nameplate rating of the following:

a. All appliances that are fastened in place, permanently
connected, or located to be on a specific circuit

b. Ranges, wall-mounted ovens, counter-mounted cook-
g units

c. Clothes dryers that are not connected to the laundry
branch circuit specified in item (2)

d. Water heaters

220.84 Multifamily Dwelling.

(A) Feeder or Service Load. It shall be permissible to calcu-
late the load of a feeder or service that supplies three or more
dwelling units of a multifamily dwelling in accordance with
Table 220.84 instead of Part III of this article if all the following
conditions are met:

(1) No dwelling unit is supplied by more than one feeder.
(2) Each dwelling unit is equipped with electric cooking
equipment.

Exception: When the calculated load for multifamily dwellings without
electric cooking in Part III of this article exceeds that calculated under
Part IV for the identical load plus electric cooking (based on 8 kW per
unit), the lesser of the two loads shall be permitted to be used.
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(3) Each dwelling unit is equipped with either electric space
heating or air conditioning, or both. Feeders and service
conductors whose calculated load is determined by this
optional calculation shall be permitted to have the
neutral load determined by 220.61.

(B) House Loads. House loads shall be calculated in accord-
ance with Part III of this article and shall be in addition to the
dwelling unit loads calculated in accordance with Table 220.84.

(C) Calculated Loads. The calculated load to which the

demand factors of Table 220.84 apply shall include the follow-

ing:

(1) 33 voltamperes/m? or 3 voltamperes/ft?> for general
lighting and general-use receptacles

(2) 1500 volt-amperes for each 2-wire, 20-ampere small-
appliance branch circuit and each laundry branch circuit
covered in 210.11(C) (1) and (C) (2)

(8) The nameplate rating of the following:

a. All appliances that are fastened in place, permanently
connected, or located to be on a specific circuit
b. Ranges, wall-mounted ovens, counter-mounted cook-
ing units
c. Clothes dryers that are not connected to the laundry
branch circuit specified in item (2)
d. Water heaters
(4) The nameplate ampere or kVA rating of all permanently
connected motors not included in item (3)
(5) The larger of the air-conditioning load or the fixed elec-
tric space-heating load

Table 220.84 Optional Calculations — Demand Factors for
Three or More Multifamily Dwelling Units

Number of Demand Factor

Dwelling Units (%)
3-5 45
6-7 44
8-10 43

11 42
12-13 41
14-15 40
16-17 39
18-20 38

21 37
22-23 36
24-25 35
26-27 34
28-30 33

31 32
32-33 31
34-36 30
37-38 29
39-42 28
43-45 27
46-50 26
51-55 25
56-61 24

62 and over 23
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250.30

ARTICLE 250 — GROUNDING AND BONDING

(3) The metal structural frame of the building or structure
that complies with 250.68(C) (2) or is connected to the
grounding electrode system by a conductor not smaller
than 3/0 AWG copper or 250 kemil aluminum

(b)  Tap Conductor Size. Each tap conductor shall be sized
in accordance with 250.66 based on the derived ungrounded
conductors of the separately derived system it serves.

Lxception: If the source of a separately derived system is located within
equipment listed and identified as suitable for use as service equipment,
the grounding electrode conductor from the service or feeder equipment
to the grounding electrode shall be permitted as the grounding electrode
conductor for the separately derived system, if the grounding electrode
conductor is of sufficient size for the separately derived system. If the
equipment grounding bus internal to the equipment is not smaller than
the required grounding electrode conductor for the separately derived
system, the grounding electrode connection for the separately derived
system shall be permitted to be made to the bus.

(c) Connections. All tap connections to the common
grounding electrode conductor shall be made at an accessible
location by one of the following methods:

(1) A connector listed as grounding and bonding equipment.

(2) Listed connections to aluminum or copper busbars not
smaller than 6 mm thick x 50 mm wide (% in. thick x 2 in.
wide) and of sufficient length to accommodate the
number of terminations necessary for the installation. If
aluminum busbars are used, the installation shall also
comply with 250.64(A).

(3) The exothermic welding process.

Tap conductors shall be connected to the common ground-
ing electrode conductor in such a manner that the common
grounding electrode conductor remains without a splice or
joint.

(7) Installation. The installation of all grounding electrode
conductors shall comply with 250.64(A), (B), (C), and (E).

(8) Bonding. Structural steel and metal piping shall be
connected to the grounded conductor of a separately derived
system in accordance with 250.104(D).

(B) Ungrounded Systems. The equipment of an ungrounded
separately derived system shall be grounded and bonded as
specified in 250.30(B) (1) through (B) (3).

(1) Grounding Electrode Conductor. A grounding electrode
conductor, sized in accordance with 250.66 for the largest
derived ungrounded conductor(s) or set of derived ungroun-
ded conductors, shall be used to connect the metal enclosures
of the derived system to the grounding electrode as specified in
250.30(A) (5) or (6), as applicable. This connection shall be
made at any point on the separately derived system from the
source to the first system disconnecting means. If the source is
located outside the building or structure supplied, a grounding
electrode connection shall be made in compliance with
250.30(C).

(2) Grounding Electrode. Except as permitted by 250.34 for
portable and vehicle-mounted generators, the grounding elec-
trode shall comply with 250.30(A) (4).

(3) Bonding Path and Conductor. A supply-side bonding
jumper shall be installed from the source of a separately
derived system to the first disconnecting means in compliance
with 250.30(A) (2).
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(C) Outdoor Source. If the source of the separately derived
system is located outside the building or structure supplied, a
grounding electrode connection shall be made at the source
location to one or more grounding electrodes in compliance
with 250.50. In addition, the installation shall comply with
250.30(A) for grounded systems or with 250.30(B) for
ungrounded systems.

Exception: The grounding electrode conductor connection for impedance
grounded neutral systems shall comply with 250.36 or 250.187, as
applicable.

250.32 Buildings or Structures Supplied by a Feeder(s) or
Branch Circuit(s).

(A) Grounding Electrode. Building(s) or structure(s)
supplied by feeder(s) or branch circuit(s) shall have a ground-
ing electrode or grounding electrode system installed in
accordance with Part III of Article 250. The grounding elec-
trode conductor(s) shall be connected in accordance with
250.32(B) or (C). Where there is no existing grounding elec-
trode, the grounding electrode(s) required in 250.50 shall be
installed.

Exception: A grounding electrode shall not be required where only a
single branch circuit, including a multiwire branch circuit, supplies the
building or structure and the branch circuit includes an equipment
grounding conductor for grounding the normally non—current-carrying
metal parts of equipment.

(B) Grounded Systems.

(1) Supplied by a Feeder or Branch Circuit. An equipment
grounding conductor, as described in 250.118, shall be run
with the supply conductors and be connected to the building
or structure disconnecting means and to the grounding elec-
trode(s). The equipment grounding conductor shall be used
for grounding or bonding of equipment, structures, or frames
required to be grounded or bonded. The equipment ground-
ing conductor shall be sized in accordance with 250.122. Any
installed grounded conductor shall not be connected to the
equipment grounding conductor or to the grounding elec-
trode(s).

Exception No. 1: For installations made in compliance with previous
editions of this Code that permitted such connection, the grounded
conductor run with the supply to the building or structure shall be
permitted to serve as the ground-fault return path if all of the following
requirements continue to be met:

(1)  An equipment grounding conductor is not run with the supply to
the building or structure.

(2)  There are no continuous metallic paths bonded to the grounding
system in each building or structure involved.

(3)  Ground-fault protection of equipment has not been installed on
the supply side of the feeder(s).

If the grounded conductor is used for grounding in accordance with
the provision of this exception, the size of the grounded conductor shall
not be smaller than the larger of either of the following:

(1)  That required by 220.61
(2)  That required by 250.122

Exception No. 2: If system bonding jumpers are installed in accordance
with 250.30(A)(1), Exception No. 2, the feeder grounded circuit
conductor at the building or structure served shall be connected to the
equipment grounding conductors, grounding electrode conductor, and
the enclosure for the first disconnecting means.
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250.68

ARTICLE 250 — GROUNDING AND BONDING

attach such terminations to fireproofed structural metal whether or not
the mechanical means is reversible, shall not be required to be accessible.

(B) Effective Grounding Path. The connection of a ground-
ing electrode conductor or bonding jumper to a grounding
electrode shall be made in a manner that will ensure an effec-
tive grounding path. Where necessary to ensure the grounding
path for a metal piping system used as a grounding electrode,
bonding shall be provided around insulated joints and around
any equipment likely to be disconnected for repairs or replace-
ment. Bonding jumpers shall be of sufficient length to permit
removal of such equipment while retaining the integrity of the
grounding path.

(C) Grounding Electrode Conductor Connections. Ground-
ing electrode conductors and bonding jumpers shall be permit-
ted to be connected at the following locations and used to
extend the connection to an electrode(s):

(1) Interior metal water piping that is electrically continuous
with a metal underground water pipe electrode and is
located not more than 1.52 m (5 ft) from the point of
entrance to the building shall be permitted to extend the
connection to an electrode(s). Interior metal water
piping located more than 1.52 m (5 ft) from the point of
entrance to the building shall not be used as a conductor

Table 250.66 Grounding Electrode Conductor for Alternating-
Current Systems

Size of Largest Ungrounded Service-
Entrance Conductor or Equivalent
Area for Parallel Conductors®

Size of Grounding
Electrode Conductor

(AWG /kcmil) (AWG /kcmil)
Aluminum or Aluminum or
Copper-Clad Copper-Clad
Copper Aluminum Copper Aluminum®
2 or smaller 1/0 or smaller 8 6
lorl/0 2/00r3/0 6 4
2/00r3/0 4/0 or 250 4 2
Over 3/0 Over 250 2 1/0
through 350 through 500
Over 350 Over 500 1/0 3/0
through 600 through 900
Over 600 Over 900 2/0 4/0
through 1100 through 1750
Over 1100 Over 1750 3/0 250
Notes:

1. If multiple sets of service-entrance conductors connect directly to a
service drop, set of overhead service conductors, set of underground
service conductors, or service lateral, the equivalent size of the largest
service-entrance conductor shall be determined by the largest sum of
the areas of the corresponding conductors of each set.

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

“This table also applies to the derived conductors of separately derived
ac systems.

See installation restrictions in 250.64(A).

70-116

to interconnect electrodes of the grounding electrode
system.

Exception: In industrial, commercial, and institutional buildings or
structures, if conditions of maintenance and supervision ensure that
only qualified persons service the installation, interior metal water
piping located more than 1.52 m (5 ft) from the point of entrance to the
building shall be permitted as a bonding conductor to interconnect elec-
trodes that are part of the grounding electrode system, or as a grounding
electrode conductor; if the entire length, other than short sections pass-
ing perpendicularly through walls, floors, or ceilings, of the interior
metal water pipe that is being used for the conductor is exposed.

(2) The metal structural frame of a building shall be permit-
ted to be used as a conductor to interconnect electrodes
that are part of the grounding electrode system, or as a
grounding electrode conductor. Hold-down bolts secur-
ing the structural steel column that are connected to a
concrete-encased  electrode  that complies  with
250.52(A) (3) and is located in the support footing or
foundation shall be permitted to connect the metal struc-
tural frame of a building or structure to the concrete
encased grounding electrode. The hold-down bolts shall
be connected to the concrete-encased electrode by weld-
ing, exothermic welding, the usual steel tie wires, or other
approved means.

(3) A rebartype concrete-encased electrode installed in
accordance with 250.52(A)(3) with an additional rebar
section extended from its location within the concrete to
an accessible location that is not subject to corrosion shall
be permitted for connection of grounding electrode
conductors and bonding jumpers. The rebar extension
shall not be exposed to contact with the earth without
corrosion protection.

250.70 Methods of Grounding and Bonding Conductor
Connection to Electrodes. The grounding or bonding
conductor shall be connected to the grounding electrode by
exothermic welding, listed lugs, listed pressure connectors,
listed clamps, or other listed means. Connections depending
on solder shall not be used. Ground clamps shall be listed for
the materials of the grounding electrode and the grounding
electrode conductor and, where used on pipe, rod, or other
buried electrodes, shall also be listed for direct soil burial or
concrete encasement. Not more than one conductor shall be
connected to the grounding electrode by a single clamp or
fitting unless the clamp or fitting is listed for multiple conduc-
tors. One of the following methods shall be used:

(1) A pipe fitting, pipe plug, or other approved device
screwed into a pipe or pipe fitting

(2) A listed bolted clamp of cast bronze or brass, or plain or
malleable iron

(3) For indoor communications purposes only, a listed sheet
metal strap-type ground clamp having a rigid metal base
that seats on the electrode and having a strap of such
material and dimensions that it is not likely to stretch
during or after installation

(4) An equally substantial approved means

Part IV. Enclosure, Raceway, and Service Cable Connections

250.80 Service Raceways and Enclosures. Metal enclosures
and raceways for service conductors and equipment shall be
connected to the grounded system conductor if the electrical
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ARTICLE 310 — CONDUCTORS FOR GENERAL WIRING

310.60

(6) Grounding or Bonding Conductor. A grounding or bond-
ing conductor shall not be counted when applying the provi-
sions of 310.15(B) (3) (a).

(7) Single-Phase Dwelling Services and Feeders. For one-
family dwellings and the individual dwelling units of two-family
and multifamily dwellings, service and feeder conductors
supplied by a single-phase, 120/240-volt system shall be permit-
ted to be sized in accordance with 310.15(B)(7) (1) through
(4).

For one-family dwellings and the individual dwelling units of
twofamily and multifamily dwellings, single-phase feeder
conductors consisting of 2 ungrounded conductors and the
neutral conductor from a 208Y/120 volt system shall be permit-
ted to be sized in accordance with 310.15(B)(7) (1) through
(3).

(1) For a service rated 100 through 400 amperes, the service
conductors supplying the entire load associated with a
one-family dwelling, or the service conductors supplying
the entire load associated with an individual dwelling unit
in a two-family or multifamily dwelling, shall be permitted
to have an ampacity not less than 83 percent of the serv-
ice rating.

(2) For a feeder rated 100 through 400 amperes, the feeder
conductors supplying the entire load associated with a
one-family dwelling, or the feeder conductors supplying
the entire load associated with an individual dwelling unit
in a two-family or multifamily dwelling, shall be permitted
to have an ampacity not less than 83 percent of the feeder
rating.

(3) In no case shall a feeder for an individual dwelling unit
be required to have an ampacity greater than that speci-
fied in 310.15(B) (7) (1) or (2).

(4) Grounded conductors shall be permitted to be sized
smaller than the ungrounded conductors, if the require-
ments of 220.61 and 230.42 for service conductors or the
requirements of 215.2 and 220.61 for feeder conductors
are met.

Where correction or adjustment factors are required by
310.15(B) (2) or (3), they shall be permitted to be applied to
the ampacity associated with the temperature rating of the
conductor.

Informational Note No. 1: The service or feeder ratings
addressed by this section are based on the standard ampacity
ratings from 240.6(A).

Informational Note No. 2: See Example D7 in Annex D.
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(C) Engineering Supervision. Under engineering supervision,
conductor ampacities shall be permitted to be calculated by
means of the following general equation:

[310.15(C)]
T-T

a

I = |—=—« x10%amperes
Rdc(1+K)Rm p

where:
T, = conductor temperature in degrees Celsius (°C)
T, = ambient temperature in degrees Celsius (°C)
R,, = dc resistance of 305 mm (1 ft) of conductor in micro-
ohms at temperature, 7,
Y, = component ac resistance resulting from skin effect and
proximity effect
R, = effective thermal resistance between conductor and
surrounding ambient

310.60 Conductors Rated 2001 to 35,000 Volts.

(A) Ampacities of Conductors Rated 2001 to 35,000 Volts.
Ampacities for solid dielectric-insulated conductors shall be
permitted to be determined by tables or under engineering
supervision, as provided in 310.60(B) and (C).

(1) Selection of Ampacity. Where more than one calculated
or tabulated ampacity could apply for a given circuit length,
the lowest value shall be used.

Exception: Where two different ampacities apply to adjacent portions of
a circuit, the higher ampacity shall be permitted to be used beyond the
point of transition, a distance equal to 3.0 m (10 ft) or 10 percent of
the circuit length calculated at the higher ampacity, whichever is less.

Informational Note: See 110.40 for conductor temperature limi-
tations due to termination provisions.

(B) Engineering Supervision. Under engineering supervision,
conductor ampacities shall be permitted to be calculated by
using the following general equation:

[310.60(B)]
7, —(T,+AT,)

I=
Rdc (1 + }/r )Rra

x10*amperes

where:
T, = conductor temperature (°C)
T, = ambient temperature (°C)
AT, = dielectric loss temperature rise
R, = dc resistance of conductor at temperature 7,
Y, = component ac resistance resulting from skin effect and
proximity effect
R,, = effective thermal resistance between conductor and
surrounding ambient

Informational Note: The dielectric loss temperature rise (AT, )
is negligible for single circuit extruded dielectric cables rated
below 46 kV.
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Table 310.15(B)(16) (formerly Table 310.16) Allowable Ampacities of Insulated Conductors Rated Up to and Including 2000 Volts,
60°C Through 90°C (140°F Through 194°F), Not More Than Three Current-Carrying Conductors in Raceway, Cable, or Earth
(Directly Buried), Based on Ambient Temperature of 30°C (86°F)*

Temperature Rating of Conductor [See Table 310.104(A).]

60°C (140°F) 75°C (167°F) | 90°C (194°F) | 60°C (140°F) | 75°C (167°F) 90°C (194°F)
Types TBS, SA,
SIS, FEP,
FEPB, MJ, Types TBS, SA,
RHH, RHW-2, SIS, THHN,
THHN, THHW,
THHW, THW-2,
Types RHW, THW-2, THWN-2,
THHW, THW, THWN-2, Types RHW, | RHH, RHW-2,
THWN, USE-2, XHH, THHW, THW, | USE-2, XHH,
XHHW, USE, XHHW, THWN, XHHW,
Size AWG or Types TW, UF VYA XHHW-2, ZW-2| Types TW, UF | XHHW, USE | XHHW-2, ZW-2
kemil COPPER ALUMINUM OR COPPER-CLAD ALUMINUM | Size AWG or kcmil
183 — — 14 — — — —
16%% — — 18 — — — —
14 15 20 25 — — — —
12%* 20 25 30 15 20 25 12%*
107 30 35 40 25 30 35 107
8 40 50 55 35 40 45 8
6 55 65 75 40 50 55 6
4 70 85 95 55 65 75 4
3 85 100 115 65 75 85 3
2 95 115 130 75 90 100 2
1 110 130 145 85 100 115 1
1/0 125 150 170 100 120 135 1/0
2/0 145 175 195 115 135 150 2/0
3/0 165 200 225 130 155 175 3/0
4/0 195 230 260 150 180 205 4/0
250 215 255 290 170 205 230 250
300 240 285 320 195 230 260 300
350 260 310 350 210 250 280 350
400 280 335 380 225 270 305 400
500 320 380 430 260 310 350 500
600 350 420 475 285 340 385 600
700 385 460 520 315 375 425 700
750 400 475 535 320 385 435 750
800 410 490 555 330 395 445 800
900 435 520 585 355 425 480 900
1000 455 545 615 375 445 500 1000
1250 495 590 665 405 485 545 1250
1500 525 625 705 435 520 585 1500
1750 545 650 735 455 545 615 1750
2000 555 665 750 470 560 630 2000

*Refer to 310.15(B) (2) for the ampacity correction factors where the ambient temperature is other than 30°C (86°F). Refer to 310.15(B) (3) (a) for
more than three current-carrying conductors.
**Refer to 240.4(D) for conductor overcurrent protection limitations.
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ARTICLE 310 — CONDUCTORS FOR GENERAL WIRING 310.60
Table 310.15(B)(17) (formerly Table 310.17) Allowable Ampacities of Single-Insulated Conductors Rated Up to and Including
2000 Volts in Free Air, Based on Ambient Temperature of 30°C (86°F)*
Temperature Rating of Conductor [See Table 310.104(A).]
60°C (140°F) | 75°C (167°F) | 90°C (194°F) | 60°C (140°F) | 75°C (167°F) | 90°C (194°F)
Types TBS, SA,
SIS, FEP, FEPB, Types TBS, SA,
MIL, RHH, SIS, THHN,
RHW-2, THHN, THHW, THW-2,
Types RHW, | THHW, THW-2, THWN-2, RHH,
THHW, THW, | THWN-2, USE-2, Types RHW, | RHW-2, USE-2,
THWN, XHH, XHHW, THHW, THVW, | XHH, XHHW,
Size AWG or Types TW, UF XHHW, ZW XHHW-2, ZW-2 | Types TW, UF | THWN, XHHW | XHHW-2, ZW-2 Size AWG or
kemil COPPER ALUMINUM OR COPPER-CLAD ALUMINUM kemil
18 — — 18 — — — —
16 — — 24 — — — —
14%% 25 30 35 — — — —
12%* 30 35 40 25 30 35 127
10%* 40 50 55 35 40 45 10%*
60 70 80 45 55 60 8
6 80 95 105 60 75 85 6
4 105 125 140 80 100 115 4
3 120 145 165 95 115 130 3
2 140 170 190 110 135 150 2
1 165 195 220 130 155 175 1
1/0 195 230 260 150 180 205 1/0
2/0 225 265 300 175 210 235 2/0
3/0 260 310 350 200 240 270 3/0
4/0 300 360 405 235 280 315 4/0
250 340 405 455 265 315 355 250
300 375 445 500 290 350 395 300
350 420 505 570 330 395 445 350
400 455 545 615 355 425 480 400
500 515 620 700 405 485 545 500
600 575 690 780 455 545 615 600
700 630 755 850 500 595 670 700
750 655 785 885 515 620 700 750
800 680 815 920 535 645 725 800
900 730 870 980 580 700 790 900
1000 780 935 1055 625 750 845 1000
1250 890 1065 1200 710 855 965 1250
1500 980 1175 1325 795 950 1070 1500
1750 1070 1280 1445 875 1050 1185 1750
2000 1155 1385 1560 960 1150 1295 2000

*Refer to 310.15(B) (2) for the ampacity correction factors where the ambient temperature is other than 30°C (86°F).
**Refer to 240.4(D) for conductor overcurrent protection limitations.
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310.60 ARTICLE 310 — CONDUCTORS FOR GENERAL WIRING

Table 310.15(B)(18) (formerly Table 310.18) Allowable Ampacities of Insulated Conductors Rated Up to and Including 2000 Volts,
150°C Through 250°C (302°F Through 482°F). Not More Than Three Current-Carrying Conductors in Raceway or Cable, Based on
Ambient Air Temperature of 40°C (104°F)*

Temperature Rating of Conductor [See Table 310.104(A).]
150°C (302°F) 200°C (392°F) 250°C (482°F) 150°C (302°F)
Types FEP, FEPB,
Type Z PFA, SA Types PFAH, TFE Type Z
NICKEL OR ALUMINUM OR
NICKEL-COATED COPPER-CLAD
Size AWG or kcmil COPPER COPPER ALUMINUM Size AWG or kcmil

14 34 36 39 — 14
12 43 45 54 30 12
10 55 60 73 44 10
8 76 83 93 57 8

6 96 110 117 75 6

4 120 125 148 94 4

3 143 152 166 109 3

2 160 171 191 124 2

1 186 197 215 145 1
1/0 215 229 244 169 1/0
2/0 251 260 273 198 2/0
3/0 288 297 308 227 3/0
4/0 332 346 361 260 4/0

*Refer to 310.15(B) (2) for the ampacity correction factors where the ambient temperature is other than 40°C (104°F). Refer to 310.15(B) (3) (a) for
more than three current-carrying conductors.

Table 310.15(B)(19) (formerly Table 310.19) Allowable Ampacities of Single-Insulated Conductors, Rated Up to and Including
2000 Volts, 150°C Through 250°C (302°F Through 482°F), in Free Air, Based on Ambient Air Temperature of 40°C (104°F)*

Temperature Rating of Conductor [See Table 310.104(A).]
150°C (302°F) 200°C (392°F) 250°C (482°F) 150°C (302°F)
Types FEP,
Type Z FEPB, PFA, SA Types PFAH, TFE Type Z
ALUMINUM OR
NICKEL, OR NICKEL- COPPER-CLAD
Size AWG or kcmil COPPER COATED COPPER ALUMINUM Size AWG or kcmil

14 46 54 59 — 14
12 60 68 78 47 12
10 80 90 107 63 10
8 106 124 142 83 8

6 155 165 205 112 6

4 190 220 278 148 4

3 214 252 327 170 3

2 255 293 381 198 2

1 293 344 440 228 1
1/0 339 399 532 263 1/0
2/0 390 467 591 3056 2/0
3/0 451 546 708 351 3/0
4/0 529 629 830 411 4/0

*Refer to 310.15(B) (2) for the ampacity correction factors where the ambient temperature is other than 40°C (104°F).
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ARTICLE 430 — MOTORS, MOTOR CIRCUITS, AND CONTROLLERS

430.26

b. The circuit is provided with maximum Class 10 or
Class 10A overload protection in accordance with
430.32.

c. Overcurrent protection is provided in accordance
with 240.4(D) (1) (2).

(2) The circuit supplies a motor with a full-load current
rating, as determined by 430.6(A) (1), of 3.5 amperes or
less, and all the following conditions are met:

a. The circuit is protected in accordance with 430.52.

b. The circuit is provided with maximum Class 20 over-
load protection in accordance with 430.32.

c. Overcurrent protection is provided in accordance
with 240.4(D) (1) (2).

(2) 16 AWG Copper. 16 AWG individual copper conductors
installed in a cabinet or enclosure, copper conductors that are
part of a jacketed multiconductor cable assembly, or copper
conductors in a flexible cord shall be permitted under either of
the following sets of conditions:

(1) The circuit supplies a motor with a fullload current
rating, as determined by 430.6(A) (1), of greater than
5.5 amperes, and less than or equal to 8 amperes, and all
the following conditions are met:

a. The circuit is protected in accordance with 430.52.

b. The circuit is provided with maximum Class 10 or
Class 10A overload protection in accordance with
430.32.

c. Overcurrent protection is provided in accordance
with 240.4(D) (2) (2).

Table 430.22(E) Duty-Cycle Service

Nameplate Current Rating Percentages

30- & 60- Contin-

15-Minute  Minute uous

5-Minute Rated Rated Rated
Rated Motor Motor Motor Motor

Classification of
Service

Short-time duty 110 120 150 —
operating valves,
raising or
lowering rolls,
etc.

Intermittent duty 85 85 90 140
freight and
passenger
elevators, tool
heads, pumps,
drawbridges,
turntables, etc.
(for arc welders,
see 630.11)

Periodic duty rolls, 85 90 95 140
ore- and coal-
handling
machines, etc.

Varying duty 110 120 150 200

Note: Any motor application shall be considered as continuous duty
unless the nature of the apparatus it drives is such that the motor will
not operate continuously with load under any condition of use.
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(2) The circuit supplies a motor with a full-load current
rating, as determined by 430.6(A) (1), of 5.5 amperes or
less, and all the following conditions are met:

a. The circuit is protected in accordance with 430.52.

b. The circuit is provided with maximum Class 20 over-
load protection in accordance with 430.32.

c. Overcurrent protection is provided in accordance
with 240.4(D) (2) (2).

430.23 Wound-Rotor Secondary.

(A) Continuous Duty. For continuous duty, the conductors
connecting the secondary of a wound-rotor ac motor to its
controller shall have an ampacity not less than 125 percent of
the full-load secondary current of the motor.

(B) Other Than Continuous Duty. For other than continuous
duty, these conductors shall have an ampacity, in percent of
full-load secondary current, not less than that specified in
Table 430.22(E).

(C) Resistor Separate from Controller. Where the secondary
resistor is separate from the controller, the ampacity of the
conductors between controller and resistor shall not be less
than that shown in Table 430.23(C).

430.24 Several Motors or a Motor(s) and Other Load(s).
Conductors supplying several motors, or a motor(s) and other
load(s), shall have an ampacity not less than the sum of each of
the following:

(1) 125 percent of the full-load current rating of the highest
rated motor, as determined by 430.6(A)

(2) Sum of the fullload current ratings of all the other
motors in the group, as determined by 430.6(A)

(3) 100 percent of the noncontinuous non-motor load

(4) 125 percent of the continuous non-motor load.

Informational Note: See Informative Annex D, Example No. D8.

Exception No. 1: Where one or more of the motors of the group are used
for short-time, intermittent, periodic, or varying duty, the ampere rating
of such motors to be used in the summation shall be determined in
accordance with 430.22(E). For the highest rated motoy;, the greater of
either the ampere rating from 430.22(E) or the largest continuous duty
motor full-load current multiplied by 1.25 shall be used in the summa-
tion.

Exception No. 2: The ampacity of conductors supplying motor-operated
Jixed electric space-heating equipment shall comply with 424.3(B).

Exception No. 3: Where the circuitry is interlocked so as to prevent
simultaneous operation of selected motors or other loads, the conductor
ampacity shall be permitted to be based on the summation of the
currents of the motors and other loads to be operated simultaneously
that results in the highest total current.

430.25 Multimotor and Combination-Load Equipment. The
ampacity of the conductors supplying multimotor and
combination-load equipment shall not be less than the mini-
mum circuit ampacity marked on the equipment in accordance
with 430.7(D). Where the equipment is not factory-wired and
the individual nameplates are visible in accordance with
430.7(D)(2), the conductor ampacity shall be determined in
accordance with 430.24.

430.26 Feeder Demand Factor. Where reduced heating of the
conductors results from motors operating on duty-cycle, inter-
mittently, or from all motors not operating at one time, the
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ARTICLE 430 —MOTORS, MOTOR CIRCUITS, AND CONTROLLERS 430.245
Table 430.248 Full-Load Currents in Amperes, Single-Phase Table 430.249 Full-Load Current, Two-Phase Alternating-
Alternating-Current Motors Current Motors (4-Wire)
The following values of full-load currents are for motors The following values of full-load current are for motors
running at usual speeds and motors with normal torque running at speeds usual for belted motors and motors with
characteristics. The voltages listed are rated motor voltages. normal torque characteristics. Current in the common
The currents listed shall be permitted for system voltage ranges conductor of a 2-phase, 3-wire system will be 1.41 times the
of 110 to 120 and 220 to 240 volts. value given. The voltages listed are rated motor voltages. The
currents listed shall be permitted for system voltage ranges of
115 200 208 230 110 to 120, 220 to 240, 440 to 480, and 550 to 600 volts.
Horsepower Volts Volts Volts Volts
v 4.4 95 9.4 9.9 Induction-Type Squirrel Cage and
v, 5.8 3.3 3.9 2.9 Wound Rotor (Amperes)
4 7.2 4.1 4.0 3.6 115 230 460 575 2300
Y 9.8 5.6 5.4 4.9 Horsepower Volts Volts Volts Volts Volts
3,
4 13.8 7.9 7.6 6.9 ” 40 2.0 10 0.8 _
1 16 9.2 8.8 8.0 5
1 7 4.8 24 1.2 1.0 —
1% 20 11.5 11.0 10
c c 1 6.4 3.2 1.6 1.3 —
2 24 13.8 13.2 12 .
1% 9.0 4.5 2.3 1.8 —
3 34 19.6 18.7 17
2 11.8 5.9 3.0 2.4 —
5 56 32.2 30.8 28 3 33 4.9 33
7% 80 46.0 44.0 40 5 o 13"2 6.6 5.3 o
10 100 57.5 55.0 50 " . 19 9.0 3.0 .
10 — 24 12 10 —
15 — 36 18 14 —
20 — 47 23 19 —
25 — 59 29 24 —
30 — 69 35 28 —
40 — 90 45 36 —
50 — 113 56 45 —
60 — 133 67 53 14
75 — 166 83 66 18
100 — 218 109 87 23
125 — 270 135 108 28
150 — 312 156 125 32
200 — 416 208 167 43
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