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INTRODUCTION
1 Scope

1.1 These requirements cover power outlets, with or without integral mounting posts or pedestals, and
power outlet fittings for use in accordance with the National Electrical Code, NFPA 70.

1.2 A power outlet covered by these requirements, although not restricted to such use, is intended for
use:

a) At outdoor locations such as on farms, at building sites, and the like, where power is required to
operate portable, mobile, or temporarily installed equipment,

b) To qupply power to a mobile home or a recreational vehicle, and

c¢) To supply shore power to boats.

1.3 A poweroutlet may contain:
a) Attgchment plug receptacles,
b) Cirduit breakers,
c¢) Fusgholders,
d) Fused switches and facilities for watt-hour meters; and

e) Proyisions for field installed circuit breakers:or switches and fuses.

1.4 Power gutlet fittings covered by these reguirements are intended for factory or field agsembly into or
in conjunctior] with power outlets designed for'such assembly. Fittings may be panels or combination units
incorporating [receptacles, disconnecting means, overcurrent protection or other devices that have been
determined t¢ be equivalent. A separable mounting post or pedestal to which power outlets are to be
mounted is algo a fitting.

1.5 In additipn to or instead of mounting to a post or pedestal fitting as mentioned in 1.4, @ power outlet
may be consfructed for méunting on and connection to a mounting post or pedestal also designed to be
used with other types of distribution equipment.

1.6 Some power outlets may have special features and markings to indicate their acceptability for use as
service equipent.

1.7 A power outlet with a mounting post is intended for mounting in concrete. A power outlet with a
mounting pedestal is intended for mounting on a concrete slab. Unless marked otherwise, a mounting post
or pedestal fitting is not intended to serve as the sole support of a mast for overhead wiring.

2 General
2.1 Components

2.1.1 Except as indicated in 2.1.2, 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.

2.1.2 A componentis not required to comply with a specific requirement that:
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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.

2.1.3 A component shall be used in accordance with its rating established for the intended conditions of
use.

2.1.4 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.

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

2.1.6 The short-circuit current available in the secondary circuit of a transformer'rated 10 kVA or less is
considered to pe 5000 amperes or less.

2.1.7 The shprt-circuit current available on the load side of a 15 ampere, current-limiting cirg¢uit breaker or
Class CC, G, J, RK1, RK5, or T fuse is considered to be 5000 amperes(In a single phase 1R0-volt circuit,
the short-circuit current available on the load side of a 20 ampere eir€uit breaker or Class JC, G, J, RK1,
RKS5, or T fusqg is considered to be 10,000 amperes or less.

2.1.8 For a power outlet having a short circuit rating exceeding 5000 amperes rms symmetrical, a
luminaire as cpvered in item 4 of Table 2.1 shall be located-in the secondary circuit of a maximum 10 kVA
transformer ag specified in 2.1.6 or on the load side of a“15 ampere current-limiting circuit bfeaker or fuse
as specified in|2.1.7 that is provided in the power outlet or power outlet fitting.

Exception: The transformer, circuit breaker, or\fuse may be remotely located if the power outlet or power
outlet fitting is fnarked as specified in 35.73.

2.2 Units of measurement

2.2.1 If a value for measurement is followed by a value in other units in parentheses, the|second value
may be only approximate. The-first stated value is the requirement.

»Tssumed maximum short-circuitTgt?l'll'eeﬁ-i:1rating for unmarked componentT
Short-circuit current rating,

Component KA

1. Circuit breaker (including GFCI type) 5

2. Clock-operated switch 5

3. Fuseholder 10

4. Lighting fixture (circuit) internal 5

5. Miniature fuse 102

6. Plug fuse 10
7. Industrial control equipment:

a. Auxiliary device 5

Table 2.1 Continued on Next Page


https://ulnorm.com/api/?name=UL 231 2022.pdf

MARCH 29, 2022

UL 231

Table 2.1 Continued

Short-circuit current rating,
Component kA
b. Motor controllers or switches (other than mercury tube type) 5
c. Mercury tube switches:

Rated over 60 amperes or over 250 volts 5

Rated 250 volts or less, 60 amperes or less, and over 2 kVA 3.5°

Rated 250 volts or less and 2 kVA or less 10

8. Meter socket base 10
9. Photoelectric switches 5
10. Receptacle [GFCl type) %°
11. Receptacle [other than GFCI type) 10
12. Snap switch b
13. Terminal bldck 10
14. Thermostat b

@ The use of the

® This rating is H

se fuses is limited to 125-volt circuits as specified in the Exception to 14.5.
elow the minimum specified in Table 33.1 and the component shall either:

1) Be invegtigated for the minimum short-circuit current rating specified in Tablé.33.1 or
2) Be localed on the load-side of a suitable current-limiting overcurrent protective device.
¢ A GFCl type regceptacle is restricted for use in power outlets rated no more than20 amperes (See 32.1(d)) unless:

1) The poyver outlet and GFCI type receptacle comply with the short<Circuit current test specified in the Short-Circuit Current
Test, Sectipn 26 or
2) The recgptacle is located in the 120-volt secondary circuit of ‘@ transformer rated 5 kVA or less (a circuit considered to have
a short-cirguit current available of 2 kA or less) and is provided with suitable overcurrent protection.

2.2.2 Unless$ otherwise indicated, all voltageyand current values mentioned in this standard are root-

mean-square

2.3 Undated references

2.3.1
be interpreted

3 Glossary

Any undated referenceto,a code or standard appearing in the requirements of this

(rms).

as referring to(the latest edition of that code or standard.

3.1 Forthe Turposes of these requirements, the following definitions shall apply.

standard shall

3.2 COVER

— An unhinged, removable covering part.

3.3 DOOR - A hinged, sliding, or similarly attached covering part that can be removed only by the use of

a tool.

3.4 FILLED

OPENING — An opening that has been closed with a filler plate.

3.5 FILLER PLATE — A part intended for closing an opening that would otherwise be closed by
subsequent installation of a circuit breaker or other device.

3.6 KNOCKOUT - A factory closed opening with a nonreplaceable closure provided for subsequent

installation of

a.

a) Conduit,
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b) Circuit breaker,
c) Other device, or

d) Wiring system.

3.7 LOOP FEED - An installation arrangement whereby an electrical supply circuit is wired in series to a
string of power outlets. In this arrangement, the supply circuit conductors connect to the power outlet and
then continue on to the next power outlet in the loop. Each power outlet is connected to the loop feed by
means of a tap conductor.

3.8 RESTRICTING BARRIER — A barrier used to prevent the entry of rain or direct access to a live part
through a venfitatiomopenit L) imthreenctosure:

CONSTRUCT|ION
4 General

4.1 A powel outlet shall not have provision for the mounting of additional receptaclgs unless the
receptacles arg part of a power outlet fitting.

4.2 A knockqut or filled opening may be provided in a power outlet'only if intended to accompmodate:
a) A circuit breaker or fused switch;
b) A combination unit as described in 4.6; or

c) Spegific additional equipment that has beén determined to be equivalent.

4.3 A knock¢ut or filled opening that is intended to accommodate a receptacle shall not|be used in a
power outlet of power outlet fitting.

4.4 A panel|(power outlet fitting) 'shall not require the use of a tool or the provision| of wiring for
connecting thg supply or ground-The grounding connection shall comply with 17.8.1.

Exception No.|1: A metal dead front or cover that does not include a receptacle may be grounded by the
mounting screws.

Exception No.|2: A panel (power outlet fitting) marked as noted in 35.78 may be constructed such that the
use of a tool o} the provision of wiring is required for connecting the supply or ground.

4.5 A mounting means shall be provided for connecting:
a) A panel to a power outlet and

b) A power outlet to a mounting post or pedestal.
Such means shall be determined for equivalence in security to that provided by four machine screws.

Exception: A panel that is not more than 6 inches (152 mm) in width or length may be secured with two
machine screws.

4.6 A combination unit (power outlet fitting) consisting of a receptacle and overcurrent protection and
intended to be field or factory installed in a power outlet shall not require the use of a tool or the provision
of wiring for effecting supply and grounding connections and shall be provided with a mounting means at
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the receptacle that does not depend solely upon the plug-in connection. The grounding connection shall
comply with 17.8.1.

Exception No. 1: A metal cover that is not part of the grounding path for a receptacle may be grounded by
the mounting screws.

Exception No. 2: A combination unit (power outlet fitting) marked as noted in 35.78 may be constructed
such that the use of a tool or the provision of wiring is required for connecting the supply or ground.

4.7 Field installation of an individual circuit breaker or fused switch in a power outlet shall not require the
use of a tool or the provision of wiring in making supply connections directly to the circuit breaker or switch
and shall be intended only for field connection to a permanently wired load circuit.

4.8 Acircuit
be mounted t
jaws.

ad circuit shall
by stabs and

breaker or fused switch intended for field connection to a permanently wiredlo
b the panel dead front only if all electrical connections to the panel are made

4.9 A power outlet or panel (power outlet fitting) with provision for the field\installation of adlditional circuit

breakers or f
breaker hand

410 A pow
shipped:
a) Wit
b) Wit
breakg

I

Lised switches shall contain a dead front with filled openings or knockouts
es or fused switches that will cover all wiring and live parts.

br outlet marked for use with a power outlet fitting’ described in 4.4, 4.6, an

a power outlet fitting installed;

rs or fused switches; or

for the circuit

d 4.9 shall be

a dead front having knockouts or filled'openings for the field installation of aglditional circuit

c) With a blank dead front without knockouts or openings for circuit breakers or fused switches that

will co

411 A fillen
requirements

er all wiring and live parts:and prevent the entrance of rain above live parts.

plate shall be judged according to the Standard for Panelboards, UL
for dead fronts usingfiller plates are contained in 35.32.

4.12 A power outlet intended for mounting to a separable field-installed mounting post or

be provided W
field-installed
marked in acd

ith an opéening for the mounting post or pedestal. If the power outlet can be m
conduit_could interfere with access to field-wiring terminals, the mounting
ordance with 35.30.

67. Marking

pedestal may
ounted so that
post shall be

5 Enclosure

5.1 General

5.1.1 Unless specified otherwise in this standard, a metallic enclosure shall comply with the Standard for
Enclosures for Electrical Equipment, Non-Environmental Considerations, UL 50. A non-metallic enclosure
shall comply with 5.5.1 and 5.5.2. Provisions for a conduit hub need not be provided if the enclosure is
marked in accordance with 35.53.

5.1.2 A power outlet, including any external operating mechanism, such as for a disconnect, mounted on
or through the enclosure shall withstand the environmental tests specified in the Standard for Enclosures
for Electrical Equipment, Environmental Considerations, UL 50E, for the enclosure type marked in
accordance with 35.2. The enclosure type selected from UL 50E shall be a type that is suitable for outdoor
use.
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5.1.3 A power outlet marked in accordance with 35.2 with a Type 3S or Type 3SX enclosure designation
and provided with an external operating mechanism shall be capable of supporting the weight of any ice
build-up, being operated as intended, and withstanding removal of the ice by a tool or auxiliary means to
gain access to the interior of the enclosure. Determination of these characteristics is to be made in

accordance wi

514

th 21.1 for each maintained position of the external operating mechanism.

Internal wiring and live parts, other than those associated with exposed parts of fuseholders and

receptacles, shall not be exposed during fuse replacement or insertion or removal of attachment plugs as
specified in 14.11.

5.1.5

In addition to withstanding the environmental tests as specified in 5.1.2, the enclosure shall be

constructed to withstand beating rain and splashing water as determined by application of the

requirements
replaces the
Environmenta

subjected to the Spray Test, Section 23. If there is an opening for a ringless type meter with
f the meter, the enclosure shall be provided with a permanent structural syst¢m to channel

pane in front g

any accumulation of water to the outside of the enclosure. During the tests specified in

Splash Test,
Figure 5.1 sha

516 Arece

the enclosure
minimum of 1/

Exception: A 1
part of a rece
enclosure.

5.1.7 Theva
5.1.8 Means

Exception No.
means for mg

terminal for a peutral or gteunding conductor. More openings may be provided if all such ope

a) Are

specified in the Rain and Splash Test, Section 22. The Rain and Splash Test
Rain Test requirements from the Standard for Enclosures for Electricg
Considerations, UL 50E. A power outlet marked for marine use,(shall a

bection 22, and the Spray Test, Section 23, a meter haying) the dimension
Il be installed in place.

btacle or circuit breaker, including a handle opening;that is located in the bottg
shall be shielded by an extension of each side ofithe enclosure. The shielding
P inch (12.7 mm) below the face of any receptagcle or circuit breaker (excluding

ninimum of 1/8 inch (3.2 mm) extension of'any side of the enclosure may be
ptacle or circuit breaker face is closer'that 1 inch (25.4 mm) to that vertic

Fious parts of a power outlet as.covered in these requirements are illustrated in
for mounting shall be external to the enclosure.

1: A metal enclosure designated as Type 3R or Type 3RX may be provide
unting consisting of no more than two openings above the level of any IiV

closed\at-the factory; and

in Section 22
| Equipment,
dditionally be
out a viewing

the Rain and
s specified in

m end wall of
shall extend a
the handle).

orovided if no
al side of the

Figure 5.2.

i with internal
e part or any
hings:

b) Whi

e\in the as-received condition, exclude water when subjected to the test de

scribed in the

Rain and Splash Test, Section 22.

Exception No. 2: Internal mounting means may be provided in a nonmetallic enclosure if the construction
is in accordance with Exception No. 1 and if means to reduce the risk of contact between internal
conductors and the mounting means is provided in accordance with 5.1.9.

5.1.9 To reduce the risk of contact between a supporting screw and conductors within an enclosure as
required in Exception No. 2 to 5.1.8, a hole in an enclosure for a screw shall be located in a recess
constructed so that there will be a spacing of not less than 1/32 inch (0.8 mm) between the plane of the top
of the recess and the head of the largest screw that is provided with the enclosure. If a screw is not
provided with the enclosure, this spacing shall be measured using the largest round-head screw, as
specified in Table 5.1, that can be inserted in a hole that is not chamfered; or the largest flat-head screw
that can be inserted in a hole that is chamfered.
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5.1.10 In a power outlet marked for marina and boatyard use, internal mounting holes located above live
parts shall be gasketed.

5.1.11 There shall be provision for drainage of the enclosure. In a mounting post the drain hole shall be
located directly above the moisture seal and shall drain to the outside.

5.1.12 An edge, projection, or corner of an enclosure, opening, frame, guard, knob, handle, or the like of
a power outlet shall not be sufficiently sharp to constitute a risk of injury to persons during intended use or
user maintenance.

5.1.13 Metals shall not be used in such combination as to cause galvanic action that will affect adversely
any part of the device.

Figure 5.1

Dimensions of test meter

INTEGRAL RING 6.9 INCHES MAX OUTSIDE DIA
COVER ENV. AT INTEGRAL RING LOCATION 6.35 INCHES MAX 0.D.

TYPICAL OF
SINGLE-STATGR
DEMAND AND

MULTISTATOR

TYPICAL OF
SINGLE-STATOR

A\ ST
\_-435 INCH MaX

SB0753 ~
inches (mm)
6.9 175
6.35 161
0.411 10.4
0.435 11.0
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Figure 5.2

Typical power outlet construction features

o [ = B
N

CIRCUIT BREAKER

a J ~

RECEPTACLE ~

MAXMUM-_CAR _ARQUND COMBPRONENTS.

K — |

L —
SO
4

MIN 18
MIN 24"
N —
POST TYPE
PEDESTAL TYPE
SB0§828 (shown as dashed lines)

A — Maximum 1/81inch (3.2-mm) gap, top of dead front\te-edge of open door (see 5.6.7).
B — Maximum gag 3/32 inch (2.4 mm) each side (maximum 1/8 inch total) between component and edge of opening in dead front, or
between dead fropt and wall of enclosure (see 5i6.3 and 5.6.8).
C — Fuseholder injcompartment (see 5.3.2).

D — Barrier (see 5|3.3).

E — Receptacle.
F — 1- by 1-inch (35.4- by 25.4-mm) €nd,wall extension (see 5.6.5).

G — 1/2-inch (12.7+mm) wall extension (see 5.6.5).

H — Line terminald (see 7.3.1 and\10.2.1).

J — Enclosure groyinding terminal (see 7.3.1).

K — Sealing maternjal, applied.during installation (Optional).

L — Sealing provisjon (Optional).

M — Marked gradd level\(see 35.13).

N — Conductor entrance (see 7 4 1)

O — Receptacle or circuit breaker rain shield extension (see 5.1.6).

P — Distance between a receptacle or a live part and grade level (see 7.3.1 and 12.6).
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Table 5.1
Supporting screw hole dimensions

Minimum dimensions of recess
Nominal scrow Diameter of hole, Diameter, Depth,

size inch (mm) inch (mm) inch (mm)
6 0.138 3.51 1/4 6.4 4/32 3.2
8 0.164 417 19/64 7.5 9/64 3.6
10 0.190 4.83 11/32 8.7 5/32 4.0
12 0.216 5.49 25/64 9.9 11/64 4.4
1/4 0.250 6.35 29/64 11.5 13/64 5.2

5/16 0.313 7.95 9716 142 15764 6.0

5.2 Enclost

521 Aswit

Exception: A
during operat

522 Anen
when a hinge
out member i
unintentional

5.2.3 The a
evaluated wit
at which it ca
means of a sh

the width of the opening or the recessing of the live part, the dimensions specified are to b

with pressure

524 Alive
inch (3.2 mm
inch (9.6 mm
may be used

been determined te:be at least equivalent to that just described.

re of switches and circuit breakers
Ch or circuit breaker shall be operable from outside the enclosure!

switch or circuit breaker may be located behind a door if live parts or wiring af
on.

tlosure involving a pull-out switch member shall completely enclose any part tf
d pull-out switch member is in the closed position' or when the door over a ds
5 closed. A pull-out switch member shall be designed so that no live part will
contact with the operator when the pull-out@witch member is in any position.

ccessibility of a live part with respéct to unintentional contact as mention
0 reference to any actual operating condition and with the pull-out member tiltg
W be inserted. If the protection ofia live part against unintentional contact is ac
ield, barrier, or the like, thatmay be moved or deflected under pressure so as

applied.
or more from the plane of an opening having at least one dimension not gt

, as shownin“Figure 5.3. If the recessing or set-back is more than 1/8 inch, a
f the canstruction provides protection against unintentional contact with the liv

e not exposed

at may be live
btachable pull-
be exposed to

ed in 5.2.2 is
d at any angle
complished by
to affect either
e investigated

part is not considered to be exposed to unintentional contact if it is recessed ¢r set back 1/8

eater than 3/8
arger opening
e part and has

525 Withr

e | LA 4l PUH + H +Pn - LD A 1 1 4 L oy
CoPTULL LU T TYUIT J.5%, UTT UlTTITTISIUTTIS SPYTUNITU TTT J.£.5% dPYly dioU U IV pPdlt

switch member.

on a pull-out

Exception: The blades or other current-carrying parts may be recessed or set back less than 1/8 inch (3.2
mm) if their exposure while live is not more than 1/8 inch.

5.2.6 The enclosure of a power outlet not employing a pull-out switch member shall completely enclose
all parts that may be live regardless of any switch position.

5.2.7 The enclosure described in 5.2.6 shall not have any open hole or slot to provide for movement of
an operating handle.

Exception: An opening may be provided for a closely fitting operating handle if the opening is closed when
the handle is in the operating position, and the clearance between the edge of the hole and the handle
does not exceed 3/32 inch (2.4 mm) on either side (one side only) and 1/8 inch (3.2 mm) total (both sides).
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The clearances are measured with the handle in the on and off positions, but with the handle and its
supporting member assembled in any position that results from ordinary factory assembly.

5.2.8 A power outlet shall be designed so that during the installation of circuit breakers or fused switches
and panels as mentioned in 4.4 and 4.7, the exposure of live parts shall not be greater than necessary to
permit the installation of the number of circuit breaker or fused switch poles for which the assembly is
intended.

5.2.9 No live parts other than load and neutral terminals shall be exposed to unintentional contact by the
installer during the wiring of permanently installed load circuits.

[ = .Y
rgure 9.9

Recessing of live parts

Q_‘D 2'?
%"MAXIMUM gMAXIMUM
(9.5mm) (3.2mm)
i
TR T T T T
SB0889 '
inch (mm)
3/8 9.5
178 3.2



https://ulnorm.com/api/?name=UL 231 2022.pdf

MARCH 29, 2022

UL 231

17

Figure 5.4

Recessing of pull-out switch

[ 3/8" (9.5mm) Maximum Exposure
\ I
r—

4

—— M

—

_L 1/8" (3.2mm) Minimum

Q) Set=8ack

1/8" Maximum

i

i

- 2 N _
_L Less than 1/8"
Set—Back
=T |

SO890A
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5.3 Enclosure of fuses

5.3.1 Afuse, fuseholder, or fusible switch shall be located inside an enclosure but shall be accessible for
fuse replacement.

5.3.2 The portion of the enclosure containing any component described in 5.3.1 shall be closed off by a
barrier of at least 0.053-inch (1.35-mm) thick sheet steel, or that which has been determined to be
equivalent for polymeric materials, from that space behind a door containing any opening such as for cord
passage.

5.3.3 With respect to 5.3.2, a joint between the barrier and the adjacent dead front, enclosure door, and
sides need not be flanged, but shall have as close a fit as practicable. With the door fully closed a

maximum 1/1¢
mm) gap betw

5.4 Opening
5.4.1

external load
door. The doo

5.5 Nonmetallic enclosures

5.5.1 A nonn

Evaluations, U
properties sha

9.2. The relafive thermal index shall be equal~to or greater than the sum of 40°C (7

temperature ri
relative therm
be equal the
less than 70°(
(194°F).

Exception: C|
Consideration

5.5.2 Anonn
tests describe

A powgr outlet that will require the passage of flexible cord from an interior receptacl

-inch (1.6-mm) gap may exist between adjacent flat surfaces, or a maximum, 3
een adjacent curved surfaces.

for cord

bhall be provided with one or more smooth openings in the bottom of the en
shall close completely with all cords and plugs in place.

L 746C. However, with regard to the reference to Table 8.1 in 6.1 of UL 746C
| be those applicable to indirect suppart material as specified in 9.1 and Table

/32-inch (2.4-

e to supply an
Closure or the

netallic enclosure shall comply with the requirements for outdoor nonmetallic ¢nclosures for
fixed equipment specified in the Standard for Polymeric Materials — Use in Electric

Al Equipment
the electrical
9.1 and Table

5e on the enclosure during a temperature test; or, if a temperature test is not G
| index shall be at least 807C(176°F). The oven temperature for the mold st
aximum use temperature [40°C (104°F) plus the temperature rise] plus 10°C
C (158°F); or, if a temperature test is not conducted, the oven temperature

bmpliance with-"the requirements in Enclosure Flammability— Large {
5 of UL 746C:is not required.

netallic-enclosure intended for connection to a rigid conduit system shall be su
j.inthe Conduit Connection Tests, Section 27.

2°F) and the
onducted, the
ress test shall
50°F) but not
shall be 90°C

burface Area

bjected to the

5.6 Dead front

5.6.1 Adead

front supporting no components shall have a thickness not less than:

a) 0.032 inch (0.81 mm), excluding coatings, if of steel, or

b) 0.05

0 inch (1.27 mm) if of aluminum.

5.6.2 A dead front supporting components shall comply with the general enclosure requirements
specified in 5.1.1 - 5.1.13.

5.6.3 A dead front with or without a 1/2-inch (12.7-mm) integral flange shall form a close fit with the walls
(sides and bottom) of the enclosure [within 3/32 inch (2.4 mm) on bottom or either side (one side only) and
1/8 inch (3.2 mm) total on sides (both sides) with the dead front assembled in any intended position] or
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shall overlap a flange, projection, or that which has been determined to be equivalent, on the enclosure
walls so that no direct opening into the area behind the dead front will result.

5.6.4 A dead front is a panel used behind a door (that may have openings for the passage of cords) to
cover wiring and uninsulated live parts that would otherwise be exposed. Portions of a component
involving mechanical operation (handles of circuit breakers or switches, fuseholders, and receptacle
faces) may project through the dead front.

5.6.5 If a door has an opening for cord passage, and the dead front is not constructed with the 1/2-inch
(12.7-mm) flange and does not overlap a flange on the enclosure walls as specified in 5.6.3, the bottom
end wall of the enclosure shall extend horizontally forward from the dead front. The extension shall be at
least 1/2 inch at all points, but at the bottom end of each side wall the extension shall be at least 1 inch

(25.4 mm) for|

5.6.6 The 1
inch (9.6 mm
mm).

5.6.7 Adea
when the doo

56.8 Agap
projects throJ
exceed 3/32 i
dead front pa

5.7 Doors and covers

571 Anop
An opening g

5.7.2 Adoo
from a recept
covers. Outle

box hoods in {he Standard for-€over Plates for Flush-Mounted Wiring Devices, UL 514D.

5.7.3 Adoo

a) Not

a distance of 1 inch from each side wall.

2-inch (12.7-mm) horizontal dimension referred to in 5.6.5 may be reduced to|
at a cord opening if the edge of such an opening is turned up a_minimum g

j front shall form a close fit that is within 1/8 inch (3.2 mm) frem the top surfg
[ is in the open position.

gh an opening in the dead front and the metal:of the dead front, but such 3
hch (2.4 mm) on either side (one side only) arnd+1/8 inch (3.2 mm) total (both
nel and the component assembled in any pesition that will result from ordinary

Ening in an enclosure giving access to a live part or wiring shall be closed by a
ving access to a fuse or pull-out fuseholder shall be closed by a door.

or cover over an opening in the enclosure as well as a door or cover providg
Acle or a switch and-circuit breaker handle shall comply with the requirements
box hoods installed for this purpose shall comply with requirements for "Ext

or covér shall have flanges for the full length of all edges. The flanges shall:

be\less than 1/2 inch (12.7 mm) deep;

a value of 3/8
f 1/8 inch (3.2

ce of the door

may exist between the body of a component (such/as a circuit breaker or a r¢ceptacle) that

gap shall not
sides) with the
bssembly.

door or cover.

d to keep rain
for doors and
ra-Duty" outlet

b) Make a close telescoping fit with the outside walls of the enclosure; and

c¢) Overlap the enclosure edges not less than 7/16 inch (11.1 mm).

Exception No. 1: Openings for the cord may be used under the provisions of 5.4.1 and 5.6.5.

Exception No. 2: The flange on the bottom edge of the door or cover may be omitted or reduced in depth if
the test described in 5.7.5 is successfully completed, and if:

a) All sides of the dead front are flanged at least 1/2 inch (12.7 mm) and, with the dead front in any
position that might result from assembly, no single gap between any side of the front and the
adjacent enclosure wall exceeds 3/32 inch (2.4 mm), and the total of the gaps between two
opposite dead-front sides and their adjacent walls do not exceed 1/8 inch (3.2 mm);
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b) The enclosure walls have flanges, projections, or that which has been determined to be
equivalent, to provide minimum 1/2 inch overlaps with the dead front; or

¢) The construction uses combinations of such flanges and overlaps (such as two walls with
flanges and two with overlaps).

Exception No. 3: The flange on the upper edge of a door or cover may be reduced in depth or may be
omitted if the door or cover in combination with the top wall of the enclosure and a flange formed from the
top wall overlaps the door or cover at least 1/2 inch in accordance with either of the following conditions:

a) If the width of the door or cover is 10 inches (254 mm) or less.

b) If thewidth of the door or cover is at least 10 inches but no more than 18 inches (457 mm) and
compli¢s with the tests specified in 5.7.6.

Exception No.|4: A door is not required to comply with these requirements if the door serves|only as a rain
shield for a re¢eptacle or for a switch or circuit-breaker handle.

5.7.4 To determine if a flanged door or cover complies with the requirement/in 5.7.3 regafding depth of
flange, the distance between the flat portion of the door or cover (clear of forming radii, beads, draws, or
the like) and a|straight-edge placed across any two flanges at any point is’'to be measured.

5.7.5 If the flange is omitted in accordance with Exception No."2 to 5.7.3, the construction shall comply
with 5.7.6 excgpt the deflection under the load may exceed 1/8,inch (3.2 mm). However, thefe shall not be
permanent deflection greater than 1/8 inch in the door or cover or in its supporting structurg after the test
load is removed.

5.7.6 A door{or cover as described in Exception:No. 3(b) to 5.7.3, or a cover or cap as dgscribed in the
Exception to 1.2.1, may be used if it is not deflected more than 1/8 inch (3.2 mm) when gqubjected to a
force created py placing a 30-pound (13.6-kg)-weight at any point 1 inch (25.4 mm) from the edge. The
test is to be cgnducted with the cover mounted on the enclosure in the intended manner. Thg force is to be
applied through the end of a steel prolie having a square face 1/2 by 1/2 inch (12.7 by 12.7 mm). The box
is to be on its back on a horizontal surface that is smooth and firm.

5.7.7 If the fop of the door-or-cover has an inward flange and the front of the top end wall has an
overlapping dpwnward flange of not less than 1/4 inch (6.4 mm), the 1/2-inch (12.7-mm) overlap may
consist of the $um of the‘overlaps of the two adjacent flanges if the cover flange is within 1/8 jnch (3.2 mm)
of the top wall with the"door or cover closed.

5.8 Meter sqcket'base

5.8.1 Any live part within a 3-inch (76.2-mm) radius of the center of a meter socket base shall be
recessed not less than 1/2 inch (12.7 mm) behind the front plane of:

a) The meter mounting rim of a ring-type meter socket as shown in Figure 5.5 or

b) The meter support of a ringless-type meter socket.

5.8.2 A meter-socket base shall be mounted independently of the cover unless it is intended to be used
with a current transformer.

5.8.3 If a meter socket base is secured independent of the cover, the construction of a ring-type meter
socket shall be such that removal of the cover necessitates a procedure tending to guide the cover clear of
any uninsulated part.
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Exception: The guiding means is not required if the jaws or other live part of the meter socket are recessed
at least 1/16 inch (1.6 mm) behind the front plane of the meter socket cover.

5.9 Ventilation openings
5.9.1 If ventilation openings are provided, they shall comply with 5.9.2 — 5.9.12.

5.9.2 Ventilation openings shall be guarded so that there is no direct access to a live part as covered in
5.9.3and 5.9.4.

5.9.3 Ventilation openings shall be:

a) Screened or louvered openings with internal barriers or

b) Hoqds or stacks with labyrinth air passages.

Figure 5.5

Ring-type meter socket

4 )

METER RING — 1/2"(12.7mm) Minimum

\
/ 1 1

ENCLOSURE COVER

ﬁ
N

S1985 — 1/16" (1.6mm) Minimum

5.9.4 A barrier shall be of such dimensions and located so that a straight line drawn from any live part
past the edge of the barrier will intersect the enclosure minimum 1/4 inch (6.4 mm) from the edge of an
opening.

5.9.5 A ventilation opening — slot, louver, or the like — shall be protected by:
a) One or more baffles;

b) Barriers; or
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c) Other obstructions

of such dimensions and locations that any access path to a live part requires at least two changes of
direction, one of which involves an angle of 90 degrees or more from a straight line, as shown in Figure
5.6. In addition, if the minor dimension of a ventilation 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.

5.9.6 The size, shape, and location of a screened opening shall not weaken the overall enclosure.

5.9.7 The wires of a screen required to protect a ventilation opening shall be no smaller than 16 AWG
(1.3 mm?) and the openings in the screen shall not exceed 1/4 inch (6.4 mm) in any dimension.

Figure 5.6

Angle of change of direction

Live Part
\ N
\\ B
\ [ ]

90" _or greater

y~ Barrier

Ventilation L
Opening Direction of Travel

S2143C

A — No live parts germitted in_this-area.

B — Live parts may be present’in this side of barrier.

5.9.8 Perforated sheet steel or expanded-steel mesh shall not be less than 0.042 inch (1.07 mm) thick if
uncoated or 0.045 inch (1.14 mm) thick if zinc-coated, if the mesh openings or perforations are 1/2 square
inch (3.23 cm?) or less in area. For larger openings, the steel or mesh shall be no less than 0.080 inch
(2.03 mm) thick if uncoated or 0.084 inch (2.13 mm) thick if zinc-coated.

Exception: If deflection of the expanded-steel mesh will not alter the clearance between uninsulated live
parts and grounded metal so as to reduce the spacings to values below the minimum values specified in
Table 15.1, expanded-steel mesh may be made of minimum 0.024-inch (0.61-mm) thick sheet steel if
uncoated or 0.028-inch (0.71-mm) thick sheet steel if zinc-coated.

5.9.9 A grille construction complying with the intent of the requirements in the Exception to 5.9.8 may be
used for a particular application.
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5.9.10 The width of ventilation louvers in an enclosure shall be such that at least 1/6 of the enclosure
material will remain at each end of the louver.

5.9.11 A separate louvered panel that is riveted or welded in place over a ventilation opening in the
enclosure shall not be less than 0.032-inch (0.81-mm) thick sheet steel.

5.9.12 A louver in the enclosure for ventilation shall be located and arranged so that the entrance of
water will be controlled in accordance with the requirements in Exception No. 1 to 22.1.1 and the
accessibility of live parts will be in accordance with the requirements in 5.2.2.

6 Connections for Wiring Systems

6.1 Facilitie$ shall be provided for accommodating permanently connected line or load corlnductors of the
required ampgcity by means of one of the wiring systems rated for the application.

6.2 If provided, a knockout shall be located so that the installation of a bushingfor conduit of the size
required to agcommodate conductors having the ampacities necessary for line or load connections will
result in spacings complying with the requirements in this standard.

6.3 If provided, a hole for conduit shall be threaded unless it is located where not expqgsed to rain or
spray or is wholly located below the lowest terminal lug or other liveypart within the enclosute and shall be
provided withja conduit end stop unless the thread is tapered.

6.4 Removdl of a cover for making or inspecting line and load connections shall not reqyire removal or
disturbing of 4 permanently connected wiring system.

6.5 A conduit hub in an enclosure shall be threadéd and shall have a wall thickness beforg threading no
less than thaf of the corresponding trade size. of conduit. A conduit hub shall not depend upon friction
alone to prevént its turning, and shall be capable of withstanding the torque specified in Table 6.1 applied
to a short length of rigid conduit threadedinto the hub in the intended manner, without|turning in the
enclosure anfl without stripping of any‘threads. The enclosure shall be securely (rigidly) mounted or
supported.

Table 6.1
Applied torque for conduit threaded into hub
Torque,
Conduit trade’size, inch Ib-inch (N-m)
3/4and smalter 800 90
1, 1-1/4, or 1-1/2 1000 113
2 and larger 1600 181

6.6 If threads for the connection of conduit are tapped all the way through a hole in an enclosure, or if a
construction that has been determined to be equivalent is used, there shall not be less than 3-1/2 threads
in the metal, and the construction shall be such that a conduit bushing can be attached as intended. If
threads for the connection of conduit are not tapped all the way through a hole in an enclosure wall,
conduit hub, or the like, there shall be no less than five full threads in the metal and there shall be a
smooth, well-rounded inlet hole for the conductors which shall afford protection to the conductors that has
been determined to be equivalent to that provided by a standard conduit bushing, and which shall have an
internal diameter approximately the same as that of the corresponding trade size of rigid conduit.
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6.7 Separable conduit hubs and closure fittings shall be designed so that the combination will comply
with the requirements in 6.3, 6.5 and 6.6.

6.8 An opening in metal for the passage of conductors (internal or field-installed) shall be such as to
minimize inductive heating.

7 Mounting
7.1 General

7.11

section and 2-

Posts and Pedestals

1/2 inches (63.5 mm) deep, and at least three sides shall be fabricated of

A metallic mounting post or pedestal shall not be less than 12 square inches (77 cm?) in cross

alvanized or

stainless steel
thick.

Exception No.
sectional area
with 29.1 — 29

no less than 0.070 inch (1.8 mm) thick, or of aluminum no less than 0.095n

1: The enclosure may be less than 2-1/2 inches deep, less than 12.square in
or less than 0.070 inch thick steel, if the mounting post or pedestal is tested
3 and 30.1 — 30.3, and if it is fabricated of steel not less than0.056 inch (1.4}

of a non-meta

Exception No.
sectional areg
accordance wi
(1.9 mm) thick

7.1.2 A non-

loading deflection tests specified in 29.1 — 29.3 and'30.1 — 30.3.

71.3 Thatp

level shall be painted on both the inside and outside surfaces in addition to being stainless o
590 or equivalent as covered in the Standard for Enclosures for Electrical Equipment,

Designation G
Environmenta

Exception: Pa
Institute (AISI)

7.1.4 Alumin

ic material.

2: The enclosure may be less than 2-1/2 inches deép,ess than 12 square in
, or less than 0.095 inch thick aluminum, if thexanounting post or pedeste
th 29.1 — 29.3 and 30.1 — 30.3, and if it is fabricated of aluminum not less thar

Mmetallic mounting post or pedestal shallbe subjected to the torque deformat

prtion of a steel post located.below grade level and up to 12 inches (305 mm

Considerations, UL 50E.

inting is not requiréd on austenitic stainless steel designated as American |
Type 302, 308,-304, 305, 309, or 316.

um in a‘pedestal shall not be in contact with the concrete mounting pad unles

used to separ

12 inches (30% mm) above the marked grade level unless a coating is used on both the insid

te ther aluminum from the concrete pad. Aluminum in a post shall not extend

ch (2.41 mm)

ches in cross-
n accordance
P mm) thick or

ches in cross
| is tested in
0.075 inches

on and beam

above grade
[ galvanized —

ron and Steel

s a coating is
below a level

e and outside

of those surfaces that extend below 12 inches above the marked grade level. The coating shall be tested
to demonstrate resistance to corrosion that has been determined to be equivalent to that of galvanized
(G90 zinc coating) steel 0.061 inch (1.55 mm) thick.

7.2 Cover

7.2.1 A cover or cap for a mounting post or pedestal shall be of metal not thinner than as required in
5.1.1 or other material rated for the purpose. A cover or cap fabricated from 0.056-inch (1.4-mm) thick
steel may be any length if its width does not exceed 10 inches (254 mm).

Exception: A cover or cap provided on a mounting post or pedestal to close unused openings intended to
accommodate a field-installed separable power outlet may be thinner than specified herein if the
construction complies with the test described in 5.7.6.
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7.3 Electrical connections

7.3.1  The distance between the marked final grade level of a mounting post as covered in 35.13 or the
bottom of the base of a mounting pedestal and the lowest uninsulated live part, receptacle face, or splicing
area shall not be less than 1 foot (305 mm) nor less than specified in 12.6 if applicable.

7.4 Wire opening

7.4.1 The opening provided in the base of a mounting post for the entrance of underground wiring shall
be rolled, flanged, or equipped with a bushing so that there will be a smoothly rounded surface against
which the cables can bear. The opening shall be at least 18 inches (457 mm) below the marked final grade
level.

7.5 Bondin
7.5.1 Meang shall be provided for bonding a metal raceway to a post or pedestal, and [there shall be
grounding continuity from the post to the power outlet.

7.6 Overlap

7.6.1 A pow
with an openi
inch (25.4 mn
side exceedin
width.

er outlet intended for mounting on a separable mounting post or pedestal shI
ng having side extensions that will overlap the metal of the post or pedestal

). The two enclosures shall be secured at the overlap by not less than two s
g 4 inches (102 mm) in width and by not less.than one screw on each side 4 in

Il be provided
ot less than 1
Crews on each
iches or less in

7.7 Instructions
7.71
instructions in
instructions in

With réspect to 1.7, a power outlet provided with a mounting post or pedestal shall be
dicating the correct mounting procedure. A mounting post shall be provided W
accordance with Mountingin Concrete, Section 37.

provided with
ith installation

7.8 Pedestal

7.8.1 A moy
pedestal to a
mounting pad
tested to der

nting pedestal shall have mounting holes or similar provision in the base fqg
concretedslab. Aluminum in a pedestal enclosure shall not be in contact wit

r securing the
h the concrete

. A metallic or nonmetallic coating used to separate aluminum from a concrete pad shall be

honstrate resistance to corrosion that has been determined to be equiva

ent to that of

galvanized (390 zinc coating) steel 0.061 inch (1.55 mm) thick.

8 Wiring Devices

8.1 General

8.1.1 Not more than six 10 AWG (5.3 mm?) or smaller, four 6 AWG (13.3 mm?), or 8 AWG (8.4 mm?)
insulated, stranded conductors shall be used to supply or ground components (switches, receptacles,
circuit breakers, or the like) mounted on a panel that must be or is likely to be moved during installation or
for making field connections. Only pressure wire-connector terminals or wire-binding screw terminals shall
be used on components so mounted.

Exception: More than six but not more than ten 10 AWG or smaller conductors may be used to supply or
ground components mounted on a panel or a hinged top of a pedestal if the conductors are bound
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together or otherwise caused to retract into the enclosure in an orderly fashion when the dead front is
mounted in place or the top is closed.

8.2 Receptacles

8.2.1 A receptacle in a power outlet shall be a grounding type having a voltage rating appropriate for the
voltage rating of the power outlet.

8.2.2 A grounding-type receptacle has:

a) The grounding contact terminal identified by a green color and

b) A sifgle ampere and a single voltage rating.

8.2.3 A powgr outlet shall be limited in number and type of receptacles only as indicated in 8.2.4, Table
8.1, and Figure 8.1. References in the table and figure are to the Standard~for Wiring Devices —
Dimensional Jpecifications, ANSI/NEMA WD 6.
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Table 8.1
Required receptacle patterns

Pin-and-sleeve type
Locking and grounding type receptacle configurations
Non-locking grpunding type receptacle configurations (see Figure 8.7) configurations (see Eiglure 8.2) (see Figure 8.3)
5-15RP 5-20RP TT-30RP 14-50RP

Power outlet or power 50 A, 125 - Other 30A,125 | 50 A, 125 60-100 A, 125 -
outlet fitting marking® | 15A,125V 20A,125V | 30A,125V 250 V types \Y — 250V ) Other types | Other ratings 250 V
No marking for service A° A° A° A° A° A° A% A° A° A°
equipment
Temporary site service A° A° A° A° A° A° A° A° A° A°
equipment
Mobile home service A° A° A° A® A% e A A® A% A% ¢ A®
equipment
Recreational vehicle A° Ref Ref Re:f AC-e A A® Ac© A A°
site supply equipment
Marina and boatyard A9 A9 N& 9 N& 9 A9 R" RM A N RM
service equipment;
marina type equipment
Service equipment N N N N N N’ N N' N N

NOTE- The letter coding used in this tabldg

@ When marked for any combination of sef

€ 125/240 volt receptacles are to be markg

9 These receptacles shall be marked as dd

" Receptacles provided to supply shore pd
more than 50 A, and shall be one of the cd

shown in Figure 8.3.

is defined as follows:

ices, the receptacles provided shallinclude those required for each use.

A — May be used; N — Shall not be used; R — Required to be used

d in accordance with.35.18.

scribed in"35:59 as not to be used to supply power to boats.

wer totbeats shall be one or more of the following types: A receptacle of the locking and grounding
nfigurations shown in Figure 8.2. Receptacles of the pin and sleeve type shall be rated 60 A or hig

b Receptacle pattern as specified in the Sthndard for Wiring Devices — Dimensional Specifications, ANSI/NEMA WD 6.
¢ Ground-fault circuit protection for personpel shall be provided as specified in Ground-fault circuit protection for personnel, Section 8.5.
4 The receptacle patterns may be used if the power outlet is notfestricted to use only as temporary site, mobile home, or marina and boatyard service equipment.

f A receptacle to supply electric power to g recreational \ehicle shall be one of the three configurations noted with the letter code "R."

the required receptacle configurations.

" Receptacles may be provided only in accordance with 8.2.4.
I Other locking and grounding type receptacles, with 30 A, 125 V or 50 A 125 — 250 V ratings, that are marked for use in marina or boatyard applications, may be provided in addition to

type shall be rated not less than 30 A or
her, and shall be one of the configurations
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8.2.4 A power outlet marked "Suitable for use as service equipment" or "Suitable only for use as service
equipment" but not marked for a specific type of service, such as mobile home, temporary site, or the like,
shall not be provided with receptacles.

8.2.5 The ampere rating of a receptacle shall be no less than that of the overcurrent protection provided
in the circuit in which it is used.

Exception: Two or more 15-ampere receptacles may be used on a 20-ampere circuit.

Figure 8.1
Three American National Standard WD-6 receptacle patterns
5-20R"
(C73.1 2)
20A¢ 125V
RECREATIONAL
VEHICLE TT—3ORO
USE (C73.13)
30A, 125V
14—50R°
(C73.1 7)
O
MOBILE
HOME | |
50A, 125-250V
AA120A

@ Receptacle pattern as specified in the Standard for Wiring Devices — Dimensional Specifications, ANSI/NEMA WD 6.
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Figure 8.2

Receptacle patterns for marina and boatyard use

= ES
off wD off ﬁY
Yeeo >

30 A 125 V 30 A, 250 V 30 A, 125/250 V. 30 A, 250 V, 3@
2-POLE, 3—-WIRE 2-POLE, 3-WIRE  3-POLE, 4—WRE 3-POLE, 4-WIRE
L5-30R° L6—30R° L14-30R° L15-30R®
(ANST C73.73) (ANSI C/75.706) (ANSI C/75.84) (ANSI C/5.86

‘ S

W
A

300 A, 120/208 V, 38 Y 50 A, 125 V 5Q Ay 125/250 V
44POLE, 5-WIRE 2-POLE, 3-WIRE 3-POLE, 4-WIRE
L2} - 30R® SS1-50R° S52-50R°
(ANSI C73.91) (ANSI C73.110) (ANSI C73.111)

S3608A

@ Receptacle pattern as specified in the Standard for Wiring Devices — Dimensional Specifications, ANSI/NEMA WD) 6.
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Figure 8.3

Common pin-and-sleeve type configurations

Shore connection, front view Boat connection, front view
Receptacle Plug Connector Power Inlet

N

100A 125/250V, 3-pole, 4-wire
Receptacle Plug Connector PowerInlet

100A 120/208V, 3-phase—wye, 4-pole,)5-wire
Shore connection, front view Boat connection, front view
Receptacle Plug Connector Power Inlet

ENENOANWELN

60 «—60° 60",

1P + N + ground, 60A, 125VAC
Shore connection,™ front view Boat connection, front view
Receptacle Plug Connector Power Inlet

@ﬁ L1 L2
oo/ S7 \é
& ‘480 N 180° N“\

2P + N + ground, 60A, 125/250VAC

|
f

S5310
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8.2.6 A marking shall be provided adjacent to a fuseholder indicating the maximum ampere rating of a
fuse to be used to provide receptacle overcurrent protection if the fuseholder rating exceeds that of the
receptacle.

8.2.7 As used in 8.2.5, the term "a receptacle" is defined as an accommodation for only one attachment
plug and the term "two receptacles" is defined as an accommodation for two attachment plugs.

8.2.8 A receptacle shall be positioned so that when the mating attachment plug, including a right-angled
attachment plug for non-locking configurations, is inserted, neither the attachment plug nor the flexible
cord blocks access to any component such as a switch, circuit-breaker handle, other receptacles or the
like. For the purpose of this requirement, access shall be considered blocked if the location of the
attachment plug or cord requires the user to reach behind the plug or cord to access the component, or

obscures the

Exception: TH
receptacle, s(

8.2.9 Atfteri
conducting m

8.2.10 Allre

8.2.11 Al 1
integral Clasg
accordance w

8.3 Operati

8.3.1 Theo
nuts serving t
otherwise loc
stress on swif]

8.3.2 Ahan
of metal (othg)

8.3.3 A met
the enclosure

'on-off" markings of the component to a point where they are not clearly identif

pis requirement does not apply to controls and indicators that are an jinteg
ch as the test and reset button on a duplex type receptacle with integral GFCI

nstallation, the face of a receptacle shall project a minimum £.0.015 inch (0.1
bunting surface.

ceptacles on the same branch circuit shall have the same voltage rating.

b- and 20-ampere, 125- and 250-volt nonlocking receptacles, including re
A ground-fault circuit protection for personnel; shall be rated as "weather-re
ith the Standard for Attachment Plugs and®Receptacles, UL 498.

ng mechanism

berating mechanism shall be constructed so as to provide strength and rigidit
b attach operating parts to grossbars or other moveable members shall be stz
ed in position to preventlgosening under continued use. Stops shall be provi
ch parts.

jle shall be provided for safe and convenient manipulation of a switch. An op
r than for a detachable pull-out member) shall be in electrical connection with t

bl rod using the wall of the box as a bearing is considered to be in electrical ¢

able.

ral part of the
protection.

8 mm) from a

ceptacles with
sistant” type in

y. Screws and
ked, upset, or
ded to prevent

erating handle
he enclosure.

bnnection with

8.3.4 A detachable pull-out switch member shall not be insertable in a holder for a detachable pull-out
switch member in the same device having a lower current rating.

8.3.5

If the position of a switch is indicated by the position of the operating handle, there shall be definite

off and on positions for the handle and the design of the operating mechanism shall be such that the
handle cannot be left readily at or near the off position when the switch is on.

8.3.6 A hinged pull-out switch shall be constructed so that it will not tend to close by gravity unless it is
provided with a latch that will automatically engage the pull-out member and hold it in the open position.

8.3.7 The intended operation of a switch shall not cause the wiring space to be exposed.

8.3.8 All metal parts, unless of corrosion-resistant material, shall be galvanized, enameled, or otherwise
determined to be treated to prevent corrosion.
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8.3.9 Metal parts that are zinc or cadmium plated, painted, or enameled are considered to be protected
against corrosion.

8.4 Switches

8.4.1 The switching means and mechanism for the main or a branch circuit of a power outlet shall be
rated for the particular application and shall have a current and voltage rating no less than that of the
circuit it controls. The ordinary form of snap switch shall not be used as a main switch.

8.4.2 A circuit breaker used in a 240-volt, 2-wire circuit or a 120/240-volt single phase, 3-wire circuit shall

be of a two-pole common trip type.

Exception: TW
used as a pair

8.4.3 A pow
protection inte|
35.8.

8.4.4 A switg

8.4.5 Ifacir
the up positior

8.5 Ground-
(GFPE)

8.5.1 Unless|
be supplied by
provided with
Ground-Fault

Exception: Re
35.77.

8.5.2 Delete

8.5.3 Power

0 single-pole circuit breakers having alternating-current ratings of 120/240
with handle ties if the circuit supplies power only to 120-volt receptacles.

br outlet with a molded case switch or a pull-out switch not provided wit
grally or in the power outlet shall be marked on or adjacent to the switch in ac

h shall indicate whether the circuit is open or closed.

uit breaker or a switch handle is operated vertically rather than horizontally
of the handle shall be the on position.

modified by provisions in 8.5.3 +8.5.7, all 125-volt through 250-volt receptacl
a circuit rated 150 volts or less*to ground and provided in a power outlet or
ground-fault circuit protection (GFCI) for personnel that complies with the
Circuit-Interrupters, UL 943." See markings in 35.57 — 35.60.

ceptacles of the FI=30R pattern may omit ground-fault protection if marked &

volts may be

h overcurrent
cordance with

br rotationally,

fault circuit protection (GFCI) for persennel and ground-fault protection ¢f equipment

bs intended to
fitting shall be
Standard for

s specified in

outlets or fittings marked for use as temporary site service equipment m

protection for

y omit GFCI

receptacles rated other than 125-volt, single-phase, 15-, 20-, and 30-amperes. Power

outlets or fittings without GFCI protection on all receptacles shall be marked as specified in 35.75.

8.5.4 Power outlets or fittings marked for use in recreational vehicle site applications may omit GFCI
protection for personnel for receptacles other than receptacles rated 125-volt, 15- and 20-amperes.

8.5.5 Power outlets or fittings marked for use as mobile home service equipment may omit GFCI
protection for personnel for receptacles other than receptacles rated 125- volt, 15- and 20-amperes.

8.5.6 Power outlets or fittings marked for use in marina and boatyard applications may omit GFCI
protection for receptacles providing shore power to boats.

8.5.7 Power outlet or fittings marked for use in marina and boatyard applications shall be provided with
GFCI protection for personnel on receptacles not intended to provide shore power to boats as follows:
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a) All non-shore power receptacles rated 125-volt through 250-volt, intended to be supplied by a
single-phase circuit rated 150 volts or less to ground and 50 amperes or less; and

b) All non-shore power receptacles intended to be supplied by three-phase circuits rated 150 volts
or less to ground and 100 amperes or less.

Receptacles not intended to provide shore power to boats shall be marked in accordance with 35.79.

8.5.8 Receptacles on power outlets or fittings marked for use in marina and boatyard applications shall
be provided with ground-fault protection of equipment (GFPE) that complies with the Standard for Ground-
Fault Sensing and Relaying Equipment, UL 1053. Each receptacle shall be protected by a GFPE set to
open at currents not exceeding 30 milliamperes.

9 Insulating Material

9.1 An insulating material used in contact with or for support of uninsulated 'live part§ shall have a
Performance |Level Category (PLC) that does not exceed the value specified(in-Table 9.1, The specified
values are dgrived from the Standard for Polymeric Materials — Use in Elegtrical Equipment Evaluations,
UL 746C. Thg Relative Thermal Index (RTI) of the material shall be at least105°C (221°F).

Exception No| 1: A material may be used based on end-product testifig as specified in UL 746C.

Exception No| 2: The RTI may be 90°C (194°F) for an indirect.support material that is spaded at least 1/2
inch (12.7 mnp) from insulated or uninsulated live parts.

Table™9.1
Maximum|performance level category (PLC)for insulating material used in contact|with or for

support of live parts

Flammability rating of material®?
Test specified V-0 V-1 V-2
Comparative trgcking index under moist 3¢ 3¢ 3¢
conditions (CTIJ>¢
High-current ar¢ resistance to ignition/ (HAI)*° 3 2 2
Hot wire ignitior] (HW1)©4 4 3 2

Note — Additionfl parameters provided in Table 9.2 shall be considered.

2 As specified ir] the Standard Tests For Flammability of Plastic Materials for Parts in Devices and Appliances, UL p4.

b If the material js\used for indirect support and is spaced from uninsulated live parts by at least 1/2 inch (12.7 mm]}, the
flammability ratimgTmay be HBifthe PECtevetfor thistest(HA 51
¢ See the Standard for Polymeric Materials — Short Term Property Evaluations, UL 746A.

9 If the material is used for indirect support and is spaced form uninsulated live parts by at least 1/2 inch (12.7 mm), this test (CTI
or HWI) is not required.

¢ A material having a comparative tracking index PLC of 4 may be used if the voltage involved is 250 or less.

9.2 A live screwhead or 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 no less than 1/8 inch
with a waterproof insulating sealing compound.

Exception: If the screw or nut is 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 material other than sealing compound or
by providing a spacing from the mounting surface not less than that indicated in Table 15.1.
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9.3 Inthe case of a power outlet that has been determined to be acceptable without a heating test and a
power outlet incorporating fuseholders, the sealing compound mentioned in 9.2 shall not soften at a
temperature of 90°C (194°F).

9.4 During the heating test on a power outlet incorporating circuit breakers, the sealing compound
mentioned in 9.2 shall not soften at the temperature observed during the test at the point where the
compound is used.

9.5 A determination of the softening point of a sealing compound is to be made in accordance with the
test for softening point by ring and ball apparatus in the Standard for Polymeric Materials — Short Term
Property Evaluations, UL 746A.

Table 9.2
Additional requirements for insulating material used in contact with or for support of live parts

Minimum/evels related tp flammability

Property Test Method Units classification

Distortion under Heat Deflection UL 746A° Minimum °C 10°C.greater than use temperature but no

load and mold Temperature, or less.than 90°C, or

stress relief
Vicat Softening UL 746A 2 Minimum °C 25°C greater than use temperature but not
Point, or less than 105°C, or
Ball Pressure UL 746A° Minimum °C (40°C minus the ambient teperature)
Temperature greater than the use tempefature but no

less than 95°C
@ See the Standard for Polymeric Materials — Short Term Property Evaluations, UL 746A.

10 Current-Carrying Parts
10.1 Generdl

10.1.1 A curtent-carrying part shall be of:
a) Silver;
b) Copper;
¢) Aluniinum;

d) Alloys, of these metals; or

e) A material that has been determined to be the equivalent.
and shall be of rigid construction.
10.1.2 Iron or steel shall not be used in a part that is depended upon to carry current.

10.1.3 Plated-steel screws, nuts, and studs may be used to secure:
a) Soldering lugs;
b) Pressure wire connectors; and

c) Bus bars.
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No. 10 (4.8-mm diameter) and larger plated-steel wire-binding screws may be used at terminals, 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.

10.1.4 Copper and brass shall not be used for plating wire-binding screws, nuts and stud terminals, but a
plating of cadmium, zinc, tin, silver, or the like may be used.

10.1.5 An uninsulated live part shall be secured to the base or mounting surface so that it will be
prevented from turning or shifting.

10.1.6 Friction between surfaces shall not be relied upon as a means to prevent turning of uninsulated
live parts, but a lock washer that has been determined to be properly applied may be used. Turning may
be prevented py:

a) Thejuse of two screws or rivets;

b) Square shoulders or mortises;
c) A dowel pin, lug, or offset;
d) A connecting strip or clip fitted into an adjacent part; or

e) Means determined to provide equivalent resistance to{urning.

10.1.7 If bug bars are held together by screws, a threaded part shall have no fewer than|two full, clean

cut threads, n
B1.1-1989, fo|
entirely throu
diameter of th

10.1.8 The
requirements

10.1.9 Apo
ameanstoin
The ampacity
current rating
connected.

10.1.10 Insu

o finer than the requirements of the Standard for Unified Inch Screw Thread
I coarse threads, if the screw passes entirely through the bus bar. If the screw
gh the threaded part, it shall engage-full, clean cut threads for a distance ng
e screw.

pmpacity of a bus bar, wiring:eonnection, or the like shall be judged under
in the Standard for Panelboards, UL 67.

ver outlet marked with-a loop feed current rating, as specified in 32.3, shall be
erconnect the loop)feed conductors and the tap conductors that connect to th

of the connection means of the loop feed conductor shall be suitable for
, and the-‘anipacity of the tap conductor shall be suitable for the powe]

lated wire used for internal connection shall be Type RH, TW, THW, or a type

determined t

5, ANSI/ASME
does not pass
less than the

the applicable

provided with
b power outlet.
the loop feed
r outlet being

that has been

he r=tall nvalent

10.1.11 A wire within an enclosure, compartment raceway, or the like shall be located or protected to
prevent contact with any sharp edge, burr, fin, moving part, or the like that can damage the conductor
insulation.

10.1.12 With regard to 8.1.1, internal wiring to a component or a compartment that is mounted on a
panel or a hinged top of a pedestal that must be moved during installation of a field connection or
replacement or servicing of a component shall have insulated, stranded conductors.

10.1.13 An aluminum conductor, insulated or uninsulated, used for internal wiring interconnection
between current-carrying parts, shall be terminated at each end by a method appropriate for the
combination of metals involved at the connection point.
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10.1.14

If a pressure wire connector is used as a terminating device for aluminum, it shall be rated for

use with aluminum under the conditions involved (for example temperature, heat cycling, or the like).

10.1.15 Unless it is tested as described in the Standard for Panelboards, UL 67, a power outlet shall
comply with all of the following:

a) The current from a terminal through an insulated conductor (that is factory-installed or will be
field-installed) shall be no more than the value indicated in Table 10.1, in accordance with the size
and material of the conductor.

b) The

current density shall not be more than:

1) 1000 amperes per square inch (645 mm?) of cross section for solid copper

Except
like, co

Except
or the

not for
necessg

Except
norma
conned

c) The

d) A pd

2) 200 amperes per square inch (645 mm?) of contact area at bolted.‘conif
copper bus bars and connecting straps, lugs, or connectors. (In determinin
contact surfaces of bolted or riveted connections, no additions or"subtracti
made for the area of screws, bolts, or rivets.)

3) 75 amperes per square inch (645 mm?) of contact area.at contact surfa
switch blades and jaws.

fon No. 1: The limitations on current density do notapply to a connecting stra
mprising a part of a circuit breaker, switch, or fusehielder used in the power out

jon No. 2: The limitations on current density do-not apply to a portion of a strap
ike, adjacent to and connected to a terminal of a switch, circuit breaker, or fi
more than 1 inch (25.4 mm) from the terminal] if a reduced cross section in
ary because of the recessing of the terminal or because of barriers adjacent to

fon No. 3: The limitations on cufrent density do not apply at a lug or connect
contact surface is in contact-with the bus, terminal, or other surface to wh
tor is connected.

power outlet shall not.be rated for more than 60 hertz.

wer outlet rated 140 amperes or less or having any circuit rated 110 ampere

acts between
g the area of
bns are to be

ces of copper
p, bus, or the
et.

, bus, jumper,
seholder [but

that portion is
it.

br if the entire
jch the lug or

5 or less shall

be marked to indicate Use of only 60°C (140°F) conductors for a circuit rated 110 amperes or less

and 75

10.1.16 The
shall be:

C (167°F)conductors for a circuit rated more than 110 amperes.

size and assumed type of field-installed conductors, as covered in (a) and (b

respectively,

a) For currents as indicated in Table 10.1 and Table 10.2:

1) Wire rated at 75°C (167°F) in 1/0 AWG (53.5 mm?) and larger sizes.

2) Wire rated at 60°C (140°F) in the 1 AWG (42.4 mm?) size.

Exception: Other than as covered in 16.1.2, 75°C wire may be used if the power outlet is

marked for 75°C wire in accordance with 35.39.

3) Wire rated at 60°C in the 2 AWG (33.6 mm?) and smaller sizes.

Exception No. 1. Other than as covered in 16.1.2, 75°C wire may be used if the power

outlet is marked for 75°C wire in accordance with 35.39.
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Exception No. 2: 2 AWG (33.6 mm?) aluminum wire as mentioned in footnote d to Table
10.1, with a temperature of 75°C, may be used if the power outlet has been determined to
comply with requirements of a heating test.

b) With respect to 35.41 — 35.45, aluminum wire at any terminal identified on a wiring diagram or
the like as being rated for use with such wire, whether or not that terminal is also identified as being
rated for use with copper wire.

Table 10.1
Ampacity of insulated conductors

Wire size 60°C (140°F) 75°C (167°F)
AWG (mm?) Copper Aluminum Copper Aluminum
14 2.1 15 - 15 -
12 3.3 20 15 20 15
10 5.3 30 25 30 25
8 8.4 40 30 A5 40
6 13.3 55 40 65 50
42 21.28 70 55 852 65
3° 26.7° 85 65 1002 75
2@ 33.67 95 75 1158 90?2
120 42.43° 110° 85° 1302P 1002P
1/0° 53.5° - - 1502 120
2/02 67.42 - - 175° 135°
3/0° 85.07 - - 2002 1552
4/02 107.22 - - 230° 180°
kemil
250 127 = - 2552 2052
300 152 - - 285° 230°
350 177 - - 310° 2502
400 203 - - 3352 2702
500 253 - - 380 3102
600 304 - - 420 340°
NOTES
1 For conductorfs in multiple) the value is to be multiplied by the number of conductors so connected. Minimum conductor size 1/0
AWG (53.5 mmf).
2 These values |of ampacity apply only where no more than three conductors will be field-installed in a conduit.

@ See Table 10.Z:

b If the power outlet is marked in accordance with 35.39 to indicate that 75°C (167°F) wires are to be used at a terminal, the
terminal size and wire bending space may be based upon the ampacity of 75°C wires.

10.1.17 Table 10.3 indicates ampacities of some of the more common sizes of copper bus bars.
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Table 10.2
Ampacity of main terminals of a single-phase, 120/240 volt, 3-wire power outlet marked in

accordance with 35.37

75°C (167°F) conductor size (AWG or kcmil)
Ampacity, amperes Copper Aluminum
100 4 2
110 3 1
125 2 1/0
150 1 2/0
175 1/0 3/0
225 3/0 250
250 4/0 300
300 250 350
350 350 500
400 400 600
Table 10.3

Ampacity of copper bus bats

Bus-bar thickness, inch (mm)

Bus-bar width 3/64 | 0.051 116 | 0.064 | 5/64 | 0.081 3/32 1/8 5/32 3/16 7/32 1/4
inches (mnp) | (1.2) (1.3) (1.6) (1.6) (2.0) (2.1) (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 1. 21 22 27 28 34 35 41 55 68 82 96 109

1/2 12.y 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
11/16 17.% 32 35 43 44 54 56 64 86 108 129 150 172
3/4 19. 35 38 47 48 59 61 70 94 117 141 164 188
7/8 22.p 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 28.6 53 57 70 72 88 91 105 141 176 211 246 281
1-1/4 31. 59 64 78 80 98 101 117 156 195 234 273 313
1-3/8 34.9 64 70 86 88 102 111 129 172 205 258 301 344

10.2 Terminals

10.2.1 A power outlet shall be provided with wiring terminals for the connection of conductors having an
ampacity not less than the rating of the device or circuit in question. A wiring terminal intended for the
connection of a conductor larger than 10 AWG (5.3 mm?) shall be provided with a pressure wire connector.
A wiring terminal intended for the connection of a 10 AWG or smaller conductor may consist of a wire-
binding screw and an upturned lug or a combination that has been determined to be the equivalent that will
retain the conductor under the head if the screw should become loosened to permit shifting of the
conductor.

Exception No. 1: Pressure terminal connectors for field connection (line or load) need not be provided if all
of the following conditions are met:
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a) Component terminal assemblies are available from the equipment manufacturer, or one or more
pressure terminal connectors are specified for field installation on the equipment.

b) Fastening devices such as studs, nuts, bolts, spring or flat washers, or the like, as required for
an effective installation, are either provided as part of the component terminal assembly or are
mounted on or separately packaged with the equipment.

c) The installation of the terminal assembly will not involve the loosening or disassembly of parts
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.

d) If the pressure terminal connector provided in a component terminal assembly requires the use
of a specific tool for securing the conductor, any necessary instructions are included in the

compd

e) Inst
meetin

f) The

Exception Ng
terminals of g
conductors.

10.2.2 Anpre
a) The

b) Th
Condd

whichever is &

10.2.3 A po

Equipment Wiring Terminals forUse with Aluminum and/or Copper Conductors, UL 486HF

short-circuit @
Short-Circuit

10.24 A wi
Insulating Bag

nent assembly package or with the equipment.

allation of the pressure terminal connectors in the intended manner will-resu
g the requirements of this standard.

equipment is marked in accordance with 35.47.

. 2: A power outlet not marked for service equipmentstise may use pigta

ssure wire connector provided with or specified\for use with a power outlet sha

Standard for Wire Connectors, UL 486A-486B; or

a)

-

Standard for Equipment WiringCTerminals for Use with Aluminum 4
ctors, UL 486E,

pplicable.

wer outlet provided, with equipment wiring terminals that comply with the

Current Test, Section 26, with the particular equipment wiring terminals.

e connector intended for field wiring shall be tested as covered in the St
e and.Support, Section 20.

It in a product

| leads or the

fuseholder or wiring device in lieu of separate wiring ¢erminals for connectiof to the supply

Il comply with:

nd/or Copper

Standard for
, shall have a

urrent rating not greater than 10,000 amperes unless the power outlet conpplies with the

rength Test of

10.2.5 The

ightening forque for a field-wiring pressure terminal connector shall be as specified by the

power outlet manufacturer and shall be marked as required in 35.49. The specified tightening torque shall
not be less than 90 percent nor more than 100 percent of the value used in the static heating test as

specified in:

a) The

Standard for Wire Connectors, UL 486A-486B; or

b) The Standards for Equipment Wiring Terminals for Use with Aluminum and/or Copper

Condu

for that wire si

ctors, UL 486E,

ze corresponding to the ampere rating of the power outlet.

Exception No. 1: The torque value may be less than 90 percent if the connector is investigated for the
marked torque value in accordance with UL 486A-486B, or UL 486E.
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Exception No. 2: For a connector requiring a specific tool as covered in Exception No. 1(d) to 10.2.1,
instructions for use of the tool shall replace the specified torque values.

10.2.6 A wiring terminal provided for the connection of a service conductor to a power outlet for service
equipment use rated at 40 amperes or less shall be capable of accommodating a 8 AWG (8.4 mm?)
conductor.

10.2.7 A wire-binding screw shall not be smaller than No. 10 (4.8 mm diameter), with not more than 32
threads per inch (25.4 mm).

Exception: The requirement does not apply to a terminal of a receptacle or of a 15-ampere Type S
fuseholder.

10.2.8 A solfering lug or other connection that depends upon solder shall not be jprqvided for the
connection of the service conductors or the service grounding conductor.

10.2.9 A wir|ng terminal for connection of the grounded neutral conductor and a wiring terminal for
connection of]l a neutral grounding conductor shall be readily accessiblewso that the wires can be
disconnected ffter installation.

10.2.10 Indijidual wiring terminals shall be provided in a readily accessible location for the|connection of
neutral load cqnductors and of equipment grounding conductors.

10.2.11 A pregssure wire connector that is not intended to be‘removed or interchanged shall|be capable of
receiving and holding the wires of any size with which the{device will be used.

10.2.12 A wife-binding screw shall thread into metal.

10.2.13 A tefminal plate tapped for a wire-binding screw shall be of metal no less than 0.030 inch (0.76
mm) thick. There shall be two or more fulbthreads in the metal, which may be extruded if| necessary to
provide the threads.

10.2.14 The|point of attachmentof a pressure wire connector or wire-binding screw terminal shall not
overhang its support unless the design is such as to provide physical strength to prevent any reduction of
required spacings.

10.2.15 With respect.to Exception No. 2 to 10.2.1, if the construction is intended to accompmodate field-
made splices inside the enclosure, such splices shall not be in an area containing uninsulated live parts.

10.3 Spring washers

10.3.1 A riveted connection involving current-carrying parts shall have a spring washer at one end and
either a spring washer or a flat washer at the other end.

Exception: Other constructions as described in 10.3.5 may be used.
10.3.2 A spring washer shall be used at one end of a bolt securing current-carrying parts together.

Exception No. 1: A spring washer may be replaced with a split ring lock washer and flat washer if each
aluminum bus in the joint has a tensile yield strength of at least 20,000 pounds per square inch (138 MPa).
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Exception No. 2: A flat washer that complies with 10.3.4, a split-ring lock washer, or a bolthead may be
used in place of a spring washer if the joint does not include any aluminum or if aluminum bolts are used
with aluminum bus bars.

Exception No. 3: A type of fastening that has been determined to be equivalent to that used as a
component in accordance with the requirements for wire connectors may be used.

Exception No. 4: 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:

a) The service-grounding electrode;

b)An

) H ] 4
utrar-poriairry courrauctor, Ui

¢) An ¢quipment-grounding conductor.

Exception No| 5: Other constructions as described in 10.3.5 may be used.

10.3.3 A spfing washer as mentioned in 10.3.1 and 10.3.2 is a dished washer of stainles$, or hardened

and tempereg
not less than

10.3.4 The

, steel, having an outer diameter not less than 150 percent.of the bolt diamet
/8 of the bolt diameter, and dished not less than 3-1/2 gercent of the bolt diam

at washer covered in 10.3.2 and 10.3.3 shall have a thickness of at least o

er, a thickness
eter.

he-sixth of the

diameter of t
shank or bolt

I
VI\e rivet shank or bolt and shall have an outer-diameter of at least 150 percgnt of the rivet
bnd not less than the outer diameter of the spring washer.

10.3.5 A construction other than as described din* 10.3.1 and 10.3.2 may be used if it has been
investigated ip accordance with the applicable requirements in the Standard for Panelboardg, UL 67.

11 Service Equipment Use

1.1 General

11.1.1 A pgwer outlet intenided for use as service equipment shall comply with the applicable
requirements fin the Reference Standard for Service Equipment, UL 869A.

11.1.2 A power outletimay be marked to indicate its acceptability for use as service equipment for:

a) Mobile home;

b) Temporary-site;
¢) Marina and boatyard; or

d) Any combination of these.

A power outlet so marked shall be provided with both overcurrent protection and disconnection facilities for
the service conductors, as well as means for grounding the service neutral conductor.

11.1.3 Power outlets marked for a service application shall be constructed such that, with the service
disconnect in the off position, no ungrounded uninsulated live part is exposed to inadvertent contact by
persons while servicing any field connected load terminal, including a neutral load terminal, a branch
circuit equipment grounding terminal, or the neutral disconnect link. Exposure to inadvertent contact is
determined by use of the probe illustrated in Figure 11.1. If restriction to the line-side of the service
disconnect is dependent on the installation of field installed service conductors, conductors sized in
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accordance with 10.1 shall be installed in the terminals when determining exposure to inadvertent contact.
All live parts of the line side service terminal, including the connector body and pressure screw, shall be
evaluated.

Figure 11.1
Straight Probe

ANY CONVENIENT LENGTH

12.7mm DIA.
19.1mm DIA (1/2 lNCH)7

}‘{ WNCH);%
i

14.3mm(9/16 INCH) 4. 8mm R
(3/46 INCH)
101.6mm
(4 INCHES)

PA130B

11.1.4 Metal|barriers provided to limit exposure to inadvertent contact shall:

a) 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.

b) Be ¢onstructed so that it can bexreadily removed or repositioned, and then reinstalled, without
the likeglihood of contacting bare live-parts or damage the insulation of any insulated liye part.

Exception: Faptory installed barriets. that limit access to factory installed wiring and termingtions are not
required to belconstructed so thatithey can be removed or repositioned.

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

a) Comply with.requirements in 15.2 for insulating barriers.

b) Be gonstructed so that it can be readily removed or repositioned, and then reinstglled, to allow
access 10 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.

11.1.6 Power Outlets marked “Suitable for use as service equipment” shall be permitted to provide the
protection from inadvertent contact in 11.1.3 in a field installable kit when marked in accordance with
35.26A.

11.2 Mobile home service equipment

11.2.1 A power outlet marked for use as mobile home service equipment shall have provision for
connecting at least one 100-ampere or greater feeder circuit by a permanent wiring method.
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11.2.2

In addition to the feeder circuit covered in 11.2, a power outlet marked for use as mobile home

service equipment shall have provision for one or more feeders or branch circuits for connecting a mobile
home accessory building or structure or additional electrical equipment located outside a mobile home by

a fixed wiring
12 Disconn

121

method.

ecting Means

A power outlet intended and marked for use as service equipment shall be constructed so that all

ungrounded load conductors can be disconnected from the source of supply by the operation of one
operating handle. The operation of the handle shall simultaneously disconnect all ungrounded conductors
of the power outlet. Markings in accordance with 35.17 — 35.26A shall be provided.

12.2 The dis
circuit breake
Exception to §

123 In a p
disconnecting
means shall b

12.4 The dis
wire connectd
the connector

12.5 Ifadis
connection of
service groun
the connectio

12.6 A powe
with an integr
receptacle, m

connecting means referred to in 11.1 and 12.1 may be either a manually ope
r. Handle ties, or means determined to be the equivalent, may be used as
4.2 to form a single operating handle.

ower outlet having provision for the connection of a grounded”service
means referred to in 12.1 shall simultaneously interrupt the’grounded cond
e provided for disconnecting the grounded service conductorfrom the interior

connecting means required in 12.3 may consist of aterminal plate or stud p
r. The disconnecting means is considered to be the joint between the load ¢
S.

connecting means is provided as describediin 12.3, there shall be provision fg

ding electrode conductor. The meang,for such grounding shall not depend u
.

r outlet that is marked "Suitable for recreational vehicle site supply equipment

eter, circuit breaker, switch, or fuse will be located no lower than 24 inches

higher than 78 inches (2 m) above the marked ground level.

12.7 A pows
a)"Su

b) "Su

r outlet that is marked:
table for-use as service equipment” or "Suitable for use only as service equipni

table for use as mobile home service equipment" or "Suitable for use only as

equiprn

Fable switch or
covered in the

tonductor, the
uctor, or other
wiring.

rovided with a
pnductors and

r the separate

the grounded service conductor, and there also shall be provision for the connection of the

pon solder for

"and provided

al mounting post or is marked for use with a particular post shall be constructed so that any

(610 mm) nor

ent;"

5 mobile home

hent ;" or

c) "Sui

table for recreational vehicle site supply equipment”

and that is either of the pedestal type, is provided with an integral mounting post, or is marked for use with
a particular post, shall be constructed so that any receptacle, meter, circuit breaker, switch, or fuse will not
be located lower than 24 inches (610 mm) nor higher than 78 inches (2 m) above the bottom of the
pedestal or the marked ground level of a post.

13 Alternate Source Switching Means

13.1 A power outlet that has provision for an alternate source of supply shall have a disconnecting
means for each source. The disconnecting means shall be mechanically interlocked so that the sources
cannot be paralleled. Each of the disconnecting means shall be of a type that is suitable for reversed line
and load connection.
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14 Overcurrent Protection

14.1 If a power outlet incorporates overcurrent protection, a fuse or circuit breaker pole shall be provided
for the protection of each ungrounded conductor.

14.2 Overcurrent protection provided in a marina type power outlet having a gasketed enclosure cover
shall be provided by circuit breakers of the fully magnetic type; fuses or thermal type circuit breakers shall
not be used.

14.3 In a power outlet intended for use as service equipment, the overcurrent protection required in 14.1
shall consist of a main overcurrent device (a fuse or a circuit-breaker pole) in series with each ungrounded
service conductor.

14.4 No ovgrcurrent device shall be placed in any permanently grounded cohdudtor unless it
simultaneously opens all conductors of the circuit.

14.5 A cartrigige fuseholder shall be a type that accommodates only branch circuit type fusgs (Class CC,
G, H, J, K, RK]l, RK5, or T).

Exception: A |fuseholder in a maximum 125-volt circuit that does not leave the power outlet may
accommodate|a miscellaneous or miniature fuse.

14.6 A fuseholder shall be of the cartridge type, Type S, or,Edison-base plug type with a fagtory-installed
Type S adaptdr.

Exception: A fuseholder for a single, permanently wired branch circuit may be of the Edigon-base plug
type without alfactory-installed Type S adapter.

14.7 A disconnecting means shall be .provided on the supply side of each cartridge fuse. The
disconnecting|means shall be such that.€ach individual circuit can be independently discgnnected from
the source of gupply.

14.8 With regard to 14.7, an exiractor-type fuseholder shall not be used as a disconnecting means and
shall be located on the load side of a disconnecting means.

14.9 The arfangement.of electrical connections for a fused switch shall be such that, if|the device is
properly conngcted, fuse terminals will be dead when the switch is open.

14.10 If a Tyjpe_S fuseholder or Edison-base plug type fuseholder with or without a Type S adapter is
used, the line connection shall be made to the center contact.

14.11 A power outlet shall be constructed so that fuses will be readily accessible when the switch is open
so that they may be replaced without a person touching any live part as specified in 5.1.4. This
requirement does not affect or modify the requirements in 5.2.1 and 5.2.5.

14.12 A plug fuse is considered to be accessible if, when the switch is in the off position, the test gauge
described in 14.13 can be inserted and properly bottomed in each plug fuseholder by using the fingers of
one hand and without causing a reduction in the break distance between the stationary and moving switch
contacts to less than 1/2 inch (12.7 mm).

14.13 The test gauge mentioned in 14.12 is to be in the form of a plug fuse having the dimensions
specified for plug fuses and having an overall height of 1-3/4 inches (44.5 mm) and a diameter of 1-1/4
inches (31.8 mm) at the section above the male screw shell.
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14.14

It is recommended that, if an interlock is provided between a door or cover and the switching

mechanism, provision be made for unlatching the interlock for inspection purposes while the switch is in
the on position.

15 Spacings

15.1

15.1.1

General

The spacings in a power outlet shall be as indicated in Table 15.1.

Exception No. 1: The spacing (through air and over surface) shall not be less than 1/8 inch (3.2 mm)

between unin

sulated live parts of the same polarity:

a) On
b) On

Exception No|
outlet. Such s

Exception No
a) The

b) The

Exception Nq.

surrounding
minimum 1/4
of the center (

15.1.2 Inap

a) The
line vo

b) Th¢ voltage from a neutral live part to grounded dead metal equals the line-

voltag

c) Spg

the load side of their respective switches or circuit breakers for parts in differen

he line and load sides of a fuseholder, switch, or circuit breaker.

2: The requirements do not apply to the inherent spacings of.a,component f
pacings are evaluated to the requirements for the component.

3: The distance between a door or cover over a fusehoélder and:
center contact of an Edison-base fuseholder shall not be less than 1-9/16 inch

center contact of a Type S fuseholder shall not be less than 1-5/16 inches (33

4: The spacings between screwishells of plug fuseholders that are
alls of insulating material and between such screw shells and a metal cover
nch (6.4 mm) if the depth of the receptacle, as measured from the top of the w|
ontact, is not less than 3/4 inch (19.1 mm).

blying Table 15.1 it is to beJassumed that:

voltage from a livépart (other than the neutral) to grounded dead metal equ
ltage of the system

e of the system.

cings-at a fuseholder will be measured with a fuse of the maximum standal

(includ

t circuits and

art of a power

es (39.7 mm).

3 mm).

protected by
plate, may be
all to the plane

als the line-to-

to-line neutral

rd dimensions

ing-the maximum projections for assembly screws and rivets) in place. Dimen

sions of fuses

and fuseholders are covered in the applicable requirements for fuses and in the Standard for
Fuseholders — Part 1: General Requirements, UL 4248-1; Standard for Fuseholders — Part 12;
Class R, UL 4248-12; Standard for Fuseholders — Part 15: Class T, UL 4248-15; respectively.

d) Spacings will be measured through cracks unless a clamped joint complies with the test covered
in 24.1. (With respect to Figure 15.1, a clamped joint is a joint between two pieces of insulation that
are under pressure.) Adhesives, cements, or the like, if used to effect a seal in lieu of a tightly

mated

joint, shall be rated for the purpose.
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Table 15.1
Minimum spacings
Between uninsulated live parts of opposite polarity Through air or over surface
between uninsulated live parts

Through air, Over surface,? and grounded dead metal,

Voltage inch (mm) inches (mm) inch (mm)

0 125 1/2 12.7 3/4 19.1 1/2 12.7

125 250 3/4 19.1 1-1/4 31.8 1/2 12.7

250 600 1 254 2 50.8 10 254

@ In measuring o
material is to be

b A through air s|
1) Atacircu
2) Between
3) Between

NOTE — An isolated dead metal part (such as a screw head or washer) interposed between uninsulated live parts of opposite
polarity or between an uninsulated live part and grounded dead metal part is considered to reduce the spacing by an amount

fisregarded.

t breaker or a switch, other than a snap switch;

equal to the dimgnstonm of the Mterposed part atong the patty of Measurement.

ver-surface spacings, any slot, groove, or the like, 0.013-inch (0.33-mm) wide or less in the contodr of insulating

acing of not less than 1/2 inch (12.7 mm) may be provided:

uninsulated live parts of a meter mounting base and grounded dead metal; and
grounded dead metal and the neutral of a 277/480 volt, 3-phase, 4-wire poweroutlet.

15.1.3 Spaci
a) Unw

b) Wirg

Exception: No

hgs shall be measured with all terminals:

ired and

Figure 15.1

Clamped joint

d with conductors determined in accordance with' 10.1.16.

conductor smaller than 12 AWG (3.3 mm ?) shall be used.

SB1157

Parts A, B — Live parts of opposite polarity, or a live part and grounded metal part, with spacing through the crack between C and D
less than required in Table 15.1.

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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15.1.4 In measuring between an uninsulated live part and a bushing installed at a knockout, a bushing
having the dimensions indicated in Table 15.2 (but without a locknut inside the enclosure) shall be in place.

15.1.5 Spacings in a pull-out switch shall be measured with the moveable member in both the on and off
positions.

15.1.6 A pressure wire connector shall be prevented from turning that would result in spacings less than
the minimum required. The means for turn prevention shall be determined to be reliable, such as a
shoulder or boss. A lock washer alone shall not be used.

Exception: Means to prevent turning need not be provided if spacings are not less than the minimum
required values:

a) When the lug or connector, and any lug or connector of opposite polarity, havé each been turned
30 degrees toward the other and

b) When the lug or connector has been turned 30 degrees toward other.opposite-polarity live parts
and toward grounded dead-metal parts.

15.1.7 All sgrews and nuts, in addition to those mentioned in 8.3.1 and 9.2 shall be staked|, headed over,
upset, or othgrwise prevented from loosening unless it can be shown that no reduction of spacings can
result from th¢ loosening or falling out of such threaded parts.

Exception: Sqrews and nuts that are intended to be loosenéd.or removed during installation and servicing
need not be prevented from loosening.

Table 15.2
Bushing dimensions

Trade size of donduit, Overalldiameter, Height,

inches| inches (mm) inches (mm)
12 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 14.3
1-1/2 2-13/64 56.0 19/32 15.1
2 2-45/64 68.7 5/8 15.9
2-1/2 3-7/32 81.8 3/4 19.1
3 3718 987 3116 20.6
3-1/2 4-7/16 112.0 15/16 23.8
4 4-31/32 126.0 1 25.4
4-1/2 5-35/64 140.0 1-1/16 27.0
5 6-7/32 158.0 1-3/16 30.2

6 7-7132 183.0 1-1/4 31.8

15.1.8 A lock washer may be used as intended for prevention of loosening of screws and nuts to comply
with the requirementin 15.1.7.

15.2 Insulating barriers

15.21 In 15.2.2 and 15.2.3, the liner or barrier referred to is insulating material that separates
uninsulated live parts or separates an uninsulated live part and a grounded dead-metal part (including the
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enclosure), where the through-air spacing between the parts would otherwise be less than the minimum
required value.

15.2.2 A barrier that provides sole separation or that is provided in addition to a through air spacing less
than 0.013 inch (0.33 mm) shall:

a) Be of a material that complies with the requirements in 9.1 for contact with an uninsulated live
part. However, with regard to the flammability rating in Table 9.1, the rating may be:

1) VTM-0 rather than V-0;

2) VTM-1 rather than V-1; or

3) VTM-2 rather than V-2.

Except
electrid

Except

fon No. 1. A barrier located between the enclosure and an uninsulate
ally connected to a grounded circuit conductor (neutral) may be of vulcanized 1

fon No. 2: A barrier may be used based on compliance with the end-product 1

d metal part
iber.

lests specified

in the Standard for Polymeric Materials — Use in Electrical Equipment‘Evaluations, UL} 746C.

b) Have a thickness of 0.028 inch (0.71 mm) or more.

Except
with 15

fon: Insulating material having a thickness less than/that indicated may be use
2.4,

) if it complies

15.2.3 A barfier used in conjunction with a minimum through air spacing of 0.013 inch (0
have a minimyim thickness of 0.028 inch (0.71 mm). If the barrier is of vulcanized fiber, the
space shall bg 1/8 inch (3.2 mm).

33 mm) shall
minimum air

r more of the
B3 mm) or as

Exception No
minimum requ
specified in 15

1: A barrier used in conjunction with a through air spacing of one-half o
ired through air spacing may have a minimum thickness of 0.013 inch (0.
. 2.4 ifitis:

).2.2 or that is

a) Of material suitable for.direct contact with uninsulated live parts as specified in 18
in compliance with 15.2.6 anhd Table 15.3 and Table 15.4;

b) Of s{ich strength.to.withstand exposure to mechanical damage;

c) Secyred in.place; and
d) Locq

ted.so that it will not be adversely affected by operation of the equipment in sefvice.

Exception No. 2: A barrier of material having a thickness less than that indicated may be used if it
complies with 15.2.4.

15.2.4 A barrier, other than vulcanized fiber, less than 0.028 inch (0.71 mm) thick that is used in
accordance with the Exception to 15.2.2(b) or Exception No. 2 to 15.2.3 shall be subjected to the
application of a 5000 volt, 60 hertz potential in accordance with the Dielectric Voltage-Withstand Test,
Section 25. A barrier, other than vulcanized fiber, less than 0.013 inch (0.33 mm) thick that is used in
accordance with Exception No. 1 to 15.2.3 shall be subjected to the application of a 2500 volt, 60 hertz
potential in accordance with the Dielectric Voltage-Withstand Test, Section 25. There shall be no dielectric
breakdown of the material following application of the potential. The mechanical strength and flammability
of the barrier material shall be determined to be acceptable for the particular application.

15.2.5 If the barrier specified in 15.2.3 is of material (other than vulcanized fiber) that is not suitable for
direct contact with uninsulated live parts as specified in 15.2.2, the material and air spacings shall comply
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with the barrier requirements specified in the Standard for Polymeric Materials — Use in Electrical
Equipment Evaluations, UL 746C, and as specified in Table 15.3 and Table 15.4. The relative thermal
index shall be at least 90°C (194°F).

15.2.6 For a power outlet provided with a mounting post or pedestal, fiber used as an insulating barrier
shall be waxed, varnished, or otherwise treated to prevent the absorption of moisture and, following such
treatment, shall comply with the applicable requirements in the Standard for Polymeric Materials — Use in
Electrical Equipment Evaluations, UL 746C.

15.2.7 A wrap of thermoplastic tape that has been determined to be acceptable for use as sole insulation
may be used if:

a) The[Tape 1S not subjected to compression,
b) The tape is not wrapped over a sharp edge;
c) Theltape is not subjected to temperatures higher than those for which itis rated; and

d) At g 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 mmY thick and is applied in two or
more lpyers; or

e) At @ 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.

Table 15.3
Maximum performance level category (PLC) forbarrier used in place of spacing in gonjunction

with minimum air space of 0.013 inch (0.33 mm)

Flammability rating of material
Test specified V-0 or VTM-0 V-1 or VTM-1 V-2 or VTM-2 HB
Comparative trgcking index under moist 4 4 4 4
conditions (CTIJ?
High-current arg resistance to ignition/(HAI)? 3 2 2 1
Hot wire ignitior] (HWI)? 4 3 2 2
NOTES

1 Refer to 15.2.R if a barrieris located within 0.013 inch (0.33 mm) of contact with live parts.

2 Additional parameters described in Table 15.4 shall be considered.

@ See the Standard for'Polymeric Materials — Short Term Property Evaluations, UL 746A.

Table 15.4
Additional requirements for barriers used in the manner specified in Table 15.3

Minimum levels related to
Property Test Method Units flammability classification
Distortion under Heat Deflection UL 746A Minimum °C 10°C greater than use temperature
load and mold Temperature but not less than 90°C, or
stress relief or
Vicat Softening Minimum °C 25°C greater than use temperature
Point but not less than 105°C, or
or
Ball Pressure Minimum °C (40°C minus the ambient
Temperature temperature) greater than the use
temperature but not less than 95°C
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15.2.8 |If spacings would otherwise be less than those required by 15.1.1, thermoplastic tubing may be
used if:
a) It has been investigated and determined to be acceptable for use in this application;
b) It is not subject to temperatures higher than those for which it was investigated;
c) It is not subject to compression, repeated flexure, or sharp bends;
d) All edges of the conductor covered with the tubing are well rounded and free from sharp edges;
e) For chemically dilated tubing, a solvent recommended by the tubing manufacturer is used; and
f) Its wattthicknesstafterassemblyytsnmottessttranr—————————————————————
1) 0.022 inch (0.56 mm) for tubing 1/2 inch (12.7 mm) or less in diameter,
2) 0.027 inch (0.69 mm) for tubing 9/16 and 5/8 inch (14.3 and 15.9ymm), and
3) 0.028 inch (0.71 mm) for larger tubing sizes.
15.2.9 In a ppwer outlet using insulating material as a covering or protéction of uninsulated|live parts, the
head of a screp or rivet that:
a) Engages the mounting strap of a switch or
b) May|become live through failure of the switch
shall be located or protected by countersinking, oriby a method that has been determined to be the
equivalent, softhat it will not be exposed to unintentional contact from the front of the device.
16 Wiring Space
16.1 Generdl
16.1.1  The space within the efclosure shall provide room for the field installation of wires and cables.
16.1.2 A wiripng space shall be judged using the wire size indicated in 10.1.16. However, forlampacities of
110 amperes [or lessthe size is to be based on the use of 60°C (140°F) or 75°C (167F) rated wire

although the

16.1.3 If kn
bending of the

:[arking specifies 75°C rated wire.

maximum size of wire likely to be used.

ccommodate

Exception: A side-wiring space of less width may be provided if knockouts of required size are located
elsewhere and if they can be used in the wiring of the device.

16.1.4 The clear wiring space shall be free of all projections and obstructions, including interference from
moving parts of the switching mechanism. Such space shall not be less in total area than 250 percent of
the total cross-sectional area of the maximum number of wires that may be used in such space.

16.1.5 With reference to 16.1.4, minimum areas for some of the more common multiple-wire
combinations are given in Table 16.1.
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Table 16.1
Wire space
Minimum Minimum area required for multiple wires based on factor of 2.5
Maximum width and
size of wire | depth of wiring
or cable, space, Two wires, Three wires, | Four wires, Five wires, Six wires, Seven wires,
AWG

k:r:mil (mm?) [ inches (Mm) | in2 (em?) | in2 (cm?) | jn2 (cm?) | jn2 (cm) | jn2 (cm?)| jn2 (cm?)
12 33 358 95 | 014 09 [021 14 [o028 18 [035 23 |o042 27 |o049 32
10 53 358 95 | 023 15 [034 22 [o046 30 |057 37 | o068 44 |08 52
8 8.4 12 1271043 28 o064 41 | 085 55 | 107 69 | 128 83 | 150 97
133 || 558 159|062 40 |093 60 |124 80 |15 100 | 1.86 120 | 217 14.0
212 || 34 191 |08 52 | 120 77 | 160 103|200 129 | 240C~155| 280 18.1
267 || 34 191 | 091 59 | 136 88 |18 117|227 146 | 2720 176|| 318 205
336 || 778 222|103 66 | 155 100|206 133 | 258 166.[’3.10 200|| 361 233
42.4 1 254 [ 136 88 | 204 132 | 272 176 | 340 219 V408 263|| 476 307
10 535 1 254 [ 155 100 | 233 150 | 310 200 | 3.88 <250 | 466 30.1|| 543 350
200 674 1 254 [ 179 116 | 268 173 | 358 231 | 447~ 288 | 536 346|| 626 404
300 850 || 1-1/8 286 | 208 134 | 311 201 | 416 268 |19 335 | 622 401|| 727 469
40 1072 1-17/4 318 | 242 156 | 363 234 | 484 312605 390 | 726 46.8|| 847 546
250 127 || 1-358 349 | 296 191 | 444 286 | 592 382 | 740 477 | 888 57.3]| 1036 6658

- N W O

16.1.6 Spade inside the enclosure intended for field-installed, low-voltage wiring, such as:
a) Telgphone or other communication circuits,
b) Clags 2 or Class 3 wiring, or

¢) Community antenna television:cable,

shall be sepafated by barriers from.space containing power-circuit components or wiring. The space shall
be marked in pccordance with 35.76.

16.2 Wire-bending space

16.2.1  Wiretbending-space shall be provided at the field-wiring terminals for the largest conductor that
enters or leaves.the*enclosure. The wire-bending space shall be sized in accordance with Table 16.2. If a
power outlet |s\provided with subfeed terminals, the assumed size and number of supply and subfeed
conductors shall be the maximum accommodated by the wire connectors unless the power outlet is
marked as specified in 35.51. The number of wires per terminal in Table 16.2 shall be the sum of the
supply and subfeed conductors if they both are likely to leave through the same side of the enclosure. If
subfeed terminals are not provided, in applying Table 16.2, the assumed size and number of conductors
for each field wiring terminal shall be as specified in 16.1.2.

Exception: The wire-bending space may be provided in accordance with Table 16.3 if the conductor does
not enter or leave the enclosure wall opposite its terminal.

16.2.2 With respect to the requirement in 16.2.1, if a hole, knockout, or other provision for connection of
a wiring system for the main conductors is provided in the wall opposite the main terminals, the
construction shall be such that it will be obvious that the main conductors will enter or exit the enclosure
through that wall, and the wire-bending space for those conductors shall be as specified in Table 16.2.
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16.2.3 The wire-bending space from a connector, or from a hole, knockout, or other provision for
connection of a wiring system, to any barrier or other obstruction that is part of a power outlet shall be as
specified in Table 16.3.

16.2.4 If a wire is restricted by barriers, branch-circuit units, or other means, from being bent in a 90-
degree or S bend from the terminal to any usable location in the wall of the enclosure, the distance is to be
measured from the end of the barrier or other obstruction.

16.2.5 The distance mentioned in 16.2.1 — 16.2.3 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. The wire terminal
shall be constructed such that when turned in any possible position, there shall be no defeating of any

reliable means provided to prevent its turning, such as a:

a) Bosg;

b) Sho
c) Wall

d) Mult

A barrier, sho
reduce the rag
pole — that is,

Exception: Sig
the direction th
the wire will b
bending. If a t
multiple, the d
connectors fo
toward each g
perpendicular

Py
ilder;
5 of a recess;

ple bolts securing the connector, or the like.

ilder, or the like is to be disregarded when the measurement is being made
ius to which the wire must be bent. The main conngection for a neutral is cons
neutral branch terminals are not counted in this determination.

e bending space may be measured in a straight line from the center of the w
e wire leaves the terminal. However, it is assumed that the connector is not o
b directed into a corner to such extent that the transverse wall would necessi
brminal is provided with one or more lugs or connectors for the connection of|
istance is to be measured from:the wire opening closest to the wall of the en
a circuit are fixed in position-(for example, by the walls of a recess) so that th
ther, the distance is to be\measured at the wire opening nearest to the wall,
fo the wall.

Table 16.2
Minimum wire-bending space at terminals, inches

if it does not
dered to be a

ire opening in
iented so that
ate additional
conductors in
closure. If the
ey are turned
in a direction

Wire size, AW or Wires per terminal (pole)?

kemil 1 2 3 4 or more

14-10 Not = = -

specified

8 1-1/2 - - -

6 2 - - -

4 3 - - -

3 3 - - -

2 3-1/2 - - -

1 4-1/2 - - —

1/0 5-1/2 5-1/2 7 -

2/0 6 6 7-1/2 -

3/0 6-1/2 (1/2) 6-1/2 (1/2) 8 -

4/0 7 (1) 7-1/2 (1-1/2) 8-1/2 (1/2) -

Table 16.2 Continued on Next Page
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Table 16.2 Continued

Wire size, AWG or

Wires per terminal (pole)?

kemil 1 2 3 4 or more
250 8-1/2 2) 8-1/2 (2) 9 (1) 10

300 10 (3) 10 2) 1 (1) 12

350 12 (3) 12 (3) 13 (3) 14 (2)
400 13 (3) 13 (3) 14 (3) 15 (3)
500 14 (3) 14 (3) 15 (3) 16 (3)
600 15 (3) 16 (3) 18 (3) 19 (3)
700 16 3) 18 £3) 20 3} 22 (3)
750 17 (3) 19 (3) 22 (3) 24 (3)
800 18 20 22 24

900 19 22 24 22

1000 20 - ~ -

1250 22 - - -

1500 24 - - -

1750 24 - - -

2000 24 - - -

NOTE — For Sl pnits 1 inch =25.4 mm

& Wire-bending

1) Onl
lay-in

2) The|
parts @

Epace may be reduced by the number of inches shown in paréntheses under the following conditigns:

removable or lay-in wire connectors receiving one wjreeach are used (there may be more than ope removable or

Vire connector per terminal), and

removable wire connectors can be removed-from their intended location without disturbing structural or electrical

ther than a cover, and can be reinstalled withithe conductor in place.

Table 16.3
Wire bending space at terminals

Minimum bending space, terminal to wall

Wires per terminal

1 Table 16.3 applies as covered in the Exception to 16.2.1.

Size of| wire, 1 2 3 4 5

AWG or kemil (mn?) inches (mm) [ inches (mm) | inches (mm) |inches (mm) | fjnches (mm)
14 -10 21%53 Not specified - - - -
8-6 84 -13.3 15 38.1 - - — -
4-3 21.1-26.7 2 50.8 - - - -

2 33.6 2.5 63.5 - - — -

1 42.4 3 76.2 - - - -
1/0-2/0 53.5-67.4 3.5 88.9 5 127 7 178 -
3/0-4/0 85.0 - 107 4 102 6 152 8 203 —

250 127 4.5 114 6 152 8 203 10 254 —
300 - 350 152 -177 127 8 203 10 254 12 305
400 - 500 203 - 253 152 8 203 10 254 12 305 14 356
600 - 700 304 - 355 203 10 254 12 305 14 356 16 406
NOTES

2 For power outlets rated 110 amperes or less and marked to indicate use of both 60°C (140°F) and 75°C (167°F) wire, the wire
bending space is based on the use of 60°C insulated wire.
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16.3 Barriers

16.3.1 A nonmetallic barrier shall be:
a) Of material that complies with 15.2.1 — 15.2.6;
b) Not less than 1/4 inch (6.4 mm) thick; and

c) Supported to provide physical strength and rigidity.

Exception No. 1: The thickness of the nonmetallic barrier may be less than 1/4 inch if the barrier is located
so that it will not be subjected to mechanical abuse during installation or servicing or replacement of
components ofthe-power-cutiet-and-islocated-and-supported-so-that-itwill-previde-physical strength and

rigidity.

Exception No.|2: If the barrier is spaced away from live parts by the minimum distanceé spegified in Table
15.1 for live parts to grounded metal, the material is only required to comply with the "physical barrier only”
requirements gpecified in the Standard for Polymeric Materials — Use in Electrical Equipmerit Evaluations,
UL 746C.

16.3.2 An opening in a metal barrier through which a factory-installed wire or cable passg¢s, or through
which a field-iJ;staIIed wire can pass, shall be provided with a bushing or shall be formed so|that there will
be no sharp egiges with which insulated conductors may come in contact.

16.4 Bushings

16.4.1 A bushing used at the opening mentioned in-16.3.2 may be of:
a) Glass,
b) Pordelain,
c) Hard fiber,
d) Phenolic compositionyor

e) Cold-molded composition.

A metal eyeleflor grommet having a smoothly rounded surface on which the wire or cable cap bear may be
used in place ¢f a.bushing. A bushing of rubber, neoprene, polyvinyl chloride, or of hot-molded shellac and
tar compositionshall not be used.

16.4.2 The bushing may be of material other than those specified in 16.4.1 if the material complies with
the requirements specified in 15.2.1 — 15.2.6.

17 Grounding and Bonding
17.1 Ground bus

17.1.1 A power outlet or post-type of power outlet fitting shall have a copper or plated aluminum ground
bus, ground bar, or terminal. The bus, bar, or terminal shall be bonded to the enclosure if the enclosure is
of metal. The size of the bus or bar shall be as indicated for the main bonding jumper in Table 17.1 based
on the main ampere rating of the power outlet or fitting or footnote a to Table 17.1 if applicable. In a post-
type power outlet or fitting, the bus bar or terminal shall be mounted on a vertical wall of the enclosure
above any provision for a moisture seal and at a point accessible during and after installation.
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Exception: The grounding terminal may be sized in accordance with Table 17.2 if:
a) The power outlet or fitting is not intended for use as service equipment and

b) The power outlet is not provided with sub-feed terminals.
17.2 Terminal for neutral service conductor

17.2.1 A power outlet marked for service equipment use shall have a terminal for a grounded service
conductor, even though it has no provision for a grounded load conductor. If there is no provision for a
grounded load conductor, the grounded service conductor terminal shall:

a) Acgemmodate—a—condustorof-thesame-size—asthe-grounding-elestrode—sendyctor shown in

date } size—as—the—g g H
Table [17.1;

b) Be lbonded to the enclosure; and

c) Be ¢onnected to the grounding electrode conductor terminal.

Table 17.1
Size of grounding electrode conductor and main bonding jumper
Minimum size of grounding
electrode conductorand main Minimum cross sgction of main
$ize of line terminal conductor? bonding jumper bonding jumper
Copper, Aluminum, Copper, Aluminum, Copper, Aluminum,
Ampere | AWG AWG
rating not or or
exceeding | kgmil (mm?) | kemil (mm?) [ awg\" (mm?) | awg  (mm?) [ inch?  (mm?) | linch?  (mm?)
90 2 33.6 1/0 53.5 8 8.4 6 13.3 0.013° 8.4 D.021° 13.5
150 /0 53.5 3/0 85.0. 6 13.3 4 21.2 0.021° 13.5 0.033° 21.3
200 /0 85.0 250 127 4 21.2 2 33.6 0.033° 21.3 0.052° 33.6
300 350 177 500 253 2 33.6 1/0 53.5 |[0.052%¢ 336 |Q.083%¢ 535
400 600 304 900 456 1/0f 53.5 3/0f 85.0 |0.083%" 535 132¢f 85.0

@ The terminals fnay accommodate(larger wires than shown, but if so, the size of the main bonding conductor and the grounding
electrode conduftor shall be based on the size of the maximum line conductors that can be connected to the line tgrminal in
compliance with[17.5.1 and Table*17.3.

® A No. 8 (4.2 mn diametgr)'or larger brass or No. 10 (4.8 mm diameter) or larger steel screw, the head of which is|colored green
and is visible aftgr installation, may be used.

¢ A No. 10 or larger brass or steel screw, the head of which is colored green and is visible after installation, may be[used.

4 A No. 10 or lar§
having:

1) An ampere rating not exceeding 225 amperes or

2) Line terminals rated for accepting conductors not exceeding 4/0 AWG copper or 300 kemil aluminum.

i#a power outlet

¢ A 1/4 inch (6.4 mm) diameter or larger brass or steel screw, the head of which is colored green and is visible after installation, may
be used.

fWhen the ampere rating is 400 amperes, and the wire terminal connectors for the main service conductors are rated for two 3/0
AWG copper or two 250 kemil (127 mm?) aluminum conductors but will not accept a 600 kemil (304 mm?) conductor, these values
may be reduced to 2 AWG (0.052 square inch) copper or 1/0 AWG (0.083 square inch) aluminum.

17.2.2 The grounding electrode conductor terminal, covered in 17.2.1 and 17.3.1 and the main bonding
jumper, covered in 17.4.1, shall connect to the neutral on the supply side of the service disconnecting
means for the neutral as covered in 12.3 — 12.5.
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17.3 Grounding electrode conductor terminal

17.3.1 A grounding electrode conductor terminal sized in accordance with Table 17.1 for the main
ampere rating of the power outlet (or footnote a to Table 17.1, if applicable) or fitting shall be mounted on
the ground bus or bar or be part of the terminal mentioned in 17.1.1.

Exception No. 1: The grounding electrode conductor terminal may be mounted on the neutral in a power
outlet or power outlet fitting marked for use only as some type of service equipment.

Exception No. 2: In addition to the required terminal, a second grounding electrode conductor terminal
may be mounted on the neutral in a power outlet or fitting marked as being suitable for use as service
equipment.

17.4 Main bonding jumper

17.4.1 If the|power outlet or fitting is marked for use only as some type of service equigment, a main
bonding jumpeér sized in compliance with Table 17.1 for the ampere rating of the power outlet or fitting (or
footnote a to Tlable 17.1, if applicable) shall be connected between the neutral.conductor and the bus, bar,
or terminal mentioned in 17.1.1.

17.4.2 If the|power outlet or fitting is marked for use as any type of service equipment, but not for use

only as servi¢e equipment, a main bonding jumper as covefed in 17.4.1 shall be pro
connected between the neutral and the ground bus, bar, or terminal. The construction shal

ided but not
be such that

when the bondling means is not used, the minimum required\spacings will exist. Unless thelintended use
and method qf installation of the bonding means aresobvious, instructions for its installation shall be

provided. The| power outlet shall be marked to indicate”that the bonding means shall not|be used in a
power outlet irftended for use as recreational vehiclersite supply equipment.

17.4.3 A nedtral conductor or terminal shall*be insulated or isolated from grounded metal|and shall not
be bonded to the enclosure when it is shipped from the factory.

Exception: The¢ conductor or terminal'may be mounted to the enclosure as covered in 17.4.1.

17.5 Grounding electrode conductor and main bonding jumper when sub-feed terminals are
provided

17.5.1 A power outlet) provided with sub-feed terminals shall be provided with a grounding electrode
conductor and main_bonding jumper sized in compliance with Table 17.3 based on the maximum size
conductor thafis acCommodated by the line terminals.

Exception: If marked as covered in 35.51 the size of grounding electrode conductor and main bonding
Jjumper, in accordance with Table 17.3, shall be based on the maximum size line conductor specified in the
markings.

17.6 Equipment grounding terminal for 100-ampere rated mobile home

17.6.1 If a power outlet is marked for mobile home service equipment use and thereby has provision for
supplying the mobile home with fixed wiring, a pressure-wire connector sized in accordance with Table
17.2 shall be mounted on the bus, bar, or terminal mentioned in 17.1.1 for securing the equipment
grounding conductor from the mobile home. This connector shall be in the vicinity of the location of the
terminal for connecting the neutral conductor from the mobile home.
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Exception: The terminal may be separated from the bus, bar, or terminal mentioned in 17.1.1 if the
terminal is connected to such bus, bar, or terminal by a wire sized in compliance with Table 17.2 or a bus
sized in accordance with Table 17.1, or if the path is tested as covered in 19.1.1 and the Short Time Fault
Current Test, Section 28.

Table 17.2
Size of bonding conductor
Size of bonding conductor?
equipment, amperes AWG (mm?) AWG (mm?)
15 14 2.1 12 3.3
20 12 3.3 10 5.3
30 10 5.3 8 8.4
40 10 5.3 8 8.4
60 10 5.3 8 8.4
100 8 8.4 6 13.3
200 6 13.3 4 31.2
300 4 31.2 2 33.6
400 3 26.7 1 42.4
@ Or equivalent fross-sectional area.
Table 7.3

Size of giounding electrode conductor and main bonding jumper for sub-feed povTer outlets

Minimum size of grounding electrode Minimum cross setj:ion of main
Maximum dlize of line conductor conductor.and main bonding jumper bonding jumper
Copper, Aluminum, Copper, Aluminum, Copper, Aluminum,
AWG AWG AWG
or ) or ) ) or ) ) )
kemil (M) | kemil (MM AWG  (mm°) [ kemil (MM | jnch? (Mm% | jpch?  (mm?)
2 33|6 1/0 53:5 8 8.4 6 13.3 0.013 8.4 01021 13.5
1/0 53|5 3/0 85.0 6 13.3 4 21.2 0.021 135 0]033 213
3/0 85|0 250Q 127 21.2 2 33.6 0.033 21.3 0}052 33.6
350 17 500 253 33.6 1/0 53.5 0.052 33.6 0}083 53.5
600 3¢ 900 456 1/0 53.5 3/0 85.0 0.083 53.5 0}132 85.0
1100 557 1750 887 2/0 67.4 4/0 107 0.105 67.4 0}166 107
over 557 over 887 3/0 85.0 250 127 0.132 85.0 0.196 127
1100 1750

17.7 Receptacle grounding

17.7.1 A receptacle shall be grounded by a wire to the bus, bar, or terminal specified in 17.1.1 as
required in 17.7.2. If the receptacle is located on a plug-in fitting, a single jaw assembly complying with
17.8.2 may be used for all wires to the receptacles mounted on the fitting. The other part of the jaw
assembly shall be wired to the bus, bar, or terminal mentioned in 17.1.1.

Exception: Part of the power outlet or fitting enclosure may be in the bonding path if the path is tested as
covered in 19.1.1 and the Short Time Fault Current Test, Section 28.
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17.7.2 If wire is used for the conductive connection required by 17.7.1 and 17.7.3 it shall be stranded and
insulated, and the outer covering shall be identified by a continuous green color with or without one or
more yellow stripes. The minimum conductor size shall be in accordance with Table 17.2 as determined by
the maximum ampere rating of any component conductively connected to it. However, in a power outlet
marked for marina and boatyard service equipment use, the wire shall be copper and no smaller than 12
AWG (3.3 mm?). The conductor length shall be such as to permit ready servicing.

17.7.3 The removal or disconnection of any component from its mounting or grounding means shall not
impair the grounding continuity of any other component or grounded dead-metal part.

17.8 Bonding

17.8.1 All ex
a door or cove
17.11.

bosed metal of the power outlet or fitting enclosure and all dead metal that is, 6
r is open or closed shall be conductively connected to the bus, bar, or termin

xposed when
al specified in

17.8.2 A pov
receive its pov
grounding me
established 1

er outlet fitting (as mentioned in 4.4 and 4.6) or a power outlet is|intended to|automatically
er supply when plugged into its intended energized receiving.device, the dimensions of the
ans shall be such that grounding continuity (if applicable). between the enclpsures will be

8 inch (3.2 mm) before live contacts are energized. The resistance of the grounding

connection sh

Exception: Th

such that therg is no exposed grounded metal.

17.8.3 A plu
shall be subje

Exception: A 4

17.9 Bonding means for metallic conduit

17.9.1 A non
between all cq
the bonding 1
threaded ope
enclosure des|
for installation

bl not be more than 0.06 ohm in accordance with 1941,
b 1/8-inch dimension is not required if the plug-inunit has a nonmetallic base
J-in or bolted joint in the grounding path between a power outlet and a powe
ted to the test specified in the Short Time Fault Current Test, Section 28.

olted connection between two ground busses need not be tested.

metallic enclosure-shall have a bonding means provided to maintain continuity

neans shall be.Completely assembled to the product. For a construction H
ning, the/bonding means may be provided as separate parts for field in
gned for field assembly of the bonding means shall be provided with comple
Thetinstructions shall include the identification of the parts and their method o

or enclosure

r outlet fitting

of grounding

nduit openings: Fer a construction having a threaded opening or nipple for metal conduit,

aving a non-
stallation. An
e instructions
f installation.

Exception: Th

&~ boTTdiTTg TIearTs reed 110t be provided i a rornmetatiic ernclosare ot irterde

a metallic conduit system or metal clad cable if the enclosure is marked as covered in 35.56.

17.9.2
with 35.45.

d for use with

If the bonding means is not assembled to the product, the product shall be marked in accordance

17.9.3 The grounding continuity of the conduit system shall be a metal-to-metal contact not relying on
the insulating-material enclosure in any manner. Bonding between the parts of the conduit system at all
places where conduit may be connected shall be investigated with the insulation material in place or
removed as specified in 19.3.1.

17.9.4 A separate bonding conductor shall be copper, a copper alloy, or other material that has been
determined to be equivalent for use as an electrical conductor. Ferrous metal parts in the grounding path
shall be protected against corrosion by enameling, galvanizing, plating, or other means that have been
determined to be equivalent. A separate bonding conductor shall:
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a) Be protected from mechanical damage or be located within the confines of the outer enclosure
or frame and

b) Not be secured by a removable fastener used for any purpose other than bonding unless the
bonding conductor is unlikely to be omitted after removal and replacement of the fastener. The
ends of the bonding conductor shall be in metal-to-metal contact with the parts to be bonded.

17.9.5 The size of a separate component bonding conductor shall not be less than specified in Table
17.2 or less than the size of the conductor supplying the component, whichever is smaller. For power
outlets or power outlet fittings marked for marina or boatyard applications, a separate component bonding
conductor shall be copper, minimum 8 AWG (8.4 mm?), and not less than specified in Table 17.2.

Exception: O
the size of the

17.10 Grou

17.10.1 Scr
than 32 threa
is connected.

17.10.2 The
ohm in accorg

18 Luminai

18.1 A pows

Figure 18.1 shows examples of a power outlet previded with a lighting fixture.

18.2 A lumi
18.1, shall be
18.3 Foral
Figure 18.1, t
a) Del
b) The
as sp€

her than power outlets or power outlet Tittings marked for marina or boatya
bonding conductor may be reduced if it complies with requirements specified

nding and bonding connections

bws used for the connection of bus, bar, or terminals to the.enclosure shall
s per inch (25.4 mm). There shall be two or more full threads.in the metal to w
The metal may be extruded if necessary to provide the threads.

resistance between two parts connected by a bonding conductor shall not be
ance with 19.3.1.

fes

r outlet provided with a luminaire shaflcomply with the requirements specified

haire supplied by the samecsource as the power outlet, as shown in Examg
provided with overcurrent protection as specified in Overcurrent Protection, Se

uminaire supplied_by.a separate source from the power outlet, as shown in
e power outlet.and’'the luminaire shall comply with the following:

bted

power.outlet shall be marked to specify two ratings and to specify a multiple S
cified in 35.4 and 35.11, respectively.

H applications,
n 19.2.1.

have no more
hich the screw

more than 0.1

in18.2-18.3.

le 1 of Figure
ction 14.

Example 2 of

ource warning

¢) The Tuminaire shall be provided with branch circuit type overcurrent protection rated a maximum
of 20 amperes as specified in Overcurrent Protection, Section 14. Regarding short circuit ratings,
the construction shall comply with 2.1.8.

Exception: The luminaire need not be provided with the overcurrent protection specified if the power outlet
is marked as indicated in 35.12 and 35.74.

18.4 Deleted

18.5 Deleted
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Figure 18.1

Examples of a power outlet provided with a luminaire

NOT SE
1 — PARK OWNER
200
AMPERES 200
AMPERES
PARK OWNER Vi
5 (B0 NOT SE
15 OR 20
5 AMPERES
— PARK OWNER ~ 5
200 200
AMPERES AMPERES
s3609a

A — A 15- or 20-9
18.2.

B — A 15- or 20-4
protection, if marld

NOT SE - Not Se|

mpere rated switch (may be a snap switch) and a,cartridge fuse, a plug fuse, or a circuit break

Impere rated switch (may be a snap switch)-afid a cartridge fuse, a plug fuse, a circuit breaker,
ed as specified in 18.3.

fvice Equipment. Enclosure not bondedtoe-neutral.

br as specified in

br no overcurrent
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PERFORMANCE
19 Bonding Resistance and Conductor Tests
19.1 Plug-in grounding means

19.1.1  The 0.06-ohm value of bonding resistance specified in 17.8.2 is to be determined by measuring
the millivolt drop across the joint while passing a known current, usually 30 amperes, through the joint.

19.2 Reduced size bonding conductor

19.2.1 ed if:

a) Thg bonding conductor does not open when carrying, for the time specified/in| Table 19.1, a
current of twice the branch-circuit overcurrent-device rating but not less than 40,ampegres; and

b) Nome of three samples of the bonding conductor, selected at random; opens dlring a limited
short gircuit test with a current as specified in Table 19.2 when in series with a fuse gs described in

19.2.2
Table 19.1
Duration of current flow for bonding-conductor test
Overcurrent device rating, amperes Minimum duration of current flow, minutes
30 orless 2
31-60 4
61-100 6
101 -225 8
226 — 400 10
Table 19.2

Bonding conductor short circuit test

Maximum rating, amperes Circuit capacity, amperes
@—100 5000
over 100 10000

19.2.2 The circuitforthetestdescribedin 192 tistohavea powet factorof 6:9=+08-andis to be limited
to the current specified in Table 19.2. The open circuit voltage of the test circuit is not to be less than 100
percent nor more than 105 percent of the specified voltage. The circuit is to be connected through a
nonrenewable fuse, with design characteristics such that the fuse will not open in less than 12 seconds
when carrying twice the rated fuse current. One test is to be performed on each of three samples of the
bonding conductor. The fuse rating shall be that of the branch circuit overcurrent device to which the
equipment will be connected but not less than 20 amperes.

19.3 Bonding connection

19.3.1 If the bonding connection resistance as determined by an instrument does not comply with the
requirement in 17.10.1, an alternating or direct current of at least 20 amperes from a power supply of not
more than 12 volts is to be passed from the point of connection of the equipment-grounding means to the
metal part in the grounding circuit and the resulting drop in potential is to be measured between the two
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points. The resistance in ohms is to be determined by dividing the drop in potential in volts by the current in
amperes passing between the two points.

20 Strength Test of Insulating Base and Support

20.1 An insulating base or support and the bus or strap upon which wire connectors for field wiring are
mounted shall be subjected to the force created when the connectors, securing short lengths of
conductors of rated ampacity, are torqued to 110 percent of the value marked on the power outlet. The
base shall not be damaged as defined in 20.2.

Exception: The test is not required for wire connectors that are part of a unit (circuit breaker, switch, or the
like) installed in the field.

20.2 Damage is considered to have occurred when:
a) The pase insulating material cracks or rotates;
b) Bosges, recesses, or other means to prevent turning do not perform th€ir intended function;
c) Straps or bus bars bend or twist; or

d) Members other than the wire connector move at electricaljoints.

Minor chipping or flaking of brittle insulating material or momentary flexing of metallic memmbers without
deformation may occur if the performance is not otherwise impaired.

21 External Operating Mechanism Test

21.1 Following the icing test specified in the Standard for Enclosures for Electricdl Equipment,
Environmenta| Considerations, UL 50E, an enclosure marked with a Type 3S or Type 38X enclosure
designation sHall:

a) Be inspected for ice build-up;

b) Have the ice removed; and

22.1 General

22.1.1 To determine if an enclosure complies with 5.1.5, the enclosure shall be subjected to the rain and
splash test described in 22.2.1 — 22.2.5. Following the test, there shall not be water:

a) On any electrical device and

b) That enters the enclosure above the level of the lowest terminal lug or other live part.

Exception No. 1: Water may enter an enclosure through a ringless type meter opening, but there shall be
a permanent structural system to channel any accumulation of water to the outside of the enclosure. The
diameter of the meter opening shall not be less than 6.55 inches (166 mm).
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Exception No. 2: Water may be on the face but shall not be in the interior of a receptacle.
22.2 Test description

22.21 The complete enclosure with conduit connections (without pipe thread compound) is to be
mounted as in actual service with cord-connected attachment plugs installed in receptacles and a meter
installed in any enclosure having a ringless type meter opening. The dimensions of the meter are to be in
accordance with Figure 5.1. A meter opening for a ring type meter socket is to be sealed so as to prevent
entrance of water during the test.

22.2.2 An attachment plug is to be inserted into each receptacle after fully opening the cover, guard,
shield, or the like of the test assembly. The cover, guard, shield, or the like is then to be allowed to assume

its natural pogition — that is, a self-closing cover is to be allowed to close on the attachm

plug. The ins{

cover with a detent or other feature intended to hold it open is not to be manually closed on

that is used {
encountered
attachment pl

22.2.3 Aflat

rtion of the attachment plug and positioning of a shield or other device, othe
o protect the wiring device is to be accomplished with the degree of misu

Lig in either position.

surface extending 1 foot (0.3 m) beyond the power outlet in all directions is to

a) Att
b) Att

c) 1 fo

Exception: Th

a) Po
equipr

b) Poq
level;

c) Pow

2224 The
shown in Figy

|

e marked ground level of a post type power outlet;
e bottom of a pedestal type power outlet; or

bt below a nonpost or nonpedestal type power outlet.

e flat surface may be omitted for a:

wer outlet marked for use as‘recreational vehicle supply equipment and
hent;

t or pedestal type power-outlet with no live parts within 24 inches (610 mm)
Dr

er outlet other than a post or pedestal type marked as covered in 35.16.

vater-spray test apparatus is to consist of three spray heads mounted in a wat
re 224--Spray heads are to be constructed in accordance with the details sh

22.2. The watrr pressure is to be maintained at 5 pounds per square inch (34.5 kPa) at each

nt plug and a

The attachment

r than a cover,
se likely to be

n actual service. If a duplex receptacle is used, the test is to beconducted dising only one

be positioned:

mobile home

of the ground

er pipe rack as
own in Figure
head.

22.2.5 The water spray is to be applied to the enclosure from above to all four sides for 1 hour on each
side (4 hours total).
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Figure 22.1
Spray head piping
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Figure 22.2
Spray head
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23 Spray Test

23.1 A marina type power outlet is to be located with the bottom corner of the enclosure 3 feet (0.9 m)
horizontally from and 2 feet (0.6 m) above a spray head of the type illustrated in Figure 22.2. The spray
head is to be positioned so that the spray is aimed directly at the test assembly. The water pressure during
the test is to be maintained at 15 pounds per square inch (103.4 kPa). The receptacle cover, guard, shield,
or the like is to be opened completely, and then allowed to assume its natural position; that is, a self-
closing cover is to be allowed to close. However, a cover with a detent or other feature designed to hold it
open is not to be assisted in closing. The test is to be conducted without an attachment plug in the
receptacle. The spray is to be applied to the enclosure for 1 hour on each side (4 hours total). After
application of the spray, the test assembly is to be examined to determine if it complies with the
requirements in 22.1.1.

24 Dielectri¢ Test of Clamped Joint

241  With regpect to 15.1.2(d), a clamped joint between two insulators is to be tested using fwo samples.

a) Thelfirst sample is to have the clamped joint opened up to produce a’space 1/8-jnch (3.2-mm)
wide. This may be accomplished by loosening the clamping means or by drilling a 1/8-inch
diametgr hole at the joint between the insulators at a point of mipimum spacing betwgen the metal
parts the opposite sides of the joint. The drilled hole shall .not decrease spacings between the
opposife polarity parts as measured through the crack-between the insulators. |The 60-hertz
dielectfic breakdown voltage through this hole is theh determined by applying a gradually
increading voltage (500 volts per second) until breakdewn occurs.

b) The[second sample with the clamped joint intactis to be subjected to a gradually increasing 60-
hertz vpltage until 110 percent of the breakdown voltage described in (a) has been reached. If the
breakdpwn voltage described in (a) was lessthan 4600 volts rms, the voltage applied|to the second
samplg is to be further increased to 5000 volts rms and held for 1 second. Therg shall not be
electrigal breakdown of the second sample.

25 Dielectri¢ Voltage-Withstand Test

25.1 With reppect to 15.2.4, thettest specimen is to be placed between two opposing electrodes. The
electrodes arg to be cylindrigal-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 upper moveable electrode is to weigh 50 +2 drams to exert
pressure on thie specimen_to provide electrical contact.

25.2 The applied test potential is to be increased at a uniform rate of approximately 500 volts per second
from zero to the.applicable value specified in 15.2.4 and held at that value for 1 minute. The|potential is to
be essentially simusoidatamdtravea frequency of 60-hertzT heresthattnotbedietectric breakdown.

26 Short-Circuit Current Test
26.1 General

26.1.1 A power outlet or fitting with a short-circuit current rating shall comply with the applicable
requirements in the Standard for Panelboards, UL 67, modified as specified in this standard.

26.2 Testing of receptacles

26.2.1 A non-GFCl-type receptacle in a power outlet is to be tested as specified in 26.3.1 — 26.3.3. The
results of the tests are to be evaluated as specified in 26.4.1.
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Exception: A non-GFCl-type receptacle in a power outlet marked with a short-circuit current rating of
10,000 amperes or less need not be tested if the overcurrent protective device ahead of the receptacle
has a minimum short-circuit current rating of 10,000 amperes.

26.2.2 A GFCl-type receptacle in a power outlet is to be tested with a short-circuit current rating of
10,000 amperes in accordance with the Standard for Ground-Fault Circuit-Interrupters, UL 943.

Exception: A GFCl-type receptacle in a power outlet need not be tested if the power outlet has a short-

circuit current

rating of 2,000 amperes as specified in Table 33.1.

26.3 Short circuit procedure

26.3.1 With
inches (254

Table 26.1. A
joined in a pre

Exception: An

’Lespect to the tests specified in 26.3.2 and 26.3.3, the attachment plug is tob

m) per terminal of the minimum- and maximum-sized cord, respectively;
the end of the cord opposite from the attachment plug, the conductors|of the
ssure wire connector rated for the size of conductors involved.

attachment plug connected into a receptacle rated greater than 50 amperes

i

wired with 10
s specified in
cord are to be

is to be wired

with only the inaximum-sized conductor as determined by its rating.
Table 26.1
Wire size for attachment plug test leads
Rating of recgdptacle Single phase test leads 3-Phase test leads
accommodating . R o -
Minimum, Maximum, Minimum, Maximum,
attachment plug,
ampere$ AWG (mm?) AWG (mm?) AWG (mm?) AWG (mm?)
15 18 0.82 14 21 18 0.82 14 21
20 18 0.82 12 3.3 18 0.82 12 3.3
30 16 1.3 10 5.3 18 0.82 8 8.4
40 12 3.3 8 8.4 12 3.3 6 13.3
50 12 3.3 6 13.3 12 3.3 4 21.1
NOTE - Type S cord for sizes 18 — 10 AWG and Type SO cord for 8 AWG and larger.

26.3.2 The
breaker, and
position. The
intended in se

pranch circuit overcurrent protective device, consisting of either a fused swit
bll the main overcurrent protective devices, integral or separate, are to be in t
bttachment plug is to be wired with the minimum-sized cord and inserted in the
rvices/The test circuit is to be closed on the power outlet by an external switchi

ch or a circuit
he fully closed
receptacle as
ng means.

26.3.3 All switches and overcurrent protective devices, integral or separate, are to be in the fully closed
position. The attachment plug, wired with the maximum-sized cord, is to close the circuit by being

mechanically

inserted into the receptacle.

26.4 Evaluation of test results

26.4.1

applicable requirement if:

a) The

y comply with the criteria specified in the Standard for Panelboards, UL 67;

The results of the tests specified in 26.3.2 and 26.3.3 are considered to be in compliance with the

b) Not greater than 30 pounds (133 N) is required to break any welding between the attachment
plug blades and receptacle contacts; and
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c) The cord is not visibly damaged and, after removing the shorting pressure wire connector, the
cord can withstand the dielectric voltage specified in the Standard for Panelboards, UL 67, applied
between the individual conductors;

27 Conduit Connection Tests

271

2711

General

A polymeric enclosure intended for connection to a rigid conduit system shall withstand, without

pulling apart or damage such as cracking and breaking, the pullout test, torque test, and bending test
described in 27.2.1 — 27.4.2.

Exception: Th
and that has i
the enclosure.

27.2 Pullout

2721 Theg

and a direct ptill of 200 pounds (890 N) is to be applied for 5 minutes-to'a length of conduit i

opposite wall.
27.3 Torque

27.3.1 The €
installed cond
center of the g
to be 800 pou

N-m) for 2-inch and larger trade sizes.

27.4 Bending

27.4.1
of the largest
enclosure is td
horizontal plar]
end of the con

A length of conduit at least™ foot (305 mm) long of the intended size is to be installe

b forque test does not apply to an enclosure that is not provided with a préa
pstructions stating that the hub is to be connected to the conduit beforecbeing

hclosure is to be suspended by a length of rigid conduit installed in one wall of

nclosure is to be mounted as intended in\service. A torque is to be applied
it in a direction tending to tighten the cennection. The lever arm is to be meag
onduit. The tightening torque for rigid“conduit threaded into the opening in th
nd-inches (90.4 N-m) for 1-, 1-1/4-, and 1-1/2-inch trade sizes, and 1600 poun

unreinforced sdrface or in a hub or an opening if provided as part of the e
be mounted‘as intended in service, but positioned so that the installed condu
e. The weight necessary to produce the desired bending moment when suspe
Huit is {0 be determined from the formula:

ssembled hub
connected to

the enclosure
hstalled in the

to a length of
ured from the
e enclosure is
d-inches (181

i in the center
nclosure. The
t extends in a
nded from the

M-0.5CL
W= ——"—"-

in which:

L

W is the weight, in pounds (kg), to be hung at the end of the conduit;

M is the bending moment required in pound-inches (N-m). (1 N-m is equal to 9.8 kg-m);

C is the weight, of the conduit, in pounds (kg); and

L is the length of the conduit, in inches (m), from the wall of the enclosure to the point at which the

weight

is suspended.
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27.4.2 The bending moment for the test described in 27.4.1 shall be as specified in Table 27.1. If the
enclosure surface may be installed in either a vertical or horizontal plane, the vertical bending moment

value shall be used.

mm) for a 10 fo

Table 27.1
Bending moment
Bending moment
. . Metallic conduit, Nonmetallic conduit,
Normal mounting plane of Conduit size,
enclosure inches Lb-inch (N-m) Lb-inch (N-m)
Horizontal All 300 33.9 300 33.9
Vertical 1/2-3/4 300 33.9 300 33.9
1-up 600 67.8 300 33.9
NOTE — The tegt may be terminated prior to attaining the values specified if the deflection of the conduit exceeds 10 inches (254

t (3.05 m) length of conduit.

27.5 Knock

27.5.1 Ifkng
remain in pla
mandrel with
cause moven

28 ShortTi

28.1 A plug-
be subjected
part of the en

28.2 After h
between the

28.3 Any inx’ilcating device'such as an ohmmeter, battery and buzzer combination, or th

used to deter

puts

ckouts are incorporated in the design of an enclosure tmade of polymeric matg¢
ce when subjected to a force of 20 pounds (89 N)\applied at right angles §
A 1/4 inch (6.4 mm) diameter flat end. The mandrel shall be applied at the poin
ent of the knockout.

me Fault Current Test

in or bolted joint in the grounding path between a power outlet and a power ou
o the current specified in Table 28,1 for the time indicated. The test is also to i
tlosure is in the grounding path_as covered in the Exception to 17.7.1.

aving carried the current’/specified in 28.1, there shall be electrical contint
ower outlet and the fower outlet fitting.

ine if continuity exists.

rial, they shall
y means of a
t most likely to

tlet fitting shall

e conducted if

ity that exists

b like, may be

Table 28.1
Short time fault current
Size of equivalent grounding
conductor®
Maximum amperes rating of overcurrent Copper,
protection AWG (mm?) Time, seconds Amperes
15 14 2.1 4 300
20 12 3.3 4 470
60 10 53 4 750
100 8 8.4 4 1180
200 6 13.3 6 1530
300 4 21.2 6 2450
400 3 26.7 6 3100
@ Minimum conductor size that would be required if a metal-to-metal joint did not exist.
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