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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
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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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