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.

FPN: 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.

The power supplies for equipment such as computers, printers, and adjustable-speed motor
drives can introduce harmonic currents in the system neutral conductor. The resulting total
harmonic distortion current could exceed the load current of the device itself. See the
commentary following 310.15(B)(4)(c) for a discussion of neutral conductor ampacity.

(B) Disconnecting Means. Each multiwire branch circuit shall be provided with a means that
will simultaneously disconnect all ungrounded conductors at the point where the branch circuit
originates.

Multiwire branch circuits can be dangerous when not all the ungrounded circuit conductors are
de-energized and equipment supplied from a multiwire circuit is being serviced. For this
reason, all ungrounded conductors of a multiwire branch circuit must be simultaneously
disconnected to reduce the risk of shock to personnel working on equipment supplied by a
multiwire branch circuit. The simultaneous disconnecting means requirement takes the
guesswork out of ensuring safe conditions for maintenance. In former editions of the NEC, this
requirement applied only where the multiwire branch circuit supplied equipment mounted to a
common yoke or strap.

For a single-phase installation, the simultaneous disconnection can be achieved by two
single-pole circuit breakers with an identified handle tie, as shown in Exhibit 210.1 (top), or by
a 2-pole switch or circuit breaker, as shown in Exhibit 210.1 (bottom). For a 3-phase
installation, a 3-pole circuit breaker or three single-pole circuit breakers with an identified
handle tie provides the required simultaneous disconnection of the ungrounded conductors.
Where fuses are used for the branch-circuit overcurrent protection, a 2-pole or 3-pole switch is
required.

The simultaneous opening of both “hot” conductors at the panelboard effectively protects
personnel from inadvertent contact with an energized conductor or device terminal during
servicing. The simultaneous disconnection can be achieved by a 2-pole switch or circuit
breaker, as shown in Exhibit 210.1 (bottom), or by two single-pole circuit breakers with an
identified handle tie, as shown in Exhibit 210.1 (top). Where fuses are used for the branch
circuit overcurrent protection, a 2-pole disconnect switch is required.
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Exhibit 210.1 Examples where 210.4(B) requires the simultaneous disconnection of all
ungrounded conductors to multiwire branch circuits supplying more than one device or
equipment.

(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 are opened
simultaneously by the branch-circuit overcurrent device.

FPN: See 300.13(B) for continuity of grounded conductor on multiwire circuits.

The term multiwire branch circuit is defined in Article 100 as “a branch circuit that consists of
two or more ungrounded conductors that have a voltage between them, and a grounded
conductor that has equal voltage between it and each ungrounded conductor of the circuit and
that is connected to the neutral or grounded conductor of the system.” Although defined as “a”
branch circuit, 210.4(A) permits a multiwire branch circuit to be considered as multiple circuits
and could be used, for instance, to satisfy the requirement for providing two small-appliance
branch circuits for countertop receptacle outlets in a dwelling-unit kitchen.

The circuit most commonly used as a multiwire branch circuit consists of two ungrounded
conductors and one grounded conductor supplied from a 120/240-volt, single-phase, 3-wire
system. Such multiwire circuits supply appliances that have both line-to-line and line-to-neutral
connected loads, such as electric ranges and clothes dryers, and also supply loads that are
line-to-neutral connected only, such as the split-wired combination device shown in Exhibit
210.1 (bottom). A multiwire branch circuit is also permitted to supply a device with a 250-volt
receptacle and a 125-volt receptacle, as shown in Exhibit 210.2, provided the branch-circuit
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Exhibit 210.2 An example of 210.4(C), Exception No. 2, which permits a multiwire
branch circuit to supply line-to-neutral and line-to-line connected loads, provided the
ungrounded conductors are opened simultaneously by the branch-circuit overcurrent

device.

Multiwire branch circuits have many advantages, including using three wires to do the work of
four (in place of two 2-wire circuits), less raceway fill, easier balancing and phasing of a
system, and less voltage drop. See the commentary following 215.2(A)(3), FPN No. 3, for
further information on voltage drop for branch circuits.

Multiwire branch circuits may be derived from a 120/240-volt, single-phase; a 208Y/120-volt
and 480Y/277-volt, 3-phase, 4-wire; or a 240/120-volt, 3-phase, 4-wire delta system. Section
210.11(B) requires multiwire branch circuits to be properly balanced. If two ungrounded
conductors and a common neutral are used as a multiwire branch circuit supplied from a
208Y/120-volt, 3-phase, 4-wire system, the neutral carries the same current as the phase
conductor with the highest current and, therefore, should be the same size. The neutral for a
2-phase, 3-wire or a 2-phase, 5-wire circuit must be sized to carry 140 percent of the ampere
rating of the circuit, as required by 220.61(A) Exception. See the commentary following
210.4(A), FPN, for further information on 3-phase, 4-wire system neutral conductors.

If loads are connected line-to-line (i.e., utilization equipment connected between 2 or 3
phases), 2-pole or 3-pole circuit breakers are required to disconnect all ungrounded conductors
simultaneously. In testing 240-volt equipment, it is quite possible not to realize that the circuit
is still energized with 120 volts if one pole of the overcurrent device is open. See 210.10 and
240.15(B) for further information on circuit breaker overcurrent protection of ungrounded
conductors. Other precautions concerning device removal on multiwire branch circuits are
found in the commentary following 300.13(B).

(D) Grouping. The ungrounded and grounded conductors of each multiwire branch circuit shall
be grouped by wire ties or similar means in at least one location within the panelboard or other
point of origination.

Exception: The requirement for grouping shall not apply if the circuit enters from a cable or
raceway unique to the circuit that makes the grouping obvious.
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Branch Circuits m

PART I. GENERAL PROVISIONS

210.1 Scope. Article 210 contains the requirements for
conductor sizing, overcurrent protection, identification, and
GFCI protection of branch circuits, as well as receptacle out-
lets and lighting outlet requirements.

Author’s Comment: Article 100 defines a “branch circuit” as the
conductors between the final overcurrent device and the recep-
tacle outlets, lighting outlets, or other outlets. Figure 2101

Branch Circuits
Section 210.1

Starts at the final
over current device. Ej‘j
Ends where
et the load is
[t 9% connected.
Legend

Branch Cki. &5

Ry erremfpmrommrror "/‘ COPYRIGHT 2008 Mike Hoit Enterprises, [nc. 2008 NEC

Branch Circuit: The conductors between the final
overcurrent device and the outlet(s) [Article 100 Definition].

Figure 2101

210.2 Other Articles. Other NEC sections that have spe-
cific requirements for branch circuits include:

* Air-Conditioning and Refrigeration, 440.6, 440.31,
and 440.32

* Appliances, 422.10

* Data Processing (Information Technology) Equip-
ment, 645.5

» Electric Space-Heating Equipment, 424.3(B)

«  Motors, 430.22

»  Signs, 600.5

210.3 Branch-GCircuit Rating. The rating of a branch cir-
cuit is determined by the rating of the branch-circuit over-
current device, not the conductor size.

Author’s Comment: For example, the branch-circuit ampere
rating of 10 THHN conductors on a 20A circuit breaker is 20A.
Figure 210-2

Branch-Circuit Rating
Section 210.3

Overcurrent device rating
determines branch-circuit rating.

Conductor is
rated 30A at 60°C.

Overcurrent device
is rated 20A.

’lBranch circuit is rated 20A.
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Figure 210-2

210.4 Multiwire Branch Circuits.

(A) General. A multiwire branch circuit can be considered a
single circuit or a multiple circuit.

Author’s Comments:

o See the definition of “Multiwire Branch Circuit” in Article 100.

* Two small-appliance circuits are required for receptacles that
serve countertops in dwelling unit kitchens [210.11(C)(1) and
210.52(B)]. One 3-wire, single-phase, 120/240V multiwire
branch circuit can be used for this purpose.

To prevent inductive heating and to reduce conductor imped-
ance for fault currents, all conductors of a multiwire branch
circuit must originate from the same panelboard.

Author’s Comment: For more information on the inductive heat-
ing of metal parts, see 300.3(B), 300.5(l), and 300.20.

FPN: Unwanted and potentially hazardous harmonic neu-
tral currents can cause additional heating of the neutral
conductor of a 4-wire, three-phase, 120/208V or 277/480V
wye-connected system, which supplies nonlinear loads.

Author’s Comment: To prevent fire or equipment damage from
excessive harmonic neutral currents, the designer should con-
sider: (1) increasing the size of the neutral conductor, or (2) |
installing a separate neutral for each phase. Also see 220.61(C)

(2) FPN No. 2, and 310.15(B)(4){c) in this textbook. Figure

210-3
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Figure 210-3

Author’s Comments:

e See the definition of “Nonlinear Load” in Article 100.

o For more information, please visit www.MikeHolt.com. Click
on “Technical Information” on the left side of the page, then
select “Power Quality.”

(B) Disconnecting Means. Each multiwire branch circuit must
have a means to simultaneously disconnect all ungrounded
conductors at the point where the branch circuit originates.
Figure 210-4

Multiwire Branch Circuit
Disconnecting Means
Section 210.4(B)

| » Two 1-pole breakers with | 2
. identified handle tie, or
& One 2-pole breaker.
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Each multiwire branch circuit must have a means to
simultaneously disconnect all ungrounded conductors

at the point where the branch circuit originates.

Figure 210-4

Author’s Comment: Individual single-pole circuit breakers with
handle ties identified for the purpase, or a breaker with common
internal trip, can be used for this application [240.15(B)(1)].

CAUTION: This rufe is intended to prevent people from work-
ing on energized circuits they thought were disconnected.

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

Exception No. 1. A multiwire branch circuit is permitted to
supply an individual piece of line-to-line utilization equipment,
such as a range or dryer.

Exception No. 2: A multiwire branch circuit is permitted to
supply both line-to-line and line-to-neutral loads if the circuit is
protected by a device (multipole circuit brealker) that opens all
ungrounded conductors of the multiwire branch circuit simulia-
neously (common internal trip) under a fault condition. Figure
210-5

Multiwire Branch Circuit
Line-to-Line and Line-to-Neutral Loads
; Section 210.4(C) Ex 2

Multiwire
Circuit

B e e
J Common Trip |
[ Circuit Breaker
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A multiwire branch circuit can supply both line-to-line and
line-to-neutral loads where all ungrounded conductors are
opened simultaneously by the overcurrent device.

Figure 210-5

FPN: See 300.13(B) for the requirements relating to the
continuity of the neutral conductor on multiwire branch
circuits.

CAUTION: /7 the continuity of the neutral conductor of a mul-
fiwire circuit s interrupted (open), the resultant over- or
undervoltage can cause a fire and/or destruction of electrical
equipment. For details on how this accurs, see 300.13(B) in
this textbook. Figure 210-6
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Figure 2106

(D) Grouping. The ungrounded and neutral conductors of a
multiwire branch circuit must be grouped together in at least
one location by wire ties or similar means at the point of
origination. Figure 210-7

Multiwire Circuit - Grouping
Section 210.4(D)

The ungrounded and neutral
conductors of a multiwire branch
circuit must be grouped together
in at least one location by wire
ties or similar means at the point

of origination.

COPYRIGHT 2008 Mike Hoit Enterprises, Inc. 2008 NEC

Grouping is not required where the multiwire
conductors are in a single raceway or cable.

Figure 210-7

Exception: Grouping is not required where the circuit conduic-
tors are contained in a single raceway or cable that makes the
grouping obvious.

Author’s Comment: Grouping all associated conductors of a
multiwire branch circuit together by wire ties or other means
within the panel or origination point of the circuit makes it easier
to visually identify the conductors of the multiwire branch circuit.
The grouping will assist in connecting multiwire branch circuit
conductors to circuit breakers correctly, particularly where twin
breakers are used. If proper diligence is not exercised when
making these connections, two circuit conductors could be acci-
dentally connected to the same phase conductor.

CAUTION: If the ungrounded conductors of a multiwire circuit
are not terminated fto different phases or lines, the currents on
the neutral conductor will not cancel, but will add, which can
cause an overload on the neutral conductor. Figure 210-8

Multiwire Circuit - Overload on Neutral
Section 210.4(D)
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- 20A+ 15A = 35A
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|
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Caution: If the ungrounded conductors of a multiwire
circuit are not terminated to different phases or lines,
the currents on the neutral conductor will not cancel,
but will add, which can cause an overload on the
neutral conductor.

Figure 210-8

210.5 Identification for Branch Circuits.

(A) Neutral Conductor. The neutral conductor of a branch
circuit must be identified in accordance with 200.6.

(B) Equipment Grounding Conductor. Equipment ground-
ing conductors can be bare, covered, or insulated. Insulated
equipment grounding conductors size 6 AWG and smaller
must have a continuous outer finish either green or green
with one or more yellow stripes [250.119].

On equipment grounding conductors larger than 6 AWG,
insulation can be permanently reidentified with green mark-
ing at the time of installation at every point where the con-
ductor is accessible [250.119(A)].

Mike Holt Enterprises, Inc. ¢ www.MikeHolt.com ¢ 1.888.NEC.CODE (1.888.632.2633)

ER




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.

FPN: 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.

The power supplies for equipment such as computers, printers, and adjustable-speed motor
drives can introduce harmonic currents in the system neutral conductor. The resulting total
harmonic distortion current could exceed the load current of the device itself. See the
commentary following 310.15(B)(4)(c) for a discussion of neutral conductor ampacity.

(B) Disconnecting Means. Each multiwire branch circuit shall be provided with a means that
will simultaneously disconnect all ungrounded conductors at the point where the branch circuit
originates.

Multiwire branch circuits can be dangerous when not all the ungrounded circuit conductors are
de-energized and equipment supplied from a multiwire circuit is being serviced. For this
reason, all ungrounded conductors of a multiwire branch circuit must be simultaneously
disconnected to reduce the risk of shock to personnel working on equipment supplied by a
multiwire branch circuit. The simultaneous disconnecting means requirement takes the
guesswork out of ensuring safe conditions for maintenance. In former editions of the NEC, this
requirement applied only where the multiwire branch circuit supplied equipment mounted to a
common yoke or strap.

For a single-phase installation, the simultaneous disconnection can be achieved by two
single-pole circuit breakers with an identified handle tie, as shown in Exhibit 210.1 (top), or by
a 2-pole switch or circuit breaker, as shown in Exhibit 210.1 (bottom). For a 3-phase
installation, a 3-pole circuit breaker or three single-pole circuit breakers with an identified
handle tie provides the required simultaneous disconnection of the ungrounded conductors.
Where fuses are used for the branch-circuit overcurrent protection, a 2-pole or 3-pole switch is
required.

The simultaneous opening of both “hot” conductors at the panelboard effectively protects
personnel from inadvertent contact with an energized conductor or device terminal during
servicing. The simultaneous disconnection can be achieved by a 2-pole switch or circuit
breaker, as shown in Exhibit 210.1 (bottom), or by two single-pole circuit breakers with an
identified handle tie, as shown in Exhibit 210.1 (top). Where fuses are used for the branch
circuit overcurrent protection, a 2-pole disconnect switch is required.
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Exhibit 210.1 Examples where 210.4(B) requires the simultaneous disconnection of all
ungrounded conductors to multiwire branch circuits supplying more than one device or
equipment.

(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 are opened
simultaneously by the branch-circuit overcurrent device.

FPN: See 300.13(B) for continuity of grounded conductor on multiwire circuits.

The term multiwire branch circuit is defined in Article 100 as “a branch circuit that consists of
two or more ungrounded conductors that have a voltage between them, and a grounded
conductor that has equal voltage between it and each ungrounded conductor of the circuit and
that is connected to the neutral or grounded conductor of the system.” Although defined as “a”
branch circuit, 210.4(A) permits a multiwire branch circuit to be considered as multiple circuits
and could be used, for instance, to satisfy the requirement for providing two small-appliance
branch circuits for countertop receptacle outlets in a dwelling-unit kitchen.

The circuit most commonly used as a multiwire branch circuit consists of two ungrounded
conductors and one grounded conductor supplied from a 120/240-volt, single-phase, 3-wire
system. Such multiwire circuits supply appliances that have both line-to-line and line-to-neutral
connected loads, such as electric ranges and clothes dryers, and also supply loads that are
line-to-neutral connected only, such as the split-wired combination device shown in Exhibit
210.1 (bottom). A multiwire branch circuit is also permitted to supply a device with a 250-volt
receptacle and a 125-volt receptacle, as shown in Exhibit 210.2, provided the branch-circuit
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Exhibit 210.2 An example of 210.4(C), Exception No. 2, which permits a multiwire
branch circuit to supply line-to-neutral and line-to-line connected loads, provided the
ungrounded conductors are opened simultaneously by the branch-circuit overcurrent

device.

Multiwire branch circuits have many advantages, including using three wires to do the work of
four (in place of two 2-wire circuits), less raceway fill, easier balancing and phasing of a
system, and less voltage drop. See the commentary following 215.2(A)(3), FPN No. 3, for
further information on voltage drop for branch circuits.

Multiwire branch circuits may be derived from a 120/240-volt, single-phase; a 208Y/120-volt
and 480Y/277-volt, 3-phase, 4-wire; or a 240/120-volt, 3-phase, 4-wire delta system. Section
210.11(B) requires multiwire branch circuits to be properly balanced. If two ungrounded
conductors and a common neutral are used as a multiwire branch circuit supplied from a
208Y/120-volt, 3-phase, 4-wire system, the neutral carries the same current as the phase
conductor with the highest current and, therefore, should be the same size. The neutral for a
2-phase, 3-wire or a 2-phase, 5-wire circuit must be sized to carry 140 percent of the ampere
rating of the circuit, as required by 220.61(A) Exception. See the commentary following
210.4(A), FPN, for further information on 3-phase, 4-wire system neutral conductors.

If loads are connected line-to-line (i.e., utilization equipment connected between 2 or 3
phases), 2-pole or 3-pole circuit breakers are required to disconnect all ungrounded conductors
simultaneously. In testing 240-volt equipment, it is quite possible not to realize that the circuit
is still energized with 120 volts if one pole of the overcurrent device is open. See 210.10 and
240.15(B) for further information on circuit breaker overcurrent protection of ungrounded
conductors. Other precautions concerning device removal on multiwire branch circuits are
found in the commentary following 300.13(B).

(D) Grouping. The ungrounded and grounded conductors of each multiwire branch circuit shall
be grouped by wire ties or similar means in at least one location within the panelboard or other
point of origination.

Exception: The requirement for grouping shall not apply if the circuit enters from a cable or
raceway unique to the circuit that makes the grouping obvious.
240.15 Ungrounded Conductors.

(A) Overcurrent Device Required. A fuse or an overcurrent trip unit of a circuit breaker shall
Copyright © 2008, National Fire Protection Association®. All Rights Reserved



be connected in series with each ungrounded conductor. A combination of a current transformer
and overcurrent relay shall be considered equivalent to an overcurrent trip unit.

FPN: For motor circuits, see Parts Ill, 1V, V, and XI of Article 430.

(B) Circuit Breaker as Overcurrent Device. Circuit breakers shall open all ungrounded
conductors of the circuit both manually and automatically unless otherwise permitted in
240.15(B)(1), (B)(2), and (B)(3).

(1) Multiwire Branch Circuit. Except where limited by 210.4(B), individual single-pole circuit
breakers, with or without identified handle ties, shall be permitted as the protection for each
ungrounded conductor of multiwire branch circuits that serve only single-phase line-to-neutral
loads.

(2) Grounded Single-Phase and 3-Wire dc Circuits. In grounded systems, individual
single-pole circuit breakers with identified handle ties shall be permitted as the protection for
each ungrounded conductor for line-to-line connected loads for single-phase circuits or 3-wire,
direct-current circuits.

(3) 3-Phase and 2-Phase Systems. For line-to-line loads in 4-wire, 3-phase systems or 5-wire,
2-phase systems having a grounded neutral point and no conductor operating at a voltage
greater than permitted in 210.6, individual single-pole circuit breakers with identified handle ties
shall be permitted as the protection for each ungrounded conductor.

Before discussing handle ties, it is important to understand the Article 100 definition of the
term multiwire branch circuit, as well as 210.4(C) and its two exceptions. Multiwire branch
circuits are permitted to supply line-to-line connected loads where the loads are associated
with a single piece of utilization equipment or where all of the ungrounded conductors are
opened simultaneously by the branch-circuit overcurrent device (automatic opening in response
to overcurrent). See the commentary following 210.4(C) for additional information.

The basic rule in 240.15(B) requires circuit breakers to open all ungrounded conductors of the
circuit when it trips (automatic operation in response to overcurrent) or is manually operated
as a disconnecting means. For 2-wire circuits with one conductor grounded, this rule is simple
and needs no further explanation. For multiwire branch circuits of 600 volts or less, however,
there are three acceptable methods of complying with this rule.

The first, and most widely used, method is to install a multipole circuit breaker with an internal
common trip mechanism. The use of such multipole devices ensures compliance with all of the
Code requirements for overcurrent protection and disconnecting of multiwire branch circuits.
This breaker is operated by an external single lever internally attached to the two or three poles
of the circuit breaker, or the external lever may be attached to multiple handles operated as
one, provided the breaker is a factory-assembled unit in accordance with 240.8. Underwriters
Laboratories refers to these devices as multipole common trip circuit breakers. This type of
circuit breaker is required to be used for branch circuits that comprise multiple ungrounded
conductors supplied by ungrounded 3-phase and single-phase systems. Where circuit breakers
are used on ungrounded systems, it is important to verify compliance with the application
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requirements in 240.85. Of course, multipole common trip circuit breakers are permitted to be
installed on any branch circuit supplied from a grounded system where used within their
ratings.

The second option permitted for multiwire branch circuits is to use two or three single-pole
circuit breakers and add an identified handle tie to function as a common operating handle.
This multipole circuit breaker is field assembled by externally attaching an identified common
lever (handle tie) onto the two or three individual circuit breakers. It is important to understand
that handle ties do not cause the circuit breaker to function as a common trip device; rather,
they only allow common operation as a disconnecting means. Handle tie mechanism circuit
breakers are permitted as a substitute for internal common trip mechanism circuit breakers only
for limited applications. Unless specifically prohibited elsewhere, circuit breakers with
identified handle ties are permitted for multiwire branch circuits only where the circuit is
supplied from grounded 3-phase or grounded single-phase systems. The single-pole circuit
breakers used together in this fashion must be rated for the dual voltage encountered, such as
120/240 volts. It is important to note that the term approved was revised to identified for the
2005 Code, to require the use of hardware designed specifically to perform this common
disconnecting means function. The use of approved, homemade hardware to perform this
function is no longer permitted.

It is important to correlate the requirements of 240.15 with those in 210.4(B) covering
disconnection of multiwire branch circuits. The revision to 210.4(B) in the 2008 Code requires
a means to simultaneously disconnect all ungrounded conductors of the multiwire branch
circuit. The use of a multipole switch or circuit breaker satisfies the 210.4(B) requirement, as
does the use of single-pole circuit breakers with identified handle ties. The use of a multipole
circuit breaker or single-pole circuit breakers joined with handle ties to comply with 210.4(B)
also satisfies the requirements of 240.15 on the use of circuit breakers to provide overcurrent
protection of multiwire branch circuits.

Exhibits 240.4 through 240.6 illustrate the application of 240.15(B). In Exhibit 240.4, where
multipole common trip circuit breakers are required, handle ties are not permitted because the
circuits are supplied from ungrounded systems. In Exhibit 240.5, where the supply systems are
grounded, single-pole circuit breakers are permitted and handle ties or common trip operation
is not required because the circuits supply line-to-neutral loads. In Exhibit 240.6, in which
line-to-line loads are supplied from single-phase or 4-wire, 3-phase systems, identified handle
ties or multipole common trip circuit breakers are permitted.
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Exhibit 240.4 Examples of circuits that require multipole common trip—type circuit
breakers, in accordance with 240.15(B).

3-phase, d-wire delta 3-phase, d-wire multiwire branch
grounded system ey circuit serving line-to-neutral loads
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Exhibit 240.5 Examples of circuits in which single-pole circuit breakers are permitted,
in accordance with 240.15(B)(1), because they open the ungrounded conductor of the
circuit.
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Exhibit 240.6 Examples of circuits in which identified handle ties are permitted to
provide the simultaneous disconnecting function in accordance with 240.15(B)(2) or
240.15(B)(3).

(C) Closed-Loop Power Distribution Systems. Listed devices that provide equivalent
overcurrent protection in closed-loop power distribution systems shall be permitted as a
substitute for fuses or circuit breakers.
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ANY MULTIWIRE BRANCH CIRCUIT MUST
HAVE A *"MEANS" FOR SIMULTANEQUSLY
DISCONNECTING ALL UNGROUNDED
CONDUCTORS AT THE POINT WHERE THE
BRANCH CIRCUIT ORIGINATES ...

2 pole CB or two 1-pole CBs with handle tie

?';fi{ ‘é’,
‘ .

PanelN Multiwire circuit

To other I‘ECE[)laﬂlﬂ'E
and/or other outlets

Split-wired

receptacle, duplex
switch, or combination
receptacle-switch

-

... ORTHIS MAY BE DONE ...

— O Multiwire circuit that supplies
" -— any split-wired receptacles or
|

combination devices

Fanel

Multipole fused switch will satisty as a disconnect
for a multiwire branch circuit, provided there are
no line-to-line connected loads on the circuit.

... BUT THIS WOULD BE A VIOLATION!

2-pole switch with plug fuses

¥[8

Panel 240V receptacle

Only a 2-pole protective device (2-pole
CE) may be used here to open both
poles on any overcurrent when phase-
to-phase load (240 V receptacle) is
supplied.

120 V receptacle

Fig. 210-T.

It should slso b= noted that sithowgh a3 2-pole switch shead of fusses may satisfy as the simultansous
disconnect reguired ahesd of split-wired receptacles, such 3 switch doss not satisfy as the simultaneous
mvultipole “branch-circuit protective dewice”™ that is reqguired by Exception Mo, 2 of Z10.4 when 3 maslti-aine
circuit supplies amy boads connected phass-to-phass. In such 3 case, 3 Z-pole CB must be wsed becauss
fuses are single-pole devices and do not enswre simultansous opsning of 3l hot legs on overcunrent or grownd
Eaiult.

It should be noted that the threst of motor bumout, shown in the disgram of Fig. 2708, may exist just as
resdiy where the 220-Y resistance device and the 115-Y motor are fed from 3 duskvoltage (240-V, 120-V)
duplex receptacle as whers loads are foesd wired. As shown in Fig. 270-5, the s of 210.4 does clearhy csll for
3 Z-pole CB {and not single-pode CBs or fuses) for & circuit supphlying 3 dusl-veoltage receptacike. In sech a3
case, 3 line-todine load and 3 line-to-neutral load could b= connected and subjected to the condibion shown in
Fig. 2105

2-pole 540
CB . 4 120 ¥ 240 V receptacle
120 ¥
H=T
H-ﬂ- L =S ———

N ? r
? 120V receptaocie

Fig. 210-3. A dust-voltage receptacie requires 3 2-pole CB on its circwit. (Ssc. 210.4.)

At the end of part (C}, 3 fine-print note calls attention to 2001 3B}, which reguires maintsining the continuity
of the groundsd newtral wire in 3 multrwire branch circeit by pigtailing the newtrsl to the newtral terminal of 3
receptacle. Exception Mo, 2 of 210.4C) and 200.13B} are both zimed st the same safety objective—to
prevent damsage to edectrical eguipment that can result when two loads of wnegual impedsnees ars
sanes-connected from hot leg to hot l=g a= 3 result of opening the neutral of an energized multiwire branch
circuit or are senes-connected from hot leg to neutral. 200, 13B) prohibits dependancy upon device terminals
[zuch a= intermaily connected screw terminsis of duplex receptacles) for the splicing of neutral conductors in
multrwire (3~ or d-wire} circuits. Groundsd newtrs] wires must not depend on device connection {such 3= the
bresk-off tab betwsen duplex-receptacle screw terminals) for continuity. White wires can be spliced together,
with 3 pigtail to the newutral tzrminal on the receptacie. |f the receptacle is remowved, the neutral will not be
openad,

This rule is intended to prevent the establishment of unbalsnced voltsges showld 3 neutral condwctor be
opened first when 3 receptacle or similsr device is replaced on energimed circuits. In such cases, the
line-to-newtral connections downstresm from this point [farther from the point of supphy) could reseltt In 3

considersbly higher-than-normal voltage on one part of 3 multrasre circut and damage eguipmeant, becauss of
the “open” neutral, if the downstream line-to-neutral loads ars sppreciably tnbalanced. Refer to the description
given in 200,13 of this book.

Part (O} of this saction, new in the 2008 NEC, requires that all conductors of a multiwire branch circuit,

including the sssocisted neutral condector, be grouped in the panelbosrd or other point of circuit angination. [§
the conductors snter in 3 cable sssembhy that makes the grouping cbwiows, or in 3 racewsy contsining onhy to
one mueltiwire circuit =0 that the grouping is obviows, then the rule is satisfied. Howewer, if multiple musitiaine
circuits enter through 3 common racewsy, then you must keep track of which white [or gray) wirz goss with
‘which ungroundsd conductors, and group those wires together at least once using wine ties or similar methods.
Mote that if two cable szsembles enclosing multhwire circuits enter 3 pansl throwgh 2 duplex cable connector,
sdditional grouping within the panel would probabhy be reguired becswese the cable groeping would no longser
qusiify 35 "obvious.”
210.5. Identification for Branch Circuits. For grounding and grounded conductors this section simphy
directs the reader to comphy with other Code rniles that cover conductor color-coding or color-identification
schemes. |t directs that “grounded” and “grounding”™ conductors in branch circuits whilze the specific color
identification given m Z00.8 and 250.115 Those ndes generalhy reserve the color green for egquipment
grounding condwctors and white, gray, or three continuows white stripes on other than gresn-colored insulstion
for the grownded conductors in branch circuits.

It should bz noted that ndes on color coding of conductors given in Art. 210 spphy onhy to branch-circwit
conductars and do not directhy require color coding of fesder conductars, But the ndes given in 2008 and
250,115 must generalthy be obsarved, and would apphy to feseder and service condectors. 215,12 also reguires
identification of phase legs of fesders to panelbosrds, switchboards, and so forth—and that reguires some
technigus for marking the phase legs; those provisions are now harmonized with the ones here for branch
circuits. Mote that many design engineers have insisted on color coding of fesder conductors 3l along to
afford effective balancing of kads on the different phaze legs.

Color identification for branch-circuit condectors is divided into three categornies:

Grounded conductor As indicated, grounded conductors must satisfy 2005, That rule generally reguirss
that the ground=d conductor of 3 branch circwit {the neutral of 3 wye system or 3 grounded phasze of 2 delta)
must be identified by a continwous white or gray color for the entire length of the conductor, or have thres
continwows white stripes for its entirz length on other than green insulation. Whers wires of different systems
{swch = Z0BM20 and 4BNZTT) are installed in the same racewsy, box, or other encloswre, the newtral or
grounded wire of one system must be white or gray or have the three continwows white stripes on other than
gresn insulation; and the neutral of the other system must be white with a color stripe, or be gray if the first
one is white, etc., or it must be otherwise distinguished—suwch as by painting or taping. The point = that
neutrals of different systems must be distinguished from each other when they are in the sams enclosurs
[0 B{0}) and Fig. 210-5]. Feor more, See 2006

WHEN BUILDING CONTAINS ONLY
ONE SYSTEM VOLTAGE FOR CIRCUITS:

Neutral must be white or gray . . .

AN

208Y/120V or 480Y/277V
3—phase, 4-wire circuil

... but un%;ﬂundad conductors
may be all black, all red, or all of
any color or combination of

colors other than white or green.

IF THERE ARE TWO SYSTEM VOLTAGES:



nonfinesr loads that are connected line-to-neutral, it may be necsssany to wse an overszed neutral (up to two
sires lzrger), or 2sch phase conductor could be run with 3n individusl fullsze neutral. Either way, 5 derating of
&0 percant would be required for the nember of conductors [see 210 1EBH4Mc)].

Part (B} of this section regquires 3 “mesns” to simultansoushy disconnect all vngroundsd conductars of 3
musdtivire branch circuit “at the point where the branch circuit onginates.” Although st one time this was a3
dweliing wnit provision for split-wired receptacies, and then it applied in all occupsncies to multiple devices on
ome yoks, It now spplizs fo &l multiwire circwits senang any fosds in all occupancies. Thers 5 3 long and
unfortunate histony of wnquslified persons creating havoo when working on multiwire  circuits withowt protecting
against the conseguences of open newtrals and of voltage backfszeding into an outlet from 3 different leg than
the one thowght to be at isswe. Mow 3 common disconnecting means will b= in an cbvices and prominsnt
loc:ation when the branch circuit is being disconnected.

A multipode circuit bresker (CB) cerainly compbes with this rele, 3= would 3 mudtipele fused switch.
Single-pole circuit breakers conmected together with approved handle ties presemabhy gualify, althowgh this s
not perfecthy clesr from the Code text. Remember that handle ties are for operation by hand; they are not
rated to sutomaticaly’ open the companion breaker if onhy one leg trips. Even less clear i= 3 multipole switch
located immedistehy adiscent to the panel where the circuit onginates. This would be the onby practical option on
an existing fusible penelbosrd.

The objective i= to sssure that when someons goss to deenerge an wngrounded conductor of somse
equipment being maintzined or replaced, that person will open sl the conductors and thersby precleds finse
voltage from sppesring on the load-side neutral conductor throwgh losds connected on another leg of the
circuit. In other words, this nie serves 3 maintenance function. |f the purpose were slectrical, even fuses in 3
multipole fused switch, would have been disallowed becsuss they are inhersnthy single-pole devices and if ons
opens, the others still provide power to the other l2gs. In this regard, note that the wording here differs from
the requirement in 210.4{C} Exception Mo, 2, which serves an electrical function and clearhy doss reguire 3
musdtipole circuit bresker for other rezsons. On this basis 3 good case can be made for the multipple switch
adjacent to the panel, but this is certsinhy subject to local interpretation,

The basic rule of part (C) addresses the nesd for personnel safety. To help minimize the possibility of
shock or electrocution duning maintenance or repair, this ssction states that multiwire branch circuits (such as
240120, I-wire, single-phase and l-phase, 4-wire circuits gt 208120 or 4805277 V) may be used onby with
loads connected from 3 hot or phase leg to the neutral conductor (Fig. 290-4). Howswer, while generalhy
prohibited, whers additional messures are taken to protect personnel, the two exceptions to this rule peomit
supphying “other than line-to-newtral loads" from multiwire branch circwits. The two sxceptions to that rule ars
sheowm in Fig. 210-5.

When using single-pole devices
for branch-circuit protection
(luses or single-pole CBs)

THIS IS
THE _.-../
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. . . multiwire branch circuits shall supply only line-to-

neutral connected loads.
Fig. 210-4. With single-pole protection only line-to-neutra! losds may be fed. (52 210.4.)

Ex.N0.1 A multiwire branch circuit may supply a single utiliza-
tion equipment with line-to-line and line-to-neutral voltage
using single-pole switching devices in branch-circuit protec-
tion.

Single-pole CBs or fuses

e

H Single e ThiS
H ulilizalan includes
N equipment appliances

Ex.NO. 2 it a multipole CB Is used, loads may be connected line-
to-line and/or line-to-neutral.

These 3 loads could be

A T 3 480V ballasts connecled
I ling-10-line, but only with
B "ah o 3-pole CB on branch
1 circull ond ngt with a
¢ ~ 3-pole fused swilch

" 2
Fig. 210-5. Line-to-ine loads may onhy be connected on multreire circuits that conform fo the Exceptions

given, (Sec. 210.4.)

Exception Mo. 1 permits use of single-pole protective devices for an individusl circuit to “onby one utilizstion
eguipment™—in which the load may be connected line-to-line as well as line-to-neutral. “Utilization sguipmsent,”
== defined in Art, 100, is “eguipment which utiizes slectric enengy for electronic, electromechanicsl, chemical,
heating, lighting, or similsr purposes.” The definition of “sppliance,” in Art. 100, notes that an appliance is
“utilization eguipm=ant, gensraihy other than industrial, that is normalhy built in standardized sizes or types and is
installed or connected 35 3 unit to perform one or more functions swch as washing clothes, air condiboning,
food miding, desp frying, and so forth.” Because of those definitions, the wording of Exception Mo, 1 opens its
application to commercial and industrizl eguipment a5 well 35 residential. It should be noted that Z10.4(B)
applies in these cases, and thersfore means must still ke provided, such as handle ties, o provide for
simultaneous opening of 3 set of single-pole breskers installed for this eguipment.

Exception Mo, 2 permits 2 multiwire branch-circuit to supphy line-tofine connected loads, but onby when it is
protected by 3 multipole circuit breaker (CB). The intent of Exception Mo. 2 is that line-to-line connected loads
may be used {other than in Exception No. 1) onhy where the poles of the circuit protective device opsrate
together, or simultznsoushy. A multipple CB satisfies the rule, but 3 fused multipole switch would not comphy
becsuse the hot circuit conductors are not “opened simultansoushy by the branch-gircuit overcwerrent device.”
Thi= rule reguiring 3 multipole CB for any circuit that swpplies line-to-iine connected boads as well as
line-to-newtral losds was put in the Code to prevent equipment loss under the conditions shown in Fig. 2108
U=z= of 3 Z-pole CB in the sketch would causs opening of both hot legs on any fault and prevant the condition
shown.

A ="

Heater
B —"

Motor
N

Should fuse B open, the heater and motor would be
inserieson 115 volts, and the motor could burn out
if not properly protected.

Fig. 210-6. Single-polz protection can exposse sequipmeant to damage. (Sec. 210.4)

Figure 210-T shows that 3 2-pole CB, two single-pole CHe with 3 handle tie that enables them to be used 35

3 Z-pole disconnect, or 3 Z-pole switch ahesd of branch-circult fuse protection will satisfy the reguirement that
both hot l=gs must be interrupted when the disconnect mesns is opened to desnergzs 3 multiwire circeit to 3
split-wired receptacle. This Code rule provides the grester safety of disconnecting both hot conductors
simultansoushy to prevent shock hazsrd in replacing or maintsining any piece of slectrics] equipment whers
onhy one of tao hot supply conductors has besn opaned.

ANY MULTIWIRE BRANCH CIRCUIT MUST
HAVE A "MEANS" FOR SIMULTANEOUSLY
DISCONNECTING ALL UNGROUNDED
CONDUCTORS AT THE POINT WHERE THE
BRANCH CIRCUIT ORIGINATES ...
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2 pole CB or two 1-pole CBs with handle tie
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Split-wired
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switch, or combination
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... ORTHIS MAY BE DONE ...

4\6@ Multiwire circuit that supplies
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combination devices
Panel

Multipole fused switch will satisfy as a disconnect
for a multiwire branch circuit, provided there are
no line-to-line connected loads on the circuit,




EXCEPTION —

From panel, 3-pole, 200-A CB . | |

. . supplies these 200-A receptacles af
strategic locations for machine connection.

.E/{/ [::/// i
& é?/

Distribution
pangi

Each receplacie 15
L-wire, 4-poke,
200-A, heavy-duty fype

Single machene with cord and plug for connection.

NOTE: Typical receptacles supplied by such layout
could be rated 60 A, 100 A, 200 A or 400 A—with
their supply circuit of the same rating. Such hookups
are common in jet airplane hangars for supplying
cord-connected equipment used for servicing individ-
ual planes in their hangar bays.

Fig. 210-1. A multioutlet branch circuit must wsesihy have 3 rating (of its overcurment protective device) at
ane of the five valees sat by 210.3. (Sec. 210.3)

Under the definition for “receptacie” in ME Code Art. 100, it clearly provides that 3 duplex receptacls is two
recaptscies and not one—swvan thowgh thers is onhy one box and thersfore one outlet. Howswer, 3 circuit that
supplies onhy one duplex receptacle is still wsualhy not an “individus! branch circwit” because it normathy will be
fikehy to supply maore than one wtilization eguipment through its sepsrate recaptacies, and therefore flunk the
definition of “individus] branch circwet™ in Art. 100. |f 20 individusl branch circuit is required for sy resson, and
the purposs is to supphy cord-and-plug connected wtiliration eguipment, 3 single receptacie must be installed.
Oine example is the individusl branch-circwit reguired in 422 18[BH4HE) for 3 cord-and-pleg connected rangs
heued.

The Excaption to the rule of 210.3 gives limited permission to wse multioutist branch circweits rated over &)
A—hust onhy to supphy nonfighting lasds and onhy in industris] places where maintenance and supsrvision snswrs
that onhy gualified persons will service the instslistion. This Exception recognizes 3 real nead in industrizl plants
whers 3 machine or other electricslly operated equipment is going to be provided with its own dedicated branch
circuit of adeguate capacity—in effect, an individusl branch circuit—but whene such machine or sguipmsnt is
requirad to be moved sround and wsed at more than one lecation, reguining mudtiple peints of outlet from the
individus] branch circuit to provide for connection of the machine or eguipment at sny one of its intendsd
locations (see Fig. 290-2). For instance, thers could be 5 200-4 branch circuit to 3 special recaptacle outlst or 3
300-A branch circeit to 3 single machine. In fact, the wording used hers sctuslhy recognives the wse of such 3
circuit to supphy more than ons machine at 3 time, but other resiities of application make zuch an spprosch
impractical.

INDIVIDUAL BRANCH CIRCUIT
Fuse or CB:

No size Supplies
limitation o o
LY  utilization
aquipment

Fig. 210-2. A circuit to 5 single load device or eguipment may have sny rating. (Sec. 210.3.)

It i= important to note that it iz the se of the overcwrrent device that sactuslhy determinss the rating of any

circuit covered by Art. 210, aven when the conductors wsed for the branch circuit have an ampers rating highsr
than that of the protective device. In 3 typicsl cass, for example, 3 20-4 circwt breaker in 3 paneibosed might
b= wsed to protect 3 branch circwit in which 10 AWGS conductors sre esed 3= the cincuit wires. Althowgh the losd
on the circuit doss not excesd 20 A, and 12 AWG conductors would have sufficient curant-carnying capacity
to ke wsad in the circuit, the 10 AWG conduectors with their rating of 20 A were selected to reduce the voltage
drop in 3 long homerun. The rating of the circwit is 20 A becsuese that is the s of the overcurrent device, The
current rating of the wire does not erter into the ampere clyssification of the circuit.
210.4. Multiwwire Branch Circuits. A “branch circult,” 35 covered by Art. 210, may be 3 Z-wire circwit or
may be 3 “multwire” branch circut. A “multreire” branch circut consists of tao or mone snground=d conductors
having a potentizl difference between them and an dentified grounded conductor having egual potential
difference betwesn it and 2ach of the ungroundsd conductors and which is connected to the neutral condusctor
of the system. Thus, 3 J-wire circuit consisting of two opposite-polarnity’ ungrounded condectors and 3 newutral
denved from a J-aire, single-phasse system or 3 4&wire circult consisting of three different phase conductors
and 3 neutral of 3 3-phase, d-wire system i= a3 single multiwire branch circuit. This = only one circuit, even
though it involves two or three single-pole protective devices in the panelboard (Fig. 210-3}. This is important,
becsuse other sections of the Code refer to conditions invelving “one branch circuit” or “the single branch
circuit.” (See 250.32 Exception and 410.85.)
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3-wire 3-phase, 4~ wire

Fig. 210-3. Branch circuits may be Z-aire or multare type. (Sec. 210.4)

The wording of part (A) of this section makes clear that 3 multwire branch circult may be considersd to be
gither "3 single circuit” or “multiple circuits.” This coordinates with other Code nides that r=fer to multmine
circuite 35 well 35 rules that csll for tao or more circuits. For instance, 2100 19(CY1) requires that at least two
20-A =msall applisnce branch circuits be provided for receptacle outlets in those aress specified in
210.52(B)}—that is, the kitchen, dining room, pantry, and breskfzst room of 3 dwelling wnit. The wording of this
rule recognires that 3 single 2-wire, single-phase 2400120-V circuit ren to the receptacles in those rooms is
equivalent to two 120-V circuits and satisfies the e of 210 11{CH1)L

In addition, 3 “mudtreire” branch circuit i considered to be 3 single circuit of multiple-wire makewp. That will
satisfy the rule m 41085, which recognizes that 3 madtiwire circuit is 3 single circuit when rn throwgh
snd-to-end connected lighting focturss that are wsed 55 3 racewsy for the circwt condectors. Only one principal
circiit—sither 3 2-wire circwit or 3 mueltisire (2- or d-wire) circuit—may b2 ron throwgh foctwres connected in 3
fine.

The FPN following part (A) of 210.4 wams of the potentisl for “neutral overbad” where line-to-newtral
nonlinesr losds are suppiied. This results from the sdditive harmonics that will be camied by the neutral in
multiwire branch circuits. In spme cases, where the load to be supplied consists of, or is expected to consist
of, sp-zalled nonlinear loads that are connected line-to-neutral, it may be necessany to use an oversized neutral
{up to two sizes larger), or esch phase conductor could be ren with an individusl fullsze neutral. Either way, a
derating of 80 percent wowld be reguired for the number of conductors [see 310, 1 5{BH4Ho).

Part (B} of this section reguires & “means” to simultanecushy disconnect all vngroundsd conductors of a

rEftiwire branch circuit "5t the pomt where the branch circult ongmates.” Although at cne tims this was 5
dwealling unit provision for split-aired receptacies, and then it zpplied in all occupanciss to mittiple devices on
one yoke, I mow sppbes fo all mufimare circwis senang any fosds i &l occupancies. Thers is 3 long and
unfortumsts histony of ungualified persons cresting haves when working on multraire circiits withowt protecting
Fgainst the conseguences of open newtrals and of voltage backfesding mto an cutlet from a different leg than
the ons thought to be at issuve. Now 3 common disconnecting means will b= in an obvious and prominent
becation when the branch circuit is being disconnected.

& multipole circwit bresker (CB} certainly complies with this nide, a5 would 3 multipode fuesed switch.
Single-pole circuit breskers connected together with spproved handle ties presumabhy guslify, ahthough this is
mnot perfecthy clear from the Code text. Hemember that handle bes are for operation by hand; they ars not
rated to automaticalhy open the companion bresker if onhy one leg trips. Even less clear = 3 multipole switch
becated immedistehy adjacant to the pansl whers the circuat oniginates. This would be the only practical option on
an sxisting fusible panslbosnd.

The chiective i= to assure that when someone goss b0 desnergks an ungroundsd conductor of soms
equipment being maintained or replaced, that person will open 3l the conductors and thersby precleds Ins
voltage from appsanng on the load-side neutral conductor through loads connected on another leg of the
circuit. In other words, this nele serves 3 maintenance function. |f the purpose were electrical, even fusesin 3
muttipole fused switch, would have besn disaliowsd becauss they are inherenthy single-pole devices and if ons
opens, the others still provide powsr to the other legs. In this regard, note that the wording here differs from
the requiremant in 210.4C) Exception Mo. 2, which serves an electrical function and cleary doss reguirs 3
reltipode circuit bresker for other ressons. On this basis 3 good case can be mads for the multipole switch
sdjacent to the pansl, but this is certainhy subiect to locsl interpretation.

The bzsic nle of part {C} addreszes the nesd for personns] safety. To help minimize the possibility of
shock or slectrocution during maintensnee or repair, this section states that multreire branch circuits {such 3=
2400120V, I-wire, single-phzse and 3-phase, 4-wire circuits 3t 208120 or 4BMITT V) may be wsed anby with
loads connected from 3 hot or phase leg to the newtral conductor (Fiz. 210-4). Howswer, while genersihy
prohibited, whers sdditional messures are taken to protect personnsl, the tec exceptions to this nede permit
supphying “other than line-to-neutral leads" from multhaire branch circuits. The two sxceptions to that rule e
shown in Fig. 210-5,

When using single-pole devices
for branch-circuit protection
(luses or single-pole CBs)

THIS IS
THE A_ﬁ/
BASIC g—"
RULE ¢

. . . multiwire branch circuits shall supply only line-to-

neutral connected loads.
Fig. 210-4. With single-pole protection onhy line-to-neutral loads may be fed. (Sec. 270.4)
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