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INTRODUCTI
1 Scope

1.1

ON

Code, NFPA 70.

These requirements cover panelboards to be employed in accordance with the National Electrical

1.2 These requirements cover panelboards for the control and protection electrical circuits.

1.3 These requirements do not cover:

a) Distribution equipment which sole function is the automatic or nonautomatic transferring of one

or mord
Transfe

b) Fag

proces

c) Distn

socket
Switch

d) Dist
mobile

e) Fac

intendg
the Sta

f) Fact

Refere

Subme

g) Port
Equipm

h) Pan

in recreational vehicles. Reference the Standard for Power Converters/Inverts

Conve

Toad conductor Connections rom one POWET Source 1o another. Reference t
r Switch Equipment, UL 1008.

tory wired assemblies of industrial control equipment intended to cg
bes. Reference the Standard for Industrial Control Panels, UL 508A,

bution equipment containing only one circuit subdivision, unless also provid
See 6.5.1. Reference the Standard for Molded-Case™\Circuit Breakers
s and Circuit-Breaker Enclosures, UL 489.

Ibution equipment intended to serve as a means_for distributing power requ
por temporarily installed equipment. Referencedthe Standard for Power Outlet

fory wired assemblies of controllers, timers, temperature regulating equipn
d for control of equipment for use with.swimming pools, hot tubs, and/or s

hdard for Electric Spas, Equipment Assemblies, and Associated Equipment,

pry wired assemblies intended‘for the control of Architectural and Floa
nce the Standards for Motor=Qperated Water Pumps, UL 778, Underwater
rsible Junction Boxes, U676 and Industrial Control Panels, UL 508A.

hble power distribution equipment. Reference the Standard for Portable Po
ent, UL 1640.

Iboards withteonverter and/or inverter functions, intended for use as distribu

er/Inverter Systems for Land Vehicles and Marine Crafts, UL 458.

he Standard for

ntrol industrial

ed with a meter
Molded-Case

ired to operate
5, UL 231.

hent and such,
pas. Reference
UL 1563.

ing Fountains.
. uminaires and

ver-Distribution

tion equipment
rs and Power

2 Components

2.1 Except as indicated in 2.2, a component of a product covered by this standard shall comply with the
requirements for that component. See Appendix A for a list of standards covering components generally
used in the products covered by this standard.

2.2 A component is not required to comply with a specific requirement that:

a) Involves a feature or characteristic not required in the application of the component in the
product covered by this standard, or

b) Is superseded by a requirement in this standard.

2.3 A component shall be used in accordance with its rating established for the intended conditions of
use.
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2.4 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

2.5 A component not marked with a short-circuit current rating is considered rated for use in a circuit
having a maximum available fault current as shown in Table 2.1.

Assumed maximum short-circuitTc?l?l'lr'eeﬁ-t1rating for unmarked components
Short circuit
Components current rating, kA
1. Circuit Breaker (Including GFCI Type) 5
2. Clock-Operated Switch 5
3. Fuseholder 10
4. Plug Fuse 10
5. ndustrial Control Equipment:
b Auxiliary Devices 5
D. Switches
Meter Socket Base 10
Motor Controller, rated in horsepower (kW)
: 1.5-50 (1.1-37.3) 5
D. 51-200 (38— 149) 10
. 201 -400 (150 —298) 18
. 401 -600 (299 —447) 30
. 601 —900 (448 — 671 42
901 - 1600 (672°5+1193) 85
8. Photoelectric Switches 5
9. Receptacle (GFCI Type) 2@
10. Receptacle (other thanh GFCI Type) 10
11. Bnap Switch 5
12. Terminal Block 10
13. Thermostat 5
14. Direct €onnected Meters b
2 The shart-gircuit current available in a 120 volt secondary circuit of a transformer rated 5 kilovolt-ampefes or
less is donsidered-to-be-2-kiloamperes-oriess
bSee2.7.

2.6 The short-circuit current available in the secondary circuit of a transformer rated 10 kilovolt-amperes
or less is considered to be 5000 amperes or less.

2.7 For other than a plug-in meter, a current-sensing meter in a panelboard shall be a type that has been
subjected to a 60 hertz rms short-circuit current of 12,000 amperes for four electrical cycles, and a peak
current of 30,000 amperes for one-half electrical cycle, and shall be provided with overcurrent protection
as described in 25.8.5.2. A plug-in meter such as a watt-hour meter to be plugged into a meter socket
base is not considered to be a part of the panelboard.

Exception No. 1: A meter need not have been tested nor provided with overcurrent protection if it is
intended for use with a current transformer.
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Exception No. 2: A meter need not have been tested nor provided with overcurrent protection if it is used
across a shunt that has been subjected to a short-circuit test as specified in Section 25, Short-Circuit
Current Test.

Exception No. 3: A meter need not have been subjected to a peak current of 30,000 amperes nor provided
with overcurrent protection if the short-circuit current rating of the panelboard or the available fault current
of the circuit at the meter is 14,000 amperes or less.

Exception No. 4: The four electrical cycle test may be reduced to 10,000 amperes if the short-circuit

current rating of the panelboard is 10,000 amperes or less.

3 Units of Measurement

3.1 Values s
approximate in

4 Undated R

4.1 Any undé
interpreted as

5 Glossary

5.1 Forthep

5.2 AMBIEN
the panelboarg

5.3 AMPACI]
without exceeq

5.4 AVAILA
of negligible i

5.5 BARRIEFR

5.6 BONDIN
ensures electr

ated without parentheses are the requirement. Values in parentheses(are
formation.

eferences

ted reference to a code or standard appearing in the requirements of this st
referring to the latest edition of that code or standard.

rpose of this standard, the following definitiohs apply.

[ TEMPERATURE — The temperature;of the surrounding medium that comes
. For an enclosed panelboard, it is-the temperature of the medium outside th

'Y — The current in amperes-a-eonductor can carry continuously under the c(
ing its temperature rating.

E SHORT-CIRCUIT'CURRENT — That current which would flow in a circuit
pedance were to.o¢cur at a given point.

R — A partitionfor the insulation or isolation of electric circuits or electric arcs.

5 — The permanent joining of metallic parts to form an electrical condu
cahcentinuity and the capacity to conduct safely any current likely to be impo

explanatory or

bndard shall be

in contact with
B enclosure.

nditions of use

f a short-circuit

ctive path that
sed.

5.7 BONDING JUMPER - A reliable conductor to ensure the required electrical conductivity between
metal parts required to be electrically connected.

5.8 BONDING SCREW — A screw that is used as a bonding jumper.

5.9 BUS - A conductor, or group of conductors, that serves as a common connection for two or more

circuits.

5.10 CABINET — An enclosure designed for either surface mounting or flush mounting and is provided
with a frame, mat, or trim in which a swinging door or doors are or can be hung.

5.11

contacts on both ends.

CARTRIDGE FUSE - A fuse consisting of a current-responsive element inside a fuse body with
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5.12 CIRCUIT BREAKER — A device designed to open and close a circuit by honautomatic means, and
to open the circuit automatically on a predetermined overcurrent without damage to itself when properly
applied within its rating.

5.13 Deleted
5.14 CONTINUOUS DUTY - Operation at a substantially constant load for an indefinitely long time.

5.15 CURRENT-LIMITING DEVICE (AC) — An overcurrent protective device that, when interrupting
currents in its current-limiting range, will reduce the current flowing in the faulted circuit to a magnitude
substantially less than that obtainable in the same circuit if the device were replaced with a solid conductor
having a comparable impedance.

5.16 CURRENT RATING - The designated maximum direct current or alternating’|current (RMS
Amperes at ratgd frequency) that a device can carry continuously under specified conditions.

5.17 CUTOUT BOX — An enclosure designed for surface mounting that has swinging dpors or covers
secured directly to and telescoping with the walls of the enclosure.

5.18 DEADFRONT — A barrier that prevents live parts from being exposed to a person o the operating
side of the pan¢lboard.

5.19 DEADFRONT SHIELD — A barrier that is used behind a door to cover wiring spaces and
uninsulated livg parts that would otherwise be exposed to agperson when the door is open.

5.20 DEVICE|- A unit of an electrical system that is-intended to carry or control, but not ufilize, electrical
energy.

5.21 DIELEC|TRIC WITHSTAND TESTS ~[Tests to determine the ability of the insulating materials and
spacings to withstand overvoltages.

5.22 DOUBLE-LUG PANELBOARD., — A panelboard that has two sets of main line termijnals, each set
having sufficient current-carrying capacity to supply the panelboard, see Figure 5.1 and Figyre 5.2.
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Figure 5.1

Subfeed lugs connected to incoming line terminals

MAIN SWITCH OR CIRCUIT
BREAKER |F USED

M656

SUB—FEED LUGS

WHEN LUGS ARE
SAME CAPACITY
AS INCOMING
LINE TERMINALS
THEY ARE CALLED
"DOUBLE LUGS”

A\ JAN

INCOMING
LINE TERMINALS
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Figure 5.2
Subfeed lugs connected to bus bars protected by an overcurrent protective device in the
panelboard
_/\ /\_
_/\ /\_
SUB=FEED—TTOGS — =
MAIN SWITCH OR CIRCUJT
BREAKER
INCOMING
LINE TERMINALS
SM657
5.23 DUMMY| FUSE (TEST LINK) — A current-carrying part made of copper and having difnensions such

that it will fit itg
areas as are o
protective devi

5.24 ENCLO$

control apparat
or enclosure su

5.25 ENCLO

fuse-mounting means with~the same conditions of pressure, contact, and
ptained on terminals of the fuse that it is intended to replace. A dummy fuse
e.

bED PANELBOARD - An assembly of buses and connections, overcurren
us with or without switches, or other equipment, installed in a suitable cabin
itable fora panelboard application.

tross-sectional
shall not be a

t devices, and
et, cutout box,

bED RECREATIONAL VEHICLE (RV) PANELBOARD An enclosed panel

to be installed i
NFPA 70.

he National H

board intended
Hlectrical Code,

5.26 ENCLOSURE - A surrounding case constructed to provide a degree of protection to personnel
against incidental contact with the enclosed equipment and to provide a degree of protection to the

enclosed equip

5.26A ENERGY MANAGEMENT SYSTEM (EMS)

ment against specified environmental conditions.

— A system that controls an electrical

production source, or an energy storage system.

Note: A “Power Control System” is considered a type of Energy Management System.

load, a power

5.27 FEED-THROUGH LUG - A terminal that is connected to a main bus bar at the end opposite from
the incoming line terminal or main device, if used, and that is provided for connection to an outgoing wire
or cable, see Figure 5.3.
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FEED THROUGH LUGS

Figure 5.3

Feed through lugs for a separate circuit external to the panelboard

\Y4

/—\ /\
__‘ —
VR /N
— ‘_—

5.28 FILLER
subsequent in

5.29 FLUSH
minimal front g

5.30 FRAME
configuration.
in the group. T

MAIN SWITCH OR CIRCHIT
BREAKER IF USED

b

INCOMING
LINE TERMINALS

SM658

PLATE — A plate intended>fe close an opening that would otherwise be
stallation of a circuit breakeror other device.

MOUNTED (TYPE).=A device designed to be set into and secured to a flat
rojection.

SIZE — AtSterm applied to a group of molded case circuit breakers of s
-rame size. is expressed in amperes and corresponds to the largest ampere
he same-frame size designation may be applied to more than one group of ci

5.31 FUSE

closed by the

surface, with a

imilar physical
rating available
Fcuit breakers.

A non-resettable nrotective device which onens a circuit durina snecifi
g g IoF

d overcurrent

conditions by means of a current responsive element or elements.

5.32 FUSE CLIPS - The contacts of the fuseholder that support the fuse and connect the fuse terminals
with the circuit.

5.33 FUSIBLE SWITCH — A switch in which one or more poles have a fuse in series in a composite unit.

5.34 FUSEHOLDER - An assembly of a base, fuse clips, and necessary insulation for the mounting and
connecting of a fuse into a circuit.

5.35 GROUNDED CONDUCTOR - A system or circuit conductor that is intentionally grounded.
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5.36  GROUND-FAULT CIRCUIT INTERRUPTER (GFCIl) — A device intended for the protection of
personnel that functions to de-energize a circuit or portion thereof within an established period of time
when a current to ground exceeds the values established for a Class A device.

5.37 GROUND-FAULT PROTECTION OF EQUIPMENT — A system intended to provide protection of
equipment from damaging line-to-ground fault currents by operating to cause a disconnecting means to
open all ungrounded conductors of the faulted circuit. This protection is provided at current levels less than
those required to protect conductors from damage through the operation of a supply circuit overcurrent
device.

5.38 GUTTER TAP LUG — A terminal that is located in a wiring gutter of a panelboard and that is
provided for:

a) The gonnection of an incoming or an outgoing conductor, or a panelboard main; of

b) The ponnection of two sets of outgoing conductors to a branch or other joutgoing circuit, see
Figure 8.4 and Figure 5.5.

A lug connectinlg an outgoing conductor is also considered to be a subfeed lug), see 5.61(a).

Figure 5.4

Gutter tap lugs connected to panelboard mains

MAIN SWMITCH OR CIRCUIT
BREAKER IF USED

GUTTER
TAP O
LUGS
@)
PANELBOARD
MAINS
INCOMING
CONDUCTORS

SM659
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Figure 5.5

Gutter tap lugs connected to a branch circuit

OUTGOING
CONDUCTORS 7Y TN
N I/~
GUTTER L o —~
TAP / .
LUGS
O . —
MAIN SWITCH OR. GIRCUIT
OUTGOING BREAKER IF-USED
CONDUCTORS
INCOMING
SM660A LINE TERMINALS

5.39 I°t (AMPERE SQUARED SECONDS)-— An expression related to the circuit energy as a result of
current flow. I?t” is a common expression-for the circuit energy between the initiation of the fault current
and the clearing of the circuit. "I" is the-value of current, expressed in amperes, and "t" is|the duration of
current flow, expressed in seconds.\Eor AC applications, the value of current is to be the rmp value.

5.40 INTERLYOCK — An electrical or mechanical component actuated by the operation qf a device with
which it is dire¢tly associated'to govern succeeding operations of the same or allied deviceq.

5.41 INTERRUPTING  RATING — The highest current at rated voltage that a device|is intended to
interrupt undef standard test conditions.

5.42 KNOCKOUT - A portion of the wall of an enclosure so fashioned that it is capable of being readily
removed by a hammer, screw driver, and pliers at the time of installation in order to provide an opening or
hole for the attachment of a raceway, cable, or fitting.

5.43 Deleted

5.44 LUG - A terminal that is provided for the connection of a wire or a cable to a panelboard or for a
wire or cable connection between component parts of a panelboard.

5.45 MAIN — A device that is provided for the connection of a incoming line conductor.

5.46 MAIN TERMINAL — A terminal that is provided for the connection of an incoming line conductor.
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5.47 MAINS (MAIN TERMINALS) — The terminals, or main device, provided for the connection of the
main incoming line conductors.

5.48 NEUTRAL (ASSEMBLY); SOLID NEUTRAL — An assembly consisting of enough terminals to
provide for the connection of the grounded (neutral) line and load conductors. When used as a component

of service equipment, the neutral also includes the following:

a) A means for making the required bonding connection between the neutral and the enclosure;

and

b) A terminal for the grounding electrode conductor.

5.49 NEUTR/

A] CONDUCTOR — A conductar that is connected to the midpaint of a thre

ce-wire single-

phase system,
delta-connecte

Note: The neutral g
550 OVERC

5.51 PANELBE
single panel; in
control of light
against a wall g

5.52 PEAK L
overcurrent de

553 PLUGF
5.54 Deleted

5.55 PRESSL
secured by me

5.56 PULLOU
manually sepa
manually recor

the center point of a wye-connected three-phase system, or the midpointi@
d three-phase system.

onductor is the grounded conductor.

JRRENT PROTECTIVE DEVICE — An individual fuse or circuibbreaker pole.

OARD - A single panel or a group of panel units designed for assembly i

cludes buses, automatic overcurrent devices, and’may be equipped with s
heat, or power circuits; designed to be placed.in a cabinet or cutout bg

r partition and accessible only from the front.

ice during the total clearing time.

JSE — A screw-in type fuse for use in an Edison base type fuseholder.

JRE WIRE CONNECTOR — A reusable connector into which the cond
chanical pressure.applied by an integral screw, cone, or other mechanical pa

T SWITCH = A switch, enclosed or nonenclosed, that is operated to op
ating the'movable contact from the stationary contact, and is operated to clq
necting:the movable contact and the stationary contact.

5.57 RATIN

Al H & (ST 4 4 1 hpmriatanhs 1 ol (P ol (H'H
— A UTSIYTalcu it Ur opcralnly LiidirdulTlioluts UastU UTT UTIITITU CUTTUTUUTTS.

f one side of a

the form of a
itches for the
X placed in or

ET-THROUGH CURRENT (AC) — The-'maximum instantaneous current through an

ictor (wire) is
ts.

bn a circuit by
se a circuit by

5.58 SERVICE — The conductors and equipment for delivering electric energy from the serving utility to
the wiring system of the premises served.

5.59 SERVICE EQUIPMENT — The necessary equipment, usually consisting of a circuit breaker(s) or
switch(es) and fuse(s), and their accessories, connected to the load end of service conductors to a
building or other structure, or an otherwise designated area, and intended to constitute the main control
and cutoff of the supply.

5.60 SHORT-CIRCUIT CURRENT RATING (EQUIPMENT) — The maximum available current to which a
device can be connected. The rating is expressed in amperes and volts. Ratings based on AC are rms
values.

5.61 SUBFEED LUG - A terminal that is provided for the connection of a wire or a cable:
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a) To a bus bar that is connected directly to the panelboard main incoming line terminal, see Figure
5.1;or

b) To a bus bar fed by an overcurrent protective device in the panelboard, see Figure 5.2.

5.62 SWITCH - A device, manually operated, unless otherwise designated, for opening and closing or
for changing the connection of a circuit.

5.63 SYMMETRICAL CURRENT - Alternating current having no offset or transient component and,
therefore, having a wave form essentially symmetrical about the zero axis. Symmetrical current is

expressed in terms of rms A.

AT

5.64 VENTIL
the enclosure

CONSTRUCT
6 General
6.1 All pane

6.1.1 A pansg
shall be made
equipped factd

6.2 Equipmént on supply side of disconnect

6.2.1 Only th
disconnecting

a) Metg

b) Inst
protect

c) Load

d) Taps
alarms

ATED—Suconstructedastoprovide ameanstopermit tircutatiomrof exte
0 remove excess heat, fumes, and vapors.

ON

boards

Iboard shall employ materials throughout that are. acceptable for the part
and finished with the degree of uniformity and.grade of workmanship practi

ry.

Mmeans:
rs, meter sockets, or meter'disconnect switches nominally rated not in exces|

ument transformers-\(current and potential), high-impedance shunts and
ve devices;

managemeént devices if overcurrent protection is provided;

for load’ management devices, optional standby power systems, and fir

nal air through

cular use, and
cable in a well-

e following equipment shall be_permitted to be connected to the supply sid¢ of the service

5 of 1000 volts;

Type 1 surge-

b and sprinkler

e) Con

rol circuits of power operaple service disconnecting means Including co

ntrol circuits of

optional standby power systems, if overcurrent protection and disconnecting means are provided;

and

f) Ground-fault protection systems or Type 2 surge-protective devices, if overcurrent protection and
disconnecting means are provided.

g) Interconnected electric power production sources, such as solar photovoltaic, wind, or fuel cell

system

6.2.2

S.

In determining the allowable number of service disconnects, a disconnecting means used solely for

equipment installed on the supply side of the service disconnecting means shall not be counted.

6.2.3 Disconnects and overcurrent protection which are located on the supply side of the service

disconnecting

means, and:
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a) Are installed as part of the equipment; and

b) The circuit being controlled is contained within the panelboard enclosure

may be located behind a deadfront or screwed-on cover that is only intended to be removed by a qualified
person. See 34.9.10.

6.3 Distribution equipment

6.3.1
equipment.

A panelboard may be designed for mounting on a mounting post or pedestal for distribution

6.4 Service quipment

6.4.1 A panel
in the Refereng

6.4.2 Panelbq
with the servig
inadvertent cor
terminal, a brg
inadvertent cor
of the service ¢
sized in accorn
inadvertent co
pressure screw

NOTE: In accordar
be established priq
equipment.

e Standard for Service Equipment, UL 869A.

ards with provisions for only a single service disconnect shall’be construg
e disconnect in the off position, no ungrounded uninsulated live part
tact by persons while servicing any field connected load terminal, including
nch circuit equipment grounding terminal, or the<neutral disconnect link
tact is determined by use of the probe illustrated in(Figure 6.1. If restriction
isconnect is dependent on the installation of field installed service conductg
dance with 12.1.10 shall be installed in the*terminals when determinin
ntact. All live parts of the line side serviCe terminal, including the conne
shall be evaluated.

ce with the Standard for Electrical Safety inthe Workplace, NFPA 70E, an electrically safe wor
r to working on electrical equipment. Accessibility requirements do not endorse working on e

board intended for use as service equipment, shall comply with the applicablg¢ requirements

ted such that,
s exposed to
a neutral load
. Exposure to
o the line-side
rs, conductors
) exposure to
ctor body and

k condition should
hergized electrical
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Figure 6.1
Straight probe

=—=— ANY CONVENIENT LENGTH

12.7mm DIA.
19.1mm DIA. (1/2 INCH)

i (3/4 INCH) N\ |
_L‘] N |

1

14.3mm(9/16 INCH) \— 4.8mm|R

(3/16 INCH)
101.6mm
(4 INCHES)

PA150B

6.4.3 Metal Harriers provided to limit exposure to inadvertent contact shall:

a) Hav¢ a thickness not less than’0.032 inch (0.81 mm) if uncoated, not less than (4.034 inch (0.86
mm) if galvanized, and not less-than 0.050 inch (1.27 mm) if aluminum.

b) Be donstructed so that-it can be readily removed or repositioned, and then re-installed, without
the likelihood of contacting bare live parts or damage the insulation of any insulated |ive part.

Exception: Fagtory installed barriers that limit access to factory installed wiring and termipations are not
required to be constructed so that they can be removed or repositioned.

6.4.4 Nonmetallic barriers provided to limit exposure to inadvertent contact shall:

a) Comply with requirements in 16.3.3 for barriers used in conjunction with a minimum air space of
0.013 inch (0.33 mm).

b) Be constructed so that it can be readily removed or repositioned, and then re-installed, to allow
access to the terminal for servicing.

Exception: Factory installed barriers that limit access to factory installed wiring and terminations are not
required to be constructed so that they can be removed or repositioned.

6.4.5 Panelboards marked “Suitable for use as service equipment” and

a) Constructed in accordance with 6.7.4 and designed for use interchangeably either with main-
terminal or a single service disconnect only, or
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b) Provided with a single service disconnect,

shall be permitted to provide the protection from inadvertent contact in 6.4.2 in a field installable kit when
marked in accordance with 34.12.12. See also 34.9.11.

6.5 Branch circuits

6.5.1

considered to be a circuit subdivision.

Exception: An enclosed panelboard having a meter socket may have only one load circuit.

A panelboard shall have more than one circuit subdivision. Terminals for a feed-through circuit are

6.5.2 Deleted

6.5.3 Deleted

6.5.4 Deleted

6.5.5 Deleted

6.6 Electrica

6.6.1 Other th
circuit breakers
be connected v

6.6.2 Deleted

6.6.3 A panel
barrier that is
permanently a
34.12.4.

6.6.4 A pane
installed withod

connections

an as noted in 6.6.2 and 6.6.3, all electrical cohnections between switche
, and the like shall be complete so that only-line, load, metering, and contrg
hen a panelboard is installed.

board may be shipped fromthe factory without branch-circuit bus bars moun
needed to comply with the spacing requirements in Section 16, Spac
tached to the panelboard or the field-installed branch-circuit bus bars. S

board shall be constructed so that any component intended to be field in
t the use of a'special tool.

5, fuseholders,
| circuits need

ted in place. A
ngs, is to be
ece 11.2.7 and

stalled can be

6.6.5 With referenceto 6.6.4, if a panelboard is acceptable for use with or without a neutfal bus bar, the

neutral bus bar

need’not be mounted in place when the panelboard is shipped from the factq

ry if:

a) The panelboard and the neutral bus bar are marked in accordance with 34.12.6;

b) The neutral bus bar is shipped completely assembled so that field assembly of barriers or other
parts, other than terminals or the mounting of a separate cover after the neutral is wired in the field,
is not necessary.

6.6.6

With reference to 6.6.4, separate wires or bus bars may be provided for making the connection:

a) To or from a fusible switch or circuit breaker that will control a section of a panelboard, or

b) To associated equipment.

One end of such a wire or bus bar may be connected in place when the panelboard is shipped from the

factory. See 11.

2.4 and 34.12.10.
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6.6.7 If one end of the separate wire mentioned in 6.6.6 is not connected when the panelboard is
shipped, the loose end shall be secured so that damage to itself and to the panelboard during shipment is
not likely to occur. If the load end of the wire is not connected to the panelboard when shipped, it shall be:

a) Secured to an insulating base that is acceptable for supporting uninsulated live parts, or

b) Completely covered, including the cut end, with acceptable insulation.

6.6.8 A back-fed unit — such as a circuit breaker, a fused switch, or a main terminal kit — that uses a
friction or plug-on bus bar connection shall not be used to terminate the field installed ungrounded supply

conductors.

pull to release
-fed main circuit
.f7and 34.12.1.

connection to
the panelboard assembly in the factory or provisions made for:its field installation. The pan
installed kit shall be marked in accordance with 34.12.18 or 34.12.19.

6.6.11 Panelpoards intended for interconnection with~one or more electric power prod
operating in parallel with a primary source(s) of ele¢tricity, in accordance with Article 705
Electrical Cod
See 34.16 for arking requirements.

a) Sup
source
comply

bly Side Connection — Panelboards intended for use in applications where t

with the following:

exceeded based’on the sum of sources being determined by one of the folloy

~Fhe sum of the continuous current output ratings of all supply s
devices connected to non-primary parallel power sources.

1) The currentrating of the panelboard or ampacity of the bus bars (see 31

, ANSI/NFPA 70,

hce with Article
simultaneous

poth the normal and alternate sources of supply. The‘interlock shall be instplled as part of

elboard or field

uction sources
of the National

e, NFPA 70, shall be permitted to have provisions for connection(s) as noted in (a) and (b).

he non-primary

5 are connected on the supply side of the service disconnecting means, se¢ 6.2.1(g), shall

.1) shall not be
ving methods:

de overcurrent

ii) The sum of all connected non-primary parallel power sources i

limited by the

current setpoint of an EMS complying with 6.6.12.

2) If connections are provided to interconnect power production sources, tho
shall accommodate conductors no smaller than 6 AWG copper or 4 AWG alu

se connections
minum.

b) Load Side Connection — Panelboards intended for use in applications where the non-primary
sources are connected on the load side of the service disconnecting means shall be permitted to
have one or more load side disconnects for the interconnection of parallel power sources if the
current rating of the panelboard or ampacity of the bus bars (see 31.1) is not exceeded, based on

the sum of source and/or loads that can be simultaneously energized, as determine
following methods:

d by one of the

1) The sum of the continuous current output ratings of all overcurrent devices connected to

primary and non-primary parallel power sources


https://ulnorm.com/api/?name=UL 67 2023.pdf

22

UL 67

MAY 16, 2023

2) The sum of all connected loads that can be simultaneously energized, or primary and
non-primary parallel power sources, is limited by the current setpoint of an EMS complying
with 6.6.12

Exception: The total rating of all overcurrent devices supplying the panelboard may exceed the
rating of the panelboard by up to 120% of the rating of the panelboard if the overcurrent device(s)
intended for use with interconnected parallel power sources are positioned at the opposite end
from the main input, or if the connections are at either end of a center-fed panelboard.

6.6.12 An Energy Management System or components of an EMS may be installed, or instructions to
install an EMS may be specified, to control the sources or loads to be connected to the panelboard. EMS
that control sources shall comply with the Standard for Inverters, Converters, Controllers and

Interconnection dehnm Fquipmpnt for lise With Distributed anrgy Resaources Ll

1741. EMS that

control loads s
SA for Safety ¢
functions in the
Markings, as s
an EMS, orins

6.6.13 Panelk
in accordance

6.7 Field inst

6.7.1 FieldIn

6.7.2 A pane
are met:

a) The g
b) Instru

c) Thei
such as
furnishd

d) Aba
attache

nall comply with the Standard for Energy Management Systems, UL 916/ ar]
f Smart Enabled Energy Management Equipment or the requirements-for (
Standard for Automatic Electrical Controls — Part 1: General Requirement

pecified in 34.16.7, shall be provided when a panelboard includes_an EMS,
ructions to install an EMS.

oards intended to provide uninterruptible power supply to-control circuitry s
vith 34.17.1.

allable equipment
stallable equipment shall comply with all applicable requirements of this stang

board may have provision for field-installed accessories provided the follow

anelboard is acceptable for use with or without the accessory.

ctions for the installation and operation are provided with each accessory.
screwdrivers, pliefs and wrenches, unless such a tool and instructions

d with each accessory.

rier thatis{necessary because spacings would otherwise be less than requi
i at théfactory to either the panelboard, or to the accessory to be installed.

e) The g

d Supplement
[lass B control
5, UL 60730-1.
components of

hall be marked

ard.

ing conditions

nstallation of an aceessory does not require the use of other than normally available tools,

or its use are

red is securely

b field.

ceessory is an essentially complete unit and does not require assembly in th

f) The installation of the accessory does not expose uninsulated or mechanical functional parts that
would not be exposed during the replacement of overcurrent protective devices.

g) Except as noted in (h) and (i) means for mounting the accessory require no drilling, cutting, or
filing of holes.

h) Drilling, cutting, or filing is acceptable in the panelboard enclosure if such openings are indicated
by drill points or breakouts on the enclosure. Drill points may be applied at the factory, by a
template provided with the field-installed accessory, or other equivalent means, such that the

location

to be drilled can be determined by the installer.

i) It is possible to accomplish the operation described in (h) in a manner so that debris inside the

panelbo

ard enclosure does not accumulate.

j) The accessory complies with the marking requirements of 34.12, Field-installed equipment.
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6.7.3 Pressure terminal connectors for line or load field connections that are available from the
equipment manufacturer in the form of a field installable terminal kit, or as one or more terminal
connectors specified for field installation on the equipment, shall comply with the following (reference

12.1.1, Exception No. 2):

a) Fastening devices, such as studs, nuts, bolts, spring and flat washers, as required for an
effective installation shall either be provided as part of the component terminal kit or be mounted on
or separately packaged with the equipment.

b) The installation of the terminal kit shall not involve the loosening or disassembly of parts other
than a cover or other part giving access to the terminal location. The means for securing the
terminal connector shall be readily accessible for tightening before and after installation of
conductors.

c) If thg
the con
or with

d) Instg
that mg

e) The

6.74 The m
designed for |
main-terminal

a) Tern

b) Bus
panelb

c) A mg

The kit may be

pressure terminal connector specified in (a) requires the use of a special-t
ductor, any necessary instructions shall be included in the component\termi
the equipment.

llation of the pressure terminal connectors in the intended manner shall res
ets the requirements in this standard.

bol for securing
hal kit package

ult in a product

equipment shall be marked in accordance with 34.12, Field-installed equipment.

bin terminals may be in the form of a main-terminal kit if the panelboarg
se interchangeably either with those terminals.or with a main circuit break
Kit may consist of individual terminals or may:be an assembly consisting of:

inals;

bars that provide connections between those terminals and the main b
bard; and

unting means for those gomponents.

connected to the main bus bars by either bolting or plugging in. See 34.12.1{.

is specifically
er or switch. A

us bars of the

7 Enclosure|

7.1 General

7.1.1 A panglboard shall be constructed for use in a switchboard, cabinet, or cutout bok. An enclosed
panelboard shall be provided with an enclosure complying with the Standard jor Enclosures for Electrical
Equipment, Non-Environmental Considerations, UL 50, except for modification and additional

requirements as specifically described in the standard.

7.1.2 A single-threaded nut designed to slip over the edge of sheet metal to receive a retaining screw
may be used to secure a deadfront to supports, a unit such as a switch or circuit breaker to a mounting
panel, a mounting pan to an enclosure, or a cover or a front to an enclosure if:

a) The nut is protected against corrosion by enameling, galvanizing, sherardizing, plating, or other
equivalent means.

b) The threads do not strip when a torque of 30 pound-inches (3.4 N-m) is applied.

7.1.3 A Panelboard enclosure shall be sufficiently deep to allow the door or doors to be closed with any
switches in either the open or the closed position.
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7.1.3.1 The enclosure shall be constructed so that all doors accessing equipment that is likely to require
examination, adjustment, servicing, or maintenance while energized shall open to a minimum of 90
degrees from the closed position.

7.1.4 An enclosed panelboard having provision for mounting a meter may have an opening to
accommodate a watt-hour meter.

7.1.5 An opening for a watt-hour meter as mentioned in 7.1.4 and the metal from which it is cut shall
comply with the Standard for Meter Sockets, UL 414.

7.1.6 For enclosed recreation vehicle (RV) panelboards, that portion of the enclosure associated with the
low voltage compartment, may comply with the enclosure requirements in the Standard for Power

Converters/Inv
Unless the ling
complies with
Environmental
complies with t

7.2 Componént arrangement

7.2.1 Afuse
no live parts e
shall be dead W

7.2.2 The setting, adjustment, or manual operation of:a‘clock-operated switch or simila

operator shall 1
exposure to un

7.2.3 A meter
with a current t

7.24 The en
mounted in pos

7.2.5

a) Not |
or behin

In a mefer socket, all'bare live parts shall be recessed:

Eriers and Power Converter/Inverier systems for Land Venicles and Viarine
voltage and low voltage compartment of the assembly are separated) by
enclosure requirements in the Standard for Enclosures for Electrical Eq
Considerations, UL 50, the overall assembly shall be mountediinan er
ne requirements of UL 50.

uller and a pull-out switch incorporating a fuseholder émployed in a panelbg
posed when the device is in the closed position, and cartridge-fuse clips in
hen accessible for the inspection or replacement of fuses.

ot result in exposure of wiring, other than that directly connected to the switg
ntentional contact with live parts.

ansformer.
tlosure of a meter secket shall house completely all live parts with an app

ition.

pss than 1/2 inch (12.7 mm) behind the plane of the outer edge of the metern
d the“plane of the meter-mounting hole if a mounting rim is not provided.

b) Behit

Crafts, UL 458.
a barrier that
Lipment, Non-
closure which

ard shall have

such a device

[ device by an
h or device, or

-socket base shall be mounted independently of the cover unless it is intendled to be used

ropriate meter

-mounting rim,

hd thao nlana - aof thoe cover—unlace o harriar ar tha Lika 1o nrawvidad on that th
tE—re—prertec-Sthe-covyer—or Do e otk pProvigea—Sotratt

cooo™

removed without the likelihood of its contacting a bare live part.

7.3 Ventilating openings

7.3.1 Genera

7.3.1.1

more. When provided, ventilating openings shall be located as follows:

cover may be

Ventilating openings shall only be permitted on enclosed panelboards rated 400 amperes or

a) In an enclosure intended for surface mounting only — permitted in the front, side, top or bottom
walls only,

b) In an enclosure not intended for surface mounting only — permitted in the front only.
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7.3.1.2 \Ventilating openings shall be guarded so that there will be no direct access to a live part.

7.3.1.3 Guarding as required by 7.3.1.2 may be accomplished by:
a) Screened or louvered openings with internal barriers,

b) Hoods or stacks with labyrinth air passages.
7.3.2 Barriers

7.3.2.1 A ventilating opening in the top of the enclosure shall be covered by a hood or protective shield
spaced above the opening to prevent the entry of foreign material.

7.3.3 Size, Igcation, and covering or screening

7.3.3.1 A ve
barriers, or oth

htilating opening — slot, louver, or the like — shall be protected by '6ne o
er obstructions of such dimensions and locations that any accessath to a li

I more baffles,
e part requires

at least two clpanges in direction from a straight line. If the minor dimension-of a ventilating opening is

larger than 1/4

inch (6.4 mm) it shall be protected by a screen having a minor'dimension no

larger than 1/4

inch.

7.3.3.2 Alouper shall not be more than 12 inches (305 mm) long«

7.3.3.3 The s be such that it

will not unduly

ize, shape, and location of a screened or otherwise covered opening shall
weaken the overall enclosure.

7.3.3.4 The area of all openings cut or formed from the enclosure metal shall not exceefl 25 percent of

the area of the|wall in which the openings are located.

Exception: Th stiffeners, are

employed and|

b 25 percent area limitation(may be exceeded if reinforcing means, such aq
the enclosure complies with the requirement in 7.3.3.3.

7.3.3.5 The

thinner than t
covered by 0.(
a screen of 14

brea of an opening~covered by a louvered, perforated, or expanded metal panel that is
ne enclosure shall’not exceed 200 square inches (1290 cm?). The area|of an opening
53 inch (1.35:mm) thick or thinner — 0.056 inch (1.42 mm) if zinc coated — sjeel panel or by
AWG (2.1 mm?) or smaller steel wire shall not exceed 80 square inches (516/cm?).

7.3.3.6 The \vires of a screen shall not be smaller than 16 AWG (1.3 mm?) and the opgnings shall not
exceed 1/4 in¢h (64 mm) in any dimension. A supplementary screen having smaller openings may be
provided, but is

7.3.3.7 Perforated sheet steel and sheet-steel expanded mesh shall not be less than 0.042 inch (1.07
mm) thick — 0.045 inch (1.14 mm) thick if zinc coated — for mesh openings or perforations 1/2 square inch
(3.2 cm?) or less in area; and shall not be less than 0.080 inch (2.03 mm) thick — 0.084 inch (2.13 mm)
thick if zinc coated — for larger openings.

Exception: Perforated sheet metal or expanded metal mesh not less than 0.020 inch (0.51 mm) thick —
0.023 inch (0.568 mm) thick if zinc coated — may be employed for a guard or enclosure, the indentation of
which will not alter the clearance between uninsulated live parts and grounded metal so as to adversely
affect performance or reduce spacings below the minimum acceptable values specified in Table 16.1.
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7.3.4 Rainproof and raintight

7.3.4.1  An enclosed panelboard without ventilating openings may be designated as Type 3, 3S, 4, 4X, 6,
or 6P if it complies with the applicable requirements in the Standard for Enclosures for Electrical
Equipment, Environmental Considerations, UL 50E.

7.3.4.2 An enclosed panelboard, with or without ventilation openings, may be designated as Type 3R or
3RX if it complies with the applicable requirements in the Standard for Enclosures for Electrical
Equipment, Environmental Considerations, UL 50E, and with the requirements in Section 22, Rain Test.

8 Bases and Supports — Insulating Material

8.1 An insulajing material used for direct or indirect support of an uninsulated live part-sHall provide the
level of performance specified in Table 8.1 for direct support and Table 8.2 for indirect sUpport of a live
part.

Exception: An|insulating material may be accepted based on the end-product tests specified in the
Standard for P¢lymeric Materials — Use in Electrical Equipment Evaluations, UL’746C.

Maximum performance level categor.l;la(tl,?!igi"for direct’'support insulating material
Flammability rating of material®¢
Tept specified® V-0 V-1 V-2
High voltage Arc Jracking Rate (HVTR) 10 1P 1°
Comparative Tragking Index (CTI) Under 358 3¢ 3%
Moist Conditions
High Current Arc |gnition (HAI) 3 2 2
Hot Wire Ignition {HWI) 4 3 2

& CTI, HAI, HVTR] and HWI are determined in .accordance with the Standard for Polymeric Materials — Short Term| Property
Evaluations, UL 746A. Flammability ratings‘are determined in accordance with the Standard for Tests For Flamma3bility of Plastic
Materials For Parfs in Device and Appliances, UL 94.

b This requiremert is only applicable(to @Component having spacings less than 1/2 inch over surface as covered py Table 16.3.
¢ A material having a comparative fracking index PLC of 4 may be used if the voltage involved is 250 volts or less.
9 A material having a HB flamedrating is not acceptable in any case.

¢ Phenolics having a comparative tracking index PLC of 4 are acceptable if the voltage involved is 600 volts or les§.

Table 8.2
Maximum performance level category (PLC) for indirect support insulating material

Flammability rating of material®
Test specified® V-0 V-1 V-2 HB
High Current Arc Ignition (HAI)® 3 2 2 1

NOTE - If the spacing between the indirect support material and the live part is less than 1/32 inch (either through air or over
surface) the material shall be considered as providing direct support and shall comply with Table 8.1.

2 See note a to Table 8.1.

b If the end product through air spacing between the indirect support material and the live part is 1/16 inch or greater, but less than
1/2 inch, then consideration can be given to conducting the High Current Arc Ignition Test at the end product spacing. If the
through air spacing is 1/2 inch or greater, then this requirement is not applicable.
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8.2 Thermoplastic insulating materials used for direct or indirect support of uninsulated live parts shall be
subjected to the Mold Stress Relief Test, Section 24.

8.3 Slate, porcelain, and soapstone are acceptable materials for the support of an uninsulated live part.
A base of slate or porcelain shall not be less than 1/2 inch (12.7 mm) thick.

8.4 Other than as indicated in 8.5, a live screwhead, a rivet, or a nut on the underside of a base designed
for surface mounting shall be countersunk not less than 1/8 inch (3.2 mm) in the clear, and covered to a
depth of not less than 1/8 inch (3.2 mm) with a waterproof, insulating sealing compound.

8.5 If the screw or nut mentioned in 8.4 is reliably prevented from loosening by being staked or upset, by
a lock washer, or by other means, it may be insulated from the mounting surface by a material other than a
sealing compdund or by providing a spacing irom the mounting surface not less than. that specified in
Table 16.1.

8.6 In a panglboard that has been found to be acceptable without a temperature'test and
incorporating fuseholders, the sealing compound mentioned in 8.4 shall not sSoften at a
90°C (194°F).

n a panelboard
temperature of

8.7 A determ
to be made in
Standard for P

b Table 21.1, is
escribed in the

ination of the softening point of a sealing compound as noted in footnote c t
accordance with the test for softening point by ringjand ball apparatus d
plymeric Materials — Short Term Property Evaluation, UL 746A.

Exception: A tgst is not required for a thermosetting material,

9 Covers, Barriers, and Partitions

9.1 General

9.1.1 A pang

Iboard having a wiring gutter, wiring space, or termination area shall be provided with a

cover, barrier,
switches, fuse|
firmly secured
door, frame, 0o
wires stowed
area that wou
17.2.2.1.

9.1.2 With rg

or partition extending around or from the side or sides of all bases or groyps of bases of
holders, or circuit breakers within the enclosure. Such a cover, barrier, or partition shall be
in position and shallfit closely with the bases of devices within the enclosufe and with the
I side walls so{as to enclose the wiring space, wiring gutter, or terminatioh area and the
ithin it. A cover shall be provided to enclose a wiring space, wiring gutter| or termination
Id otherwise" be exposed when a door giving access to a switch or fusg is open. See

ference to the requirement in the second sentence in 9.1.1, a cover, barrfer, partition, or

dead-front shield in a panelboard intended for use in an enclosure with no dimension more than 40 inches
(1016 mm) and no area more than 1000 square inches (64.5 square decimeters) is considered to fit

closely with:

a) The
barrier,

b) The
shield

bases of devices if the gap at any point is not more than 1/8 inch (3.2 mm) with the cover,
partition or dead-front shield and the devices assembled in any normal position; and

front of the enclosure if the gap between the front and the return flange of a dead-front
is not more than 3/16 inch (4.8 mm) with the panelboard properly positioned in the

enclosure.

9.1.3 A panelboard shall be deadfront unless it is intended for use where it will be accessible only to
qualified persons. See 34.1.6.
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9.1.4 A barrier shall be provided between the installed wires and any part in the panelboard that may
involve arcing in its operation. A barrier that is necessary for compliance with 17.2.2.1 is to be of such
construction and so located that normally placed wires in a wiring gutter will be prevented from contacting
an uninsulated live part. A barrier is not required to discourage the improper running of wires in a space
intended for field addition of units, a space that contains uninsulated live parts, or both, if there are other
spaces obviously intended for the placement of wiring and of adequate size for the wires.

9.1.5 A barrier shall be provided between bus bars and wiring and terminal spaces if the presence of the
bus bars is not obvious when viewed from the front of the installed panelboard with the deadfront removed
if it is removed for wiring and all units are in place.

Exception: The barrier may be omitted if the bus bars are recessed at least 1 inch (25.4 mm) back from the
edge adjacent fothre-spacesof themstatted maimor-branch=circuitarits:

9.1.6 The illugtrations and descriptions in Figure 9.1 indicate the locations where barriers dre required.
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Figure 9.1

Typical layouts of components, compartments, spaces, and barriers
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Figure 9.1 (cont'd)
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Notes for Figure 9.1

A — Cabinet or cutout box.

B — Barrier separating neutral termination area from compartment containing arcing parts; barriers separating bus bars

from a neutral terminal space or wiring spaces if neutral is not provided. See 9.1.5.

C — Recessed branch-circuit terminals.

D — Space available for one or more additional units, containing uninsulated bus bars. Side barriers are not required to

prevent wires from being run over the bus bars if there is adequate wiring space elsewhere, and if the bus bars are

located in relation to the adjacent wiring space so that wires placed in the wiring space in a normal manner will not come

in contact with them.

E — Completely segregated main switch.

F — Main-termination area.

G — Barrier posts for main termination area. Posts must extend within 1/8 inch of dead-front shield.

H — Wire-bemding space between any wire connector and the wall or barrier toward which it is directed or thrgugh which

the connectgd conductor may normally pass.

| — Main ternjinal in gutter recessed between closely fitting walls.

J — Wiring gytter containing wires from meters.

K — Barriers preating termination area.

L — Terminal§ feeding branch-circuit units.

M — Barriers|completely separating meter-fuse compartment from wiring spaces. hdividual openings in barrig¢rs are

provided opgosite each terminal.

N — Meter-fuse compartment with terminals for wires leading to meters.

O — Main terminals in side wiring space that will contain not more thanceight wires, excluding main feeders, iffone or

more of these wires may be of a polarity opposite to that of the terminal.

P — Back wirjng space.

Q — Barrier geparating bus bars from wiring spaces. See 9.1.6;
9.1.7 Other than as indicated in 9.1.8 and 9.4+11, a metal barrier shall have a thicknesg not less than
0.053 inch (1.3p mm) if uncoated sheet stegelynot less than 0.056 inch (1.42 mm) if galvanizpd sheet steel,
and not less than 0.075 inch (1.91 mm) if aluminum.
9.1.8 A metallbarrier may be of a-thickness less than that specified in 9.1.7 if its strength) and rigidity is
not less than that of a flat sheet\of the same metal having the same dimensions as the bafrier and of the
specified thickness.
9.1.9 A barrigr of slateor marble shall not be less than 1/2 inch (12.7 mm) thick. Except ps indicated in
9.1.10, a nonmetallie:barrier other than slate, marble, or similar material shall not be less thgn 1/4 inch (6.4
mm) thick and $hall\be supported to provide the necessary strength and rigidity.

9.1.10 The thickness of a nonmetallic barrier other than slate, marble, or similar material, may be less
than 1/4 inch (6.4 mm) if the barrier is located so that it will not be subject to mechanical abuse during
installation and is located and supported so that it will have the necessary mechanical strength and rigidity.
See 16.3, Barriers and liners.

9.1.11 A dead-front shield shall have a thickness not less than 0.032 inch (0.81 mm) if uncoated, not less
than 0.034 inch (0.86 mm) if galvanized, and not less than 0.050 inch (1.27 mm) if aluminum.

9.1.12 In a dead-front panelboard that has a dead-front shield with a metal thickness in accordance with
9.1.11 and that also has a door as integral parts of the cover, the door may have a thickness less than the
requirement of the Standard for Enclosures for Electrical Equipment, Non-Environmental Considerations,
UL 50, but not less than 0.032 inch (0.81 mm) if uncoated steel, not less than 0.034 inch (0.86 mm) if
galvanized steel, and not less than 0.050 inch (1.29 mm) if aluminum.
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9.1.121
an area more t

han 360 in? (232,300 mm?) when:

Formed hinges may be utilized for doors with edges longer than 24 inches (610 mm) or having

a) With an edge longer than 24 inches (610 mm) on the side that is hinged and on the side opposite
the hinged side, but not on the edges adjacent to the side with the formed hinge;

b) Havi

ng an area more than 360 in? (232,300 mm?); and

c) Weighing 6.825 Ibs. (3.1 kg) or less for doors made of steel or 3.35 Ibs. (1.5 kg) or less for doors
made of aluminum.

Note: Weight of the doors corresponds to the maximum weights for doors manufactured in accordance with the requirements and
limitations in door sizes that may utilize formed hlnges in the Standard for Enclosures for Electrical Equment Non-Environmental

the likelihood
enclosure.

9.1.14 With neference to the requirement in 9.1.13, a dead-front shijeld is considered to

backward into
directly from th

9.1.15 Inap
uninsulated liv
become live
countersinking
device.

9.2 Bushing

9.2.1 Anopeg
may pass shal
contact with sH

9.2.2 A bush
phenolic comp
surface on wh
neoprene, pol

-front shield shall be supported independently of any support that, willbe pr
ield-installed. It shall be constructed so that it can be readily installed and re
bf contacting a bare live part or damage the insulation of any.instlated live

the panelboard interior unless it is reliably supported ddring removal until it c
e enclosure without a further sliding or twisting metion.

bnelboard of the dead-front type employing.idsulating material as a covering
b parts, the head of a screw or rivet that ghgages the mounting strap of a swi
through malfunction or breakdown.of the switch, shall be located o
or the equivalent so that it will not be"exposed to unintentional contact from

hing in a metal barrierthrough which a factory-installed wire or cable or a fie
be provided with a)bushing or shall be formed so that insulated conductors
arp edges.

ing employed at the opening mentioned in 9.2.1 may be of glass, porce
ositiony ofr cold-molded composition. A metal eyelet or grommet having a si
ichithe wire or cable may bear is acceptable in place of a bushing. A bus

minum is assumed a

ovided by units
moved without
part inside the

be likely to fall
An be extracted

or protection of
ch, or that may

protected by
the front of the

d-installed wire
ill not come in

ain, hard fiber,
hooth, rounded
hing of rubber,

vinyl chloride, or of hot-molded shellac-and-tar composition is not acceptablg.

9.2.3 The bushing may be of material other than those mentioned in 9.2.2 if it has been investigated and
found to be acceptable for the purpose.

10 Filler Plates

10.1

A filler plate as discussed in 10.2 — 10.10 is a plate intended to close an opening that would

otherwise be closed by subsequent installation of a circuit breaker or other device. A breakout is not
considered to be a filler plate. See 34.14.1 and 34.14.2.

10.2

If one or more openings are not closed when the panelboard is installed, filler plates complying with

the requirements in 10.3 — 10.10 shall be available. If one or more branch-circuit units are factory installed,
filler plates closing the remaining openings for field installation of such units shall be factory installed.
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10.3 A sheet-steel filler plate shall have an average thickness not less than 0.056 inch (1.42 mm) if
galvanized or 0.053 inch (1.35 mm) if uncoated.

Exception: The average thickness may be not less than 0.034 inch (0.86 mm) if galvanized or 0.032 inch
(0.81 mm) if uncoated, if the plate is not larger than 1 inch by 3 inches (25.4 mm by 76.2 mm) or it is

employed behind a door or a cover.

10.4 Afiller plate of insulating material shall:
a) Be of material that is acceptable for the indirect support of uninsulated live parts, in accordance
with 8.1 and 8.3;
b) Not less than 3/32 inch (9 4 mm) thick at any point:
c) Othef than as noted in 10.5, have one dimension — length or width — not largér{than 3 inches
(76.2 mm) and have the other dimension not larger than 1 inch (25.4 mm); and

d) Belo

10.5 Afiller p
and found to bg

10.6 Other th

10.7 Means @
place, will not i

10.8 Afillerp

a) Be of
opening

b) Have

cated a minimum of 1/32 inch (0.8 mm) from a live part. Also see Note to Tab|

ate may have dimensions larger than those specified in 10.4(c) if it has beg
acceptable for the purpose.

bn as noted in 10.7, screws shall be employed for sécuring a filler plate in pla

e dislodged as a result of normal use but'may be readily removed if desired.

ate shall:

such size and shape that it will'extend at least 1/32 inch (0.8 mm) on all sid
that it is intended to close:(See 10.1 and 10.9);

a 1/4 inch (6.4 mm),or wider right-angle flange or the equivalent around its

except at the ends of a row-af units, will closely abut a similar flange or the equival

edge of

c) Over

the opening that the plate is intended to close; or

ap as spegcified in 10.8(a) on one, two, or three sides and shall have a

equivalgnt as described in 10.8(b) on the remaining side or sides.

10.9 A filler p

lateshall close the opening to at least the same extent as the unit, such

circuit breaker,

e 8.2.

n investigated

e.

N
o

ther than screws for securing a filler plate may be employed if the plate, wien secured in

es beyond the

perimeter that,
ent around the

flange or the

As a switch or

in‘place of which the filler plate is mounted

10.10 The amount of overlap at a formed ear intended to secure a filler plate in place is not specified, but
with the plate in place a resulting opening at such point shall not be longer than the thickness of the

cabinet front or

the dead-front shield.

11 Current-Carrying Parts

11.1 General

11.1.1 A current-carrying part shall be of silver, a silver alloy, copper, a copper alloy, aluminum, an
aluminum alloy, or other metal investigated and found to be acceptable for the application, and shall be
rigid.

11.1.2 Iron or steel shall not be used for a part that is depended upon to carry current.
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11.1.3 Plated steel screws, nuts, and studs may be used to secure pressure wire connectors and bus
bars. A No. 10 and larger plated-steel wire-binding screw may be used at a terminal, in connection with a
nonferrous terminal plate. Bolts, washers, and nuts at the hinges of knife switches are considered to be
parts that are not depended upon to carry current.

11.1.4 Copper and brass are not acceptable for plating wire-binding screws, nuts, and stud terminals, but

a plating of cadmium, zinc, tin, or silver is acceptable.

11.1.5 Each bus bar shall be plated at each joint with tin, silver, nickel, or cadmium.

Exception No.

1: Welded or brazed joints need not be plated.

Exception No.

Exception No.
accordance w

11.1.6  Amon
in Exception

corrosive envifonment. These factors are considered with respect to conductivity and therm

11.1.7 Each
and either a sf

Exception No.
Exception No.
11.1.8 Aspri
Exception No.

Exception No.
aluminum bus

Exception No.
used in place
with aluminumj

2: Copper bus bars need not be plated if the current at the joints is 600 ampe

3: Other coatings may be used for aluminum bus bars if investigated for th
th the requirements in 21.1.1 and 21.6.1.

j the factors taken into consideration when the acceptability~ofiother coating
No. 3 to 11.1.5 is being determined are its adherence~to aluminum and

riveted connection involving current-carrying parts“shall have a spring was
ring washer or a flat washer at the other end.

1: A construction that has been tested in accordance with 21.5.1.

2: A connection rated 225 amperes or less employing copper bus bars only.
ng washer shall be used at one-end of a bolt securing current-carrying parts t
1: A construction that hasbeen tested in accordance with 21.5.1.

2: A spring washer may be replaced with a split ring lock washer and flat
in the joint has a-tensile yield strength of at least 20,000 pounds per square i

3: A flat washer, a split-ring lock washer, or a bolthead that complies with 11
Df a spring washer if the joint does not include any aluminum or if aluminumni
busbars.

res or less.
e application in
5 as mentioned

resistance to
al aging.

her at one end

bgether.

washer if each
ich (138 MPa).

7.10(b) may be
bolts are used

Exception No. 4: A type of fastening equivalent to that used for evaluating the suitability of a wire
connector used as a component in accordance with the requirements for wire connectors.

Exception No. 5: A spring washer is not required at a bolted contact of an aluminum alloy conductor used
in the grounding circuit for an application such as the service-grounding electrode, a neutral-bonding
conductor, or an equipment-grounding conductor.

11.1.9 A spring washer as mentioned in 11.1.7 and 11.1.8 shall:

a)Bea

dished washer of stainless, or hardened and tempered steel,

b) Have an outer diameter not less than 150 percent of the bolt diameter and a thickness not less
than one-eighth of the bolt diameter, and

c) Be dished not less than 3-1/2 percent of the bolt diameter.
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11.1.10 A flat washer as mentioned in 11.1.7 and 11.1.8 shall have:

a) A thickness at least one-sixth the diameter of the rivet shank or bolt, and

b) An outer diameter at least 150 percent of that of the rivet shank or bolt, but not less than the
outer diameter of the spring washer.

11.1.11 All conductors of an alternating-current circuit that pass through a wall or partition of metal
having magnetic properties, including the neutral, shall be run through the same opening.

Exception: Internal wiring of panelboards subjected to the Temperature Test, Section 21, with
temperatures recorded in the area of the metal wall or partition to determine compliance with Table 21.1,
are not requiredtfa include all conductors in the same opening

11.1.12 With [reference to the requirement in 11.1.11, and to Figure 11.1, the cohddclors may pass
through individual openings in a wall or partition if the openings are connected by slots cpt in the metal
wall. The conductors may be run through individual openings in an insulating-block usgd to cover an
opening in the metal wall sufficiently large for all the conductors of the circuit if no metal brgcket, brace, or
the like, is plac¢d across the insulating material between the conductors.

Figure 11.1

Conductors through openings
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11.2 Bus bars, supports

11.2.1 A bus bar or uninsulated live part, other than a pressure wire connector as mentioned in 16.1.15,
shall be reliably secured so that ordinary vibration will not loosen the securing means, and shall be
prevented from turning or shifting in position if any spacings less than half those specified in Table 16.1
would result from such turning or shifting. A bus bar provided with one or more insulators that must be
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removed when the unit is installed shall be prevented from any turning or shifting that would result in
spacings less than half those specified in Table 16.1 with all insulators in place, or that would result in a
spacing less than 1/8 inch (3.2 mm) for any voltage up to 250 volts, or 1/4 inch (6.4 mm) for any voltage
from 251 to 1000 volts, with any insulators omitted.

11.2.2 A neutral bus bar shall be mounted on an insulating base that complies with the requirements in
8.1.

Exception: A neutral need not be mounted on an insulating base when the panelboard is marked to
indicate that it is suitable only for use as service equipment in accordance with 34.9.1 and 34.9.2.

11.2.3 A bolted connection between two bus bars or between a bus bar and another current-carrying part

shall not depe|
as specified in

Exception: Th
socket base.

11.2.4 A bus
connected to
factory-installe

11.25 Thep
connections tg
viewed from t
location in the
on a wiring dig
wire, delta-con

Exception No.
installation if tH

Exception No.
grounded B-ph

Exception No.
limited or fielg
marking.

id on polymeric msulation 1o maintain the clamping force unless nvestigateéd for such use

21.7.1, and shall not depend on thermoplastic material in any case.

s requirement does not apply to a joint intended to carry 30 amperes or les

bar shall be supported independently of any switch, circuit breaker, or
t unless such switch, or the like is reliably supporteddndependently of the
d.

nase arrangement of main and submain bus bars'in a 3-phase panelboard, n
metering equipment , shall be A, B, C, from front to back, top to bottom, o
ne front of the panelboard. The neutralin~a 3-phase, 4-wire panelboard
sequence (for example: A, N, B, C) if it\is identified as such by a marking o
gram. The B-phase shall be that phase having the higher voltage to ground
nected systems (see 34.4.4 and 344.5).

1. Other bus bar arrangements may be used for a panelboard manufactured
e arrangement of the bus bars is indicated by marking.

2: The phase arrangement in a 240-volt, 3-phase, 3-wire panelboard intend
ase system is to be A, C with the neutral as the B-phase.

3: Othersbus bar arrangements may be used for a panelboard if access to
connection of cables is not required, and the arrangement of bus bars

5, or to a meter

the like that is
bus bar and is

ot including the
- left to right as
may be in any
n the neutral or
on 3-phase, 4-

for an existing

ed for use on a

the bus bars is
s indicated by

Exception No. 4: Equipment within a panelboard with provision for a watt-hour meter, intended for 3-
phase, 4-wire delta connected systems only may have the same phase configuration as the metering
equipment (C-phase at the higher voltage to ground). See 34.4.5.

Exception No. 5: Equipment within a panelboard with provision for a watt-hour meter, and having a
combination voltage rating that includes a 3-phase, 4-wire delta system rating, may be marked to show the
C-phase at the higher voltage to ground.

11.2.6 If a branch bus bar is not prevented from turning by being secured to a circuit breaker, a switch, a
fuseholder, or the like when the panelboard is shipped from the factory:

a) The branch bus bar shall be prevented from turning. Friction alone is not acceptable for this
purpose; or
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b) Any part of the branch bus bar to which spacings may be reduced to values less than the
minimum acceptable if the bus bar rotates shall be insulated. The insulation shall be securely held
in place.

11.2.7 A panelboard in which branch bus bars may be mounted in the field — see 6.6.3 — shall be such
that reliable support will be provided for such bus bars. A base for supporting a bus bar shall be
assembled in place in the panelboard before it is shipped from the factory. See 34.12.4.

11.2.8 Friction between surfaces is not acceptable as a means to prevent turning or shifting of an
uninsulated live part. Turning or shifting may be prevented by the use of two screws or rivets, by
noncircular shoulders or mortises, by a dowel pin, lug, or offset, by a connecting strap or clip fitted into an
adjacent part, or by an equivalent method. No reliance is to be placed on a single branch circuit

fuseholder, cir
such turning w

11.2.9 In dets
or nut is to be |
extent limited b

11.2.10 If a &
amperes or les
result in the likg

11.2.11 Bolts,
they are visiblg
bolts that secu
the bus bar on

11.2.12  If par]
threads. If the 5

uld reduce spacings to less than those specified in 11.2.1 or Table 16.1.

rmining the adequacy of means to prevent turning or shifting in regardto 11.
bosened and retightened finger-tight without a tool. The bus bar isthen to be
y the screws or other means and the resulting spacings measured.

ranch-circuit unit, such as a circuit breaker, switch unit; or plug fusehol
5 is removable from the front of the panel, the replacement or removal of sug
lihood of a short circuit from turning or dropping of‘parts.

nuts, or washers used in securing a branch circuit unit are not considered
and readily reached. A branch bus bar willkusually be considered likely to
e the branch-circuit unit to the branch bus bar also serve to secure the bra
ts line side.

s are held together by screws, a‘threaded part shall not have fewer than twg
crew does not extend all the way through a threaded part, the taper or lead

first full thread are to be disregarded in determining the number of threads engaged.

11.3 Ampaci

11.3.1 Excep
Section 21, Ten

y General

as indicated. in 11.3.2, a panelboard shall comply with the requiremen
nperature Test. See 12.1.10.

11.3.2 A pan
copper bus ba

Iboard rated 400 amperes or less with aluminum bus bars or 1600 amper
need not be subjected to the tests in Section 21, Temperature Test, if it cq

ng such unit, if

P.8, any screw
pushed to the

jer, rated 600
h unit shall not

likely to fall if
all if the same
hch bus bar to

full, clean-cut

thread and the

s specified in

bs or less with
mplies with all

of the following

a) A factory- or field-installed insulated conductor connected between parts of a panelboard shall
have an ampacity not less than the maximum current rating of the circuit in which it is connected, in
accordance with Table 11.1.

b) Other than as noted in 11.3.3, 11.3.4, and 11.3.5 the current density shall not be more than:

1) One thousand amperes per square inch (155 A/cm?) of cross section for solid copper.

2) Seven hundred fifty amperes per square inch (116 A/cm?) of cross section for solid
aluminum having a conductivity of at least 55 percent that of the International Annealed
Copper Standard.

3) Two hundred amperes per square inch (31 A/cm?) of contact area at bolted contacts
between copper or aluminum bus bars and connecting straps or connectors. In determining
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the contact area of a bolted or riveted connection, no additions or subtractions shall be

made for the area of screws, bolts, or rivets.

4) Seventy-five amperes per square inch (11.6 A/cm?) of contact area at contact surfaces of
copper switch blades and jaws.

¢) The panelboard shall not be rated for a frequency of more than 60 hertz.

d) The panelboard is rated 110 amperes or less or having any circuits rated 110 amperes or less
and is marked to indicate use of 60°C conductors only for circuits rated 110 amperes or less and

75°C conductors for circuits rated more than 110 amperes. See 12.1.10(c).

Table 11.1
Ampacities of insulated conductors
Temperature rating of conductor.
Wire size 60°C (140°F) 75°C (167°F)
AWG or
kemil hm? Copper Aluminum Copper Aluminum
14 2.1 20 (15)? - 20 (15) -
12 3.3 25 (202 20 (15)3 25 (20)2 20 (15)
10 5.3 30 25 35 (30)2 3 (25)2
8 8.4 40 30 50° 40°
6 3.3 55 40 65° 50°
4 1.2 70 55 85> (100)° 65°
3 6.7 85 65 100° (110)° 75°
2 3.6 95 75 115P (125)° 90p (100)°
1 12.4 110 85 130° (150)° 10qQ° (110)°
1/0 3.5 d d 150 (175)° 12p (125)°
2/0 7.4 d d 175 (200)° 13p (150)°
3/0 5.0 d d 200 (225)° 15p (175)°
4/0 1o7.2 d d 230 (250)° 18p (200)°
250 127 d d 255 (300)° 20p (225)°
300 152 d d 285 23p (250)°
350 W77 d d 310 (350)C 25 (300)°
400 203 d d 335 (400)° 270
500 253 d d 380 310 (350)°
600 304 d d 420 340 (400)°
700 355 d d 460 375
750 380 d d 475 385
800 405 d d 490 395
900 456 d d 520 425
1000 506 d d 545 445
1250 633 d d 590 485
1500 760 d d 625 520

Table 11.1 Continued on Next Page
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Table 11.1 Continued
Temperature rating of conductor
Wire size, 60°C (140°F) 75°C (167°F)
AWG or
kemil mm? Copper Aluminum Copper Aluminum
1750 887 d d 650 545
2000 1013 d d 665 560
NOTES

1 For a multiple conductor connector at a terminal, the ampacity value is to be multiplied by the number of conductors that the
terminal is capable of accommodating [1/0 AWG (53.5 mm?) and larger].

2 These values of ampacity apply only when a maximum of 3 current carrying conductors are to be field installed in a single

conduit. When fodir or more conductors other than a grounding conductor or a neutral that carries the unbalanced fcurrent from
bf the same circuit are to be installed in conduit, the allowable ampacity of each of these canducjors is reduced
llowing table. These reduced values do not apply to internal wiring of a panelboard unless‘erclgsed in conduit.

other conductors
as shown in the fi

Nur

hber of Conductors

4-6

7-9
10-20
21-30
31-40
41 or more

80
70
50
45
40
35

Percent of Valug in Table

@ Values in parent
accordance with ]

® The ampacity of
the breaker is ma|

®The values in p3
use as residentia

9 For wire sizes 1

heses are to be used if wire is connected to an overcurrentprotective device. The other values gre applicable in

1.3.2.

these sizes shall be the same as for 60°C (140°F) wite'when connected to a molded case circuif breaker unless

ked 75°C (167°F).

rentheses are capable of being used at the mdiry terminals of a single-phase, 3-wire, panelboard intended for
service equipment, when the panelboard is-mmarked in accordance with 34.1.14.

0 AWG and larger, it is assumed that wire-with at least a 75°C temperature rating is being used.

11.3.3 The linpitations on current densityymentioned in 11.3.2(b) do not apply:

a) To a
fusehol

b) To a part of a stfap, bus bar, jumper, and the like, adjacent to and connected to

connecting strap,‘bus bar, or the like comprising a part of a circuit breaker, switch, or
er employed in-the/panelboard.

b terminal of a

switch, gircuit breaker, or fuseholder — but for not more than 1 inch (25.4 mm) from the terminal — if

a reduckd cross-section in that part is necessary because the terminal is recessed

adjace

talit.

or barriers are

c) At a connector if the entire normal contact surface is in contact with the bus bar, terminal, or
other surface to which it is connected. The normal contact surface of a pressure wire connector is
considered to be that area resulting when two identical connectors are positioned back-to-back
with the major axes of the wire barrels at 90 degrees or 180 degrees from each other, whichever
position results in the smaller contact surface.

d) At the connection of a bus bar to a terminal of a switch, circuit breaker, or fuseholder if the
contact area at the point at which the bus bar is connected to such a terminal is:

1) The full contact area available on the circuit breaker, switch, or fuseholder, or

2) Not less than the contact area between the terminal and the pressure wire connector
normally supplied with such a unit.
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11.3.4 The cross section of a bus as covered in 11.3.2(b) may be reduced by not more than 5 percent
due to rounding, shaping, or dimensional tolerances.

11.3.5 Part of the bus material may be removed for slots or holes — whether used or not — provided the
remaining material at any cross section along the length of the bus bar has at least 70 percent of the
required ampacity and the remaining metal in any 6 inch (152.4 mm) length of bus is at least 93 percent of
the metal of a bus having the required ampacity in accordance with 11.3.2(b); for example, a 1 inch (25.4
mm) wide bus may have 9/32 inch (7.1 mm) holes on 1 inch centers or a 4 inch (101.6 mm) wide bus may
have 13/32 inch (10.4 mm) wide slots 3.2 inch (80.9 mm) long every 6 inches.

11.3.6 Table 11.2 gives the ampacities of some of the more common sizes of copper bus bars.

Table 11.2
Ampacities of common size copper bus bar
Bus-bar thickness, inches (mm)

Width of bus bgr, | 3/64 | 0.051 | 1/16 | 0.064 | 5/64 | 0.081 | 3/32 1/8 5/32 | 316 | 7/32 1/4
inches | (mnf) | (1.2) | (1.30) | (1.6) | (1.63) | (2.0) | (2.06) | (2.4) | (3.2) | (4.0) | (4.8) || (5.6) | (6.4
3/8 (9.5 18 19 23 24 29 30 35 47 59 70 82 94
7/16 .y | 21 22 27 28 34 35 44 55 68 82 96 109
12 (12| 23 26 31 32 39 41 47 63 78 94 109 125
9/16 (14.3) | 26 29 35 36 44 46 53 70 88 105 123 141
5/8 (15.9) | 29 32 39 40 49 51 59 78 98 117 137 156
116 | (17.8) | 32 35 43 44 54 56 64 86 108 129 150 172
3/4 (19.) | 35 38 47 48 59 61 70 94 17 141 164 188
7/8 (22.2) | 41 45 55 56 68 71 82 109 137 164 191 219

1 (254) | 47 51 63 64 78 81 94 125 156 188 219 250
1-1/8 | (28.4) [ 53 57 70 72 88 91 105 141 176 211 246 281
1-1/4 | (31.9) | 59 64 78 80 98 101 17 156 195 234 273 313
1-3/8 | (34.9) | 64 70 86 88 102 111 129 172 205 258 301 344
1-12 | 381 | 70 77 94 96 17 122 141 188 235 281 328 375
1-3/4 | (44.9) | 82 89 109 12 137 142 164 219 273 328 383 438

2 (50.4) | 94 102 125 128 156 162 188 250 313 375 438 500
2-1/4 | (57.3) | 105 15 141 144 176 182 211 281 352 422 492 563
2172 | (83.5)N 117 128 156 160 185 203 234 313 391 469 547 625

11.4 Main unit ratings

11.4.1 The current rating of a main switch, a main fuseholder, and a main circuit breaker — trip-unit rating
of a breaker having interchangeable trip units — shall be in accordance with Table 11.3.
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Table 11.3
Main switch, fuseholder, and circuit breaker ratings
Maximum main switch and Maximum main circuit breaker
Rated ampacity of main bus bar fuseholder rating, amperes rating, amperes
0-30 30 30
31-40 60 40
41-50 60 50
51-60 60 60
61-70 100 70
71-90 100 90
91 -100 100 100
101-125 200 125
126 — 150 200 150
151-175 200 176
176 — 200 200 200
201-225 400 225
226 — 250 400 250
251275 400 275
276 — 300 400 300
301-350 400 350
351-400 400 400
401 —450 600 450
451 - 500 600 500
501 - 600 600 600
11.5 Neutral
11.5.1 The nqutral bus bar shall have-an-ampacity not less than that of the other bus bars, except that
the neutral in g 3-wire d-c or single-phase a-c panelboard or in a 3-phase, 4-wire panelbogrd, rated more
than 200 ampefes, shall not have anrampacity less than 200 amperes. See 34.1.12.
11.5.2 A neutfal bus bar intended for use in a panelboard with increased neutral ampacity shall have an
ampacity of 12%%, 150%,-175%, or 200% of the other phase bus bars.
11.5.3 When [the main neutral terminal is located at the electrical center of the neutrgl bus bar, the
ampacity of ea¢h half of the bus bar shall not be less than half the value specified in 11.5.1f The electrical

center is identified-Zas the point at which the neutral current to one side of the bus bar is equal to that to the

other side, taking into consideration the total number of terminals located on the neutral bus bar and the

current associated with each.

11.5.4 The ampacity of a section of a neutral bus bar that consists of two or more sections shall not be

less than the greater of the following:

a) The ampacity required for the part of the neutral current that is expected to flow in that section
taking into consideration the relationship between:

1) The number of terminals in that section and the current associated with each, and

2) The total number of terminals in the entire neutral and the currents associated with each.

b) The ampacity required for the current associated with the largest ampacity terminal located in

that section.
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11.5.5 With reference to 11.5.3 and 11.5.4, the neutral current associated with a given terminal is
determined in accordance with Table 11.1, based on the wire of maximum size for which the terminal is
capable of supporting; except that the assumed size of wire is not determined to be larger than that
required to provide an ampacity not less than the maximum current rating of any overcurrent-protective
device to be used in the panelboard. A terminal employing a wire-binding screw is identified as a 30
ampere terminal.

11.5.6  When the service phase conductors are paralleled, the size of the neutral conductor shall be
based on the equivalent area of the parallel conductors.

Exception: The neutral conductor shall not be required to be larger than the largest ungrounded service
conductor or equivalent area for parallel conductors.

11.6 Fusehcllders and circuit breakers

11.6.1 Otherjthan as indicated in 34.1.9, a wire or bus bar leading to a fuseholdér shall have an ampacity
not less than the maximum current rating of any fuse that the fuseholder will accémmodate.

11.6.2 A wirg or bus bar leading to a noninterchangeable-trip circuit breaker shall have gn ampacity not
less than the current rating of the breaker, and not less than 20 amperés in any case. See 3%.1.10.

11.6.3 A wird or bus bar leading to an adjustable trip circuit breaker shall have an ampacity not less than
the maximum |current rating of the adjustable trip circuit breaker, and not less than 20 gmperes in any
case. See 34.1.10.

11.6.4 Otherjthan as indicated in 34.1.9, a wire or bus bar leading to a circuit-breaker frame designed for
use with interchangeable-trip units shall have an anipacity not less than the maximum currg¢nt rating of the
frame.

12 Wiring Tgrminals
12.1 Generd|
12.1.1 A termfinal, such as\. a@ pressure wire connector or wire-binding screw, shall He provided for
connection of pach conduetor intended to be field-installed in the panelboard and shall be| the same type

as used during the short-circuit test. Connections may be provided for cord-connected ¢quipment, see
Cord-Connectors, Section 13. See 18.2, Equipment-grounding terminals.

Exception No.|1:Jerminals are not required in a panelboard intended for connection to bus ppars.

Exception No. 2: Terminals are not required to be factory installed in the panelboard if component terminal
kits are available from the equipment manufacturer or one or more acceptable pressure terminal
connectors are specified for field installation on the equipment, and the construction complies with
requirements in 6.7.3.

Exception No. 3: An alternative wire connector, such as crimp for crimp, mechanical for mechanical, or
crimp for mechanical that complies with the Standard for Wire Connectors, UL 486A-486B, may be used in
a panelboard without conducting a short-circuit test under the following conditions:

a) The short-circuit current rating of the panelboard is less than 100,000 amperes, or 100,000
amperes maximum if the panelboard is protected by an overcurrent protective device, and

b) The panelboard short-circuit current rating divided by the number of conductors per phase
results in a current of 50,000 amperes per conductor or less.
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Exception No. 4: An alternative wire connector, such as crimp for crimp, mechanical for mechanical, or
crimp for mechanical that complies with UL 486A-486B, may be used in a panelboard under the following
conditions:

a) The short-circuit current rating of the panelboard is less than 100,000 amperes, or 100,000
amperes maximum if the panelboard is protected by an overcurrent protective device, and

b) The panelboard short-circuit current rating per conductor is greater than 50,000 amperes without
conducting a short-circuit test provided that:

1) The number of conductors per leg is equal to or greater than the number of conductors
as tested, and

=7 i = = samples of the
Iternative wire connector is equal to or greater than the average pullout|force of three
$amples of the wire connector used in the short-circuit test.

12.1.2 A wirefbinding screw is acceptable for securing a 10 AWG (5.3 mm?) or‘smaller conductor only.
12.1.3 A prespure wire connector shall be mechanically secured.

12.1.4 A pressure wire connector provided with or specified for use)with a panelboard shall comply with
the Standard for Wire Connectors, UL 486A-486B, or the Standard for Equipment Wiring Terminals for
Use With Alum|num and/or Copper Conductors, UL 486E.

12.1.5 The tightening torque for a field-wiring terminal shall be as specified by the panelboard
manufacturer gnd shall be marked as required by 34.5.4. The specified tightening torque shall not be less
than 90 percept and not more than 100 percent.'of the value employed in the static heating test as
specified in th¢ Standard for Wire Connectors, UL 486A-486B, or the Standard for Eqipment Wiring
Terminals for Use With Aluminum and/or Copper'Conductors, UL 486E, for that wire size cgrresponding to
the ampere rating of the panelboard. See 23.1.

Exception: Torque value may be less than 90 percent if the connector is investigated in agcordance with
the lesser assigned torque value,inctL 486A-486B, or UL 486E.

12.1.6 A main terminal shall.be capable of securing the smallest conductor, or group off conductors in
multiple, of standard size_having an ampacity adequate for the rated current of the panelboard as
determined in gccordafce with 12.1.10. See 12.1.11.

12.1.7 A pang¢lboard with increased neutral ampacity shall have a neutral terminal rated [for conductors
sized for the ampacity of the neutral bus. See 11.5.2.

12.1.8 A terminal for a branch-circuit conductor shall be capable of securing the smallest conductor, or
group of conductors in multiple, of standard size having an ampacity adequate for the application, as
determined in accordance with 12.1.9 and 12.1.10. See 12.1.11.

12.1.9 With reference to 12.1.8, it is assumed that the ampacity of a wire or wires to be connected to a
terminal of:

a) A fuseholder is any value within the range of current ratings of fuse that the fuseholder will
accommodate;

b) A circuit breaker capable of accommodating interchangeable trip units of different current ratings
is acceptable for the rating of the installed trip unit;
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c) A circuit breaker not capable of accommodating interchangeable trip units of different ratings is
acceptable for the current rating of the breaker.

12.1.10 The sizes of field installed conductors having ampacities as noted in 12.1.6 and 12.1.8 shall be

determined fro

m Table 11.1 based on:

a) The use of aluminum wire at all terminals identified on a wiring diagram or the like as being
acceptable for use with such wire, except those terminals identified for use with copper wire only.
See 34.2.3-34.2.7.

b) The use of wire rated 75°C (167°F) for all wire sizes 1/0 AWG and larger.

c) The use of wire rated 60°C (140°F) for all wire sizes 1 AWG and smaller, except the conductor

size sh

12.1.11 The
accommodate

12.1.12 In ar
type; that is, if
the mechanicq

12.1.13  Alun
current-carryin
metals involve

12.1.14 Apr
wire, shall be
cycling or the |

12.1.15 Separate feed<through terminals intended for connecting a single feed-through

conductors to
provide termin

bl be based on the use of wire rated 75°C if:

1) The panelboard has been subjected to the temperature test using 75
marked for 75°C field-installed wire at any terminals in accordancewith’ 34.3.

?) The panelboard is intended for use as residential service.equipment a
note c to Table 11.1. See 34.1.14.

requirements in 12.1.6 and 12.1.8 do not preclude‘use of a connecto
a wire or wires of a size or sizes different from that(specified in those paragrz

application in which conductors are used in multiple, the connectors shall

| setscrew type.

inum wire, insulated or uninsulated, used for internal wiring interconne
g parts shall be terminated at éach end by a method acceptable for the con
H at the connection point.

bssure wire connector-used as a terminating device for factory or field-inst
acceptable for usewith aluminum under the condition involved, such as ter
ke.

a panelboard — see 12.1.16, 17.2.2.3, 17.2.3.4, 34.3.3, 34.12.11, and 3

C wire and is
1, or

5 mentioned in

that will also
phs.

be of the same

mechanical set-screw connectors are used;”all connectors in the arrangement shall be of

ctions between
hbination of the

Alled aluminum
hperature, heat

circuit and tap
1.12.13 — shall

bls for-tap conductors of ampacity not less than the current rating of the pane

board.

i 4l T : 1 4 : ! 1l 4 : ! +
12116 Sepdldlb‘ ICCU=UTOUYIT ICTTTITNAS U a CTTTHITIal aSSTITIOTY= ICTTTITals, COMTparttic

it barriers, and

the like — may be in the form of a kit if the kit complies with 6.7.3. See 17.2.2.3, 17.2.3.4, and 34.12.11 -

34.12.14.

12.2 Screw terminals

12.2.1

A wire-binding screw or stud of a wiring terminal shall not have more than 32 threads per inch

(25.4 mm) and shall not be smaller than No. 10, except that a No. 8 copper-alloy machine screw may be
used at a terminal intended only for the connection of a 14 AWG (2.1 mm?) conductor. The terminal shall
be provided with upturned lugs, a cupped washer, or the equivalent capable of retaining a 14 AWG solid
conductor even though the screw or nut becomes slightly loose.

12.2.2 Except as noted in 12.2.5, a terminal plate for a wire-binding screw shall not be less than 0.050

inch (1.27 mm

) thick.
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12.2.3 There shall not be fewer than two full threads in the metal terminal plate.

12.2.4 A terminal plate may have the metal extruded at the tapped hole to provide at least two full
threads, if the thickness of the unextruded metal is not less than the pitch of the thread.

12.2.5 A terminal plate not less than 0.030 inch (0.76 mm) thick may be used if the tapped threads have
equivalent mechanical strength.

12.2.6 The point of attachment of a pressure wire connector or wire-binding-screw terminal shall not
overhang its support unless the construction has the necessary mechanical strength to maintain the

spacings required by 16.1.4.

12.2.7 In cer
support, usuall
the support. T|

ain panelboards the points of attachment of pressure wire connectors
y in the molded-unit type in which bus bars are fastened at either end_and
hese bus bars are used as main-line terminals or as neutral terminals

branch-circuit binding-screw connections in addition to the main-neutral-supply 1ugs. Thes

capable of bein

g used when the bus bars supporting the terminals and the pressure wire cd

overhang the
bxtend beyond
vith numerous
e designs are
nnectors have

the required stjength and rigidity to prevent deformation. Performance criteria,for these requirements shall

be in complian

12.2.8 A term
parts shall be fi
fastening mear

12.2.9 |Ifits tq
switch shall be

e with Section 23, Strength of Insulating Base and Support<Jest.

inal of a switch or circuit breaker that has an ampacity ‘acceptable for the c
rmly and securely connected directly to a bus bar by a screw, stud and nut, o
S.

rminal is not directly connected by a screw*threaded into the bus bar, a cir|
secured independently of its terminal connection.

12.2.10 An individual terminal shall be proyided for the connection of each branch

conductor.

12.2.11 Thern
total number of]

Exception: The
in accordance

12.2.12 A wir]

a) It will

umber of individual branch-circuit neutral terminals shall not be less than 75
individual fuseholder.or-circuit-breaker poles capable of being installed in thq

number of terminals may be less than 75 percent, but not less than 50 per:
ith 34.4.6.

ng terminal shall be located so that:

be accessible for examination, and

Lirrent-carrying
" an equivalent

cuit breaker or

circuit neutral

percent of the

panelboard.

cent, if marked

b) Connections may be tightened or branch-circuit wires removed without loosening any screws

that sec

ure a bus bar, switch, circuit breaker, fuseholder, or the like.

With reference to (a), a construction is acceptable even though it may be necessary to remove a circuit-
breaker cover, trim, or the like to make a connection accessible.

12.2.13 Load

terminals, including neutral load terminals, shall be located so that:

a) It will not be necessary to reach across or beyond an uninsulated ungrounded line bus in order
to make a load connection, and

b) A tool 10 inches (254 mm) long or less used to tighten a load connection will not contact a live
part that is not obvious from the front of the panelboard.
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The requirement in (b) shall be determined with branch units connected.

12.2.14 Using normally available tools, it shall be possible to retighten the conductor securing means of
a mechanical setscrew connector without removing the connector from the terminal plate or bus and

without removi

ng any conductor from the connector.

12.2.15 A terminal located in the fuse cavity of an Edison-base plug fuseholder is not considered
accessible as it is expected that a nonremovable Type S fuseholder adapter will be installed.

13 Cord-Connectors

13.1 Genera

13.1.1 If pro
13, Cord-Conrf

13.1.2 Conngctions for cord-connected equipment shall be located so, that neither

mounted in an
interfere with t

13.1.3 Anop
be formed so t

13.1.4 All fie
metal having
11.1.12.

ground, neutr
connectors ar
ungrounded st

13.1.5 An iniegral multiple pole connector shall have sufficient number of poles to acq

13.1.6 Anint
connection ma
connector.

13.1.7  Multip

ectors.

input or output connector, nor the flexible cord attached to.thé connector,
ne operation of any switch or circuit breaker handle.

hat there are no sharp edges with which conducters'may come in contact.

d wiring conductors of an alternating-currentcircuit that pass through a wa
magnetic properties, including the neutral; shall be run through the samg

[, and all ungrounded supply-conductors in one connector. When single
provided, there shall bea.sufficient number to accommodate the ground,
pply conductors, and these connectors shall be grouped together.

egral multiple polé connector shall be of a design such that the ground conng
de when inserting a connector, and is the last connection to be opened whe

ole inlets-rated below 200 A shall be suitable for connection and disconnectia

13.2 Inputc

13.2.1

ided with connections for cord-connected equipment, connectors shall com;lyly with Section

the connector
will be likely to

ening through which field installed wiring may pass-shall be provided with a pushing or shall

| or partition of
opening. See

ommodate the
pole separable
neutral, and all

ction is the first
n removing the

n under load.

bnnections

inlet or with single pole separable connectors for cord connection to a portable generator.

The requirements in 13.2 are applicable to panelboards provided with an integral multiple pole

13.2.2 An integral multiple pole inlet or single pole separable connector shall be of a construction with
male phase and neutral mating contacts, and shall have a rating no less than the rating of the overcurrent
device to which it is connected.

13.2.3 Inlets shall be arranged such that the current carrying parts of the inlet are energized only when a
mating attachment connector is connected to the inlet.

13.2.4 Panelboards with an inlet shall be rated for outdoor use in wet locations and shall comply with the
requirements for Type 3, 3R, 35, 4, or 4X enclosures, as detailed in Section 7, Enclosure, with the cord
connector installed as well as with the connector removed.
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13.2.5 Single pole separable connectors shall be mechanically interlocked in such a manner that plugs
must be connected in the following sequence and disconnected in the reverse order:

a) Equipment-grounding conductor connection;

b) Grounded circuit conductor connection; and

¢) Ungrounded conductor connection.

Exception: Panelboards with separable single pole connectors rated above 200 A need not comply with
13.2.5 when marked in accordance with 34.18.1 and 34.18.2.

13.2.6 Panelboards with a multiple pole inlet or with single pole separable connectors shall additionally

comply with co
in 34.18, Panel

13.3 Output
13.3.1 Gener

13.3.1.1 The
outlet (receptaq

13.3.1.2 Are
intended for us

board with provisions for cord connections.
connections
al

requirements in 13.3 are applicable to panelboards ptavided with an integrg
le) or with single pole separable outlets for cord connection to portable equip

Ceptacle shall be rated for the voltage involved-and shall be of the type ha
b only with an equipment grounding condugtor.

13.3.2 Multiple pole outlets (receptacles)

13.3.21 Are
intended for us

ceptacle shall be rated for the voltage involved and shall be of the type ha
e only with an equipment grounding conductor.

13.3.2.2 Overcurrent protection for a receptacle branch circuit shall be provided within the

13.3.2.3 Are
the branch circ

Exception: Wh
shall comply wi

ceptacle installed*en an branch circuit shall have an ampere rating of not le
it.

bre connected to a branch circuit supplying two or more receptacles, rec
th théwalues listed in Table 13.1.

nstruction requirements in 14.8, Panelboards with integral inlet, and markind; requirements

I multiple pole
ment.

ing a terminal

ing a terminal

panelboard.

ss than that of

bptacle ratings

Table 13.1
Receptacle ratings (two or more receptacles in branch circuit)

Branch circuit rating, A Receptacle rating, A

15 Not over 15
20 150r 20
30 30

40 40 or 50

50 and higher
branch circuit rating

Receptacle rating shall not be less than the

13.3.2.4 After installation a receptacle face shall project a minimum of 0.015 inch (0.38 mm) from the
faceplate or surrounding cover. A faceplate shall be installed so as to seat against a mounting surface.
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Exception: The receptacle face shall be flush with, or project from, a faceplate or surrounding cover of
insulating material.

13.3.2.5 Class A ground-fault circuit interrupter protection shall be provided for all 125-volt and less,
single-phase, 15- or 20-ampere receptacles used in a panelboard marked as having a Type 3R enclosure
or other Type designation intended for outdoor use.

13.3.2.6 All 15- and 20-ampere, 125- and 250-volt nonlocking receptacles used in a panelboard marked
as having a Type 3R enclosure or other Type designation intended for outdoor use shall be rated as
"weather-resistant" type.

13.3.3 Single pole separable outlets

13.3.3.1 A single pole separable connector shall be of a construction with femalefphgdse and neutral
mating contacts, and shall have a rating no less than the rating of the overcurrent'devige to which it is
connected.

13.3.3.2 Single pole separable connectors shall be mechanically interlocked‘in such a mgnner that plugs
must be conngcted in the following sequence and disconnected in the reverse order:

a) Equipment-grounding conductor connection;
b) Groynded circuit conductor connection; and

¢) Ungrounded conductor connection.

Exception: Pahelboards with separable single pole-connectors rated above 200 A need ot comply with
13.3.3.2 when|marked in accordance with 34.18.1'and 34.18.2.

14 Switches|, Circuit Breakers, and Overcurrent-Protective Devices
141 General

14.1.1 A circpit breaker and a'switch shall be mounted in a position, and shall be connectged in a manner,
with referencelto line and loadterminals, for which the device is acceptable.

14.1.2 An adcessiblé 'means shall be provided in the panelboard so that each branch circuit can be
independently|de-energized. A switch, a plug fuse or other device incorporating a screw shell and a circuit
breaker are acceptable as such means.

14.1.3 If a circuit breaker or switch is operated such that movement of the operating handle is vertical
between the on and off positions resulting in one position being above the other position, then the upper
position shall be the on position. A switch having more than one on position, such as a transfer switch or a
double throw switch, need not comply with this requirement. This requirement does not apply to operating
handles that operate rotationally and is to be applied with the panelboard installed in the intended position.

14.1.4 An interchangeable circuit-breaker trip unit need not be factory-installed if it can be mounted in
place without disassembly of any electrical connection.

14.1.5 A switch or circuit breaker provided to control a main, feeder, or branch circuit shall be capable of
external manual operation under rated load conditions. Operating mechanisms of switches and circuit
breakers located behind doors or covers shall be considered capable of external manual operation so long
as the mechanism may be accessed without the use of a tool. Provisions for locking a cover are not to be
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considered as restricting access for external operation. An electrically operated switch or circuit breaker
need not be capable of being externally operable by hand to the closed position.

14.2 Ratings

14.2.1 A switching device shall have a current and voltage rating not less than the ratings of the circuit
that it controls.

14.2.2 An overcurrent protective device connected to the high leg (higher voltage to ground) of a
240/120-volt, 3-phase, 4-wire delta system shall be rated at least 240 volts. See 34.4.5.

14.2.3 A 2-pole circuit breaker, used in a panelboard marked for use on a corner-grounded delta system,
shall be markedl "1@0 — 33."

14.2.4 The ctirrent rating of a main or branch-circuit switch shall not be less than the rating of the
associated fusgholder.

14.3 Main and main-disconnect switches and circuit breakers

14.3.1 Excepi as indicated in 34.9.1, a panelboard is not required_to’be provided with or have provision
for a main or mpin disconnects.

14.3.2 Deleteld
14.3.3 Deleteld
14.4 Switches

14.4.1 A switching mechanism shall be constructed so that there will be no undue mechahical stress on
the switch parts.

14.4.2 Screwp and nuts that attach operating parts to movable members shall be staked, upset, or
otherwise locked in position to prevent loosening.

14.4.3 An operating handle of conductive material shall have provision for grounding or shall be
effectively insulated. If'the enclosure of a switching unit is of metal, grounding may be actomplished by
having the opefatingshandle of conductive material in electrical connection with the enclosurg.

14.4.4 A 120=vott—ircuit—m—serieswitha—60-watttest ialllp is—tobeused—to—determine whether a
panelboard complies with the grounding requirement in 14.4.3.

14.4.5 A switching mechanism shall have a definite off position. See 34.7.1.

14.4.6 A single-throw knife switch shall be mounted so that gravity will not tend to close it, and shall be
connected so that the blade or blades will be dead when the switch is open. A double-throw switch
mounted so that gravity will tend to close it shall be provided with means to hold it in the off position.

14.4.7 Other than as noted in 14.4.8, a switch shall be provided on the supply side of each cartridge
fuseholder such that each individual circuit can be independently disconnected from the source of supply.

14.4.8 The disconnecting means mentioned in 14.4.7 need not be provided if the panelboard is marked
as described in 34.1.6.
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1449 In a panelboard employing a main section and one or more subsections in the same
compartment, flexible leads, including insulated wire, shall not be used to connect the main section to a
disconnect in a subsection unless:

a) Such leads are not located in the wiring gutter and

b) The disconnect, if removed, cannot inadvertently be incorrectly reinstalled in the main section so
as to cause a short circuit.

14.5 Overcurrent protective devices

14.5.1 Each branch circuit shall be provided with overcurrent protection.

1452 An oiercurrent device shall not be connected in the permanently grounded.-wire of any circuit
unless opening of the overcurrent device simultaneously opens all the conductors in that-Circuit.

14.6 Lighting and appliance panelboards
14.6.1 Delet¢d
14.6.2 Deletg¢d
14.6.3 Deletg¢d
14.6.4 Delet¢d
14.6.5 Deletg¢d
14.6.6 Deleted
14.6.7 Deleted

14.6.8 Deletg¢d

14.6.9 Deleted

14.6.10 Deleted

14.6.11 Deleted

14.7 Fuseholders

14.7.1 A fuseholder shall be of the plug or cartridge or special purpose type and shall comply with the
requirements in Appendix A. Fuseholders of the special purpose fuse type shall also comply with the
requirements in 14.7.3.

14.7.2 A main or branch-circuit fuseholder shall be connected in the circuit on the load side of a switch, if
any.

14.7.3 Special purpose fuseholders may be used if evaluated for use with specific special purpose fuses,
which are suitably rated for use as branch circuit, feeder, or service overcurrent protection. When used,
special purpose fuseholders shall:
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a) Be non-interchangeable with fuses of incompatible ratings. This requires that the fuseholder be
of a design so that it will be difficult to install a fuse of any given class into a fuseholder that is
designed for a current lower, or voltage higher, than that of the fuse intended for use with the
fuseholder, and

b) Be marked for use with the specific special purpose fuses for which it is intended to be used.

14.8 Panelboards with integral inlet

14.8.1

Panelboards with an inlet shall be provided with branch circuit protection for the circuits supplied

through the inlet. The rating of the branch circuit protection shall not be greater than the rating of the inlet.

15 Ground-F

15.1 A panel
connected sery
shall be provid
or more. The ¢

disconnecting means to open all ungrounded conductors of the faulted circuit’ The maximur

ground-fault pr

Exception No.
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to which the re
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device.
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mounted in the
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Exception: As
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If ground-fault protection is provided, though not required by 15.1, it shall comply with the

requirements for the installation of ground-fault protection equipment as specified in these requirements.

15.5 A ground-fault-protection system described as a zero-sequence type that employs a sensing
element that encircles the neutral conductor, if any, and all ungrounded conductors of the protected circuit
shall be installed in such a manner that the sensing element is located on the load side of any grounding or
bonding connection to the neutral. It may be on the line or load connection to the neutral. It may be on the
line or load side of the disconnecting device for the protected circuit.

15.6 A ground-fault-protection system described as the residual type that combines the outputs of
separate sensing elements for the neutral, if any, and each ungrounded conductor shall be installed in
such a manner that the neutral sensing element is located on the load side of any grounding or bonding
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connection to the neutral. The ungrounded conductor sensors may be on the line or load side of the
disconnecting device for the protected circuits.

15.7 A ground-fault-protection system described as the ground-return type that employs a single sensing
element to detect the actual fault current shall be installed in such a manner that the sensing element
detects any current that flows in the grounding-electrode conductor, the main bonding jumper, and any
other grounding connections within the equipment that may be made to the neutral. This will require that,
except for these connections, the neutral be insulated from the noncurrent-carrying metal as covered in
16.1.17.

15.8 |If the design of ground-fault-sensing and relaying equipment is such that a reset operation is
required to restore the equipment to functional status following operation due to a ground fault or test, the

design shall p
ground-fault s

Exception: Th

15.9 Overcu
shunt trip coil
the load side

15.10 The p
or load side o
two line-voltag
disconnect sw|
shall be install
for the control
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15.11 The s6
conditions if th
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rent protection is not required for the operating coil of a fusedpower-circu
f a circuit breaker or switch used with ground-fault protection where the coil
the controlled switch or circuit breaker as covered in 15.10.

imary of a ground-fault protection control-circuit.transformer may be conne
the main disconnect. The primary of the contral-circuit transformer shall b
e parts — not line and neutral. When connected to the line side of the
tch or circuit breaker suitable for service(equipment and providing overcu
bd ahead of the transformer or control circuit or both. Overcurrent protection
circuit when wired to the load side-gfthe main disconnect unless the contr
osure.

condary circuit of a control-power transformer shall be grounded under any
b circuit extends or may €xtend beyond the equipment in which the transform

secondary is less than .50 volts and the transformer supply is over 150 volts {
mer supply at any voltage is ungrounded.

secondary«is\'60 volts or greater and the secondary circuit can be groung
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t device or the
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main, a fused
rrent protection
is not required
ol-circuit wiring

pf the following
er is mounted:

b ground or the

ed so that the

maximyim voltage/to ground on the ungrounded conductors does not exceed 150 volts.

15.12 If a trgnsfermer secondary is required to be grounded in accordance with 15.11, & main bonding
jumper shall bg factory connected to the transformer secondary and to the enclosure or gfound bus. The
size of the main bonding jumper shall be as specified in Table 18.1 based on the transformer-secondary-
current rating. A grounding-electrode conductor connector sized in accordance with Table 18.1 shall be
provided on the neutral or on the ground bus.

15.13 In equipment incorporating ground-fault protection of the ground-return type as described in 15.7,
the main bonding jumper shall be factory connected to the neutral bus and to the enclosure or the ground
bus.

15.14 A panelboard having ground-fault protection shall be subjected to a factory ground-fault-protection
test as described in Section 29, Ground-Fault Protection Test, and shall be marked as specified in 34.10.2
—34.10.5.
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16 Spacings
16.1 General

16.1.1 There shall be a spacing of not less than 1 inch (25.4 mm) between any uninsulated live part and
the door, except as noted in 16.1.2.

16.1.2 The spacing mentioned in 16.1.1 may be not less than 1/2 inch (12.7 mm) if the potential involved
is 250 volts or less and:

a) The door has an average thickness of not less than 0.093 inch (2.36 mm) if uncoated sheet
steel, and 0.097 inch (2.46 mm) if galvanized sheet steel, except as noted in 16.1.3, or the door is
lined witt dbbcplabic illbuiaiillg materiat, suctras fiber mottesstham+/32-mch (G." mm) thick or
phenoli¢ composition; or

b) The dpacing is between the screw shell of a plug fuseholder and the door.

16.1.3 The dgor need not have the thickness specified in 16.1.2(a) if it hastheen found tg have strength
and rigidity not|less than that of a flat door of the same overall length and, width, consisting of steel of the
specified thickrless.

16.1.4 Except as noted in 16.1.1, 16.1.6 — 16.1.11, and 16.2.1 the‘Spacings in a panelboard shall be as
specified in Taljle 16.1.

Table 16:1
Spacings
Minimum spacing, inch (mm)
Between uninsulated live-parts of opposite polarity Through air or ovdr surface®
between uninsulated live
Voltage parts and groundled dead
involved Through air Over surface®” metal
125 or less 1/2 (12.7) 3/4 (19.1) 1/2 (12.7)
126 — 250 3/4 (19.1) 1-1/4 (31.8) 1/2 (12.7)
251 -600 1 (25.4) 2 (50.8) 1¢ (25.4)
601 — 1000 1 (25.4) 2 (50.8) 1¢ (25.4)

opposite polgrity.er between an uninsulated live part and grounded dead metal is considered to reduce the spacing by

an amount egual.to the dimension of the interposed part along the path of measurement.

NOTE - AneiEoIated dead metal part, such as a screw head or washer, interposed between uninsulated live garts of

& An air space of 0.013 inch (0.33 mm) or less between a live part and an insulating surface is to be disregarded and the
part is to be considered in contact with the insulating material when measuring spacings.

® In measuring over-surface spacings, any slots, grooves, etc. 0.013 inch (0.33 mm) wide or less in the contour of
insulating material are to be disregarded.

¢ A through-air spacing of not less than 1/2 inch (12.7 mm) is acceptable (1) at a circuit breaker or a switch other than a
snap switch, and (2) between grounded dead metal and the neutral of a 3-phase, 4-wire panelboard.

16.1.5 In applying Table 16.1 itis to be assumed that:

a) The voltage from a live part, other than the neutral, to grounded dead metal equals the line-to-
line voltage of the system.

b) The voltage from a neutral live part on an insulated neutral to grounded dead metal equals the
line-to-neutral voltage of the system.
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Exception: See 16.1.6.

c) Spacings at a fuseholder are to be measured with a fuse in place; the fuse being of the
maximum standard dimensions including the maximum projections for assembly screws and rivets.
Dimensions of fuses and fuseholders can be found in the Standards for Low-Voltage Fuses — Part
1: General Requirements, UL 248-1; Low-Voltage Fuses — Part 6: Class H Non-Renewable Fuses,
UL 248-6; Low-Voltage Fuses — Part 7: Class H Renewable Fuses, UL 248-7; Low-Voltage Fuses —
Part 9: Class K Fuses, UL 248-9; Low-Voltage Fuses — Part 11: Plug Fuses, UL 248-11; Low-
Voltage Fuses — Part 12: Class R Fuses, UL 248-12; and the Standards for Fuseholders — Part 1:
General Requirements, UL 4248-1; Fuseholders — Part 4: Class CC, UL 4248-4; Fuseholders —
Part 5: Class G, UL 4248-5; Fuseholders — Part 6: Class H, UL 4248-6; Fuseholders — Part 8:
Class J, UL 4248-8; Fuseholders — Part 9: Class K, UL 4248-9; Fuseholders — Part 11: Type C
(Edison Base) and Type S Plug Fuse, UL 4248-11; Fuseholders — Part 12: Class R, UL 4248-12;
Fusehdlders — Part 15: Class T, UL 4248-15; respectively.

d) Spagings are to be measured through cracks unless a clamped joint\has passed the test
specifigd in 26.2.1. A clamped joint is a joint between two pieces of insulation [that are under
pressufe as shown in Figure 16.1. Adhesives, cements, and the like, if used to effect a seal in place
of a tightly mated joint, shall comply with the Standard for Polymeric,Materials — Use in Electrical
Equipnjent Evaluations, UL 746C.

Figure 16.1
Clamped joint
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Parts A, B — Live parts of opposite polarity, or a live part and a grounded metal part with spacing through the crack between C and D
less than required in Table 16.1 or Table 16.3.

Parts C, D — Insulating barriers clamped tightly together so that the dielectric strength between A and B is greater than the equivalent
air spacing.

Part E — The clamped joint.
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16.1.6 Terminals and other parts intended to be connected to the grounded conductor of a circuit are
considered to be uninsulated live parts unless such parts are mounted directly on or in permanent
electrical connection with grounded dead metal.

16.1.7 If the connection mentioned in 16.1.6 is solely by means of a screw, strap, or other bonding
device that can be readily removed and is not depended upon to perform a mechanical function, the
panelboard shall:

a) Comply with the requirement in 16.1.4 when the bonding device is removed, or

b) Be marked as described in 34.9.6.

16.1.8 The distance hetween a door or cover aver a fuseholder and:

a) The denter contact of an Edison-base fuseholder shall not be less than 1-9/16.ipch (39.7 mm).

b) The genter contact of a Type S fuseholder shall not be less than 1-5/16_inch’(33.3 jm).

16.1.9 The spacings between screw shells of plug fuseholders that are protected by surroyinding walls of
insulating material, and between such screw shells and a metal cover plate, may be not lesg than 1/4 inch
(6.4 mm) if thg depth of the receptacle as measured from the top of the wall to the plan¢ of the center
contact is not Igss than 3/4 inch (19.1 mm). The measurement is {6 be made without a Tyge S adaptor in
place.

16.1.10 Othef than as noted in 16.1.11, the spacing through' air and over surface shall n¢t be less than
1/8 inch (3.2 mm) between uninsulated live parts of the same polarity:

a) On the load side of their respective switches or circuit breakers for parts in different circuits; and

b) On the line and load sides of a fusehelder, switch, or circuit breaker.

16.1.11 The requirements in 16.1.4 and 16.1.10:

a) Do n¢t apply between:

) Uninsulated live parts of opposite polarity within a component of the panelpoard, such as
industrial control equipment, a clock-operated switch, a circuit breaker, a meter socket, or
the like,

2) Uninsulated live parts of the component and dead metal that is part of the gomponent, or

S Hninsulatedtive-parts—of-the—compenentand-thatpartof-the-deadmetal surface of the

panelboard on which the component is mounted in the intended manner.

b) Do apply between:
1) Uninsulated live parts in different components, and

2) An uninsulated live part of a component and dead metal of the panelboard, other than the
dead metal surface on which the component is mounted.

16.1.12 Spacings are to be measured with all terminals unwired, and wired with conductors determined
in accordance with 12.1.6 — 12.1.10, except that a conductor smaller than 12 AWG (3.3 mm?) is not to be
employed.
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16.1.13

In measuring the spacing between an uninsulated live part and a bushing installed at a knockout

of an enclosed panelboard, it is to be assumed that a bushing having the dimensions specified in Table
16.2, but without a locknut inside the enclosure, is in place.

Table 16.2
Conduit bushing dimensions
Trade size of Overall diameter, Height,

conduit, inches inches (mm) inches (mm)
1/2 1 (25.4) 3/8 (9.5)

3/4 1-15/64 (31.4) 27/64 (10.7)

1 1-19/32 (40.5) 33/64 (13.1)

1-1]4 1-15/16 (49.2) 9/16 (114.3)
1-1]2 2-13/64 (56.0) 19/32 (I15.1)

2 2-45/64 (68.7) 5/8 (115.9)

2-112 3-7/32 (81.8) 3/4 (ro.1)

3 3-7/8 (98.4) 13/16 (po.6)

3-1J2 4-7/16 (112.7) 15/16 (3.8)

4 4-31/32 (126.2) 1 (R5.4)

4-12 5-35/64 (140.9) 1-1/16 (7.0)

5 6-7/32 (158.0) 1-3/16 (B0.2)

6 7-7/32 (183.4) 1-1/4 (p1.8)

16.1.14 All sgrews and nuts, other than those mentioned in 8.4 and 14.4.2, shall be stakedl, headed over,

upset, or othe
cannot result fi

16.1.15 Othq

'wise reliably prevented from l60sening unless it can be shown that reduct
om the loosening or falling outof such threaded parts.

r than as indicated in 16.1.16, a soldering lug or pressure wire connector shg

from turning s¢ as to reduce spacings below the required values by a reliable restraint sucl

or boss. A lock

16.1.16 Mea
than the minin

a)Alu

washer alone is not acceptable for this purpose.

ns to preventturning as mentioned in 16.1.15 need not be provided if spacir
um acceptable values when:

g er.connector and any lug or connector of opposite polarity have each |

degree

on of spacings

Il be prevented
n as a shoulder

gs are not less

een turned 30

5 foward the other, and

b) A lug or connector has been turned 30 degrees toward any other opposite-polarity live part and

toward

grounded dead metal parts.

16.1.17 Any conductive part connected to a neutral that is factory bonded to the ground bus or enclosure
as covered in the Exception to 11.2.2 that would interfere with the operation of the ground-fault protection
system if in contact with the enclosure, shall be insulated and provided with at least 1/8 inch (3.2 mm)

spacings throu

gh air or over surface to the enclosure.

a) For zero-sequence type ground-fault protection, and the residual-type ground-fault protection,
parts that would interfere with operation if grounded include all neutral parts on the load side of the

neutral-

sensing means.

b) For the ground-return type, parts that would interfere with operation if grounded include all

neutral

parts except those on the ground side of the sensing means.
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16.1.18

devices set at not more than 30 amperes shall be as specified in Table 16.3.

Table 16.3

Control-circuit spacings

In a magnetically operated device, spacing in a control circuit that is protected by overcurrent

Minimum Spacings, inch (mm)

Between uninsulated live parts of opposite polarity and
between an uninsulated live part and an exposed or
uninsulated dead metal part other than the enclosure

Between uninsulated live
parts and the walls of a metal
enclosure, including fittings
for conduit or armored cable

Potential involved Over surface Through air Shortest distance
125 or less volts 1/4 (6.4) 1/8 (3.2)° 1/2 (12.7)
126 — 250 3/8 (9.5) 1/4 6.4) 12 (12.7)
251 — 600 112 (12.7) 3/8 (9.5) 112 (12.7)

@ The spacing befiwveen wiring terminals of opposite polarity shall not be less than 1/4 inch (6.4 mm)\injany case if
in the same plang. A metal piece attached to the enclosure shall be considered to be a part of thie enclosure for thg purpose of this
note if deformatioh of the enclosure is likely to reduce the spacing between the metal piece and a live part.

he terminals are

16.2 Switches
16.2.1 In a spap switch employed as a main switch, the spaeings between uninsulated|live parts and
grounded dead metal shall not be less than specified in Table 16.4.
Table 16.4
Spacings in snap switches-employed as main switches
Switch ratipg, volts Minimum spacings, inch (mm)
Through air Over surface

51-150 1/8 (3.2) 1/4 (6.4)

151 - $00 114 (6.4) 3/8 (9.5)

301 - 600 3/8 (9.5) 1/2 (1R.7)

16.3 Barrierd and liners

16.3.1 In 16.9

.2 ~16.3.5, the liner or barrier referred to is insulating material that separates uninsulated

live parts of o

b 1 s b - L. (- . (] (] (] l J
poStte—poEartty, or-separates—arr_anmsuiatedve—part ana o grounaed aead metal part —

including the enclosure — where the through-air spacing between the parts would be less than the required
value. The term “sole separation” as referred to in 16.3.2 means that if the barrier or liner were removed,
the parts in question would either contact each other or not be separated by a spacing more than the
thickness of the insulating material.

16.3.2 A barrier that comprises the sole separation or that is used in conjunction with an air space less
than 0.013 inch (0.33 mm) shall comply with (a) — (e). The barrier shall:

a) Be of material acceptable for direct support of an uninsulated live part as covered in 8.1 and 8.3
or in compliance with Table 16.5.

Exception No. 1: A barrier located between the enclosure and an uninsulated live part electrically
connected to a grounded circuit conductor (neutral) may be of electrical grade (vulcanized) fiber.
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Exception No. 2: A barrier may be acceptable based on the end-product tests specified in the
Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

b) Of such strength to withstand the stress associated with normal handling, installation, and use of
the equipment.

c¢) Secured in place.

d) Located so that it will not be adversely affected by operation of the equipment in service.

e) Have a minimum thickness of 0.028 inch (0.71 mm).

Exception: A barrier of insulating material other than vulcanized fiber covered by Exception No. 1 to

16.3.2]
withsta

62
O

hertz dielectric-

o) o, haovn o fthinlnaco Inca fthan 0 N29Q na~h (f f wagthotande o 409
Y T Ot eSO SO—tHo o o= O—THCH——t—WrtHStataS—a—9o

SyARERAC

hd voltage of 5000 volts applied in accordance with 26.4.1.

MaxXimum performance level categgfﬂgljg.)sfor barrier used in place of spacing
Flammability rating of material®
Test specified? V-0 or VTM-0 V-1'or VTM-1 VR or VTM-2
Comparative Tracking Index (CTI) under 30bc 3be 3b¢
moist conditions
High Current ArgIgnition (HAI) 3 2 2
Hot Wire Ignition|(HWI) 4 3 2

NOTES
1 Barrier located

2 In addition, the

within 0.013 inch (0.33 mm) of contact with livelparts.

Fmoplastic barriers shall also be subjected+to the Mold Stress Relief Test, Section 24.

2See note ato T
b See note c to Tj
¢See note e to Tj

hble 8.1.
hble 8.1.
bble 8.1.

16.3.3 A barfier used in conjufction with a minimum air space of 0.013 inch (0.33 mm) sk

(a)—(e)- The b

a) Matg
or othe

Except

arrier shall be:

rial that iS@cceptable for direct support of an uninsulated live part as covere
r than electrical grade (vulcanized) fiber, and shall comply with Table 16.6.

on 'No. 1: Vulcanized fiber with a minimum thickness of 0.028 inch (0.71 m

all comply with

1in 8.1 and 8.3

m) and used in

conjum,t/on with a minimum U.UZo Inch air Space need not comply with o. 1.

Exception No. 2: A barrier may be acceptable based on the end-product tests specified in the
Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

b) Of such strength to withstand the stress associated with normal handling, installation, and use of
the equipment.

c) Secured in place.

d) Located so that it will not be adversely affected by operation of the equipment in service.

e) Ofa

minimum thickness of 0.028 inch.
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Exception No. 1: Material other than vulcanized fiber may have a thickness less than 0.028 inch if it
withstands a 48 — 62 hertz dielectric-withstand voltage of 5000 volts applied in accordance with the
requirements in 26.4.1.

Exception No. 2: Material other than vulcanized fiber used in conjunction with an air space of 1/2 or
more of the required through air spacing may have a thickness:

a) No less than 0.013 inch or

b) Less than 0.013 inch if it withstands a 48 — 62 hertz dielectric-withstand voltage of 2500
volts applied in accordance with the requirements in 26.4.1.

Table16:6

Maximum pgrformance level category (PLC) for barrier used in place of spacing.ingonjunction

with minimum air space of 0.013 inch (0.33 mm)

Flammability rating of material®
Test spe¢ified® V-0 or VTM-0 V-1 or VTM-1 V-2 or VTM-2 HB
Comparative Tracking Index 4 4 4 4
(CTI) under moist conditions
High Current Ard Ignition 3 2 2 1
(HAI)
Hot Wire Ignition|(HWI) 4 3 2 2

NOTE — In additi

bn, thermoplastic barriers shall also be subjected to the(Mold Stress Relief Test, Section 24.

2See note ato Tj

bble 8.1.

16.3.4 A barr
values or for a
branch-circuit b

16.3.5 A barr
installation — a
is acceptable.

16.4 Tape

16.4.1

er or liner that is provided because\spacings would be less than the minim
ny other reason shall be an integral part of the panelboard unless it is an injegral part of a
us bar, a neutral bus bar, or other part that may be installed in the field.

Im acceptable

er need not be provided at each end of a two-way branch-circuit bus bar infended for field
bus bar to each end.of which a circuit breaker may be connected. A barrier g

t one end only

following conditions\are met:

A wrap of thermoplastic tape, acceptable for use as sole insulation, may be employed if all of the

a) At a point where the spacing prior to the application of the tape is not less than half the required
through-air spacing, the wrap is not less than 0.013 inch (0.33 mm) thick and is applied in two or
more layers;

b) At a point where the spacing prior to the application of the tape is less than half the required
through-air spacing, the wrap is not less than 0.028 inch (0.71 mm) thick;

c) The tape is not subject to compression;
d) The tape is not wrapped over a sharp edge; and

e) The temperature rating of the tape is no less than the temperature rise observed during the
Temperature Test, Section 21, plus 40°C (104°F). See note a to Table 21.1. If a temperature test is
not required, the temperature rating is to be 105°C (221°F) minimum.
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16.5 Tubing

16.5.1 If a spacing would be less than the required value, thermoplastic tubing may be employed if all of
the following conditions are met:

a) The tubing is not subjected to compression, repeated flexure, or sharp bends;
b) All edges of the conductor covered with the tubing are well rounded and free from sharp edges;
c) For chemically dilated tubing, a solvent recommended by the tubing manufacturer is used;

d) The wall thickness of the tubing— after assembly — is not less than 0.022 inch (0.56 mm) for
tubing 1/2 inch (12.7 mm) or less in diameter and not less than 0.028 inch (0.71 mm) for larger
diametériubing; and

Excepton: For tubing larger than 1/2 inch diameter, the wall thickness may be\less than 0.028 inch,
but not| less than 0.022 inch provided it is employed only in areas where itWill ngt be subject to
damag

D

e) The|temperature rating of the tubing is no less than the temperaiure rise obsefved during the
Tempefrature Test, Section 21, plus 40°C (104°F). See note a to Table 21.1. If a temperature test is
not reqliired, the temperature rating is to be 105°C (221°F) mifimum.

17 Wiring Sjace, Wiring Gutters, and Wire Bending Space
171 Gener

17.1.1 For the purpose of these requirements:

a) A tefmination area is determined to.b&)a space into which wires will normally be brought only for
connedtion to terminals in that space.

b) A wiring space is the cross se¢tional area through which conductors must pass|in order to exit
the endlosure or be terminated..

c) Othgr than as noted-in-17.2.2.2, a wiring gutter is determined to be a space for gccommodating
wires for which there.is no terminal or other uninsulated live metal parts. See 17.1.2,

d) A removable wiring terminal is identified as a terminal that is capable of being rgmoved from its
intended location without disturbing structural or electrical parts, other than a coyer, and that is
capabIT of.being reinstalled with the conductor in place.

17.1.2 For the purposes of the requirments in this Section, a neutral is considered to be a grounded part.

17.1.3 Wiring space, wiring gutters, and wire bending space shall be judged using:

a) The size and conductor material of a wire used at a terminal in accordance with 12.1.6 —
12.1.10, except that for ampacities of 110 amperes or less, the size shall be based on 60°C
insulated conductors if the marking specifies 60 and 75°C wire, and

b) The full complement of branch circuit devices intended to be installed in the panelboard,
necessitating the largest wiring space installed in the panelboard.

If a terminal is acceptable for use with two or more combinations of conductors in multiple, each of which
may be appropriate for that terminal in accordance with 12.1.6 — 12.1.10, the combination necessitating
the largest wiring space shall be used, unless the panelboard is marked in accordance with 34.2.14. If a
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terminal is used with conductors in multiple, it is to be assumed that each of the conductors will be run in
separate conduit. See note 1 to Table 11.1.

17.1.4 If a panelboard is:

a) Divided by barriers into several sections for the purpose of isolating watt-hour meters so that
field wiring is not installed from one section to another, and

b) Provided with a separate cover for each meter socket compartment that may be individually
sealed,

the wiring space, wiring gutters, and wire bending space required in each section shall be based only on
the field installed_conductors to be located in that section For pxamplp in Fiqure 17 1 for wire bending

space:

a) Distance A is required to be 8-1/2 inches (216 mm) as determined by Table-17.1 assuming the
largest fonductor to be located in the section will be a 250 kemil (127 mm?) alumirfum conductor,
and

b) Distance B is required to be 5-1/2 inches (140 mm) as determined by Table 17.1 assuming the
largest fonductor to be located in the section will be a 1/0 AWG (53.5 mm?) aluminum conductor;
or as gnother example, if Exception No. 1(a), to 17.3.1.4 was applied, Distance B would be
required to be 3-1/2 inches (89 mm) for the same size and‘material of conductor.

Exception: Thg wiring space, wiring gutters, and wire bending space in the meter sockef compartment
may be in accoydance with the Standard for Meter SocketS, UL 414.
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Figure 17.1

Example of wiring space for a panelboard divided by barriers into two sections
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Table 17.1
Wire-bending space at terminals
Wire size, AWG or kemil (mm?) Minimum bending space, inches (mm)
Compact Wires per terminal (pole) ?
stranded
AA-8000 1 2 3 4 or more
Aluminum
All other Alloy
conductors conductors
14- (21-112-8 (21- Not specified - - -
10 5.3) 8.4)

®4) | 6  (133) | 112 (38.1) - - _
133)|[4 @2 2 (508) - Z _
@2 |2 @36 | 3 (762 - - _

8

6

4

3 (2671 424 | 3 (762) - - -
2

1

0

336) || 0  (535) | 312 (88.9) - < -
@2.4) | |20 (67.4) | 412 (114
(535) | |30 (85.0) | 512 (140
200 (67.4) | |40 (to7y | 6 (152
30  (85.0) | [250  (127) | 6-12 (165
40 (107) [[300 (152) | 7 (178
(

(

(

5-1/2 (140 75, (178) -

)
6  (152) 7-12  (191) -
6] | 612 (165) 6] 8  (203) -
6] | 712 (191) SN6] | 812 (218)  [8] -
250 (127) | [350 (177) | 812 (216) [6-1/21| 8112 (216)
)

6121 9 (229

)
)
)
)
)
) [8] 10
)
)
)
)

) (
300 (152) | |400 203) 10 (254 [7] 10 (254 [8] 1 (279) [10] 12 (305)
350 (177) | |500 253) 12 (305 [9] 12 (305) 9] 13 (330) [10] 14 (356) [12]
400 (203) | |600 (304) 13 (330 [10] 13 (330) [10] 14 (356) [11] 15 (381) [12]
500 (253) | foO— (355- 14 (356 [11] 14 (356) [11] 15 (381) [12] 16 (406) [13]
750 380)
600 (304) | BOO— (405- 15 (381) N~ [12] 16 (406) [13] 18  (457) [15] 19  (483) [16]
900 456)
700 (355) | 1000  (507) 16 (406) [13] 18 (457) [15] 20 (508) [17] P2 (559) [19]
750  (380) - - 17 (432) [14] 19 (483) [16] 22 (559) [19] P4 (610) [21]
800  (405) - - 18 (457) 20 (508) 22 (559) P4 (610)
900  (456) - = 19 (483) 22 (559) 24 (610) P4 (610)
1000 (507) - < 20 (508) - - -
1250 (633) — - 22 (559) - - -
1500 - (760 — = = 2% (610) = = -
2000 1010)
NOTES
1 The values in brackets are in inches and apply to removable and lay-in wire terminals intended for only one wire.
2 See 17.4.3.

@ The main connection for a neutral is considered to be a pole — that is, neutral branch terminals are not counted in this
determination.

17.1.5 An operating mechanism and its relation to the wiring space shall be such that it will not damage
wires with which it may come in contact during its operation. Wiring space and other compartments
intended to enclose wires shall be smooth and free from sharp edges, burrs, fins, and the like that may
damage the insulation on a conductor.
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17.2 Wiring space, wiring gutters, and terminal compartments

17.2.1 Gene

17.2.1.1

ral

17.2.2 Wiring gutters and terminal compartments

17.2.2.1

An enclosed panelboard shall have one or more back or side wiring gutters or spaces.

A panelboard having provision for connection of more than four ungrounded conductors, other

than main supply conductors, at any one side, top, or bottom shall be provided with wiring gutters and
terminal compartments to reduce the risk of contact between any insulated conductor and an uninsulated

live part.

17.2.2.2 Ate
close fitting w.
accommodate
walls. More th
terminal is pre
See also 17.2.]

17.2.2.3 Sep
a) Locq

b) Indiy
may be

c) Locs
and 34,

17.2.2.4 The

Figure 17.2) s
enclosure.

rminal for ungrounded conductors may be located in a wiring gutter if itis rec
blls to such a depth that, when wired with a wire of the largest size)that i

no part of the terminal is in contact with a straight edge placed across th
an one live terminal shall not be located in a recess in a wiring-gutter. If
sent, a termination area shall be provided to remove these terminals from th
B.6.

arate feed-through terminals — see 12.1.15 — shall bé:

ted in a termination area;

located in the same recess —see 17.1.4, 17.2.1.1 - 17.2.2.2,and 17.2.3.3; @

ted in a separate enclosure that can be field assembled to the panelboarg
12.15.

width of the top and botteniwiring gutters (distances G, and G, in lllustratior
nall be sized in accordanee with Table 17.2 for the largest conductor enterin

essed between

is intended to
e edges of the
more than one
e wiring gutter.

idually recessed between close fitting walls*= feed and tap connectors of the same phase

r

, see 34.12.14

s 1,3, and 4 of
j or leaving the
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Figure 17.2

lllustrations for wire bending space determinations
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M — Ungrounded njain conductor.

N — Neutral main cpnductor.

G,, G, — Gultter disfances. See\17.2.2.4.
T4, Ty, T3, T4, T5— YVire bénding distance.
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Table 17.2
Minimum width of gutter and wire-bending space

Size of wire AWG or kcmil Minimum bending space, terminal to wall, inches (mm)
(mm?) Wires per terminal (pole)?
1 2 3 4 5
14-10 (2.1-5.3) Not specified - - - -
8-6 (8.4-13.3) 1-1/2 (38.1) - - - -
4-3 (21.1-26.7) 2 (50.8) - - - -

2 (33.6) 2-1/2 (63.5) - - - -

1 (42.4) 3 (76.2) - - - -
1/0-2/0 53.5-67.4) 3-1/2 (88.9) 5 (127) 7 (178) - -
3/0-4/0 (85.0 - 107) 4 (102) 6 (152) 8 (203) - -

250 (127) 4-1/2 (114) 6 (152) 8 (203) 10 (254) -

300 - 350 (152 -177) 5 (127) 8 (203) 10 (254) 12 (305) -

400 - 500 (203 —253) 6 (152) 8 (203) 10 (254) 12 (305) 14 (356)

600 — 700 (304 —355) 8 (203) 10 (254) 12 (305) 14 (356) 16 (406)

700 - 900 (380 —456) 8 (203) 12 (305) 14 (356) 16 (406) 18 (457)
1000-1250 |(507 —633) 10 (254) - z - -
1500-2000 [760—1010) 12 (305) - - - -
NOTES
1 The table inclufles only those multiple-conductor combinations that:are likely to be used. Combinations not mentioned may be
given further consideration.
2 For panelboards rated 110 amperes or less and marked to indicate use of both 60 and 75°C wire, the wire bending space is
based on the usg of 60°C (140°F) insulated wire. See 17.1.3.
3 See 17.4.3.
@ The main conngction for a neutral is considered.to(be’a pole, that is, neutral branch terminals are not counted in this
determination.

17.2.2.5 The|width of the wiring\gutter space mentioned in 17.2.2.4 shall be measured in a straight line
from the wall ¢f the enclosure perpendicular to any gutter defining barrier, branch unit, o1 other effective
obstruction. In|determining the available width of a wiring gutter, the space within or immefiately above a
termination ar¢a (betweén-the compartment and the front of the enclosure) intended for an ungrounded
conductor shall not belincluded.

17.2.3 Wiring'space

17.2.3.1 If conduit or other raceways are intended to enter a floor-standing enclosed panelboard at the
bottom, the minimum distance between the bottom part of the enclosure and an insulated or uninsulated
bus bar and bus bar supports or other obstructions shall be:

a) Eight inches (203 mm) for an insulated bus bar,
b) Ten inches (254 mm) for an uninsulated bus bar, and

c) Eight inches for bus bar supports or other obstruction.

17.2.3.2 There shall be sufficient wiring space within the enclosure of a panelboard for the installation of
wires and cables likely to be employed in connecting the main and branch circuits to the panelboard,
including feed through conductors that may continue to another distribution center.
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17.2.3.3 A panelboard intended to be installed with the line and load conductors passing into the
enclosure at the same end shall have sufficient wiring space for the conductors to pass from their
terminals to the point of entrance.

17.2.3.4 In a wiring space for through conductors, the conductors, splices, and tap terminals shall not fill
the wiring space at any cross section to more than 75 percent of the cross-sectional area of the space.
See 12.1.15.

17.2.3.5 The clear wiring space, independent of all projections, obstructions, or interference from a
moving part of a switching mechanism, shall:

a) Not be smaller in width or depth than the values specified in Table 17.3; and

b) Be agceptable for the wiring of the device, and not smaller in total area than 250|percent of the
total crgss-sectional area of the maximum number of wires that may be used inthe’space.

Table 17.3
Wire space
Minimum
Maximum width and
size of wire or depth of
cable, wiring space, Minimum area in square inches (cm?) required for multiple wires based dn factor of 2.5
AWG
or )
kemil (mMm?) |inches (MM) [ Two wires | Three wires | Fourwires Five wires Six wires Seven wires

12 33)| pB (95 [ 014 (09) [021 (14) po28 (18) | 035 (23) | 042 (27)|| 049 (32
10 (3)| pB (95 [023 (15 [034 (22)'| 046 (30) | 057 (37) | 068 (44)| 080 (5.2
@®4) | 2 (127)]| 043 (28) | 064L (41) | 085 (55) | 1.07 (6.9) | 128 (83)| | 1.50 (9.7)
(133)| b8 (159)| 062 (4.0) 098 (6.0) | 1.24 (8.0) | 1.55 (10.0) [ 1.86 (12.0) | 217 (14.0)
212)| B4 (191)] 080 (52 {120 (7.7) [ 160 (10.3)| 2.00 (12.9) [ 240 (15.5) | 2.80 (18.1)
@267)| B4 (191)| 091 ((59) | 136 (88) | 1.82 (11.7) | 227 (146) | 272 (17.5) | 3.18 (20.5)

N WA~ OO

336)| [/8  (222)] 1.037 (66) | 155 (10.0) | 206 (133) | 258 (16.6) | 3.10 (20.0] | 361 (23.3)
1 @24)| |1 (@549}136 (88) | 204 (132)| 272 (175)| 340 (21.9) | 408 (26.3) | 476 (30.7)
170 (535)| |1 (264)| 155 (10.0)| 233 (15.0) | 3.10 (20.0) | 388 (25.0)| 466 (30.1} | 543 (35.0)
200 (67.4)| [1\M25.4)| 179 (115)| 268 (17.3)| 358 (23.1) | 447 (28.8) | 536 (34.6] | 6.26 (40.4)

30 (85.0)| 1-1/8 (28.6) | 208 (13.4)| 311 (20.1) | 416 (26.8) | 519 (33.5) | 6.22 (40.1) | 7.27 (46.9)
400 (107) | 1-1/4 (31.8) | 242 (156) [ 363 (23.4)| 484 (312)| 6.05 (39.0)| 7.26 (46.8) | 8.47 (54.6)
250 (127) | 1-3/8 (34.9) | 296 (19.1)| 444 (286) | 592 (382)| 7.40 (47.7)| 8.88 (57.3) | 10.36 (66.8)
300 (152) | 1-1/2  (38.1) | 3.42 (221)| 513 (331) | 6.84 (44.1)| 855 (55.2) | 10.26 (66.2) | 11.96 (77.2)
350 (177) | 1-1/2 (38.1) | 3.81 (246)| 572 (36.9) | 762 (49.2) | 953 (61.5) | 11.44 (73.8) [ 13.34 (86.1)
400 (203) | 1-5/8 (41.3)| 418 (27.0)| 627 (405)| 836 (53.9) | 1045 (67.4) | 1254 (80.9) | 14.63 (94.4)
500 (253) | 1-3/4 (445)| 492 (31.7)| 7.38 (47.6) | 9.84 (63.5) | 12.30 (79.4) | 14.76 (952) [17.22 (111.1)
600 (304) | 1-7/8 (47.6) | 597 (385)| 896 (57.8) | 11.94 (77.0) | 14.93 (96.3) | 17.92 (115.6)[20.90 (134.8)

700 (355)| 2  (50.8) | 6.68 (43.1) [10.02 (64.6) |13.36 (86.2) | 16.70 (107.7)| 20.04 (129.3)|23.38 (150.8)

Table 17.3 Continued on Next Page
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Table 17.3 Continued

Minimum

Maximum width and
size of wire or depth of

cable, wiring space, Minimum area in square inches (cm?) required for multiple wires based on factor of 2.5
AWG

or )
kemil (mm?)linches (Mm) [ Two wires | Three wires | Four wires Five wires Six wires Seven wires
750 (380) | 2  (50.8)| 7.04 (45.4)|10.56 (68.1)|14.08 (90.8) | 17.60 (113.5)] 21.12 (136.3)| 24.64 (159.0)
800 (405) | 2-1/8 (54.0) | 7.39 (47.7)|11.09 (71.6) | 14.78 (95.4) | 18.48 (119.2)| 22.18 (143.1)| 25.87 (166.9)
900 (456) | 2-1/4 (57.2) | 8.09 (52.2)|12.13 (78.3) | 16.18 (104.4)| 20.22 (130.5)| 24.26 (156.5)| 28.31 (182.6)
1000 (507) | b-1/4 (57.2) | 8.77 (56.6) |13.15 (84.8) | 17.54 (113.2)| 21.92 (141.4)]| 26.30 (169.f)| 30.69 (198.0)
1250 (633) | p-1/2 (63.5) | 11.03 (71.2) |16.55 (106.8)| 22.06 (142.3)| 27.58 (177.9)] 33.40\ (213.p)| 38.61 (249.1)
1500 (760) | p-3/4 (69.8) |12.74 (82.2) | 19.11 (123.3)| 25.48 (164.4)| 31.85 (205.5)}-38.22 (246.p)| 44.59 (287.7)
1750 (887) | p-7/8 (73.0) | 14.45 (93.2) [21.67 (139.8)]| 28.90 (186.5)| 36.12 (233:0)} 43.34 (279.p)| 50.57 (326.3)
2000 (1010)| B-1/8 (79.4) | 16.04 (103.5)|24.06 (155.2)| 32.08 (207.0)| 40.10 (258.7)| 48.12 (310.p)| 56.14 (362.2)
17.2.3.6 In determining whether a wiring space complies with the requirements in 17.2.3.9, consideration

is to be given
smaller than 1
to be given to

specified in T4
see 17.1.1(a)
terminal or ney

17.2.3.7 No

17.3 Wire dgflection and bending space

17.31 Topa

17.3.1.1 Enc

(distances T4 and T, in~lllustrations 1, 2, and 2a of Figure 17.2) shall be as specified in Ta|
largest condud

Exception No.

fo the actual size of wires that will be used in the.space; but it is to be assU
D AWG (3.3 mm?) will not be used. In computifig-the area of a wiring space,
bl the available space that may be used forthe more common multiple wire
ble 17.1. The space occupied by a termination area and the space above

tral located in a wiring gutter — see 1¥7:2.2.2 —is considered to be available s

viring system shall enter or exit.the enclosure in a wiring space.

hd bottom bending'space

osed panelboards shall be provided with bending space at the top and bottg

tor (condlctors M and N) entering or exiting the enclosure.

med that wires
onsideration is
connections as
such an area —

- is not included when wiring space is:determined, but space above or around an individual

Dace.

m. Each space
ble 17.1 for the

1~For a nanelboard havina both ton and bottom bendina snaces either o
4 g T (d TP g

F these spaces,

but not both, shall be as specified in Table 17.2 for the largest conductor entering or leaving the enclosure

when:

a) The panelboard is rated 225 amperes or less and has provisions for 42 over-current protective
devices or less,

b) There are no conductors terminated in that space, or

c) At least one of the side bending spaces complies with Table 17.1 for the largest conductor to be
terminated in any panelboard side bending space.

Exception No. 2: For a panelboard that is provided with both top and bottom bending spaces, both spaces
shall be as specified in Table 17.2 for the largest conductor entering or leaving the enclosure when the
panelboard is intended and constructed for wiring using only one single 90 degree bend for the main and
main neutral conductors (the M and N conductors of Illustration 2a, Fiqure 17.2) and the panelboard is
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marked in accordance with 34.2.1. However, the main neutral conductor (Conductor N of lllustration 2,
Figure 17.2) is capable of being wired straight in or having more than one bend when the distance for this
conductor is in accordance with Table 17.1.

Exception No. 3: Bending space is not required when the main supply connections are made using bus
bars or using factory installed wire through openings into adjacent equipment which in combination with
the panelboard has been investigated and found capable of being used in the application. The bending

space at the opposite end of the line connection shall be in accordance with Table 17.2.

17.3.2 Side bending space

17.3.2.1

Other than as mentioned in 17.3.2.2, side wire bending space (distances T, and T; in Figure

17.2) shall be iffaccordance with Table T7.2Z for the Targest conductor 10 be terminated in that space.

17.3.2.2 With
connection of 4
main terminals
the enclosure t

3 of Figure 17.7

Exception: The
the provision fq
gutter where |t

Figure 17.2) in

reference to the requirements in 17.3.2.1, if a hole, knockout, or-ethe
wiring system for the main ungrounded conductors is provided in\a sidews
it will be assumed that the main conductors, ungrounded and gfounded, W
nrough that wall and the wire bending space for those conductors (distance T
) shall be as specified in Table 17.1.

wire bending space (distance Tj in Figure 17.2) may)be in accordance wit
r the wiring system in the enclosure wall opposite‘the terminal is located at|
joins the adjacent gutter, and the adjacent gutter provides wiring space

accordance with Table 17.1 for that conductor. See lllustration 4 of Fiqure 17

[ provision for
Il opposite the
ill enter or exit
5 in lllustration

h Table 17.2 if
the end of the
distance G, in
2.

17.3.3 Indivigual connector bending space
17.3.3.1 The
panelboard sh
routing of cond

wire bending space from a conpector to any barrier or other obstruction that is part of a
bll be as specified in Table 17.2. The adjacent space shall be so arranggd that normal
Lictors (such as down a gutter) will not be restricted. See 17.4.7 and 17.4.8.

17.4 Determination of deflection.and bending space distances

17.4.1 For th¢ purpose of determining deflection and bending space distances, the size and material of
conductors shdll be determined as described in 17.1.3. For top and bottom spaces, condugtor sizing shall
be based on the maximum-ampere rating of the mains. Conductor sizing for side bending spaces shall be
based on the |largest\.conductor to be terminated in that space. For individual conneftor spacings,
conductor sizing shall.be based on the maximum ampere rating of the connector application

17.4.2 The wire terminal shall be turned so that the axis of the wire opening in the connector is as close
to perpendicular to the wall of the enclosure as it can assume without defeating any means provided to
prevent its turning, such as a boss, shoulder, walls of a recess, multiple bolts securing the connector, or
the like. A barrier, shoulder, or the like is to be disregarded when the measurement is being made if it does
not reduce the radius to which the wire must be bent. However, it is to be assumed that the connector is
not oriented so that the wire will be directed into a corner of the box to such extent that the transverse wall
would necessitate additional bending.

17.4.3 When measuring wire bending space for compliance with Table 17.1 or Table 17.2, the distance is
to be measured in a straight line from the edge of the wire terminal closest to the wall in a direction
perpendicular to the box wall or barrier. That is, no credit is to be given for angling of terminals as
illustrated by distance D, in Figure 17.3; the correct method is to measure perpendicular to the box wall
from the edge of the terminal, as illustrated by distance D, in Figure 17.3. If a terminal is provided with one
or more connectors for the connection of conductors in multiple, the distance is to be measured from the
wire opening closest to the wall of the enclosure. If the connectors for a circuit are fixed in position — for
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example, by the walls of a recess— so that they are turned toward each other, the distance is to be
measured at the wire opening nearest the wall in a direction perpendicular to the wall.

Exception: When measuring bending space for compliance with Table 17.2, the distance (distance D5 in
Figure 17.4) may be measured in a straight line from the center of the wire opening in the direction the wire
leaves the terminal.

Figure 17.3

Measurement of wire bending space distances

Do
TQ ©
~ | N/ BARRIER
POSTS

N
R
BUS BARS

S3220
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Figure 17.4

Optional measurement of wire bending space distance for compliance with Table 17.2

TERMINAL

n AT ANGLE

\ D
\

BUS

QN

/

\

.

SNBASE

S3272

1744 If a wi
degree or S be
measured from

17.4.5 With r
beyond an arc

1 of Figure 17
considered to |

re is restricted by barriers, bianch circuit units, or other means from bein
hd from the terminal to any.usable location in the wall of the enclosure, the d
the end of the barrier or‘ether obstruction.

bference to 17.4(4,)a barrier is considered to restrict wire bending if the f
vith radius R described in 17.4.6. For example, the barrier (branch circuit uni
5 is considered to restrict wire bending; the barrier in lllustration 2 of Figure 17.5 is not
bstrict wirelbending.

j bent in a 90
stance is to be

arrier extends

) in llustration
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Figure 17.5

Restriction of S bends?®”

(] (]
O O
D D
o A = A
R+D/2 R+D/2
L& = ) LR = )
/ /
R = R
1 1
~———WBS 00 ~———WBS co|
BARRIER B BARRIER B
POST POST
ILL. 1 ILL. 2
S3p22A

@ The diameter of the wire, D, in the illustrations is as specified in the*National Electrical Code, ANSI/NFPA 70, CHapter 9, Table 5 for
the wire size being considered.

® WBS is the distdnce available for wire bending, but is not.to be less than the value specified in Table 17.2 for fhe wire size being
considered.
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17.4.6 The arc mentioned in 17.4.5 is to be constructed as specified in (a) and (b):

a)Fora

n S bend, see Figure 17.5, line AB is to be:

1) Perpendicular to the line measuring wire bending space (line WBS), and

2) Through the face of the wire connector for which the determination is being made.

Arc R, has a center located on line AB at a distance equal to R+(D/2) from the center of the wire
opening with a radius R equal to (WBS-D)/2 and is the inside radius of a wire exiting the wire
connector. A second arc with the same center and a radius equal to R+D represents the outside
radius of the wire exiting the wire connector. Arc R, has center at the intersection of a line
perpendicular to line AB and through the center of the radius of arc R, and the enclosure wall. The

inside a

b) For 3
measur
determi
R+(D/2
radius @
outside

Excepti
may be
See lllu

! sl n : ! P3 o
L] UUi.bIUU auius 1s i.l 1S SdITIC a5 T0I dlU TN 1.

90 degree bend, see lllustration 1 of Figure 17.6, line AB is to be perpendid
ng wire bending space (line WBS) and through the face of the wire,connecta
nation is being made. The arc has a center located on line AB,at a dist
from the center of the wire opening with a radius R equal to, WBS-D an
f a wire exiting the wire connector. A second arc with a radius_equal to WBS
radius of the wire.

bn: If the wiring space provided is greater than theivalue specified in Tablg
located at the required distance and need not bethrough the face of the |
stration 2 of Fiqure 17.6 as an example.

Figure 176

Restriction of 90-degree bends®?

ular to the line
r for which the
ance equal to
i is the inside
represents the

17.2, line AB
ire connector.

TOP WALL OF TOP WALL OF
PANELBOARD ENCLOSURE / PANELBOARD ENCLOSURE
D D
WBS WBS
R R
A J B A j B
B i |
|
- 1]
I
LINE-SIDE —— FUSIBLE LINE_SIDE —
\(')ﬂgl\ll:NECTOR L] L{ PULLOUT WIRE 4 L I_{ I ~PULLOUT
RED/2 e SWITCH CONNECTOR R+D/2 | SWITCH
LOAD SIDE \I'_OAD SIDE
WIRE WIRE
CONNECTORS CONNECTORS
ILL. 1 ILL. 2
S3223A

@ The diameter of the wire, D, in the illustrations is as specified in the National Electrical Code, ANSI/NFPA 70, Chapter 9, Table 5 for

the wire size being

considered.

> WBS is the distance available for wire bending, but is not to be less than the value specified in Table 17.2 for the wire size being

considered.
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17.4.7 With reference to 17.3.3.1, the adjacent space is considered to restrict normal routing of
conductors if the adjusted width W, of an adjacent space is less than the adjusted width W, required to
route the conductor. See Figure 17.7 and 17.4.8.

Figure 17.7

Restriction of wire to be directed down a gutter

BARRIER FOR
METER CABINET

/ BUS BAR FROM METER

\ \ FEEDING PANEL
.

— WBS
5 D\
]

DW:
1

$3224
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17.4.8 With reference to Figure 17.7, to determine the adjusted widths, W, and W,, mentioned in 17.4.7,
a line CB perpendicular to the line measuring wire bending space (line WBS) and through the face of the
connector is found. An arc AB is located with center on line CB and a radius that:

a) Is the maximum radius that will just clear the barrier, and

b) Is not less than:

in which:

WBS+ D

WBS is

D is the
the Nat

A line AC throu
distance W, is
wall or barrier.
complies with (

18 Groundin
18.1

General

18.1.1 Other
grounding a mg

b and Bonding

the distance specified in Table 17.2 for the applicable wire; and

diameter of the wire for the size being considered in accordance with Chapt
pnal Electrical Code, ANSI/NFPA 70.

gh arc AB is found and a point E is located on line AC at a distance D/2 fro
he distance between a line through point E and perpendicular to line CB ang
IV, is the distance between the perpendicular line through line CB and point |
H) and (b) cannot be constructed, then the spacingds unacceptable.

pr 9, Table 5 of

m point A. The
the enclosure
B. If an arc that

than as indicated in 18.1.2, there shall be provision for permanently and effectively

tal plate that covers uninsulatedive parts.

18.1.2 The p
provided with

E
become energiged.

18.1.3 A pan
connection of
grounding elec
other connectid

visions for grounding the“plate mentioned in 18.1.1 need not be included
means for effectively insulating it from live parts or is located so that it

blboard marked-as being suitable for use as service equipment shall hav
the grounding electrode conductor to the grounded service conductor. T
frode conductor shall be assumed to be in accordance with Table 18.1. A s
n means that depends upon solder is not acceptable.

if the plate is
s not likely to

b provision for
ne size of the
pldering lug or

Table 18.1
Size of grounding electrode conductor and main bonding jumper
Cross section of main bonding
A Size of main bonding jumper jumper in square inches (mm?) Size of grounding electrode®
mpere (minimum)®h minimum®® conductor (minimum)
rating not
exceed | Copper, AWG or | Aluminum, AWG Copper, AWG Aluminum,AWG
ing kemil (mm?) or kemil (mm?) Copper Aluminum (mm?) or kemil (mm?)
90 8 (8.4) 6 (13.3) | 0.013  (8.4)° | 0.021 (13.6)° 8 (8.4) 6 (13.3)
100 6 (13.3) 4 (21.2) | 0.021  (13.6)° | 0.033 (21.3)° 6 (13.3) 4 (21.2)
125 6 (13.3) 4 (21.2) | 0.021 (13.6)° | 0.033 (21.3)° 6 (13.3) 4 (21.2)
150 6 (13.3) 4 (21.2) | 0.021 (13.6) | 0.033 (21.3) 6 (13.3) 4 (21.2)

Table 18.1 Continued on Next Page
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Table 18.1 Continued

Cross section of main bonding
pmpors | Sl bondigiumper | jumperin suar nches (n) | s o grouncing e’
rating not
exceed | Copper, AWG or | Aluminum, AWG Copper, AWG Aluminum,AWG
ing kemil (mm?) or kemil (mm?) Copper Aluminum (mm?) or kemil (mm?)
200 4 (21.2) 2 (33.6) | 0.033 (21.3) | 0.052 (33.6) 4 (21.2) 2 (33.6)
225 2 (33.6) 1/0 (563.5) | 0.052 (33.6)>"| 0.083 (53.5)%F| 2¢f (33.6) 1/0 (53.5)
400 1/09 (53.5) 3/09 (85.0) | 0.083 (53.5)9| 0.132  (85.0) 1/09 (53.5) 3/09 (85.0)
500 1/0 (53.5) 3/0 (85.0) | 0.083 (53.5) | 0.132  (85.0) 1/0 (53.5) 3/0 (85.0)
600 2/0 (67.4) 4/0 (107.2) | 0.105  (67.7) | 0.167 (107.7) 2/0 (67.4) 4/0 (107.2)
800 2/p (67.4) 4/0 (107.2) | 0.105 (67.7) | 0.167 (107.7) 2/0 (67.4) 4/0 (107.2)
1000 3/p (85.0) 250 (127) 0.132 (85.2) | 0.196 (127.0) 3/0 (85.0) 250 (127)
1200 250 (127) 250 (127) 0.196 (127.0) | 0.196 (127.0) 3/0 (85.0) 250 (127)
1600 300 (152) 400 (203) 0.236 (152.0) [ 0.294 (189.7) 3/0 (85.0) 250 (127)
2000 400 (203) 500 (253) 0.314 (203.0) [ 0.393 (253.0) 3/0 (85.0) 250 (127)
2500 500 (253) 700 (355) 0.393 (253.0) [ 0.550 (355.0) 3/0 (85.0) 250 (127)
3000 600 (304) 750 (380) 0412 (265.8) [ 0.589 380.0) 3/0 (85.0) 250 (127)
4000 750 (380) 1000 (507) 0.589  (380.0) [ 0.785%¢ (507.0) 3/0 (85.0) 250 (127)

@ The cross sectid
material (copper
of the service con

larger than 600 k
the total cross se

¢A No. 8 or large
9 ANo. 10 or larg
¢ A No. 10 or larg
fA 1/4-inch (6.4 n

9 When the ampe
copper or two 25!
(0.052 square-ing

" These are also

n may be reduced to 12.5 percent of the total cross section 6f'the largest main service conductg
br aluminum) for any phase on a panelboard rated 1200 amperes and above. This applies when
ductors is limited by the wire terminal connectors proyided.

b For a panelboard rated 1200 amperes or more and that has wiringiterminals intended to connect service condud

mil copper or 750 kcmil aluminum, the cross section of the main bonding jumper shall be at leas
Ction of the largest main service conductor(s)efthe same material (copper or aluminum) for any

brass or No. 10 or larger steel screw may'be used.
br brass or steel screw may be used:
br brass screw may be used.

m) diameter or larger brass or 'steel screw may be used.

Fe rating is 400 and the wiresterminal connectors for the main service conductors are acceptable
kemil aluminum condugtor but will not accept a 600 kemil conductor, these values may be redu
h) copper or 1/0 AWG (0.083 square-inch) aluminum.

izes for the grounded service conductor mentioned in 18.1.3.

r(s) of the same
the cross section

tor wires sized
t 12.5 percent of
phase.

for two 3/0 AWG
Led to 2 AWG

18.1.4 The p|
the neutral.

Fovision.for connection of the grounding-electrode conductor specified in 18|

1.3 shall be on

Exception: The provision may be on the equipment-grounding terminal assembly, bus, or the like if the
main bonding jumper is a bus bar or wire and is connected, or is intended to be field connected, directly
from the neutral to the equipment-grounding-terminal assembly. See 34.2.2.

18.1.5 For a panelboard marked as being suitable for use as service equipment, when an insulated
neutral is provided, a main bonding jumper consisting of a separate screw, strap, or other means shall be
provided to bond:

a) The box or the interior pan, if a box is provided, or

b) The interior pan if no box is provided,

to the insulated grounded circuit conductor — the insulated neutral — of an alternating-current system.
Except for steel or brass screws as noted in the notes to Table 18.1, the bonding means shall be of copper
or aluminum and shall have a cross-sectional area as specified in Table 18.1. The means used to provide
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the removable bonding means described in 16.1.7 shall also comply with the foregoing requirement. When
an insulated neutral is provided, the construction shall be such that when the bonding means is not used,
at least the minimum acceptable spacings will exist. Unless the intended use and method of installation of
the bonding means are obvious, instructions for its installation shall be provided. See 11.2.12 for thread
engagement requirements.

18.1.6 For a panelboard marked as being suitable for use as service equipment, when the neutral is
mounted directly on or is otherwise in permanent electrical connection with the enclosure (or mounting pan
if no enclosure is provided), the connecting joint between the uninsulated neutral and the enclosure (or
mounting pan) shall have a cross-sectional area as specified in Table 18.1. If threaded fasteners are used,
see 11.2.12 for thread engagement requirements. Panelboards constructed as described in this paragraph
shall be marked as specified in 34.9.1(a).

18.1.7 With r
colored head th
of devices insid

bspect to 18.1.5, if the main bonding jumper is a screw, the screw shall
at is hexagonal, slotted, or both. The screw shall be visible without disassemn
e the panelboard.

have a green
bly or removal

18.1.8 If the 1
are field-install
position, the sc
more than 0.06)

hain bonding jumper is a screw as permitted in 18.1.7 or includes a screw, pither of which
bble and permitted to be located in the back plane of the.enclosure’s intepded mounting
rew should not project past the back plane of the enclosure’s intended mouniing position by
3 inches (1.6 mm).

terminal for a

18.1.9 A pan
grounded servi

blboard that is marked for service equipment use shall be provided with a
ce conductor even though there may be no provision for a load conductor tg

to the groundedl service conductor. If there is no provisionfor such a load conductor, the grg

be connected
unded service

conductor termjnal shall:
a) Accommodate a conductor of the same size as the main bonding jumper specified in Table 18.1,
b) Be bgnded to the enclosure, and
c) Be difectly-connected to the grounding-electrode-conductor terminal.

Exception: The|terminals may be-eritted if the panelboard is marked in accordance with 34{12.7.

18.1.10 When installed asvintended, the bonding connection described in 18.1.5, 18.1|6, and 18.1.9

shall:

a) Provide a feliable bond to the panelboard frame or enclosure; and

vice conductor

b) Be sie 6 ction-betw 3 3
is not more than 0.005 ohm. See Bonding Resistance Test, Section 27.

and the frame or enclosure

18.1.11 In a panelboard incorporating ground-fault protection of the ground-return type as described in
15.7, the main bonding jumper as required by 18.1.5 shall be factory connected to the insulated grounded
circuit conductor (neutral) and to the box or interior pan and the panelboard shall be marked to indicate
that it is suitable only for use as service equipment.

18.2 Equipment-grounding terminals

18.2.1 A panelboard, or the enclosure in which it is intended to be installed, shall be provided with a
means for terminating equipment-grounding conductors for both the main equipment grounding conductor
and for the branch-circuit equipment-grounding conductors in accordance with Table 18.2.

Exception No. 1: A panelboard or enclosure marked in accordance with 34.13.4 or 34.13.5.
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Exception No. 2: For a panelboard marked in accordance with 34.9.1(a), a terminal for connection of the
grounding electrode conductor provided in accordance with 18.1.3 may be considered to be the main
equipment-grounding-conductor means if it is acceptable for the wire size specified in Table 18.2.

Exception No. 3: For a panelboard marked in accordance with 34.9.1 (b) or (c), and employing the
construction described in 18.1.9, a terminal for connection of the grounding-electrode conductor may be
considered to be the main equipment-grounding-conductor means if it is acceptable for the wire size
specified in Table 18.2.

Exception No. 4: For a panelboard marked in accordance with 34.9.1 (b) or (c) and employing pressure
terminal connectors for the connection of the main bonding jumper, the terminal mounted on the
panelboard frame or enclosure for the connection of the main bonding jumper may be considered to be the

main equipme u'—yluu:lu'illg—(,uuu'ut,iw meansifitss au,t-;piabl'c forthewire—size apt—;(,iﬁcd mmTable 18.2.
Table 18.2
Equipment-grounding conductor
Size, AWG or kcmil (mm?)
Rating, ammperes Copper Aluminum or copper-clad aluminum
15 14 (2.1) 12 3.3)
2( 12 (3.3) 10 5.3)
3( 10 (5.3) 8 8.4)
4( 10 (5.3) 8 8.4)
6( 10 (5.3) 8 8.4)
10p 8 (8:14) 6 (13.3)
20p 6 (13.3) 4 ®1.2)
30p 4 (21.2) 2 (B3.6)
40p 3 (26.7) 1 (42.4)
50p 2 (33.6) 110 ($3.5)
60p 1 (42.4) 2/0 (67.4)
80p 0 (53.5) 3/0 ($5.0)
10Q0 2/0 (67.4) 4/0 107)
12Q0 3/0 (85.0) 250 [127)
1640 4/0 (107) 350 [177)
18.2.2 An equipment-grounding terminal or terminal assembly and associated parts shall be of a metal

or metals that are not likely to be adversely affected by electrolysis in service.

18.2.3 Metal employed for an equipment-grounding terminal shall be nonferrous, stainless steel, or other
metal that is inherently resistant to corrosion, or it shall be protected by a coating of zinc or cadmium that
complies with 18.2.4 or by an equivalent metallic-plated coating.

18.2.4 With reference to 18.2.3, a protective coating of zinc or cadmium on other than a mounting screw
or wire-binding screw shall be such that it will withstand the metallic coating thickness test for the interval
specified in Table 18.3.
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Table 18.3
Metallic coating thickness test

Temperature Time, seconds
°F °C Zinc Cadmium
65 18.3 106 78
70 211 102 76
75 23.9 98 72
80 26.7 94 70
85 294 90 68
90 32.2 86 64
a5 350 84 62

18.2.5 A pres
requirements fq

Exception: The
temperature te

18.2.6 A sing
used:

a) Forc

b) For ¢

18.2.7 When

a) Provi
b) Be s

conduct
Section

sure wire connector employed at an equipment grounding terminal shall ¢
r such devices.

3

b

L

e opening in a wiring terminal intended for equipmentrgrounding connectio

bnnection of more than one 8 AWG (8.4 mm?) orlarger conductors, or

bnnection of more than three 10 AWG (5.3-mm?) or smaller conductors.

nstalled as intended, an equipmentigrounding terminal or terminal assemblyj
(e a reliable bond to the panelboard frame or enclosure;

uch that the resistance of the connection between an installed equip
or and the frame or enclosure is not more than 0.005 ohm. See Bonding R
27;

c) Comply with the thread engagement requirements described in 11.2.12; and

d) Cong
intende
past the

tructed /such that any field-installable screws located in the back plane of {
l mounting position and used to secure parts of the terminal or assembly
back-plane of the enclosure's intended mounting position by more than 0.0

mm).

bmply with the

connector may be of iron or steel, and need not comply_Wwijth the requirgments for the

ns shall not be

shall:

ent-grounding
sistance Test,

he enclosure’s
do not project
63 inches (1.6

18.2.8 The equipment-grounding terminal or assembly shall be:

a) Green or the heads of the terminal screws thereon shall be green; or

b) Identified by markings:

1) Described in 34.13.2 and 34.13.3 and

2) Located adjacent to the terminal or assembly or on a wiring diagram.

19 Sharp Edges

19.1
sharp to cause

a risk of injury to persons in normal maintenance or use.

An enclosure, an opening, a frame, a guard, a knob, a handle, or the like shall not be sufficiently
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19.2 Whenever referee measurements are necessary to determine that a part as mentioned in 19.1 is
not sufficiently sharp to constitute a risk of injury to persons, the method described in the requirements for
determination of sharpness of edges on equipment in the Standard for Tests for Sharpness of Edges on
Equipment, UL 1439, is to be employed. See 17.1.5 for sharp edge requirements as they apply to potential
damage to conductors.

20 Separation of Circuits

20.1 Other than as covered in 20.3, conductors or cables of factory- or field-installed Class 2 and Class 3
circuits shall be separated from conductors or cables of factory- or field-installed electric light, power,
Class 1, non-power-limited fire alarm circuits, and medium power network-powered broadband
communications circuits by:

a) Barriers complying with the requirements of 9.1.7 — 9.1.10; or

b) A mihimum permanent 1/4 inch (6.4 mm) separation.

Note: Conductors

and Class 3 circuifs reclassified as Class 1 circuits are to be installed as a power circuit.

20.2  With ref
an equivalent
of openings in

20.3 Ina sp
separation is
(conductors th
installed cond

or cables of low-voltage circuits not classified as Class 2 and Class 3 circuits, and conductors g

erence to 20.1(b), separation of conductors shall be aceomplished by clamy
means. Field-installed conductors are capable of being separated by arrang
an enclosure for the various conductors.

hce where field-installed conductors will not be present, a barrier or 1/4
not needed for factory-installed conductors or cables of Class 2 or (
at are integral to circuits that are contained within the panelboard enclosure

become, in co

20.4 With reference to 20.1(a), when.the intended uses of the equipment are such
applications a|barrier is required whilelin other applications no barrier is required, a remo

one having o
applications w
of a field insta
of the panelbq

r cables of Class 2

ing, routing, or
ng the location

inch (6.4 mm)
lass 3 circuits
) if the factory-

ictors or cables are insulated for the maximum voltage of all circuits thgt are, or could

tact.

enings for the passage of conductors is not prohibited from being emp
nere a removable-barrier may be utilized, the removable barrier may be suppg
lable kit. Instructions for the use of such a field installable barrier shall be a
ard. Barrier kits shall be provided with complete instructions in conjunctio

that in some
able barrier or
oyed. In those
lied in the form
bermanent part
h with a wiring

diagram provided.

PERFORMANCE

21 Temperature Test

21.1 General

21.1.1 A temperature test on a panelboard is to be conducted in accordance with 21.1.2 — 21.4.3.2. The
tests described do not cover such features as panelboards without branch bus bars or panelboards with
divided or ampacity-tapered main bus bars. Such panelboards are tested in a similar manner, modified as
may be necessary to determine that the current-carrying parts have adequate ampacity.

21.1.2 The panelboard, in an appropriate enclosure, is to be mounted on a vertical wooden surface.
Unless it is plainly evident that it is intended to be mounted in some other position, the panelboard is to be
mounted with the line terminals at the top. The line leads are to enter the enclosure at a point adjacent to
the terminals to which they are connected unless the design dictates otherwise. The unused part of the
opening for the leads is to be closed with cotton. Each connecting lead is to have a minimum length of 4
feet (1.22 m) and is to be of copper of a size determined in accordance with 12.1.10. However, aluminum
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wire of a size determined as specified in 12.1.10 may be used for the test, if the panelboard is marked for
use with aluminum wire only in accordance with 34.2.5. Branch-circuit units are to be mounted in all
spaces intended for such devices, whether or not all of the units carry current during the test, but the
sample panelboard selected for test is to be such that the number of unloaded units is a minimum.

21.1.3 When tested in an ambient temperature within the range of 10 — 40°C (50 — 104°F) the

temperature rise on current-carrying parts shall not exceed the values specified in Table 21.1.

Table 21.1

Maximum acceptable temperature rises

npgrnne npgrn S
Materials and components (o3 F
1. Any bus within 6 inches (152 mm) of a fuseholder along the 30 54
urrent path when tested with dummy fuses
2. Unplated bus bar or unplated joint other than as covered in 50 90
item 1
Plated bus bar or plated joint except as covered in item 1¢ 652 117
4. Plated bus bar at the point of connection to a molded case 65 117
ircuit breaker?
5. Neutral parts tested in accordance with Neutral "Black Box" 30 54
Test. See 21.4.2
6. Neutral parts tested as Part of Complete Panelboard. See 50 90
2143
7. Any part that may be contacted by field wiring 502 90?
8. Pressure terminal connectors for field installed conductors 50° 90?2
e¢xcept as noted in items 9 and 10
9. Pressure terminal connectors for field witing to switches or 602 108
ircuit breakers as covered in items 2.£.5 of Table 21.2 if
marked in accordance with 34.3.2' and connectors for internal
Viring with copper conductors
10. Pressure terminal connecters used in circuits rated 110 65° 1175
gmperes or less and marked for use with 75°C (167°F) wire
11. Pressure terminals Or wife connectors for internal wiring 50° 90?2
involving aluminum conductors unless the connector has
heen investigated‘for higher temperatures
12. Vire insulation or insulating tubing 352P 63%
13.  Klectrical tape 552P 99%
14, arnished cloth insulation 602° 108%p
15.  Fiber employed as electrical insulation 652P 117ab
16.  Sealing compound 5020° 9020°
17.  Phenolic composition employed as electrical insulation or as a 12520 225%b
part the deterioration of which would result in a risk of fire or
electric shock
2 In a panelboard section tested with dummy fuses, the recorded temperature rise shall be increased 20°C
(36°F) to represent the heating of fuses except that where only a few fuses such as control circuit fuses are
involved, the increase shall only apply to parts within 12 inches (304 mm) of the fuses.
® This limitation does not apply to an insulated conductor or other material as covered in 8.6, that has been
investigated and found acceptable for a higher temperature.
¢ The softening point shall be at least 40°C (72°F) higher than the temperature rise at the point where the
compound is employed but not less than 90°C (194°F) in any case. See 8.7.
94 Both surfaces of a joint shall be plated but not necessarily the entire length of the bus bar.

Table 21.1 Continued on Next Page

MAY 16, 2023
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Table 21.1 Continued

Degrees

Materials and components C F

Degrees

¢ Applicable for the following combinations of conductor and connector:

1) Copper conductor terminated in a copper or copper alloy bodied connector.

has a rating of 90°C (194°F).

3) Aluminum conductor terminated in a copper or copper alloy bodied connector, provided the
connector has a rating of 90°C (194°F).

2) Copper or aluminum conductor terminated in an aluminum bodied connector, provided the connector

Thermocoupl
accurate and

conclusion of |each of three consecutive equal intervalsCof time, the duration of each
whichever of the following is longer:

a) 15 minutes, or

b) 10 p
of 30 m

brcent of the total test time elapsed previous to the start of the first interval ug
inutes.

21.1.6 A the
thermal conta
good thermal g
surface is invo

mocouple junction and.adjacent thermocouple lead wire are to be secure
it with the surface-of the material whose temperature is being measured.
ontact will resutt from securely taping or cementing the thermocouple in plac
ved, brazing‘er.soldering the thermocouple to the metal may be necessary.

21.1.7 A pan
main bus bars
circuit units ag

elboard. incorporating fuseholders and being tested only to determine the
is.to\be loaded to rated value by distributing the load proportionally amo
cording to their ratings. Tests to determine the acceptability of main bus b4

er than 24 AWG

in determining
pnsisting of 30
t is to be used
ocouple wire is
s Temperature
r Standardized
hts are to be

n taken at the
interval being

to a maximum

y held in good
In most cases,
e but, if a metal

pcceptability of
ng the branch-
rs, branch bus

bars, or both;

'DOIed Or spring-pressure JOINts, or tusenolaers shnall be conaucted with dual element time-

delay fuses in place if such fuses are available for the class of fuseholder installed. The current to be used

for tests is specified in Table 21.2.

Exception: Dummy fuses or the equivalent may be used in place of fuses in fuseholders intended for plug

fuses, Class H, K, and R fuses, or for Class J fuses rated 200 ampere maximum.
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Table 21.2
Current through fuseholders and other overcurrent devices
Type device Percent of device rating
1. Dummy fuse 100
2. Molded-case circuit breakers marked suitable for 100 percent 100
loading

3. Class L fuses in miscellaneous switches, 1200 ampere or less 80

4. 200 — 1200 ampere Class T fuses 80

5. 400 — 600 amperes Class J fuses 80

6. All other fuses or circuit breakers 80
21.1.8 For a [est on a circuit-breaker panelboard each branch-circuit breaker mentioned specifically in
21.2.1 is to bqg loaded to the values specified in Table 21.2. The term circuit breaker of maximum or

minimum curre
rating intended

2119 Seleg
breaker poles i

21.1.10 Testimg with a 60 Hz AC source represents testing with alower frequency or a DC

21.2 Main lug

21.2.1 If a cin
main switch, it

a) A panelboard in which all branch-circuit bus bars are of the same size:

b

nt rating is intended to designate a circuit breaker of the maximum”or mi
for use with that panelboard or with the particular set of bus bars.

tion of overcurrent devices shall consider the maximum_ fhumber of fusehg
ntended to be installed in the panelboard.

cuit-breaker panelboard mentioned in:21.1.8 does not employ a main circu
S to be tested as follows:

) A panelboard in which_only one branch-circuit circuit breaker is to be con
ranch-circuit bus bar or.set of bus bars.

i) A circuit breaker of the highest rating that does not exceed 50 perce
rating «is*t0 be connected to the uppermost branch bus bars of g
sufficient number of circuit breakers of minimum marked current rg
connected to the remainder of the branch-circuit bus bars to load the
rated value; except that if it is not possible because of space limitatiorn]
full main bus-bar loading in this manner, one or more of these may be

himum current

Ider or circuit-

source.

it breaker or a

hected to each

nt of the mains
ach phase. A
ting are to be
panelboard to
s to obtain the
replaced by a

circuit breaker with a current mting next Inrgpr than the minimum

ii) If the maximum marked current rating of a circuit breaker that can

be used in the

panelboard is more than 50 percent of the rating of the main bus bars, a test using

the same sample is also to be conducted with a circuit breaker of

the maximum

marked rating intended for use in the panelboard connected to the uppermost
branch-circuit bus bars, and with circuit breakers of minimum marked current rating
connected to the remaining bus bars to load the panelboard to its rated current.

2) A panelboard in which two circuit breakers are to be connected to each branch-circuit
bus bar or set of bus bars.

i) Two circuit breakers, having a total marked current rating equal to
sum of circuit-breaker ratings intended for use with that bus bar — but

the maximum
not more than

50 percent of the mains rating — are to be connected to the uppermost branch-circuit
bus bar of each phase. A sufficient number of circuit breakers of minimum marked
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rating to load the panelboard to rated value are to be connected to the remainder of
the branch-circuit bus bars, except that, if it is not possible because of space
limitations to obtain the full main-bus-bar loading in this manner, one or more of
these may be replaced by a circuit breaker with a current rating next larger than the
minimum.

ii) If the sum of the maximum marked current ratings of the pair of circuit breakers
that are intended for use with that branch-circuit bus bar is more than 50 percent of
the rating of the main bus bars, a test using the same sample is also to be performed
as follows. One circuit breaker of the maximum rating intended for use in the
panelboard is to be connected to the uppermost branch-circuit bus bars, together
with another circuit breaker of whatever rating is necessary to load these bus bars to
their rating. Additional circuit breakers of a minimum rating are to be connected to
the remaining branch-circuit bus bars to load the panelboard to its ratgd current.

b)Ap

the saarlq

panelb
rating

21.2.1(
be con

21.3 Main ci

21.3.1 |If the

tested as desq
and main circu

omitted if:

a) The
11.3.2(

elboard employing two or more different sizes of branch-circuit busbars. T
e as that described in 21.2.1(a)(1) or 21.2.1(a)(2), whichever is applica
bard is to be mounted so that the section incorporating the branch-circuit bug
Will be uppermost unless the design dictates otherwise, “Thé procedur
p) is to be followed, except that each group of branch-circuit bus bars of the
sidered separately in determining how the selection of branch-circuit breakerg

Fcuit breaker

circuit-breaker panelboard mentioned in 21:1.8 employs a main circuit bre
ribed in 21.2.1 in accordance with the censtruction utilized, except that the
it breaker are to be loaded to 80 percent.of their rated capacities. However,

means of interconnecting the*main circuit breaker and the main bus barg
h) and 11.3.2(b) or has a cross:section not less than that of the main bus bar,

b) The

panelboard, without the main circuit breaker, has been tested in accordance

he procedure is
ble, except the
bars of largest
b described in
same size is to
is to be made.

bker, it is to be
main bus bars
his test may be

complies with
and

vith 21.2.1.

h, the selection
Struction of the
ce with 21.1.7.

21.3.2 If the Eircuit-breaker panelboard mentioned in 21.1.8 employs a main fusible switc]
of branch-circjit breakers, shall be in accordance with 21.2.1, as determined by the con
panelboard bejng investigated. The selection of fuses or dummy fuses shall be in accordar
The loading sHall be as-spécified in Table 21.2.

21.4 Neutral

21.41 General neutral temperature test requirements

21.4.1.1 For the temperature test, the main neutral terminal is to carry not less than its rated current. A
panelboard with increased neutral ampacity is to have the neutral loaded to the increased ampacity of the
neutral bus. See 11.5.2.

21.4.1.2 Each section of the neutral is to carry a current equal to its required ampacity in accordance
with 11.5.3 or 11.5.4, whichever applies. For this current, one or more of the larger conductors that are
likely to be accommodated in that section and, if necessary, one or more of the smaller conductors are to
be used, all carrying current in accordance with 11.5.5. It is not necessary to load a section identical to and
represented by the loading of another section. The terminals selected for carrying current are those
located so as to produce the longest current path through the neutral. More than one test may be
necessary if it is not possible to load simultaneously all sections of the neutral that require tests to their
respective required ampacity without exceeding the rated ampacity of the neutral, unless temperature
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rises are not more than allowed when tested with the sections loaded simultaneously and with the main
terminal overloaded. See 21.4.2.2 and 21.4.3.2.

21.4.1.3 Neutral assemblies may be tested by either Method A or B. See 21.4.2 for Method A and 21.4.3
for Method B. For DC rated systems, the “neutral” is the DC negative bus.

21.4.2 Neutral “black box” test (Method A)

21.4.2.1 For the "black box" temperature test, a neutral bus bar is to be mounted in a black-painted steel
box of such size as to provide a 5 — 6 inch (127 — 152 mm) clearance between the current-carrying parts of
the bus bar and the box wall at the sides and top when the neutral is mounted to the back of the box in the
intended manner. The box is to be mounted on a vertical wooden surface. The space between a conductor
and the edge of a hole through Which It passes 0 enter the box IS to be closed with surgical ¢otton.

21.4.2.2 Tem
when tested in

perature rises on any portion of the neutral assembly shall not be more thg
pccordance with this method.

n 30°C (54°F)

21.4.3 Neutral tested as part of complete panelboard (Method B)

n the smallest
ed as required

21.4.3.1 Neufral assemblies tested as part of complete panelboard are to be mounted

panelboard asgembly for which they are intended. The panelboard assembly shall be load
by main lug tegt procedures described in 21.2 and main circuit breaker test procedures dedcribed in 21.3.
More than oneltest may be necessary to address considerations in main lug and main circliit breaker test
procedures. Tgsting that involves breakers with integral sneutral connections, such AFCI/GFCI circuit

breakers with
212 0r 21.3. B
longest current|

Exception: Sel¢
panelboards w
results from te
neutral loads w

21432 Tem

irect plug-in neutrals, shall be arranged:in*accordance with the procedur
ased on this configuration, the currentpath through the neutral is not req
path as specified in 21.4.1.2.

bction of panelboard test configuration may be based on comparison of resu
ithout neutral loads. In selecting the worst case scenario for neutral ass
bting of the configuration_that provided the maximum internal ambient temp¢
ould be considered representative of other configurations.

berature rises gh,any portion of the neutral assembly shall not be more thg

described in
ired to be the

(s of testing on
embly testing,
brature without

n 50°C (90°F)

when tested in pccordance with this method.

21.5 Clamped joints

21.5.1 If a panelboard employs a clamped joint construction as permitted by Exception INo. 1 to 11.1.7
and Exception No. 1 to 11.1.8, the test described in 21.5.2 is to be conducted. The temperature rise at the
joint during the 500th cycle shall not be more than 15°C (27°F) higher than the temperature rise at the end
of the 25th cycle.

21.5.2 The test sample is to consist of an assembly of bus bars connected together to form a series
circuit. The bus bars are to be clamped together with the joint construction used in actual production. The
number and size of the bus bar are to represent the maximum ampere rating and the maximum current
density in which the joint construction is employed. This may necessitate more than one test. The length of
each bus bar is to be 2 feet (609 mm). The bus bar is to be connected to a power supply by any
convenient means that will not affect the joint temperature. The power supply is to be adjusted to deliver a
value of current that will result in a temperature of 75°C (135°F) above room temperature at the joint. The
assembly is then to be subjected to a 500-cycle test. At the end of the 24th cycle, the current is to be
readjusted to bring the temperature of the joint to 75°C above room temperature; and this current value is
to be maintained for the remainder of the cycling test. At the end of the 25th and 500th cycles, the
temperatures are to be recorded. The temperatures are to be measured on both sides of the joint as close
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as possible to the bolt or rivet. The cycling rate is to be 3 hours on and 1 hour off. The on period during
which temperatures are recorded may be extended to more than 3 hours if necessary for the joint to attain

thermal equilibrium.

Exception: The length of the bus bar may be less than 2 feet with the concurrence of those concerned.

21.6 Other bus bar coatings

21.6.1

If a coating as covered by Exception No. 3 to 11.1.5 is employed, a panelboard that employs a

clamped joint or a spring-loaded, plug-in joint construction shall be subjected to the tests as described in
21.5.1 and 21.5.2. Before conducting the cycling test, the joints shall be conditioned by assembling and

disassembling

the joints 25 times.

21.7 Joints

21.7.1

a) Subjected to the tests specified in 21.1.2 — 21.4.3.2 and the temperature rise an
be recqrded,;

b) Con

c) Agai

The temperaty

the temperatute rise recorded during the original temperature test.

Exception: Wi
current suffici
recorded. Foll
recorded currg

22 Rain Test

22.1 An encl
subjected to

Environmental
An enclosed p

ith insulators

itioned for 168 hours (7 days) at 125°C (257°F); and

N subjected to the tests specified in 21.1.2 — 2%4)3.2 using the recorded curr

re rise attained during the repeat temperature test shall not be greater than ]

h the concurrence of those concerned, the bolted joint assembly may be
bnt to induce a 65°C temperature rise in accordance with Table 21.1, 4
bwing the conditioning specified in (b), the temperature test is to be repq
nt. The temperature rise‘shall not be greater than 72°C.

osed panelboard, without ventilating openings and designated Type 3R, 0
the Rain“Test described in the Standard for Enclosures for Electrig
Considerations, UL 50E, with modification to the acceptance criteria as sg
anelboard with ventilating openings and designated as Type 3R or 3RX sha

An agsembly that incorporates a thermoset polymeric material insulator depénded upon to
maintain the clamping force in a joint (see 11.2.3) is to be:

i current are to

bnt.

(°C higher than

Subjected to a
nd the current
ated using the

r 3RX shall be
al Equipment,
ecified in 22.2.
Il be subjected

to the test des

cribed in 22 3 _with acceptance criteria as specified in 22 2

22.2 AType 3R or 3RX enclosure shall be considered to have met the requirements if at the conclusion

of the test:

a) Ther

e is no accumulation of water within the enclosure and

b) No water has entered the enclosure at a level higher than the lowest uninsulated live part.

Exception: Water may enter above uninsulated live parts if the construction is such that no water is visible
on the uninsulated live parts, insulating material, or mechanism parts, and no water has entered any space
within the enclosure in which field installed wiring may be present above uninsulated live parts, insulating
material, or mechanism parts, under any proper installation conditions.

Note: Wiring that is located above live parts may serve as a path for water to track to a location where uninsulated live parts,
insulating material, or mechanism parts, are present.
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22.3 A ventilated enclosed panelboard is to be subjected to water spray simulating a lawn sprinkler
applied to exposed surfaces. The nozzle is to be the same as that used for the rain test but the pressure is
to be 15 pounds per square inch (103 kPa). The nozzle is to be located 3 feet (914 mm) from the
enclosure and is to be aimed upward at an angle of 30 degrees from the horizontal at a point on the
enclosure so that the spray covers the entire enclosure. More than one such test may be necessary if the
spray does not cover the entire enclosure. In each test, the spray is to be applied for 1 hour.

23 Strength of Insulating Base and Support Test

23.1 The insulating base of a panelboard shall not be damaged when wire connectors securing short
lengths of conductors of rated ampacity are torqued to 110 percent of the value marked on the panelboard.

24 Mold Stre

24 1
determined by
other distortion

a) Redy

Conditio

rmation is acceptable.

ss Relief Test

as judged after cooling to room temperature, thatresults in any of the followi

ction of spacings between uninsulated liveparts of opposite polarity, uninsu

s or bus bars
ting material is
mbers without

hs of the equipment as described in 24.2 shall nét)cause softening of the material as
handling immediately after the conditioning, nor shall there be any shrinkag

B, warpage, or
Ng:

ated live parts

and ac
acceptq

essible grounded metal, uninsulated live parts and the enclosure below] the minimum

ble values;

b) Maki
the enc
equipm

g uninsulated live parts or internal wiring accessible to contact, or defeating
osure so that unacceptable mechanical protection is not afforded to intern
ent; or

the integrity of
al parts of the

c¢) Causjng interference with the-intended operation or servicing of the equipment.

24.2 One sample of the comiplete unit shall be placed in a full-draft circulating-air oven maintained at a
uniform tempeiature at least10°C (50°F) higher than the maximum temperature of the matgrial measured
during the temperature_test; but not less than 70°C (158°F) in any case. The sample shall remain in the
oven for 7 hodrs. After_its removal from the oven and return to room temperature, the sample shall be
investigated fof compliance with 24.1.

25 Short-Circuit Current Test

25.1 General

25.1.1 These requirements cover a panelboard intended for use on circuits having available short-circuit
currents not more than 200,000 amperes. Panelboards shipped without an enclosure shall be rated
10,000 amperes rms symmetrical maximum, unless they are marked for use with a specific enclosure as
noted in 34.12.9.

25.1.2 A fuseholder used in series with a circuit breaker in a panelboard having a marked short-circuit-
current rating higher than the interrupting capacity rating of the branch-circuit breakers shall have
provision for accommodating a Class CC, G, J, L, Ror T fuse.

25.1.3 A panelboard with a short-circuit-current rating shall be subjected to the applicable tests specified
in 25.1.6 and 25.1.7 and Table 25.1 and Table 25.2.
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Exception No. 1: A panelboard employing molded-case circuit breakers as branch-circuit overcurrent-
protective devices, with or without a main overcurrent-protective device, is acceptable for the short-circuit
current rating equal to the minimum of the molded-case circuit breaker interrupting ratings of 5000, 7500,
or 10,000 amperes without short-circuit testing.

Exception No. 2: A panelboard employing fuseholders only, with or without switches, is acceptable for a
10,000 ampere short-circuit-current rating without short-circuit testing.

Exception No. 3: As indicated otherwise in Table 25.1.

Exception No. 4: Unless further restricted as noted in Exception No. 1, a panelboard employing meter-
mounting equipment is acceptable for 10,000 amperes or less short-circuit-current rating without any
short-circuit tefting.

Exception No.
in series with

short-circuit ra
combination
requirements f

Exception No.
extend beyong

Exception No.

5: A panelboard rated 10,000 amperes or less having a main overcurrent-p
molded-case circuit breakers having short-circuit ratings that are 1ess than
fing serving as branch-circuit overcurrent-protective devices need-not be tes
as been investigated and found acceptable for the purpgsé in accord
br molded-case circuit breakers.

6: A device in the secondary of a control transformer or in a control circu
the panelboard need not be subjected to a short-citcuit test.

7: A panelboard employing industrial contrel ‘switches, snap switches, or

otective device
fhe panelboard
fed if the series
ance with the

t that does not

clock-operated

switches is acgeptable for a 5000-ampere short-circuit rating without short-circuit testing.

Table 25.1
Applicable short-circuit tests
Construction or circuit arrangement Fest required?
Separate main Integral main Branch devices Maxi
Main Circpit Circuit Circuit Short-circuit- \1Iith mum
lug breaker Fusible | breaker  Fusible | breaker  Fusible | currentrating,kA | s{and [ voltage

1X X 5 Nope

2X X 7.5 and greater® X X

3X X 10 and less Nope

4 X X More than 10 X

5 X X 5 Nope

6 X X 7.5 and greater® X X

7 X X 10 and less None

8 X X More than 10 X

9 X X 5 None

10 X X 7.5 and greater® X X

11 X X 10 and less None

12 X X More than 10 X

13X X X 7.5 and greater® X X

14 X X X More than 10° X

15 X X X 7.5 and greater® X X

16 X X X 7.5 and greater®? X X

Table 25.1 Continued on Next Page
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Table 25.1 Continued

Construction or circuit arrangement Test required?
Separate main Integral main Branch devices Maxi
Main Circuit Circuit Circuit Short-circuit- With mum
lug breaker Fusible | breaker  Fusible | breaker  Fusible | currentrating, kA stand | voltage
17 X X X More than 10 X
18 X X X 7.5 and greater®? X X

field-installed maip.
4See25.1.2.

a"X" denotes that a test is required. See 25.9.2 for the Withstand test and 25.9.3 for Maximum Voltage test.

® No tests required when short-circuit-current rating of panelboard is 7.5 KA or 10 KA and the rating does not exceed the
interrupting rating of the circuit breakers as indicated in Exception No. 1 to 25.1.3.

¢ Test required only when the short-circuit-current rating of the panelboard depends on its being used on the load of a separately

Additional short-circuit tests for pa-:-\?e?tl)%gfazs with subfeed or feed-through lugs
Tests required?
Panelboprd constructed with Withstand 3-cycle withstand
No overcurrént-protective device - X
Separate mgin X° -
Integral mai X -
Integral mai:[ - NG
a X" denote$ that a test is required. See 25.9.2 for the Withstand Test and 25.9.3 for Maximum Voltage Test.
b See 34.1.2P for required marking.
¢ The subfeqd or feed-through circuit is not protected\by an integral main, see Figure 5.1 and Figure 5.4.

25.1.4 Forre
shall be tested

25.1.5

a) The

b) The |

In a lin
testing of a pan

uired tests, a representative number of sizes and ratings of a panelboard
fo determine the acceptability of all assemblies to be manufactured.

e of panelboards/manufactured either with or without a main overcurrent-prg
elboard without the main device will represent both types if:

hort-circuit-current ratings of both types of panelboards are the same,

us-bar connections between the main overcurrent-protective device and the

pf each design

tective device,

main bus bars

are jud

0 to beacceptably bracedor theconstroction 15 Tepresented by the 1o

construction, and

1main bus-bar

c) A circuit breaker serving as the main overcurrent-protective device is installed in the same
manner as the branch-circuit breakers in the panelboard or is installed in the same manner in
which it was installed when it was tested as a circuit breaker under the requirements for molded-
case circuit breakers. Installed in the same manner refers to method of attachment, proximity to live
parts or dead metal parts, and the like, and not the position of mounting. A molded-case circuit
breaker that is marked for a specific position of mounting is to be mounted only in that position.

25.1.6 The panelboard shall be tested at the marked maximum short circuit current rating for a single
branch breaker or fuse and with the maximum ampere rating branch breaker or fuse. If both of these
ratings occur with the same breaker or fuse only one test is required. See 25.2 and Table 25.1.
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25.1.7 A panelboard shall be tested at the maximum short circuit current rating on the panel. If this rating
is only achieved by the use of a separate main overcurrent protective device the panelboard shall be
tested with that main overcurrent protective device installed ahead of the panelboard. The branch breaker
shall be the maximum ampere rating for use at the marked short circuit current rating on the panelboard.
See Table 25.1. If there is more than one main overcurrent protective device for the short circuit current
rating the panelboard shall be tested with the maximum ampere main overcurrent protective device to be
marked on the panelboard. The main and the branch breaker shall comply with the requirements in UL

489 for series combinations.

25.2 Sample selection

25.2.1 Withstand

25211 The
weakest bus-b

25.2.1.2 Amq
25.2.1.1 are th
features. The ¢

25213 The

sample panelboard selected for the withstand test in accordance with 25,14
ar structure when 50 percent filled in accordance with 25.2.1.4.

ng the factors to be considered in determining the weakest structure a

ombination of these factors may require more than one test to’be conducted

branch-circuit device having the maximum ampere rating shall be used in thi

25.2.1.4 Branch-circuit devices shall be installed together in ‘a*group to occupy as nearly,

percent of the
shall be the o
device under t

25.2.2 Maxin
25.2.21
tested.
25222 Ac

locations withi
that are most
Filler plates sh

25.2.2.3 With

available space, starting from the feed end.-Of this group, the branch-circui
ne located farthest from the feed end. Devices mounted between the feq
pst shall be selected to provide the least'support for the main bus bars.

hum voltage

h the panelboard,and in the combinations with other circuit breakers or wit
ikely to cause unacceptable results. Such other circuit breakers shall be in
all cover blank spaces. This may require more than one test.

reference to 25.2.2.2, consideration is to be given to the following:

| shall have the

E mentioned in

e length of bus, length of span, supports, cross-section, compoenents mounfed, and similar

5 test.

as possible 50
device for test
d end and the

A panelboard having a main bus-bar of the maximum ampere rating for the construction shall be

rcuit breaker haying the maximum ampere rating for each frame size shall be tested in

n blank spaces
he on position.

a) Ven

INg Of CIrcuit breakers toward or near live parts and grounded metal p

uninsulated electrical spacings (such as Figure 25.2, lllustration 1);

arts — shortest

b) Blocking or partial blocking of arc vents in circuit breakers (such as Figure 25.2, lllustration 1);

c) Location that causes maximum let-through current in the circuit breaker under test; and

d) Mounting of circuit breakers so that the arc vent in one circuit breaker is directly opposite the arc
vent in another circuit breaker (such as Figure 25.2, lllustration 2).

25.2.2.4 Branch-circuit devices shall be installed together in a group to occupy as nearly as possible 50
percent of the available space, starting from the feed end.


https://ulnorm.com/api/?name=UL 67 2023.pdf

90 UL 67 MAY 16, 2023

25.3 Sample preparation
25.3.1 Enclosure

25.3.1.1 The enclosure is to be mounted and supplied as in a normal installation. All unused openings
are to be closed.

25.3.1.2 The enclosure is to be connected through a 30-ampere nondelay-type cartridge fuse to the line
lead of the pole least likely to arc to the enclosure. The fuse is to have a voltage rating not less than the
test voltage. The connection is to be made to the load side of the limiting impedance by a 10 AWG (5.3

mm?) copper w

ire 4 — 6 feet (1.22 — 1.83 m) long.

25.3.2 Doors] fronts, and the like

25.3.21 The
intended enclo
during the with

25.3.3 Circui

25.3.3.1
current or time

25.4 Line cofpnections

25.4.1 Genern

25411 The
based on 75°C

the gutter throigh approximately 12 inehes” of conduit at the line-end of the cabinet, at a

provide the mg
are to be wired
34.5.1 and 34.

I breakers

A circuit breaker having adjustable trip features shall-have all adjustments s¢

panelboard, complete with dead-front shield and filler plates, is to-be
sure. If the enclosure is to be provided with a door, the door is {0 be instal
stand test.

Settings.

al

panelboard terminals are to be supplied by means of copper cables havin
insulation, nearest to but notless than the rating of the panelboard. The cab

ximum length of unsupperted cables within the panelboard enclosure. The
and tightened to thetorque specified by the manufacturer in accordance w|
b.3. The cables shall'not be braced inside the cabinet unless the design incl

for such bracin

25.4.2 Witho

25421 The

. A cable may be braced as it leaves the conduit on the supply side.
Lt main-evercurrent-protective device or with main circuit breaker

panelboard or main circuit breaker terminals are to be supplied through a

nstalled in its
ed and closed

t at maximum

) an ampacity,
es are to enter
point that will
line terminals
th 12.1.5. See
des provision

cable having a

length of 4 feet

(122 m) per terminal

Exception: Cable length as provided for in 25.5.4.

25.4.3 With integral main fusible switch

254.31

Supply cables are to be connected to the terminals of the panelboard. A test fuse in accordance

with 25.6.2 is to be installed in the main fusible switch. If the size of the test fuse is such that it cannot fit in
the fuseholder, an external fuseholder is to be used. The external fuseholder is to be inserted:

a) Between the load side of the fusible switch and the main bus bars,

b) On the load side of the branch-circuit device, or

c)Onth

e line side of the fusible switch.
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When external fuses are used, a copper bus or tube — dummy fuse — is to be installed in each fuseholder
of the main fusible switch in accordance with 25.6.1. The combined length of all leads and the supply cable
shall not exceed 4 feet (1.22 m).

Exception: Longer cables may be used as provided in 25.4.4.1.
25.4.4 With separate main overcurrent-protective device

25441 The method of making line connections to a separate main circuit breaker is to be as illustrated
in Figure 25.3. In the case of a separate fusible main, fuses are to be installed in an external fuseholder in
accordance with 25.6.2 and Figure 25.3. The main device terminals shall be connected to a cable having a
length of 4 feet (1.22 m) per terminal and the combined length of each cable — line and load — shall not
exceed 8 feet (Z-44 m)n accordance with Figure 25.7.

Exception: Cable length as provided for in 25.5.4.

Figure 25.1

Line connection for tests

TEST TERMINALS
L I j

CONDUIT

;\ 4 FT. MAX.

(1.22m)

SEPARATE MAIN DEVICE

CONDUIT
e ¢ 3\4 FT. MAX.

(1.22m)

PANELBOARD

SB1194
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Arc Vents (Venting
Toward Neutral)™

Figure 25.2

Examples of vent locations for tests

Line Terminals

L— Neutral—

00000000
00000000
H
H

Opposite Each
Other)\

Arc Vents (Directly

In llustration 2, the
close as possible f
vent blocking.

$3588

ILL.

1

' -~

Circuit Breaker Under Test

Other Circuit Breakers

test circuit breaker is not in the position that will allow maximum let-through current. However,
D the incoming line terminals while still permitting it to be 'strrounded by other circuit breakers

it is positioned as
for maximum arc-
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0o N o g b~ W0 N

Figure 25.3

Test-circuit wiring diagram

SUPPLY
RATED VOLTAGE, 3 PHASE, 60 HERTZ

m

NCLOSURE ———es|

SC0558

. Closing switch

. Variable tap air-core reactors

. Variable resistors

. Test-station terminals

. Line leads

. External fuseholder, see 25.4.4.1
. Separate main circuit breaker

. Panelboard line terminals

9. Main circuit breaker or fusible switch. For locations of main fuses see 25.4.3.1

10. Branch-circuit breaker and load connection
11. Branch-circuit fusible switch with dummy fuses
12. Fuses, see 25.5.2

13. Instrument shunts, if needed

14. Ground connection, if needed

15.See 25.3.1.2
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25.5 Load connections

25.5.1 If the branch-circuit device used in this test is a circuit breaker, the load terminals are to be short-
circuited by a cable having a length of 4 feet (1.22 m) per terminal and an ampacity not less than the rating
of the circuit breaker. The cables shall be lashed outside the cabinet to prevent whipping during the test.
Cables to the load terminal or the instrument shunts shall be short-circuited by a copper bar having a

cross-sectional

area not less than that of the cables.

Exception: Cable length as provided for in 25.5.4.

255.2

If the branch-circuit device used in the test is a fusible switch, cables having a length of 4 feet

(1.22 m) per terminal and an ampacity not less than that of the switch shall be run from each switch

terminal to the
load terminals
cross-sectional
outside the eng
installed in eac

Exception: The

25.5.3 The sk
the subfeed or

of the cables shall be based on:

a) The 1
b) The 1

c) The g

The cables or

less than that ¢f the cables.The cablessmay be braced outside the enclosure to prevent w

the test. Howe
markings for br|

Exception: The

25.5.4 If the
25.5.2, or leng

test Tuses located outside the panelboard In accordance with £5.0.Z2 and ki

jure 25.3. The

bf the test fuses or the instrument shunts shall be short-circuited by a coppg

area not less than that of the cables. All load cables shall be lashed.toge
losure to prevent whipping during the test. A copper bus or tube 4 dummy
h fuseholder of each fusible switch in accordance with 25.6.1.

cable length may be as provided for in 25.5.4.

ort circuit test for panelboards with subfeed or feed-through lugs is to be ¢
feed-through lugs short circuited by cables 4 feet (1.22 m) in length, per tern

haximum rated wire size for the subfeed orfeed-through lugs,
naximum rating of the specified or incarporated overcurrent protection deviceg
mpere rating of the panelboard.

he instrument shunts shallkbe short-circuited by a copper bar having a crqg

er, the cables are not to be braced inside the panelboard unless the panel
acing the cables (see 34.1.25).

cable length.may be as specified in 25.5.4.

physical-arrangement of the test facilities requires leads longer than specif
hs:of ,bus bars necessary to extend the terminals, the additional lengths @

bars shall be in

r bar having a
ther or braced
use — shall be

onducted with
hinal. The size

, or

ss-section not
hipping during
poard includes

ed in 25.4.2 —
f leads or bus

cluded in the circuit calibration.

25.6 Fuses

25.6.1

A copper bus bar or tube shall have a cross-section not less than that of the blade or ferrule of the

fuse that the fuseholder is intended to accommodate. Each of these bars or tubes may be individually
reinforced to enable it to withstand the short-circuit forces. The bar or tube shall be secured in place in the
same manner as are the fuses in normal service.

25.6.2 Each test fuse shall have such characteristics that, when tested on a single-phase circuit in
accordance with the requirements for the class of fuse used in the panelboard, it will permit a let-through
current I and clearing It not less than the corresponding values specified in Table 25.3, for the ampere
rating of the largest fuse intended for use in or with the panelboard. To obtain the required values it may be
necessary to employ a fuse of a different class or having a higher current rating than that of the fuse the
panelboard accommodates. The values of I°t and Ip are to be determined at the voltage rating of the fuse


https://ulnorm.com/api/?name=UL 67 2023.pdf

MAY 16, 2023

UL 67

95

except that with the concurrence of those concerned the determination may be made at the voltage rating

of the panelboard.

Table 25.3
Peak-let-through currents and clearing It for fuses
Fuse rating Between threshold and 50 100 KA 200 KA
KA
A 1, x 10° It x 10° I, %103 1t x 10° 1, x 10° Pt x 10°
Class CC fuses
0-15 3 3 2 4
16 - 2p 3 2 4 3 5
21-3p 6 7 7.5 7 12
Class G fuses
0-1 - - 1 0.8 - -
2-3 - - 15 1.2 A -
4-¢ - - 2 1.8 L -
7-1 - - 3 238 - -
1-1p - - 4 3.8 - -
16-2p - - 5 - -
21-26 - - 6 - -
26-3p - - 7 - -
31-36 - - 8 14 - -
36-4p - - 8.5 17 - -
41-4p - - 9 18.5 - -
46 -5p - - 9.5 21 - -
51-6p - - 10.5 25 - -
300-V Class T fuses
0-3 35 7 3.5 9 3.5
31-6p 15 9 15 12 15
61-100 40 12 40 15 40
101 -2p0 13 150 16 150 20 150
201 -4p0 22 550 28 550 35 550
401 -6p0 29 1000 37 1000 46 1000
601 - 800 37 1500 50 1500 65 1500
801—1200 50 3500 65 3500 80 4000
Class J and 600-V T fuses
0-30 6 7 7.5 7 12 7
31-60 8 30 10 30 16 30
61-100 12 60 14 80 20 80
101 -200 16 200 20 300 30 300
201 -400 25 1000 30 1100 45 1100
401 - 6007 35 2500 45 2500 70 2500
601 —800 50 4000 55 4000 75 4000
Class L fuses
601 - 800 80 10 000 80 10 000 80 10 000
801 -1200 80 12 000 80 12 000 120 15000
1201 - 1600 100 22000 100 22 000 150 30000

Table 25.3 Continued on Next Page
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Table 25.3 Continued
Fuse rating Between threshold and 50 100 KA 200 KA
KA
A I, x 10° 1t x 10° I, x 10° 1t x 10° Ip % 10° It x 10°
1601 — 2000 110 35000 120 35000 165 40 000
2001 - 2500 - - 165 75000 180 75000
2501 - 3000 - - 175 100 000 200 100 000
3001 —-4000 - - 220 150 000 250 150 000
4001 - 5000 - - - 350 000 300 350 000
5001 — 6000 — — — 350 000 350 500 000
Class RK5 fuses®
0-30 1" 50 11 50 14 50

31 -6( 20 200 21 200 26 200

61-10p 22 500 25 500 32 500

101 -2q0 32 1600 40 1600 5Q P000

201 -4qQo 50 5200 60 5000 75 5000
401 -6(0 65 10 000 80 10 000 100 12 000

23800 A values apply to 600 V Class T fuses only.
® The valug for a Class RK5 fuse shall be used when a Class RK1 fuse is specified for overcurrent protectign.

25.7 Meter mounting positions

25.7.1 If a pgnelboard employs meter-mounting equipment, a watt-hour meter shall be ih place during
any required short-circuit tests.

Exception: Cofper bars may be used in the jaws of meter-mounting equipment when such equipment is
used in conjungtion with current transformers._The cross sectional dimensions of such bars|are to be 3/32
inch by 3/4 inch (2.4 mm by 19.1 mm).

25.8 Short-circuit procedure

25.8.1 Numbgr of phases

25.8.1.1 A 3-phase panelboard shall be tested on a 3-phase circuit using three overcurfent devices in

the branch-circpit pasition as illustrated in Figure 25.3. These tests will qualify:

a) A 3-phase, 4-wire panelboard, and

b) A single-phase, 3-wire panelboard employing nonadjacent main bus bars of the 3-phase

construction.

Exception: If only single-pole or double-pole branch-circuit devices are accommodated in a 3-phase, 4-
wire panelboard, the panelboard shall be tested on a single-phase circuit using adjacent main bus bars
and two branch-circuit poles, following the same test procedure as for the 3-phase circuit, except that the
test circuit is to be controlled so that closing as described in 25.8.3.1 occurs within 10 electrical degrees of
the zero point of the supply-voltage wave.

25.8.1.2 A single-phase ac panelboard employing adjacent main bars of the 3-phase construction are to
be tested on a single-phase circuit controlled as indicated in the Exception to 25.8.1.1.
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25.8.1.3 A panelboard rated 277/480 volts and intended to accommodate only single-pole circuit
breakers is to be tested on a 277/480 volt wye or 277/554 volt delta, 3-phase, 4-wire supply with a short-
circuit from the line to neutral.

25.8.1.4 A panelboard having a higher short-circuit current rating for line-to-neutral faults than for line-to-
line faults, is to be tested with line-to-neutral faults as well as line-to-line faults.

25.8.2 Voltage

25.8.2.1 The open-circuit voltage at the supply connections is to be 100 — 105 percent of rated voltage
for the test being conducted, except that with the concurrence of those concerned a voltage higher than
105 percent may be employed. The supply frequency is to be in the range of 48 — 60 hertz.

25.8.3 Closing

25.8.3.1 Rarndom closing is to be employed in all 3-phase tests. Controlled closing is to be employed in
single-phase tgsts in accordance with the Exception to 25.8.1.1.

25.8.4 Current
| 25.8.4.1 Thel|available current is to be determined at the test station’terminals. See item 4jof Figure 25.3.
Exception: Cable lengths as provided for in 25.5.4.
25.8.4.2 The|magnitude of the test current, the power factor of an alternating current circyit, and the time
constant of a|direct-current circuit are to be determined by the applicable method dgscribed in the
Standard for Mlolded-Case Circuit Breakers, Molded-Case Switches, and Circuit Breaker Enclosures, UL

489. The power factor for an alternating currefb circuit shall be in accordance with Table|25.4. The time
constant for difect-current circuit shall be in'dccordance with Table 25.4A.

Table 25.4
Power factor
Shor{-circuit current; symmetrical amperes Maximum power factor
010,000 0.5
10,001 — 20,000 0.3
20,001 and higher 0.2
Table 25.4A
Time Constant
Short-circuit current, amperes Minimum time constant (seconds)
0- 10,000 0.003
10,001 and higher 0.008

I 25.8.4.3 The available short-circuit current shall not be less than the short-circuit current specified for the
test. The circuits employed for the tests, see 25.8.1.3 and 25.8.1.4, shall be calibrated line to neutral.
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25.8.5 Maximum peak let-through current

25.8.5.1 The overcurrent protection and other features of a panelboard having a short-circuit-current
rating in excess of 14,000 amperes shall limit the let-through current of a direct-connected meter as
specified in 25.8.5.2.

25.8.5.2 The maximum peak let-through current shall be measured during the short-circuit testing of
panelboards with meter-mounting equipment. The short-circuit-current rating of the panelboard shall be

such that the measured value does not exceed 30,000 amperes. See note to Table 33.1.

Exception No. 1: This measurement need not be made if:

a) The |

b) The 1

Exception No.
or the assume
in2.6and 2.7

25.9 Short-circuit tests

25.9.1

25.9.1.1 Ap3
the panelboard

25.9.2 Withs

25.9.21 The
current rating o

25.9.2.2 With
overcurrent-prg
positions, the t
be closed durin

25.9.23 The

Genenal

g r ) ‘ ‘ L n : sl PR aA0-aa0
b Vaiuc Or'tric OverLurrerit Protecllve UcCVILC 1S RTTOWIT U UG oU,UUU alllpEerecs U

neter-mounting equipment is on the secondary side of current transformers.

D: This measurement need not be made if the short-circuit-currehtrating of {
| rms symmetrical short-circuit-current rating of the circuit containing the met
5 14,000 amperes or less.

shall comply with the requirements in 25.10.1.

and

f the panelboard in accotdance with 25.8.2.1.

the branch-circuit device, either a fused switch or circuit breaker, ang
tective devices™ or’ short-circuit current limiters, integral or separate, in t
st circuit is_to.be closed on the panelboard. If the enclosure is provided with
g this test!

duration of the test for feed-through and subfeed panelboards that do

integral or rem?te overcurrent-protective device, or incorporate an integral overcurrent-protd

less, or

he panelboard
er as specified

nelboard shall be subjected to the applicable tests described in 25.1.3. Aftgr being tested

test is to be conducted at.the rated voltage corresponding to the maximum short-circuit-

all the main
ne fully-closed
a door, it is to

not specify an
ctive device is

to be not less than 3 cycles.

25.9.3 Maximum voltage

25.9.31

rated voltage of the panelboard.

The test is to be conducted at the rated short-circuit current corresponding to the maximum

25.9.3.2 With all circuit breakers, except the branch-circuit breaker connected into the test circuit, and
the main overcurrent-protective device, integral or separate, in the fully-closed position, the test branch-
circuit breaker is to be closed on the circuit.

25.9.3.3 The test is to be repeated for a panelboard provided with an integral main circuit breaker and
marked with a short-circuit-current rating that exceeds the short-circuit rating of the integral main circuit
breaker. With all the branch-circuit breakers and the separate main overcurrent-protective device in the
fully-closed position, the integral main circuit breaker shall be closed on the circuit.
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25.9.3.4 The test is to be repeated for a panelboard provided with a short-circuit current limiter and
marked with a short-circuit current rating that exceeds the short-circuit rating of the integral main circuit
breaker, if provided, or the branch-circuit breakers. With all the branch-circuit breakers, except the branch-
circuit breaker connected into the test circuit, and the integral main circuit breaker, if provided, in the fully-
closed position, the test branch-circuit breaker is to be closed on the circuit.

25.9.3.5 If an integral main circuit breaker is provided, the test is to be repeated and the integral main
circuit breaker is to be closed on the circuit with the branch-circuit breaker, fully closed, connected into the
test circuit.

25.9.3.6 For the tests described in 25.9.3.1 — 25.9.3.5, if the enclosure is provided with a door, it may be
open during the test.

25.10 EvaIuJition of test results

25.10.1 Aften being tested under any of the short-circuit conditions described as specifigd in 25.9.2.1 —
25.9.3.6, the npechanical condition of a panelboard shall be substantially the same as its cpndition prior to
the test, and:

a) Bus|bars or straps shall not have been permanently distorted or displaced to| an extent that
affects [the normal functioning of the panelboard or reduces~an electrical spacing o less than 85
percent of the value specified in Table 16.1.

b) An insulator or support shall not have been broken<or cracked to such extent that the integrity of
the motinting of a live part is impaired.

¢) The fuse mentioned in 25.3.1.2 shall not have opened.

d) The enclosure or parts of the enclosure, such as a filler plate, a door, and the like, shall not have
been damaged or displaced to the extentthat live parts are accessible.

e) A clgsed door of the enclosure shall not have blown open more than 60 degrees from the closed
position.

f) There¢ shall be no evidénce of arcing between live parts of opposite polarity.

g) No ponductor shall have been pulled out of a terminal connector and neither the insulated
condugtor nor the,.eonnector shall have been damaged.

h) Component devices, such as a circuit breaker, a fuseholder, and the like, shall|not have been
damagegd other than as permitted by the requirements for such components.

i) The panelboard shall withstand the dielectric voltage-withstand test described in 26.3.1.

j) In the case of a panelboard containing a direct connected meter socket, the maximum peak let-
through current measured during the short circuit test shall not exceed 30,000 A, when measured
as required in 25.8.5.2.

26 Dielectric Voltage-Withstand Test
26.1 General

26.1.1 A panelboard is to be subjected for 1 minute to the application of a 48 — 62 hertz essentially
sinusoidal potential of 1000 volts plus twice the rated voltage under the following conditions. A
transformer, coil, or other device connected between lines of opposite polarity is to be disconnected from
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one side of the line during the test in (b). The results are acceptable if there is no dielectric breakdown

between:
a) A live part and a dead metal part with all switching devices closed.

b) Live parts of opposite polarity, with all switching devices closed.

Exception: If a watt-hour meter socket base incorporates spacings less than those shown
the test potential applied to it is to be 6000 volts.

26.1.2 If the overcurrent devices, such as fuses or interchangeable trip units, are not in pl
tests described in 26.1.1 (a)
devices or to in i

26.1.3 The tept potential is to be supplied from a 500 volt ampere or larger capacity testir
the output voltage of which can be varied. The applied potential is to be increased frq
essentially uniform rate and as rapidly as is consistent with its value being cCerrectly in
voltmeter until the required test value is reached; it is to be held at that levekfor 1 minute.
then to be reduced to zero at the same uniform rate.

Exception: A %00 volt ampere or larger capacity transformer need{not be used if the
provided with g voltmeter to measure directly the applied output potential.

26.2 Joints with insulators

26.2.1 With respect to 16.1.5(d), a clamped joint between two insulators is to be tes

samples.
a) The {irst sample is to have the clamped joint opened up to produce a space 1/8
wide. This may be accomplished by.loosening the clamping means or by drilli
diametgr hole at the joint between.thé insulators at a point of minimum spacing bety
parts on the opposite sides of the’joint. The drilled hole shall not decrease spacing

opposit¢ polarity parts as measured through the crack between the insulators. The
dielectric breakdown voltage through this hole is then determined by applyin
increasing voltage (500 volts per second) until breakdown occurs.

b) The §
62 hertZ
second.
second

econd sample with the clamped joint intact is to be subjected to a gradually i
voltagé until 110 percent of the breakdown voltage of (a) has been reached
If thezbreakdown voltage of (a) was less than 4600 volts rms, the voltage
sample is to be further increased to 5000 volts rms and held for 1 second

in Table 16.1,

ace during the

and (b), it is necessary to repeat these tests on the load side of the switching

g transformer,
m zero at an
licated by the
The voltage is

transformer is

ted using two

inch (3.2 mm)
hg a 1/8 inch
yeen the metal
s between the
48 — 62 hertz
g a gradually

hcreasing 48 —
and held for 1
applied to the
The clamped

jOint iS [« bbcpidbib If ii IcIc ib o u'icic:kfu ib IL.)I b'dlr\UIUWII Uf “ 1€ SCCUUI Id odll |pic.
26.3 After short circuit

26.3.1 In accordance with 25.10.1 and with every switching device closed, a panelboard
subjected to a short-circuit test is to be subjected for 1 minute to the application of a

that has been
48 — 62 hertz

essentially sinusoidal potential of twice the maximum rated voltage, but not less than 900 volts as follows.

The results are acceptable if there is no dielectric breakdown:
a) Between wiring terminals of opposite polarity, and

b) Between an uninsulated live part and the enclosure.

Exception: If breakdown occurs within a switching device, the device may be removed and the test

repeated.
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26.4 Insulating barriers

26.4.1 With respect to 16.3.2 and 16.3.3, the barrier material is to be placed between two flat metal
electrodes. The electrodes are to be cylindrical brass or stainless steel rods 1/4 inch (6.4 mm) in diameter
with edges rounded to a 1/32 inch (0.8 mm) radius. The test potential is to be increased to the test value
and is to be maintained for 1 second. The result is acceptable if there is no dielectric breakdown.

27 Bonding Resistance Test

271 To determine if a connection complies with the requirement in 18.2.7(b), a current of 30 amperes is
to be passed through the bonding connection. The resulting voltage drop is to be measured between a
point — file mark— on the conductor 1/16 inch (1.6 mm) from the connection and a similar point on the
frame or enclopure not less than 17716 Inch from the bonding connection.

28 Test Requirements for Panelboards Used as Transfer Equipment
28.1 A panelpoard that is intended for use in accordance with Article 702 of the-National Electrical Code,
ANSI/NFPA 7(Q, along with its circuit breakers or switches and interlock, shalhbe tested in accordance with

the Standard
requirements,

for Transfer Switch Equipment, UL 1008. See 6.6.9. and 6.6.10 fgr construction

34.12.18 and 34.12.19 for marking requirements.

Exception No| 1: Circuit breakers or switches, provided with.a“mechanical means to prevent the load

switching from|
not required to

Exception No,
normal and a
required to be

28.2 A panel
of the Nationa
shall be tested
System Equip

the normal source of supply to the alternate source of supply in one continu
be tested in accordance with UL 1008.

2: Circuit breakers or switches provided with a mechanical interlock tha
fernate supply circuit breakers or switches from being in motion simultan
fested in accordance with UL 1008.

board that is intended for.use as interconnection equipment in accordance
Electrical Code, ANSI/NEPA 70, along with its circuit breakers, switches, de
in accordance with the-Standard for Inverters, Converters, Controllers and
ment for Use With-Distributed Energy Resources, UL 1741. See 34.12.18 a

DuUs motion, are

it prevents the
eously are not

vith Article 702
vices, or relays
nterconnection
nd 34.12.19 for

marking requirements.

MANUFACTURING AND'PRODUCTION TESTS

29 Ground-Fault Protection Test

29.1 A factory test shall be conducted on each panelboard incorporating ground-fault-protection
equipment to determine that the ground-fault-sensing and -protective equipment functions.

29.2 With a simulated (see 29.3) ground-fault current flowing, the primary of the control transformer, if
any, is to be energized at 57 percent of its voltage rating. The relay may be set for any convenient pick-up
value. Following this test, with simulated ground-fault current no longer flowing, an attempt is to be made
to close the main switch or circuit breaker without pushing any reset button. If the switch or breaker will
stay closed, the simulated ground-fault current is to be reapplied and the ground-fault-protection system
shall function.

Exception No. 1: The applied voltage may be approximately rated voltage if the particular combination of
transformer, ground-fault-sensing and -relaying equipment, and disconnecting means has been previously
tested at 57 percent of rated voltage.
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Exception No. 2: The factory test is not required for a residual-type ground-fault protector if:

a) Operation is powered by the fault current itself so that no other control-circuit potential is
required, and

b) The ground-fault protection other than the neutral-current sensor is contained within and has
been investigated with the circuit breaker or switch.

29.3 One method of simulating a ground-fault current is by wrapping a number of turns of wire through
the sensor. A current approximately 125 percent of the pick-up setting of the relay divided by the number

of turns is passed through the wire to simulate the ground-fault current.

RATING

30 General

30.1 A panellpoard shall be rated in amperes and in volts. An alternating-currént ‘rating shall include the
number of phages, if other than single-phase, and the frequency, if other than 50 or 60 heftz. A separate
current rating shall be indicated for a circuit breaker or fused switch not-electrically copnected to the
panelboard bug bars.

30.2 The number of phases, the frequency, or a-c may be usedto’denote alternating-current voltages.
The symbol 0 may be used in place of the word phase.

30.3 The ovefall ampere rating of a panelboard that:
a) Is magrked to indicate that it is suitable for use'as service equipment,
b) Has provision for two or more watt-hour,meters, and

c) Is nof provided with a single main(disconnect,

shall not be lesk than the percentage of the sum of the continuous ampere ratings of the assembled meter
positions specified in Table 30.1.

Table 30.1
Minimum ampere rating of assembly

Number|of meter positions assembled together Percent of sum of ampere ratings
Z o0
3-5 45
6 44
31 Current

31.1 The current rating of a panelboard shall not be more than the smaller of the following:
a) The ampacity of the bus bars; or

b) The current rating of the main switch and fuseholders, or the current rating — trip rating — of the
main circuit breaker, except as noted in 34.1.26.

31.2 For NEC Article 705 applications noted in 6.6.11:
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a) Supply side connections — The combined sum of the current rating of all supply side
disconnect(s) shall not exceed the rating of the panelboard. See 34.16.6.

b) Load side connections — The combined sum of the current rating of all overcurrent devices
supplying the panelboard shall not exceed the rating of the panelboard.

Exception: The combined sum may exceed the rating of the bus bars, or the rating of the main
overcurrent device by up to 120% if overcurrent device(s) are positioned as noted in 6.6.11(b)(2),
Exception. See 34.16.5.

31.3 The current rating referred to in 31.1 is capable of being supplemented by one or more reduced
ratings, each applicable under specified conditions — such as use of aluminum main conductors or a main
circuit breaker_having a current rating less than the rating normally required of the brea

ker — when the

panelboard is
314 Ifapan
the panelboar

or less, within

31.5 Other tH

marked in accordance with 34.1.16.

blboard employs a snap switch rated 30 amperes or less in any branch circ
shall not be more than 200 amperes unless there is overcurrentprotection
he panelboard, on the line side of that switch.

an as noted in 31.6 and 31.7, a panelboard marked suitable for use as ser|

shall have a rating of not less than 60 amperes.

31.6 Apanel
of only two 2-W

31.7 Meter
connection of

31.8 Ifapan
rating of the m

Exception: A 1
rated less thari

32 \Voltage
321 The vol

the voltage ra
connected to t

board marked suitable for use as service equipment and having provision for
ire branch circuits shall have a rating of not Iess-than 30 amperes.

tenters marked suitable for use as service equipment and having pro
bnly a single branch circuit shall have arating of not less than 15 amperes.

blboard has provision for a watt<hour meter, the continuous duty rating but ng
bter position may be less thah'the rating of the circuit in which it is used.

neter position intended to” be used on the secondary side of current transf
the circuit in which.itis used.

age rating*of a panelboard shall not be more than 1000 volts, and shall no
ing of-any part of the panelboard, such as a switch or circuit breaker, that
ne ‘main supply circuit.

it, the rating of
t 200 amperes

vice equipment

the connection

visions for the

t the maximum

Drmers may be

t be more than
is conductively

32.2

In a panelboard with a combination voltage rating in accordance with 32.4, a switch or circuit

breaker having a voltage rating of not less than the line (phase) to neutral potential, if properly connected
in a 125/250-volt or 120/208-volt panelboard, is acceptable, but a 125/250-volt switch or circuit breaker in
a 250-volt panelboard is not acceptable.

32.3 A panelboard designed for use on a supply circuit involving two different potentials, such as:
120/240 volts, 3-wire, or 208Y/120 volts, 3-phase, 4-wire, shall have an appropriate combination voltage
rating as indicated in 32.4.

32.4 32.3 requires the combination rating on a panelboard that is intended for use only on circuits such
as:

a) 120/240-volt, single-phase, 3-wire, a-c, with grounded neutral,
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b) 125/250-volt, 3-wire, d-c, with grounded neutral,

¢) 208Y/120-volt, 3-wire, a-c (from 3-phase, 4-wire network),
d) 480Y/277-volt, 3-wire, a-c (from 3-phase, 4-wire network),
e) 208Y/120-volt, 3-phase, 4-wire,

f) 240/120-volt, 3-phase, 4-wire, delta,

g) 480Y/277-volt, 3-phase, 4-wire, and

h) 120/240-volt, 2-phase, 5-wire.

32.5 Asingle

derived from a

33 Short Cirg

33.1 The sho

Helta system.

tuit Current — Details

Table 33.1

Short-circuit-current ratings, rms symmetrical or DC amperes

phase, 3-wire panelboard shall not be marked with a 120/240-volt, 3-phasJa, 4-wire rating

t-circuit rating of a panelboard shall be one or more of the values specified in Table 33.1.

5,000
7,500
0,000
4,000
8,000
2,000

25,000
30,000
35,000
42,000
50,000

65,000
85,000
100,004
125,000
150,004
200,004

NOTE - See 25.9
operation of a wajt-hour meter.

.5.2 for equipment that employs-a meter. Short-circuit fault currents may adversely affect the ac

uracy and

MARKING

34 Details

341 General

34.1.1 A panelboard shall be marked in a location such that the marking will be plainly visible after the

panelboard has been installed with:

a) The manufacturer's name, trademark, or other descriptive marking by which the organization
responsible for the product may be identified — hereafter referred to as manufacturer's name — and

b) The electrical rating.

A panelboard intended for use in a particular position shall be so marked.

34.1.2 A panelboard shall be marked with a catalog number, a general type designation, or the

equivalent.
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34.1.3 With reference to the requirements in 34.1.1, the markings giving the manufacturer's name, the
current and voltage ratings, and the number of phases shall be visible without disturbing interior parts and
factory- or field-installed wiring. A marking is not considered to be visible without disturbing field-installed
wiring if it is:

a) On a back wall of the box,

b) On the side of a barrier facing a wiring space, and is more than 1 inch (25.4 mm) from the plane
of the front of the box,

c¢) Less than 1/2 inch (12.7 mm) or more than 1 inch from the front edge on a side or end wall of a
box having a flange on the front edge, or

d) Morgthamtimchfromrthefrontedge oo sideorend-wattof e boxwithroutftamyg
edge.

jes on the front

3414 A pan
the Exception

elboard provided with a manual, pamphlet, or instruction sheet ina pocket
0 35.1, shall additionally be marked:

as specified in

a) With
installa

a statement that the manual, pamphlet, or instruction sheet should be cgnsulted before

ion of the panelboard; and

b) To indicate the location of the pocket, and where a replacement manual, pamphlgt, or instruction

sheet may be obtained should the original become lost.

3415 Ifam
shall have a di
particular factg

bnufacturer produces or assembles panelboards at more than one factory, each panelboard
stinctive marking — which may be in code‘= by which it may be identified as the product of a

ry.

34.1.6 A panelboard intended to be accessible only to qualified persons shall includ
permanently dttached statement: "This panelboard shall be located where accessible o]
persons." See(9.1.3 or 14.4.8.

b the following
hly to qualified

34.1.7 If the
the proper cq
connections.

electrical-safety features, performance, or spacings of a panelboard are dependent upon
nnection of ling and load conductors, the marking shall plainly indicate the proper

34.1.8 The W
proper conned
indicates the p

ord line-ot Toad and the number of branch circuits are usually employed
tions, Such markings may be placed at the terminals; or on a wiring diagr
roper,connections and is attached to the panelboard proper or in a location

to indicate the
am that clearly
where it will be

visible after ingtallation is acceptable. See 35.3.

Exception: A wiring diagram may be located in a pamphlet. See the Exception to 35.1 and Table 35.1.

34.1.9 With reference to 11.6.1 and 11.6.4, if the ampacity of a bus bar or wire is less than the maximum
current rating of any fuse accommodated by a fuseholder that it supplies or is less than the current rating
of any trip unit of an interchangeable-trip circuit breaker that it supplies, there shall be a clear and
permanent marking that is plainly visible when the fuse or trip unit is being replaced and that prohibits the
use of a fuse or trip unit having a rating more than the ampacity of the bus bar or wire.

34.1.10 A panelboard supplied with branch-circuit bus bars to which a branch-circuit unit — circuit
breaker, switch, or fuseholder, — may be added in the field shall be plainly marked on a wiring diagram, on
the branch-circuit bus bars, or in some other location to indicate the ampacity of that bus bar, unless the
ampacity of the bus bar is not less than:

a) The maximum current rating of any unit that is intended to be connected to it, or
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b) The current rating of the panelboard.

34.1.11 If a panelboard is provided with two or more sets of main bus bars, the current and voltage
ratings for each set of bus bars shall be marked. The marking may be on one or more nameplates; and if
the marking appears on only one nameplate, it shall be clear as to which bus bars the various ratings

apply.

34.1.12
marked current rating of the panelboard shall indicate the ampacity of each bus bar.

If the ampacities of all the main bus bars, including the neutral bus bar, are not identical, the

34.1.13 A panelboard that is acceptable for use on alternating current only or on direct current only shall

be marked accordingly.

34.1.14 If on
phase, 3-wire

the panelboard|is installed as single-phase, 3-wire residential service equipment,

34115 Ifap
positions shall

shallbe " Al
___ Amps (_
percent of the g

| Amps Continuous)" in which case the maximum<amperes shall not be
ontinuous duty amperes.

34.1.16 The ¢onditions under which each supplementary; current rating as mentioned i
shall be marked on the panelboard.

34.1.17 A panelboard intended for use with a back-fed unit hold down kit as described in
to 6.6.8 shall pe marked "back-fed requires hold-down kit Cat. No. |
equivalent. An|identification of the applicablevback-fed unit shall be included in the fin
example, circui
shall be includsg

d in the second blank.

34.1.18 A panelboard shall be marked with the following or the equivalent information:

a) The
symmet
other th
short-ci

phrase "Shert=Circuit-Current Rating," the short-circuit-current rating i
rical amperes’(see Table 33.1), and, if the panelboard contains meter moun
an those for use with current transformers with the phrase "Watthour meter
cuit-eurrent rating.";

i of the current values given in note ¢ to Table 11.1 is employed as a‘rating of a single-
anelboard, the panelboard shall be marked to indicate that this ratingis applicable only if

anelboard has provision for one or more watt-hour meters,.the“current rating of the meter
be marked on the panelboard. If the meter position is rated:for continuous duty, the marking
mps Continuous." If the meter position is rated for a maximum rating, the marking shall be

ore than 125

n 31.3 applies

the Exception
" or the
st blank — for

[ breaker, fused switch, or.tetminal kit; and the catalog number of the required hold-down kit

h DC or rms
ing equipment
not included in

b) Then

aximum DC orrms vnlmgp mting for each shaort-circuit-current mting'

c) A phrase indicating that an additional or replacement device (other than a fuse)
same manufacturer, type designation, and equal or greater interrupting rating.

shall be of the
This may be

accomplished by specific reference to the device if the interrupting rating of the device is not less
than any marked short-circuit-current rating of the panelboard. For a fuse, the class of fuses shall
be specified. For a direct current short-circuit-current rating, the direct current voltage and short-
circuit-current rating of a field installed fuse or circuit breaker shall be specified. See Table 2.1;

d) The ampere rating of the devices if not all of the same type designation are acceptable for the

short-circuit-current rating of the panelboard; and

e) When applicable, the identity of the combinations of integral or remote main and branch-circuit

overcurrent-protective devices that are required when applying the marked short-

rating. See 34.1.21.

circuit current
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f) A statement that the short-circuit-current rating is limited to the lowest interrupting rating of any
installed circuit breaker or fused switch, or combination series connected circuit breaker. See

34.1.20.

34.1.19 Apa

nelboard shall not be marked with a short-circuit-current rating that:

a) Exceeds the short-circuit current, interrupting, or withstand rating of any device intended to be
installed therein for that rating, or

b) Exceeds the short-circuit current, interrupting, or withstand rating of the remote main
overcurrent-protective device with which it is intended to be used for that rating.

Exception No.
protective dev
current rating

the requireme

Exception No.
circuit current

the panelboard is intended for use at this short-circuit-current rating only-when connected
-installed main or feeder-main overcurrent-protective‘device, having a shoit-circuit current

of a separatel)
or interrupting
with Table 25.

Exception No.

Exception No.
or withstand rg
withstand ratin
the panelboartd

34.1.20 With
installed units
circuit-current
withstand ratin
with appropria
to comply with
line-side fused

ce may have short-circuit current or interrupting ratings less than the mark
f the panelboard if the combination is tested in accordance with Table 25.1 g
tin Exception No. 5to 25.1.3.

2: A branch-circuit breaker or the main circuit breaker, if provided, or both, n
or interrupting ratings less than the marked short-circuit-current rating of th

rating not less than that of the panelboard. The combination shall be testeq
| unless it complies with the requirement in Exception No. 5 to 25.1.3.

3: A panelboard rated 5000 amperes.

4: The short-circuit-current rating of @ panelboard may exceed the compon|
ting marked on the device or in accordance with Table 2.1 if the component.
g is adequate for the assumed.available short-circuit current as covered in !
/ is marked as specified in 34.1.18(e).

regard to 34.1.18, the following is an example of a marking for a panelboard
are available that have ‘a lower interrupting or withstand rating than the pa
rating, and some of the units, are acceptable for use above their marked
g when used on the load side of a specific overcurrent device (blank space
e informatien): The marking in (b) shall be adjacent to the marking in (a) buf

switch.is-necessary only for Class T fuses.

in overcurrent-
d short-circuit-
r complies with

nay have short-
e panelboard if
o the load side

in accordance

ent interrupting
b interrupting or
.6 and 2.7 and

for which field-
nelboard short-
interrupting or
s shall be filled
does not need

the permanence of marking requirements in 35.1. The indication of a voltage rating for a

hg rating of any

for AC circuits)

a) "The short-circuit-current rating of this panelboard is equal to the lowest interrupti

installed circuit breaker or fused switch, but not more than _rms symmetrical

amperes at __ volts, 3-phase (for AC circuits), or __ rms symmetrical (for AC circuits)
amperes at_____ volts, single phase (for AC circuits);" and

b) "The interrupting rating of a circuit breaker is 5,000 rms symmetrical (for AC circuits) amperes
and for a fused switch is 10,000 rms symmetrical (for AC circuits) amperes, or as marked on the
device, except for the following series combination ratings:

Load Side Circuit Breakers Line Side Circuit Breakers Interrupting Rating

Mfr. Type Poles Ampere Mftr. Type Ampere Symmet. Volts Phases
Rating Rating amperes ac
rms (for
AC
circuits)

Load Side Circuit Breakers Line Side Fused Switch Interrupting Rating
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Mfr. Type Poles Ampere Fuse Volts Amperes Symmet. Volts Phases
Rating Class (acor amperes ac
dc) rms (for
AC
circuits)

A load side circuit breaker may be a branch, submain, or an integral main used on the load side of
a remote main. A line side circuit breaker or fused switch may be a submain, integral main, or a
remote main. The series combination interrupting rating shall not exceed that of the line side circuit

breaker

Exception: ThisH

34.1.21 With
breakers, or bg
489 shall be m
equivalent, and
manufacturer’s
permitted to uti
met:

a) The |

in the panelboard.

b) The s

c) If the)
rating o
main oV,

34.1.22 If thg
devices ahead
protected by _|
circuit breaker
capable of deli
or the equivale

*—Class CC, Q

or fused switch."

ble 35.1.

reference to 34.1.18(e) only those combinations of circuit breakers (Or “fus
th, that have been demonstrated by test to comply with the applicable’requ
brked on the panelboard. The circuit breaker manufacturer’s name, type deg
the ampere rating if applicable shall be specified in the marking. For a fus
name, catalog number, and the class of fuse shall be ‘specified. The
ize any of the afore mentioned series combinations where all of the following

ranch circuit breaker in the series rating is a circuit breaker that has been ev

short circuit current rating of the panelboard is dependent on a series rati
the main utilized in the series rating shall be equal to or less than the ampe
ercurrent protective device employed in the short circuit current testing of the

short-circuit rating of- a panelboard is dependent upon the use of speci
of the panelboard,\the panelboard in addition to 34.1.18(c) shall be n
ampere-maximum Class R* fuse or (Manufacturer's name and typ

es and circuit
rements in UL
ignation or the
ble switch, the
panelboard is
conditions are

bluated for use

eries rating to be marked on the panelboard is equal to or less than the test¢d and marked
short cifcuit current rating on the panelboard.

ng the ampere
Fe rating of the
panelboard.

fic overcurrent
harked "When
e designation)

rated not more-than amperes this panelboard is suitable for us
ering not more than rms symmetrical (for AC) amperes, V]
nt. The yalue of amperes shall correspond to the values given in Table 33.1.

AL, T, or R — RK1 or RKS may be specified in place of or in addition to Clas

e on a circuit
Dlts maximum"

s R.

34.1.23

If the short-circuit rating of a panelboard is dependent upon integral short-circuit current limiters,

the panelboard in addition to the marking required in 34.1.18(c) shall also be marked to indicate that a
short-circuit current limiter is installed in the panelboard. The catalog number, ampere rating, and the

manufacturer's

name of the short-circuit current limiter shall be marked on the panelboard.

34.1.24 The short-circuit rating of a panelboard shall be located where it will be visible if a front or trim is
removed. This marking shall be an integral part of:

a)Ama

rking containing the manufacturer's name, or

b) Other required marking. If there is more than one short-circuit rating, all such ratings shall
appear together.
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34.1.25 With reference to 25.5.3, a marking concerning the bracing of subfeed or feed-through cables
routed through a panelboard shall be located adjacent to the subfeed or feed-through lugs. A drawing
depicting the bracing requirements may be provided adjacent to the subfeed or feed-through lugs.

34.1.26 If a panelboard incorporates a main circuit breaker having a current rating less than the marked
rating of the panelboard, the marked current rating shall be followed with the words "Maximum — see main
circuit breaker

rating".

34.2 Wiring space and terminals

34.2.1

A panelboard constructed in accordance with Exception No. 2 to 17.3.1.1 shall be marked by

means of a diagram that shows and specifies the method of wiring that shall be used to accomplish the 90-

degree bend.

34.2.2 If the
instructions fof

34.2.3 Ifany
used at that tg
the conditions
34.2.7, whiche

34.2.4 If, beq
with aluminum

3425 Ifap
aluminum wire

34.2.6 |If the
for use with aly

34.2.7 If the
acceptable for
use with copp
The marking s

34.2.8 Thew
of any compo
installed in the

main bonding jumper specified in the Exception to 18.1.4 is intended for fi
its installation shall be provided.

terminal of the panelboard — see 34.2.8 — is marked to indiecatethat alumind
rminal, such as by being marked with the symbol "Al", and.if such marking
described in 34.2.9, the panelboard shall be marked ify accordance with 34
ver applies.

ause of wiring space or other factors, a terminal'\of the panelboard is not acg
wire, the panelboard shall be marked "Use copper wire only."

bld connection,

m wire may be
s visible under
.2.4, 34.2.6, or

eptable for use

anelboard is acceptable for aluminum*wire only, the panelboard shall b¢ marked "Use

only."

wiring space and other factors_are such that all terminals of the panelboard

are acceptable

minum and copper wire, the.panelboard shall be marked "Use copper or alufninum wire."

wiring space and ‘other factors are such that some terminals of the f
use with aluminumand copper wire and the remainder of the terminals are
br wire only, thé panelboard shall be marked "Use copper wire only except
nall positively\identify the terminals that are acceptable for use with aluminuni

ord terminal as used in 34.2.3 — 34.2.7 signifies any terminal of the panelbog
nent unit, such as a circuit breaker, switch, or the like, that is installed or

anelboard are
acceptable for
at terminals..."
wire.

rd or a terminal
intended to be

panelboard.

34.2.9 The term visible as used in 34.2.3 signifies a marking that will be visible when a front, trim, or
dead-front shield has been removed, or that is visible when a hinged cover of a component has been
opened. A marking on a separately supplied connector or a connector or part thereof that is likely to be
removed or displaced during the wiring operation is considered to be visible.

34.2.10 Markings provided in accordance with 34.2.4, 34.2.6, 34.2.7, or 34.2.12 shall be readily and
clearly visible when the cover, front, or trim of the cabinet is removed.

34.2.11 The characters in the markings described in 34.2.4 — 34.2.7 and 34.2.12 shall not be less than
3/32 inch (2.4 mm) high.
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