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INTRODUCTION
1 Scope

1.1 These requirements cover energy management equipment and associated sensing devices rated
600 volts or less and intended for installation in accordance with the National Electrical Code, NFPA 70.

1.2 This equipment energizes or de-energizes electrical loads to achieve a desired use of electrical
power. The equipment is intended to control electrical loads by responding to sensors or transducers
monitoring power consumption, by sequencing, by cycling the loads through the use of preprogrammed
data logic circuits, or any combination thereof. Devices responding to signals from a utility company may

receive the signals over the power lines or as radio signals.

1.3 Theser
limited power

1.4 These r¢quirements do not cover switching devices operated by a mechanical or eled

clock mecha
operated ene

1.5 Controls
are covered U

2 Compongnts

2.1
requirements
products covs

2.2 A compq

a) Inv

produg

b)lss
2.3 Acomp
use.

Except as indicated in 2.2, a component of a preduct covered by this standard shall ¢

bquirements also cover equipment intended for connection only to a low:vo
supplied by a Class 2 transformer.

nism to energize or de-energize loads. These requirementssdo cover el
gy management equipment.

intended to be installed in air handling spaces or in other environmental air sp
nder the scope of this standard.

for that component. See Appendix A'for a list of standards covering compone
red by this standard.

nent is not required to comply with a specific requirement that:

blves a feature or characteristic not required in the application of the con
t covered by this standard, or

iperseded by a‘requirement in this standard.

tage circuit of

tromechanical
ectronic clock

ace (plenums)

bmply with the
hts used in the

ponent in the

bnent shallkbe used in accordance with its rating established for the intended conditions of

meomol

carmBanant

2.4 Specific

H=SEP-V-N--X TIRP-N 1P~V -V~ 1T~V - trintad o
T oUTStracuorT rcatarcs— Ot TCSUTCtCU— 11T

performance

at
TTCOTTTPTCTC

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.

3 Units of Measurement

3.1

value is the requirement.

When a value for measurement is followed by a value in other units in parentheses, the first stated

3.2 Unless otherwise indicated, all voltage and current values mentioned in this standard are root-mean-

square (rms).
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4 Undated References

4.1
interpreted as

5 Glossary

5.1 Forthep

referring to the latest edition of that code or standard.

urpose of this standard the following definitions apply.

Any undated reference to a code or standard appearing in the requirements of this standard shall be

5.2 CLASS 2 SYSTEM - A circuit, transformer, or power source having energy- and voltage-limiting
characteristics as described in the National Electrical Code, ANSI/NFPA 70.

5.3 CONTROLLED ENVIRONMENT — An environment relatively free of contaminants

!

ay also be provided by means of a totally closed, gasketed enclosure orithe’equivalent.

environment

5.4 DEAD-C
controlled rect

5.5 FIELD-W
supply conneg

5.6 ISOLATH

low-voltage cirfcuit) involving a potential of not more than 42.4.volts peak supplied by one of t

a)An g

b) A ng
device

c) Ag

complig¢s with all the-performance requirements for an energy-limiting Class 2 transfo

source

d) A dr

ASE-MOUNTED SEMICONDUCTOR — A semiconductor, such\as a trig
fier, employing an integral metal tab or stud that is insulated from'live parts.

IRING TERMINAL — A wiring terminal on permanently=connected equipn
tions are made when the equipment is installed in the field:

D LIMITED-ENERGY LOW-VOLTAGE CIRCUIF —A circuit (also hereafter rg

nergy-limiting Class 2 transformer;

n-energy-limiting Class 2 transformgpand an overcurrent protective device. |
is:

1) Not to be of the automatic'reclosing type;
2) To be trip-free from the feclosing mechanism; and
3) Not to be readilyinterchangeable with a device of a different rating;

pmbination of ‘an isolated transformer secondary winding and a fixed im

-cell battery having output characteristics not greater than those of an energy

A controlled

¢ or silicon-

ent to which

ferred to as a
ne following:

[he protective

pedance that
‘mer or power

limiting Class

2 trans

former or power source; or

e) A combination of a rechargeable battery and a fixed impedance that complies with all of the
performance requirements for an energy-limiting Class 2 transformer or power source.

5.7

ISOLATED LIMITED-ENERGY SECONDARY CIRCUIT — A circuit derived from an isolated

secondary winding of a transformer having a maximum capacity of 100 volt-amperes and an open-circuit
secondary-voltage rating not exceeding 1000 volts.

5.8

ISOLATION — Electrical separation between two locations.

5.9 JUNCTION TEMPERATURE - A theoretical temperature based on a simplified representation of the
thermal and electrical behavior of a semiconductor device.
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510 MAXIMUM CASE TEMPERATURE - A specification, usually in the form of a curve of on-state
current versus maximum case temperature, that refers to the maximum case temperature of a thyristor
with regard to the on-state current. The case is an external point on the thyristor where this temperature is
related to the maximum junction temperature for the thyristor.

5.11 NONISOLATED LIMITED-ENERGY LOW-VOLTAGE CIRCUIT (POWER SOURCE) — A circuit
derived from a source of supply classified as line-voltage by connecting impedance in series with the
supply circuit as a means of limiting the voltage and power to comply with Class 2 characteristics.

5.12 OPPOSITE POLARITY — A difference of potential between two points, where shorting of these two
points would result in a condition involving overload, rupturing of printed wiring board tracks, components
or fuses, and the like.

5.13 OPTIC
into a single p

AL ISOLATOR — A photon-coupled device consisting of a light source and ser
ackage that provides circuit isolation.

sor integrated

5.14 PILOT|DUTY RATING — A rating applied to electromagnetic loads.

5.15 PORTA
or moved abg

BLE EQUIPMENT - Cord- and plug-connected equipment that is capable o
ut.

being carried

5.16 PRIMARY CIRCUIT — The wiring and components that ‘are conductively connected
circuit.

to the supply

5.17 PULSH TRANSFORMER - A transformer intendédto pass pulse waveforms as distinguished from
sine waves.
5.18 SAFETY CIRCUIT — A primary or secondary circuit that contains a control relied upon to reduce the

risk of fire, elg

5.19 SAFET
auxiliary equi
injury to persd

5.20 SECOI

5.21 STATIC
in place, or lo

ctric shock, or injury to persons at'the controlled equipment.
Y CONTROL — An automatic control and interlock (including relays, switch
bment used to form a system) which is intended to reduce the risk of fire, ele
ns.

NDARY CIRCUIT — A circuit supplied from a secondary winding of an isolating

DNARY'EQUIPMENT - Cord- and plug-connected equipment that is intended
cated'in a dedicated space.

es, and other
ctric shock, or

transformer.

to be fastened

5.22 USER SERVICING - Any form of servicing that can be performed by personnel other than those
who are trained to maintain the particular equipment is considered user servicing. Some examples of user

servicing are:

a) The attachment of accessories by means of attachment plugs and receptacles or by means of
other separable connectors.

b) The

changing of tapes and the like that do not involve complicated operations.

c) The replacement of recording tapes, disks, program boards, punched cards, or paper forms.
Replacement of lamps and fuses and resetting of circuit breakers located in an operator-access
area unless the lamps, fuses, or circuit breakers are marked to indicate replacement or resetting
only by qualified service personnel.

d) The making of routine operating adjustments necessary to adapt the unit for its different
intended functions.
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€) Routine cleaning of data-handling media.
CONSTRUCTION
6 General
6.1 An electronic or solid-state circuit used in a back-up, limiting, or other safety control, including
controls that require a calibration test, is evaluated on the basis of its compliance with the requirements in
this standard. Electronic components shall comply with the requirements for the application.
6.2 A circuit extending from the equipment and intended for connection to a low-voltage Class 2 circuit

as defined in more than 30
volts rms (42.4 volts peak) and be supplied by:

a) A primary battery;
b) A standard Class 2 transformer; or

c) A combination of a transformer and a fixed impedance that, as)a unit, compligs with all the
performance requirements for a Class 2 transformer.

6.3 A circuit derived from a line-voltage circuit by connecting resistance in series with the[supply circuit
as a means pf limiting the voltage and current is considered-to be a low-voltage cir¢uit when the
impedance hap been investigated for such use. See Isolating Resistor Evaluation, Section 671.

6.4 The equipment shall use materials that comply with\the requirements for the application and shall be
made and finighed with the degree of uniformity and-grade of workmanship practicable in a well-equipped
factory.

7 Frame and Enclosure
7.1 General

7.1.1 Equipnpent shall be formed and assembled so that it will have the strength and rigidity necessary to
resist the abuges to which it may be subjected, without increasing the risk of fire, electric shogk, or injury to
persons due tp total or partial collapse resulting in a reduction of spacings, loosening or displacement of
parts, or other|serious,defects.

7.1.2 Equipnl\ent that complies with the requirements in 7.1.3 — 7.8.6 is considered to comply with 7.1.1.

7.1.3 Electrical parts of the equipment, other than a supply cord or low-voltage terminals, shall be
located or enclosed so that the risk of unintentional contact with uninsulated live parts will be reduced.

Exception: An enclosure is not required for equipment intended for field installation within the enclosure of
another product provided that:

a) All required markings are provided as specified in Sections 72 — 75 and

b) The temperature, overvoltage and undervoltage tests are conducted with the equipment in a 40
12°C (104 £3.6°F) ambient. See Barriers, Section 37, and the Overvoltage and Undervoltage
Tests, Section 43.

7.1.4 Equipment incorporating an air-filtering system or utilizing a tight-fitting enclosure may be subject
to an investigation to determine whether it provides the equivalent of a controlled environment.
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Exception: A gasketed enclosure is considered to provide an enclosed environment.

7.1.5 An air filter acting as an enclosure part shall comply with the requirements for Class 1 filters as
specified in the Standard for Air Filter Units, UL 900. If abnormal tests show that an equivalent flame

barrier exists,

7.2 Covers

7.21

then an air filter is not considered to be an enclosure part and may be omitted.

firmly securing it in place.

7.2.2 Sheet-metal screws threading directly into metal shall not be used to attach a cover,

part that is rq
tapping mach

7.2.3 Sheet
operation ma

724 Anen
functioning of

operation of the device.

Exception: A

a) Supplementary fuses in control circuits, provided the devices and circuit loads

Same

b) Sur
ampel

c) Extr

d) Ovq

7.2.5 Adoo
a) Shu

b) Hay

moved to install field wiring or for operation of the equipment. Machine sc
ne screws may thread directly into sheet-metal walls. See 18.1.19.

metal screws mounting internal components that are not removed for
thread directly into metal.

Closure cover shall be hinged if it gives access to a fuse«or other overcurre
which requires renewal, or if it is necessary to opensthe’cover in connectig

ninged cover is not required if the only overload-protective devices enclosed ar]

pnclosure;

plementary overcurrent devices rated 2 amperes or less for loads not excee
eS;

actor fuses having an integral enclosure; or

rcurrent devices conpected in a low-voltage circuit. See 5.6.

or cover givingaccess to a fuse or thermal cutout in other than a low-voltage ¢
t closely against a 1/4 inch (6.4 mm) rabbet or the equivalent,

e turned flanges for the full length of four edges, or

c) Hay

An enclosure and a part of an enclosure such as a door or cover shall be provided with means for

door, or other
rews and self-

installation or

nt device, the
n with normal

e.

are within the

ding 100 volt-

ircuit shall:

e angle strips fastened to it.

Flanges or angle strips shall fit closely with the outside of the walls of the box proper and shall overlap the
edges of the box not less than 1/2 inch (12.7 mm). A construction determined to provide equivalent
protection or a combination of flange and rabbet may be used. See Figure 7.1 and Figure 7.2.
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Figure 7.1
Rabbet

< | LS
| —

‘ ‘ 1/4 INCH

(6.4mm)

SAOQYO2A

Figure 7.2

Measurement of overlap

— W
SA0570

7.2.6 A strip used to provide a rabbet and an angle strip fastened to the edges of a door shall be secured
at not less than two points, not more than 1-1/2 inches (38.1 mm) from each end of each strip and at points
between these end fastenings not more than 6 inches (152 mm) apart.
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7.2.7 If a cover is required by 7.2.4 to be hinged, then the cover shall not depend solely upon screws or
other similar means requiring the use of a tool to hold it closed, but shall be provided with a spring latch or
catch, or a hand operable captive fastener.

7.2.8 A snap-on cover that gives access to bare live parts or film-coated wire and that does not require a
tool for removal shall have no apparent means of removal, such as an extending tab, and shall withstand
the Cover Retention Test, Section 62.

7.2.9 The continuity of a bonding means for a snap-on or fastener-attached cover shall comply with the

requirements

in Bonding of Internal Parts, Section 20.

7.3 Transformers

7.3.1 A ftrar
equipment, of

7.3.2 A she
uncoated and

Exception: SH
inch (0.58 m
inches (57.2 1

7.3.3 A cas
enclosure of
requirements

7.4 Cast metal

7.4.1 A cast
thick at reinfo

Exception: Of

a) 3/3
dimen

b) 1/1
than 6

sformer shall be housed within its own enclosure or within the main len
within a combination of the two.

bt-steel transformer enclosure shall have a thickness of at least 0.026 inch
atleast 0.029 inch (0.74 mm) if galvanized.

eet steel having a thickness of at least 0.020 inch (0.51 mm) if uncoated and|
n) if galvanized may be used for a drawn end bell_ having maximum dimen
hm) on the flat portion and 1-1/2 inches (38.1 mm)‘at the base of the drawn po

-metal transformer enclosure shall comply-with the requirements in 7.4.1.
bther material shall have the necessary sttength and rigidity and otherwise ¢
for the application.

cing ribs and door edges, and at least 1/4 inch (6.4 mm) thick at tapped holes

her than at plain orthreaded conduit holes, die-cast metal shall be minimum:

D inch (2.4 mm) thick for an area greater than 24 square inches (154.8 cm?)
sion moresthan 6 inches (152 mm).

b inch-(1.6 mm) thick for an area of 24 square inches or less and having no d
inches. The area limitation may be obtained by the provision of reinforcing rib$

Closure of the

(0.66 mm) if

at least 0.023
sions of 2-1/4
tion.

A transformer
bmply with the

-metal enclosure shall be.atlleast 1/8 inch (3.2 mm) thick at every point, morg¢ than 1/8 inch

for conduit.

or having any

imension more
5 subdividing a

larger

rea

¢) 0.035 inch (0.89 mm) thick if the enclosure will not be used as a splice box and if the voltage
rating of the complete device is such that the voltage between any two conductors is 250 volts or
less and is limited to direct current or single-phase alternating current.

d) 0.028 inch (0.71 mm) thick if the enclosure houses only low-voltage circuits.

7.5 Sheet metal

7.51

enclosure shall not be less than that specified in Table 7.1 and Table 7.2.

Other than at points where a wiring system is to be connected, the thickness of a sheet-metal
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Table 7.1
Minimum thickness of sheet metal for electrical enclosures — carbon steel or stainless steel

With supporting frame or equivalent - ..
Without supporting frame® reinforcing? m::l'("r::s"; thix::sr:nsuxetal
Maximum width,® | Maximum length,® | Maximum width,”® | Maximum length, uncoated, coated,
inches (cm) inches (cm) inches (cm) inches (cm) inch (mm) inch (mm)
4.0 (10.2) Not limited 6.25 (15.9) Not limited
4.75 (12.1) 5.75 (14.8) 6.75 (17.1) 8.25 (21.0) | 0.020° (0.51) | 0.023¢  (0.58)
6.0 (15.2) Not limited 9.5 (24.1) Not limited
7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8) 0.026¢ (0.66) 0.029¢ (0.74)
8.0 (20.3) Not limited 12.0 (30.5) Not limited
9.0 (22.9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6) 0.032 (0.81) 0.p34 (0.86)
125 (31.8) Not limited 19.5 (49.5) Not limited
14.0 (35.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) 0.042 (1-07) 0.p45 (1.14)
18.0 45.1) Not limited 27.0 (68.6) Not limited
20.0 (50.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4) 0.053 (1.35) 0.p56 (1.42)
22.0 (55.9) Not limited 33.0 (83.8) Not limited
25.0 (63.9) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2) 0.060 (1.52) 0.p63 (1.60)
25.0 (63.p) Not limited 39.0 (99.1) Not limited
29.0 (73.1) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5) 0.067 (1.70) 0.p70 (1.78)
33.0 (83.8) Not limited 51.0 (129.5) Not limited
38.0 (96.5) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6) 0.080 (2.03) 0.p84 (2.13)
42.0 (106{7) Not limited 64.0 (162.8) Not limited
47.0 (11944) 59.0 (149.9) 68.0 (¥72.7) 84.0 (213.4) 0.093 (2.36) 0.p97 (2.46)
52.0 (1321) Not limited 80.0 (203.2) Not limited
60.0 (152/4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6) 0.108 (2.74) 0.f111 (2.82)
63.0 (160{0) Not limited 97.0 (246.4) Not limited
73.0 (185/4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6) 0.123 (0.123) 0.126 (3.20)
@ See 7.5.4 for dgscription of supporting-frame and method for accomplishing equivalent reinforcing.
b The width is thel smaller dimension of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfhces of an
enclosure may have common’supports and be made of a single sheet.
¢ Not limited appl|es only ifithe edge of the surface is flanged at least 1/2 inch (12.7 mm) or fastened to adjacent surfaces not
normally removegl in use:
9 Sheet steel for #n enclésure intended for outdoor use — raintight or rainproof — shall not be less than 0.034 inch (0}86 mm) thick if
zinc coated and hotlgss 0.032 inch (0 81 mm) thick if uncoated

Table 7.2
Minimum thickness of sheet metal for enclosures— aluminum, copper, or brass

Without supporting frame?

With supporting frame or equivalent

reinforcing?

Maximum width,° Maximum length,° Maximum width,” Maximum length, Minimum thickness,
inches (cm) inches (cm) inches (cm) inches (cm) inch (mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited
35 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1) 0.023¢ (0.58)

Table 7.2 Continued on Next Page
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Table 7.2 Continued

Without supporting frame?

With supporting frame or equivalent
reinforcing®

Maximum width,”

Maximum length,®

Maximum width,°

Maximum length,

Minimum thickness,

inches (cm) inches (cm) inches (cm) inches (cm) inch (mm)
4.0 (10.2) Not limited 10.0 (25.4) Not limited
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.3) 0.029 (0.74)
6.0 (15.2) Not limited 14.0 (35.6) Not limited
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) 0.036 (0.91)
8.0 20.3) Not limited 19.0 (48.3) Not limited
9.5 24.1) 1.5 (29.2) 21.0 (53.3) 25.0 (63.5) 0/04p (1.14)
12.0 30.5) Not limited 28.0 (71.1) Not limited
14.0 35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) 0.058 (1.47)
18.0 45.7) Not limited 42.0 (106.7) Not limited
20.0 50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (189.7) 0.075 (1.91)
25.0 63.5) Not limited 60.0 (152.4) Notlimited
29.0 73.7) 36.0 (91.4) 64.0 (162.6) 780 (198.1) 0.095 (2.41)
37.0 94.0) Not limited 87.0 (221.0) Not limited
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) 0.12p (3.10)
52.0 (132.1) Not limited 123.0 (312.4) Not limited
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) 0.158 (3.89)

normally removgd in use.

inch (0.74 mm) fhick.

& See 7.5.4 for description of supporting frame and method for acgamplishing equivalent reinforcing.

® The width is the smaller dimension of a rectangular piece of'shéet metal that is part of an enclosure. Adjacent suffaces of an
enclosure may have common supports and be made of a_single sheet.

¢ Not limited applies only if the edge of the surface is flanged at least 1/2 inch (12.7 mm) or fastened to adjacent syrfaces not

4 Sheet copper, |brass, or aluminum for an enclosure intended for outdoor use — raintight or rainproof — shall not b less than 0.029

7.5.2 At points at which a wiring system is to be connected, uncoated steel shall be at Iegast 0.032 inch
(0.81 mm) thigk, zinc-coatéd steel shall be at least 0.034 inch (0.86 mm) thick, and nonferrgus metal shall
be at least 0.045 inch (1:14 mm) thick.

7.5.3 Table [.1.and Table 7.2 are based on a uniform deflection of the enclosure surfacg for any given

load concentrpted at the center of the surface regardless of metal thickness.

7.5.4 With reference to Table 7.1 and Table 7.2, a supporting frame is a structure of angle or channel, or
a folded rigid section of sheet metal, that is rigidly attached and has essentially the same outside
dimensions as the enclosure surface and sufficient torsional rigidity to resist the bending moments that
may be applied via the enclosure surface when it is deflected. Equivalent reinforcing may be accomplished
by constructions that will produce a structure that is as rigid as one built with a frame of angles or
channels. Constructions considered to be without supporting frame include:

a) A single sheet with single formed flanges (formed edges);

b) A single sheet that is corrugated or ribbed;

c) An enclosure surface loosely attached to a frame — for example, with spring clips; and

d) An enclosure surface having an unsupported edge.
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7.6 Nonmetallic

7.6.1 The requirements in 7.6.2 — 7.6.8 apply to polymeric enclosures.

7.6.2 A nonmetallic enclosure or enclosure part shall have mechanical strength and durability and be
formed so that operating parts will be protected against damage and shall resist the abuses likely to be
encountered during installation and normal use and service.

7.6.3 An enclosure or enclosure part shall protect persons against a risk of electric shock, and the
material shall not create or contribute to a risk of fire, electric shock, or injury to persons.

7.6.4 Amon
are:

the factors that are to be taken into consideration when judging a nonmetallic enclosure

a) Mechanical strength;

b) Resistance to impact;

¢) Moisture absorption;

d) Resistance to combustion and to ignition from electrical sources;
e) Dielgctric properties, insulation resistance, and resistanice to arc tracking; and

f) Resi
under ¢

stance to distortion and creeping at temperatures to which the material may|
onditions of normal or abnormal use.

be subjected

as a result of
ended to be

A material shall not display a loss of these properties beyond the minimum required level

aging. Tests
permanently ¢

7.6.5 Enclos
requirements i

on nonmetallic enclosures for stationary equipment and equipment int
bnnected electrically shall be ceriducted in accordance with Sections 81 — 96.

h the Standard for Polymeric Materials — Use in Electrical Equipment Evaluatig

7.6.6 A polymeric enclosure.intended for connection to a permanent wiring system shall

tests describe

7.6.7 If conti
dimensional s
material shall

iin 61.1.1 - 61:1.6.

huity ofa,'grounding system relies on dimensional integrity of a nonmetallic
ability-of the material shall be considered in addition to the factors mentioned
vithstand the Creep and Overcurrent Test, Section 96.

res for portable equipment shall be evaluated in accordance with the applicable

ns, UL 746C.

withstand the

material, the
in 7.6.4. The

7.6.8
accordance wi

th 75.7.

If a bonding means is not assembled to the equipment, the equipment shall be marked in

7.6.9 A part, such as a dial or nameplate, that is a part of an enclosure shall be metal or other material as
specified for the enclosure in7.4.1 - 7.6.4.

7.6.10 A nonmetallic part, such as a reset knob, lever, or button that protrudes through a hole in the
enclosure that is not larger than an area of 1 square inch (6.45 cm?) shall be made of material classified V-
2 or better in accordance with the Standard for Tests for Flammability of Plastic Materials for Parts in
Devices and Appliances, UL 94.

7.6.11 A nonmetallic part that protrudes through a hole having an area larger than 1 square inch (6.45
cm?) shall be made of material that complies with the requirements in 7.6.2 — 7.6.4 and 7.6.9. See 8.2.1.
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7.6.12 A nonmetallic cover attached by screws shall comply with the Cover Retention Test, Section 62,
with the screws loosened one full turn.

7.6.13 Electrical controls employing polymeric parts that are intended to be installed in air handling
spaces or in other environmental air space (plenums) shall be investigated for the application and their
fire-resistance and low-smoke-producing characteristics in accordance with the Standard for Fire Test for
Heat and Visible Smoke Release for Discrete Products and Their Accessories Installed in Air-Handling
Spaces, UL 2043.

7.7 Windows

7.7.1 Glass covering an observation opening shall be secured in place so that it cannot be readily
displaced in service, and shall provide mechanical protection for the enclosed parts.

7.7.2 Glass
inch (1.6 mm
and having n
Glass used td
conform to on

a) The

performance specifications in the Performance Specifications and Methods of T

Glazin

b) Shg
Sectio

7.7.3 Atran
comply with th

7.8 Raintight and rainproof enclosures

for an opening not more than 4 inches (101.6 mm) in any dimension‘shall b
thick, and glass for a larger opening, but not more than 144 square itiches (93
b dimension greater than 12 inches (304.8 mm), shall be at least 1/8 inch (
cover an area larger than 144 square inches shall not be less, than 1/8 inch
e of the following:

glass shall be of a nonshattering or tempered type that, when broken, shall

g Material Used in Buildings, ANSI Z97.1-1975; or.

Il withstand the 2.5 foot-pound (2.4 J) impact specified in the Glass Windo
N 64.

sparent material other than glass used as a covering over an opening in an ¢
e requirements in7.6.2—-7.6.4 and 7.6.9-7.6.12.

b at least 1/16
9 cm?) in area
B.2 mm) thick.
thick and shall

conform to the
est for Safety

v Impact Test,

nclosure shall

7.8.1 When|subjected to the RainJest, Section 60, an enclosure designated as:
a) Raintight shall be constructed so that rain does not enter the enclosure.
b) Raipproof shall be constructed so that rain does not interfere with the operation of{the apparatus
used within thé enclosure.

7.8.2 A rainfightyor rainproof enclosure shall be marked as specified in 72.7.

7.8.3 A gasket used to make an enclosure raintight or rainproof shall be tested as specified in the
Accelerated Aging Tests, Section 58.

7.8.4 A raintight or rainproof enclosure shall be provided with external means for mounting.

Exception: A rainproof enclosure may be provided with internal means for mounting if the mounting means
is constructed so that water cannot enter the enclosure.

7.8.5 An opening for conduit in a raintight enclosure, other than in the bottom of the enclosure, shall
either be threaded, or accommodate a specific hub complying with the requirements for such devices.

7.8.6 An opening for conduit in a rainproof enclosure shall either:
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a) Be threaded or

b) Accommodate a specific hub complying with the requirements for such devices unless the
opening is located wholly below the lowest terminal lug or other live part within the enclosure.
There shall be provision for drainage of the enclosure if a knockout or unthreaded hole is provided
other than in the bottom.

8 Openings

in Enclosures

8.1 Ventilating openings

8.1.1

A ventilating opening shall not be provided in an enclosure that houses a fuse or any portion of a

circuit breaker
breakdown dis
725-7.217.

8.1.2 Aventi
field-wiring spl

8.1.3 Aventi

8.1.4 The sh
mounting surf;
(25.4 mm), wh

8.1.5 A vent

not permit maferials to fall directly out from the interior of the unit. Figure 8.1 illustrates a co

meets this req

turbances equivalent to that provided by an enclosure complying with the re
ating opening shall not be provided in a compartment or part of@n enclosurg
ces in a line-voltage circuit.

ating opening shall not be located in a mounting surface of an enclosure.
ortest distance between a ventilating opening and the bottom of an enclos
ce shall be at least one-quarter of the enclosuire height or depth, respectiy
ichever is less.

lating opening may be provided in the bottom surface of an enclosure if the

Llirement.

other than the operating handle, unless the construction affords containmemt of electrical

quirements in

that contains

Ure or a wall-

ely, or 1 inch

opening does
hstruction that
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Figure 8.1

Bottom panel baffles

2X BUT NEVER LESS

<_/THAN 1"(25.4mm)

BAFFLE PLATES

(MAY BE BELOW
BOTTOM OF MACHIN

E)

EC515

8.1.6 There
manifestation
burnout of a r

8.1.7 Unless
path between
be conducted

8.1.8 Airfro

—i] X< |———

BOTTOM OF MACHINEM

shall be no emission of flame or molten material through a ventilatin
of risk of fire, during normal(tests or during abnormal tests, such as transform
blay with blocked armature}

the construction-of'equipment provided with forced ventilation is such that the
live parts and the-Outlet opening, burnout tests in addition to those mentione
to determing'that there is no emission of flame or molten material through that

M a ventilating opening, either forced or otherwise, shall not be directed:

a) Into

) opening, or
er burnout and

ere is no direct
i in 8.1.6 shall
opening.

a duct or into a concealed space in a building,

b) Against the mounting surface, and

¢) So that a disturbance may be propagated to other equipment.

8.1.9 See Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts, Section 12, for

requirements

for accessibility of live parts in an enclosure having ventilating openings.

8.2 Other openings

8.2.1

The smaller dimension (width) of an opening in an enclosure around a dial, adjusting knob, lever,

handle, pointer, or the like shall not be more than 1/8 inch (3.2 mm) for any setting or position of the dial,
knob, or other members.
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8.2.2 Except for the openings described in 8.1.1 — 8.1.7, an enclosure shall have no open holes other

than:

a) Not more than four unused holes intended for mounting various components inside the
enclosure. The largest dimension of each such opening shall not be more than 3/16 inch (4.8 mm).

b) Not more than four holes 1/8 inch (3.2 mm) or less in diameter for the escape of air or drainage
of paint during a painting process, located as close to the corners of the enclosure as possible,

prefera

bly at the rear of the enclosure.

¢) A drainage opening in a rainproof enclosure that shall not exceed 1/4 by 1/4 inch (6.4 by 6.4

mm).

d) Not

Four o
may b
Figure
be ke
regard

e) The
other n

more than:

1) Four holes for mounting an enclosure having a maximum dimensjen_of 1
mm);

2) Six holes for an enclosure with a maximum dimension more than 18 incheg
48 inches (1.2 m); and

3) Eight holes for an enclosure with a maximum dimengion-of 48 inches or mo

keyhole slots having the configuration illustratedin Figure 8.2. The dimensio
8.2 may vary if the area is equivalent. Four of the holes for mounting a larger €
hole slots, the dimensions of which are_net specified, and which will be €
to the enclosure dimensions and configurations.

unclosed portion of an opening for\passage of a capillary tube, an air pipe,
ecessary mechanism, which shalknot exceed 1/16 inch (1.6 mm).

B inches (457

but less than

e.

the holes for mounting an enclosure with a maximum dimension of 12 incmes (305 mm)

s specified in
nclosure may
valuated with

a bellows, or
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Figure 8.2
Keyhole slot
15/64"

—(6.0mm )[~=—
MAX.

R

49 /64"
(19.4mm)
MAX.
|
|e— 25/64” —
(9.9@m)
MAX.
EC600

8.2.3 A plat¢ or plug for an unused conduit opening or other hole in an enclosure shall haje a thickness
not less than:

a) 0.014 inch (0.36 mm) for steel or 0.019 inch (0.48 mm) for nonferrous metal for 4 hole having a
1/4 indh (6.35 mm) maximum dimension and

b) 0.027 inch (0.69,mm) for steel or 0.032 inch (0.81 mm) for nonferrous metal for 4 hole having a
1-3/8 ihch (34.9 mim) maximum dimension. A closure for a larger hole shall have a thickness equal
to that|required-for the enclosure of the equipment, or a standard knockout seal shall|be used.

Such a plate <|>r plug shall be securely mounted.

8.3 Screens and expanded metal

8.3.1 The wires of a screen shall not be less than 16 AWG (1.3 mm?) if used in openings 1/2 square inch
(3.2 cm?) or less in area, and shall not be less than 12 AWG (3.3 mm?) for larger openings.

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

Exception: Expanded metal mesh that complies with the requirements in 8.3.3 may be used.

8.3.3 In small equipment where the indentation of a guard or enclosure will not alter the clearance
between uninsulated, movable, current-carrying parts and grounded metal so as to adversely affect
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performance or reduce spacings below the minimum values specified in Table 29.1, 0.020 inch (0.51 mm)

expanded met

al mesh — 0.023 inch (0.58 mm) if zinc coated — may be used, if:

a) The exposed mesh on any one side or surface of the device so protected has an area of not
more than 72 square inches (464.5 cm?) and has no dimension greater than 12 inches (305 mm) or

b) The

width of an opening so protected is not greater than 3-1/2 inches (88.9 mm).

8.4 Wire openings

8.4.1

If threads for the connection of conduit are tapped all the way through a hole in an enclosure wall,

or if an equivalent construction is used, there shall not be less than three threads in the metal, and the

construction o

8.4.2 |Ifthred
a)Ane
b) Con

c) A sin

there shall nof
the conductor:

bushing and that has an internal diameter approximately the‘same as that of the correspond
of rigid conduif.

84.3 Inane
engaging the ¢

8.4.4 A cong
swaging, stak
61.1.2-61.1.4

8.4.5 Equipment provided with.a' conduit nipple and no mounting holes, and marked for dire

to an outlet bo
the impact sps

Exception: A
61.1.6.

t: 1< un;pl LLL~ It bi Id“ IUU Dubi I ti Idt d CUI |u'uit IUUD; I;I 1y Ldall IUU dttdb: ICUI.
ds for the connection of conduit are not tapped all the way through a hole.in:
nclosure wall,
Huit hub, or

nilar part,

be less than 3-1/2 threads in the metal and there{shall be a smooth, roundeq
5 that affords protection to the conductors equivalent to that provided by a sta

hclosure threaded for support by rigid>conduit, at least five full threads shall b
onduit.

uit hub or nipple attached to the enclosure of a pressure switch or similar
ng, or similar means shall*withstand the pullout, torque, and bending tests
.

X, need not be 'subjected to the torque, bending moment, and pull tests, but §
cified in 64, 1.6.

metallic>enclosure with a welded-on nipple need not be subjected to the tes

inlet hole for
ndard conduit
ing trade size

e provided for

equipment by
described in

ct attachment
hall withstand

[ described in

8.4.6 Each clamp and fastener for the attachment of:

a) Conduit;

b) Electrical metallic tubing;

c) Armored cable;

d) Nonmetallic flexible tubing;

e) Nonmetallic-sheathed cable;

f) Servi

g) Simi

ce cable; or

lar items
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that is supplied as a part of an enclosure shall comply with the requirements in the Standard for Conduit,
Tubing, and Cable Fittings, UL 514B.

8.4.7 A knockout in a sheet-metal enclosure shall be reliably secured but shall be capable of being
removed without undue deformation of the enclosure.

8.4.8 A knockout shall be provided with a flat surrounding surface for proper seating of a conduit
bushing, and shall be located so that installation of a bushing at any knockout likely to be used during
installation will not result in a spacing between uninsulated live parts and the bushing less than that
required by this standard.

8.4.9 For an_enclosure not provided with conduit openings or knockouts, spacings not less than the
minimum reqlllired by this standard shall be provided between uninsulated live parts and a.cpnduit bushing
installed at apy location likely to be used during installation. Permanent marking on|the enclosure, a
template, or gl full-scale drawing furnished with the equipment may be used to limit such-a logation.

8.4.10 With|regard to the requirement in 8.4.9, means shall be provided sothat an openjng for conduit
can be made| without subjecting internal parts to contamination resulting<from the presence of metallic
particles.

8.4.11 In mgasuring a spacing between an uninsulated live partcand a bushing installed in the knockout
referred to in[8.4.8 and 8.4.9, it is to be assumed that a bushing/having the dimensions in[Table 8.1 is in
place, and thgt a single locknut is installed on the outside of theenclosure.

8.4.12 No wire other than wires leading to a part mounted on a door or cover shall Qe brought out
through the dpor or cover.

Table 8.1
Dimensions of bushings

Trade size of gonduit, Overall diameter, 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 245164 (68-7) 518 (15.9)
2-1/2 3-7/32 (81.8) 3/4 (19.1)
3 3-7/8 (98.4) 13/16 (20.6)
3-1/2 4-7/16 (112.7) 15/16 (23.8)
4 4-31/32 (126.2) 1 (25.4)
4-1/2 5-35/64 (140.9) 1-1/16 (27.0)
5 6-7/32 (158.0) 1-3/16 (30.2)
6 7-7/32 (183.4) 1-1/4 (31.8)



https://ulnorm.com/api/?name=UL 916 2021.pdf

24

UL 916 oC

TOBER 21, 2021

9 Mounting

9.1

Equipment that is intended to be fastened in place shall have provision for mounting it securely in

position. Bolts, screws, or other parts used for mounting the equipment shall be independent of those used

to secure com

9.2 Portable

ponents of the equipment to the frame, base, or panel.

equipment shall not be provided with means for permanent mounting.

10 Mechanical Assembly

10.1
the equipmen

shall be mounted securely and shall be prevented from turning by means oth

A control switch, lampholder, attachment-plug receptacle, or plug connector provided as a part of

r than friction

between surfa
10.2 Alock

10.3 The eq
affected by thq

10.4 Screws
locked to prev

10.5 Anunin
other than fric

Ces.
asher, applied as intended, may be used to prevent a control switch from turni

lipment shall be assembled in accordance with 10.4 — 10.6 so that it will not
vibration of normal operation.

and nuts that attach operating parts to movable mémbers shall be upsef]
BNt loosening under the conditions of actual use.

sulated live part, including a terminal, shall be secured to its supporting surfag
ion between surfaces so that it will be prevented from turning or shifting in p

ng.

be adversely

or otherwise

e by a means
psition if such

motion may fesult in reduction of spacings to lessxthan those required by this standgard. Contact

assemblies sh
10.6 Alock v

11 Operatin
1.1
with all applicg

11.2 For equ
coil, or other i
due to half-wa
combination ir]

The eqliipment shall be invéstigated under conditions of actual service to determine

all be secured so as to provide continued alignment of contacts.
asher, applied as intended, may/be used at a terminal or connection stud.

j Mechanism

ble requirements;

ipment using\electronic or solid-state components or circuits to control a m
hductive-load, it shall be determined that the controlled load will not be cause
ving orwave distortion of the controller output. This may be accomplished

accordance with 48.2.1, by incorporating protective devices into the controllg

equivalent me

if it complies

otor, solenoid
d to overheat
by testing the
er, or by other

ANS.

11.3 An operating mechanism shall not subject manually-operated switch parts to undue stress.

11.4 The position of an operating handle shall be marked, if necessary, as a guide for proper operation.

11.5 A control that has or is intended to have a marked off position or an implied off position shall:

a) Open all ungrounded conductors of the circuit with an air gap when the adjusting means is in the

off posi

tion and

b) Be prevented from functioning automatically when in the off position either by a positive
mechanical means or the equivalent.
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11.6  With reference to the requirements in 11.5, the off state of a solid-state switch is not considered to
be an open circuit.

11.7 A component, such as a resistor, capacitor, diode, and the like, shall not be connected across the
contacts of a safety control or a protective or limiting device.

Exception: A component may be connected across the contacts of a safety control if investigated and
determined to comply with the requirements for use in the end product.

12 Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts
12.1 To reduce the risk of unintentional contact that may involve a risk of electric shock from an

uninsulated live part or film-coated wire, or injury to persons from a moving part, an_ppening in an
enclosure shgll comply with either (a) or (b).

a) Forjan opening that has a minor dimension (see 12.5) less than 1 inch (25.4 mm),[such a part or
wire shall not be contacted by the probe illustrated in Figure 12.1.

b) Forfan opening that has a minor dimension of 1 inch or more, sueh)a part or wire shall be spaced
from the opening as specified in Table 12.1.

Exception: A motor other than one used in either a hand-held product or a hand-supported portion of a
product neednot comply with these requirements if it complies:with the requirements in 12.2
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Figure 12.1

Articulate probe with web stop
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Table 12.1
Minimum distance from an opening to a part that may involve a risk of electric shock or injury to
persons
Minor dimension® of opening, Minimum distance from opening to part,
inches® (mm) inches® (mm)

3/4° (19.1) 4-1/2 (114.0)

1 (25.4) 6-1/2 (165.0)

1-1/4 (31.8) 7-1/2 (190.0)

1-1/2 (38.1) 12-1/2 (318.0)

1-7/8 (47.6) 15-1/2 (394.0)

2-18 (54.0) 17-1/2 (4114.0)

d d 30 (762.0)

@ See 12.5 for €|
® Between 3/4 4
¢ Any dimensior
4 More than 2-1

nd 2-1/8 inches, interpolation is to be used to determine a value between values specified in the tg

planation of diameter of opening.

less than 1 inch applies to a motor only.
8 inches, but not more than 6 inches (152.0 mm).

ble.

12.2  With rg
12.1:
a) An
b) An

openir]

ference to a part or wire in an integral enclosure of amotor as mentioned in th

bpening may have a minor dimension (see 12.5)4ess than 3/4 inch (19.1 mm) if:

1) A moving part cannot be contacted by‘the probe illustrated in Figure 12.2;

3) In a directly accessible motor(see 12.7), an uninsulated live part cannot b
the probe illustrated in Figure~12.4; and

4) In an indirectly accessible motor (see 12.6), an uninsulated live part canng
by the probe illustrated in Figure 12.2.

bpening may have a minor dimension of 3/4 inch or more if a part or wire is sf
g as specified\in Table 12.1.

2) Film-coated wire cannot be contacted by the probe illustrated in Figure 12.3;

e Exception to

b contacted by

t be contacted

aced from the
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Figure 12.2

Probe for moving parts and uninsulated live parts
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Figure 12.3

Probe for film-coated wire
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Figure 12.4
Articulate probe
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12.3 The prdbes mentioned in 12.1 and 12¢2 and illustrated in Figure 12.1 — Figure 12.4 arg to be applied

to any depth that the opening will permit;;and are to be rotated or angled before, during, and
ening to any position that)is necessary to examine the enclosure. The probe
nd Figure 12.4 areto-be applied in any possible configuration; and, if n

through the of
Figure 12.1 3

configuration i

12.4 The prgbes mentioned in 12.3 and 12.5 shall be used as measuring instruments

5 to be changed afterinsertion through the opening.

accessibility p
be applied wit

12.5 With reference to the requirements in 12.1 and 12.2, the minor dimension of an ¢

the minimum force necessary to determine accessibility.

ovided by_an opening, and not as instruments to judge the strength of a mate

after insertion
5 illustrated in
ecessary, the

to judge the
rial; they shall

pening is the

diameter of the largest cylindrical probe having a hemispherical tip that can be inserted through the

opening.

12.6 With reference to the requirements in 12.2, an indirectly accessible motor is a motor that is:

a) Accessible only by opening or removing a part of the outer enclosure, such as a guard or panel,
that can be opened or removed without using a tool or

b) Located at such a height or is otherwise guarded or enclosed so that it is unlikely to be
contacted.

12.7 With reference to the requirements in 12.2, a directly accessible motor is a motor that can be
contacted without opening or removing any part, or is located so as to be accessible to contact.
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12.8 During the examination of a product to determine whether it complies with the requirements in 12.1
or 12.2, a part of the enclosure that may be opened or removed by the user without using a tool (to attach
an accessory, to make an operating adjustment, or for other reasons) is to be opened or removed.

12.9 With reference to the requirements in 12.1 and 12.2, insulated brush caps are not required to be
additionally enclosed.

13 Protection Against Corrosion

13.1 Iron and steel parts shall be protected against corrosion by:

a) Enameling;

b) Galyanizing;

c¢) Sherardizing;
d) Plaiing; or

e) Other equivalent means.

Exception No
protected.

1: Bearings, thermal elements, or the like, if such protection is impracticable, need not be

Exception No| 2: Small minor parts of iron or steel, such as-washers, screws, bolts, and the like, that do

not carry curn
in a risk of firg

Exception No
protected.

13.2 There
springs and o

13.3 An en

ent need not be protected if corrosion of such unprotected parts would not be
, electric shock, or injury to persons.

3: Parts made of stainless steel; properly polished or treated if necessary

luirement in 13.1 applies to-all enclosing cases whether of sheet steel or cast
her parts upon which proper mechanical operation may depend.

likely to result

. need not be

iron, and to all

t corrosion in

Closure designated’ either raintight or rainproof shall be protected agains

accordance with the requirements in 13.4 — 13.18.

13.4 Metal ghall be used in combinations that are galvanically compatible.

135 A hingg er other attachment shall be resistant to corrosion.

13.6 These requirements do not contemplate corrosion that might be caused by exposure to the earth or
other corrosive agents.

13.7 The requirements in 13.8 — 13.18 do not apply to a part, such as a decorative grille, that is not a
required part of an enclosure.

13.8 A nonmetallic enclosure is to be evaluated on the basis of the effect of exposure to ultraviolet light
and water. See Component Evaluation, Section 66.

13.9 A metallic enclosure shall be protected against corrosion as specified in 13.10 — 13.18. See 7.3.1 —
7.5.4 for the required enclosure thickness.



https://ulnorm.com/api/?name=UL 916 2021.pdf

32 UL 916 OCTOBER 21, 2021

13.10 Copper, bronze, brass containing not less than 80 percent copper, or stainless steel may be used
without additional protection against corrosion. Sheet, extruded or cast aluminum, die-cast zinc, or other
metal shall be of a grade or alloy having resistance to atmospheric corrosion equivalent to that specified
for sheet steel of the required thickness, or shall be subjected to appropriate tests, or shall be additionally

protected agai

13.11
against corros

nst corrosion.

ion by:

An enclosure of cast iron or malleable iron at least 1/8 inch (3.2 mm) thick shall be protected

a) A 0.00015-inch (0.0038-mm) thick coating of zinc, cadmium, or the equivalent on the outside
surface and a visible coating of such metal on the inside surface or

b) One-coat-efan-organicfinish-of-the-epoxyoralkyd-resintype-orotheroutdoorpaint on each
surfacg.
13.12 Unless$ the paint can be determined to comply with these requirements by consideration of its

composition, g

13.13 Anen
mm) thick if U
metallic or non

a) Hot+
of the

(Galva
zinc or

orrosion tests are required.

Closure of sheet steel less than 0.126 inch (3.20 mm) thick if.zin¢-coated or 0.
ncoated shall be protected against corrosion by one of-the following mean
metallic coatings that have been found to give equivalent protection as descrih

dipped, mill-galvanized sheet steel conforming with' the coating Designation

btandard Specification for Steel Sheet, Zinc Coated (Galvanized) or Zinc-lron|

nealed) by the Hot Dip Process, ASTM A653/A653M, with not less than 40
any side, based on the minimum single<spot test requirement in this ASTM

The weight of zinc coating may be determined by any appropriate method; howey

questig
for We

b) A zi
applieq
minimy
by the
13.18.

n, the weight of coating shall be established in accordance with the Standarg
ght of Coating on Zinc Coated (Galvanized) Iron or Steel Articles of ASTM A9(Q

to an average thickness-of\not less than 0.00061 inch (0.0155 mm) on each
m thickness of 0.00054 inch (0.0137 mm). The thickness of the coating shall &
Metallic Coating Thickness Test, Section 59. An annealed coating shall als

c) A zinc coating complying with 13.14 (a) or (b) with one coat of an organic finish o

alkyd-r

d) A cg
coating

Bsin type or-other outdoor paint on each surface applied after forming. See 13.]

dmium-coating not less than 0.001 inch (0.03 mm) thick on both surfaces. Th
shall’be established in accordance with the Metallic Coating Thickness Test, §

23 inch (3.12
s or by other
edin 13.16.

590 in Table |
Alloy-Coated
bercent of the
I designation.
er, in case of
Test Method
-87.

hc coating, other than that provided on hot-dipped, mill-galvanized sheet steel, uniformly

surface with a
e established
b comply with

[ the epoxy or
12.

e thickness of
ection 59.

e) A cadmium coating not less than 0.00075 inch (0.0191 mm) thick on both surfaces with one coat
of outdoor paint on both surfaces, or not less than 0.00051 inch (0.013 mm) thick on both surfaces
with two coats of outdoor paint on both surfaces. The thickness of the cadmium coating shall be
established in accordance with the Metallic Coating Thickness Test, Section 59, and the paint shall
be as specified in (c).

13.14 An enclosure of sheet steel not less than 0.126 inch (3.20 mm) thick if zinc-coated or not less than
0.123 inch (3.12 mm) thick if uncoated shall be protected against corrosion by one of the following means
or by other metallic or nonmetallic coatings that have been shown to give equivalent protection as
described in 13.16.

a) Hot-dipped, mill-galvanized sheet steel conforming with the coating Designation G60 or A60 in
Table | of the Standard Specification for Steel Sheet, Zinc Coated (Galvanized) or Zinc-lron Alloy-
Coated (Galvannealed) by the Hot-Dip Process, General Requirements, ASTM A653/A653M, with
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not less than 40 percent of the zinc on any side, based on the minimum single-spot test
requirement in this ASTM designation. The weight of zinc coating may be determined by any
appropriate method; however, in case of question, the weight of coating shall be established in
accordance with the Standard Test Method for Weight of Coating on Zinc-Coated (Galvanized) Iron
or Steel Articles, ASTM A90-87.

b) A zinc coating, other than that provided on hot-dipped, mill-galvanized sheet steel, uniformly
applied to an average thickness of not less than 0.00041 inch (0.0104 mm) on each surface with a
minimum thickness of 0.00034 inch (0.0086 mm). The thickness of the coating shall be established

by the

Metallic Coating Thickness Test, Section 59.

c¢) Two coats of an organic finish of the epoxy or alkyd resin or other outdoor paint on each surface.

Compl
paint g

d) Any

13.15 The 1
0.056 inch (1
thick if the en
the enclosursg
rainproof or rg

13.16  With

combinations
annealing, wi
they provide ¢
the compliang
air mixtures, 1

13.17 If test
if the paint is
base metal,

thickness, or {

13.18 A hot
similarly form
bent or forme
on the inside
The zinc coat

iance with these requirements is to be determined by consideration of the com

r by corrosion tests.

one of the means specified in 13.13.

bquirements in 13.14 also apply to an enclosure of zinc-coated’sheet steel
42 mm) thick and an enclosure of uncoated sheet steel not less than 0.053 i
closure is intended to be mounted within and protected from-direct exposure
of other equipment, such as an air conditioner. Such an enclosure shall 1
intight.

reference to 13.13 — 13.15, other finishes; including paints, metallic
of the two may be used when comparative\tests with galvanized sheet s
bing or other surface treatment — complying.with 13.13(a) or 13.14(a), as appli
quivalent protection. Among the factors,that are to be taken into consideratior

noist hydrogen sulphide-air mixtures, ultraviolet light and water.

5 are required, test specimens:of a finish as described in 13.12, 13.13(c), 13.1

position of the

not less than
nch (1.35 mm)
to weather by
ot be marked

finishes and
teel — without
cable, indicate
when judging

e of such coating systems are exposure to salt spray, moist carbon dioxide-s@ilphur dioxide-

4(c), or 13.16,

Cleaning or pretreatment’method, application method, number of coats, ¢
he like.

Ldipped, mill-galvanized A60 (alloyed) coating or an annealed zinc coating

ed after anfiealing and that is not otherwise required to be painted shall be
d area jf<the bending or forming process damages the zinc coating, except th
surface of an enclosure that water does not enter during the rain test need r
ng.s considered to be damaged if flaking or cracking of the zinc coating at the

of the bent o

fested, are to be consistentwith the finish that is to be used in production with regard to the

uring method,

hat is bent or
painted in the
at such areas
ot be painted.
outside radius

r formed section is visible at 25 power magnification. Simple sheared or d

ut edges and

punched holes are not considered to be formed.

14

14.1

Insulating Materials

A barrier or integral part, such as an insulating washer or bushing, and a base or a support for

mounting live parts, shall be moisture-resistant material that will not be adversely affected by the
temperature and stresses to which it will be subjected under conditions of use.

14.2 Insulating material shall be evaluated with regard to its use. Materials, such as mica, some molded
compounds, and certain refractory materials usually comply with the requirements for sole support of live
parts. When an investigation is required to determine whether a material complies, the investigation shall
be conducted in accordance with the Standard for Polymeric Materials — Use in Electrical Equipment
Evaluations, UL 746C, with consideration given to:
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a) The material's;

1) Mechanical strength;

2) Resistance to hot wire ignition;

3) Resistance to high-current-arc ignition;
4) Resistance to high-voltage-arc ignition;
5) Dielectric strength;

6) Insulation resistance; and

in both
b) The
c) Any
All factors are

14.3 Ordinar
but not as solg

14.4 A sensq
has been eval
consideration

14.5 All inter]
for Flammabili

15 Field Connections

15.1 Genera

15.1.1 Comyq
field shall not

7) Heat-resistant qualities
the aged and unaged conditions;
degree to which the material is enclosed; and

bther feature affecting the risk of fire, electric shock, or injury\to)persons.
to be considered with regard to conditions of actual sefvice.

y vulcanized fiber may be used for insulating bushings, washers, separators
support for uninsulated live parts.

r such as a current transformer, transducer, or the like, shall be provided with
Lated for the maximum voltage and temperature involved in its application, wh

he presence of other circuits.

hal polymeric parts shall be classified at least HB in accordance with the Stan
ly of Plastic Materials forParts in Devices and Appliances, UL 94.

artments)) raceways, and the like, for routing and stowage of conductors cor
ontain-rough, sharp, or moving parts that may damage conductor insulation.

and barriers,

nsulation that
ile taking into

dard for Tests

nected in the

15.2 Equipn

15.2.1

et permanentty conmectedetectricaity

connection of a wiring system.

For power circuit connections, permanently-connected equipment shall have provision for the

15.2.2 Wiring terminals or leads shall be provided and shall comply with the requirements for the
connection of conductors having an ampacity not less than the largest of the following ratings that are

applicable:

a) One hundred twenty-five percent of the ampere rating of an electric space-heating equipment
load that is to be permanently connected electrically.

b) One

hundred twenty-five percent of a continuous duty load.
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c) One hundred twenty-five percent of the full-load motor-current rating in accordance with 71.4
and 71.5. See Table 49.2 or Table 49.3 for the ampere rating corresponding to a horsepower rating.

d) For a combination load, 125 percent of the full-load motor current of the largest motor, plus 125
percent of the ampere rating of an electric space-heating equipment load that is to be permanently
connected electrically, plus 125 percent of the continuous duty load, plus 100 percent of the sum of
the current ratings of all other loads.

e) For direct-current motors intended to be operated from a rectified single-phase power supply

unless

marked in accordance with 73.18,

1) One hundred ninety percent if a half-wave rectifier is used.

f) The

15.2.3 With
of more than

15.2.4 For ¢

aluminum conductors, the field wiring terminals shall comply with the requirements for sug

with the requi

15.2.5 Ater
so that wire G

connected wifing, after the equipment is installed in the“intended manner.

Exception Ng.

accessible up

Exception No
cover may be

15.2.6 A fie
conductor to
10 AWG (5.3
provided cong

2) One hundred fifty percent if a full-wave rectifier is used.

reference to 15.2.2, it is assumed that 75°C (167°F) conductors will be employ
00 amperes.

quipment marked to indicate that it may be used with €opper, copper-clad
ement in 15.2.2 for a wire of each metal for which jtisimarked. See 73.12.
minal box or compartment on equipment permanently connected electrically s
pnnections therein will be accessible for ingpection, without disturbing either
1: Wire connections to equipment intended to be mounted on an outle
on removal of the equipment frofthe outlet box.

. 2: Factory supplied low-voltage, non-safety circuit wire connected to a h

flexed.

vhich it will be connected, and shall not be smaller than 18 AWG (0.82 mm?).
mm?) or larger field-wiring lead is required for connection to a 6 AWG (13
uctor. Adield-wiring lead shall not be less than 6 inches (152.4 mm) long. InsU

a lead shall b¢:

a) At

Iast 1/32-inch (0.8-mm) thick thermoplastic;

ampere rating of the equipment for a load not specified in (a), (b), (c), ()01 (e).

ed for currents

aluminum, or
h devices and

hall be located
factory or field

t box may be

nged panel or

d-wiring lead shall not be more than two standard wire sizes smaller than the copper

For example, a
.3 mm?) field-
lation on such

b) At least 1/64-inch (0.4-mm) thick rubber plus a braid cover for 300-volt or less applications; or

c) At least 1/32-inch thick rubber plus a braid cover for applications between 301 and 600 volts.

Exception No. 1: An 18 AWG size field-wiring lead may be provided for connection to a No. 12 (3.3 mm?)
size branch circuit conductor.

Exception No. 2: A lead may be more than two wire sizes smaller than the field-provided copper
conductor to which it will be connected, but not smaller than 18 AWG, if more than one factory-provided
copper lead is intended for connection to the same field-provided lead, and the construction complies with
the following conditions:
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a) A wire connector for connection of the field-provided wire is provided as part of the unit or
remote-control assembly, and the wire connector can be used with the combination of wires that
will be spliced;

b) The factory-provided leads are bunched or otherwise arranged so that stress does not result on
an individual lead; and

c¢) The equipment is marked in accordance with 73.14.
15.2.7 A pigtail lead intended for field-wiring connection shall be subjected to the test specified in 57.1.2.

15.2.8 A lead provided for connection to an external line-voltage circuit shall not be connected to a wire-
binding screw e unless the
screw or conn

Ul PpIressurc tcllllilldi bUIIIIUbtUI iUbdtUU‘ iII t;IU °>2dllIic bUlIIpdl‘tlllUllt as ti 1< Dpi
pctor is rendered unusable for field-wiring connection or:
a) The Jead is insulated at the unconnected end, and

b) A marking on the equipment clearly indicates the intended use of the lead.

15.2.9 The f

multivoltage tr

grounding lead see 19.3.9.

15.2.10 Equ
with such a fitt

15211 Anog
shall be provid
be within the &

15.2.12 The

15.2.13 Abu
than 1/8 inch
around the ho

that it will not e exposed to.oil; grease, oily vapors, or other substances having a deleteriou

material of the
projections, or

15.3 Termin

ee end of field-wiring leads that will not be used in everytinstallation — such
bnsformer or one free lead for a single-pole, double-throw-switch — shall be in

pment that can be used with a fitting for only ene type of wiring system sha
ng.

pening for the entry of a conductor or.¢onductors of a circuit of limited powe
nclosure so that it shall be properly mounted when the equipment is installed.
obpening mentioned in 15.2.11;may be used for accommodating armored cable

shing of rubber or rubber-like material provided in accordance with 15.2.11 sh
(3.2 mm) thick, except that it may be not less than 3/64 inch (1.2 mm) thio
e is eyeletted or similarly treated to provide smooth edges. A bushing shall

bushing./A hole in which such a bushing is mounted shall be free from sharp
the like] that might damage the bushing.

Als

as a tap for a
sulated. For a

Il be supplied

r and voltage

ed with an insulating bushing. The bashing may be mounted in place in the opening or may

or conduit.

all be not less
k if the metal
be located so
5 effect on the
edges, burrs,

15.3.1

15.3.2 - 15.3.7 so as to provide good connections even under hard usage.

Terminal parts by which supply connections are made shall comply with the requirements in

15.3.2 A wiring terminal shall be able to hold the next larger size conductor than that required in 15.2.2 if
the terminal receives the larger size conductor, unless the equipment is marked in accordance with 73.15.

15.3.3 Soldering lugs or solderless (pressure) wire connectors shall be used. A solderless (pressure)
connector intended for connection of a 14 AWG (2.1 mm?) or smaller copper conductor shall comply with
the Torque Test specified in the Standard for Wire Connectors, UL 486A-486B, or the Standard for
Equipment Wiring Terminals for Use with Aluminum and/or Copper Conductors, UL 486E, at a tightening
torque of not less than 7 pound-inches (0.8 N-m).
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Exception No. 1: For a 10 AWG (3.5 mm?) or smaller wire, the parts to which connections are made may
consist of clamps or binding screws with terminal plates having upturned lugs or the equivalent to hold the
wires in position.

Exception No. 2: Quick-connect terminals may be used for field wiring connections of a Class 2 circuit,
providing:

a) The circuit is not a safety control circuit;
b) A positive engaging detent or the equivalent is provided on the connector; and

¢) For each such terminal, a mating connector is furnished together with instructions covering the
propermethod of installation

15.3.4 A wir

Exception: A
1.3, 0r0.82 m

156.3.5 Ater
mm) thick for

larger than 14

Exception: A
primary or se

15.3.6 Ater
metal extrude

Exception: TV
not strip wher

15.3.7 A wir

15.3.8 The

conductor shall be green-with or without one or more yellow stripes, and no other lead ir

compartment

15.4 Outlet

e-binding screw used at a wiring terminal shall not be smaller than No. 8 (4.2'm

b (3.5 mm diameter) screw may be used for the connection of oné\14, 16, or
im?) conductor.

minal plate tapped for a wire-binding screw shall be of metal not less than 0.
a 14 AWG (2.1 mm?) or smaller wire, and not less tham’0.050 inch (1.27 mm)
AWG. There shall not be less than two full threads in the metal.

low-voltage transformer may have terminalplates 0.030 inch (0.76 mm) t
tondary connections.

minal plate formed from stock having the‘required thickness specified in 15.3.5
d at a tapped hole for a binding screwso as to provide two full threads.

o full threads are not required_if fewer threads make a connection in which
it is subjected to a 20-pouing-inch (2.3-N-m) tightening torque.

b-binding screw shallnot thread into material other than metal.

surface of an insulated lead intended solely for the connection of an equipn

shall be.se’identified.

box-mounted devices

m diameter).

18 AWG (2.1,

D30 inch (0.76
hick for a wire

hick for either

| may have the

he threads do

ent-grounding
a field-wiring

15.4.1

Wiring terminals and other live parts and sharp-edged grounded or dead metal parts of a device

intended for mounting on an outlet box or similar enclosure shall be located or protected so that they will
not be forced against wiring in the box during installation.

15.4.2 With reference to the requirements in 15.4.1, back wiring terminals may be employed if they are
recessed or are protected by close-fitting barriers of insulating material or the equivalent so that contact
with wiring installed in the box will not occur.

15.4.3 Terminals that do not project into a box beyond the plane of the front edge of the box may be
used.

15.4.4 With reference to 15.4.2, guards provided alongside terminals and extending at least 1/4 inch (6.4
mm) beyond the terminals before wiring, with a corresponding guard between double-pole switching
mechanisms, may be used.
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15.4.5 To determine whether a construction other than that described in 15.4.4 is such that wiring in the
box cannot be forced against live parts or sharp edges, a trial installation using only ordinary care is to be
made on an appropriately sized outlet box, employing both copper and aluminum Type TW wire having
ampacities in accordance with the rating of the device. The wire is to extend 6 inches (152 mm) inside the
box from its point of entrance into the box.

15.5 Portable equipment

15.5.1 Portable equipment shall be provided with a length of flexible cord and an attachment plug for
connection to the supply circuit. The type of cord shall comply with the requirements for the application,
and the rating of the plug and the ampacity of the cord shall be as specified in 15.2.2.

15.5.2 The gttachment plug shall be of the polarized type if the product is not provided wit
type attachment plug. See 19.1.1.

n a grounding

15.5.3 All exjernal connection to the equipment shall be by means of a cord and.attachmen

t plug.
15.6 Stationary equipment

15.6.1 In determining the compliance of cord and plug connection for stationary equipment, the decision

should includg consideration of
a) Whether:

1) The cord connection of the equipment facilitates frequent interchange,

2) Reduction of the transmission of noise or vibration is accomplished,

3) The fastening means or mechanical connections are intended to perm|t removal for

maintenance and repair, or

4) All external connections{o the equipment are by means of cord and attachment plug, and

b) Whe
15.6.2 The g
than 3 feet (91
rating of the pl

15.7 Polarity

ther the equipment.isito be connected at the end of the run.

ord on stationary’ equipment shall be Type SJ or an equivalent hard-usage G
4 mm) long;.directly connected to the equipment and terminate in an attachn
Lg and thetampacity of the cord shall be as specified in 15.2.2.

<

ord, not more
ent plug. The

15.7.1 Equipment permanently connected electrically and intended to be connected to a supply circuit
rated at 125 or 125/250 volts or less and using an Edison screw-shell lampholder or a single-pole switch or
overcurrent-protective device other than an automatic control, shall have one terminal or lead identified for
connection to the grounded conductor of the supply circuit.

15.7.2 A terminal, lead, or a blade of an attachment plug identified for connection to the grounded supply
conductor shall be electrically connected to the screw shell of a lampholder, if provided, and shall not be
connected to a single-pole switch or a single-pole overcurrent-protective device.

15.8 Strain relief

15.8.1 Strain relief shall be provided so that mechanical stress on a flexible supply cord will not be
transmitted to terminals, splices, or interior wiring.
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15.8.2 A strain-relief device shall be subjected to the test described in 57.1.1.

15.8.3 A surface against which a knot in a flexible cord that serves as strain relief may bear or which it

may contact shall be free from:
a) Projections,
b) Sharp edges,
c) Burrs,

d) Fins, and

15.9 Bushings

15.9.1 Whele a flexible cord passes or is intended to pass through¢an”opening in a W
enclosing case, there shall be a substantial bushing or the equivalent that is reliably secure
has a smooth]y rounded surface against which the cord may bear/An.insulating bushing sh
for a cord lighter than Type SJ that passes through a wall or barfierof metal if the constructi
the cord may pe subjected to stress or motion.

15.9.2 A cord hole with a smoothly rounded surface through wood, porcelain, phenolic ¢

all, barrier, or
J in place, and
all be provided
bn is such that

pomposition, or

Lishings, but a

sed.

nd secured in
Il not be used
conditions.

cated so that it

will not be exposed to.oil;grease, oily vapor, or other substance having a deleterious effect on rubber.

Such a bushing may(be*used only in the frame of a motor or for a cord connected to a s
limited voltage andspower. A hole in metal in which a soft-rubber bushing is used shall be f
edges, burrs, [projections, and the like, that may cut into the rubber.

Lipply circuit of
ee from sharp

15.9.6
less than 1/32 inch (0.8 mm) thick and shall completely fill the space between the grommet
in which it is mounted.

16 Current-Carrying Parts

16.1
and shall be of metal that complies with the requirements for the application.

Insulating material in an insulated metal grommet used in lieu of an insulating bushing shall not be

and the metal

A current-carrying part shall have the necessary mechanical strength and ampacity for the service,

16.2 An uninsulated live part, including a terminal, shall be secured to its supporting surface by a method
other than friction between surfaces so that it is prevented from turning or shifting in position if such motion
may result in reduction of spacings to less than those required by this standard. The security of a contact
assembly shall provide for the continued alignment of contacts.
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Exception: A pressure terminal connector need not be prevented from turning provided spacings not less
than those required result when the terminals are turned 30 degrees toward each other, toward other
uninsulated parts of opposite polarity, or toward grounded metal parts.

17 Switches

17.1 A switch provided as part of a product intended to be connected to a power-supply circuit having a
potential to ground of more than 150 volts shall be rated for the maximum potential to ground of the circuit.

17.2 A nominal 208-volt, single or 3-phase or a 120/240-volt, single-phase product is considered to
involve a potential to ground of less than 150 volts. A 2-wire, single-phase or a 3-wire, 3-phase product
with a rating in_the range of 220 — 240 volts is considered to involve a potential to ground in excess of 150
volts, unless itlis marked in accordance with 75.10 or 75.11.

18 Internal Wiring
18.1 General

18.1.1 The ipternal wiring of the equipment shall consist of general-use«wire or appliance wiring material
that complies with the requirements for the application, when considered with regard to thg temperature,
voltage, and cpnditions of service to which the wiring is likely to be subjected.

18.1.2 All wifing harnesses, barriers, and channels shall be V-2 or less flammable. For the purposes of
this requirement PVC, TFE, PTFE, FEP, and neoprene insulations on wiring are to be considered V-1.

18.1.3 Indiviglual clamps, barriers, and channels,_including helical wraps or other continuous forms,
lacing tape, twWine, and cable ties shall be HB or lessdlammable.

18.1.4 Appliance wiring material of one or more of the types specified in Table 18.1 may be used for
internal wiringjwhen considered with regard to the requirements in 18.1.1.

Table 18.1
Appliance-wiring material

Nominal thickness of insulation, inch (mm)?

Type of indulation 600-volt applications 300-volt applicatipns

Thermoplastic 1/32 (0.8) 1/325¢

Rubber 1/32 plus an impregnated-braid cover 1/64 (0.4) plus impregnated-brdid cover
1/32 without a braid cover

Neoprene 3/64 (1.2) 1/64 plus an impregnated-braid cover
1/32 without a braid cover

Silicone Rubber 1/32 plus an impregnated-braid cover 1/64 plus an impregnated-braid cover

1/32 without a braid cover? 1/32 without a braid cover®
Cross-linked synthetic 1/64 1/64
polymer

& The minimum thickness is 0.028 inch (0.71 mm) for 1/32-inch-thick insulation; the minimum thickness is 0.013 inch (0.33 mm) for
1/64-inch-thick insulation.

® May be not less than 0.013 inch (0.33 mm) only for short, moving pigtails or coil leads in a small device, provided such leads
make no more than casual contact with parts of opposite polarity and with ungrounded parts.

Table 18.1 Continued on Next Page
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Table 18.1 Continued

Type of insulation

Nominal thickness of insulation, inch (mm)?

600-volt applications 300-volt applicati

ons

¢ May be not less than 0.007 inch (0.18 mm) only if routed away from live parts of opposite polarity and protected from mechanical

damage both during installation of field wiring and while the equipment is in operation.

9 Only if routed away from live parts of opposite polarity and protected from mechanical damage both during installation of field

wiring and while the equipment is in operation.

18.1.5 Appliance wiring material having an insulation thickness other than those specified in Table 18.1
may be used provided the insulation, when considered with regard to temperature, voltage, and conditions

of service, is equivalent to ane of those specified in Table 18 1

18.1.6 Line-
mm?) or large
motors. See (

18.1.7 The
circular mils o

18.1.8  Wirin|
use other tha
stressing of ¢
risk of damag
and shall be p

18.1.9  Wirin|
supplementar
acceptability f

18.1.10 Imp

18.1.11 Met
rounded edg¢q

18.1.12  Aux

a) Ung
than 0

voltage and secondary wiring in other than a limited energy circuit shallkbé
I except for short integral leads of small electrical components, such.as|relay
Dvercurrent Protection, Control-Circuit Conductors, Section 26.

pffects of vibration, impact, and exposure are to be considered for wires sm
r 0.205 square mm in cross-sectional area (24 AWG).

g that extends from the cabinet to a hinged door or.6ther part that is subject t
N installation and servicing, shall be stranded and the arrangement shall precl
bnductors as a result of the movement. The wiring'shall be routed or protected
e to the insulation. The conductors shall be of a‘jacketed type, such as Type S
rovided with strain relief so that stress will\dot be transmitted to terminals or sp

g of a type other than those mentioned in 18.1.8 that is subject to mo
y insulation provided on the wire,” may be subjected to a flexing test to
por the application. See 57.2.1.

regnated or unimpregnated- cotton- or asbestos-insulated wire shall not be use

bl clamps and guides used for routing stationary internal wiring shall be provide
S.

iliary mechanical protection that is not electrically conductive shall be provided

er a clamp at which pressure is exerted on a conductor having thermoplastic
030'ihch (0.76 mm) thick and no overall braid and

18 AWG (0.82
coils and clock

aller than 404

D movement in
Lide twisting or

to reduce the
J, SJO, or SJT
lices.

tion, and any
determine the

d with smooth

insulation less

b) On any wire or wires that are subject to motion.

18.1.13 All internal wiring shall be of a flame-retardant type. Neoprene- and thermoplastic-insulated
wiring are considered to be of such a type.

18.1.14

or the like— electrical insulating tubing may be used.

If the use of a short length of insulated conductor is not feasible — for example, a short coil lead

18.1.15 Tubing shall not be subjected to sharp bends, tension, compression, or repeated flexing, and
shall not contact sharp edges, projections, or corners. Tubing may be used in dry or damp locations but
shall not be used in wet locations.

18.1.16 The wall thickness of electrical insulating tubing shall comply with the requirements for such
tubing, except that the thickness at any point for the smaller sizes of polyvinyl chloride tubing shall not be
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less than 0.017 inch (0.43 mm). Insulating tubing of other types shall have a wall thickness not less than
that providing mechanical strength, dielectric properties, heat- and moisture-resistant characteristics, and
the like, at least equal to those of 0.017-inch-thick polyvinyl chloride tubing.

Exception: Tubing having a thickness less than that specified may be used provided it is routed away from
live parts of opposite polarity and protected from mechanical damage during installation of field wiring,
user servicing, and while the equipment is in operation.

18.1.17 Rubber-insulated conductors shall not be exposed to oil, grease, oily vapor, or other substance
having a deleterious effect on rubber, unless the insulation has been investigated and found to comply with
the requirements for the application.

18.1.18 A wireway shall be smooth and free from sharp edges, burrs, fins, moving parts| and the like,
that may abradle insulation on conductors.

18.1.19 Mouhting screws and nuts shall be constructed or located so that sharpedges will not damage
wiring. A screw shall have a flat or blunt end. The end of a screw shall have nolburrs, fins, of sharp edges
that might abrade wire insulation, and shall not project more than 3/16 inch (4:8,mm) into a wjreway.

18.1.20 A hqle in a sheet-metal wall through which insulated wires pass and on which they may bear
shall be provigled with a smoothly rounded bushing or shall havesmooth, rounded surfacgs upon which
the wires may |bear, to avoid abrasion of insulation.

18.1.21 A byshing used over other than smooth, rounded surfaces of a hole through whith wires pass
shall be of majerial that has mechanical and heat-resistant-properties acceptable for the application, such
as porcelain, phenolic, fiber at least 3/64 inch (1.2 mm) thick, or smooth, rounded metal.|A soft-rubber
bushing or thq like shall not be used for other thandow-voltage wiring — see 15.2.13 — unless the material
has been evalpiated and found to comply with the-requirements for the purpose.

18.1.22 Insulated wires that are entirelyenclosed within metal walls may be bunchedq and passed
through a singje opening.

18.1.23 A sHort length of rubber-insulated flexible cord may be exposed to a temperaturg in excess of
the normal mgximum allowable‘\temperature for the compound involved in a location such a$ at a terminal
if supplementary heat-resistant insulation of appropriate dielectric properties is used [on individual
conductors of the cord toyreduce the risk of deterioration of the rubber. In any case, rubber ipsulation shall
be of a type normallyavailable that has a temperature limit as close as possible to or higher than the
temperature irfvolved.

i + tH hall b h H I} A hall = | Lakhl | 1
18.1.24 A joint-ereconnection—shal-be-mechanicallysecure-and-shall-provide—reliable—etectrical contact

without stress on a connection or a terminal.
18.1.25 A soldered connection shall be made mechanically secure before being soldered.

Exception: A connection need not be mechanically secured before soldering if:

a) A soldering or brazing material having a softening or melting point greater than 454°C (849°F) is
used;

b) A hand-soldered lead is passed through a hole in a printed wiring board and bent 90 degrees to
the board to make contact with the conductor before soldering;

¢) Soldering on a printed wiring board is done by a machine process in which the soldering time
and solder temperature are automatically controlled — bending over of leads is not required; or
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d) The lead wire is strapped in place, or the equivalent, adjacent to the soldered connection so as
to hold the lead end in place.

18.1.26 A joint shall be provided with insulation equivalent to that on the wires involved if permanence of
spacing between the joint and uninsulated live parts of opposite polarity or grounded dead metal parts may
not be maintained.

18.1.27 A nominal 0.110-, 0.125-, 0.187-, 0.205-, or 0.250-inch wide quick-connect terminal shall comply
with the Standard for Electrical Quick-Connect Terminals, UL 310. Other sizes of quick-connect terminals
shall be investigated with regard to crimp pull-out, engagement-disengagement forces of the connector
and tab, and temperature rises; all tests are to be conducted in accordance with UL 310.

18.2 Intercgnnecting cords and cables

18.2.1 Cabl
or between u
involved and

ttions of a unit
e service use
9.6.

b assemblies and flexible cords used for external interconnection between se
nits of a system shall be of a type that comply with the requirements for th
shall be provided with bushings and strain relief in accordance with15.8.1 — 15

Exception: Cgble assemblies used in nonsafety Class 2 circuits need not.comply with 15.8.1|— 15.9.6.

18.2.2 A caple external to the equipment and supplied by the{manufacturer for connegtion in a low-
voltage Clasg 2 circuit shall comply with the requirements fof\the intended application as specified in
Article 725 of the National Electrical Code, ANSI/NFPA 70.

18.2.3 Inser
misalignment
operator shall

ting a male connector in a female connéctor other than the one intended
of male and female connectors, and other manipulations of parts that are ac
not result in a risk of:

to receive it,
cessible to the

a) Fire

by

b) Eleg¢tric shock, or

c) Injufy to persons.

18.2.4 If eith
are one orm
contact that is

er or each end(ofian external interconnecting cable terminates in a connector
bre exposed.contacts, a risk of electric shock shall not exist between earth g
exposedion-either the connector or its receptacle while the connector is out of]

bn which there
ound and any
its receptacle.

e cable to de-

18.2.5 To cgmply with the requirement in 18.2.4, an interlock circuit may be provided in th
energize the |exposed contacts whenever an end of the cable is disconnected. If an ipterlock is not
provided, compliance is to be determined by means of the procedure in 18.2.6.

18.2.6 While the interconnected units are operating normally, the cable connectors mentioned in 18.2.4
are to be disengaged from their receptacles one at a time. The open-circuit voltages are to be measured
between each of the exposed contacts and earth-grounded metal. A 1500-ohm resistance is to be
connected between each of the exposed contacts and earth-grounded metal, and the current — not to
exceed 5 milliamperes — through the resistor is to be measured in each position.

18.3 Interconnection of units

18.3.1 Unless cable assemblies are provided, each unit in an energy management system shall be
provided with field-wiring terminals (see 15.3.1 — 15.3.8) to facilitate interconnection by means of
permanently installed wiring.
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18.3.2 Units of an energy management system that are intended to be combined in field installations to
form overall unified enclosures (modular constructions) may be used if the constructions provide complete
enclosures or the equivalent that facilitate the routing or interconnecting cables or other wiring from one
unit of the system to another. Such constructions shall provide substantially complete enclosures for all
wiring.

18.3.3 If interconnection of units of a system involves Class 2 circuits, the Class 2 circuits may be
terminated in field-wiring connections other than specified in 18.3.1, such as wire-wrap or crimp-on types,
if the Class 2 circuits are permanently separated from all other circuits and if the mating parts and
instructions for their method of attachment are provided.

19 Grounding

19.1 GenerJl

19.1.1 Therqg shall be provision for grounding all dead metal parts of the following equipment that are
exposed or that are likely to be touched by a person during normal operation ‘or adjustment and that are
likely to beconmpe energized through electrical malfunction:

a) Statlonary equipment or equipment intended to be permanentlyconnected electrically.
b) Equipment that is required to be grounded.
c) Portable equipment for use on a circuit involving a potential of more than 150 volts fo ground.

d) Equipment provided with a grounding means, whether required or not.

19.1.2 To dgtermine whether a part is likely tobecome energized, the following factors are to be
evaluated:

a) Consgtruction;

b) ProXimity of wiring;

¢) A diglectric voltage-withstand test conducted after the appropriate overload;
d) An gndurance test; and

e) A burnout test

19.2 Grounding means

19.2.1  An equipment-grounding terminal or lead-grounding point shall be connected to the frame or
enclosure by a positive means, such as by a bolted or screwed connection.

19.2.2 A grounding connection shall reliably penetrate a nonconductive coating, such as paint or vitreous
enamel.

19.2.3 A grounding point shall be located so that it is unlikely that the grounding means will be removed
during normal servicing.

19.2.4 The following means may be used for grounding fixed equipment that is to be permanently
connected electrically.

a) An equipment-grounding terminal or lead in:
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1) A control intended for use in a residence,

2) A device intended to be connected to a nonmetal-enclosed wiring system; for example, a

nonmetallic-sheathed cable, or

3) A device intended to be grounded by an isolated ground and intended to be connected to

a metal-enclosed wiring system.

b) A knockout or equivalent opening in a metal enclosure of a nonresidential control intended to be
connected to a metal-enclosed wiring system.

19.3 Termin

als and leads

19.3.1 A wir
colored head

19.3.2 A wite-binding screw or pressure wire connector intended to connect an’ equipm

conductor sha

19.3.3 A ter

conductor of the required size and shall be constructed as specified in.15.3.1— 15.3.5.

19.3.4 A grg
the enclosure
plated if of stq

19.3.5 A sdg
connector sha

19.3.6 Aled
in 20.2.8, and

19.3.7 The
shall be gree

compartment

19.3.8 The

following condlitions:

e-binding screw intended to connect an equipment-grounding conductor shall
that is hexagonal, slotted, or both.

Il be located so that it is unlikely to be removed during servicing.
minal for connection of an equipment-grounding conductor. shall be capable
unding terminal for a 10 AWG (5.3 mm?) or smallér wire may be a threaded

or the equivalent. Such a terminal shall be ef.acceptable material, for exam|
el; and shall also comply with 15.3.1 — 15.3.5and 19.3.1 — 19.3.3.

Il not be used for a grounding terminatl:

d intended for connection to an_equipment-grounding conductor shall be of thg
shall have a free length of.6\ihches (152 mm) or more.

surface of an insulated lead intended solely to connect an equipment-groung
n with or without™ene or more yellow stripes, and no other lead visible in
to the installer shall be so identified.

olor codingrequirement in 19.3.7 does not apply to a low-voltage nonsafety ci

a) Leg

ds or wiring to low-voltage terminals are remote from the location where f{}

have a green-

ent-grounding

of securing a

s5tud welded to

ple, it shall be

Idering lug, a push-in (screwless) connector, or a quick-connect or sinpilar friction-fit

size specified

ing conductor
a field wiring

rcuit under the

e line-voltage

connections are made and connectors and live parts are segregated in accordance with 33.7 and
33.8; or

b) Leads or low-voltage terminals are specifically marked with the intended use, such as
"Thermostat," so that reference to a wiring diagram is not necessary.

19.3.9 The free end of an equipment-grounding conductor shall be insulated — for example, shall have
the end folded back and taped to the lead — unless the conductor is located so that it cannot contact live
parts in the event that the conductor is not used in the field.

19.3.10 A multiple-conductor cord with a grounding conductor connected to the frame or enclosure may
be used as the grounding means for all cord-connected equipment. The line fitting of such a cord shall
have a fixed contacting member for grounding.
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19.3.11 The surface of an insulated grounding conductor of a flexible cord shall be green with or without
one or more yellow stripes and no other lead shall be so identified.

19.3.12 The grounding conductor of a power-supply cord shall be attached to the grounding blade of an
attachment plug and shall be connected within the frame or enclosure by means of a screw not likely to be
removed during ordinary servicing not involving the power-supply cord. A grounding conductor shall be
arranged so that an external pull on a power-supply cord will not transmit stress to the grounding
connection on a frame or enclosure before line-voltage connections are broken.

19.3.13 Circuitry shall be arranged so that an equipment-grounding connection or conductor, an
enclosure, a frame, a component mounting panel, and earth ground do not carry current except in the
event of an electrical fault.

Exception: A single-point reference ground may be used in a low-voltage or isolated:limited-secondary
circuit. An encfosure, frame, or panel, including bolted joints, may carry the current of a fow-voltage circuit.
Such current [shall not be carried by a field-equipment grounding means, a métallic raceway or other
power-supply grounding means, or earth ground in either case.

19.3.14 The grounded-circuit conductor shall not be grounded at or in conjunction with the ¢quipment.
20 Bonding|of Internal Parts
20.1 Generdl

20.1.1 On efuipment that is grounded, an exposed{noncurrent-carrying metal part that is likely to
become enerdized through electrical fault — see 19.1.2\— shall be reliably bonded to the point|of connection
of the field-eqdipment grounding means.

Exception No.|1: A metal part, such as an adhesive-attached metal-foil marking, a screw, off a handle that
is:

a) Located on the outside of an“enclosure or cabinet and isolated from electrical components and
wiring by grounded metal patts so that it is not likely to become energized, or

b) Separated from wiring and spaced from uninsulated live parts as if it were a grounded part.

Exception No.|2: A small internal assembly screw, or other small fastener, such as a rivet, a handle for a
pull-out disconnect.switch, or a magnet or armature of a relay or contactor.

Exception No.L3-A mnfnllnannl arcoverthat:

a) Is insulated from electrical components and wiring by an insulating barrier of vulcanized fiber,
varnished cloth, phenolic composition, or other moisture-resistant material not less than 1/32 inch
(0.8 mm) thick and reliably secured in place;

b) Does not enclose uninsulated live parts, and wiring is positively separated from the panel or
cover so that it is not likely to become energized; or

c) Is isolated from live parts and wiring by grounded or bonded interposing metal so that the
interposing metal would be subject to an electrical fault before the isolated metal panel or cover.

20.1.2 A guard, baffle, or cover that can be removed without a tool is to be removed when determining
whether a part is exposed to contact by the user. A part that can be contacted by a 3/8-inch (9.5-mm)
diameter rod having a hemispherical end inserted through an opening in a permanently attached guard or
baffle for a distance of 4 inches (102 mm) is considered exposed for the purposes of grounding.
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Exception: A snap-on cover that complies with the requirements in the Cover Retention Test, Section 62,
need not be removed.

20.1.3 Uninsulated metal parts, such as:

a) Cab

inets;

b) Electrical enclosures and covers;

c¢) Motor frames and mounting brackets;

d) Con

troller mounting frames and brackets;

e) Caf

f) Intefjconnecting tubing and piping;

g) Val

h) Png

shall be elect
Exceptions to

20.1.4 Oper
time of instal
resetting ove
Users and Se

20.1.5 Apa

disassembly by using tools are not considered-to be exposed to the user; such parts are nof

be exposed t

energized aftgr disassembly.

20.1.6 Unin

contactor magnets and armatures, by clamping, routing, or equivalent means that will prov

separation.

20.1.7 If a
purposes of t
terminal or wi

acitors and other electrical components;

es; and

umatic accessories

ically bonded together if they may be contacted by a user-or serviceperson. §
20.1.1 for parts to which this requirement does not apply.

ptions and adjustments that subject parts to contact by a user include action
ation and during normal use, such as seasonal adjustments, relamping, re
load devices, and oiling motors. These procedures and those specified in
rvice Personnel, Section 39, subject parts to contact by a serviceperson.

t on the back side of a component mounting panel and a part located so as tg

b a serviceperson unless it s'likely that servicing will be performed while the

bulated live parts-and wiring shall be held away from moving parts, such

component is likely to be separated from its grounding means after insts
bsting.or adjustment while the equipment is energized, it shall be provided v

ee 20.1.5 and

s taken at the
placing fuses,
Protection of

require major
considered to
equipment is

as relay and
de permanent

llation for the
vith a bonding
pnent for such

service.

th aybonding conductor so that it is not necessary to remove it from the comp

20.2 Construction and connection

20.2.1

with 20.2.2 — 20.2.9.

20.2.2 A separate bonding conductor shall be:

a) Copper,

b) A copper alloy, or

c) Oth

er material that may be used as an electrical conductor.

Parts shall be bonded by metal-to-metal contact or by a separate bonding jumper in accordance
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20.2.3 A ferrous metal part in a grounding path shall be protected against corrosion by:

a) Ena

meling,

b) Galvanizing,

c) Plating, or

d) Other equivalent means.

20.2.4 A separate bonding conductor or strap shall:

a) Be protected from mechanical damage or shall be located within an outer enclosure or frame,

and

b) Not
bondin

20.2.5 Thee

20.2.6 A wire

used for bonding purposes shall not be spliced.

nds of a bonding conductor shall be in metal-to-metal contact with the parts to

20.2.7 Aninfernal connection for bonding internal parts to an englesure for grounding, but

installed grour

ding conductor or for the grounding wire in a supply cord, may use a quick-co

provided:
a) The [connector is not likely to be displaced;
b) The erminal has the dimensions specified’in Table 20.1; and
c) Thel component is limited to use*on a circuit having a branch-circuit protect

specifigd in Table 20.1.

be secured by a removable fastener used for any purpose other thap,bondipg unless the
j conductor is unlikely to be omitted after removal and replacement of.thé fastgner.

be bonded.

not for a field-
nnect terminal

ve device as

Table 20.1
Quick-connect terminals for grounding internal parts
Nominal size of terminal
Width Thickness, Length, Rating of bfanch-circuit
inch (mm) inch (mm) inch (mm) protective dgvice, amperes
0.187 (A7 0.020 (0.5) 1/4 (6.35) 20 gr less
0.187 @7 0.032 (0.8) 174 (6.35) 20 or less
0.205 (5.2) 0.032 (0.8) 1/4 (6.35) 20 or less
0.250 (6.4) 0.032 (0.8) 5/16 (8.00) 60 or less

20.2.8 A separate component-bonding conductor shall not be smaller than:

a) That specified in Table 20.2,

b) The conductor supplying the motor or component, whichever is the smaller, or

the bonding conductor shall comply with the performance requirements in the Bonding Conductor Tests,

Section 63.
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Table 20.2
Bonding conductor size

Rating or setting of Minimum size of bonding conductor?
automatic c X Alumi X
overcurrent device opper wire, uminum wire,
in circuit ahead of Electrical
equipment, conduit, metallic
and the like, not Rigid conduit tubing,
exceeding, amperes AWG (mm?) AWG or kemil (mm?) or pipe, inch inches
20° 12 (3.3) 10 (5.3) 12 12
30 10 (5.3) 8 (8.4) 12 12
40 10 (5.3) 8 (8.4) 1/2 1/2
60 10 (5.3) 8 (8.4) 1/2 1/2
100 8 (8.4) 6 (13.3) 1/2 12
200 6 (13.3) 4 (21.2) 1/2 1
400 3 (26.7) 1 (42.4) 3/4 1-1/4
600 1 (42.4) 00 (67.4) 3/4 1-1/4
800 0 (53.5) 000 (85.0) 1 2
1000 00 (67.4) 0000 @07.0) 1 2
1200 000 (85.0) 250 (127.0) 1 2
@ Or equivalent fross-sectional area.
® For a cord-cor|nected device, the grounding wire in the cord may be the ‘$ame size as the current-carrying condufctors.

20.2.9 If mdre than one size of branch-circuit overcurrent device is involved, the size ¢f the bonding
conductor is tp be based on the rating of the overgurrent device intended to provide ground-fault protection
for the compgnent bonded by the conductor. Forexample, if a motor is individually protectefd by a branch-
circuit overcurrent device smaller than other-overcurrent devices used with the equipment, a bonding
conductor for|that motor is to be sized.on;the basis of the overcurrent device intended for ground-fault
protection of the motor.

21 Motors
21.1 A motgr shall comply.with the requirements in the Standard for Rotating Electrical Machines —

General Reqdirements{ UL 1004-1, and shall be capable of delivering its maximum normal load without
introducing a [isk of fire) electric shock, or injury to persons.

21.2 A motdrsshall incorporate overload protection and locked-rotor protection.

Exception: A motor intended to move air only by means of an air-moving fan that is integrally attached,
keyed, or otherwise fixed to the motor shaft is not required to have overload protection.

21.3 The protection required by 21.2 shall consist of one of the following:

a) Thermal protection complying with the applicable requirements in the Standard for Overheating
Protection for Motors, UL 2111.

b) Impedance protection complying with UL 2111.

c) Other protection that tests show is equivalent to the protection mentioned in (a).
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22 Printed Wiring Boards

221 A printed-wiring board shall comply with the requirements in the Standard for Printed-Wiring
Boards, UL 796.

Exception: A printed-wiring board in a nonsafety Class 2 circuit need not comply with the bonding
requirements in UL 796 if it is separated from parts of other circuits so that loosening of the bond between
the foil conductor and the base material does not result in the foil conductor contacting part of other
circuits.

22.2 A printed-wiring board shall be classified at least V-2 as specified in the Standard for Tests for
Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94.

ed because of

22.3 A plasti
reduced spaci
being investig
Materials— Lo
investigation.

C coating used on the surface of a printed-wiring board and intended to pe lusg
hgs as described in 29.2.4 — 29.2.6 shall comply with the requirements'for'the
ated on the printed-wiring board material in accordance with the Standard
ng Term Property Evaluations, UL 746B. A conformal coating $hall also be

23 Transformers

23.1 A transi

23.2 Atrans
the Temperatu

ormer shall comply with the performance requirements outlined in this stand
re and Dielectric Voltage-Withstand Tests:

24 Capacitors

241
2411 Acap
fire. It shall ng
use.

24.1.2 Apap

241.3 An el
comply with th

General

acitor shall use such materials and shall be constructed so that it will not cons
t be adversely affected by the temperature it reaches under the most severg

er capacitor.shall be impregnated or enclosed to exclude moisture.

pctrolytic-capacitor and a capacitor intended for connection directly across
e requirements for the application.

ormer that supplies a low-voltage circuit shall be of\the two-coil or isolated typs.

application by
for Polymeric
subject to an

ard, including

titute a risk of
conditions of

the line shall

24.1.4 Under both normal and abnormal conditions of use, a capacitor employing a liquid dielectric
medium more combustible than askarel shall not result in a risk of fire or electric shock; and shall be
constructed to reduce the risk of expelling the dielectric medium.

24.1.5 A capacitor complying with the requirements for protected oil-filled capacitors in the Standard for
Capacitors, UL 810, is considered to be protected against the expulsion of the dielectric medium.

24.2 Signal coupling capacitors

24.2.1 A signal coupling or blocking capacitor shall comply with the requirements for line-bypass and
antenna coupling capacitors if failure of the capacitor can result in a risk of fire, electric shock, or injury to
persons.

Exception: A capacitor shall not be considered subject to fault if all of the following conditions are met:
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a) The capacitor is of a type not likely to develop an internal short circuit, such as a hermetically
sealed or ceramic capacitor. An electrolytic or tantalum capacitor is not considered to be of this

type.

b) Two such capacitors are connected in series.

c) At least one-half of the spacing required between the two circuits is provided between the bare
live parts of each of the capacitors.

d) Each capacitor is rated to withstand for 1 minute an alternating test voltage of twice the
maximum circuit voltage plus 1000 volts rms.

e) Each capacitor can limit the current from one circuit to the other to less than 0.5 milliamperes if

the parts of one of the circuits are accessible to a user or operator, and 5.0 milliampé¢
of the tircuit are accessible to a service person only.

25 Fuseholders

25.1 A fuseholder shall be of either the cartridge-enclosed or plug-fuse type.

25.2 Aplug

26 Overcur

26.1
protective de
by a protectiv

Exception No

more than thd

72.15, additio
Exception No

Exception Nd
conductors nd

A cond

fuse shall not be used in equipment rated more than 125 or’125/250 volts.
Fent Protection, Control-Circuit Conductors

uctor of a control circuit that is connected to, the load side of the branch-circ
ice — common control — shall be protected@gainst overcurrent in accordance
b device located within the controller. See 26.2 and 26.4.

1: If the rating or setting of the intended branch-circuit short-circuit protectivi
b applicable value specified in, Table 26.2, and the equipment is marked in ad
nal protection is not required.

2: A limited-energy.control circuit, such as a Class 2 circuit need not be so pri

. 3: A control-circuit conductor that is the same size as or larger than th
ed not be protected.

res if the parts

hit short-circuit
vith Table 26.1

e device is not
cordance with

btected.

e main circuit

Table 26.1
Protective devices
Control-circuit wire size, Maximum rating of protective device,
AWG (mm?) amperes
22 (0.32) 6
20 (0.52) 10
18 (0.82) 20
16 (1.3) 20
14 (2.1) 20
12 (3.3) 25
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Table 26.2
Branch-circuit protective devices

Maximum rating of branch-circuit protective device,
Control-circuit wire size, amperes
Conductors remaining Conductors going outside
AWG (mm?) within enclosure enclosure
22 (0.32) 12 9
20 (0.52) 20 15
18 (0.82) 25 20
16 (1.3) 40 20
14 2 86 5
12 (3.3) 100 60

26.2 The protective device specified in 26.1 shall be either a supplementary or a |branch-circuit
overcurrent-prptective device. A fuse shall be factory installed in a supplementary fuseholdgr but may be
omitted if a branch-circuit-type fuseholder is provided. The equipment shall-be,marked in acgordance with
72.16.

26.3 Internall conductors of control circuits that are connected 4oya remote source of slpply — not a
common contfol — shall be provided with overcurrent protection’ in accordance with Tablge 26.2 or the
device shall be marked in accordance with 72.17. The internal conductors shall not be smaller than 20
AWG (0.52 mm?).

26.4 With reference to 26.1 and 26.3:

a) A short, direct lead — generally 12 inches (305 mm) long, such as transformer leadp or a printed-
wiring assembly having no connection.external to the controller — need not be so protIcted.
i

b) A short, direct lead from a contact of a switching device, or the like, for connecfion within the
enclosurre to field wiring need nof be protected in addition to the remote protective device that will
be proyided for the field wiring.‘See 15.2.6.

c) A lead or a strap orbus that withstands the applicable short-circuit test in accordance with the
requirements in the €onductor Short-Circuit Test, Section 56, need not be so protected.

26.5 A contrpl-circuit transformer shall be protected by an overcurrent device in each secpndary circuit.
The device shall be rated or set at not more than 200 percent of the rated secondary ¢urrent of the
transformer.

Exception No. 1: A transformer protected by other means in accordance with the National Electrical Code,
ANSI/NFPA 70, need not be so protected.

Exception No. 2: A limited-energy transformer, such as a Class 2 transformer, need not be so protected.
27 Overload Relays, Thermal Protectors for Motors, and Impedance-Protected Motors

27.1 Overload relays, thermal protectors for motors, and impedance-protected motors are to be
examined and tested in accordance with the requirements for such devices.

28 Coil Windings

28.1 A coil winding shall resist the absorption of moisture. This may be accomplished by:
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a) Impregnating,

b) Dipping in or brushing with varnish, or

c) Other equivalent means.

Exception: Film-coated wire need not be additionally treated to resist moisture absorption.

29 Spacings

29.1

General

29.1.1

energy manal;

Table 29.1

Othef than as provided in Clearances and Creepage Distances, Section 30,,tH
ement equipment shall not be less than the applicable values specified in‘Tab

Spacings for non-surge controlled circuits in a general environment

e spacings in
e 29.1.

Minimum spacing, inch (mm)

Equipment with a volt ampere rating that is.not

Equipment having fa limited volt

limited ampere rating (see 29.2.2 and 29.2.3)
C.
B. Industrial and Residentia
A. General equipment commercial 12
51-150 151300 | 301-600 51-300 301 -6Q0 51-300
Potential invglved in volts 0-50 (721 - (213.5- (425 - (72.1 - (425.7 + (72.1-
rms (peak) (0-70.7) 212.1) 424.3) 848.5) 424.3) 848.5) 424.3)

Between any Through air | 1/16°(1.6)° | 1/8°(3.2)° 1/4 (6.4) 3/8 (9.6) 1/16° (1.6)° | 3/16° (4.8)° | 1/16°(1.6)°
uninsulated live or oil
partandan Over 1116°(1.6)° | 1/ake.4) 3/8(9.6) | 1/2(12.7) | 1/8°(3.2° | 3/8(9.6) | 1/16°(1.6)°
uninsulated live Surface
part of opposite
polarity,
uninsulated
grounded part
other than the
enclosure, or
exposed metal
partc'd
Between any Shortest 1/4 (6.4) 1/2 (12.7) 1/2 (12.7) 1/2 (12.7) 1/4 (6.4) 172 (12.7) 1/4 (6.4)
uninsulated live distance
part and the
walls of a metal
enclosure
including fittings
for conduit or
armored cable®

of wire.

@ Equipment having spacings indicated in column C shall be marked in accordance with 72.9.

® The spacing between field-wiring terminals of opposite polarity and the spacing between a wiring terminal and a grounded dead
metal part shall not be less than 1/4 inch (6.4 mm) if short-circuiting or grounding of such terminals results from projecting strands

¢ In a safety circuit the spacing between wiring terminals, regardless of polarity, and the spacing between a wiring terminal and a
grounded dead metal part — including the enclosure — shall not be less than 1/4 inch.

4 1n a safety circuit the spacing between same polarity live parts on opposite sides of a switching mechanism, except at contact
point, shall not be less than 1/32 inch (0.8 mm) through air and 1/16 inch over surface.

¢ For the purpose of this requirement, a metal piece attached to the enclosure is considered to be a part of the enclosure if
deformation of the enclosure is likely to reduce spacings between the metal piece and uninsulated live parts.
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29.1.2 A live screw head or nut on the underside of a base shall be countersunk not less than 1/8 inch
(3.2 mm) in the clear, and covered with a waterproof, insulating, sealing compound that will not melt at a
temperature 15°C (27°F) higher than the normal operating temperature of the device, but not less than
65°C (149°F).

Exception: If such a part is staked, upset, or otherwise reliably secured, it need not be recessed, and may
be insulated from the mounting surface by material other than sealing compound or by the provision of
spacings through air and over surface as required in this standard.

29.1.3 A spacing at a wiring terminal is to be measured with appropriate wires connected to the terminals
as in actual service.

29.14 Ther
metal part is i

29.1.5 For th

with the equipment connected to a supply circuit as specified in Table 40.1.

29.1.6 Unins
were parts of ¢

basis of the highest voltage involved.

29.1.7 Safet
spacings. Prin
circuits.

Exception: Sp
to the protecti

29.1.8 Oppo
product of the

a) The

b) 15 w
29.2 Line-vg

29.2.1 Unles

pquired spacing applies only to the sum of the spacings involved wherever an
terposed.

e purpose of these requirements, the voltage and volt-ampere ratings are thg

ulated live parts connected to different circuits shall be spaced from each o
pposite polarity, in accordance with the requirement in 29:2.1, and shall be ev

circuits, such as interlock circuits, shall be, evaluated as primary circuits
nary circuit spacings shall also apply to inherent spacings in component de

hcings between parts of the same polarity specified in footnote (a) to Table 29.
re component of a power source.

Site polarity spacings are -nof* specified for a circuit beyond an impedance
current through and the yoltage across this impedance to a value not exceedin

wattage rating of the.impedance, and

atts, when a direét short is applied across the remainder of the circuit.
Itage circuits

s otherwise noted and as provided in Clearances and Creepage Distances

isolated dead

se measured

her as if they
luated on the

vith regard to
vices in such

1 do not apply

hat limits the
g

, Section 30,

not he less than those Qpnhifind in_Tabhle 29 1_Greater Qpnringc are r

equired in an

spacings sha

enclosure that because of its size, shape, or the material used, is not sufficiently rigid to maintain the
minimum spacings.

29.2.2 The spacings specified in columns B and C of Table 29.1 are applicable to equipment or circuits
rated 2000 volt-amperes or less. Those spacings are also applicable to equipment or circuits rated not
more than 15 amperes at 51 — 150 volts, 10 amperes at 151 — 300 volts, or 5 amperes at 301 — 600 volts.

29.2.3 With reference to the requirements in 29.2.2, the spacings applicable to a device of the type
described apply also to that device when controlling more than one load provided the total load connected
to the line at one time does not exceed 2 horsepower (1492 watt output), or have a current rating greater
than 30 amperes at 51 — 150 volts, 20 amperes at 151 — 300 volts, or 10 amperes at 301 — 600 volts.

29.2.4 To determine if the equipment is within the rating limitation specified in 29.2.2 and 29.2.3, the
output rating of the equipment is to be added to the rating of the load that the equipment is intended to
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control. The sum of the inputs to and the switch ratings of the equipment is the rating. This applies to
equipment that does not contain a number of individual components as mentioned in 29.2.6, and also to
individual components evaluated in accordance with that paragraph.

29.2.5 The volt-ampere equivalent of a horsepower rating is the product of the voltage and the full-load
current as specified in Table 49.2 and Table 49.3 and for a polyphase device, the appropriate numerical
multiplier.

29.2.6 In multicomponent equipment, spacings from one component to another, and from a component
to the enclosure and to other uninsulated dead metal parts excluding the component mounting surface are
based on the maximum voltage and total volt-ampere rating of the complete equipment; not on the
individual component ratings. Spacings inherent in an individual component, such as a relay or a

temperature
are to be eval

29.2.7 Forag
maximum sur]

20.2.8 Whe

ontroller, including spacings from a live part to a mounting surface other than
pated on the basis of the volt-amperes used and controlled by the individual cg

multipole, a double-throw, or a sequencing device or the like, the Volt-ampe
h of the consumption of the device and the simultaneously controlled‘load.

e required in place of spacings between a magnet-coil winding and other u

parts or grounded dead metal parts, the type of insulation may differ from that required b

type and thic
winding may

between coil-
opposite pola
52.1.1-52.1]

29.2.9 Spac
motor, are eV
another com
requirements

kness of crossover-lead insulation and insulation under coil terminals secu
be less than that specified in 29.2.12, if the coil withstands a dielectric voltage
bnd leads after the inner coil lead has been broken where it enters the layer, o
ity test as specified in 52.3.1 — 52.3.3. The test-potential is to be applied in ag
5.

ngs inherent in a component, such-as a snap switch, a lampholder, a mo
aluated under the requirements for‘the component. Spacings from such a
ponent and to the enclosure; @nd spacings at wiring terminals shall co
in 29.2.1 and Table 29.1.

cings at a fuse and fuseholder are to be measured with a fuse that has

standard dim¢nsions for the rating'in place and shall not be less than those specified in coly

29.2.10 Sp3
29.1.
29.2.11 Ani

with the requi
that is used in
be less than

hsulating barrier or liner that is used to provide spacings, including spacings
ed ovep-stirface spacings, shall not be less than 0.028 inch (0.71 mm) thick. A
conjunction with a spacing through air or oil not less than one-half the require
D.028,inch but not less than 0.013 inch (0.33 mm) thick, provided the barrie

insulating mg

the enclosure,
mponent.

e rating is the

hinsulated live
29.2.12. The
red to the coil
twithstand test
an equivalent
cordance with

tor, or a clock
component to
mply with the

the maximum
mn B of Table

in conjunction
barrier or liner
d spacing may
r or liner is an

terial resistant to _moisture _and has the necessary mechanical strength

if exposed or

otherwise likely to be subject to mechanical damage, reliably held in place, and located so that it will not be
adversely affected by operation of the equipment in service — particularly arcing.

Exception: As provided in 29.2.13.

29.2.12 Aninsulating barrier or liner used as the sole separation between live parts and grounded parts
or between live parts of opposite polarity, shall be a material that may be used for mounting uninsulated
live parts and is not less than 0.028 inch (0.71 mm) thick. Otherwise, a barrier shall be used in conjunction
with at least a 1/32-inch (0.8-mm) air spacing.

Exception: As provided in 29.2.13.
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29.2.13 Insulating and encapsulating materials and coatings having a thickness less than that specified
in 29.2.11 and 29.2.12 may be used if, upon investigation, it is found to comply with the requirements for
the application, and is equivalent in all regard to materials of the thicknesses specified in 29.2.11.

29.2.14 Film-coated wire is considered to be an uninsulated live part in determining the spacing
requirements in this standard.

29.3 Magnet-coil windings

29.3.1 Insulation required in place of spacings between a magnet-coil winding and other uninsulated live
parts or grounded dead metal parts, may differ in type and thickness from that required by 29.2.12. The
type and thickness of crossover-lead insulation _and insulation under coil terminals secured to the coil
winding may be less than that specified in 29.2.12 if:

a) The|nsulation is at least 0.013 inch (0.33 mm) thick; or
b) The [coil withstands the dielectric voltage-withstand test specified in either (1) or (2)

1) Application of the test potential in accordance with 52,15V~ 52.1.4 between coil-end
leads after breaking the inner coil lead where it enters thélayer, or an equivalent opposite
polarity test.

2) Application of the induced potential test describéd in 52.4.1 — 52.5.2.

29.3.2 A sloflin a molded bobbin for guiding the crossover-or start-lead — unspliced at the|windings — of
a magnet-coil [s to be filled with an insulating material unless

a) The slot provides a graduated spacing to the winding, increasing to the end turns, gnd

b) The magnet-coil winding withstands the induced potential test in 52.4.1 — 52.5.2.
29.4 Low-vdgltage class 2 circuits
29.4.1 Safety circuits

29.4.1.1 If aphort circuit between the parts in a low-voltage, Class 2 safety control may regult in a risk of
fire, electric shock, or injury' to persons, spacings shall be as specified in 29.4.1.2 — 29.4.1.4, and as
provided in Cl¢arances-and Creepage Distances, Section 30.

Exception: A gdrotective component of a power source need not have the spacings specified.

29.4.1.2 Spacing between an uninsulated live part and the wall of a metal enclosure, including fittings for
connection of conduit or armored cable, shall not be less than 1/8 inch (3.2 mm). A greater spacing may
be required if an enclosure is not sufficiently rigid to maintain the required spacing because of its:

a) Size,
b) Shape, or

¢) The material used.

29.4.1.3 Spacing between wiring terminals, regardless of polarity, and between a wiring terminal and a
dead metal part — including the enclosure — that may be grounded when the equipment is installed shall
not be less than 1/4 inch (6.4 mm).
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29.4.1.4 Spacing between uninsulated live parts, regardless of polarity, and between an uninsulated live
part and a dead metal part, other than the enclosure, that may be grounded when the equipment is
installed shall not be less than 1/32 inch (0.8 mm), provided that the construction is such that spacings will
be permanently maintained.

29.4.2 Non-safety circuits

29.4.2.1 The spacings between bare live parts connected to separate low-voltage, Class 2 circuits shall
be not less than 1/32 inch (0.8 mm) through air and over the surface of insulating material.

29.4.2.2 The spacings within a low-voltage Class 2 circuit, other than a safety circuit, are evaluated on
the basis of a dielectric voltage-withstand test. See 52.1.2 and 52.1.3.

29.5 Isolated limited secondary circuits (100-volt-amperes or less)

29.5.1 If shart-circuiting of parts in a safety circuit of an isolated-limited-secondary circuit jnay cause the
controlled equiipment to result in a risk of fire, electric shock, or injury to persons, then the [spacings shall
be as specifigd in Table 29.1, column A or B; otherwise Table 29.2 shall apply:

29.5.2 Spaging between uninsulated live parts of opposite polarity, and between such parts and dead
metal that may be grounded in service is not specified for an<solated limited secondafy circuit. The
spacing is based on the performance of applicable dielectric_veltage-withstand and abnofmal operation
tests.

Table 29:2
Minimum spacings in safety circuits.in isolated-limited-secondary circuits
Potential involved, volts
0-600, 601/- 1000,
Spacing between uninsulated live/parts and inch (mm) inch (mm)
A. Exposed isolpted (insulated) Through air 1/8 (3.2) 1/4 (6.4)
dead metal part

Over surface 1/4 (6.4) 3/8 (9.5)

B. Grounded dgad metal part other Through air or over 1/16 (1.6) 3/16 (4.8)
than the enclosyire surface

C. Uninsulated live part of opposite Through air or over 1/16 (1.6) 3/16 (4.8)
polarity surface

D. Wall of meta'ic enclosure Through air or over 1/4 (6.4) 12 (12.7)
surface

29.6 Controlled environment circuits

29.6.1 The requirements in 29.6.2 — 29.6.5 apply to equipment that is:
a) Intended for use in a controlled environment and so marked in accordance with 75.9 or

b) Provided with a gasketed enclosure, a tight-fitting enclosure that has been investigated for the
purpose, or a filter system that affords the same degree of protection from environmental
contamination.

29.6.2 The spacings between field-wiring terminals of opposite polarity and the spacings between a field-
wiring terminal and any other uninsulated metal part (dead or live) not of the same polarity shall not be less
than the applicable value specified in Table 29.3.
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Minimum spacings at field-wiring terminals

Table 29.3

Spacings
Between field-wiring terminals and other uninsulated parts not
Between field-wiring terminals always of the same polarity
through air or over surface, Over surface, Through air,
Potential involved,

volts inch (mm) inch (mm) inch (mm)

0-50 1/8 (3.2) 1/8 (3.2)° 1/8 (3.2)
51-250 1/4 (6.4) 1/4 (6.4) 1/8 (3.2)
251 -600 1/2 (12.7) 1/2 (12.7) 3/8 (9.5)
Over 600 b b b

b See Table 29.4

& For a terminal ih a safety circuit note (d) of Table 29.1 applies.

29.6.3
of opposite pd
live) not of th

In primary circuits other than at field-wiring terminals, the spacings between uninsul
larity and between an uninsulated live part and any other uninsulated metal
e same polarity shall not be less than indicated in Table 29.4. See also

hted live parts
part (dead or
29.64. If an

uninsulated liie part is not rigidly fixed in position by a means otherthan friction between sprfaces or if a

movable dead
minimum accsH
movable part.

metal part is in proximity to an uninsulated live part{ the construction shall be| such that the
ptable spacings specified in Table 29.4 will be maintained regardless of the position of the

Spacjngs in primary-circuits elsewh;aebtlre\azr?-:t field-wiring terminals and in motors
Minimum spacings?
Potential involved, Over surface, Through afr,
volts rms (volts peak) inch (mm) inch (mm)
0-50 (0-70.7) 3/64 (1.2) 3/64 (1.2)
51-125 (72.1-176.8) 1/16 (1.6) 1/16 (1.6)
126 — 250 (178.2 - 353.5) 3/32° (2.4) 3/32° (2.4)
251 -600 (355,~848) 1/2bc4d (12.7) 3/gbed (9.5)
601 — 3000 850 - 4242° 3/4%%9 (19.1) 3/4%79 (19.1)
3001 — 5000 (4243 — 7070)° 1fe (25.4) 19 (25.4)
5001 — 10000 (7071 — 14140)° 1-1/2f (38.1) 1-1/2f (38.1)
1-1/89 (28.6) 1-1/89 (28.6)
10001 — 15000 (14141-21210)° 1-1/2%9 (38.1) 1-1/2%9 (38.1)

@ For additional spacing requirements in safety circuits up to 600 volts, refer to footnote (d) of Table 29.1. Spacing requirements for

higher voltage safety circuits are under consideration.

b For equipment with a volt-ampere rating that is limited in accordance with 29.2.2 and 29.2.3, the spacings shall not be less than

indicated in Table 29.1, column B or C as applicable.

¢ Film-coated wire is to be considered as if it were an uninsulated live part. However, 1/2-inch and greater spacings over the
surface and through the air may be used between dead metal parts and film-coated wire that is rigidly supported and held in place

on a caoil.

4 On printed-wiring boards and their connectors wired on the load side of line filters (or similar voltage-peak reduction networks
and components), 3/32 inch plus 0.0002 inch (0.0051 mm) per volt peak above 353.5 volts peak [0.094 + 0.0002 (V- 353.5)]
spacings over the surface and through the air may be used between uninsulated live parts of opposite polarity, and between
uninsulated live parts and any other conductive parts (live or dead) not of the same polarity.

Table 29.4 Continued on Next Page


https://ulnorm.com/api/?name=UL 916 2021.pdf

OCTOBER 21, 2021 UL 916 59

Table 29.4 Continued

Minimum spacings?®

Potential involved, Over surface, Through air,

volts rms (volts peak) inch (mm) inch (mm)

¢ Applies to internal circuitry.

f Between uninsulated high-voltage parts and:
1) Uninsulated high-voltage parts of opposite polarity or of different potentials,
2) Grounded metal parts, and

3) Uninsulated primary circuit parts

9 Between uningulated high-voltage parts and:

1) Unipsulated primary-circuit parts, and

2) Insylated high-voltage parts of opposite polarity or of different potentials.

29.6.4 Primary-circuit spacings apply in all secondary circuits that are safety circuits and in all secondary
circuits supplied by a transformer winding of a 200-volt-ampere or higher capacity (maximnum available

power) at a
Circuits, Sect
on the basis g

29.6.5 With
200-volt-amp

a) Arg

potential higher than 100 volts. Except as noted .in{ Controlled-Environmg
on 31, the spacings in all other secondary circuits'that are not safety circuits
f the dielectric voltage-withstand test described in52.2.1 — 52.3.3.

reference to 29.6.4, an isolated internal secondary circuit is considered to ha
bre capacity starting at any point beyond;

liable limiting impedance that limitsi\the available power to less than 200 volt-2

nt Secondary
are evaluated

ve less than a

mperes under

all conditions or

b) A flise or other overcurrent-protective device other than an automatically reset
current rating in amperes not exceeding:

type having a
200 VA4

2.0 V.

in whigh:

Vi, is the open-circuit voltage of the secondary in question in volts rms with the primary

connected to maximum rated voltage.

Maximum available power is to be measured using a variable resistor connected in place of the circuit in
question. For a transformer having multiple secondary windings, all measurements on one secondary
winding circuit are to be made with all other windings unloaded.

30 Clearances and Creepage Distances

30.1 As an alternative to the specified spacing requirements of Spacings, Section 29, the spacing
requirements in the Standard for Insulation Coordination Including Clearances and Creepage Distances
for Electrical Equipment, UL 840, may be used. The spacing requirements in UL 840 shall not be used for
field wiring terminals and spacings to a dead metal enclosure. In determining the pollution degree and
overvoltage category, the end-use application is to be considered and may modify those characteristics
givenin 30.2 — 30.5.
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30.2 When applying specific requirements from the Standard for Insulation Coordination Including
Clearances and Creepage Distances for Electrical Equipment, UL 840, it is anticipated that the degree of
pollution expected or controlled will be as indicated in Table 30.1.

Table 30.1
Degrees of pollution

Equipment Pollution degree
Hermetically sealed or encapsulated equipment or printed wiring boards with a 1
protective coating®
Equipment for ordinary locations and indoor use, such as: 2

a) Resiflential controls;
b) Commercial controls for use in a clean environment; and

c) Nongafety controls for installation on or in appliances

All safety or limitjcontrols, equipment for outdoor use, and equipment influenced by 3
surrounding envjronment, such as:

a) Industrial controls;

b) Refrigeration controls; and

c) Watdr heater controls

@ Tested in accondance with the protective coating test in the Standard for, Insulation Coordination Including Clearafces and
Creepage Distarjces for Electrical Equipment, UL 840.

30.3 When applying specific requirements from“the Standard for Insulation Coordination Including
Clearances arjd Creepage Distances for Electrieal Equipment, UL 840, it is anticipated that the equipment
will be identifigd by overvoltage categories as indicated in Table 30.2.

Table 30.2
Overvoltage categories

Equipment Overvoltage cat¢gory

Intended for fixefl wiring conriection 1

Portable and stafionary eord-connected I

Power-limited ar|d safety? low voltage |

@ Applicable to Iqw-veltage circuits if a short circuit between the parts involved may result in operation of the controlled equipment
that would increase the risk of fire or electric shock.

30.4 In order to evaluate clearances where the levels of overvoltage are controlled, control of
overvoltage shall be achieved by providing an overvoltage device or system as an integral part of the
product. The equipment shall be evaluated for the rated impulse withstand voltage specified in the
Standard for Insulation Coordination Including Clearances and Creepage Distances for Electrical
Equipment, UL 840.

30.5 Printed wiring boards constructed of Types XXXP, XXXPC, G-10, FR-2, FR-3, FR-4, FR-5, CEM-1,
CEM-3, GPO-2, or GPO-3 industrial laminates in accordance with the Standard for Polymeric Materials —
Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and Materials Used in Printed-Wiring
Boards, UL 746E, are considered to have a minimum comparative tracking index of 100 without further
investigation.
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31

31.1
in equipment

Controlled-Environment Secondary Circuits

intended for installation in a controlled environment or provided with:

a) A gasketed enclosure,

b) A tight-fitting enclosure that has been investigated for the purpose, or

Secondary circuits — other than safety circuits — shall be evaluated in accordance with 31.2 — 31.9 if

c) A filter system that provides the same degree of protection from environmental contamination.

31.2 Printed-wiring assemblies and subsequent circuitry used in secondary circuits that do not involve a

risk of elect

ric_chaock need not bae invastiaatad Howaver nower sunnlias and nao
to—5HoK—RB88a—Hot+— HH-eSHgatea—roWeV-e—powWer—SHppHe Re—p oY

yer-distribution

components,
receptacles a
circuits shall g

31.3 Circuits
includes an i
more than 42

a)Sot

b) By
more {

=

such as bus bars, wiring connectors and similar parts up to and including
hd connectors shall be investigated. Printed-wiring boards and insulated\wirg
omply with the requirements for the application.

supplied by a single source consisting of an isolating transformer, a pow
olating transformer, or a battery need not be investigated if the“open-circuit
4 volts peak and the energy available to the circuit is limited:

hat the current under any condition of load including short circuit is limited by:
1) Construction of the battery or isolating transfermer, or

2) Construction or value of a fixed impedance or reliable regulating netwo
than 8 amperes measured after 1 minute.of operation; or

h fuse or a nonadjustable manuallyréset circuit-protective device that is rate
han the values specified in Table, 311.

Table 31.1
Rating for fuse or circuit protector

printed-wiring
b used in such

er supply that
potential is not

k to not more

d or set at not

pen-circuit potential, peak volts Current rating, amperes
0-21.2 5
24/3>42.4 3.2

31.4 The vg
transformer p|

tage limit specified in 31.3 is to be measured with the equipment, the power

supply, or the

rimary connected to the voltage specified in 31.3 and all load circuits disconn

bcted from the

battery, transformer, or the power supply under test. The measurement may be made at the output
terminals of the battery, transformer, or power supply. If a tapped transformer winding is used to supply a
full-wave rectifier, the voltage measurement is to be made from each end of the winding to the tap.

31.5 If the performance of a regulating network used to limit the voltage or current in accordance with
31.3(a) may be adversely affected by either a short-circuit or open-circuit of any single component in the
network, the risk of such an occurrence shall be determined by investigation of that component.

31.6 In a circuit of the type described in 31.3, the secondary winding of the transformer, the fuse or
circuit-protective device, or the regulating network and all wiring up to the point at which the current and
voltage are limited are to be evaluated under the applicable requirements of this standard.

31.7 Secondary circuits may be connected to the frame of the unit.
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31.8

shall not be relied upon as a current-carrying means.

If the frame is used as a current-carrying part of a secondary circuit, a hinge or other movable part

31.9 A circuit supplied from a Class 2 transformer rated at 30 volts rms sinusoidal or less need not be

investigated.

32 Wiring Space

32.1

distribution of wires and cables to be connected in the field as specified in Table 32.1.

Except as noted in 32.2 and 32.3, the space within an enclosure shall provide ample room for the

Table 32.1
Field wiring space
Conductor size, Minimum usable volume-per condyctor,

AWEG (mm?) cubic inches (cm®)

14 and smaller (2.1 and smaller) 2 (33)
12 (3.3) 225 37)

10| (5.3) 25 41)

8 (8.3) 3 (49)

6 (13.3) 5 (32)

32.2 Inlieu df the volume specified in Table 32.1, a trialinstallation may be made to determine that ample

room is provig
However, wire

32.3 To dete
and in so doin
is to be exerci
projections or

32.4 The wir|

Bending spac
wall or barrier,

32.5 Any su

ed for the distribution of wires and cables required for the proper wiring of th
Ltbending space shall be provided injactordance with 32.4 and 32.5.

rmine whether the equipment,complies with 32.2, it is to be wired as it would
g, a reasonable amount of slack is to be left in each conductor. No more than
bed in stowing this slack into the wiring compartment. The wiring shall not bear
edges that may damage. the insulation.

-bending space within the enclosure of a controller shall be in accordance w
b is to be measured in a straight line from the end of the lug, connector, or t
in the direction the wire leaves the terminal.

pplementary terminal supplied with the controller shall be of a type ide

e equipment.

be in service,
average care
against sharp

th Table 32.2.
erminal to the

ntified by the

manufacturer

or_use with the product, and shall not reduce the minimum wire-bending spaced.

Table 32.2
Minimum field wire-bending space at terminals of enclosed controllers

Bending space, inches (mm)

Conductor size,

Wires per terminal

AWG or kemil (mm?) 1 2
14-10 (2.1-5.3) Not specified -
8-6 (8.4-13.3) 1-1/2 (38.1) -
4-3 (21.2-26.7) 2 (50.8) -

Table 32.2 Continued on Next Page
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Table 32.2 Continued

Bending space, inches (mm)
Conductor size, Wires per terminal
AWG or kemil (mm?) 1
2 (33.6) 2-1/2 (63.5)
1 (42.4) 3 (76.2)
1/0 (53.5) 5 (127) 5 (127)
2/0 (67.4) 6 (152) 6 (152)
3/0-4/0 (85.0 - 107.2) 7 (178) 7 (178)
250 27 B 203y 8 (203)
300 (152) 10 (254) 10 (254)
350 — 500 (177 — 253) 12 (305) 12 (305)
600 — 700 (304 — 355) 14 (356) 16 (406)
750 — 900 (380 —456) 18 (457) 19 (483)
NOTE - If provikion for three or more wires per terminal exists, the minimum wire-bending space shall be in accorflance with the
National Electri¢al Code, ANSI/NFPA 70.

33 Separation of Circuits

33.1 Insulatgd conductors shall be segregated or separatéd\by barriers from:

a) Eadh other if used in different internal wiring eircuits and

Excepfion: Conductors provided with insulation rated for the highest voltage involve

separated or segregated.

b) Unipsulated live parts connected to different circuits.

33.2 With r¢ference to 33.1, the segregation is in compliance with 33.1 when it is ac

d need not be

complished by

clamping, roufing, or equivalent means that provides a minimum permanent 1/4 inch (6.35 mim) separation
from an insulated conductor or'an uninsulated live part of a different circuit.

33.3 The equipment shall be constructed so that a field-installed conductor of any ¢
segregated —|see 33(7"+ or separated by a barrier from a field-installed conductor connectd

circuit.

ircuit shall be
d to any other

Exception No—1

and both circuits are insulated for the maximum voltage of either circuit.

o . . . . ~
—Separationand-segregatiomare ot required-wherrbothcircuitsare€fass 2 or Class 3

Exception No. 2: Separation and segregation are not required when both circuits are other than Class 2 or
Class 3 and both circuits are insulated for the maximum voltage of either circuit.

Exception No. 3: Separation and segregation are not required between a limited energy (Class 2 or Class

3) circuit and an unlimited energy (Class 1, Electric Light, Power) circuit as long as:

a) The unlimited energy circuit is of a potential of 150 V ac or less to ground;

b) The product is marked to indicate that the limited energy circuit conductors are to be wired with
Types CL3, CL3P, CL3R, or equivalent conductors as shown in Table 33.1. See 73.20; and
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c) Types CL3, CL3P, CL3R, or equivalent conductors are used for the Class 2 and Class 3
conductors, provided that the bare conductors from the Class 3 cable are separated from the other
conductors by:

1) Spacing not less than 1/4 inch (6.35 mm);
2) A non-conductive barrier; or

3) A non-conductive sleeving wrapped around the conductors.

Exception No. 4: Separation and segregation is not required between a limited energy (Class 2 or Class
3) circuit and an unlimited energy (Class 1, Electric Light, Power) circuit as long as:

a) The lunlimited energy circuit is of a potential of 150 V ac or less to ground and

b) The|product is marked to indicate that the limited energy circuit conductors\are to|be wired with
condugtors suitable for Class 1, Electric Light or Power circuits. See 73.21.

Table 33.1
Cable substitutes for Types CL3, CL3P, and CL3R cables
Cable type Cable substitutes
CL3 CL3P, CL3R, CM, CMG, GMP, CMR, FPL, FPLP, FPLR, MP, MPG, MPP,
MPR, and PLTC
CL3P CMP, FPLP, and MRP,
CL3R CL3P, CMP, CMR,'FPLP, FPLR, MPP, and MPR

33.4 The equipment shall be constructed so~that field-installed conductors of any cifcuit shall be
segregated — |see 33.7 — or separated by batriers from uninsulated live parts of any othef circuit of the
device.

Exception Noj 1: Field-installed Type RH, T, RFH-2 or equivalent conductors are not pfohibited from
contacting wiring terminals.

Exception No.|2: Field-installed conductors of a limited energy circuit are not prohibited from contacting
terminals of a|separate dimited energy circuit provided that the short circuiting of such terminals does not
result in a riskof fire of electric shock.

33.5 The equipmeént shall be constructed so that field-installed conductors of any cifcuit shall be
segregated — see 33-7—=urseparated-by barrersfromfactory=instattedconductorsconmected to any other
circuit, unless the conductors of both circuits are insulated for the maximum voltage of either circuit.

33.6  With respect to 33.3, 33.4, and 33.5, when the intended uses of the device are such that in some
applications a barrier is required while in some other applications no barrier is required, a removable
barrier or one having openings for the passage of conductors is not prohibited. Instructions for the use of
such a barrier are to be a permanent part of the device. Complete instructions in conjunction with a wiring
diagram is not prohibited from being used in lieu of a barrier when, upon investigation, the combination is
determined to comply with these requirements.

33.7 When field-installed conductors are segregated in accordance with 33.4, the segregation of the
conductors complies with 33.4 when the segregation is from each other, from uninsulated live parts and
from factory-installed conductors by locating openings in an enclosure for the various conductors — with
respect to the terminals or other uninsulated live parts — so that a minimum permanent 1/4 inch (6.35 mm)
separation is provided.
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33.8 With reference to 33.7, when the number of openings in the enclosure does not exceed the
minimum required for the proper wiring of the device, and when each opening is located opposite a set of
terminals, it is to be assumed that a conductor entering an opening shall be connected to the terminal
opposite that opening. When more than the minimum number of openings are provided, the possibility of a
conductor entering an opening other than the one opposite the terminal to which it is intended to be
connected and the possibility of it contacting insulated conductors or uninsulated current-carrying parts
connected to a different circuit is to be investigated.

33.9 To determine whether the equipment complies with the requirement of 33.3, 33.4 and 33.5, it is to

be wired as in

tended for service with:

a) 6 — 12 inches (152.4 — 305 mm) of slack left in each conductor and

b) No more than average care exercised in stowing the slack into the wiring compartrment.
33.10 Conductors from an unlimited energy (Class 1, Electric Light, Power) field-wired cirguit and from a
limited energy (Class 2 or Class 3) field-wired circuit that are routed through.a’ single ppening in an

enclosure of
conductors a
rated not less
provided as p
34 Isolation
341 All de

transformers,
in 34.2 -34.5

34.2 Anisol
if isolation is 1

b permanently-connected appliance comply with the intent of 33:3 when the
e separated from the unlimited energy conductors by flexible-tubing. The t
than the maximum voltage rating of the unlimited energy.conductors. The
art of an installation kit with the equipment. See 73.22.

Devices

ices that are necessary to provide electrical isolation, such as optical is
and the like, shall comply with the requirements for such devices and with the

htion device shall be provided if itreduces a risk of fire, electric shock, or injury
equired by this standard in specific circuits.

34.3 Equip
involving a

ent that incorporates €lass 2 outputs and isolates these Class 2 outputs
k of electric shock shall be subjected to tests to determine the effects on

ri
properties ofr}he isolating medium:."The testing shall include subjecting the insulation to the t

in 47.4.1 — 47|

34.4 Resistq
Isolating Resi
that is expos

4.3.

rs employed to obtain isolation shall comply with requirements for such
stor Evaluation, Section 67. In addition, each line in a circuit that contains suc
bd_during user servicing shall be provided with an impedance that satisfies

equation:

limited energy
Libing shall be
ubing shall be

olators, pulse
requirements

to persons, or

from circuits
the insulating
ests described

devices. See
h resistors and
the following

in which:

NS

<0.5 mA

V is the open-circuit voltage of the line circuit and

Z is the minimum impedance, including tolerances.

Exception: The value in the equation is 5.0 milliamperes for circuits exposed only during servicing by
qualified personnel.
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34.5 The power rating of a resistor used to obtain isolation shall be at least three times the power it
dissipates in normal operation.

34.6 Other types of impedances used in accordance with 34.2 are to be subjected to a special
investigation.

35 Connections to Separate Equipment
35.1 General

35.1.1 If the combination of the equipment is investigated together, the connections in the combination
may be evalugted to determined compliance with these requirements

35.2 Fuel-cgntrol circuit

35.2.1 The ipterconnections of equipment or controller to the fuel control circuit'of-a separate gas, oil, or
electric furnacg or boiler, or air-cooling equipment, or the like, shall not:

a) Result in bypassing or defeating a safety control or protective device,
b) Require rewiring,
c¢) Introduce a new power supply to the separate equipment,

d) Adq a load to the existing components which, may interfere with proper opgration of the
controlled equipment, or

e) Intefpose in the control circuit other contfols, the malfunction of which may resultfin a condition
that the control is intended to prevent.

Also see Sepdration of Circuits, Section 337and Interconnection of Class 2 Circuits, Section 36.

35.2.2 Comgliance with the requirement in 35.2.1 may be accomplished by
a) Conpection of the controller ahead of the power-supply terminals of the separate equipment,
b) Conpection of jselated contacts ahead of the control,

c) Conpection.of isolated contacts to thermostat terminals or to the water-temperatlire-regulating
controllterminals of the separate equipment, or

d) Equivalent connection that meets the intent of in 35.2.7.

35.2.3 The controller shall not furnish power or be connected to the circuit of a thermopile-powered
furnace or boiler.

Exception: The controller may furnish power or be connected to the circuit:
a) Through an isolated contact connected in a separate compartment or

b) If the control is marked to specify use of an isolating relay.
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35.3 Circulator or auxiliary-control circuit

35.3.1 The interconnection of a controller to a separate furnace fan, boiler pump, or the like, shall be by
means of an isolated contact that is to be connected only to the fan or pump controls so as not to require
rewiring or adding a power supply to the separate equipment. The controller shall be marked accordingly.

36 Intercon

36.1

nection of Class 2 Circuits

The output of a transformer supplying a Class 2, low-voltage circuit and provided as a part of the

equipment shall not be interconnected with the output of another such transformer. See 73.6.

Exception: Tl
interconnecte
single Class 2

36.2 The ou
6.2 and that a

36.3 If the

compartment
crowding, ang
another circui

37 Barriers

37.1 A barri
insulating ma
subjected to n

37.2 Unclos|
mm) in diame
need to pass
an insulated
larger than re

37.3 A barr
uninsulated i
walls and fro
segregated c(

, f ; ded F i .
d if the voltage and current measurements at the output terminals are within.t
, 30-volt or less transformer.

tputs of two or more transformers, all of which are evaluated as Class 2 in ag
e not interconnected, are to be considered as separate circuits.

viring terminals or leads for two or more Class 2 circuits. are located in th
the compartment shall be such that ample room js, provided for proper
such that the stowed wiring of one circuit will not be forced against terminals
[. The equipment shall be marked in accordance with 75.8.

er used to provide separation betweentthe wiring of different circuits shall be
terial having the necessary mechanical strength if exposed or otherwis
nechanical damage, and shall be held in place.

ed openings in a barrier forthe passage of conductors shall not be larger tha
ter and the number of ¢penings shall not be more than the number of cond

vire may contact jt-and the area of any such opening, with the closure remove
uired for the passage of the necessary wires. See 18.1.20.

er used t0-provide separation between the field wiring of one circuit and
be part$ of another shall not be spaced more than 1/16 inch (1.6 mm) from
M intetior mechanisms and component-mounting panels, or the like, that se

ment may be
e values for a

cordance with

b same wiring
wiring without
or live parts of

of metal or of
b likely to be

n 1/4 inch (6.4
Lictors that will

through the barrier. The.closure for any other opening shall have a smooth surfface wherever

d, shall not be

the wiring or
the enclosure
rve to provide

rmpartments.

37.4 A metal barrier used to provide segregation shall have the necessary strength and rigidity, and shall
be at least the thickness specified under the column in Table 7.1 titled "With supporting frame or equivalent
reinforcing," for the dimensions of the barrier.

37.5 A barrier of insulating material shall be of such thickness and be so supported that it cannot be
readily deformed so as to defeat its purpose; in any case, the thickness shall not be less than 0.028 inch
(0.71 mm).

37.6 A barrier between uninsulated live parts connected to different circuits, and a barrier between
uninsulated live parts of one circuit and the wiring of another circuit shall also comply with the requirement
in 29.2.11 and 29.2.12.
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PROTECTION AGAINST INJURY TO PERSONS

38 General
38.1 Scope

38.1.1

involve a risk of injury to persons.

The requirements in 38.2.1 — 38.7.8 apply to equipment, the normal operation of which may

38.1.2 There are risks of injury to persons inherent in some equipment that, if completely eliminated,
would defeat the utility of the equipment. The requirements in this section are intended to reduce such

risks, while ret

ining the intended function of the equipment

38.2 Sharp ¢

38.2.1 Anen
risk of injury to

Exception: Th|
function.

38.3 Moving
38.3.1
or swinging du
or cover, by ot
38.4 Enclos

38.4.1 Ther

a) Mot

b) Pullgy,

c) Belt,

d) Geaf

A hingied or pivoted panel or cover shall be positionied or arranged so that it is not su

torners and edges

closure, a frame, a guard, a handle, or the like, shall not be sufficiently sharp
persons in normal maintenance and use.

s requirement does not apply to a part or portion of a part needed to perfd

parts

e to gravity or normal vibration in such a*manner as to cause injury to person
her moving parts capable of causing injiiry to persons, or by uninsulated live pa

ures and guards

ptor of a:

r!

e) Cha

o constitute a

rm a working

bject to falling

5 by the panel
rts.

n,

f) Fan,

or

g) Other moving part

that could cause injury to persons, shall be enclosed or guarded to reduce the risk of unintentional contact
with the moving part.

38.4.2 A moving part that may involve a risk of injury to persons shall comply with the requirements
ble 12.1, and shall be considered with regard to:

specified in Ta
a) The

b) The

degree of exposure,

sharpness of the moving part,
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c¢) The risk of unintentional contact with the moving part,
d) The speed of the moving part, and
e) The risk that:
1) A part of the body could be endangered by the moving part or

2) Clothing could be entangled, resulting in a risk of injury to persons.

38.4.3 Unless it complies with 50.1, a guard or enclosure for a moving part capable of causing injury to
persons shall be secured to the equipment so that it cannot be removed without using a tool.

38.5 Surfacle temperatures

38.5.1 Durin
knob that is ¢
or 85°C (1859

38.5.2 With
than metal, th

nonmetallic p

38.5.3 The

g the Temperature Test, Section 42, the maximum temperature of a_ handle, le
bntacted by a user during normal operation shall not exceed 60°C (140°F) for g
F) for a nonmetallic surface.

reference to 38.5.1, a handle, a lever, a button, a knob, or’the like, made of a
at is plated or clad with metal 0.005 inch (0.13 mm)thick or less shall be ¢
rt.

maximum temperatures specified in 38.5.1 do.not apply to equipment intend

for use in an ambient temperature exceeding 85°C (185°F),

38.6 Mountjng devices

38.6.1 Equipment weighing more than 5 pounds (2.3 kg) and relying on a mounting mean
own enclosufe, if malfunction of the mounting means will result in a risk of injury to
withstand for|1 minute, without dislocatién' of the mounting means or evidence of dama
described in 38.6.2.

38.6.2 With fthe equipment moetnted in accordance with the manufacturer's instructions, a
three times the weight of thefequipment but not less than 20 pounds-force (89 N) is to be 3
the approximate center of'gravity of the equipment. The force is to be increased graduall

ver, button, or
metal surface

material other
valuated as a

ed specifically

5 other than its
persons, shall
je, a force as

force equal to
pplied through
y to reach the

required valug in 5 — 10/seconds and is to be maintained at that value for 1 minute.

38.7 Strength of parts

38.7.1 A device that is actuated by an external source of pressure and that employs a Bourdon tube, a
flexible metal bellows, a diaphragm, or the like, rated 300 psig (2068 kPa) or more and not contained
within an enclosure, shall withstand for 1 minute the hydrostatic pressure specified in 38.7.2 without
bursting, leakage, or rupture.

Exception: Certain leakage conditions may occur only as indicated in 38.7.3 — 38.7.7.

38.7.2 To determine whether a part complies with the requirement in 38.7.1, a sample shall be subjected
to a hydrostatic pressure test. The sample is to be filled with water to exclude air and is to be connected to
a hydraulic pump. The pressure is to be raised gradually to four times the maximum rated operating
pressure of the device.

38.7.3 Leakage at a gasket or fitting during the hydrostatic pressure test may occur unless it occurs at a
pressure 50 percent or less of the required test pressure.
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38.7.4 If leakage occurs during the test, the test is to be continued to four times the maximum rated
operating pressure of the device, test equipment permitting. If the leakage is due to external fittings,
modifications may be made to permit completion of the test.

38.7.5 A Bourdon tube, a flexible metal bellows, a diaphragm, or the like that is contained within an
enclosure shall comply with the requirement in 38.7.1 or shall:

a) Withstand for 1 minute without visible leakage a hydraulic pressure in accordance with the
second column of Table 38.1; and

b) Except as indicated in 38.7.7, withstand a hydraulic pressure for 1 minute equal to four times the
maximum rated operating pressure of the device without rupture that may present a risk of injury to
persons-

Table 38.1
Test pressures for devices with enclosures

Test pressure for

Marked maximhm operating-pressure

rating, psig (kPa) 38.7.5(a) 38.7.7(a)
3p0 - 2000 2 times maximum rated operating 3 times maximum ratg¢d operating
pressure pressure

(2068 — 137,900)

38.7.6 With feference to 38.7.5(b), a Bourdon tube, diaphragm, or bellows may split if no part is released
outside the epclosure; a joint or a gasket may leak\if the required pressure value is|reached and
maintained fol 1 minute, a leaking gasket or flexible;member may be replaced by a heavier|disc to permit
the required pressure value to be reached.

38.7.7 With feference to 38.7.6, if leakage-becomes excessive so that the four-times pressure cannot
reasonably belreached — that is, if the part\functions as if it has a rupture disc — the part comglies if:

a) A pressure in accordancewwith the third column in Table 38.1 is reached,;
b) No gart capable of gausing injury to persons is released outside the enclosure; and

c¢) It cap be demonstrated by test — which may be at a low pressure — or otherwise, [that the outer
enclosiire can(either relieve a pressure equal to the maximum rated operating pressure of the
device withoutrupture that presents a risk of injury to persons, or can withstand a pregsure equal to
the marimum rated operating pressure.

38.7.8 A pressure vessel, a compressed air filter, a piston operator, or similar device shall withstand
hydrostatic strength tests consistent with the intended use unless it is certified by the National Board of
Boiler and Pressure Vessel Inspectors and bears an ASME Code inspection symbol other than the UM
symbol.

39 Protection of Users and Service Personnel

39.1 General

39.1.1 The requirements in this section do not apply to live parts in low-voltage circuits as defined in 5.6.

39.1.2 Live parts shall be arranged and covers located so that persons are not likely to be exposed to a
risk of electric shock while removing and replacing a cover.
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39.1.3 Live parts shall be:

a) Recessed at least 1/8 inch (3.2 mm) from the plane of the front of the fixed portion of an
enclosure;

b) Recessed at least 1/8 inch from the front edge of a wiring compartment, in the case of
equipment mounted to the face of a wiring compartment; or

c) Provided with equivalent protection by projections or guards.

39.1.4 To determine whether live parts recessed or protected in accordance with 39.1.3 comply with the
requirement in 39.1.2, the cover is to be removed and replaced. Contact of either a person or a conductive

cover with a li

e part shall not occur

39.1.5 Unle
live parts are
arranged so t
shall be mark

Exception: Eq
installation, d
requirements
Section 20, af

39.16 Anu
guarded, or e
or fuse, lubri
performed on

39.1.7 A livg¢ heat sink for a solid-state component, a live relay frame, and the like, shg

39.1.6, 39.2.

ES a cover complies with the requirements for hinged covers in 7.2.4 and(A.277,
protected as specified in 39.1.6, a handle, a knob, or other manual operating
hat it can be operated from outside the enclosure. The position of stich an op
bd, if necessary, as a guide for proper operation.

uipment that involves manual operations that may be performed by a user onl
iring a servicing procedure, or seasonally, need not comply provided that it co
in 39.1.6, 39.2.3, 39.2.5, 39.3.2, and 39.3.3. The requjrements in Bonding of
bply in any case.

ninsulated live part or a moving part capable of causing injury to persons sh
hclosed so as to reduce the risk of contactwith such part by a person while ch
cating a motor, adjusting a control, or during other normal operations, ir
y at the time of installation, during a:servicing procedure, or seasonally.

, and 39.3.2, and unless_the equipment is marked in accordance with 75.6

guarded to re
Exception: A9
39.1.8 With

appearance ¢
evaluated sim

Huce the risk of contact by persons, regardless of the location of the parts.

provided in 39.1.9.and 39.1.10.

reference t0 89.1.7, the size, shape, material, and color give a heat sink or r
f a deaddmetal part. Other live parts that can be mistaken as being dead g
ilarly.

39.1.9 Agu

and unless all
neans shall be
erating means

at the time of
mplies with the
Internal Parts,

all be located,
anging a lamp
cluding those

Il comply with

shall also be

elay-frame the
arts are to be

brd,)baffle, or cover that can be removed without a tool is to be removed whe

tn determining

whether a part is exposed to confact by a user. A part that can be contacted by a 3/8-inch (9.5-mm)
diameter rod having a hemispherical end inserted through an opening in a permanently attached guard or
baffle for a distance of 4 inches (102 mm) is considered to be exposed for the purpose of protecting
persons.

Exception: A snap-on cover that complies with the requirements in the Cover Retention Test, Section 62,
need not be removed.

39.1.10 A part on the back side of a component mounting panel or located so that major disassembly by
using a tool is necessary to expose it is not considered to be exposed to a user; such a part is not
considered to be exposed to service personnel unless it is likely that servicing will be performed while the
part is energized after disassembly.
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39.1.11 If a marking or an operating instruction refers a user to a hole or opening in an enclosure through
which a tool is to be inserted for adjustment or a similar purpose, it shall not be possible to contact an
uninsulated live part through the hole or opening with a 1/16-inch (1.6-mm) diameter rod.

39.2 Mechanical servicing

39.2.1 The requirements in 39.2.2 are intended to provide a reasonable degree of protection to service
personnel performing a mechanical function on energized equipment. Such a service function does not in
itself cause exposure to live parts or moving parts capable of causing injury to persons, but it is commonly
necessary to perform the function with the equipment energized.

39.2.2 An uninsulated live part or a moving part capable of causing injury to persons shall be located,
guarded, or e{closed so as to reduce the risk of unintentional contact by service personnel adjusting or

resetting a cgntrol, or performing a mechanical service function that may have tobe performed with

equipment en

39.2.3 Mech
operating a vg
system, adjus
resetting a cor
set point seal
considered to

39.24 The 1

performed with equipment energized.

39.2.5 Anad
with regard to
operation can

a) In frent (in the direction of access) of the mechanism and

b) Nea
39.3 Electric
39.3.1 Ther

be located so
energized.

rgized.

Bnical service functions that may have to be performed with equipment ene
Ive or connecting a fitting that may be necessary during charging or adjusting
ing the setting of a temperature or pressure control with,or-without marked
trol trip mechanism, operating a manual switch, or lubricating a motor. A contr
ed at the factory and that does not have marking-ot instructions for adju
be adjustable.

equirements in 39.2.2 do not apply to a mechanical service function that is

justable or resettable electric contro] of manual-switching device may be locat
uninsulated live parts so that manipulation of the mechanism for adjustment
be accomplished in the normal direction of access if uninsulated live parts are

any side or behind the mechanism, unless guarded.
tal servicing

bquirements-in 39.3.2 require that certain electrical components within an ove
fhat the'\necessary space is provided for working on the components while the

gized include
) @ pneumatic
dial settings,
bl that has the
stment is not

not normally

ed or oriented
, resetting, or
hot located:

rall assembly
equipment is

39.3.2 An electrical component that may need to be examined, adjusted, serviced, or maintained while
the equipment is energized shall be located and mounted with regard to other components and with regard
to grounded metal parts so that it is accessible for electrical servicing without subjecting service personnel
to a risk of electric shock or to a risk of injury to persons by adjacent moving parts. Access to a component
shall not be impeded by other components or by wiring.

39.3.3 Compliance with 39.3.2 may be obtained by mounting control components in an assembly so that
unimpeded access to each component is provided through an access cover or panel in the outer cabinet, if
provided, and the cover of the control assembly enclosure.

39.3.4 Electrical components to which 39.3.2 and 39.3.3 apply include:
a) Fuses;

b) Adjustable or resettable overload relays;
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¢) Manual or magnetic motor controllers;

d) Magnetically operated relays;

e) Adjustable or resettable pressure or temperature controllers;

f) Man

ual switching devices;

g) Clock timers; and

h) Incr

emental-voltage tap and motor-speed tap terminals for variable-speed motors.

Such components in a limited-energy circuit of 30 volts or less shall comply with 39.3.2 in their relation to

bare live parts

39.3.5 Thef
a) Coi
provid
accord
b) Eng

c) Tern

d) Insu

39.3.6 Ade
a) May

b) Ha
that h

in a circuit of greater energy level and to moving parts capable of causing inju

pllowing are not considered to be uninsulated live parts:

s of controllers, relays and solenoids, and transformer windings, ifithe coils an
bd with insulating overwraps at least 1/32 inch (0.8 mm), thick, or the
ance with 29.2.6;

osed motor windings;
hinals and splices with insulation that complies withidhe applicable requirement

lated wire.

ice having exposed Class 2 outputs that:
be contacted during normal operation or servicing and

e clearances between the Class 2 circuit and an overvoltage protected line
bve been evaluated in agcordance with Clearance B requirements in the

Insulation Coordination Including Clearances and Creepage Distances for Electrig

UL 84

shall be provi
For example,
no longer fun

)1

Hed with a mechanism to indicate the failure of the overvoltage protective dey
the provision'of-a detection circuit that would indicate a transient voltage surge
tional duétoe'the absorption of an excessive amount of energy.

Iy to persons.

d windings are
equivalent, in

s; and

voltage circuit
Standard for
al Equipment,

ice or system.
suppressor is

PERFORMATCE

40 General

40.1

The performance of energy management equipment shall be investigated by subjecting a

representative sample or samples in commercial form to the tests described in Sections 41 — 67.
Consideration shall be given to heat-sink construction, solid-state-device ratings, and other construction
criteria in selecting samples for testing that are representative of a line of similarly constructed equipment.

40.2 Unless otherwise noted, tests shall be conducted at rated frequency and at the test potential
specified in Table 40.1.
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Table 40.1
Values of voltage for tests

Voltage rating of equipment and corresponding test potential, volts®

110 - 120 220 —240 254 - 277 440 — 480 550 — 600
120 240 277 480 600
@ |f the rating of the equipment does not fall within any of the indicated voltage ranges, it is to be tested at its rated voltage.

41 Power Input Test

41.1 The power input to the equipment shall not exceed the marked rating by more than 10 percent

when it is ope[atedunderthe comnditions of ormat use white conmectedtoa suppty tircuitas specified in
Table 40.1.

42 Temperature Test

42.1 When tgsted as described in this section, the equipment shall not attain a temperature at any point
sufficiently high to constitute a risk of fire, to damage any materials employed in the eqyipment, or to
exceed the temperature rises specified in Table 42.1.

Table 42.1
Maximum temperature-rises

Materials and components °C (°F)

A. INSULATION|SYSTEMS

1. Insulation systems on coil windings of an AC motor having a frame diameter® of 7 inches
(178 mm) or Igss, but not including a universal motor; and on vibrator coils:*°

(a) Class Al Insulation Systems
In an open motor:
Thermocouple or resistance method 75 (135)
In a totally enclosed motor:
Thermocouple or resistance'method 80 (144)
(b) Class B Insulation System
In an open motor and.on vibrator coils:

Therfmocouple.or resistance method 95 (171)

In a totally_ enclosed motor:

Thermocouple or resistance method 100 (180)

2. Insulation systems on coil windings of an AC motor having a frame diameter® of more than
7 inches (178 mm), of a DC motor, and of a universal motor:°

(a) Class A Insulation Systems

In an open motor:

Thermocouple method 65 (117)

Resistance method 75 (135)
In a totally enclosed motor:

Thermocouple method 70 (126)

Resistance method 80 (144)

Table 42.1 Continued on Next Page
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Table 42.1 Continued

Materials and components °Cc (°F)
(b) Class B Insulation Systems
In an open motor:
Thermocouple method 85 (152)
Resistance method 95 (171)
In a totally enclosed motor:
Thermocouple method 90 (162)
Resistance method 100 (180)
B. COMPONENTS
1. Capacitorg:
(a) Electrglytic? 40 (72)
(b) Other Types® 65 (117)
2. Field-wirinf terminal® 50 (90)
3. Solid contdcts, busses, and connecting bars’ 65 (117)
4. Fuse clip 65 (117)
5. Printed-witing board?
6. Power-swilching semiconductor (triac, SCR, or the like)" - -
7. Rectifier:
(a) Selenifim' 50 (90)
(b) Silicon 75 (135)
8. Windings ¢f a relay, solenoid, and coil (except motor coil windings and transformers) with:
(a) Class 105 insulation systems:
Thefmocouple method® 65 (117)
Registance method 85 (153)
(b) Class 130 insulation systems:®¢
Thefmocouple method 85 (153)
Resgistance method 105 (189)
9. Sealing compound’ - -
10. Epoxy' 65 (17)
11. Transformer:
(a) Class 105 insulated systems:
Thefmecouple method 65 (117)
Resistance method 75 (135)
(b) Class 130 insulation systems:®
Thermocouple method 85 (153)
Resistance method 95 171)
12. Rubber- or thermoplastic-insulated wire and cord"* 35 (63)
C. ELECTRICAL INSULATION — GENERAL
1. Fiber employed as electrical insulation 65 (117)
2. Phenolic composition employed as electrical insulation or as a part the deterioration of
which may result in a risk of fire or electric shock:
(a) Laminated' 100 (180)

Table 42.1 Continued on Next Page
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Table 42.1 Continued

Materials and components °Cc (°F)

(b) Molded' 125 (225)
3. Varnished-cloth insulation 60 (108)
4. Other insulating materials' - -

D. SURFACES

1. A surface upon which a unit may be placed or mounted in service, and surfaces that may 65 (117)
be adjacent to the unit when it is so placed or mounted
2. Any point on or within a terminal box or wiring compartment of permanently connected 35 (63)
equipment in which power-supply conductors are to be connected, including such
conductors th ;msemes’_unle_ss_tbe_eq“ipmnnf ismarked inaccordance with 74 2

@ This is the dian
and the like, use|

® At a point on th
means of a thern]
method is not m

¢ Insulation systg
insulation systen

4 A capacitor tha
types may be ey

¢ The temperatu
installed as in ag

fIf contacts of ar
where a higher t
heater or other h
conducted at the

Exception: Cont:
overload and en

(T7°F).

" For a power-s
recommended b

i These limitatior]
and determined

I The maximum s
than the softenin
Apparatus, ASTI

X Rubber-insulat
flexible cord entg
conductor. This

temperature ratipg of the capacitor based on a 25°C (77°F) ambient temperature.

9 For a printed wjring board, the maximum temperature rise is the specified limit of the board minus an assumed arn

eter, measured in the plane of the laminations of the circle circumscribing the stator frame, exclud
[ solely for motor mounting, assembly, or connection.

e surface of a coil where the temperature is affected by an external source of heat, the temperatur
hocouple may be 15°C (27°F) higher than that specified, provided that the temperature(rise by the
re than that specified.

ms operating at a temperature greater than their limits shall comply with the thermal aging require]
Ns.

operates at a temperature rise of more than 40°C (72°F) for electrolyticcand more than 65°C (117
Bluated on the basis of its marked temperature limit. However, the méasured temperature shall no

e on a wiring terminal or lug is measured at the point most likely¢o be contacted by the insulation
tual service.

y metal and their supporting blades, busses, and connecting bars attain a temperature greater thg
han nominal room ambient temperature or other externaltemperature prevails, or where affected
eat source in the assembly, the control shall performiacceptably when subjected to overload and g
high temperatures involved.

hcts of silver or a silver alloy that do not attain atemperature higher than 100°C (212°F) need not H
Hurance tests conducted at the higher temperature.

itching semiconductor and thée like; the maximum temperature rise on the case is the maximum c3
the semiconductor manufacturer minus an assumed ambient of 25°C (77°F) for open devices.

s do not apply to compgounds and components that have been investigated and found for a higher
o comply with the requirements.

ealing-compound temperature, when corrected to a 25°C (77°F) ambient temperature, shall be 1§
g point of the.ompound as determined in accordance with the Test for Softening Point by the Ball
M E28-82 ,

bd conducters within a motor having a Class A system, rubber-insulated motor leads, and a rubber
ring.a motor may be subjected to a temperature rise of more than 35°C (63°F) if braid is used on g
oesynot apply to thermoplastic-insulated wires or cords.

ng lugs, boxes,

E measured by
resistance

ments for such

F) for other
exceed the

bf a conductor

n 90°C (194°F)
y a bimetal
ndurance tests

e subjected to

hbient of 25°C

se temperature

temperature

°C (27°F) less
and-Ring

Finsulated
ach individual

' The compliance

25°C (77°F).

of insulating materials other than those covered Iin Table 42.7 is 1o be determined with regard to p

as flammability, arc-resistance, and the like, based on an operating temperature equal to the measured temperature rise plus

roperties, such

42.2 To determine if the equipment complies with the temperature test requirements, it is to be operated
under normal conditions and is to carry its rated current continuously at the test potential specified in Table
40.1 until temperatures are constant.

Exception: The test on parts other than coils and transformer windings may be conducted at a potential
between 90 and 110 percent of the potential specified if the ampere load is adjusted to produce the
maximum normal heating.

42.3 A protective device shall not trip during the temperature test.
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42.4 Permanently-connected equipment is to be tested with 4 feet (1.22 m) of wire attached to each field-
wiring terminal. The wire is to be of the smallest size having an ampacity of at least 125 percent of the test
current for motor loads, continuous duty loads, and combination loads, and at least 100 percent for other
loads. Wire size is to be determined in accordance with Table 310-16 of the National Electrical Code,
ANSI/NFPA 70. The size is to be based upon wire that is rated for a temperature of 60°C (140°F) for a
rating of 100 amperes or less, and upon wire that is rated for 75°C (167°F) for a rating greater than 100
amperes. The type of insulation is not specified.

42.5 Permanently-connected equipment is to be installed so that it is located as close to the wall or
corner as the construction will permit. Cord-connected equipment is to be placed on a horizontal
supporting surface and spaced 1 inch (25 mm) from a vertical wall surface of wood or comparable
material, unless the arrangement of ventilation and similar cooling factors is such that operation against a

wall, as com
construction
that may be c

42.6 All valu
may be condd

operation of @an automatic thermal control during the test limits the temperatures under o

temperature S

42.7 A shor
than that for v
having the ne]
risk of deterio

42.8 Open-type equipment is to be tested in a 403C (104°F) ambient, and temperature

specified in 4]

42.9 Equipment intended specifically for use with a prevailing ambient temperature consta

25°C (77°F)
specified in T]
temperature 3

42.10 A low
coils or trang
simultaneous
be mounted t
will be approx

ared with operation In the open, will Not INcrease operating temperatures,
f the equipment is such that a spacing greater than 1 inch is maintained<Dog¢
osed during operation of the equipment are to be closed during the test:

es in Table 42.1 are based on an assumed ambient temperature,of 25°C (774
cted at any ambient temperature within the range of 10 — 40°C (50 — 104°F). |

hall exceed 25°C plus the specified maximum rise.

length of rubber- or thermoplastic-insulated flexible\cord exposed to a temp
hich it is rated, such as at terminals, may be used if supplementary heat-resis
cessary dielectric strength is provided on the individual conductors of the corg
Fation of the conductor insulation.

.9 are to be made.

s to be tested at such higher ambient temperature, and the allowable tem
able 42.1 are to be redueced by the amount of the difference between the K
nd 25°C.

former windings. Unless otherwise noted, the tests on all parts are to
y, as the-heating of one part may affect the heating of another part. Equipms
D a duct-er the like is to be mounted during the heating test so that actual sery
imated. The temperature of the test chamber is to be the highest temperatur

or unless the
rs and covers

°F), but a test
However, if the
bservation, no

erature higher
tant insulation
to reduce the

corrections as

ntly more than
perature rises
igher ambient

-potential supply source may be used for conducting temperature tests on parts other than

be conducted
nt intended to
ice conditions
e at which the

equipment is

ntended to function.

42 11
conducted so

42.12

that probable intermittent or short-time operation is considered.

If the equipment is obviously not intended for continuous operation, the heating test may be

If stalling of a motor on a timer or the like is part of the normal operation of the equipment while

connected to a supply circuit as specified in Table 40.1, the temperature rise shall not exceed the limits
specified in Table 42.1 with the motor stalled.

42.13

If stalling of a motor as described in 42.12 is not part of the normal operation, the values specified

in Table 42.1 do not apply; but the motor shall be provided with impedance, thermal, or overload protection

that complies

with requirements for the application.

42.14 Equipment provided with a fuseholder is to be tested with an unplated copper bar, unplated copper
tubing, or an equivalent material with negligible impedance instead of a regular fuse.
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42.15 Other than at coils, temperatures are to be measured by thermocouples consisting of wires not
larger than 24 AWG (0.21 mm?). See 42.20.

42.16  When thermocouples are used to determine temperatures in electrical equipment, it is common
practice to use thermocouples consisting of 30 AWG (0.05 mm?) iron and constantan wires and a
potentiometer-type instrument. Such equipment is to be used whenever referee temperature
measurements by thermocouples are necessary.

4217 The thermocouples and related instruments are to be accurate and calibrated in accordance with
good laboratory practice. The thermocouple wire is to comply with the requirements for thermocouples as
specified in the Tolerances on Initial Values of EMF versus Temperature tables in the Standard
Specification and Temperature-Electromotive Force (emf) Tables for Standardized Thermocouples,

ANSI/ASTM E

42,18 Atem
10 percent of
change.

42.19 A ther
thermal conta
from securely
soldering the {

4220 The {

P30/E230M.

perature is considered to be constant when three successive readings;|taken
he previously elapsed duration of the test, but not less than 5-minutg interva
mocouple junction and adjacent thermocouple lead wire care’to be securely,

ct with the surface of the material under test. In most cases, good thermal ¢

hermocouple to the metal may be necessary.

referred method of measuring temperaturés“on coils is the resistance

temperature measurements may be used by either the thermocouple or resistance metho

the thermoco
supplementary

42.21 The ftf
thermocouples

42.22 When
the following €

in which:

ple method is not to be used for,a-temperature measurement at a
heat insulation is used.

ermocouple method consists *0f'the determination of temperature by the
to the hottest accessible parts:

the resistance method is Used, the temperature rise (At) of a winding is to be
quation:

R,
At = —=(k+1) = (k+1,)
R,

at intervals of
s, indicate no

held in good
ontact results

taping or cementing the thermocouple in place. If a~metal surface is involved, brazing or

method, but
d, except that
point where

application of

calculated by

R, is the resistance of the coil at the end of test in ohms;

R, is the resistance of the coil at the beginning of the test;

k is 234.5 for copper, 225.0 for electrical conductor grade (EC) aluminum; values of the constant for
other conductors are to be determined;

t, is the room temperature in °C at the beginning of the test; and

t, is the room temperature in °C at the end of the test.

As it is generally necessary to de-energize the winding before measuring R,, the value of R, at shutdown
may be determined by taking several resistance measurements at short intervals, beginning as quickly as
possible after the instant of shutdown. A curve of the resistance values and the time may be plotted and
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extrapolated to give the value of R, at shutdown. Instruments capable of measuring the winding resistance
while the equipment is energized may be used.

43 Overvoltage and Undervoltage Tests

43.1 An electromagnet used on a relay or solenoid shall operate as intended when tested as described
in 43.2 at the test voltages specified in Table 43.1.

Exception: If limits of operating voltage that may be marked on the unit nameplate in addition to the rated
voltage extend beyond the overvoltage and undervoltage values of Table 43.1, the test potential for the
overvoltage and undervoltage test is to be the marked value.

Table 43.1
Values of voltage for tests
Voltage rating of equipment and corresponding testpotential, voltg®
Test 110 - 120 220 - 240 254 - 277 440 — 480 550 — 600
Overvoltage, A€ or DC 132 264 305 528 660
Undervoltage, AC 102 204 235 408 510
Undervoltage, )C 96 192 222 384 480

2 |f the rating of
of rated voltage
undervoltage te|

the equipment does not fall within any of the indicated voltage.ranges, the equipment is to be testg
during the overvoltage test, 85 percent of rated AC voltage, and 80 percent of rated DC voltage d
5t

d at 110 percent
ring the

43.2 Eachr
the coils read
Each relay an
the normal te

the undervoltage condition. Each relay and'solenoid is to operate as intended under this te

relay or solen|
at the normal
temperature,

43.3 If arel
are to be mad

44 | eakage

blay and solenoid is to be connected tdra supply source maintained at the ov
h a constant temperature. The potential is then to be reduced to the norma
d solenoid is to operate as intended at this test voltage. The potential is to be
5t voltage until the coils reach, constant temperatures. The potential is then to

pid that will not be subjectto continuous operation is to be energized at the o
test voltage for the maximum time permitted by its duty cycle, or until it reg
Wwhichever occurs first.

ervoltage until
| test voltage.
maintained at
be reduced to
st condition. A
ervoltage and
ches constant

by and a solénoid are energized through a transformer, the voltage adjustments described

e at the transformer primary.

Current Test

441

volt supply when tested in accordance with 44.3 — 44.8 shall not be more than:

a) 0.5 milliampere for ungrounded (2-wire) portable equipment;

b) 0.5 milliampere for grounded (3-wire) portable equipment; and

The leakage current of cord-and-plug-connected equipment rated for a nominal 120-, 208-, or 240-

c) 0.75 milliampere for grounded (3-wire) stationary equipment employing a standard attachment
plug rated 20 amperes or less.

44.2 Leakage current refers to all currents, including capacitively coupled currents, that may be
conveyed between exposed conductive surfaces of the equipment and ground or other exposed surfaces
of the equipment.
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44.3 All exposed conductive surfaces are to be tested for leakage currents. Leakage currents from these
surfaces are to be measured to the grounded supply conductor individually as well as collectively if
simultaneously accessible, and from one surface to another if simultaneously accessible. A part is
considered to be exposed unless it is guarded by an enclosure that complies with the requirements for
protection against the risk of electric shock. Surfaces are considered to be simultaneously accessible if
they can be readily contacted by one or both hands of a person at the same time. These measurements
do not apply to terminals operating at voltages that are not considered to involve a risk of electric shock. If
all accessible surfaces are bonded together and connected to the grounding conductor of the power-
supply cord, the leakage current can be measured between the grounding conductor and the grounded
supply conductor. If exposed dead metal parts of the equipment are connected to the neutral supply

conductor, this connection is to be open during the test.

444 If a co
leakage curre
with the surfa

surface. The nmpetal foil is not to remain in place long enough to affect the temperature of the ¢

445 The me
instrument is g
same numerig
the attributes ¢

a) The
0.15m

b) The
voltags

c) Ove
respon
of a 1§
0.5 or
hertz.

44.6 Unless
meter is to be

447 A samp
— the as-recei

Uclive surface other than metal is used for the enclosure, or part of the €
t is to be measured using a metal foil with an area of 4 by 8 inches (10 by 20
ce. If the surface is less than 4 by 8 inches, the metal foil is to be the_sam

asurement circuit for leakage current is to be as illustrated in Figure 44.1. The
efined in (a) — (c). The meter that is actually used for a measurement need on
al value for a particular measurement as would the definedvinstrument; it neg
f the defined instrument.

meter is to have an input impedance of 1500 ohmis resistive shunted by a @
crofarad.
across the resistor or current through the resistor.

[ a frequency range of 0 — 100 kilehertz, the measurement circuitry is to hav
5e — ratio of indicated to actualwalue of current — that is equal to the ratio of t

D.75 milliampere, the measurement is to have an error of not more than 5
the meter is being used to measure leakage from one part of the equipment t

connected betweén the accessible parts and the grounded supply conductor.

e of the-equipment is to be tested for leakage current starting with the as-rece
ed condition being without prior energization except as may occur as part of th

line testing. TH

be in accordance-with Table 40.1. The test sequence, with reference to the measuring circui

e dgrounding conductor, if any, is to be open at the attachment plug. The suppl

nclosure, the
cm) in contact
e size as the
quipment.

measurement
y indicate the
d not have all

lapacitance of

meter is to indicate 1.11 times the average of the full-wave rectified composit¢ waveform of

b a frequency
e impedance

00-ohm resistor shunted by‘a-0.15-microfarad capacitor to 1500 ohms. At anf indication of

percent of 60

b another, the

ved condition
e production-
y voltage is to

is to be as follows:

, Figure 441,

a) With switch S1 open, the equipment is to be connected to the measuring circuit. Leakage current
is to be measured using both positions of switch S2, and with the equipment switching devices in
all their normal operating positions.

b) Switch S1 is then to be closed energizing the appliance and within 5 seconds the leakage
current is to be measured using both positions of switch S2, and with the equipment switching
devices in all their normal operating positions.

¢) The leakage current is to be monitored until thermal stabilization. Both positions of switch S2 are
to be used in determining this measurement. Thermal stabilization is considered to be obtained by
operation as in the Temperature Test, Section 42.
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44.8 Normally, the complete leakage current test program as described in 44.7 is to be conducted
without interruption for other tests. However, with the concurrence of those concerned, the leakage current
test may be interrupted to conduct other nondestructive tests.

Figure 44.1

Leakage-current measurement circuits

PRODUCT METER

I
GR
S1 } ; INSUDATING
——(TABLE

GROUNDED SUPPLY CONDUCTOR B

LE100

Equipment intended for connection to a 120-volt power supply.

T Sl

240V =—

Lmov L

| GR

S q INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B

LE200

Equipment intended for connection to a 3-wire, grounded heutral power supply, as illustrated above.

J)_\SZ

24ov <»—\_O_o§1 p
L120v :_ o
L % INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B

L¢300.

Equipment intended for connection to a 3-wire, grounded neutral power supply, as illustrated above.
A — Probe with shielded lead.

B — Separated and used as clip when measuring currents from one part of equipment to another.


https://ulnorm.com/api/?name=UL 916 2021.pdf

82 UL 916 OCTOBER 21, 2021

45 Leakage Current Test Following Humidity Conditioning

45.1 Cord-and-plug-connected equipment rated for a nominal 120-, 208- or 240-volt supply shall comply
with the requirements in the Leakage Current Test, Section 44, following exposure for 48 hours to air
having a relative humidity of 88 +2 percent at a room temperature of 32.0 £2.0°C (89.6 £3.6°F).

45.2 To determine whether equipment complies with 45.1, a sample of the equipment is to be heated to a
temperature just above 34°C (93°F) to reduce the risk of condensation of moisture during conditioning.
The heated sample is to be placed in the humidity chamber and is to remain for 48 hours under the
conditions specified in 45.1. Following the conditioning, the sample is to be tested unenergized as
described in 44.7(a). The sample is then to be energized and tested as described in 44.7 (b) and (c). The

test is to be discontinued when the leakage current stabilizes or decreases.

46 Normal C

46.1 Equipm
operating adjJ
control is inte
electric shock

46.2 The red
sequence the
running with th

pperation Test

ent utilizing a rheostat, a potentiometer, or a similar device intendedfor oper.
stment shall, after 100 operations under the most severe normalyconditions
hded, show no serious faults, and the equipment shall be operable without
during and after the test.

uirements in 46.1 are intended to demonstrate theability of the equipment
circuit under normal conditions of operation. Fof_ motor loads, this includeg
e motor loaded to full load at normal speed.

47 Abnormal Operation Test

47.1

47.1.1 While
no emission d
imposed and

systems that g

General

operating at stabilized temperatures as in the Temperature Test, Section 42,
f flame or molten metal when the abnormal conditions described in 47.1.3
maintained until ultimate results are obtained. Temperature- or current-sensit
ause termination of the test shall comply with the requirements for such device

shorting of ong or more output-power semiconductor devices may occur as a result of this teg

47.1.2 With
conducting a d

47.1.3 Thred
determined to

reference ton47.1.1, the investigation of electronic current-limiting circuit
omponentevaluation study. See Component Evaluation, Section 66.

-phaseequipment is to be operated with one line disconnected at the in
be'the one to which any protective devices are the least responsive is to be

ator control or
for which the
risk of fire or

o control and
5 starting and

there shall be
—47.1.5 are
ve devices or
s. Opening or
t.

L

]

will involve

put. The line
Hisconnected.

The test is to

load and is to be repeated by energizing the equipment after one lead is disconnected.

imum normal

47.1.4 Equipment having formed ventilation is to be operated with the rotor of a blower motor or motors
locked until temperatures stabilize.

47.1.5 Enclosed equipment having filtered ventilation openings is to be operated with the openings
blocked to represent clogged filters. The test is to be conducted initially with the ventilation openings
blocked approximately 50 percent, which is intended to represent the most severe blockage; the test is
then to be repeated under a full-blocked condition.
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47.2 Rectifier — capacitor combinations

47.2.1 If a combination of a rectifier and a capacitor is connected directly across the branch circuit, a risk
of fire, electric shock, or injury to persons shall not result from short-circuiting the capacitor or one or more
sections of the rectifier. Operation of an overcurrent device is considered to comply with this requirement.

47.2.2 If a semiconductor rectifier is provided, three samples are to be tested with the rectifier terminals
short-circuited. Three additional samples are to be tested with the terminals of the electrolytic capacitor
connected together.

47.2.3 Three complete tests are to be conducted under each of the conditions described in 47.2.2, using

new components in each test. The equipment to be tested is to be connected as indicated in Table 40.1.

4724 The
equipment, of

4725 The
conditions exi

a) If th
125 v@

b) If th
higher

47.3 Feedback sensing devices

4731 Acu
line-voltage
investigation.

47.4 Isolati

4741 Ade

a) Cor

circuite¢d to determine whether the isolation feature is maintained under this condition.

b) Ea

equipment is not considered to comply if flame is emitted from the overall.en
if a permanent path is established between live parts and exposed metal.

ests described in 47.2.1 — 47.2.3 need not be conducted if one or both o
St

ere is 10,000 ohms or more of additional series impedance)in a circuit in which
Its or less or

ere is 20,000 ohms or more of additional series impedance in a circuit in which
than 125 volts but is not higher than 250 volts¢

rent transformer, tachometer, transducer, or similar feedback device that is
ircuits is considered to be a(power-supplying source and shall be su

bn devices

ice used to proyidelisolation between circuits shall be subjected to the followin

hponents ingarporated within circuitry where isolation is necessary shall be ¢

ch _winding (or pair of circuit terminals) of isolation devices shall be shg

deternpine if the isolation feature is still maintained.

closure of the

[ the following

the voltage is

the voltage is

isolated from
bjected to an

g tests:

pen- or short-

rt-circuited to

47.4.2 As a result of the tests described in 47.4.1, there shall be no emission of flame or molten metal
and the assembly shall withstand for 1 minute the following dielectric strength values between different

circuits:

a) Twice the maximum rated voltage plus 1000 volts between primary and secondary circuits, and
between line-voltage parts and grounded metal.

b) Five hundred volts between the low-voltage secondary circuits and grounded metal.

47.4.3 A resistor employed to obtain isolation shall not dissipate more than its rated wattage with the

other compon

ents in the circuit short-circuited.
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47.5 Abnormal switching test

47.51

Controls incorporating electronic circuitry to trigger the switching device during a more

advantageous electrical condition, such as at zero crossing, shall be subjected to this abnormal switching

test. This test

is applicable when:

a) Loads and circuits are non-safety.

b) Switching components are used beyond their evaluated ratings. These evaluated ratings of
switching devices are typically determined without electronic triggering techniques, such as zero
cross switching.

4752 TWO t .,bt odll |picb dlc }.)H:}.)cllﬂuI dl |u' LU |cbtcu' as fU“UVVb.
a) The trigger circuit of the switching device is to be removed or modified\to gllow random
switchipg.
b) A ground arc indicating fuse is connected to accessible dead metal‘of the contrdl. The ground
arc detpction fuse shall be rated not greater than 3A and not less thanthe working voltage.
¢) The ontrol is to be supported on a softwood surface, and is ta be covered with a double layer of
cheesdgcloth conforming to the outline of the control. The'«¢heesecloth requirements shall be
accord|ng to 48.1.2.
d) The|rated supply shall be connected through a brangh circuit protection device sized according
to instdllation code requirements.

e) The

4753 Thep
specifying the

shall be opergted until either the required(humber of endurance test cycles are achieved of

results are der

4754 Imme
Voltage-Withs

4755 The d
or demonstrat
injury to perso

control is connected to it's rated electrical load.

repared test samples shall be operated in accordance with the endurance test
number of operating cycles_andon/off periods using random switching. The|

honstrated for 1h stabilized‘duration.

diately after each-abnormal switching test, each control shall be subjected to
and Test, Section-52.

pntrol shall.either operate as intended in accordance with the endurance test
e an end-of-life fail safe condition with no evidence of an imminent electrical
ns. There shall be:

t
13

fion f. IT-P-N

requirements
test samples
until ultimate

the Dielectric

requirements,
shock, fire or

a)No C

CTTOTTTOST

b) No emission of the flame or molten metal, or ignition of the cheesecloth.

c)Noo

pening of the branch circuit protection device.

d) No breakdown during the post-dielectric withstand testing.

48 Component Breakdown Test

48.1 Effects

48.1.1

on equipment

when the equipment is tested as described in 48.1.2.

There shall be no emission of flame or molten metal, or ignition of a double layer of cheesecloth
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48.1.2 Cheesecloth is to be loosely placed over all openings of ventilated equipment or totally around
open equipment. Power circuit components, such as capacitors, diodes, or other solid-state components
are to be short- or open-circuited, one at a time. The cheesecloth is to be untreated cotton cloth running 14
— 15 yards per pound (26 — 28 m?/kg) and for any square inch, a count of 32 threads in one direction and

28 in the other direction.

48.1.3 With

reference to 48.1.1, the test is not required:

a) If circuit analysis indicates that no other component or portion of the circuit will be seriously
overloaded as a result of the assumed open- or short-circuiting of another component.

b) For components in Class 2 circuits, or other circuits that need not be investigated in accordance

with t

1c otandard
S-Staaata-

c) On
d)On

e) Ifth
48.2 Effects

48.2.1 With
load such as
specific short]
equipment ing

48.2.2 The
Evaluation, S

49 Overloa
49.1

4911 Ana
overload test
minute, a cu
electrical or
the contacts.

accordance W

General

bower semiconductor devices, if equivalent testing is accomplished during.athe
Hevices that have been subjected to the Component Evaluation, Section 66.

e circuit components are contained in a complete enclosure without ventilating
on controlled load

reference to 11.2, the effects of component short ¢ircuits and open circuits on
half wave condition or chattering of electromagnets, shall be determined
circuits and open circuits in the electronic control when the actual load is g
orporating safety circuits, see Component Evaluation, Section 66.

ikelihood of specific short circuits, and open circuits may be determined K
pction 66.

] Test

mpere-rated switching device not intended for controlling a motor shall be s
consisting of making and breaking for 50 cycles of operation, at a rate of
nt of 150-percent of the rated value, at the voltage specified in Table 40.1. Th

r
nrﬁechanical breakdown or malfunction of the device, nor undue burning, pitting

For awdevice having a tungsten-filament-lamp load rating, the load characterist
ith'49:2.1 — 49.2.11 and the operating cycle is to be in accordance with 49.2.7.

r tests.

openings.

the controlled
by introducing
onnected. For

y Component

Lbjected to an
six cycles per
bre shall be no
, or welding of
cs are tobein

49.1.2 Other than as noted in 49.1.6 and 49.1.8, a switching device intended for full-voltage motor
starting shall be subjected to a locked-rotor test consisting of making and breaking for 50 cycles of
operation, at a rate of six cycles per minute, a current as described in 49.1.3 and Table 49.1, at the voltage
specified in Table 40.1. There shall be no electrical or mechanical breakdown or malfunction of the device,
nor undue burning, pitting, or welding of the contacts.
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Table 49.1

Method of determining currents for overload tests

Current in amperes and power factor (PF)

Device rated in

Locked-rotor, 49.1.2, 49.1.6, and 49.1.8

150-percent-current, 49.1.6 and 49.1.8

Horsepower

amperes

Full-load and locked-rotor

AC: Six times the full-load current specified in
Table 49.3, PF .40 - .50

DC: Ten times the full-load current specified in
Table 49.2 , non-inductive

Rated locked-rotor amperes, PF — same as
above

AC: 1.5 times the full-load current specified in
Table 49.3, PF.75-.80

DC: 1.5 times the full-load current specified in
Table 49.2 , non-inductive

1.5 times rated full-load amperes, PF — same
as above

49.1.3 The current for the overload tests mentioned in 49.1.2, 49.1.6, and 49.1.8 is to be.as specified in

Table 49.1.

4914 A sw
subjected to a
and 110 perce
for approxima
magnet-coil Ig
voltage and vd
be conducted
position. Ther
burning, pitting

4915 A de
controlling an
overload or en

a) Duri
50 cycl
second

b) The

ad that the device is intended to control — the normal, current to be determ
It-ampere rating of the device. The test coils shall be those described in 50.3,
with the contactor free to operate; for example, not blocked in either the o
b shall be no electrical or mechanical breakdown or malfunction of the devi
, or welding of the contacts.

ice that has been investigated and.determined to comply with the req

durance tests if:

es of operation at a rate of'SiX cycles per minute, a current having a value as s
column of Table 49.1 at'a’power factor of 0.5 or less; and

pilot-duty inrush cUrrent at the same voltage is not more than 67 percent of:
1) The rated Yecked-rotor motor current of the device; or

2) The locked-rotor current corresponding to the horsepower rating, dependin
on which the device is rated.

tching device with a pilot duty rating and intended to control an\efectromggnet shall be
h overload test consisting of 50 operations, making and breaking a’circuit of rated frequency
nt of the voltage specified in Table 40.1, at intervals of 10 seconds, with the cgntacts closed
ely 1 second each cycle. The load is to consist of an electiromagnet representative of the

ned from the
The testis to
ben or closed
ce nor undue

uirements for

alternating-current motor may be:.Gsed for alternating-current pilot duty without further

hg the locked-rotor motor-controller test, the contacts were caused to make and break, for

pecified in the

j on the basis

4916 A sw

tchtat s ot intendedprimarity to Tmake —and—break motor currentunde

locked-rotor

conditions, but that has a manual adjusting or regulating means that may cause it to be so used, shall
comply with the requirements in 49.1.2 for a locked-rotor test.

49.1.7 For a switch intended for operation on direct current, five operations are to be conducted at
intervals of 30 seconds. The device shall also comply with the requirements in 49.1.9 pertaining to the
150-percent overload test.

49.1.8 A switch that may make a motor circuit under locked-rotor conditions, but that will never be
required to break the circuit under such conditions, shall be subjected to an overload test consisting of 50
cycles of making and breaking, at a rate of six cycles per minute, a current as specified in the third column
of Table 49.1. For an alternating-current device, the voltage of the test circuit is to be as specified in Table
40.1. For a direct-current device it is to be 50 percent of the value. The switch shall also be subjected to
the locked-rotor test described in 49.1.2, except that it is to make — not break — the circuit only. A safety
control that is subjected to the test of making — but not breaking — locked-rotor current shall open the
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circuit under no-load conditions without more than a 20 percent change in its calibration. There shall be no
electrical or mechanical malfunction of the device, nor undue burning, pitting, or welding of the contacts.

49.1.9 The test cycle is to be one second on and nine seconds off, if the construction of the device
permits the test to be so conducted.

49.1.10 If an ampere-rated device has the same ampere rating at more than one voltage, a test at the
highest voltage is considered to be representative of tests at the lower voltages, but if the device has a
higher ampere rating at the lower voltage than at the higher ones, tests are to be conducted at the highest

and lowest vo

49.1.11

Itages.

An alternating-current device that does not have a frequency rating is to be tested on a circuit

having a freq
concurrence (

49.1.12 An

normally clos¢d — sometimes called double-pole, opposite-throw) control, and the like are to

a load on ea
opposite pola

49.1.13
is integral with

49114 Ifa
cover the con

49.1.15 Oth
shall be teste
current shall &

49.1.16 The
load simulatin

49.1.17 Tab

If ap electronic control for controlling a contactor, a relay;~0r other magnetically of

uency of 60 hertz, except that a circuit having a lower frequency may be
f those concerned.

ultiple-pole, a sequencing, a double-throw, or a double-pole, singlé-throw (r

ch pole. The loads on a double-pole or multiple-pole controlhare to be con
ity on the poles results unless the same polarity rating is assigned to the contr

in a system the test is to be conducted with the actualelectromagnet as the lo

horsepower-rated device has more than one_veltage rating, the overload test
Hitions of maximum voltage, power, and current.

br than as noted in 49.1.4 and 50.3({@a current-interrupting device for use on
d with a noninductive resistance load. A current-interrupting device for use
e tested with an inductive load.

power factor of an inductive load shall be 0.75 — 0.80, except that it shall be 0,
g locked-rotor conditions in a motor, and shall not be more than 0.35 for a pilot

e 49.2 and Table-49.3 give full-load currents corresponding to motor horse

and are to be

used in determining loads for the various tests specified for horsepower-rated

used with the

ormally open,
be tested with
nected so that
DI

berated device
ad.

or tests are to

direct current
on alternating

40 — 0.50 for a
tduty load.

power ratings,
bquipment.

Full-load rTotor-running currents in amperzzbclglig.szponding to various DC horsepopwer ratings
110 - 120 220 - 240 550 — 600
Horsepower (watts output) 90 volts volts 180 volts volts 500 volts volts
1/10 (75) - 2.0 - 1.0 - -
1/8 (93) - 2.2 - 1.1 - -
1/6 (124) - 2.4 - 1.2 - -
1/42 (187) 4.0 3.1 2.0 1.6 - -
1/3 (249) 5.2 4.1 26 2.0 - -
1/2 (373) 6.8 5.4 3.4 27 - -
3/4 (560) 9.6 7.6 4.8 3.8 - 1.6
1 (746) 12.2 9.5 6.1 47 - 2.0

Table 49.2 Continued on Next Page
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Table 49.2 Continued

110-120 220 - 240 550 — 600
Horsepower (watts output) 90 volts volts 180 volts volts 500 volts volts
1-1/2 (1.1 kW) - 13.2 8.3 6.6 - 2.7
2 (1.5 kW) - 17.0 10.8 8.5 - 3.6
3 (2.2 kw) - 25.0 16.0 12.2 - 5.2
5 (3.7 kw) - 40.0 27.0 20.0 - 8.3
7-1/2 (5.6 kW) - 58.0 - 29.0 13.6 12.2
10 (7.5 kW) - 76.0 - 38.0 18.0 16.0
15 (11 kW) - 110.0 — 55.0 27.0 24.0
20 (15 kw) - 148.0 - 72.0 34.0 31.0
25 (18.7 kW) - 184.0 - 89.0 430 38.0
30 (22.4 kW) - 220.0 - 106.0 570 46.0
40 (30 kw) — 292.0 - 140.0 67.0 61.0
50 (37.3 kW) - 360.0 - 173.0 83.0 75.0
60 (45 kw) — - - 206.0 99.0 90.0
75 (60 kW) - - - 255.0 123.0 111.0
100 (75 kW) — — - 341.0 164.0 148.0
125 (93.3 kW) - - - 425.0 205.0 185.0
150 (112 kW) - - — 506.0 246.0 222.0
200 (150 kW) — — = 675.0 330.0 294.0

@ The full-load cyrrent for a 1/4-horsepower, 32-volt DC motor is 8:6,amperes.

Table 49.3
Full-load motor-running currents in amperes corresponding to various AC horsepower ratings

110 — 120 volts 220 - 240 volts® 440 - 480 volts 550|- 600 volts
Horsepower (fatts Single Three Single Three Single Three Singl¢ Three
output) phase phase phase phase phase phase phas¢ phase
1/10 75) 3.0 - 1.5 - - - - -
1/8 93) 3.8 - 1.9 - - - - -
1/6 124) 44 - 22 - - - - -
1/4 187) 5.8 - 2.9 - - - - -
1/3 240) 72 - 36 - — - - -
12 (373) 9.8 4.0 4.9 2.0 25 1.0 2.0 0.8
3/4 (560) 13.8 5.6 6.9 2.8 35 14 2.8 1.1
1 (746) 16.0 7.2 8.0 3.6 4.0 1.8 3.2 1.4
1-1/2 (1.1 kW) 20.0 104 10.0 5.2 5.0 2.6 4.0 21
2 (1.5 kw) 24.0 13.6 12.0 6.8 6.0 34 4.8 27
3 (2.2 kW) 34.0 19.2 17.0 9.6 8.5 4.8 6.8 3.9
5 (3.7 kW) 56.0 304 28.0 15.2 14.0 7.6 11.2 6.1
7-1/12 (5.6 kW) 80.0 44.0 40.0 22.0 21.0 11.0 16.0 9.0
10 (7.5 kW) 100.0 56.0 50.0 28.0 26.0 14.0 20.0 11.0

Table 49.3 Continued on Next Page
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Table 49.3 Continued

110 — 120 volts 220 - 240 volts® 440 - 480 volts 550 — 600 volts
Horsepower (watts Single Three Single Three Single Three Single Three
output) phase phase phase phase phase phase phase phase
15 (11 kW) 135.0 84.0 68.0 42.0 34.0 21.0 27.0 17.0
20 (15 kW) - 118.0 88.0 54.0 44.0 27.0 35.0 22.0
25 (19 kw) - 136.0 110.0 68.0 55.0 34.0 44.0 27.0
30 (22 kw) - 160.0 136.0 80.0 68.0 40.0 54.0 32.0
40 (30 kw) - 208.0 176.0 104.0 88.0 52.0 70.0 41.0
50 (37 kw) - 260.0 216.0 130.0 108.0 65.0 86.0 52.0
60 (#5 kW) - - - 154.0 - 77.0 < 62.0
75 (PO kw) - - - 192.0 - 96.0 - 77.0
100 (T5 kw) - - - 248.0 - 124.0 - 99.0
125 (94 kW) - - - - - 156.0 - 125.0
150 (112 kw) - - - - - 180.0 - 144.0
200 (150 kW) - - - - - 240.0 - 192.0

2 To obtain full-lpad currents for 200 and 208 volt motors, increase corresponding 220 — 240 volt-currents by 15 anfd 10 percent,
respectively, for]single-and 3-phase motors. To obtain full-load currents for 265- and\277-volt motors, decrease th¢ corresponding
220 — 240 volt qurrents by 13 and 17 percent respectively. The 265- and 277-voltratings are applicable for equipmnient rated 2
horsepower or Iess, single-phase only.

49.1.18 Curfent-interrupting tests for an alternating curfent device are to be conducted |at the voltage
specified in Table 40.1. For a direct-current device,_current-interrupting tests are to be cgnducted at 50
percent of the| voltage specified in Table 40.1 in acgordance with 49.1.8 and 50.1.

49.1.19 A circuit in which the closed-circuitweltage is 100 — 110 percent of the test potential specified in
Table 40.1 may be used for the tests mentioned in 49.1.18.

Exception: Fgr a device rated more than 25 horsepower (18.7 kW output) or more than 10Q amperes, the
open-circuit vpltage is to be 110 percent of the value specified in Table 40.1, or as much alove that value
as the closedjicircuit voltage is below it, whichever is less.

49.1.20 Alternating-current interrupting tests are to be conducted on a circuit having a frequency of 60
hertz. Tests af 25 — 60 "hertz may, however, be considered to be representative.

49.1.21 A 2{pole-or 4-pole device is to be tested on a single-phase or direct-current circyit. In a 4-pole
device, adjac.,u it pu=ca are—tobetused—one puic bU;IIU thatnearest-the—encltostre—f-th pole spacing
varies, an additional test is to be conducted between the poles with the smallest spacing, to cover use on
2-phase interconnected systems.

49.1.22 A 3-pole device for polyphase use is to be tested on a 3-phase circuit. A 3-pole device for use on
a direct-current or single-phase system with a grounded neutral is to be tested with rated voltage applied
to the outside poles and with the middle pole electrically connected to the line and to the midpoint of a
balanced load.

49.1.23 For a device that is intended for connection to a grounded-neutral system and is marked in
accordance with 75.10 or 75.11, the enclosure is to be connected during the test through a 3-ampere
cartridge fuse to the grounded conductor of the circuit. For any other system the enclosure is to be
connected through such a fuse to the live pole least likely to arc to ground.
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49.2 Tungsten-filament-lamp load characteristics

49.21

The test circuit, including the generator or other source of supply for a device with a tungsten-

filament-lamp load rating for use on direct current, is to provide a current inrush through the switch and
load of not less than eight times the normal current when the circuit is closed on a 20-ampere load. The
circuit is to be such that the peak value of the inrush current will be reached within 1/240 of a second after
the circuit is closed. If a synthetic load is used, its characteristics are to, in addition, be such that the

current-inrush

factor is not less than:

a) 9 with a 15-ampere load;

b) 10 with a 10-ampere load;

c) 11w

d) 12w

e) 12-1

f)13 w

Exception: If t

tungsten-filam)

4922 The't
filament-lamp

switch and o
corresponding

highest value

Exception: If t

tungsten-filam
described abo|

th a 5 ampere load;
ith a 3-ampere load;
l2 with a 2-ampere load; and

th a 1-ampere load

e required inrush is available for a lower current ratingwith testing limited to
ent-lamp load and the supply circuit need not be sufficient for the 20 ampere Ig

bst circuit, including the generator or other source of supply for a device wit
load rating used on alternating current, shall provide a peak current inrus

to a rating equal to or greater than the rating of the device. The circuit shall bg
bf the inrush current will be reached within 1/240 of a second after the circuit is

ne required inrush is available for a lower current rating with testing limited to
ent-lamp load and the suipply circuit need not be sufficient for the 20 amy
ve.

Table 49.4
Tungsten-filament-lamp load test circuit characteristics

such rating, a
ad test.

h a tungsten-
h through the

ad not less than the value given in Table 49.4 when the circuit is clos¢d on a load

such that the
closed.

such rating, a
ere load test

Sted

peres

hdy-state’current (rms), amperes Minimum inrush current (Peak), am
10 141
15 191
20 226

49.2.3 A synthetic load and a combination synthetic and tungsten-filament-lamp load, used to simulate a
tungsten-filament-lamp load for testing on alternating current, is to be tested as described in 49.2.4 and
49.2.9, and also with regard to special conditions which are introduced by use on alternating current.

49.2.4 Oscillograph studies are to be used to determine compliance of a test circuit, including the
generator or other source of supply, for testing with a tungsten-filament-lamp. If the circuit is tested at a
normal (steady state) current flow of 20 amperes and inrush currents as indicated in 49.2.1 and Table 49.4
are recorded, the test circuit is considered to have a capacity for testing switches rated up to and including
60 amperes. With reference to a 60-hertz timing wave, the peak values of inrush current as shown by
oscillograms are to be reached within 1/4 cycle.
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49.2.5 The characteristics of a direct-current test circuit shall be determined from 12 or more
oscillograms, and testing equipment may be used if not less than half the oscillograms show at least the
minimum current-inrush factor.

49.2.6 The characteristics of an alternating-current test circuit shall also be determined from 12 or more
oscillograms. Those which indicate that the current is decreasing (that the part of the sine wave in
question is approaching the zero point) shall be disregarded. Twelve or more oscillograms taken at other
points on the sine wave should indicate whether the capacity of the test circuit can produce the minimum
current-inrush factor based on observed peak values.

49.2.7 If tungsten-filament-lamps are used as the load for a device designed for use with such lamps, the
load shall be made up of the smallest possible number of lamps having standard ratings. In determining

the smallest n
lamps may b
seconds of ez
lamps control

49.2.8 Asyrn
resistors if th
closing of the
load may alsq
load is to be
manner. A co
considered a

49.2.9 A tes
shall be deter
the provision

49.2.10 Ay

test circuit. The calibration of a syntheti¢c\load is to be checked at intervals to determine th

constants of t

49.2.11 The
in 49.2.1 — 4
mentioned in
twice the ste
resistance log

b used if desired. The operating cycle shall be such that the lamps aref off
ch test cycle. If a device is operated at the rate of 10 cycles per minute; at'lea
ed by a commutator are necessary for each switch under test.

thetic load may be used instead of tungsten-filament-lamps and may consist g
by are so connected and controlled that a portion of the resistance is shun
switch under test or if a portion of the load is cut out priorto opening the swit
consist of a noninductive resistor or resistors and a.¢apacitor in parallel, in
calibrated immediately after the capacitor has been.charged and discharge
mbination load consisting of tungsten-filament-lamps and resistors and/or cag
synthetic load.

t circuit (including the generator or other'source of supply) for testing with a
mined to comply in a manner similar to-that described in 49.2.6, consideration

nthetic load is to be calibrated-against and equivalent to a tungsten-filament-I3

ne circuit or load change'with time or use.

characteristics of a synthetic load are to be such that the inrush current will &
19.2.3. In additioh, the current in the capacitor/resistance load or the con
19.2.8 shalltnot be less than half the required inrush current at 1/60 second an
ady-state Current at 7/120 second after the circuit is closed. The curren
d shalkbe'the full inrush value for at least 15 milliseconds after the circuit is clo

50 Enduran

50.1

bf higher current-inrush factors with the lower current loads, as required in 49.2.

umber of lamps necessary, the maximum lamp size required to be used is 500 watts. Larger

for at least 55
5t ten banks of

f noninductive
ted during the
ch. A synthetic
vhich case the
d in the usual
acitor shall be

synthetic load
being given to
.1.

mp load in the
at none of the

e as specified
hbination load
d not less than

in a straight
sed.

ceTest

A switch is to be operated manually, by means of a machine, or by automatic means for the number

of cycles specified in Table 50.1, and at the rate specified unless the device requires a longer time to
complete a cycle of operation. If an electrical load is involved, and except as otherwise noted, a switch
shall make and break its rated current at the voltage specified in Table 40.1. Switch contacts for control of
a motor are to be tested with full-load motor current; if the switch is rated in horsepower instead of full-load
motor current, the latter value shall be determined from Table 49.2 or Table 49.3, as applicable. If the
switch contacts control a direct-current motor, and the switch normally will make but not break the motor
circuit under locked-rotor conditions, the potential of the test circuit is to be 50 percent of the value
specified in Table 40.1. For a device having electronic ballast, self-ballasted LED and CFL, or LED driver
load rating, the load characteristics are to be in accordance with Section 51. There shall be no electrical or
mechanical breakdown of the device, nor undue burning, pitting, or welding of the contacts.
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Table 50.1
Number of cycles for endurance test

Number of cycles of operation?

Maximum Maximum
. Without cycles per cycles per
Types of devices With current current First minute Last minute
Safety controls 100,000 - 75,000 6 25,000 10
Refrigeration controls 30,000 - 24,000 6 6,000 1°
Water-heater controls 30,000 - 30,000 10 - -
Manually operated 6,000 — 6,000 6 - -
switches
Protective switches not 1,000 5,000 1,000 1° 5,000 c

normally requirefl to
make and break|a circuit,
such as manually reset
safety controls, high-
pressure and high-
temperature cutquts
used in addition fo the
regular operating control,
and the like, but pot
including automatically-
reset controls

Motor controllerg and 6,000 - 6,000 10 - -
ampere-rated dgvices
not mentioned apove,
and timing mechanisms

Electronic ballast, self 6,000 - 6,000 6 - -
ballasted LED apd
Compact Fluoregcent
Lamps, LED drivers and
similar loads wit
capacitive load
characteristics

@ Magnetic, manlial and motor-operated switches; or the like, and switches that snap with lost motion and do not creep, may be
tested at the ratq of 6 cycles per minute.

b For all controls| the test is to be condGéted with 50 +20 percent on time. A temperature- or pressure-operated conftrol is to be so
tested, using a s|ow rate of change

¢ When no currept is used, the switch may be operated at any convenient speed.

50.2 The conditions:for the endurance test shall be as described in 49.1.10 —49.1.23.

503 A contdet Hdavica dasianatad for nilot dutv ic ta ha anaratad for tha niimhbar of cvel S Spec|fled In

T O YT O e Ot e O O P o Ooty o 1o o T O p S et GOt e o o ST O Oy O

Table 50.1, making and breaking a circuit of rated frequency at the voltage specified in Table 40.1. Unless
the design of the device requires a longer time to complete a cycle of operation, the rate of operation for
the test shall be as follows: for a manually operable device, the first 1000 cycles shall be at the rate of 1
cycle per second — except that the first 10 or 12 cycles shall be made as rapidly as possible — and the
remaining cycles shall be at the rate of 6 cycles per minute, with the device closed for approximately 1
second each cycle; and for a self-actuated device the cycle rate shall be as specified in Table 50.1. The
load shall consist of an electromagnet representative of the magnet-coil load that the device is intended to
control. The normal current shall be determined from the voltage and volt-ampere rating of the device. The
test current is to be the normal current; and for an alternating-current device, the power factor shall be 0.35
or less and the inrush current shall be ten times the normal current, unless marked in accordance with
72.12. The test is to be conducted with the contactor free to operate, that is, not blocked either open or
closed. There shall be no electrical or mechanical breakdown of the device nor undue pitting or burning of
contacts.
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50.4 If a device requiring an endurance test of 100,000 cycles has two or more electrical ratings — for
example, different currents at different voltages — it may be tested for not less than 25,000 cycles at each
rating, but the total number of cycles on any one sample is not to be more than 100,000. At least one
sample is to be tested for 100,000 operations.

50.5 If a device requiring an endurance test of 30,000 cycles has two or more electrical ratings, it may be
tested for not less than 7,500 cycles at each rating, but the total number of cycles on any one sample is
not to be more than 30,000. At least one sample is to be tested for 30,000 operations.

50.6 With reference to 50.4 and 50.5, the volt-amperes of the smallest rating shall be at least 75 percent
of the volt-amperes of the largest rating.

51 Electrorlic Ballast, CFLs and LED Driver Rated Controls

51.1 A contfol intended for use with electronic ballasts, self ballasted LED and ‘Compafpt Fluorescent
Lamps, LED drivers and similar loads with capacitive load characteristics, having(a rated qurrent (steady
state current) and rated voltage in accordance with Table 51.1 and/or Table)51.2 shall [be marked in
accordance with 72.20.

Table 51.1
Peak cyrrent requirements with pulse width less than orequal to 2 ms for endurgnce test
Pulse width 12t (A% sec) Pulse width 12t (A% sec)
Steady state Peak current | 120 VAC (mS). | 120 VAC. See [ Peakcurrent | 277 VAC (mS). || 277 VAC. See
current (A) (A), 120 VAC See Note 2 Note 1 (A), 277 VAC See Note 2 Note 1
0.5 75 0.34 1 77 0.07 1
1 107 0.48 24 131 0.71 27
2 144 0.70 41 205 0.85 76
3 166 0.89 51 258 0.98 11
5 192 1.20 74 320 1.20 205
8 221 1.25 98 370 1.25 274
10 230 1.50 106 430 1.50 370
12 235 1.80 110 440 1.80 387
15 239 2.00 114 458 2.00 420
16 242 2.10 117 480 2.10 461

NOTES
1 — The values {ised to-calculate It are the peak current shown and pulse duration of 2 mS (t).

2 — Pulse width$ shown will provide adequate performance with electronic ballasts having pulse widths up to 2 msf in accordance
with the Standatd fof | amp Ballasts — High Frequency Fluorescent | amp Ballasts ANSI ANSI G C82 11 or the $tandard for

Lamp Ballasts Low-Frequency Square Wave Electronic Ballasts — for Metal Halide Lamps, ANSI_ANSLG C82.14.

Peak current requirements with pulse wit;rt?'lbllgss;t.rz\an or equal to 2.35 ms for endurance test
Pulse width 347 Vac (ms). 12 t (A2 sec) 347 Vac. See
Steady state current (A) Peak current (A), 347 Vac See Note 2 Note 1
0.5 198 0.34 92
1 270 0.47 173
354 0.70 294
396 0.86 369

Table 51.2 Continued on Next Page
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Table 51.2 Continued

2 — Pulse widths|
accordance with|
Standard for Lar

Pulse width 347 Vac (ms). 12t (A% sec) 347 Vac. See
Steady state current (A) Peak current (A), 347 Vac See Note 2 Note 1
5 450 1.15 476
8 492 1.5 569
10 508 1.67 606
12 529 1.86 658
15 550 2.05 71
16 552 2.10 716
NOTES
1— The values ysed ta calculate 1%t are the peak current shawn and pulse duration of 2 35 ms (1)

the Standard for Lamp Ballasts — High Frequency Fluorescent Lamp Ballasts, ANSI_ANSIKG, C82

shown will provide adequate performance with electronic ballasts having pulse widths up to 2:35\1

hp Ballasts Low-Frequency Square Wave Electronic Ballasts — for Metal Halide Lamps, ANSI_ AN{

ns, in
11, or the
bLG C82.14.

51.2 The syr

thetic load described in 51.3 and 51.4 shall be used as the load for testing. T|

test shall be completed with that load.

51.3 The selfies coil values must be adjusted based on the input line characteristics to ach

currents liste

during testing jand shall be able to handle the resulting power dissipation with less than 10°¢

rise. Peak cur

in Table 51.1 or Table 51.2. The series coil shall-be)sized such that it doe

ent and pulse width are illustrated in Figure 51.2:

he endurance

ieve the peak
5 not saturate
U temperature
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Figure 51.1

Typical test circuit diagram

Mg 1
L ] D1 D2
T S2
AC R1 . _—
l : D4 D3
] ad C R2:d
>
<
S$303 ®
Reference Description
AC Test voltage is either 277 Vac, 347 Vac, or 120 Mac
S1 Device Under Test
L Series Inductof, its value of inductance (L) and fesistance (R)
are selected’\¥When combined with the AC line source
impedanceit provides the specified Reference |Waveforms
R1 AC synthetic load resistor, value to provide desjred continuous
current. (e.g., 5A, 8A... 16A)
D1-D4 Bridge rectifier
C Capacitor load bank, design value to provide 125 uyF for each
continuous amp of load current at a test voltagg of 277 Vac or
347 Vac, and 175 pF for each continuous amp of load current at
a test voltage of 120 Vac.
S2 Capacitor discharge switch
R2 Bleeder resistor, value to provide appropriate capacitor load

bank discharge rate
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Figure 51.2

Waveform per synthetic measurement of pulse width and peak current

51.4 The cir
influencing the
S2 should be
during the per

51.5 For pro
electronic ball
electronic ball

provided with fhe control on the packaging or stuffer sheet.

I I
le— Pulse Width —l
Peak Current
(Ipk)
A
p
[
i
t
u
d
e
10% of Ipk
i i

$5304 Time (milliseconds)

tuit shall provide a method to discharge the capacitor bank in between test

performance of the device'under test. This is accomplished by S2 and R2 i
switched alternately with_$1 and R2 should be sized to allow for complete d
od that S1 is open.

ducts rated in excess of 347 Vac, the controls shall be tested with the spe
ast(s) they.ate-intended to control. The manufacturer’'s name and model n
hst(s) withwhich the control is intended to be used shall be marked either on

tycles without

n Figure 51.1.
ischarge of C

cific model of
umber of the
he product or

51.6 The ch

hracteristics of the waveform (peak currents and pulse width) shall be recotded using an

oscilloscope.

52 Dielectric Voltage-Withstand Test

52.1

52.1.1

General

potential of 1000 volts plus twice maximum rated voltage between:

The equipment shall withstand for 1 minute without breakdown the application of an alternating

a) Line-voltage live parts and grounded or exposed metal parts or the enclosure with the contacts
open and closed,

b) Line-

voltage live parts of opposite polarity with the contacts closed,
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c) Live parts of line- and low-voltage circuits, line-voltage and isolated-limited-power secondary
circuits, and different line-voltage circuits, and

d) Live parts of different secondary circuits.

52.1.2 Equipment using a low-voltage circuit shall withstand for 1 minute without breakdown the
application of an alternating potential of 500 volts applied between low-voltage live parts of opposite
polarity with contacts, if any, closed, and between low-voltage live parts and the enclosure and grounded
dead metal parts.

52.1.3 The opposite polarity dielectric voltage-withstand test may be omitted for a portion of a low-

voltage, nonsafety circuit that is beyond any fixed impedance.

5214 A traLsformer shall withstand for 1 minute without breakdown the applicatiof)of

potential of 1(
and secondar]

52.1.5 If the
circuit and thd
52.1.4. The nf
or52.1.2 — wh
volts.

52.1.6 To dg
tested using

sinusoidal angl can be varied. The applied potential is {0-be increased from zero until the req

is reached, a
substantially
voltmeter.

52.1.7 If theg
from line to ea
test potential,

52.1.8 The

current test p
rated circuit v
maintained fo

00 volts plus twice the maximum rated primary voltage, at rated frequeney, be
y windings and between the primary winding and the core or enclosure.

equipment involves a meter or meters, such instruments are to be disconng
complete equipment subjected to a dielectric voltage-withstand test as descri

ichever is applicable— except that an ammeter in a ling<voltage circuit shall be

termine whether the equipment complies with<the requirements in 52.1.1 — 52
h 500 volt-ampere or larger capacity transfarmer the output voltage of which

nd is to be held at that level for 1 minute. The increase in the applied potenti
uniform rate and as rapid as is consistent with its value being correctly i

charging current through.a-capacitor or capacitor-type filter connected acrg
rth ground, is large enough to make it impossible to maintain the required alte
the capacitors and capacitor-type filters may be tested as described in 52.1.8.

ptential of 1414 volts for equipment rated 250 volts or less or 1414 volts plus 2
oltage forequipment rated at more than 250 volts. The direct-current test po
F 1 minute' without breakdown.

52.1.9 The {est-potential may be obtained from any convenient source of sufficient capad

an alternating
tween primary

bcted from the
bed in 52.1.1 —

eter or meters is then to be tested separately in accordance with the tests ouflined in 52.1.1

tested at 1000

.1.5, it is to be
is essentially
uired test level
bl is to be at a
ndicated by a

ss the line, or
nating-current

Capacitors and\.capacitor-type filters mentioned in 52.1.7 are to be subjected to a direct-

.828 times the
tential is to be

ity to maintain

the potential specified in Table 52.1, except in case of breakdown. The output voltage of the test apparatus
is to be monitored. Starting at zero, the applied potential is to be increased at a rate of approximately 200
volts per second until the required test value is reached and is to be held at that value for 1 minute. A
direct-current source is to be used for testing a direct-current circuit.
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Table 52.1
Magnitude of test potential

Maximum voltage (rms) in the circuit® Test potential
30 or less (42.4 peak)

More than 30 (42.4 peak) but not more than 333.3 (471.3 peak)

No test

Ten times maximum voltage in circuit (maximum of 1,000 V
rms)

More than 333.3 (471.3 peak) but not more than 1,000 (1,414 Three times maximum voltage in circuit

peak)
More than 1,000 (1,414 peak)

2 If the peak voltage is greater than 120 percent of 1.414 times the rms voltage, the circuit shall be tested as if the voltage were
peak voltage divided by 1.414.

1,750 V plus 1.25 times voltage in circuit

52.1.10 Prinfed-wiring assemblies and other electronic-circuit components that can ‘be|damaged by

application off
disconnected,
conducted. A
power supply

52.2 Seconc

52.21
withstand for 1

a) Bety

compohents (earth grounded) disconnegted at the chassis-to-earth-ground connectio

b) Sug
52.3 Power
52.3.1 Each

representative subassembly may be tested instead of an entire unit. Rectifier
may be individually shunted before the test is made to protect'them in the ¢
elsewhere in the secondary circuits.

Secondary circuits other than those with a voltage ©f 42.4 volts peak (30 volts rms

the test potential or that would short-circuit the test potential_aré to

be removed,

or otherwise rendered inoperative before the dielectric voltage-withstand tests are

ary circuits (controlled environment)

minute the test potential specified in Table 52.1 applied:

een primary and secondary circuits and

diodes in the

ase of a fault

) or less shall

cessively between secondary circuits and earth ground with all chassis-connected

ransformers

power transformersshall operate without breakdown while the potential spe

n.

tified in Table

52.1 is inducefl for 1 minute ip-each secondary winding that furnishes power at a higher potgntial than the
primary windirjgs. Windings.of-special transformers that do not serve a prime power-supply function, such
as the resonant winding,of‘a'constant-voltage transformer, are excluded from this requirement.

ver transformer shall withstand for 1 minute without breakdown the application of an
alternating po entlal of 1000 volts plus twice the maximum rated prlmary or secondary voltage at rated
frequency, betwee ; mre-tonditions the
application of an alternating potential of 1000 voIts plus tW|ce the rated voltage of each winding, at rated
frequency, between each winding and the core or enclosure, except that the test between primary and
secondary windings is omitted for an autotransformer.

52.3.2 A po

52.3.3 Primary- and secondary-circuit wiring connected to a transformer is to be disconnected for the
test mentioned in 52.3.1. An essentially sinusoidal source is to be used, and the frequency of the source
may be in the range of 180 — 1000 hertz if necessary to prevent saturation of the core.

52.4 Induced potential (crossover lead)

52.4.1 Each of three separate magnet-coil-winding samples shall withstand without breakdown the test
specified in 29.3.1(b)(2) after constant temperatures have been reached as the result of operation under
the conditions specified in the Temperature Test, Section 42. While still heated, the coil winding shall be
subjected to an alternating potential of twice the rated voltage at any acceptable frequency — typically 120
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hertz or higher — for 7200 electrical cycles or for 60 seconds, whichever is less. The required test voltage
is to be obtained by starting at one-quarter or less of the full value and increasing to the full value in not
more than 15 seconds. After being held for the time specified, the voltage is to be reduced within 5
seconds to one-quarter or less of the maximum value, and the circuit is to be opened.

52.5 Induced potential repeated

52.5.1 While heated following operation at 110 percent of rated voltage as specified in the Overvoltage
and Undervoltage Tests, Section 43, each of three samples shall withstand without breakdown a repeated
induced potential test at 65 percent of the potential applied in accordance with 52.4.1.

52.5.2
an oven may

If the temperature that a coil winding reaches in the tests described in 52.4.1 and 52.5.1 is known,
be set at the required temperature and used to condition the sample to that temperature

before condugting the test.

52.6 Dead-¢ase-mounted semiconductors

52.6.1 A popwer-switching semiconductor that has not previously been_investigated and |determined to
comply with the requirements shall be subjected to the tests specified in §2.6.2 — 52.6.5.

52.6.2 Six spmples in the as-received condition are to be subjetCted to 2500 volts rms between all live

parts and all g
as may occur

52.6.3 The {
hours and the

52.6.4 Sixa
of which is to

ead metal parts for 1 minute. The as-received condition is without prior energ
as part of the production-line testing.

bame samples used for the test in 52.6.2.are to be conditioned in a 0°C (32°F

Hditional samples are to be conditioned for 7 hours in an air-circulating oven th

to be remove

52.6.5 Six
humidity at

and immediately subjectedto the dielectric voltage-withstand test described i

ditional samples arg to be exposed for 24 hours to an environment of 85 p
2°C (89.6°F). Thetsamples are then to be removed and immediately su

n subjected to the same dielectric voltage-withstand test as described in 52.6.2.

zation, except

ambient for 3

e temperature

be set at the maximum operatingjunction temperature of the thyristor. The samples are then

N52.6.2.

ercent relative
bjected to the

dielectric voltage-withstand test-described in 52.6.2.
53 Volt-Ampere Capacity

53.1 An isolated limited-secondary circuit shall have a continuous-use capacity of 100 vplt-amperes or

less when engrgized from a circuit of rated frequency at the voltage specified in Table 40.1.

53.2 A single-wound secondary transformer is to attain a temperature rise on the enclosure, core, or coil
of at least 50°C (90°F) when the secondary is loaded to the maximum output obtainable or 100 volt-
amperes, whichever is less.

Exception: If the product of the open-circuit voltage and the short-circuit current is 100 volt-amperes or
less, the 50°C (90°F) temperature rise need not be obtained.

53.3 Each secondary winding of a multi-secondary transformer is to be loaded in turn with a variable
resistor. Starting with a cold transformer for each part of the test, the load resistance is to be decreased
from open- to short-circuit in such a manner that the elapsed time is between 1-1/2 and 2-1/2 minutes.
Depending upon the open-circuit voltage of the winding, the maximum outputs obtained by this method
are to be as follows:

a) 350 volt-amperes for 0 — 15 volts.
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b) 250 volt-amperes for 15.1 — 30 volts.

¢) 200 volt-amperes for 30.1 — 1000 volts.

54 Burnout Test

541

A continuous-duty resistor shall not burn out or be adversely affected by carrying the full normal

current on any step continuously. A resistor intended for intermittent use shall carry its rated current on any
step for as long a time as the apparatus that it controls will permit.

54.2 When a power transformer, other than a transformer supplying a low-voltage, electronic, or isolated-
limited-secondary circuit is operated as described in 54.3, there shall be no damage to the enclosure or

emission of fla

54.3 The de
49.1.11 with th
such value th3g
operation is g
occurs.

54.4 A circui
primary currer

Ime or molten metal.

ice is to be operated continuously at the voltage and frequency specifiedin T
e enclosure grounded. The load connected to the output terminalsis to be a
t three times full rated current will be drawn from the secondarywinding of th

be continued until constant temperatures are attained on the, enclosure of

t on which a transformer is tested is to be protected-Bby fuses rated at least
t rating of the transformer. Opening of the fuses may ‘eccur. The test is to be ¢

the output terminals short-circuited, if such a condition results:in’less than three times full

being drawn f
inherent in or
test conducted

545 A trans
Class 2 transf
short-circuited
be tested in aq
a portion of 3
terminals, sep
test.

fom the secondary. If other means of limiting.the load to less than three tin
brovided as part of the device, these featuresiare to be given consideration ar
at the maximum load permitted by the limiting features.

brmer, with low-voltage wiring terminals short-circuited, and wiring not complyi

A transformer supplying an\isolated-limited-secondary circuit or an electron
cordance with 54.2 — 54 4y.except all secondary windings are to be directly sh
n isolated-limited-secondary or electronic circuit is connected to low-voltag

55 Limited $hort-Circuit.Test

55.1

General

able 40.1 and
resistance of
e device, and
until burnout

ten times the
bnducted with
trated current
hes normal is
d the burnout

former supplying a low-voltage circuit is to be tested in the same manner @s a standard

ng with 18.1.4
ic circuit is to
brt-circuited. If
je field-wiring

prate samples are tonbe subjected to the standard Class 2 test and the shorted-secondary

55.1.1 A deu

ice“such as a dead-case solid-state switch and a bonding conductor shall beé subjected to

the tests described in this section. After the test the equipment shall be examined with regard to the

following resul

ts:

a) Damage to equipment such as welding of contacts and short-circuiting or opening of power
semiconductor devices of the equipment may occur, but the test shall not result in damage to other
parts of the equipment that would impair its function.

b) The

cotton indicator shall not ignite.

c) The fuse connected between the live pole and the enclosure shall not open.

d) The

test shall not result in damage to any conductor, its insulation, or termination.

Exception: A power-switching semiconductor that has been previously investigated and determined to
comply with requirements for the application need not be subjected to additional testing.
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55.1.2 A number of units considered to be representative of the line are to be subjected to short-circuit
tests as specified in 55.1.3 — 55.2.2 when protected by the appropriate branch-circuit overcurrent
protective device. Representative samples are to be selected on the basis of configuration, component
construction, and ratings.

55.1.3 Open-type equipment is to be tested in an enclosure representative of that likely to be
encountered in service except that tests may be conducted in the open and considered representative of
enclosed tests if agreeable to those concerned. If tests are conducted in the open, surgical cotton is to be
placed on a wire cage surrounding and in close proximity to the equipment under test so as to closely
simulate the intended enclosure.

55.1.4 The enclosure or grounded dead metal parts of an open-type unit are to be connected through a
nontime delay, 30-ampere cartridge fuse to the live pole least likely to arc to ground. The fusk is to have an
interrupting rgting at least equal to the short-circuit test current in Table 55.1. The connection is to be made
to the load side of the limiting impedance by a 10 AWG (5.3 mm?) copper wire 4 — 6 feet(1.2]— 1.8 m) long.

Table 55.1
Circuit capacity for short-circuit test
Combined rating of device
Volt-ampere$, Volt-amperes, Volt-amperes, dircuit capacity
single-phase 3-phase direct-current Horsepower Volts in amperes
0-1176 0-832 0-648 1/2 maximum 0-250 200
0-1176 0-832 0-648 1/2)maximum 251-600 1000
1177 — 1920 833 — 1496 649 — 1140 over 1/2to 1 0-600 1000
maximum
1921 - 4080 1497 — 3990 1141 - 3000 1t03 0-250 2000
4081 - 9600 3991 -9145 3001 —6960 3to7-1/2 0-250 3500
9601 or morg 9146 or more 696 \or.more over 7-1/2 0-250 5000
1921 or morg 1497 or more 1141 or more above 1 251 -600 5000

55.1.5 During the test, surgicalieotton is to be located at all openings, handles, flanges, joints, and the
like, on the oytside of the enclosure. Also see 55.1.3.

55.1.6 A solid-state protective circuit that has not been subjected to a component evalfiation is to be
short- or oper]-circuitédyduring the test.

55.1.7 The ¢quipment is to be tested with 4 feet (1.2 m) of wire attached to each termingl and with the
wires routed tnmugﬁt@ﬁ?ﬁntﬁ(?ﬁ@ﬁ‘mmﬁeMuﬂﬁnﬂaﬁed‘Wﬂmm&ure with each

end of the conduit plugged with cotton. Wire size is to be determined in accordance with Field
Connections, Section 15.

55.2 Test circuit

55.2.1 Equipment with an alternating-current input is to be tested on a 60 hertz essentially sinusoidal
current. The open-circuit voltage of the test circuit is not to be less than 100 percent nor more than 105
percent of the voltage rating of the equipment, except that a voltage more than 105 percent ofthe rated
voltage may be used if agreeable to those concerned. The test circuit is to be capable of delivering the
current specified in Table 55.1 for a given horsepower rating when the system is short-circuited at the test
terminals to which the device under test is to be connected, and this is to be verified by means of an
oscillograph.
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55.2.2 Reactive components of the impedance in the line employed as specified in 55.2.1 may be
paralleled if of the air-core type, but no reactance shall be connected in parallel with resistance except that
an air-core reactor in any phase may be shunted by resistance, the volt-ampere loss of which is
approximately 0.6 percent of the reactive volt-ampere in the air-core reactor in that phase. The shunting

resistance used with an air-core reactor having negligible resistance may be calculated from the formula:

R 167FE
1
in which:
E is the =
measulement during the short-circuit calibration or by proportion from meter meg
some lpwer current.

55.2.3 A dead-case semiconductor in contact with the enclosure shall be subjected to

Voltage-Withs

and Test, Section 52, after the short-circuit test.

Exception: A dlevice that has been previously investigated and determined to comply with

requirements
56 Conduct

56.1
a result of the

56.2 Two sefl
two conductor
conductors. T
terminations 4
be routed with

need not be subjected to the dielectric voltage-withstand, test.

br Short-Circuit Test

est described in 56.2 — 56.5.

s of three samples are to be subjected to the test. For one set, the samples ar|
5 each; for the other set, the samples are to consist of one conductor each —
he conductors are to be of the type, size, length, and the like used in the e
S5 used in the equipment ateach end. For each sample the conductor or con
n a length of conduit, if so used in the equipment, or they are to be placed on 3

56.3 Theco
on one set, th
at the load e
connected acri

56.4 The tes

two conductors of each sample are to be connected to the power supply and
d are to be‘connected together. For the tests on the other set, the cond
Dss the supply circuit.

}duit or metal plate~is'to be connected to the unfused pole of the supply circuit

t circuit is to be a 2-wire circuit having a power factor of 0.9 — 1.0, and availa

specified in T3

oscillographic
surements at

the Dielectric

he applicable

If requined — see 26.4 — there shall be no damage teany conductor, its insulation, or fermination as

e to consist of
A total of nine
quipment with
Juctors are to
metal plate.

For the tests
the terminals
ictor is to be

ble current as

ble)55.1, at the voltage specified for the limited short-circuit test in Table 55

L1. The open-

circuit voltage of the test circuit is to be T00 — 105 percent of the specified voltage in Table 55.1.

56.5 A nonrenewable fuse that will not open in less than 12 seconds when carrying twice its rated current
is to be connected to one pole of the supply circuit. The fuse is to have a current rating equal to that of the
branch-circuit overcurrent-protective device to which the equipment will be connected, but not less than 20
amperes.

57 Strain Relief and Flexing Test
57.1 Strain relief
57.1.1 A strain-relief device shall withstand without damage to the cord or conductors and without

displacement a direct pull of 35 pounds (156 N) applied to the cord for 1 minute. Supply connections within
the equipment are to be disconnected from terminals or splices during the test.
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57.1.2 A pigtail lead intended for field-wiring connection shall withstand without damage or displacement
a direct pull of:

a) 20 pounds (89 N) for 1 minute applied to a lead extending from the enclosure such as through a
hub or nipple and

b) 10 pounds (44.5 N) for 1 minute applied to a lead within a wiring compartment.
57.2 Flexing

57.2.1 With reference to 18.1.9, wiring that is subjected to movement at times other than installation and
servicing is to be tested by cycling the moving part through the maximum travel permitted by the
construction. fFheduoratiomof-thetestistobe 566 bybicb. Fu“uvvilly this;the—equipmentis—tp be subjected
to the Dielecfric Voltage-Withstand Test, Section 52, and the wiring is to be examined\for damage to
determine if apy conductors are broken or if individual strands have penetrated the insulation.

58 Accelerated Aging Tests
58.1 General

58.1.1 The fequirements in 58.2.2 — 58.3.2 apply to gaskets and sealing compounds usg¢d to make an
enclosure raiptight or rainproof as determined in accordance with the requirements in the Rain Test,
Section 60. With requirements in 58.4.1 and 58.4.2 apply to adhesives required to secure slich gaskets to
an enclosure pr cover.

58.2 Gaskets

58.2.1 The temperature rises mentioned in this“section correspond to the maximum temperature rise
measured on|the gasket during the temperatute test. Materials other than those mentioned|in this section
shall be nonpbsorptive and they, and any materials having higher temperature rises,| shall provide
equivalent registance to aging and temperatures.

58.2.2 Neogrene or rubber compounds, except foamed materials, used for gaskets to sedl an enclosure
shall have physical properties(as"specified in Table 58.1 before and after accelerated aging under the
conditions spegcified in Table §8.2.

Table 58.1
Physical properties for gaskets
Neoprene or rubber compound Polyvinyl chloride materials
Before test After test Before test After test
Recovery — Maximum set 1/4 inch (6.4 mm) - Not specified
when 1-inch (25.4-mm)
gage marks are stretched
to 2-1/2 inches (63.5 mm),
held for 2 minutes and
measured 2 minutes after
release.
Elongation — Minimum 250 percent, 1 —3-1/2 65 percent of original 250 percent, 1 —3-1/2 75 percent of original
increase in distance inches inches
between 1-inch gage (25.4 — 88.9 mm)
marks at break.
Tensile Strength — 850 psi (5.9 MPa) 75 percent of original 1200 psi (8.3 MPa) 90 percent of original
Minimum force at breaking
point.
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Table 58.2
Accelerated aging conditions

Measured temperature
rise, Test program

°Cc (°F) Rubber or neoprene Thermoplastic

35 (63) Aged in air oven for 70 hours at 100 +2°C (212 | Aged in full-draft, air-circulating oven for 168
+3.6°F) hours at 87.0 +1.0°C (188.6 +1.8°F)

50 (90) Aged in air oven for 70 hours at 100 +2°C (212 | Aged in full-draft, air-circulating oven for 240
13.6°F) hours at 100.0 +1.0 °C (212.0 +1.8°F)

55 (99) Aged in full-draft, air-circulating oven for 168 Aged in full-draft, air circulating oven for 168
hours at 113.0 £1.0°C (235.4 +1.8°F) hours at 113.0 £1.0°C (235.4 +1.8°F)

65 (117) Aged in full-draft, air-circulating oven for 240 Aged in full-draft, air-circulatingloven for 168
hours at 121.0 £+1.0°C (249.8 £1.8°F) hours at 121.0 +1.0°C (2498 £1.8°F) or 1440

hours at 97.0 £1.0°C (206:6"+1.8°F)

80 (144) Aged in full-draft, air-circulating oven for 168 Aged in full-draft, aif-circulating|oven for 168

hours at 136.0 £+1.0°C (276.8 £1.8°F) hours at 136.0 £1:0°C (276.8 +1.8°F)
58.2.3 Foamed neoprene or rubber compounds used for gaskets to“seal an enclosyre are to be

ccelerated aging under the conditions specified in Tablé)58.2. The compou
rwise deteriorate to a degree that will affect their sealing properties.

subjected to 3
harden or othg

58.2.4 Thern
aging under t{
otherwise det
material shall

noplastic materials used for gaskets to seal an enclosure shall be subjected t
he conditions specified in Table 58.2. Thermoplastic material shall not def
briorate to a degree that will affect its sealing properties. Solid polyvinyl-ch
nave physical properties as specified in Table 58.1 before and after the acceler

58.2.5 Tensi
described in T

e strength and elongation are to~be determined using the test methods 4
bst Methods for Rubber Properties)in Tension, ASTM D412-80.

58.3 Sealing

58.3.1 A se

otherwise detl

conditioned sg

58.3.2 A sesd
not exceeding

compound

ling compound, when tested as described in 58.3.2, shall not melt, beco
riorate to a degree that will affect its sealing properties as determined by ¢
mple to an unconditioned sample.

ling compound is to be applied to the surface it is intended to seal. For a ten
35°C«(63°F), a representative sample of the surface with the sealing compoun

be conditioned

nds shall not

0 accelerated
orm, melt, or
loride gasket
pted aging.

nd apparatus

me brittle, or

omparing the

hperature rise
d applied is to

for7days in an air oven at 87°C (189°F).

58.4 Adhesives

58.4.1
conditioning as described in 58.4.2 shall not be less than 75 percent of the value deter
received samples.

The force required to peel a gasket that is secured by an adhesive from its mounting surface after

mined on as-

58.4.2 For the conditioning described in 58.4.1 samples of the gasket, adhesive, and mounting surface
are to be exposed for 72 hours to each of the following conditions, for a temperature rise not exceeding

35°C (63°F):
a) A temperature of 100°C (212°F);

b) Immersion in distilled water; and
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c) A temperature of minus 10°C (minus 14°F).
59 Metallic Coating Thickness Test

59.1 The method of determining the thickness of a zinc or cadmium coating on enclosures for outdoor
use is described in 59.2 — 59.9.

59.2 The solution used for the test is to be made from distilled water and is to contain 200 grams per liter
of American Chemical Society (ACS) reagent grade chromic acid (CrOs3); and 50 grams per liter of ACS
reagent grade concentrated sulphuric acid (H,SO,). The latter is equivalent to 27 milliliters per liter of ACS

reagent grade concentrated sulphuric acid, specific gravity 1.84, containing 96 percent of H,SO,.

59.3 The te
equipped with
of 5.5 inches
which are abq
inserted in thg
the stopcock
may be used

594 The sz
temperature ¢
temperature g

59.5 Each s
coatings are {
with clean ch
any foreign m

59.6 The sa
so that the dr
be inclined ab

59.7 The st
protective me
appearance g

59.8 Eachs
and threaded

5t solution is to be contained in a glass vessel, such as a separatory funnel
a stopcock and a capillary tube having an inside bore of 0.025 inch (0.64 mnj

ut 0.025 milliliter each. To preserve an effectively constant level, a small glas
e top of the funnel through a rubber stopper and its position is té-be adjusted
s open, the rate of dropping is 100 +5 drops per minute. If desired, an addit
n place of the glass tube to control the rate of dropping.

mple and the test solution are to be kept in the fest room long enough
f the room, which is to be noted and recorded. The'test is to be conducted
f21.1-32.2°C (70 — 90°F).

ample is to be cleaned before testing. All-grease, lacquer, paint, and oth
0 be removed using solvents. Samples\are then to be thoroughly rinsed in W
besecloth. Care is to be exercised to@void contact of the cleaned surface wit
aterial.

mple to be tested is to be supported from 0.7 — 1.0 inch (17.8 — 25.4 mm) be
bps of solution strike thepoint to be tested and run off quickly. The surface to
out 45 degrees from hoerizontal.

bpcock is to be-opened and the time in seconds until the dropping solution
tallic coating, exposing the base metal, is to be measured. The end po
f the base-metal recognizable by a change in color.

ample-of a test lot is to be subjected to test at three or more points, excluding
surfaces, on the inside surface and at an equal number of points on the outs

with the outlet
) and a length

(140 mm). The lower end of the capillary tube is to be tapered to form laip, {he drops from

s tube is to be
so that, when
onal stopcock

0 acquire the
at an ambient

er nonmetallic
ater and dried
h the hands or

ow the orifice,
be tested is to

dissolves the
nt is the first

cut, stenciled,
de surface, at

thao mmatall dto-ba-tha thi n—aB neloc
O~ oC—IC—anrmiCcot— oIt alr CTricios

gre made from

places wher

HP=Y atina—pmaans a—ovn tod o ba tha thinnaact
o ricamoc— ooatmg—riay T CTAPTTITU

precoated sheets, the external corners that are subjected to the greatest deformation are likely to have
thin coatings.

59.9 To calculate the thickness of the coating being tested, select from Table 59.1 the thickness factor
appropriate for the temperature at which the test was conducted and multiply by the time in seconds
required to expose base metal as noted in 59.7.
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Table 59.1
Thickness of coatings
Thickness factors, 0.00001 inches (0.00025 mm) per
Temperature, second

°F (°C) Cadmium platings Zinc platings

70 (21.1) 1.331 0.980

71 (21.7) 1.340 0.990

72 (22.2) 1.352 1.000

73 (22.8) 1.362 1.010

74 (23.3) 1.372 1.015

75 (23.9) 1.383 1.p25

76 (24.4) 1.395 1.p33

77 (25.0) 1.405 1.p42

78 (25.6) 1.416 1.p50

79 (26.1) 1.427 1.p60

80 (26.7) 1.438 1.p70

81 (27.2) 1.450 1.p80

82 (27.8) 1,460 1.p85

83 (28.3) 1470 1.p95

84 (28.9) 1.480 1.f00

85 (29.4) 1.490 1110

86 (30.0) 1.501 1.120

87 (30.6) 1.513 1.130

88 (31.1) 1.524 1.0141

89 (31.7) 1.534 1.0150

90 (32:2) 1.546 1./160
60 Rain Tes
60.1 Raintigit or rainproofiequipment shall be exposed to a water spray as described in 60.2— 60.5. The
exposure shal| not resulfin‘entrance of water:

a) Into p raintight enclosure or
b) Abote the lowest live part or wetting of live parts in a rainproof enclosure

Exception: Water may enter a rainproof enclosure above live parts if the construction is such that
no water is visible on live parts, insulating materials, or mechanism parts and no water has entered
any space above live parts within the enclosure in which wiring may be present under any proper

installa

tion conditions.

60.2 A raintight or rainproof enclosure is to be mounted as in actual service. Unspecified lengths of
conduit are to be attached with normal torque and without a pipe thread compound. At each unthreaded
wiring opening, a locknut and bushing are to be used. The unattached end of each conduit is to be
covered to prevent entry of water during the test. Openings intended for the entry of Class 2 wiring in a
low-voltage circuit are not to be sealed, and openings in the enclosure bottom need not be closed.

60.3 The equipment is to be operated so that it is tested under the normal conditions evaluated most

likely to cause

the entrance of water. It may be necessary:


https://ulnorm.com/api/?name=UL 916 2021.pdf

OCTOBER 21, 2021 UL 916 107

a) To operate the equipment under various modes of operation and in different mounting or
operating handle positions (if applicable) or

b) To energize the equipment if more adverse conditions could result.

Each exposure is to be for 1 hour. If more than one exposure is required, the equipment is to be
reconditioned, if necessary, prior to the second and each subsequent exposure so that the results of the
test will not be adversely affected by prior exposures.

60.4 At the conclusion of each test, the outside of the enclosure is to be wiped dry. The enclosure is then
to be opened for inspection.

60.5 The water spray apparatus is to consist of three spray heads mounted in a water sypply pipe rack
as illustrated in Figure 60.1. Spray heads are to be constructed in accordance with Figure 60.2. The water
pressure for gll tests is to be maintained at 5 psi (34.5 kPa) at each spray head. The-equipment is to be
brought into the focal area of the three spray heads in such position and under Such condlitions that the
greatest quantity of water will enter the equipment. The spray is to be directed at.an angle of| 45 degrees to
the vertical toyard the device.
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Figure 60.1
Spray head
PLAN VIEW
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Figure 60.2
Rain-test spray-head piping
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3 Nylon Rain—Test Spray Heads are available from

Underwriters Laboratories
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61 Conduit Entries Strength Test

61.1 Polymeric enclosures

61.1.1 A polymeric enclosure having a threaded conduit entry intended for connection to a rigid conduit

system shall withstand, without pulling apart or damage such as cracking and breaking, the pullout,
torque, and bending tests described in 61.1.2 - 61.1.4.

Exception: An enclosure that is provided with a separate hub assembly and that has instructions stating
that the hub is to be connected to the conduit before being connected to the enclosure need not be
subjected to the torque test.

61.1.2 Thee
and a direct p
in the oppositq

61.1.3 The €
(90.4 N'm) is
The lever arm

hclosure is to be suspended by a length of rigid conduit installed in one walllef
Uil of 200 pounds-force (890 N) is to be applied for 5 minutes to a length-ofi.co
wall.

nclosure is to be securely mounted as intended in service. A torque of 800
0 be applied to a length of installed conduit in a direction tending to tighten th

the enclosure
nduit installed

pound-inches
e connection.
r 5 minutes.

is to be measured from the center of the conduit. The torque is’to be applied fo

61.1.4 Alength of conduit — at least 1 foot (305 mm) long — of theroper size is to be installed in:

a) The [center of the largest unreinforced surface, or

b) A hub or an opening if provided as part of the en¢losure.
talled conduit
applied for 5
of the conduit
b produce the
rmula:

The enclosure]is to be securely mounted as intended;in service, but positioned so that the ing
extends in a Horizontal plane. A bending moment of 300 pound-inches (33.9 N-m) is to beg
minutes. The {est may be terminated prior to.attaining the bending moment if the deflection
exceeds 10 inthes (254 mm) for a 10 foot (3.1 m) length of conduit. The weight necessary t
bending momegnt when suspended from.the’end of the conduit is to be determined from the fq

_ M-05CL
L

in which:

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

M s th

b hnnding moment rpquirnd in pnlmrl.inr‘hne ‘/I\I-m/)"

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

L is the length of the conduit, in inches (mm), from the wall of the enclosure to the point at which the
weight is suspended.

61.1.5 A nonmetallic enclosure that is intended to be connected at the end of a run of conduit that has
only one 1/2 or 3/4 inch (12.7 or 19.0 mm) opening for conduit connection shall be subjected to the pullout,
torque, and bending tests described in 61.1.2 — 61.1.4, except that the torque value for the test described
in 61.1.3 shall be 200 pound-inches (22.6 N-m), and the bending moment for the test described in 61.1.4
shall be 150 pound-inches (17.0 N-m).

61.1.6 For a nonmetallic enclosure having a conduit nipple for direct connection to an outlet box or other
electrical enclosure and no other mounting means, the acceptability of the nipple is to be determined by a
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