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INTRODUCTION
1 Scope

1.1 These requirements cover household and commercial air compressors, vacuum pumps, inflators
(both compressor-type and blower-type inflators), paint sprayers, paint mixers, and paint pigment
dispensers intended for indoor or outdoor use or both in accordance with the National Electrical Code,
ANSI/NFPA 70. These requirements also cover motor-operated air compressors intended for use with
sprinkler systems in accordance with the Standard for Installation of Sprinkler Systems, NFPA 13, and the
National Electrical Code, ANSI/NFPA 70.

1.2 These [7=YeT rements - do-notcover prnrh 1ctss

a) Rajed more than 600 V,
b) Employing a universal motor rated more than 250 V, or

c) Intgnded for installation and use in a hazardous location.

1.3 These [requirements do not cover medical and dental productsi products intended fo be used in
heating, air ¢gonditioning, or refrigeration systems; paint heaters; electrostatic paint spraying products; or
other producis covered by separate requirements.

1.4 These fequirements do not cover pneumatic tools and.accessories that are covered by the Outline
for Investigation for Portable Pneumatic Tools, Subject 7700-1.

1.5 These fequirements do not cover industrial compressors that are primarily supplied tq an individual
customer spegcification with regard to pressure, flow; electrical supply, or optional equipment.

2 Glossary
2.1 For the|purpose of this standard,thé following definitions apply.

2.2 AUTOMATICALLY CONTROLLED PRODUCT - A product is considered to be [automatically
controlled under any one ormore of the following conditions if:

a) The repeated)starting of the product, beyond one complete predetermined cycle df operation to
the point where)some form of limit switch opens the circuit, is independent of any manual control.

b) During any single predetermined cycle of operation, the motor is caused to stop and restart one
or morestimes

c¢) Upon energizing the product, the initial starting of the motor may be intentionally delayed beyond
normal, conventional starting.

d) During any single predetermined cycle of operation, automatic changing of the mechanical load
may reduce the motor speed sufficiently to reestablish starting-winding connections to the supply
circuit.

2.3 EQUIPMENT, FIXED — Equipment that is intended for permanent connection to the electrical supply.
This type of equipment may be physically secured to the supporting surface.

2.4 EQUIPMENT, MOVABLE - Cord-connected equipment that is intended to be moved from location to
location during and in between performing its intended function. This type of equipment is not supported
by the user, but supported by the ground or by other supporting surface during use.
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2.5 EQUIPMENT, STATIONARY — Equipment that is cord-connected, but is not required to be moved
from its original location during or in between performing its intended function.

2.6 FLASH POINT — The minimum temperature of a liquid at which vapor is evolved in sufficient quantity
to form a flammable mixture with the air near the surface of the liquid or within the test vessel.

2.7 HAND-HELD PRODUCT, HAND-GUIDED PRODUCT - A portable product that during use is
contacted by the hand of the user for purposes of electrical or physical control but not for complete
support.

2.8 HAND-HELD HIGH-PRESSURE PAINT SPRAYER — A movable spraying system intended to be

held in the h3

assembly tha

2.9 HAND-3
the user duri
sprayer with

2.10 HIGH-
pressure liqui
pressure of 3

211 HIGH-
pressure pain

2.12 HOUS
64.4, and hag
2.13 INDOC

in an indoor Iq

2.14 INFLA]

a) Blo
functid
blow 3

nd-durina normal use that consists of a2 naint raservoir |hfnnr9| to-the snrav ai
J Lad Lad PAR

operates at a pressure of 360 psi (2482 kPa) or greater at the spray tip.

SUPPORTED PRODUCT — A product that is physically supported by any.part g
g the performance of its intended electrically-operated functions, such as a g
n integral motor.

d pump assembly connected by a high-pressure liquid hoseto a spray gun that
b0 psi (2482 kPa) or greater.

PRESSURE PAINT SPRAYING PRODUCT - Avterm that applies to both a ha
t sprayer and a high-pressure airless paint sprayer.

FHOLD-USE PRODUCT - A product that-complies with Household Type Prod
an instruction manual that complies with 66.6.

cation and where wet contagctiis not likely to occur.

OR — A type of device-that falls under one of the following two categories:

wer-Type Inflator 5 An inflator product where the primary method to provide
n is to generatejair movement by rotation of an impeller or blade configuratig
ir out of thesinflator outlet and into the inflatable product. These types are used

press

re objects, such as air mattresses and pool toys, and they do not contain

In and pump

f the body of
ortable paint

PRESSURE AIRLESS PAINT SPRAYER — A spraying system employing a s¢parate high-

bperates at a

nd-held high-

ucts, Section

R-USE PRODUCT - A productmarked in accordance with 65.14 that is intendgd to be used

the inflation
n in order to
to inflate low
any type of

pressurized vessel.

b) Compressor-Type Inflator — An inflator product where the primary method to providé the inflation
function is to compress air in order to cause air movement through pressure differentials, thereby
forcing air from the inflator outlet into the inflatable product. These types are used to inflate objects
such as automobile tires and may or may not contain a pressurized vessel.

2.15 LINEAR COMPRESS OR VACUUM PUMP - A nontank type compressor or vacuum pump that
employs a diaphragm pump actuated by a moving member located between two coil assemblies rather
than a standard motor operated piston, for example, style pump.

2.16 LINE-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 600 V and having circuit
characteristics in excess of those of a low-voltage circuit.

217 LOWER FLAMMABLE LIMIT (LFL) — The minimum concentration of a gas in air that, if ignited, will
propagate flame throughout the gas-air mixture independently of continued application of the source of
ignition; expressed as a percent by volume of gas in air.
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218 LOW-VOLTAGE CIRCUIT — A circuit involving a peak open-circuit potential of not more than 42.4 V
supplied by a primary battery, by a Class 2 transformer, or by a combination of a transformer and a fixed
impedance that as a unit, complies with all performance requirements for a Class 2 transformer. A circuit
derived from a line-voltage circuit by connecting a resistance in series with the supply circuit, as a means
of limiting the voltage and current, is not considered to be a low-voltage circuit.

2.18.1 LOW-VOLTAGE, LIMITED-ENERGY CIRCUIT — A circuit involving a potential of not more than
42.4 volts peak or 60 V dc with limited energy as described in Low Voltage Limited Energy Circuits,
Section 27B.

2.19 OCCASIONAL OUTDOOR-USE PRODUCT - A product that is able to be used outdoors and be
stored within_a _garage. These products are not intended to be exposed to rain and are marked in
accordance \vith 65.13.

2.20 OUTDOOR-USE PRODUCT - A product that is intended for use in locations expos¢d to weather

including pa:l:ially protected locations under canopies, roofed open porches, barps, and similar locations
that may be damp or wet.

2.20.1 PORTABLE PRODUCT - A product that is easily carried or moved from one place| to another in
normal use.

2.21 REMQTELY CONTROLLED PRODUCT - A product thatis out of sight of the operatof who is at the
starting devige.

3 Compongnts

3.1 Except|as indicated in 3.2, a component of asproduct covered by this standard shall cgmply with the

requirementg

for that component. See Appendix A for a list of standards covering compone

bnts generally

used in the pfoducts covered by this standard.

3.2 A component is not required to comply with a specific requirement that:
a) Inyolves a feature or tharacteristic not required in the application of the component in the
product covered by thig'standard, or

b) Is guperseded by.a requirement in this standard.

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

use.

3.4 Specific components are recognized as being incomplete in construction features or restricted in
performance capabilities. Such components are intended for use only under limited conditions, such as
certain temperatures not exceeding specified limits and shall be used only under those specific conditions
for which they have been recognized.

4 Units of Measurement

4.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

5 References

5.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be
interpreted as referring to the latest edition of that code or standard.
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6 Attachments
6.1 Deleted November 1, 2013
7 Instructions Provided with the Product

7.1 A copy of the operating, user-maintenance, and other instructions intended to accompany a product
as produced shall be used as a guide in the examination and test of the product. For this purpose, a final
printed copy is not required.

7.2 The instructions shaII |ncIude such d|rect|ons and |nformat|on as deemed by the organization
responsible fpr-the v v - i v rdece +maintgnance of the
product, and shall comply with the requwements for instruction manuals in Sec‘uons 66 — 70

7.3 A tank-type compressor that does not employ a pressure vessel marked with the code "U" or "UM" of
the American|Society of Mechanical Engineers (ASME) shall comply with the requirements in(66.7.

CONSTRUCTION
8 General
8.1 A produft shall employ materials found by investigation to be acceptable for the intended application.

8.2 An air gompressor categorized as household use enly in accordance with 2.12 shall|not be rated
more than 3 Hp (2.25 kW output) or more than 150 psi (1034 kPa) and shall comply with 66.7.

8.3 A motor-operated air compressor intendedfor use with sprinkler systems shall be provided with a
means to be permanently connected to a wiring,system.

8.4 A nitrogen generator that is intended to remove oxygen from air within an enclosurg, such as a
control panel} a means shall be provided to prevent the creation of an enriched oxygen ¢oncentration
within the engdlosure such as the use of a ventilation fan or external discharge port.

9 Enclosurg

9.1 A prodyct shall be‘fermed and assembled so that it will have the strength and rigidity hecessary to
resist the abyses to.which it is likely to be subjected, without resulting in a risk of fire, elecjric shock, or
injury to pergons due to total or partial collapse with resulting reduction of spacings, Joosening or
displacement|of parts, or other defects.

9.2 Cast and sheet-metal portions of an enclosure shall not be thinner than the applicable values
specified in Table 9.1.

Exception No. 1: An enclosure investigated and judged acceptable with respect to the factors mentioned
in 9.3 and any additional requirements applicable to the product under investigation.

Exception No. 2: For blower-type inflators, a small area or surface that is curved or otherwise reinforced to
provide equivalent mechanical strength is not required to comply with the specifications in the first column
of thicknesses in Table 9.1.

9.3 Among the factors that shall be considered when judging the acceptability of a nonmetallic enclosure
or an enclosure of magnesium are:
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a) Mechanical strength,
b) Resistance to impact,
c) Moisture-absorptive properties,

d) Flammability, and

e) Resistance to distortion at temperatures to which the material may be subjected under
conditions of normal or abnormal usage.

9.4 An enclosure of polymeric material shall comply with the applicable requirements for products that

rials — Use in

are not Categ orized-as hausehold use nnl\]/ as contained-inthe Standard for Dnl\]/mnrln Mat

Electrical Eq

lipment Evaluations, UL 746C.

Exception N¢. 1: An attended, intermittent duty portable product can be evaluated_ for'compl

household u
tank-type co
intermittent g

Exception N

e requirements of UL 746C if it is marked in accordance with 644.1, 64.4.2

ance with the
and 66.6. A

mpressor with an automatic pressure-regulating control is not considered to be
uty product.

D. 2: A blower-type inflator intended for indoor, residential use only, may be

compliance With the household use requirements of UL 746C when(the product is marked |

with 64.4.1 a

hd 64.4.2, and the instruction manual complies with 66.6.

9.4.1 Encld
Energy (LVL

9.5 An enc
the Standard
cold conditio
with 65.13, t
be at 0°C +2

Exception: A
conditioning.

9.6 Theen

sures of components in a Class 2, Limited *Pewer Source (LPS), or Low Vg
F) circuit shall have a flammability rating of KB minimum.

osure of polymeric material shall be subjected to the Resistance to Impact Tes|
for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C be
ning at minus 35°C £2°C (minus,81°F £3.6°F) for 3 hours. For products marked i
ne Ultraviolet Light Exposure tequirements are not applicable and the cold con
C (32°F £3.6°F) for 3 hours:After each test, the enclosure shall comply with 9.1

product marked dnvaccordance with 65.14 is not required to be subjecte

Closure of @remotely or automatically controlled product shall prevent molten 1

insulation, flaming particles, or the like from falling on flammable materials, including the

which the pr(

duct.is:supported.

an attended,

evaluated for
n accordance

Itage Limited

t described in
fore and after
n accordance
Hitioning shall

 to the cold

netal, burning
surface upon

Table 9.1
Thickness of enclosure metal

Minimum thickness, in (mm)

At a small flat,
unreinforced surface and
at a surface of a shape or

size to provide

At a surface to which a

wiring system is to be At a relativel

y large

Metal

mechanical strength

connected in the field

unreinforced flat surface

Die-cast metal
Cast malleable iron

Other cast metal

3/64 (1.2)
116 (1.6)
3/32 (2.4)

5/64 (2.0)
3/32 (2.4)
1/8 (3.2)

Table 9.1 Continued on Next Page
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Table 9.1 Continued
Minimum thickness, in (mm)
At a small flat,
unreinforced surface and
at a surface of a shape or At a surface to which a
size to provide wiring system is to be At a relatively large
Metal mechanical strength connected in the field unreinforced flat surface
Uncoated sheet steel 0.026 (0.66) 0.032 (0.81) 0.026 (0.66)
Galvanized sheet steel 0.029 (0.74) 0.034 (0.86) 0.029 (0.74)
Nonferrous sheet metal 0.036 (0.91) 0.045 (1.14) 0.036 (0.91)
9.7 The requirement in 9.6 will necessitate that a switch, a relay, a solenoid, or the like bg individually

and completg
would not res|
necessitate th

a) Ung

ly enclosed, except for terminals, unless it can be shown that malfunction of'th
ult in a risk of fire, or there are no openings in the bottom of the produgt enclosu
e use of a barrier of nonflammable material:

er a motor unless:

1) The structural parts of the motor or of the product provide the equivale
barrier;

2) The protection provided with the motor is such”that no burning insulati
material falls to the surface that supports the product when the motor is ene
each of the following fault conditions:

i) Open main winding,
ii) Open starting winding,
iii) Starting switch short-eircuited, and

iv) Capacitor of (permanent-split capacitor motor short circuited — the s

3) The motor_j§ provided with a thermal motor protector — a protective d
sensitive to, temperature and current — that will prevent the temperature
windings from exceeding 125°C (257°F) under the maximum load under whi
will run-without causing the protector to cycle and from exceeding 150°C (30
rotor of-the motor locked;

4) The motor complies with the requirements for impedance-protected motors

to be applied before the motor is energized, and the rotor is to be locked;

e component
re. It will also

nt of such a

bn or molten
rgized under

hort-circuit is

evice that is
bf the motor
ch the motor
P°F) with the

in either the

Standard for Overheating Protection for Motors, UL 2111, or the Standard fo
Protected Motors, UL 1004-2, and the temperature of the motor winding wil

r Impedance
| not exceed

150°C (302°F) during the first 72 h of operation with the rotor of the motor locked; or

5) A vertically mounted motor is supplied with a metal screen on the end bell having a mesh
with nominal openings not greater than 0.079 in (2 mm) between center lines and with wire

diameters of not less than 0.018 in (0.45 mm) or if the motor complies with the
Tests For The Bottom Of A Fire Enclosure in the Standard for Safety For
Information And Communication Technology Equipment — Part 1: Safety Requ
62368-1.

b) Under wiring, unless the wire is marked VW-1.

Flammability
Audio/video,
irements, UL

9.8 The barrier mentioned in 9.7 shall be horizontal, shall be located as indicated in Figure 9.1, and shall
not have an area less than that described in that illustration. Openings for drainage, ventilation, and the
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like may be employed in the barrier, provided such openings would not permit molten metal, burning

insulation, or the like to fall on flammable material.

Figure 9.1

Location and extent of barrier

SA0604-1

NOTES -

A — Region to be shielded by barrier. This will consist of the entire component if it is not otherwise shielded and will consist of the

unshielded portion of a component that is partially shielded by the component enclosure or equivalent.

B — Projection of outline of component on horizontal plane.
C — Inclined line that traces out minimum area of barrier. The line is always

1) tangent to the component,
2) 5 degrees from the vertical, and

3) oriented so that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is that included inside the line of intersection traced out by the

inclined line C and the horizontal plane of the barrier.
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9.9 A paint sprayer or compressor shall be constructed so that the accumulation of paint on any
uninsulated live part is unlikely when tested as described in Section 50, Paint Entry Test.

Exception No. 1: A paint sprayer having a separate compressor or pump, a hose at least 6 ft (1.83 m)

long, and am

Exception No.

aximum paint capacity of 6 fluid ounces (186 mL) need not be tested.

2: A compressor, including a tank-type compressor, that:

a) Is provided with a hose at least 15 ft (9.57 m) long and is marked in accordance with 64.1.11; or

b) Either cannot be carried in one hand during use, or weighs 20 Ib (9.07 kg) or more and is marked
in accordance with 64.1.10, need not be tested.

9.10 In detsd
mentioned in

compressor, the number and location of handles, and the like.

9.11 A doo
requires rese

9.12 Means
the door or cd

10 Mechan

10.1 A prod

Brush caps shall be tightly threaded or otherwise constructed to prevent loosening.

10.2 A swit
attachment p|
See 104.

Exception Noj

a) Thd
switch

switch;

b) The

rmining whether a paint sprayer or compressor is capable of being carried|in
Exception No. 2 to 9.9, consideration shall be given to such factors as the

ting or renewal shall be hinged or otherwise attached in an equivalent manner.

shall be provided for holding the door or cover over &.fuseholder in a closed
ver shall be tight-fitting.

cal Assembly

uct shall be assembled so that it will not*be adversely affected by the vibration

ch other than a through-cord switch, a lampholder, an attachment-plug recepta
ug, or similar component shall be mounted securely and shall be prevented

1: A switch need nét.be prevented from turning if all four of the following condif

b switch is of a(plunger or other type that does not tend to rotate when opera
is considered, to be subject to forces that tend to turn the switch during ops

means*for mounting the switch make it unlikely that operation of the switch will

one hand as
weight of the

 or a cover of an enclosure that provides access to any overload-protectivg device that

position, and

of operation.

cle, a motor-
from turning.

jons are met:

fed. A toggle
ration of the

oosen it;

¢) Th

Q’r_\nr‘inge are not reduced below the minimum rnquirnrl values if the switch rotat

s; and

d) The operation of the switch is by mechanical means rather than by direct contact by persons.

Exception No. 2: A lampholder of the type in which the lamp cannot be replaced, such as a neon pilot or
indicator light in which the lamp is sealed in a nonremovable jewel, need not be prevented from turning or
shifting in position, if such motion may result in a reduction of spacings below the minimum acceptable
values.

10.3 Uninsulated live parts shall be secured to the base or mounting surface so that they will be
prevented from turning or shifting in position, if such motion may result in a reduction of spacings below
the minimum required values.

10.4 The means for preventing the turning or shifting mentioned in 10.2 and 10.3 shall consist of more
than friction between surfaces — for example, a properly applied lock washer, is acceptable as the means
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for preventing a small stem-mounted switch or other device, having a single-hole mounting means, from
turning.

11 Protection Against Corrosion

11.1 Iron and steel parts shall be protected against corrosion by enameling, galvanizing, plating, or other
equivalent means, if corrosion of such unprotected parts would be likely to result in a risk of fire, electric
shock, or injury to persons.

Exception No. 1: Surfaces of sheet-steel and cast-iron parts within an enclosure may not be required to be
protected against corrosion if the oxidation of the metal due to the exposure to air and moisture is not likely

to be apprec

able—The-thickness-of-metal-and. fnmpnrcfura are-also-to-be-considered.

Exception N¢. 2: Bearings, laminations, or minor parts of iron or steel, such as washérs,”sc|

like.

11.2 If detg
electric shoc
used therein

rioration of a liquid container provided as a part of a product would result in a
, the container shall be of a material that is resistant to corrosion by the liquid i

rews, and the

risk of fire or
htended to be

12 Accessjbility of Uninsulated Live Parts and Film-Coated Wite
12.1  To reduce the likelihood of unintentional contact thatimay involve a risk of electric ghock from an
uninsulated ljve part or film-coated wire, an opening in an enclosure shall comply with either (g) or (b).
a) For an opening that has a minor or dimension-(see 12.5) less than 1 in (25.4 mm), such a part or
wire ghall not be contacted by the probe illustrated in Figure 12.1.
b) Fol an opening that has a minor dimension of 1 in or more, such a part or wire shiall be spaced
from {he opening as specified in Table"12.1.
Exception: Al motor other than one Gséd in either a hand-held product or a hand-supportef portion of a
product need not 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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12.2  With respect to a part or wire as mentioned in 12.1 in an integral enclosure of a motor as mentioned

in the Exception to 12.1:

a) An opening that has a minor dimension (see 12.5) less than 3/4 in (19.1 mm) is acceptable if:

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

2) In a directly accessible motor (see 12.6), an uninsulated live part cannot be contacted by

the probe illustrated in Figure 12.4; and

3) In an indirectly accessible motor (see 12.6), an uninsulated live part cannot be contacted

by the probe illustrated in Figure 12.2.

b) Anjopening that has a minor dimension of 3/4 in or more is acceptable if a part or wire is spaced

from {he opening as specified in Table 12.1.

Table 12.1

Minimum acceptable distance from an opening to a part that may involve'a risk of electric shock

Minor dimension?® of opening Minimum distance from opening to part
in (mm)° in (mm)S
3/4° (19.1) 4:4/2 (114.0
1¢ (25.4) 61/2 (165.0
1-1/4 (31.8) 7-1/12 (190.0
1-1/2 (38.1) 12-1/2 (318.0
1-7/8 (47.6) 15-1/2 (394.0
2-1/8 (54.0) 17-1/2 (444.0
d 30 (762.0
2See 12.3.
b Betweer] 3/4 in and 2-1/8 in, interpolation‘is.te be used to determine a value between values specified in the {able.
¢ A dimengion less than 1 in applies to a metor only.
9 More thdn 2-1/8 in, but not morethan 6 in (152.0 mm).
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Figure 12.2
Rigid probe

3/4 INCH DIA.

— ANY CONVENIENT LENGTH

1/2 INCH DIA.

(12. 7mm)|7

(19.1mm) N

PA1

BOA

9/16 INCH(14.3mm

4 INCHES
(101.6mm)

=

3/16 ING

(4.8mrr



https://ulnorm.com/api/?name=UL 1450 2021.pdf

MAY 27, 2021

UL 1450

19

Figure 12.3

Probe for film-coated wire
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Figure 12.4

International Electrotechnical Commission (IEC) articulate accessibility probe with stop plate

Section
(10) A-A B-B
|
\2} @ |
5 Cylindrica
%
Section C-C

12.3 The pr|
to any depth
through the o
Figure 12.1

Detail X
(Example)

Part 3 Paort 2

{3 e o 4

SA1788A

bbes mentioned in 12.1 and 12:2-and illustrated in Figure 12.1 — Figure 12.4 sh
hat the opening will permit, @nd shall be rotated or angled before, during, and &
pening to any position that\is necessary to examine the enclosure. The probes|
and Figure 12.4 shall be applied in any possible configuration; and if ng

configuration
12.4 The pr
the accessibi
shall be appli

125 With r

shall be changed afterinsertion through the opening.

pbes illustrated in Figure 12.1 — Figure 12.4 shall be used as measuring instrum
ity provided by an opening, and not as instruments to judge the strength of a
bd with the'minimum force necessary to determine accessibility.

ference to the requirements in 12.1 and 12.2, the minor dimension of an of

bl be applied
fter insertion
illustrated in
cessary, the

ents to judge
naterial; they

bening is the

diameter of thetargest—cytindricatprobe—taving—=atemisphericattip—that camrbe—inserted

opening.

12.6 With reference to the requirements in 12.2,

a) An indirectly accessible motor is a motor:

through the

1) That is 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

2) That is located at such a height or is otherwise guarded or enclosed so that it is unlikely

to be contacted.

b) A directly accessible motor is a motor:

1) That can be contacted without opening or removing any part, or
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2) That is located so as to be accessible to contact.

12.7 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.

13 Supply
13.1

13.1.1

Connections

Cord-connected products

A product intended to be connected to the power-supply circuit by means of a flexible cord shall

be provided

13.1.2 The
devices requ
shall be a po
The polarity i

13.1.3 The
shall have ar

13.1.4 Typ
for the applic

a) Ad
less.

b) AV
c)AR

d)A(

Exception: A
types specifi

13.1.5 A cq
than 30 gal (
SO0, ST, ST

N £l ol <l <l 44 o 4+ l £ ' 4 Ll l H HY
VILIT A TICTAIVIC CUTU Adiliu al'l attdUlItTrrcTIt plug TUT CUTITICUUHUTT U 1T oupply CITUUTL.

attachment plug of a product intended to be connected to a nominal 120,\/)Cirg
ired to be connected to a specific supply conductor as specified in 13.4717, 2

uit, and using
5.2, and 26.3

arized type. The connections to the attachment plug shall be in accordance wit
dentification of the supply cord shall be in accordance with Table #371. See 67.6

flexible cord shall have a voltage rating not less than the.rated voltage of the|
ampacity that is not less than the current rating of the product.

e SJ, SJT, SJO, SJOO, SJTO, or SIJTOO flexible €ord, or a type at least equal
ation, shall be employed for the following products:

ompressor (including an inflator) or paint.pump having a motor rated 3 hp (2.2

lacuum pump.
and-held sprayer.

aint mixer and pigment dispenser.

blower type inflatoriintended for indoor, residential use only, may employ an
bd above or it may-employ an SPT-2 type cord.

mpressor erpaint pump having a motor rated more than 3 hp (2.2 kW output)

113.4 L), or having any marking indicating a rating of more than 3 hp, shall emg
0O, orx"STOO flexible cord or a type at least equally serviceable for the application.

h Figure 13.1.

product, and

y serviceable

KW output) or

y of the cord

a tank larger
loy Type SO,

1316 Ac
in accordanc

Td-Or COrd Setemplioyed o a COMPTessor or Sprayer nmtended for outdoor USe a
e with 65.13 shall be marked "W" or "W-A."

d not marked
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Figure 13.1

Connections to attachment plugs

CONNECTIONS OF CORD CONDUCTORS TO GROUNDING — TYPE
ATTACHMENT PLUG (FACE OF PLUG REPRESENTED)

CONDUCTOR WITH INSULATION HAVING A
GREEN OR GREEN AND YELLOW STRIPED
OUTER SURFACE @

CONDUCTOR NOT INTENDED TO BE

CONDUCTOR INTENDED TO BE GROUNDED
(IDENTIFIED CONDUCTOR)®

CONNECTIONS OF CORD CONDUCTORS TQSPOLARIZED
ATTACHMENT PLUG (FACE OF PLUG REPRESENTED)

CONDUCTOR NOT INTENDED TO BE
GROUNDED (UNIDENTIFIED CONDUCTOR

CONDUCTOR INTENDED TO BE GROUNDED
AB100 (IDENTIFIED CONDUCTOR)®

NOTES -
2 In the|above illustration)the blade to which the green conductor is connected may have a U-shape instgad of a circular
cross sgction.

b Signifies a coriduetor identified in accordance with Table 13.1.
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Table 13.1

Polarity identification of flexible cords

Method of identification

Acceptable combinations

Wire intended to be grounded? wire
connected to the screw shells of
lampholders

All other wires?®

Color of braids on individual
conductors

Solid white or gray — without tracer

Solid color other than white or gray —
without tracer

Color other than white or gray, with
tracer in braid

Solid color other than white or gray —
without tracer

Color of istiatiorronindivictat

Solid white or gray® Solid color other than white

or gray

equipmery
® Only for
¢ For jack
4 Only for

conductols Light blue® Sol_id color other than light Qlue,
white, or gray

Color of separators White or gray® Color other than white“or gray
Tin or other white metal on all strands | No tin or othef.white metal ¢n the
of the conductor? strands of the eonductor

Other Mefns - -
A stripe, ridge, or groove on the
exterior surface of the cord®

@ A wire fihished to show a green color with or without one or more yellow stripes ortracers is to be used only gs an

t-grounding conductor. See 20.2.1 and Figure 13.1.

cords having no braid on any individual conductor.
pted cords.
Type SPT-2 cord.

13.1.7 The
cord set with

13.1.8 An
applicable:

flexible cord may be attached permanently to a product or may be in the form
means for connection to the product.

httached flexible cord provided, with the product shall comply with one of the

of a separate

following, as

a) Stationary equipment shall.bg provided with an attached flexible cord at least 6 f{ (1.8 m) long
including the attachment plug:
b) Mgvable, hand-held,-hand-guided, and hand-supported equipment shall be proyided with an
attacmed flexible cord”at least 6 ft (1.8 m) long or 18 in (457 mm) long or less |including the
attachment plug:
13.1.9 With reference to 13.1.8, for all product types that are acceptable for use with an 18 in (457 mm)
or less flexible cord, an acceptable extension cord shall be provided with the product, or shalllbe marked in
accordance ‘with 0431, or—the—instrauctions—shat—contain—statements—forthe—setection—of the correct

extension cord type in accordance with 67.3.

13.1.10

If a product incorporates a disconnecting means, such as a cord connector in the supply cord

between parts of the product, the arrangement shall be such that no live parts will be exposed under any

normal condi

13.1.11

tions.

A product intended for use with a detachable cord set and a product that employs three or more

pin terminals intended for use with an attachment plug that covers all the pins shall have terminals spaced
so they will not accommodate a two-pin flatiron or appliance plug or a two-pin cord-connector body. An
acceptable plug or connector shall be one that cannot be improperly connected to the terminals.
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13.1.12 A product that is required to use a polarized attachment plug as specified in 13.1.2, and that is
provided with a separate or detachable cord-set as specified in 13.1.7 and the Exception to 13.1.8 shall
also use an appliance connector of the polarized type.

13.1.13 The attachment plug shall have an ampacity not less than the rated current of the product or the
actual current measured during the Input Test, Section 45, whichever is greater, and a voltage rating equal
to the rated voltage of the product. If a product is adaptable for use on two or more different values of
voltage by field alteration of internal connections, the attachment plug provided with the product shall be
acceptable for the voltage for which the product is connected when shipped from the factory.

13.1.14 The power-supply cord of a product shall exit the enclosure in an area that is not in close

proximity to a

hot spot or moving part, such as a compressor head, blade, belt, or rotating pa

13.2 Strain

13.2.1 Stra
armored cabl
Test.

13.2.2 Mea
cord-entry hg

temperature higher than that for which the cord is acceptable, ormay reduce a spacing, such

strain-relief ¢
components.

13.2.3 Ifak
from projectiq
conductors.

13.3 Bushi

13.3.1 Ata
shall be a bu
smooth, well
metal or may

13.3.2 Aco
a smooth, rou

relief

n relief shall be provided so that mechanical stress on a flexible ¢ord, flexibl
b will not be transmitted to terminals, splices, or interior wiring. See’Section 52,
s shall be provided to prevent a flexible cord from beingypushed into a prody

le if such displacement may subject the cord to miechanical damage or e

lamp, below the minimum acceptable value, <-or damage to the internal co
Compliance is to be checked by the Push-Back Strain Relief Test, Section 53.

not in a flexible cord serves as strain relief; a surface that the knot may contact
ns, sharp edges, burrs, fins, and the-like, that may cause abrasion of the insu

ngs

point where a flexible cord passes through an opening in a wall, barrier, or eng
5hing or the equivalent that shall be substantial, reliably secured in place, and

be an insulating.bushing that complies with the requirements in 13.3.2 — 13.3.9.

nded.surface is considered to be equivalent to a bushing.

13.3.3 Cera

bushings.

e conduit, or
Strain Relief

ct through a
posure to a
as to a metal
nnections or

shall be free

lation on the

losure, there
shall have a

rounded surface(against which the cord may bear. The bushing or equivalent may be of

d hole inwood, porcelain, phenolic composition, or other nonconducting material and having

or insulating

13.3.4 A separate bushing shall not be made of wood or of hot-molded shellac-and-tar compositions.

13.3.5 A vulcanized fiber bushing shall not be less than 3/64 in (1.2 mm) thick and so formed and
secured in place that it will not be adversely affected by conditions of ordinary moisture.

13.3.6 A separate soft-rubber, neoprene or polyvinyl chloride bushing may be employed in the frame of a
motor or in the enclosure of a capacitor attached to a motor provided that the bushing is:

a) Not

less than 3/64 in (1.2 mm) thick, and

b) Located so that it will not be exposed to oil, grease, oily vapor, or other substances having a

delete

rious effect on the compound employed.
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13.3.7 A bushing of any of the materials specified in 13.3.6 may be employed at any point in a product if
used in conjunction with a type of cord for which an insulating bushing is not required. If a bushing of one
of these materials is used anywhere in the product, the edges of the hole in which the bushing is mounted
are to be smooth and free from burrs, fins, and the like.

13.3.8 At any point in a product, a bushing of the same material as, and molded integrally with, the
supply cord is acceptable if the built-up section is not less than 1/16 in (1.6 mm) thick at the point where
the cord passes through the enclosure.

13.3.9 An insulated metal grommet may be acceptable instead of an insulating bushing if the insulating
material used is not less than 1/32 in (0.8 mm) thick and completely fills the space between the grommet

and the meta

| in which it is mounted

13.4 Permanently connected products

13.4.1 Ape

1342 Ate
product are

1343 Ate
product so a

13.4.4 |Ifiti
the motor sk
Electrical Ma

1345 Ap
conductors h
such connec

13.4.6 Afig
unless the w
soldered loo
product.

13.4.7 Wir|
provided with

rmanently connected product shall have provision for connection to awiring sys

rminal box or compartment in which power-supply connections to a permanen

em.

tly connected

o be made shall be located so that the connections may be’inspected after the product is
installed as iftended.

rminal compartment intended for connection of a_supply raceway shall be at
5 to be prevented from turning.

5 intended that supply connections be madecdirectly to a motor, the terminal co
all comply with the requirements for terminal compartments in the Standarg
chines — General Requirements, UL 1004-1.

brmanently connected productishall be provided with wiring terminals for the
aving an ampacity acceptable:for the product; or the product shall be provided
ion.

Id-wiring terminal is:considered to be a terminal to which a wire may be connect
ire; and a means_of making the connection — a pressure terminal connector,
D, crimped eyelet, or the like — factory-assembled to the wire, are provided as

ng terminals for the supply conductors — excluding the grounding conduct
apressure wire connector securely fastened in place — for example, firmly bol

a screw.

tached to the

mpartment on
for Rotating

connection of
with leads for

ed in the field,
soldering lug,
a part of the

br — shall be
ed or held by

Exception No. 1: A soldering lug may be used.

Exception No. 2: A wire binding screw may be employed at a wiring terminal intended to accommodate a
10 AWG (5.3 mm?) or smaller conductor if upturned lugs or the equivalent are provided to hold the wire in

place.

1348 Awi

ring terminal shall be prevented from turning.

13.4.9 The free length of a lead inside an outlet box or wiring compartment shall be 6 in (150 mm) or

more if the le

ad is intended for field connection to an external circuit.
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Exception: The lead may be less than 6 in long if it is evident that the use of a longer lead might result in a
risk of fire or electric shock.

13.4.10 A wire-binding screw at a wiring terminal shall not be smaller than No. 10.

Exception No. 1. A No. 8 screw may be used at a terminal intended only for the connection of a 14 AWG
(2.1 mm?) conductor.

Exception No. 2: A No. 6 screw may be used for the connection of a 16 or 18 AWG (1.3 or 0.82 mm?)
conductor. See 13.4.16.

ANCLAICDA 70 44 AN (D A4

13.4.11 Ac
conductor thg
anticipated at

13.412 AW

13413 At

mm) thick andl, except as indicated in 13.4.14, shall not have less than two full threads in the n

13.4.14 Twi
threads will n

13.4.15 Atd
extruded at th

13.4.16 Upfurned lugs or a cupped washer shallbe capable of retaining a supply conduct

specified in 1]

13.4.17 A

employing a
device other
identified for
connected to
of lampholde
an automatic

13.4.18 A td
metal that is

yis
t may be used for branch-circuit wiring, and therefore is the smallest conducto
a terminal for connection of a power-supply wire.

U H ry 4l | TP |l | faas L O ael 2
oramy—to— e INatormar CIetiCar COUCT AINOITINT T /v 1O T WV (Z0T T
re-binding screw shall thread into metal.

erminal plate tapped for a wire-binding screw shall be of metal not less than 0

b full threads are not required if fewer threads resultin a secure connection
bt strip upon the application of a 20 Ibf-in (2.26 N-m)tightening torque.

e tapped hole to provide two full threads ferthe binding screw.

B.4.5 under the head of the screw_or'washer.

permanently connected product rated 125 V or less, or 125/250 V (3-wire)
ampholder of the Edison-screw-shell type, or a single-pole switch or overcurre
than an automatic control without a marked off position, shall have one terr
the connection of the“grounded conductor of the supply circuit. The terminal

the grounded supply conductor shall be the one that is electrically connected to

control without a marked off position is connected.

substantially white in color and shall be readily distinguishable from the other

the smallest
that may be

050 in (1.27
hetal.

in which the

rminal plate formed from stock having the thickness specified in 13.4.13 may have the metal

br of the size

or less, and
nt-protective
hinal or lead
br lead to be
screw shells

s and to whigh'no switch or overcurrent-protective device of the single-pole type other than

rminal-intended for the connection of a grounded supply conductor shall be of ¢r plated with

terminals; or

proper identif

E £ il ot & H lLaobhall 1 1 [y H o [
CAlivuIimT ur urat terrmmmiidal oriait oo \JIUCIIIy SHTUWIT T SUTTTIC ULNTCT TTidAariTtier, oULlT do Ul

wiring diagram.

14 Current-
14 1
14.2 Ordina

Carrying Parts

A current-carrying part shall be of silver, copper, a copper alloy, or other similar metal.

ry iron or steel shall not be used as a current-carrying part.

an attached

Exception: Ordinary iron or steel provided with a corrosion-resistant coating, may be used for a current-

carrying part:

a) If acceptable in accordance with 3.1, or

b) Within a motor or associated governor.
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14.3 The restriction in 14.2 does not apply to stainless steel.

15

15.1

Insulating Material

equivalent material.

Material for mounting an uninsulated live part shall be porcelain, phenolic composition, or other

15.2 Ordinary vulcanized fiber may be used for insulating bushings, washers, separators, and barriers,
but not as the sole support for uninsulated live parts where shrinkage, current leakage, or warpage may

introduce ari

sk of fire or electric shock.

15.3 Athe rateriat-generatty-isnot-considered-aceceptabte re-sote-supportof uninsulated
live parts, blit may be employed if found to have mechanical strength and rigidity, resistance to heat,
resistance tq flame propagation, dielectric voltage withstand, and other properties(acceptable for the
application.

15.4 Small|molded parts, such as a brush cap, shall be constructed to have.the necessafy mechanical
strength and|rigidity to withstand the stresses of actual service. Brush caps.shall be secured|or located so
that they are|protected from mechanical damage that might result during use.

16 Gaskets$ and Seals

16.1 Gaskats and seals relied upon to reduce the risk of electric shock or injury to persong shall comply

with the Stan

dard for Gaskets and Seals, UL 157.

Exception: Rubber or neoprene compounds relied\upon for protection from rain are only required to
comply with Accelerated Aging Test, Section 55.

17 Internal Wiring

17.1 Mechanical protection

17.1.1  Wiring and connections hetween parts of a product shall be protected or enclosed.

Exception: A
Guarding or
17.1.2.

17.1.2 Insu

length of flexible cord may be employed for external connections if flexibility
protection/may be required to reduce the likelihood of damage or stress to 1

lated wiring is considered to be protected as required in 17.1.1 if, when judge

is essential.
he cord. See

i as though it

were film-coated wire, it would be acceptable in accordance with 13.1.3 — 13.1.13. Internal wiring not so
protected may be acceptable if it is secured within the enclosure so that it is unlikely to be subjected to
stress or mechanical damage.

17.1.3 Wires within an enclosure, a compartment, a raceway, or the like shall be routed or otherwise
protected so that damage to conductor insulation cannot result from contact with any rough, sharp, or
moving part.

17.1.4 If wiring or flexible cord between parts of a product is located so that it may be in proximity to
flammable material or may be subjected to mechanical damage, it shall be enclosed in armored cable,
rigid metal conduit, electrical metallic tubing, or enclosed metal raceway, or shall be otherwise equivalently
protected.
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17.1.5 A hole through which insulated wires pass in a sheet-metal wall within the overall enclosure shall
be provided with a smooth, rounded bushing or shall have smooth, rounded surfaces upon which wires
may bear, to prevent abrasion of the insulation. A flexible cord used for external interconnection as
mentioned in 17.1.1 shall be provided with strain relief and bushings in accordance with 13.2.2 — 13.3.9
unless the construction is such that the cord will be protected from stress or motion. If Type SP-1, SPT-1,
SP-2, SPT-2, or other cord lighter than Type SV is employed, and if the wall or barrier is of metal, and is
such that the cord may be subjected to stress or motion, an insulating bushing shall be provided.

17.1.6 A flexible cord used for external connections shall be as serviceable as the power-supply cord
and shall be so located as to reduce the likelihood of damage or stress.

17.1.7 Insula
enclosure of @ product.

all within the

17.2 Types|of wire

17.2.1 Intemnal wiring shall consist of wires of a type or types that are acceptable for the application,
when considgred with respect to the temperature and voltage to which the wiring is likely to pe subjected
and with respect to its exposure to oil, grease, or other conditions of ,service to which it i likely to be
subjected.

17.2.2 Thefmoplastic-insulated wire employed for internal wiring shall be standard building wire or
appliance-wirjng material acceptable for the purpose.

17.3 Spliceps and connections

17.3.1 Each splice and connection shall be meghanically secure and shall provide reliapble electrical
contact. A sopldered connection shall be mechanically secured before being soldered if| breaking or
loosening of the connection may result in a riskof fire or electric shock.

17.3.2 The fequirement in 17.3.1 will-necessitate the use of a lock washer or other equivalent means to
prevent a wir¢-binding screw or a nut from becoming loosened.

17.3.3 A splice shall be provided with insulation equivalent to that of the wires involved if pgrmanence of
spacing betwgen the splice and other metal parts may not be maintained.

17.3.4 Aluminum c¢onductors, insulated or uninsulated, used as internal wiring, such a$ for internal
connection betweepscurrent-carrying parts or as motor windings, shall be terminated hy a method
acceptable for the.eombination of metals involved at the point of connection.

17.3.5 With reference to the requirements in 17.3.4, a wire-binding screw or a pressure wire connector
used as a terminating device shall be acceptable for use with aluminum under the conditions involved — for
example, temperature, heat cycling, vibration, and the like.

17.3.6 Insulation consisting of two layers of friction tape, two layers of thermoplastic tape, or of one layer
of friction tape on top of one layer of rubber tape, is acceptable on a splice if the voltage involved is less
than 250 V. In determining if splice insulation consisting of coated-fabric, thermoplastic or other type of
tubing is acceptable, consideration is to be given to such factors as its dielectric properties, heat-resistant
and moisture-resistant characteristics, and the like. Thermoplastic tape wrapped over a sharp edge is not
acceptable.

17.3.7 If stranded internal wire is connected to a wire-binding screw, loose strands of wire shall be
positively prevented from contacting an uninsulated live part that is not always of the same polarity as the
wire and from contacting a dead metal part. This may be accomplished by use of a pressure terminal
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connector, soldering lug, or crimped eyelet, by soldering all strands of the wire together, or by other
equivalent means.

17.3.8 A nominal 0.110-in, 0.125-in, 0.187-in, 0.205-in, or 0.250-in wide quick-connect terminal shall
comply with the requirements for quick-connect terminals, UL 310. Other sizes shall be investigated with
respect to crimp pullout, engagement-disengagement forces of the connector and tab, and temperature
rises, all tests to be conducted in accordance with the requirements for quick-connect terminals, UL 310.

18 Separation of Circuits

18.1
unless they gre

Conductors of circu

18.2 Anin
a circuit ope

ulated conductor shall be reliably retained so that it cannot contact an unjnsulat
ating at a different potential.

ed live part of

18.3 In a compartment that is intended for the field installation of conductorsiand that cont
for connectidn of Class 2 or Class 3 circuit conductors, and Class 1, power, or lighting circu
as defined in the National Electrical Code, ANSI/NFPA 70, a barrier shall be provided to
conductors df the different circuits, or the arrangement of the compartment shall be such th
spacing of 14 in (6.4 mm) can be maintained between the conductors of the different circuits
conductors t¢ be field installed.

19 Capacitors

19.1 Acap
as a capacit

pcitor provided as a part of a capacitor motor and a capacitor connected across
or for radio-interference elimination @r power-factor correction, shall be hous
enclosure or| container that will protect the plates against mechanical damage and that w
emission of [flame or molten material resulting from malfunction or breakdown of the ¢
container shall be of metal providing strength and protection not less than that of uncoated s
thickness of[0.020 in (0.51 mm). Sheet metal having a thickness less than 0.026 in (0.6
recommendgd.

he individual contaiher of a capacitor may be of sheet metal less than 0.020 in th
ther than metal_if the capacitor is mounted in an enclosure that houses othe
brovided that.stuch housing is acceptable for the enclosure of live parts.

Exception: T]
of material @
product and

19.2 If a capacitorthat is not a part of a capacitor motor or a capacitor-start motor is ¢

Rins provision
t conductors,
separate the
At a minimum
including the

the line, such
sed within an
Il prevent the
apacitor. The
steel having a
6 mm) is not

ick or may be
I parts of the

bnnected in a

product that
capacitor co
shall be provided in the product to prevent such a condition.

s intended to be automatically or remotely controlled so that malfunction or breakdown of the
wmjmmmmmmwmﬁmim protection

19.3 A capacitor connected from one side of the line to the enclosure of a product shall have a
capacitance rating of not more than 0.10 pF. See 46.1.1.

19.4 If a product employs a combination consisting of a rectifier and an electrolytic capacitor, no risk of
fire, electric shock, or injury to persons shall result when either the rectifier or the capacitor is short-
circuited.

19.5 Under both normal and abnormal conditions of use, a capacitor employing a liquid dielectric
medium more flammable than askarel shall not expel the dielectric medium when tested in accordance
with the applicable performance requirements in this standard.
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19.6

If a product is constructed to be controlled by or operated in conjunction with a capacitor or a

capacitor/transformer unit, such a capacitor or unit shall be supplied with the product. See 64.1.5.

20 Groundi

20.1

20.1.1

Exception No.

ng

General

A product shall have provision for grounding.

1. See 21.3 for double-insulated product.

Exception Ng.

integral charg

Exception Ng
enclosure, n¢g

20.1.2 Ifad
connected, it
metal parts W

likely to becoine energized shall be reliably connected to the meansfor grounding.

20.1.3 The

a) In
groun
conne

b) In a

20.1.4 The
means of a s
be removed g
used for secu

product by a qualified serviceman.

20.1.5 The
cord-connect
attachment p

27 A hana-neld-or hand-supported battery-operated product that does n
er, and is not intended to be recharged outdoors need not have provision forgro

. 3: A blower-type inflator intended for indoor, residential use only,~having 4
ed not comply with this requirement.

rounding means is provided, it shall be in accordance with 20:4.3 and if the pr|
shall comply with the requirements in 20.1.5. All exposed déad metal parts
ithin the enclosure that are exposed to contact during.any’ user servicing oper

ollowing are acceptable means for grounding:

a product intended to be permanently.eonnected to the power supply, th
jing terminal or lead and the point_at“which the power-supply wiring sy
cted.

cord-connected product, the equipment grounding conductor of the power-supp

grounding conductor of a\supply cord shall be secured to the enclosure of th
bparate screw or other equivalent means, intended for that purpose only, that i

ring the grounding conductor. Servicing as mentioned in this paragraph includes
grounding«€onductor and exposed dead metal parts that are likely to become e

bd product shall be electrically conductively connected to the grounding m
ug.~The grounding member shall be fixed.

t employ an
unding.

y nonmetallic

pduct is cord
nd all dead-
tion and are

e equipment
stem will be

ly cord.

e product by
5 not likely to

uring any servicing gperation not involving the power-supply cord. Solder along shall not be

repair of the

hergized of a
ember of an

20.1.6 A separable connection, such as that provided by an attachment plug and a mating connector or
receptacle, shall be such that the equipment-grounding connection is made before connection to and
broken after disconnection from the supply conductors.

Exception: Interlocked plugs, receptacles, and connectors that are not energized when the equipment-
grounding connection is made or broken.

20.1.7

If a product is intended to be grounded and is provided with means for separate connection to

more than one power supply, each such connection shall be provided with a means for grounding.

20.1.8 The grounding terminal, intended solely for the connection of an equipment-grounding conductor,
shall be capable of securing a conductor of the size necessary for the application. A connection device
that depends on solder alone shall not be provided for connecting the equipment-grounding conductor.
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20.1.9 A wire-binding screw or pressure wire connector intended for the connection of an equipment-
grounding conductor shall be located so that it is unlikely to be removed during servicing of the product.

20.1.10 With reference to the requirement in 20.1.2, the following dead metal parts are not considered

likely to beco

me energized:

a) A small metal part, such as an adhesive-attached foil marking, a screw, a handle, and the like,
that is:

1) On the exterior of the enclosure and separated from all electrical co
grounding metal, or

mponents by

o AW wd | ol Ll H lataal £ Ll l oot 1 4+
LI LITUU Ibally 1ISUIAtcUu 1mTulTT air cioutrodalr CUITIPUTICTILS,

b) A panel, cover, or other metal part that is isolated from all electrical components

vulca

nized fiber, varnished cloth, phenolic composition, or other moisture:resist

mateffial not less than 1/32 in (0.80 mm) thick and securely mounted in place;

C)A(
isolat

d) Co

anel, cover, or other metal part that does not enclose uninsulated live parts and
bd from other electrical components; and

res and assembly screws of a relay, a solenoid, and thelike!

20.2 Grounding identification

20.2.1 The|
without one ¢

20.2.2 The

surface of the insulation of a grounding conductor of a flexible cord shall be
r more yellow stripes.

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

y a barrier of
nt insulating

is electrically

green with or

ent-grounding

conductor shall be green with or without ope "'or more yellow stripes, and no other lead shall be so

identified.

2023 Aw

re-binding screw intended for the field connection of an equipment-grounding c

have a green-colored head that is hexagonal or slotted, or both or the unit shall be marked

with the sym
equipment-g
the symbol d

21 Double

211 A cor

bol @ (IEC 417Ne> 5019). A pressure wire connector intended for field con
rounding conductor shall be plainly identified, such as by being marked "G," "G

bnductor shall

at the screw
nection of an
R," "Ground,"

P (IEC 417 Na».5019), or by marking on the wiring diagram provided on the product.

Insulation

complies with

i-connected product may be provided with a system of double insulation that

the applicable requirements in the Standard for Double Insulation Systems for Use in Electrical
Equipment, UL 1097, in lieu of a means for grounding.

21.2 A double-insulated product shall comply with the requirements in the Standard for Double Insulation
Systems for Use in Electrical Equipment, UL 1097, and with the applicable requirements in this standard.

Exception: In measuring leakage current, thermal stabilization is to be obtained by operation under no load

conditions.

21.3 A product marked as being provided with double insulation shall not be provided with a means for
grounding. See 64.1.13.
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22 Lampholders

22.1

of a winding of a motor if the motor is rated more than 230 V.

A lampholder for a low-voltage lamp — for example, a 6-V lamp — shall not be tapped across a part

22.2 The screw shell of an Edison-base lampholder in permanently connected product, or product
equipped with a polarized attachment plug shall be connected to the terminal or lead that is intended to be
connected to the grounded conductor of the power-supply circuit.

23 Motors

23.1 Const

23.1.1 Am
normal load d

m
UG LvuI

btor shall be acceptable for the application, and shall be capable of handling t
f the product as described in 46.2.1 — 46.2.7 without creating a risk of-fire; elec

injury to persons.

23.1.2 Amg

23.1.3 With
treated to pr
absorptive m
absorption.

23.2 Overlg

23.2.1 Amg

Exception: A
with motor prf
if it complies
does not ap
permanently

23.2.2 A pr
following:

a) Th
Overh

tor winding shall resist the absorption of moisture.

ne maximum
tric shock, or

reference to the requirement in 23.1.2, film-coated wire-is not required to b¢ additionally

bvent absorption of moisture, but fiber slot liners,cloth coil wrap, and simi
aterials are to be provided with impregnation or otherwise treated to prev|

ad protection
tor shall be provided with thermal protection as described in 23.2.2.

product that is hand-supportedand/or attended while in use is not required tg
btection. This includes a hand-supported and/or attended portable nontank type
with Loaded Starting Test;>Section 44. See also Exception No. 4 to 23.2.2. T
bly to automatically, controlled units, such as those that employ pressure

connected productsithat are manually started and operate on continuous duty.

pbduct as specified in 23.2.1 shall have motor-overload protection consisting

brmalk—protection complying with the applicable requirements in either the
pating Protection for Motors, UL 2111, or the Standard for Thermally Protecte

ar moisture-
ent moisture

be provided
compressor
nis exception
switches, or

bf one of the

Standard for
1 Motors, UL

1004-

B

Exception No. 1: For a product that includes a control as specified in 23.2.3, the duration of the
temperature test and the endurance test, both under locked-rotor conditions, is able to be less than
that specified, and in no case less than the period of operation intended for the product.

Exception No. 2: In the event that the time required to operate a manually reset protective device
through 10 c of operation is longer than the time that the product is to be operated during intended
use, the number of operations of the device for the temperature test under locked-rotor conditions
shall be less than 10 c. In any case, the number of cycles shall not be less than 4 c.

Exception No. 3: 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, is required to have locked-rotor protection only.
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Exception No. 4: A portable nontank type air compressor that complies with Exception No. 1 to
23.2.1, but does not start under load when tested in accordance with Loaded Starting Test, Section

44, is

required to have locked-rotor protection only.

Exception No. 5: A linear style pump is required to have locked-rotor protection only.

b) Impedance protection complying with the applicable requirements in either the Standard for
Overheating Protection for Motors, UL 2111, or the Standard for Impedance Protected Motors, UL
1004-2, when the motor is tested as used in the product under locked rotor conditions.

c) Other protection that is shown by test to be equivalent to the protection specified in (a).

4 [aYTo Mo aYi

23.2.3 The
the length of

23.24 For
heating prot
operate.

23.25 Ifa
rated in hor
ANSI/NFPA
universal mo
is marked fo
used.

23.2.6 The
that will not
protect the m

23.2.7 The
required or n

23.2.8 Ove

4 l ' ol | ' Nl 4 A 4 Lilo ot HH l pu |
CUTTUUTTITCTIUUTICU T AUCPUUUIT INU. T 1TU L\JL.L\G, 1o a Luriuavur triat pUOILIVCIy ally

time the product can be operated- for example, a timer.

a multispeed motor that employs a separate overload protective device’to pr
ection, the requirement in 23.2.1 applies at all speeds at which, the"motor i

sepower, use is to be made of the appropriate tablé_of the National Elg
V0, that gives the relationships between horsepower-and full-load currents for
tor, the table applying to a single-phase, alternating*current motor is to be used

motor of a product with load characteristics likely to result in an overload or stg
e evident to the user shall incorporate-thermal or overload protection as specifie
otor against those conditions likely-to*occur.

functioning of a motor-protective device provided as part of a product, whether s
bt, shall not result in a risk ef fire or injury to persons.

rload devices empleyed for running heating protection, other than those that are

reliably limits

bvide running
intended to

D

requirement in this standard refers to the horsepower rating*ef a motor and th¢ motor is not

ctrical Code,
motors. For a
if the product

use on alternating current only; otherwise the table applying to direct-current npotors is to be

lled condition
din 23.2.2 to

uch device is

inherent in a

motor, shall be located in at Jeast one ungrounded conductor of a single-phase supply systein and in each

ungrounded

23.29 Fus
conductor; a
the three pha

conductor of a 3-phase supply system.

es employed for motor-running heating protection shall be located in each
nd inthe case of a 3-phase, 3-wire, alternating-current motor, they shall be loca
ses;

ungrounded

led in each of

23.3 Brushes and brush holders

23.3.1

might occur during use of the product.

A brush cap shall be recessed, enclosed, or otherwise protected from mechanical damage that

23.3.2 A brush cap that is accessible to the user without the removal of a guard or enclosure shall be
provided with a positive means that will prevent its disengagement from the brush-holder assembly. Screw
threads only on the brush cap are not considered a positive means.

23.3.3 A brush-holder assembly shall be constructed so that when a brush is worn out — no longer
capable of performing its function — the brush, spring, and other parts of the assembly will be retained to
the degree necessary to reduce the likelihood of:

a) Accessible dead metal parts becoming energized, and
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b) Live parts becoming accessible.
24 Overload- or Thermal-Protective Devices

241 An overload- or thermal-protective device shall have a current and voltage rating not less than the
load that it controls.

24.2 A product employing subdivided circuits within that product feeding two or more power-consuming
components (for example, motors, motor-control circuits, electric heating elements) that are connected in
parallel with each other across any pair of main-supply terminals or leads, shall be provided with
overcurrent protection for the conductors of each terminal circuit in accordance with the National Electrical
Code, ANSI/NERAZQ.

tement, shall
outside the

24.3 A protective device such as a fuse, the functioning of which requires renewal or(repla
be in a read|ly accessible location. A protective device shall be wholly inaccessible” from
product without opening a door or cover.

Exception: TH
protector, ang

pe operating handle of a circuit breaker, the operating button:of,a manually operable motor

similar parts may project outside the enclosure.

24.4 Afuse
shell or clips
type fusehold

nolder shall be constructed and installed so that no unifisulated live part other than the screw
ill be exposed to contact by persons removing or«eplacing fuses. The screw shell of a plug-
er shall be connected toward the load.

25 Receptacles

a means for
ductor in the
e electrically

251 A 15-|or 20-A general-use attachment-plug, receptacle in a product provided with
grounding — @ permanently wired product or a cerd-connected product with a grounding con
cord — shall |be of the grounding type. The-grounding contact of the receptacle shall b
connected to [dead metal that will be grounded when the product is in use.

252 Agen

ral purpose receptacle rated for use on a nominal 120 V circuit shall be of a polarized type.

The groundedl supply conductorsshall be connected to the terminal that is substantially whi
otherwise marked to indicate thaf it is intended for connection to the grounded supply conduct

25.3 If a product includes one or more attachment-plug receptacles intended for general u
overcurrent protection of the branch circuit to which the product will properly be connected
acceptable fgr thesreceptacle or receptacles, each receptacle circuit shall have overcurrent

te in color or
or.

5e, and if the
exceeds that
protection of

the time-delay typerated not more than 20 A provided as a part of the product.

25.4 A fuseholder provided in accordance with 25.3 shall be of Type S construction or shall be of the
Edison-base type with a factory-installed nonremovable Type S adapter.

25.5 A portable product provided with a general purpose receptacle shall be marked in accordance with
65.19 at the receptacle so that the combined ampacity of the product operated under maximum normal
load and the equipment connected to the receptacle does not exceed the rating of the product. A general
purpose receptacle on a portable product shall not increase the risk of fire, electric shock or other injury to
the user.

25.6 The face of a general-use receptacle shall:
a) Be flush with or project beyond a nonconductive surrounding surface, or

b) Project at least 0.015 in (0.38 mm) beyond a conductive surrounding surface.
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25.7 Ground-fault circuit protection shall be provided for 120-V, single-phase, 15- and 20-A general-use
receptacles that are part of a product intended to be used outdoors.

26 Switches and Controls

26.1 A switch or other control device shall have a current and voltage rating not less than that of the load
that it controls.

26.2 With reference to the requirement in 26.1, the current rating of a switch that controls an inductive
load other than a motor, such as a transformer or an electric-discharge-lamp ballast, shall not be less than
twice the rated full-load current of the transformer or ballast unless the switch has been investigated and

found accepfghln forthe Qpplinaﬁr\n_

26.3 A linerconnected, single-pole switch or an overcurrent (overload) protective device
pole type other than an automatic control without a marked off position shall be connected tg

lead intende

26.4 A swit
of the produd

a)ltc

b) It h

26.5 A swi
acceptable fq

26.6 A mg
employsam

27 Spacings

27.1 All uni
other as thoy
and shall be

27.2 Thes

for connection to an ungrounded conductor of the supply circuit.

ch or other control shall be guarded or located so that it is not likely to be damag
t. A through-cord switch shall not be employed unless:

annot contact the floor during use of the product, or

as been investigated for such abuse as may occur during use.

ch that controls a medium-base lampholder of other than a pilot or indicating
r use with tungsten-filament lamps.

nually operated motor-control switch” shall be provided in a cord-connected
btor rated more than 1/3 hp (250 W output).

nsulated live parts cAnnected to circuits of different voltage ratings shall be spaqg
gh they were pants\of opposite polarity in accordance with the requirements in 4
udged on the basis of the highest voltage involved.

pacing between uninsulated live parts of opposite polarity and between such p

metal that may be_grounded in service is not specified for parts of low-voltage circuits.

27.3 Thes

acing between a field-wiring terminal and any other uninsulated live or dead m

of the single-
a terminal or

ed during use

light shall be

product that

ed from each
7.3 and 27 4,

arts and dead

tal part not of

the same polarity shall not be less than the applicable value specified in Table 27.1. See 13.4.6 and 27.7.

27.4 Other than at wiring terminals, the spacing between uninsulated live parts of opposite polarity, and
between an uninsulated live part and a dead metal part that is exposed to contact by persons or that may
be grounded shall not be less than the value specified in Table 27.2 or as provided in Alternative Spacings
— Clearances and Creepage Distances, Section 27A.

Exception: Spacings may be as specified in 27.10.

27.5 If an uninsulated live part is not rigidly fixed in position by means other than friction between
surfaces, or if a movable dead metal part is in proximity to an uninsulated live part, the construction shall
be such that the required minimum spacing will be maintained.
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Table 27.1
Spacings at field-wiring terminals

Minimum spacings, in (mm)

Between wiring terminals,
through air, or over

Between terminals and other uninsulated metal parts

not always of the same polarity®

Potential involved, V surface Over surface Through air
250 or less 1/4 (6.4) 1/4 (6.4) 1/4 (6.4)
More than 250 1/2 (12.7)° 1/2 (12.7)° 3/8 (9.5)

@ Applies to the sum of the spacings involved where an isolated dead part is interposed.

b A spacing of not less than 3/8 in, through air and over surface, is acceptable at wiring terminals in a wiring

compartment or terminal box if the compartment or box Is integral With a motor.

276

be judged on the basis of the size of the largest motor in the product. See 27.8.

27.7 The spacing requirements in 27.3 — 27.6 do not apply to the inherent spacings of a co

product, such
component.

27.8 The spacings in a motor shall comply with the spacing requirements in the Standarg
hines — General Requirements, UL 1004-1.

Electrical Ma

27.9 At terminal screws and studs to which connectiontmay be made in the field by mear
connectors, gyelets, or the like, as described in 13.4.65.spacings shall not be less than thos¢

In a prpduct incorporating two or more motors of different sizes, the spacings ‘in,the p

roduct are to

mponent of a

as a snap switch; such spacings are to be judged on the basis of the requirements for the

for Rotating

s of the wire
b specified in

Table 27.2 when such connectors, eyelets, or thellike are in such position that minimunp spacings —

opposite polarity and to dead metal — exist.

Table 27.2
Spacings at other than field-wiring terminals

Diameter of motor used in product

7 in (178 mm) or less?

More than 7 in (178 mm)?3

Over surface, Through air, Over surface, Through air,
Potentiallinvolved,
/ in (mm) in (mm) in (mm) in (mm)
0125 3/32 (2.4)P° 3/32 (2.4)P° 1/4 (6.4)° 1/8 (3.2)°
126 +250 3/32 (2.4) 3/32 (2.4) 1/4 (6.4)° 1/4 (6.4)°
251 -600 12 (12.7)° 3/8 (9.5)° 1/2 (12.7)° 3/8 (9.5)°

acceptable.

@ This is the diameter, measured in the plane of the laminations, of the circle circumscribing the stator frame, excluding
lugs, fins, boxes, and the like, used solely for motor mounting, cooling, assembly, or connection.

® For a motor rated 1/3 hp (250 W output) or less, these spacings may not be less than 1/16 in (1.6 mm).

° Film-coated wire is considered to be an uninsulated live part. However, a spacing of not less than 3/32 in (2.4 mm) over
surface and through air between film-coated wire, rigidly supported and held in place on a coil, and a dead metal part is

27.10

a) Live parts of opposite polarity,

b) A live part and an exposed dead metal part, or

c) Alive part and a dead metal part that may be grounded,

If an isolated dead metal part is interposed between or is in close proximity to:
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the spacing may not be less than 3/64 in (1.2 mm) between the isolated dead metal part and any one of
the other parts previously mentioned, provided the total spacing between the isolated dead metal part and
the two other parts is not less than the value specified in Table 27.2.

27.11  An insulating lining or barrier of vulcanized fiber or similar materials employed where spacing
would otherwise be insufficient shall not be less than 1/32 in (0.8 mm) thick, and shall be so located or of
such material that it will not be adversely affected by arcing, except that vulcanized fiber not less than 1/64
in (0.4 mm) thick may be used in conjunction with an air spacing of not less than 50 percent of the spacing
required for air alone.

Exception: Thinner insulating material may be used, if upon investigation, it is found to be acceptable for

the applicati

n

2712 An
insulating m
Evaluations,

27A Alternative Spacings — Clearances and Creepage Distances

27A.1  As
requirements
for Electrical
for field wirin
overvoltage

characteristig

27A.2 The
intended to b
shall be poll

boards in c¢mpliance with the Printed \Wiring Board Coating Performance Test of the

Insulation Cq
shall be pollJ

27A.3 The
Coordination

27A.4 In on
achieved by
27A5 Al

nsulating lining or barrier of polymeric material shall comply with the\req
hterials as specified in the Standard for Polymeric Materials-Use in Electric
UL 746C.

an alternative to the spacing requirements in Section)27, as applicable,
in the Standard for Insulation Coordination Including«Clearances and Creepg
Equipment, UL 840, are to be used. The spacing/equirements of UL 840 sha
g terminals and spacings to a dead metal enclosure. In determining the pollutio
ategory, the end-use application is to be taken:into account and is capable of m
s given in 27A.2 and 27A.3.

evel of pollution for indoor use products, and for portable compressors or pain
e exposed to rain, shall be pollution\degree 2. For outdoor use products, the ley
ution degree 3. Hermetically sealed or encapsulated enclosures, or coated

ordination Including Clearan¢es and Creepage Distances for Electrical Equipn
tion degree 1.

equipment shallbe rated overvoltage category Il as defined in the Standard

der to apply Clearance B (controlled overvoltage) clearances, control of overvo
broviding-an overvoltage device as an integral part of the product.

Including Cleatances and Creepage Distances for Electrical Equipment, UL 840.

Llirements for
al Equipment

the spacing
ge Distances
| not be used
n degree and
bdifying those

sprayers not
el of pollution
brinted wiring
Standard for
hent, UL 840,

for Insulation

ltage shall be

rinteéd wiring boards are considered to have a minimum comparative tracking

index of 100

without further investigation.

27B Low Voltage Limited Energy Circuits

27B.1

than 42.4 volts peak or 60 V dc with the energy available to the circuit limited:

A low voltage limited energy (LVLE) circuit is defined as a circuit involving a potential of not more

a) By a fuse or nonadjustable manually reset circuit protective device that is rated or set at not

more

than the value specified in Table 27B.1; or

b) So that the current, measured in amperes, is not more than 8 for potentials up to 42.4 V peak,

and 1

50/V ax for potentials from 30 to 60 V dc.
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27B.2 With reference to the current specified in 27B.1(b), the maximum current is to be measured under
any condition of loading, including short circuit. The measurement is made using a resistor that is
continuously readjusted during a 1-minute period to maintain maximum load current. This current shall not

exceed the value indicated in 27B.1(b).

Table 27B.1
Rating for fuse or circuit protective device

Open-circuit potential, V Current rating, A
0-21.2 (peak) 5
213 —42 4 (peak) 32
Over 30 to 60 dc only 150/V ax”

8V max is define

as the maximum potential, in volts, obtained under any condition of load or no load.

PROTECTIO

28 General

28.1 If the

protection shall be provided to reduce the risk.

28.2 When
reasonably fo

28.3 The a
required, are

and the likelihood of a risk of injury to persons, resulting from a cause other than gross neg

investigation
but not more
shows the bre
component is

28.4 Speci
constructions

consideration

29 SharpE

N AGAINST INJURY TO PERSONS

bperation and maintenance of a product by the userdnvolves the risk of injury

judging a product with respect to the requirement in 28.1, consideration shal
reseeable misuse of the product.

Hequacy of a guard, a release, an interlock, and the like, and whether such
to be determined from an investigation of the complete product, its operating ch

s to include consideration ofithe results of breakdown or malfunction of any one
than one component at a.time, unless one event contributes to another. If the
akdown or malfunction of a particular component can result in a risk of injury to
to be investigated for, reliability.

ic constructions,)tests, markings, guards, and the like are detailed for so
Specific features and products not covered herein are to be given
. See the tfequirements for marking in Section 65, Cautionary.

dges

to persons,

be given to

a device is
aracteristics,
ligence. The
component;
investigation
persons, that

me common
appropriate

29.1

risk of injury to persons in normal maintenance and use.

30 Enclosu

res and Guards

An enclosure, a frame, a guard, a handle, or the like shall not be sufficiently sharp to constitute a

30.1 A moving part or high-pressure discharge opening that may cause risk of injury to persons shall be
enclosed, guarded, located or otherwise arranged to reduce the likelihood of unintentional contact, and
such a part shall not be contacted by the probe illustrated in Figure 12.1.

Exception No. 1: An opening in the integral enclosure of a motor that is not used in either a hand-held
product or a hand-supported portion of a product is acceptable if a moving part cannot be contacted by the
probe illustrated in Fiqure 12.2.


https://ulnorm.com/api/?name=UL 1450 2021.pdf

MAY 27, 2021 UL 1450 39

Exception No. 2: A part or portion of a part that is necessarily exposed to perform the work function need
not be enclosed but, when necessary, guarding shall be provided. See 30.3.

30.2 A moving part that may involve a risk of injury to persons shall be considered with respect to:
a) The degree of exposure necessary to perform the intended function;
b) The sharpness of the moving part;
c) The likelihood of unintentional contact therewith;

d) The speed of the moving part; and

e) The likelihood that a part of the body would be endangered, or that clothing would pe entangled,
by thg moving part.

These factorp are to be considered with respect to both intended operation of the product and reasonably
foreseeable misuse.

30.3 Some|guards are required to be of the self-restoring type. Other features of guards fhat are to be
considered ifclude:

a) Removability without the use of tools;
b) Removability for servicing;

c) Strength and rigidity;

d) Completeness;

e) Creation of additional risk of injury, to persons such as pinch points, and the [necessity for
additipnal handling because of the increased need for servicing, such as for cleaning, unjamming,
and the like; and

f) Usgge — household or commercial.

30.4 An enclosure or guard ever a rotating part shall retain a part that, because of breakage or other
reasons, may become loose or may separate from a rotating part, and retain a foreign objegt that may be
struck and propelled by’'the rotating part.

30.5 If complete ‘guarding of a moving part that would obviously cause injury to persons wopld defeat the
utility of a prqduct:

a) A control shall be provided; and

b) A marking shall be provided in accordance with 65.11.
30.6 During the examination of a product to determine whether it complies with the requirements in 30.1,
a part of the enclosure that may be removed without the use of a tool (to attach an accessory, to make an

operating adjustment, or for other reasons) is to be opened or removed.

Exception: A part need not be opened or removed provided it is marked in accordance with 65.10.
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31 Materials

31.1  As aresult of the tests in 31.2, there shall not be exposed moving parts that result in a risk of injury
to persons.

31.2 Guards molded of polymeric material that are serving as protection of moving parts only and not
serving as enclosures of insulated or uninsulated live parts, shall have a flammability rating of HB
minimum. They shall be subject to mold stress, impact and cold impact at minus 35°C (minus 31°F) as
specified in the Standard for Polymeric Materials-Use in Electrical Equipment Evaluations, UL 746C.

Exception No. 1: A product marked in accordance with 65.13 shall be subject to the cold impact test at 0°

C (32°F) rath

rthan at minus 35°C ‘/minuo Q1°F)_

Exception Nd
impact test.

Exception Ng
impeller or fa

31.3 The m
deterioration
demand of ex

. 2: A product marked in accordance with 65.14 is not required to be.Subjed

. 3: For blower-type inflators intended for indoor, residential use-only, a guard
h blades need only be subjected to an impact of 1.5 ft-Ib (6.67.N).

aterial of a part — such as an enclosure, a frame, a guard, or the like — the
bf which might result in a risk of injury to persons shallkhave such properties a
pected loading conditions.

t to the cold

covering the

breakage or
5 to meet the

31.4 The repguirement in 31.3 applies to those portions of ‘apart adjacent to a moving part ¢onsidered to
involve a risk [of injury to persons.
32 Surface|[Temperatures
32.1 During the temperature test described’ in Section 46, Temperature Test, the temperature of a
surface that may be contacted by the user-shall not be more than the maximum acceptable vdlue specified
in Table 32.1.
Exception: The temperature of ascompressor head and associated fittings and a motor framel may exceed
the applicableg limit specified in\Iable 32.1 if the product is marked in accordance with 65.9.
Table 32.1
Surface temperature
Composition of surface?
Location Metallic Nonmetallic

A handle or knob that is grasped 50°C (122°F) 60°C (140°F)

for lifting, carrying or holding

A handle or knob that is contacted 60°C (140°F) 85°C (185°F)

but does not involve lifting,

carrying, or holding and other

surfaces subject to contact in

operation and user maintenance

A surface subject to casual 70°C (158°F) 95°C (203°F)

contact

@ A handle, knob, or the like made of a material other than metal, that is plated or clad with metal having a thickness of

0.005in (0.13 mm) or less is judged as nonmetallic part.
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32.2 All values for temperatures specified in Table 32.1 are based on a 25° C (77° F) ambient
temperature; however, tests may be conducted at any ambient temperature within the range of 20 — 30°C
(68 — 86°F).

33  Stability

33.1  Overturning of a portable or free-standing product, not secured in place, when it is tested as
described in 33.2 and 33.3, shall not result in a risk of injury to persons.

Exception: A product that is completely hand supported in use need not be tested.

33.2 The productisTnottobe—et ICIH;LCd dw;ny the atab;:;ty test—Fhe—testis—tobe—conducted under
conditions mpst likely to cause the product to overturn. The following conditions are to be,su¢h as to result
in the least sfability:
a) The position of all doors, drawers, casters, and other movable or adjustable parts, [including that
of thel supply cord resting on the surface supporting the product;
b) Caonnection of or omission of any attachment made available by or recommgnded by the
manufacturer;
c¢) Pragvision of or omission of any normal load if the productis intended to contain a [iquid or other
mechpnical load; and
d) Direction in which the product is tipped or the suppofting surface is inclined. See 33.3.
33.3 In confucting the stability test, the product is te be:
a) Plgced on a plane inclined at an angle 0f 10 degrees from the horizontal; or
b) Tipped through an angle of 10 degrees from an at rest position on a horizontal plang.
34 Strength of Handles and Mounting Means
34.1 A hangdle or mounting means used to completely support or carry a product shall withstand a force
of four times [the weight of the product without damage — to the handle or the mounting means, its securing
means, or that portion of.the ‘enclosure to which the handle or mounting means is attached.
Exception No. 1: _Asproduct that weighs less than 10 Ib (4.53 kg) and is completely hand-supported in

intended use

is.notrequired to comply with this requirement.

Exception No. 2: A handle provided on a unit with wheels with the only intended purpose of pushing or
pulling the product, as specified in the manufacturer's instructions, is not required to comply with this
requirement.

34.2 To determine whether a product complies with the requirements in 34.1, the weight of the product
plus a force of three times its weight is to be used. The load is to be applied to the product and its
mounting means, or when a handle is present, applied over a 3 in (76.2 mm) width at the center of the
handle without clamping. The load is to be started at zero and gradually increased so that the test value
will be reached in 5 to 10 s and is to be maintained for 1 min. If more than one handle is furnished on a
product, and the product cannot be carried by one handle, the force is to be distributed between the
handles. The distribution of force is to be determined by measuring the percentage of the product weight
sustained by each handle with the product in the normal carrying position. If a product is furnished with
more than one handle and can be carried by only one handle, each handle is to sustain the total force.
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35 Rotating or Moving Members

35.1 A rotating member employed in a product provided with a series motor shall be constructed so as to
reduce the likelihood of its breakage, or the release or loosening of a part that could become a risk of injury
to persons.

35.2 To determine whether a product employing a series motor complies with the requirement in 35.1, it
is to be tested as described in 35.3. A part that can become a risk of injury to persons shall not work loose
as a result of the test.

35.3 For the test mentioned in 35.2, a product employing a series motor is to be operated for 1 min at the

no-load spee
Exception: Bl

35.4 A prod
shall be cons
place.

35.5 Unless
user, shall bg
means.

36 Pressurg Vessels and Parts Subject to Pressure

36.1

36.1.1
Code, Sectio
pressure vess

a) The

b) The

36.1.2 Apr

Pressiire vessel

A pressure vessel shall be constructed in accordance with the ASME Boiler and Pre

resultina fraom annlication of 1 3 times rated voliaae.
) P T T

bwer-type inflators for indoor, residential use only, need not comply with thisyeqt

uct with a user-removable rotating part, secured by threaded hardware — sud
ructed so that the direction of rotation tends to tighten the nut that\sécures the rq

secured as described in 35.4, a removable rotating part‘not intended to be rer
secured by a keyed nut, a jam nut, a nut locked jin'place with a pin, or oth

h VI, Rules for Construction of.Pressure Vessels, Division I, and shall be ma
el symbol "U" or "UM" whenrthe following occurs:

pressure vessel has a.capacity of more than 30 gal (114 L); or
pressure vesselisfor use with a compressor having:
1) A drive moter rated more than 3 hp (2.2 kW output), or

2) Any(marking indicating a rating of more than 3 hp (2.2 kW output).

bssure vessel marked with the symbol "U" or "UM" shall have a working pres

irement.

h as a nut —
tating part in

noved by the
br equivalent

ssure Vessel
rked with the

sure not less

than the relie

-vaive setting to be provided inthe fimatassembty.

36.1.3 A pressure vessel shall comply with the requirements in 36.1.4 — 36.1.9.
Exception: A pressure vessel marked with the "U" symbol is only required to comply with 36.1.4 — 36.1.8.

36.1.4 A pressure vessel shall be constructed of plate or strip steel, stainless steel, or other ductile
alloys.

36.1.5 An opening providing access to the interior of a pressure vessel shall have tapered threads
conforming to the Standard for Pipe Threads, ANSI/ASME B1.20.1, dry-seal threads conforming to the
Standard for Pipe Threads, ANSI B1.20.3, straight-thread O-ring boss type fittings conforming to the
Society of Automotive Engineers 1998 Handbook Section J514j, or pipe flanges conforming to the
appropriate American National Standard.
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36.1.6 A pipe-threaded opening in a pressure vessel shall provide at least the minimum number of
threads specified in Table 36.1.

Table 36.1
Pipe threads for connections
Trade size of pipe connection, in
1,1-1/4,1-
1/4, 3/8 1/2, 314 12 2 2-1/2,3
Minimum number of threads 6 6 7 8 8
engaged by a fitting connected to
a tank por
Minimum Hdepth of threaded port 0.34 (8.9) 043 (10- | 061 (15.- | 0.70 (17.8) .0 (2-
in (mm) 9) 5) 5.4)
36.1.7 A s3ddle-type pressure vessel support or mount provided on the top ofia-cylindrica| horizontal or
vertical-style| pressure vessel for mounting a compressor, motor, or other part shall be welded to the

pressure ves

36.1.8 When the unit is in its normal operating position, a draip’ hole shall be provided

portion of a g

provided with a removable plug or piping to a drain cock. The\system shall have provision

pressure dra

Exception N(
point of the v

a) Th

b) Th
propeg

c) Th
witho

sel.

ressure vessel. The hole shall be a threaded hole of{net smaller than 1/4-in NP

nage of the vessel.

. 1: Pressure vessels which have a drain:hole located at the maximum of 45° fr
essel, comply with the requirement when;

b product is marked in accordance with 65.15;

e instruction manual informs-the user of the way in which to drain the pre
rly; and

e product can be tilted-so that the drain hole is at the lowest point for com
Ut introducing a risk\ef injury to persons.

Exception N
(manual or

maintained gt the bottom of the vessel. An automatic drain assembly system shall also have
to manually drain the vessel. See 65.15.1, 66.9, and 66.10.

D. 2: As an.alternative, pressure vessels may be provided with a drain asse
utomatic)coperated through a valve and tubing assembly where the end of|

in the lowest
I and shall be
for gravity or

bm the lowest

ssure vessel

blete draining

Imbly system,
the tubing is
the provision

36.1.9 When required by 36.1.3, one sample of the pressure vessel assembly described in 57.1 shall
comply with the Vibration Test, Section 57. A second sample consisting of only the pressure vessel shall
comply with the Hydrostatic Strength Test, Section 58.

36.2 Parts

36.2.1

subject to pressure

A part of a product other than a pressure vessel that is subject to air or vapor pressure during

normal or anticipated abnormal operation shall withstand, without rupture, a pressure corresponding to

five times:

a) The start-to-discharge setting of the relief device provided in the system as determined in
accordance with 37.7,
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b) The maximum pressure that can be developed in the system — but not greater than the relief
valve setting, or

¢) The marked maximum pressure to which the system may be exposed by an external pressure
source.

Exception No. 1: A section of a pressure system constructed of continuous copper or steel tubing or of
lengths of copper or steel tubing connected by conventional tubing fittings or hard-soldered, brazed, or
welded joints provided the wall thickness of the tubing is not less than the value specified in Table 36.2.

Exception No. 2: A motor-operated air compressor intended for use with sprinkler systems shall be tested
at a pressure corresponding to five times the maximum relief valve setting.

Table 36.2
Wall thickness for copper and steel tubing

Minimum wall
Outside diameter thickness Maximum pressure to which tubing is subjected, ps{g (mPa)
in (mm) in (mm) Seamless copper Butt-wielded steel Searpless steel
3/8 or (9.5) 0.016 (0.41) 500 (3.45) 600 (4.14) 1000 (6.90)
smaller
12 12.7) 0.016 (0.41) 400 (2.76) 480 (3.31) 800 (5.52)
5/8 15.9) 0.016 (0.41) 320 (2.21) 384 (2.65) 640 (4.42)
5/8 15.9) 0.021 (0.53) 420 (2:90) 504 (3.48) 840 (5.80)
3/4 19.0) 0.021 (0.53) 360 (2.48) 432 (2.98) 720 (4.97)
3/4 19.0) 0.025 (0.64) 420 (2.90) 504 (3.48) 840 (5.80)
1 25.4) 0.021 (0.53) 260 (1.79) 312 (2.15) 520 (3.59)
1 25.4) 0.025 (0.64) 320 (2.21) 384 (2.65) 640 (4.42)

36.2.2 In thpe event that a test is required to determine whether a part complies with the rgquirement in
36.2.1, two samples of the part are\to‘be subjected to the hydrostatic strength test described ih Hydrostatic
Strength Test] Section 58. Priortothe test, parts molded of polymeric material are to be conditioned in an
air-circulating| oven for 7 h at a‘temperature of 70°C (158°F) or 10°C (18°F) higher than the maximum
temperature measured onithe part under normal load, whichever is greater. The samplgs are to be
removed fron the oveniand cooled to room temperature prior to the test.

36.2.3 A pige fitting, check valve, relief valve, or a similar device that is threaded into a prgssure vessel
shall engage fhe_minimum number of threads specified in Table 36.1.

37 Pressure Relief Means

37.1 A means for relieving pressure shall be provided for a part in which pressure might be generated by
an external source of heat.

37.2 A means for relieving pressure — a pressure relief device, a fusible plug, a soldered joint,
nonmetallic tubing, or other equivalent means — shall be employed to comply with the requirement in 37.1.

Exception: A motor-operated air compressor intended for use with sprinkler systems shall be provided with
a pressure relief valve.

37.3 A pressure-relief device is considered to be a pressure-actuated valve or rupture member designed
to relieve excessive pressures automatically.
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37.4 There shall be no shutoff valve between the pressure-relief means and the parts that it is intended
to protect.

37.5 A vessel having an inside diameter of more than 3 in (76 mm) and subject to air or steam pressure
generated or stored within the product shall be protected by a pressure-relief device.

37.6 The start-to-discharge pressure setting of a pressure-relief device shall not be higher than the
working pressure marked on the ASME coded vessel.

37.7 To determine the start-to-discharge pressure setting of a pressure-relief device, each of three
samples of the device is to be subjected three times to a gradually increasing air pressure. The pressure at

which the de

is considered
the highest 3

to be the average value of the three trials. The start-to-discharge value mentig
verage value for the three samples tested.

/ice hnglne [ 7a) open-is toberecorded-The-start-to rller\hnrgn pressure enﬂ'lhg of each Samp'e

ned in 37.6 is

37.8 A pregsure-relief device shall:
a) Be|connected as close as possible to the pressure vessel or part of the product thaf it is intended
to prgtect;
b) Bq installed so that it is readily accessible for inspection ‘and repair, and canrjot be readily
rendgred inoperative so that it will not perform its intendeddunction;
c) Haye its discharge opening located and directed so.that:
1) Operation of the device will not deposit’moisture on bare live parts or on insulation or
components detrimentally affected by moisture, and
2) The likelihood of scalding persons’is reduced; and
d) Haye a discharge rate adequate torelieve the pressure.
37.9 A pregsure-relief device having an adjustable setting is judged on the basis of the maximum setting
unless the adjusting means is reliably sealed at a lower setting.
38 Pressure-Regulating Control Switches
38.1 A compressor system with an air-holding tank shall be provided with:
a) A [pressure-regulating control switch that complies with the requirements in [38.2, to limit
pressurepulild-up within the tank;

Exception: A switch need not be provided on a product that uses other means of limiting tank
pressure, such as an air dumping valve or a compressor design that inherently limits pressure.

b) A pressure gauge or other equivalent device to indicate when pressure is retained within the
tank. A product with a pressure indicator that is not calibrated in pressure units shall be marked in
accordance with 64.1.9.

38.2 A pressure-regulating control switch depended upon to limit the pressure in a vessel shall:

a) Comply with the applicable requirements in UL 353, or the applicable requirements for
refrigeration limiting devices in UL 873, or the applicable requirements for pressure and float
operated devices in UL 508 or UL 873. Compliance with UL 60730-1, and/or the applicable Part 2
standard from the UL 60730 series complies with the UL 873 requirements. It shall also have a
maximum pressure setting of not more than 90 percent of the rating of the pressure-relief device, or
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b) Prevent the pressure-relief device described in 37.8 from operating during or after the test
described in 38.3.

38.3 A pressure-regulating control switch shall perform under rated load for 30,000 c of operation with no
shift in calibration greater than 5 percent above initial calibration pressure setting. An adjustable pressure-
regulating control switch is to be tested at its highest pressure setting unless the adjusting means is
reliably sealed, to prevent tampering, at a lower setting.

38.4 For a motor-operated compressor intended for use with sprinkler systems, a pressure-regulating
control switch shall perform under rated load for 100,000 cycles of operation with no shift in calibration
greater than 5 percent above initial calibration pressure setting. An adjustable pressure-regulating control

switch is to be tested at its highest pressure setting unless the adjusting means is reliably sealed, to
prevent tampering, at a lower setting.

39 Switchep, Controls, and Interlocks

39.1 A prodluct shall be constructed so as to prevent unexpected operatien/of any parfs capable of

causing injury

39.2 If unin
switch shall b

to persons.

fentional operation of a switch can result in a risk of injuny to persons, the ag
e located or guarded so that such operation is unlikely.

tuator of the

39.3 The agtuator of a switch may be guarded by recessing,ibs, barriers, or the like.
39.4 A devige that automatically starts a product, such-as a pressure-regulating control swifch, timer, an
automatically| reset overload-protective device, or _the like, shall not be employed unlegs it can be

demonstrated

39.5 The rg
result in a risk

39.6 The aq
39.3.

39.7 Opera

that automatic starting will not presepta risk of injury to persons.

quirement in 39.4 will necessitate the use of an interlock if moving parts or t
of injury to persons upon thevautomatic starting or restarting of the motor.

tuator of an interlock switch shall be located so that unintentional operation is

tion of an interfock during use shall not inconvenience the operator so as t

deliberate defeat of the interlock.

39.8 An intg
product.

rlocksshall not be likely to be defeated by materials that could accumulate duri

he like could

unlikely. See

P encourage

ng use of the

39.9 Aninterlock shall be such that it can be defeated readily only by:

a) Damaging the product,

b) Making wiring connections or alterations, or

¢) Using materials that are not readily available.

39.10

If an interlock is actuated by movement of a guard, the arrangement shall be such that the guard is

in place when the interlock is in the position that permits operation of the parts being guarded. With the
guard removed, the interlock shall comply with the requirement in 39.6.
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39.11 A product that is not hand-supported and provided with a maintained contact switch or a switch
that can be locked on shall not create a risk of injury to persons, such as by excessive travelling, when the
product is in an at rest position and connected to the source of supply with the switch on.

39.12 For a product that is not hand-supported during actual use, the requirement in 39.11 will
necessitate a means to prevent the product from traveling more than 6 inches (152 mm) in any one
direction in 15 s when the product is placed on a hardwood surface while energized.

Exception: Blower-type inflators need not comply with this requirement.

PERFORMANCE

40 Genera

40.1 Tests[are to be conducted with the product connected to a supply circuit of rated frequency. The
voltage of the supply circuit is to be as indicated in Table 40.1. For a product ratéd)other thap as specified
in Table 40.1} the voltage of the supply circuit is to be the maximum rated voltage.

Table 40.1
Test voltages
Nameplate rating, V Test voltage
110-120 120
200 -208 208
220-240 240
254 - 277 277
440 -480 480
550 — 600 600

40.2 A product rated 50 — 60 Hz is to be tested at 60 Hz. A product rated 50/60 Hz is to be fested at both
50 and 60 Hz.

40.3 Deletgd November 12013
41 Leakagg CurrentTest

41.1 The lgakage current of a cord-connected product rated 250 V or less, when tested in accordance
with 41.3 — 4{1.9.shall not be more than:

a) 0.5 mA for an ungrounded (2-wire) product,
b) 0.5 mA for a grounded (3-wire) portable product, and

Exception: For portable equipment using 1 hp (0.75 kW) and larger motors, the leakage limit shall
be 0.75 mA.

c¢) 0.75 mA for a grounded (3-wire) stationary or fixed product.

41.2 Leakage current refers to all currents, including capacitively coupled currents, that may be
conveyed between exposed conductive surfaces of a product and ground or other exposed conductive
surfaces of a product.
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41.3 All exposed conductive surfaces are to be tested for leakage currents. If simultaneously accessible,
the leakage currents from exposed conductive surfaces are to be measured to the grounded supply
conductor individually as well as collectively, and from one surface to another. A part is considered to be
an exposed surface unless guarded by an enclosure that complies with the requirements in 12.1 — 12.7.
Surfaces are considered to be simultaneously accessible when 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 do not present a risk of electric shock.

41.4 If a conductive surface other than metal is used for the enclosure or part of the enclosure, the
leakage current is to be measured using a metal foil having an area of 10 by 20 centimeters in contact with
the surface. If the surface is less than 10 by 20 centimeters, the metal foil is to be the same size as the
surface. The metal foil is not to remain in place long enough to affect the temperature of the product.

41.5 The me¢asurement circuit for leakage current is to be as illustrated in Figure 41.1.-The measurement
instrument is defined in (a) — (c). The meter that is actually used for a measurement need only indicate the
same numerical value for a particular measurement as would the defined insttument. Thg meter used
need not hav¢ all the attributes of the defined instrument.

a) Thg meter is to have an input impedance of 1500 Q resistive shunted by a capacitance of 0.15
uF.

b) Thg meter is to indicate 1.11 times the average of the fullwave rectified composite|waveform of
voltage across the resistor or current through the resistor

c) Over a frequency range of 0 — 100 kHz, the measurement circuitry is to have|a frequency
respomse — ratio of indicated to actual value of curfent — that is equal to the ratio of the impedance
of a 1500 Q resistor shunted by a 0.15 pyF capacitor to 1500 Q. At an indication of 0.§ or 0.75 mA,
the measurement is to have an error of not mare than 5 percent at 60 Hz.
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Figure 41.1

Leakage-current measurement circuits

PRODUCT METER
S
GR
St ) Q INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B

Product intended for connection to o 120-volt power supply, as illustrated above.

- % PRODUCT METER
P 120w [ A
240V ~= @ ==
‘ 120V LY
1

GR
S1 3 ; INSULATING

TABLE

GROUNDED SUPPLY CONDUCTOR B

Product intended for connection to a 3-wire, grounded peutral power supply, as illustrated above.

GR

[
- A
4

ZEZTLEEO;

L_

PRODUCT METER

il
8

———= | |NsuLATING
TABLE

GROUNDED SUPPLY CONDUCTOR B
Product intended for connection to a 3-wire, grounded neutral poyer supply, as illustrated above.
LC300J
NOTES -

a) Probe with shielded lead.

b) Separated and used as clip when measuring currents from one part of product to another.
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41.6 The meter is to be connected to the accessible part and the grounded supply conductor unless the
meter is being used to measure leakage between two parts of a product.

41.7 A sample product is to be prepared for leakage current measurement as follows:

a) The sample is to be representative of the wiring methods, routing, components, component
location and installation, and the like, of a production unit;

b) The grounding conductor is to be open at the attachment plug and the sample is to be isolated

round;

sample is to be tested in the as-received condition;

fromg

c) The

d) The

e) The
41.8 Thete
lines — are el
41.9 Thele
follows:

a) Wit

to be neasured using both positions of switch S2, and*with the product switching devig

normg

b) Swi

measuyred using both positions of switch 82, and with the product switching device

normsg

c) The

to be ysed in determining this measurement. Thermal stabilization is to be obtained byj

in the
42 Leakags

421 A prod
Leakage Cur
at a temperat

a) The

test is to be conducted at ambient temperature and humidity; and

supply voltage is to be adjusted to rated voltage.

5t sample is to be arranged so that all parallel ground paths — suchxas through
minated.

bkage current test sequence, with reference to the measuring circuit, Figure 41.

n switch S1 open, the product is to be connected.totthe measuring circuit. Leaka

| operating positions.

tch S1 is then to be closed energizing the product, and within 5 s, the leakage cu

| operating positions.

leakage current is to be monitored until thermal stabilization. Both positions of s

emperature test.
Current Test Fallowing Humidity Conditioning
uct as described in 41.1 shall comply with the requirements for leakage curren

ent Test~following exposure for 48 h to moist air having a relative humidity of 8
Lire 0£.32:0 £2.0°C (89.6 £3.6°F). The product is to be tested as follows:

product is to be at a temperature just above the test chamber temperature whe

fill and drain

1, is to be as

ge current is
es in all their

rrent is to be
s in all their

witch S2 are
operation as

t, Section 41
8 12 percent

n it is placed

in a humidity chamber.

b) The product is to remain in the humidity chamber for 48 h.

c) Following this exposure, while still in the test chamber, the sample is to be tested unenergized as
indicated in 41.9(a).

d) The sample is then to be removed from the test chamber and tested while energized as
indicated in 41.9(b) and (c), until the leakage current has stabilized or decreased.

43 Starting

43.1

Current Test

A product shall start and operate normally on a circuit protected by an ordinary — not time-delay —

fuse having a current rating corresponding to that of the branch circuit to which the product should be
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connected. The performance is unacceptable if the fuse opens or an overload protector provided as part of
the product trips.

Exception: A time-delay fuse may be employed if the product is marked in accordance with 64.1.8.

43.2 In a test to determine whether a product complies with the requirement in 43.1, the product is to be
started three times. The product is to be at room temperature at the beginning of the test. Each start of the
motor is to be made under conditions representing the beginning of normal operation — the beginning of
the normal operating cycle, in the case of an automatic product — and the motor is to be allowed to come to
rest between successive starts. The air outlet of a nontank type product is to be blocked. A tank type

product is to be filled with air to the cut-in pressure of the pressure regulating control.

44 Loaded

441 A pori
provided with
under loaded

442 Thep
amount of ai
be reenergiz

45

451 The i
product is op
connected to

a) 11

b) Th
cord

Exception: If]
part (a) of thi

46 Temperpature Test

46.1 Gene

Input Test

Starting Test

able nontank type air compressor as described in Exception No. 1 t0.23:2.1 3
motor protection in accordance with 23.2.2 shall start and operate asintended
conditions as described in 44.2.

roduct is to be operated with the outlet blocked and then.de-energized when
" pressure is attained in the compressor assembly. Following this operation, the
bd.

nput measured for a product shall not excééd either of the following conditig
erated under the condition of maximum normal load as described in 46.2.1 — 46
a supply as specified in 40.1:

percent of the marked rated valde; and

nd that is not
when started

he maximum

product is to

ns when the
2.6 and when

e branch circuit rating for.pérmanently connected products or the attachment plug rating for

onnected products.

the product is ratedin wattage in accordance with 63.2, then it is only required {
5 requirement.

al

p comply with

46.1.1

A product, when tested under the conditions of maximum normal load as described in 46.2.1 —

46.2.7, shall not reach a temperature high enough to cause a risk of a fire, to damage any materials used,
or exceed the temperature rises specified in Table 46.1. See Section 32, Surface Temperature.

46.1.2 A thermal- or overload-protective device shall not open the circuit during the temperature test.

46.1.3 All values of temperature rise in Table 46.1 are based on an assumed ambient temperature of 25°
C (77°F). Tests may be conducted at any ambient temperature within the range of 10 — 40°C (50 — 104°F).
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Table 46.1
Temperature rises
Material and components °Cc °F
MOTORS
1. Class 105(A) insulation systems on coil windings of an a-c motor having a
frame diameter of 7 in (178 mm) or less, not including a universal motor and a
vibrator coil®?
(a) In an open motor and on a vibrator coil:
thermocouple or resistance method 75 135
(b) In a totally enclosed motor:
thermocouple or resistance method 80 144
2 Class 105(A) insulation systems on coil windings of an a-c motor having a
frame diameter of more than 7 in (178 mm), of a d-c motor and of a universal
motor?®?
(a) In an open motor:
Thermocouple method 65 117
Resistance method 75 135
(b) In a totally enclosed motor:
Thermocouple method 70 126
Resistance method 80 144
3 Class 130(B) insulation systems on coil windings of arha<c motor having a
frame diameter of 7 in (178 mm) or less, not includifig.a universal motor®®
(a) In an open motor:
Thermocouple or resistance method 95 171
(b) In a totally enclosed motor:
Thermocouple or registance method 100 180
4 Class 130(B) insulation systems_on coil windings of an a-c motor having a
frame diameter of more than‘Z.in (178 mm), of a d-c motor, and of a universal
motor®®
(a) In an open motor:
Thermocouple method 85 153
Resistance method 95 171
(b)-In‘a totally enclosed motor:
Thermocouple method 90 162
Resistance method 100 180
5 Class 155(F) insulation systems on coil windings of an a-c motor having\a
o nte LI . . . et e
on vibrator oils. S
(a) In an open motor and/or vibrator coils (thermocouple or resistance 120 216
method)
(b) In a totally enclosed motor (thermocouple or resistance method) 125 225
6. Class 155(F) insulation systems on coil windings of an a-c motor having a
frame diameter of more than 7 in (178 mm) and of a d-c motor and a universal
motor.
(a) In an open motor,
Thermocouple method 110 198
Resistance method 120 216
(b) In a totally enclosed motor,

Table 46.1 Continued on Next Page
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Table 46.1 Continued

Material and components °c °F
Thermocouple method 115 207
Resistance method 125 225
7. Class 180 (H) insulation systems on coil windings of ac motors having a frame
diameter of 7 inches (178 mm) or less-not including a universal motor.
(a) In an open motor:
Thermocouple method or Resistance method 135 243
(b) In a totally enclosed motor:
Thermocouple method or Resistance method 140 252
q. Class 180 (H) insulation systems on coil windings of ac dc motors having a
frame diameter of more than 7 inches (178 mm) of a dc motor, and a universal
motor:
(a) In an open motor:
Thermocouple method 125 225
Resistance method 135 243
(b) In a totally enclosed motor:
Thermocouple method 130 234
Resistance method 140 252
1. Class 220 (R) insulation systems on coil windings of ac motors having a frame
diameter of 7 inches (178 mm) or less-not including a.tniversal motor:
(a) In an open motor;
Thermocouple method or Resistance method 165 297
(b) In a totally enclosed motor;
Thermocouple method-or Resistance method 170 306
12. Class 220 (R) insulation systems\on coil windings of ac motors having a frame
diameter of more than 7 inches+178 mm), of a dc motor, and a universal
motor:
(a) In an open moter;
Thermocouple method 155 279
Resistance method 165 297
(b)ln atotally enclosed motor;
Thermocouple method 160 288
B. COMPONENTS
1 Capacitors:
(a) Flectrolytic® 40 72
(b) Other types® 65 17
2. Fuses® 65 117
3. Relay, solenoid, and coils (except motor coil windings and transformers) with
(a) Class 105(A) insulated systems
Thermocouple method 65 117
Resistance method 85 153
(b) Class 130(B) insulation systems
Thermocouple method 85 153
4. Sealing Compound 40 104

Table 46.1 Continued on Next Page
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Table 46.1 Continued

Material and components °Cc °F
less than melting
point
5. Transformers
(a) Class 155(F) insulation systems:
Thermocouple method 110 198
Resistance method 115 207
(b) Class 180(H) insulation systems:
Thermocouple method 125 225
Resistance method 135 243
C. CPONDUCTORS
1 Rubber- or thermoplastic insulated wires and cords®f 35 63
D. 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 could result in a risk of fire or electric shock®
(a) Laminated 100 180
(b) Molded 125 225
3 Varnished-cloth insulation 60 108
E. SURFACES
1 A surface upon which a product is placed or moufted in service, and a surface 65 117
that is adjacent to the product when it is so placed or mounted?
2 Any point within a terminal box or wiring compartment of a permanently 35 63
connected product in which power-supply-conductors are to be connected,
including such conductors themselyes; unless the product is marked in
accordance with 64.2.1
3 Wood or other combustible material, including the inside surface of the test 65 117
enclosure and the surface supporting the product
@ At a poinf on the surface of a coil where the temperature is affected by an external source of heat, the temperature rise
measured py a thermocouple may be\greater than the limit specified, if the temperature, as measured by the resistance
method, is|not greater than that specified. The temperature measured by means of a thermocouple is able to b¢ greater
than the specified value by:
1]5°C (9°F) for Class 105(A) insulation systems on coil windings of alternating-current motors having p
dipmeter of 7.if)(178 mm) or less, open type,
2110°C (18°F) for Class 130(B) insulation systems on coil windings of alternating-current motors having a
dipmeterof*7 in or less, open type,
3]16°C (27°F) for Class 105(A) insulation systems on coil windings of alternating-current motors having a
diameterof moretha 7im,opertyps;

4.20°C (36°F) for Class 130(B) insulation systems on coil windings of alternating-current motors having a
diameter of more than 7 in, open type.
b See note a to Table 27.2.

° For an electrolytic capacitor that is physically integral with or attached to a motor, the maximum temperature rise on
insulating material integral with the capacitor enclosure is not more than 65°C (117°F).

9 A capacitor is to be judged on the basis of its marked temperature limit when it operates at a temperature rise of more
than 65°C (117°F).

¢ A fuse that has been investigated, and found to comply with requirements for use at a higher temperature is able to be
used at that temperature.

f A rubber-insulated conductor within a motor, a rubber-insulated motor lead, and a rubber-insulated conductor of a
flexible cord entering a motor is able to be subjected to a higher temperature when the conductor is provided with
sleeving or a braid that has been investigated and found to comply with requirements for use at the higher temperature.
This does not apply to thermoplastic-insulated wires or cords.

9See 46.1.14 and 46.1.15.
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46.1.4 For the temperature test, the voltage of a direct-current supply circuit is to be 115 V or 230 V, and
that of an alternating-current circuit is to be 120 V or 240 V, depending on whether the product has a
nominal voltage rating of 115 V or 230 V.

46.1.5 A product having a single frequency rating is to be tested at that frequency. A product rated ac/dc
or dc-60 Hz is to be tested on direct current or 60-Hz alternating current, whichever results in higher
temperatures. A product rated 50/60 Hz alternating current is to be tested on either 50-Hz or 60-Hz
alternating current, whichever results in higher temperatures. A product rated 25 — 60 Hz or 50 — 60 Hz is

to be tested on 60-Hz alternating current.

46.1.6
be unreeled

for the temperature test

If a product incorporates a reel for the power-supply cord, one-third of the length of the cord is to

46.1.7 For
short-time of

In addition, the requirements in 46.1.8 — 46.1.13 shall apply.

46.1.8 Ani

Exception: d
time the prod
a period of §
be repeated

46.1.9 For
provided by
The “off” peri

46.1.10 Fo
based upon i
“off” period s

46.1.11 Fo
46.1.9, or 4

B product that is obviously not intended for continuous operation, the probable
eration of the product is to be taken into consideration when conducting the tem

nflator default duty cycle rate is 15 min on, 5 min off.

ommercial inflators employing a timer circuit that positively and reliably limits
uct can operate shall be operated for the maximum preset duration of operatio
min “off”. Following the “off” period, normal load is applied again. This mode 0
five times. Temperatures shall be measured at the.end of the 5th cycle of operat

inflator products employing a timer, the “on’icycle can be adjusted based upd
he manufacturer, see 46.1.11, but shall never be less than the maximum time
pd shall not exceed 5 min.

I inflator products employing a (momentary contact switch, the “on” cycle car
hformation provided by the manufacturer, see 46.1.11, but shall never be less th
nall not exceed 5 min.

inflator products, if asmanufacturer specifies a duty cycle less than that descri
5.1.10, documentation shall be provided listing the inflatable products that

intended or 1

time. This information_shall be used to establish a realistic and appropriate duty cyd

parameters ¢

46.1.12 An

ecommended to_be used with. This list shall include the inflatable products exp

escribedin46.1.8 —46.1.10.

inflator product intended for use with a duty cycle as outlined in 46.1.11, shall b¢
p. See 65.20

the duty cycl

ntermittent or
perature test.

the length of
n, followed by
f cycling shall
on.

n information
r adjustment.

be adjusted
an 3 min. The

bed in 46.1.8,
he inflator is
pcted inflation
le within the

e marked with

46.1.13 An inflator product intended for use with a duty cycle as outlined in 46.1.11, shall indicate the
duty cycle in the operating instructions. See 67.7.

46.1.14 A small, cord-connected product of the hand-supported type shall not attain a temperature of
more than 125°C (257°F) on any exterior surface that may be laid on flammable material or against which
flammable material may be laid, and there shall be no emission of smoke or molten material.

46.1.15 To determine whether a product complies with the requirement in 46.1.8, the product is to be
operated at the voltage and frequency specified in 46.1.4 and 46.1.5 until constant temperatures are
attained. The product may be stationary during the test, and simulation of actual service conditions need
not be attempted.
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46.1.16 A short length of rubber- or thermoplastic-insulated flexible cord exposed to a temperature of
more than 60°C (140°F), such as at terminals, is acceptable if supplementary heat-resistant insulation of
adequate dielectric strength is employed on the individual conductors of the cord to prevent deterioration
of the conductor insulation.

46.1.17 With reference to those tests that are to be continued until constant temperatures are attained,
thermal equilibrium is considered to exist when three successive readings taken at intervals of 10 percent
of the previously elapsed duration of the test, but not less than 5-min intervals, indicate no change.

46.1.18 Coil winding temperatures are to be measured by thermocouples or by using the change-of-
resistance method, whichever is appropriate. For a thermocouple measured temperature of a coil of an

alternating-c

rrent motor having a diameter of 7 in (178 mm) or less and a universal motor — see items 1

and 3 in Tab
conductor. Fd
more than 1/3

46.1.19 The
30 AWG (0.0
thermocouple
be used. The

le 46.1 — the thermocouple is to be mounted on the integrally applied insu

2 in (0.8 mm) thick and consists of cotton, paper, rayon, or the like.

rmocouples are to consist of wires not larger than 24 AWG (0.21,mm?) and nof
5 mm?). Whenever referee temperature measurements by thermocouples ar,

thermocouple wire is to conform with the requirements specified in the Toleran

Values of EMF versus Temperature tables in the Standard Specification and Temperature-E

Force (emf) T

46.1.20 Wh
the test, and 1

bbles for Standardized Thermocouples, ANSI/ASTME230/E230M.

En using the resistance method, the windings-are to be at room temperature &
he temperature rise of a winding is to be caleulated using the formula:

ation on the

r any other motor, the thermocouple may be applied on the outer surface of.awiap that is not

smaller than
e necessary,

s consisting of 30 AWG iron and constantan wire and a potentiometer-type instfument are to

ces on Initial
Flectromotive

t the start of

At = R K&t |- k+t,
r
in which:

At = the temperature rise in °C,
R = thp resistance of the ¢oil in ohms at the end of the test,
r = the resistanceef.the coil in ohms at the beginning of the test,
t, = the initial room temperature in °C at the time resistance "r" is being measured (which is also the
initial ¢oil temperature),
t, = theroonrtemperature-in—C-atthe-end-ofthetestand

k = 234.5 for copper and 225.0 for electrical conductor grade (EC) aluminum; values of the
constant for other conductors are to be determined.

46.2 Maximum normal load

46.2.1 Maximum normal load is considered to be the load that approximates as closely as possible the
most severe conditions of normal use. It is not a deliberate overload except as the conditions of actual use
are likely to be somewhat more severe than the maximum load conditions that are recommended by the
manufacturer of the product. A product having features not contemplated in these test procedures may be
tested as necessary to meet the intent of these requirements.

46.2.2 The temperature tests on a nonpneumatic paint sprayer are to be conducted with the product
spraying water, oil, or some other liquid representative of actual use. If the paint pump is separate from the
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spray gun, the sprayer is to be operated continuously, with the spray gun adjusted to result in maximum
load, until constant temperatures are attained. A paint pump that is integral with the spray gun is to be
operated for the maximum number of cycles possible in 1 h. Each cycle is to consist of continuous
spraying until the reservoir is empty or continuous spraying for 5 min, whichever is shorter, followed by a 1
min off period for refilling. The reservoir is to be the largest available for the product. If an accessory is
recommended, such as a paint siphon tube, that will permit operation without a reservoir attached, the on
period of the cycle is to be 5 min.

46.2.3 A pigment dispenser is to be operated continuously until temperatures become constant. Paint

pigment or 10W30 oil is to be used as the dispensing medium.

46.2.4 A pai 2 5
mum number and size of full paint cans. If the mixer has timer, the mixer is torb¢

with the max
continuous ¢
If the mixer h

46.2.5 A ts
attained. Thg
out pressure

46.2.6 Acd
— without pr
discharge ad

Exception: A
blocked outl
which condit
during Temp

46.2.7 A pHq
black-painteq
plywood she
(610 mm) be
to the floor o

nt mix ntil fempe he mix
ycles consisting of mixing for the maximum time permitted by the timer followed

as no timer, it is to be operated for continuous cycles consisting of 10 mif jon and

tank is to be maintained at a value midway between the pressure controller's g

mpressor or vacuum pump other than the tank type, istto be operated continuou
bssure switches cycling — until constant temperatures are reached, with the
justed sufficiently to cause a maximum wattage input to the product.

linear style compressor and/or vacuum pump shall be tested continuously u
bt (compressor) or inlet (vacuum pump)<and also the open outlet or inlet def
on represents the most severe conditions of normal use, for example, highest
prature Test, Section 46, or highest ¢tirrent draw during Input Test, Section 45.

rmanently installed product is{to be mounted in the intended manner in a nomin
plywood corner alcove consisting of a floor, a 90-degree wall angle formed b
bts, and an 8-ft (2.4-m) high ceiling with all surfaces of the alcove extending nof
yond the physical limits ‘of the product. The product is to be located as close to
ceiling as its construction will permit unless marked in accordance with 64.2.3.

47 Grounding Continuity Test

471 The re
product and
determined b

nk-type compressor is to be operated continuously until constant’temperature

to be loaded
operated for
by 1 min off.
| 1 min off.

s have been
ut-in and cut-

sly if possible
air intake or

hder both the
bending upon
temperatures

Al 3/8-in thick,
y two vertical
less than 2 ft
the walls and

sistance-between the point of connection of the equipment-grounding means a
any. other point in the grounding circuit of the product shall not be more t

y'an ohmmeter or other equivalent means.

t or within the

Tan 0.1 Q as

47.2

If unacceptable results are observed with an ohmmeter, a low voltage current source can be

employed. With the low voltage current source, an alternating current of 25 A (for 15 A maximum rated
products) from a power supply of 12 V or less is to be passed for one minute minimum. The current shall
be passed from the point of connection of the equipment grounding means to the metal part in the
grounding circuit under test. The resulting drop in potential is measured between the two points. The
power cord resistance is not included in the measurement.

48 Dielectric Voltage Withstand Test
48.1 A product shall withstand for 1 min without breakdown the application of a 60-Hz essentially

sinusoidal potential between live parts and dead metal parts, between circuits that are different potentials
and are not electrically connected, or between live parts of opposite polarity for a test on a capacitor as
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mentioned in (c), with the product at the maximum operating temperature reached in normal use. The test

potential shal

| be:

a) One thousand volts for a product employing a motor rated 1/2 hp (373 W output) or less and 250
V or less;

b) One thousand volts plus twice the rated voltage for a product employing a motor rated at more

than 1

/2 hp or more than 250 V; or

c) One thousand volts plus twice rated voltage between the terminals of a capacitor used for radio-
interference elimination or arc suppression.

48.2 The tegtpotentt

shall be:

a) Ong thousand volts plus twice the operating voltage if the secondary operates.at 25
b) One¢ thousand volts if the secondary operates at 51 — 250 V; or
c) Five

Excep

48.3 To det

be tested by
sinusoidal an
value is reach

substantially

Exception: A

voltmeter to n

49 Resistance to Moisture Test

491
as described

water shall er

a) Sha
Withstand Test;"and

b) Shg

49.2

A prod

hundred volts if the secondary operates at 50 V or less.

tion: This does not apply if the secondary circuit is suppliedfrom a Class 2 trans

brmine whether a product complies with the requiremeénts in 48.1 and 48.2, the
means of a 500 VA or larger transformer, having an output voltage that
d can be varied. The applied potential is to bé’increased from zero until the
ed and is to be held at that value for 1 min~TFhe increase in the applied potentig
iniform rate and as rapid as consistent with'its value being correctly indicated by

500 VA or larger capacity transformer need not be used if the transformer is pr
neasure directly the applied outptt potential.

in 49.3 and 49:4._There shall be no obvious wetting of any electrical compo
ter a compartment that houses field-installed wiring. Following the test, the prod

Il complywith the dielectric voltage withstand requirements in Section 48, Dielg

-transformer

1 —600V;

former.

product is to
s essentially
required test
listo be ata
a voltmeter.

bvided with a

uct intended for autdoor use and not marked in accordance with 65.13 shall bg¢ conditioned

nent, and no
uct:

ectric Voltage

1) For a cord-connected product rated 250 V or less, comply with the lea
requirements as described in Section 41, Leakage Current Test.

kage current

2) For a cord-connected product rated more than 250 V and a permanently-connected
product, have an insulation resistance between current-carrying parts and exposed dead

metal parts of not less than 50,000 Q. See 49.2.

direct-current circuit.

Insulation resistance is to be measured by means of a high resistance voltmeter using a 250-V

49.3 The product is to be subjected to a water spray as described in 49.4. The leakage current or
insulation resistance, as applicable, is then to be measured, following which the product is to be tested for

dielectric volt

age withstand in accordance with 48.1.
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49.4 The rain test apparatus is to consist of three spray heads mounted in a water supply pipe rack as
illustrated in Figure 49.1. The spray heads are to be constructed in accordance with the details illustrated
in Figure 49.2. The water pressure for all tests is to be maintained at 5 psi (34.5 Pa) at each spray head.
The distance between the center nozzle and the product is to be approximately 5 ft (1.5 m). The product is
to be brought into the focal area of the three spray heads in such a position and under such conditions as
are most likely to result in entrance of water into the enclosure. The spray is to be directed at a 45 degree
angle to the vertical toward the product. The total exposure is to be for 1 h.

49.5 With reference to the test described in 49.4, it may be necessary to operate the product in various
positions or under various modes of operation, or more than one sample may be tested if alternate modes
are possible. The product may be de-energized if more adverse conditions could result.



https://ulnorm.com/api/?name=UL 1450 2021.pdf

UL 1450 MAY 27, 2021

Figure 49.1
Spray-head pipe rack

PLAN VIEW
| -l A -l
)
= ™~
N/ A A \
AN }gt~— SEE DETAIL OF SPRAY HEADS A1
AN /N A I
NN RANTRN ¢ \
II \ R /7 1 \ 4
\ 1
1

SEE DETAIL A

~°1-

c_
\\_ : \
conme e 22 OO

WATER PRESSURE GAGE
FOR EACH SPRAY HEAD

PIEZOMETER ASSEMBLY
DETAIL 'A’

——-

RT101D

ltem inch mm
A 28 710
B o5 1400
C 2-1/4 55
D 9 230
E 3 75
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Figure 49.2
Spray-head assembly

ASSEMBLY?

BODY

38-1/2" 1— B>t 1—— c —-l 1/2" TAPERED PIPE
THREAD -

\’ ANSI/ASME B1,20.1

8 !

A %W =

E
MAX)  |e—— 4

H (DRILL THRU)

INSERT
N (MAx)
o
45 cgu(r[l)TEEElslNK - 3 HOLES - TADRILL THRU)
SPACE 120°
_— )
=
’ R (DRILL TO DEPTH
PR W ‘j ,4/_REOUIRED FOR THROAT)
| DXk
| J=—V (HEX. OR ROUND
_:IM e BAR STOCK)
U (DRILL THRU) T=L
— K fm—
J

3 - SQUARE“SECTION SLOTS - W WIDE x G DEEP - SPACE 120° -
60° HELIX'- LEADING EDGES TANGENT TO RADIAL HOLES

RT100C

Item in mm Item in mm
A 1-7/32 31.0 N 1/32 0.80
B 7146 11.0 P 0.575 14.61
C 9/16 14.0 0.576 14.63
D 578 14.68 Q 0.453 11.51
.580 14.73 0.454 11.53
E +He4 0-40. R H4 6-35.
F ¢ ¢ s 1/32 0.80
G .06 1.52 T (No. 35)° 2.79
H (No.9)° 5.0 U (No. 40)° 2.49
J 23/32 18.3 \Y 5/8 16.0
K 5/32 3.97 w 0.06 1.52

L 1/4 6.35

M 3/32 2.38

@ Molded nylon Rain-Test Spray Heads area available from Underwriters Laboratories Inc.

® ANSI B 94.11 Drill Size.

¢ Optional - To serve as wrench grip.
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50 Paint Entry Test

50.1

To determine whether a paint sprayer or compressor complies with the requirements in 9.9, the

product shall be subjected to the test described in 50.2 and 50.3. During the test, the leakage current of a
cord-connected product rated 250 V or less shall comply with the requirements in 41.1. At the completion

of the test:

a) There shall be no evidence of the tracer dye on uninsulated live parts of any product, and

b) Each product shall comply with the requirements in 49.1(a) and (b).

50.2 A paint sprayer or compressor is to be placed in a three wall alcove with an upper closure. The

alcove is to

floor with the |[surface most susceptible to paint entry located parallel to and 18 in (457 mm)

2 1t (0.61 m) wide, 2 ft deep, and 4 ft (1.22 m) high. A compressor Is to be

of the alcove An integral paint sprayer or separate spray gun, if provided, is to be placed at
the alcove with the tip of the spray tip located 2 ft above the floor and 1 ft (0.30 m) from th
alcove. The discharge is to be aimed into a corner.

50.3 The unit is to be filled with water containing a tracer dye and operated for 20 c. Eaq

consist of con
51 Teston

51.1 A swit
previously fou
test consistin
breakdown of
the grounding

on the devic
During the tes
fuse. The de
operation ma

51.3 A swi
acceptable fg
shall perform
locked-rotor ¢

tinuous spraying until the unit is empty, followed by 1 min off to’permit a refilling

SBwitches and Controls

aced on the

I
ﬁ'om the front

the center of
b front of the

h cycle is to
bf the unit.

Ch or other device that controls a solenoid, a relay coil, or the like, and that has not been

nd to be acceptable for the purpose shall pesform acceptably when subjected td
g of 50 ¢ of operation as described iny:61.2. There shall be no electrical o
the device or undue burning or pitting «©f the contacts as a result of the test, arn
connection shall not open.

d to a supply circuit of rated frequency and 110 percent of maximum rated voltg
being tested is to be the*same as that which it is intended to control in no
t, exposed dead metal parts of the product are to be connected to ground throu
ice is to be operated*at a rate of not more than 10 ¢ per min, except that a
be employed jf-agreeable to those concerned.

an overload
mechanical
d the fuse in

51.2 To detérmine whether a switch or other-device complies with the requirement in 51.1, the product is
to be connec}

ge. The load
rmal service.
gh a 3-A plug
faster rate of

ch or other\device that controls a motor of a product, unless it has been
r the application or is interlocked so that it will never break the locked-rotor
acceptably when subjected to a test consisting of 50 ¢ of operation, making and

undue pitting

found to be
otor current,
breaking the

51.4 To determine whether a switch or other control device complies with the requirement in 51.3, the
product is to be connected to a grounded supply circuit of rated frequency and maximum rated voltage —
see 46.1.4 and 46.1.5 — with the rotor of the motor locked in position. During the test, exposed dead metal
parts of the product are to be connected to ground through a 3-A plug fuse, and the connection is to be
such that any single-pole, current-rupturing device will be located in the ungrounded conductor of the
supply circuit. If the product is intended for use on direct current or on direct current as well as alternating
current, the exposed dead metal parts of the product are to be connected so as to be positive with respect
to a single-pole, current-rupturing control device. The device is to be operated at a rate not more than 10 ¢
per min, except that a faster rate of operation may be employed if agreeable to those concerned.
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52 Strain Relief Test

52.1 The strain relief means provided on an attached flexible cord, flexible conduit, or armored cable,
when tested in accordance with 52.2, shall withstand for 1 min without displacement a direct pull of 35 Ibf
(156 N) applied to the cord, with the connections within the product disconnected.

52.2 A 35-Ib (15.9 kg) weight is to be suspended on the cord and supported by the product so that the
strain-relief means will be stressed from any angle that the construction of the product permits. The strain
relief is not acceptable if, at the point of disconnection of the conductors, there is such movement of the

cord as to indicate that stress would have resulted on the connections.

53 Push-B

53.1 A prog
any of the co|

53.2 Thes
from the pro
extends furth
part of the cqg
back into thg

Kk Strain Reliof Tost

uct with a non-detachable cord is to be tested in accordance with 53.2 withott
hditions specified in 13.2.2.

ipply cord or lead is to be held 1 in (25.4 mm) from the point where’the cord or
duct and is then to be pushed back into the product. When a removable b
er than 1 in is present, it is to be removed prior to the test."\When the bushing
rd, then the test is to be carried out by holding the bushing.*The cord or lead is

product in 1-inch increments until the cord buckles’er the force to push the

product excg¢eds 6 Ibf (26.7 N). The supply cord or lead within/ the product is to be m

determine cg

mpliance with 13.2.2.

54 Abnormal Operation Test

54.1 If a product employs a semiconductor device, a capacitor, or a combination of both,

electric shock, or injury to persons shall not result when either the semiconductor device or th

short- or opeh-circuited.

Exception: The test is not required:
a) If dircuit analysis indicates ‘that a risk of fire, electric shock, or injury to persons is
resulflof the open circujting or short circuiting of a semiconductor device or capacitor.
b) For components whose failure may result in an increased risk of fire or electric s
have previously been investigated and found suitable for the application.

54.2 In a t¢st to'determine whether a product complies with 54.1, the product is to be ¢

grounded supply of rated frequency and maximum rated voltage operating at no load with
open-circuited condition infroduced. Only one abnormal condition is fo be simulated at a time.

bccurrence of

ead emerges
ushing which
is an integral
to be pushed
cord into the
anipulated to

a risk of fire,
e capacitor is

not likely as a

hock and that

bnnected to a
the short- or

54.3 During the tests described in 54.2, the product is to be connected in series with a nontime-delay
fuse representative of the maximum current that could be passed in the circuit by the branch circuit
protective device. The maximum current rating shall be based on the maximum current rating that can be
accommodated by the fuseholder of the branch circuit to which the product could properly be connected,
in accordance with the National Electrical Code, ANSI/NFPA 70.

54.4 Exposed dead metal parts of the product are to be connected to ground through a 3-A fuse, and the
test is to be continued until ultimate results are obtained. The results are unacceptable if the fuse opens
during the test. If the product is provided with a momentary-contact switch having no provision for being
locked on, and if there is indication of malfunction of the product such as emission of smoke, failure to
operate in the intended manner, or other indication, the test is to be discontinued when the malfunction
becomes evident.
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55 Accelerated Aging Test

55.1 A rubber or neoprene compound forming a part that is depended upon for protection from rain shall
have physical properties as noted in Table 55.1 before and after aging.

55.2 The test procedure for determining whether a part complies with the requirement in 55.1 depends
upon the material of which it is composed, its size and shape, the application in the product, and other
factors. The test procedure may include visual inspection for cracks, deformation, and the like after
accelerated aging, as well as comparison of hardness, tensile strength, and elongation before and after
accelerated aging.

55.3 With rpference-to-the requirements—in-55-1-and —a—part—ofrubberor-neopreng, if tested to
compare its {ensile strength and elongation before and after accelerated aging, is accepfable if these
properties arp not less than the minimum values specified in the Table 55.1, corresponding to the
temperature ¢f the component during the temperature test.

Table 55.1
Accelerated aging test
Temperature of component Minimum acceptable gercent of
during temperature test unaged value for samples
Tensile
°Cc °F Accelerated aging procedure strength Elohgation
60 or leps 140 or less Air oven aging for 70 h at 100:C 60 60
61-7p 142 - 167 Air oven aging for 168 h ‘af\100°C 50 50
76 -9p 169 -194 Air oven aging for 168-h"at 121.0 £1.0°C 50 50
(249.8 +1.8°F)
91-105 196 — 221 Air oven aging for 168 h at 136.0 +1.0°C 50 50
(276.8 +1.8°F)

56 Permanence of Marking Tests

56.1 A marking that is required)to be permanent shall be molded, die-stamped, paint-stenciled, stamped
or etched mettal that is permanently secured, or indelibly stamped lettering on a pressure-sensitive label
that complies|with the requirements in the Standard for Marking and Labeling Systems, UL 969. Ordinary
usage, handling, storage, and the like of a product are considered in the determination of the|permanence
of a marking.

56.2 In additi ibed in 56.6, a
tag used for a cautionary marking in accordance with 65.5 is considered to be permanently affixed to a
power-supply cord or hose if there is no:

a) Tearing at any point for more than 1/16 in (1.6 mm),

b) Movement of the tag more than 1/2 in (12.7 mm) along the length of the power-supply cord or
hose,

Exception: A tag applied to a hose may move more than 1/2 in provided a fitting on each end of the
hose prevents the tag from sliding off.

c) Shrinkage, wrinkling, cracking, or other deformation that renders the marking illegible, or

d) Visible curling or loosening around the edges of a tag with an adhesive back.
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Exception: A tag used for a cautionary marking complying with the applicable requirements in the
Standard for Marking and Labeling Systems — Flag Labels, Flag Tags, Wrap-Around Labels and Related
Products, ANSI/CAN/UL 969A, is not required to comply with this requirement. With respect to a tag
applied to a hose, the exception in (b) above is also applicable.

56.3 Nine samples of a cord or hose tag are to be tested as described in 56.6. Each sample is to consist
of a length of power-supply cord or hose to which the tag has been attached in the intended manner. If the
tag is secured by an adhesive, the test is to be conducted no sooner than 24 h after application of the tag.
Three samples are to be tested as received; the additional samples are to be conditioned as described in

56.4 and 56.5 prior to testing.

56.4 Three
temperature
a temperatu
testing.

56.5 Three
F)and arela

56.6 Each
at each end
to be applied
(6.4 mm) of
parallel to th
requirements

57 Vibratig

57.1 Withr
its normal up

pf 87.0 £1.0° C (188.6 +1.8 IIowmg removal from the oven, the samples arg
e of 23.0 £+2.0°C (73.4 3. 6° F) and a relative humidity of 50 +5 percent-fof 3

additional samples are to be conditioned for 72 h at a temperature of 32.0 £2.0°
ive humidity of 85 £5 percent. The samples are to be tested within 1 min after ex

sample power-supply cord or hose with attached tag is to be tightly suspended

n a vertical plane with the attachment plug on a cord, peinting upward. A 5-Ib (22.

for 1 min at the uppermost corner of the tag farthest.from the cord or hose an
the vertical edge of the tag. The force is to bé.applied vertically downward

| at a uniform
e to remain at
0 min before

C (89.6 £3.6°
posure.

and clamped
2-N) force is
i within 1/4 in
in a direction

e major axis of the cord or hose. Following\the test, the sample shall comply with the

in 56.2. Manipulation of the tag, such as straightening by hand, is permitted.
n Test

bference to 36.1.9, a sample pressure vessel assembly is to be placed on a vib
right position and not secured!in place. Loose restraint shall be used to limit the

For an assembly provided with a mounting means intended to support a motor, compressa

device, a loa
intended mo
piping that 4
position to s
place.

57.2 The tg
total displacq

d equal to the maximumtead that the tank is to support in normal use shall be 5
Linting surface. The load is to be imposed by the heaviest motor, compressor,
re to be supported by the tank or by weights representing an equivalent loa
mulate the actual construction. An assembly with wheels is to be tested with

st apparatus is to consist of a vibration table that provides continuous circular
ment of 1 inch (25.4 mm) in a vertical plane with the table level at all times. The

ration table in
Brea of travel.
r, or a similar
ecured to the
controls, and
d secured in
the wheels in

motion with a
speed of the

apparatus is

to) be adjusted so that the vibration frequency generates a 1/16-in (1.6

tmm) vertical

displacement of the pressure vessel assembly from the table.

57.3 During the test, the pressure vessel assembly is to be rotated 90 degrees from the initial position so
that the sample is subjected to both longitudinal and transverse circular vibration. The sample is to be
subjected to vibration in each position for 3-1/2 h — 7 h of total vibration time. After making the change in
position of the sample — 90-degree rotation — the speed of the test apparatus is to be readjusted to
maintain a 1/16-in (1.6-mm) tank displacement.

57.4 After completion of the test, the pressure vessel assembly shall not show visual evidence of
cracking or other indication of vessel or support damage. Damage to a wheel or mounting shall not result
in a risk of fire, electric shock, or injury to persons. The pressure vessel shall withstand a hydrostatic
strength test as described in 57.5.
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57.5 A hydrostatic strength test is to be conducted by filling the pressure vessel with water so as to
exclude all air, connecting the pressure vessel to a hydraulic pump, and gradually increasing the pressure
to 1-1/2 times the relief valve setting. The sample shall not leak. The pressure is then to be gradually
increased to five times the relief valve setting and held at that value for 1 min. The sample shall not
rupture.

58 Hydrostatic Strength Test

58.1 With reference to 36.1.9, 36.2.1, and 36.2.2, a hydrostatic strength test is to be conducted by filling
the sample with water, oil or some other liquid representative of actual use so as to exclude all air,
connecting the sample to a hydraulic pump, gradually increasing the pressure to the specified test value,
and holding it for a period of 1 min. As a result of the test:

a) A pressure vessel shall withstand without leakage or rupture a pressure of five times the relief
valve setting, or

b) A pprt, other than a pressure vessel, that is subject to pressure shall withstand without rupture a
test pressure of five times the value specified in 36.2.1.

Exception: Ruypture of a nonmetallic fluid transfer line and its connections, or at a gasket complies with the
requirements|when repeated tests conducted with media they are intendéd to contain show no evidence of
resulting in a lisk of electric shock or injury to persons.
MANUFACTUYRING AND PRODUCTION TESTS

59 Dielectric Voltage Withstand

59.1 Each product shall withstand without elegtfical breakdown, as a routine productionine test, the
application ofla 40 — 70 Hz or a direct current potential:

a) Betveen the primary wiring, including connected components, and accessible deafd metal parts
that afe likely to become energized, and

b) Betveen primary wiring.and accessible low-voltage metal parts, including terminals
59.2 The prpduction-line test'shall be in accordance with either Condition A or Condition B of Table 59.1.

59.3 The prpduct may be in a heated or unheated condition for the test.

Table 59.1
Production-line test conditions
Condition A Condition B
. . Poten-
Rating of motor in Potential, | Potential, tial, V | Potential,
product Vac V dc Time, s ac Vdc Time, s
1/2 hp (373 W output) or 1000 1400 60 1200 1700 1
less and 250 V or less
More than 1/2 hp or more 1000+2V° 1400 60 1200 1700 1
than 250 V +2.8V° +2.4\° +3.4V
2V = maximum marked voltage but not less than 120 V.

59.4 The testis to be conducted when the product is complete — fully assembled. It is not intended that
the product be unwired, modified, or disassembled for the test.
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Exception No. 1: A part such as a snap cover or a friction-fit knob that would interfere with the
performance of the test need not be in place.

Exception No. 2: The test may be performed before final assembly if the test represents that for the
completed product.

Exception No. 3: The test may be conducted before a solid-state component that can be damaged by the
dielectric potential is electrically connected. However, a random sampling of each day's production is to be
tested at the potential specified in 569.2, but the circuitry may be rearranged for the test to reduce the
likelihood of solid-state-component damage while retaining representative dielectric stress of the circuit.

59.5 The test nqllipmnhf shall have a means of inrﬁr\gﬁhg the taest pnfnhfial’ an-audible-orvisual indicator

of electrical |oreakdown, and either a manually reset device to restore the equipment dfter electrical
breakdown @r an automatic reject feature of any unacceptable unit. When an alternating-current test
potential is applied, the test equipment shall include a transformer having an essentially’sinugoidal output.

59.6 If the putput of the test equipment is less than 500 VA, the equipment.shall include a voltmeter in
the output circuit to directly indicate the test potential.

59.7 If the gutput of the test equipment is 500 VA or larger, the test patential may be indicated by:
a) A Joltmeter in the primary circuit or in a tertiary windingsgGircuit,
b) A gelector switch marked to indicate the test potential, or

¢) A marking in a readily visible location to indieate the test potential of equipment having a single
test pptential output. If marking is used without an indicating voltmeter, the equipment shall include
tch has been

ccomplish the

circuit of the
second test-

ry not subject
e tested:

b) With only one side of the primary circuit connected to the test equipment when the primary
switch is in the on position, or when a primary switch is not used.

Exception No. 2: The primary switch is not required to be in the on position if the testing means applies full
test potential between primary wiring and dead metal parts with the switch not in the on position.

60 Grounding Continuity

60.1 Each product that has a power-supply cord having a grounding conductor shall be tested, as a
routine production-line test, to determine that grounding continuity exists between the grounding blade of
the attachment plug and the accessible dead metal parts of the product that are likely to become
energized.
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60.2 Only a single test need be conducted if the accessible metal selected is conductively connected by
design to all other accessible metal.

60.3 Any indicating device, such as an ohmmeter, a battery-and-buzzer combination, or the like, may be
used to determine compliance with the grounding continuity requirement in 60.1.

61

61.1

Pressure Vessel Assembly

fittings, and general assembly details.

ML <l L LA At laall l

Each pressure vessel manufactured shall be visually examined for quality of welds, pipe connection

61.2 Eachr
and shall sho

61.3 The t
attachment o
vessel isto b
for a period
complete the

Exception: TH
a) Acd

b) Sui

61.4 Thete
the pressure
working presy

62 Start-to

62.1
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RATING
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v no evidence of permanent deformation or external leakage.
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pst is to be conducted on a fully assembled vessel after all fabrication,
f saddles, legs, wheel supports, fittings, or the like, has been completed. For
e filled with water to exclude all air and then subjected to the testpressure spe
pof 20 s minimum. The pressure shall be maintained for a.donger period if
nspection for leaks.

e production-line testing may be conducted using an-agrostatic pressure if:
eptable protection for personnel conducting the test'is provided, and

able means for detection of external leakagesis provided.

5t pressure for a non-ASME coded vessel is to be 1-1/2 times the start-to-discha
relief device. The test pressure for an-ASME vessel coded "UM" is to be 1.3 tin
ure of the vessel.

Discharge of Pressure-Relief Device

Each non-ASME coded préssure-relief device shall be tested by the manufacturer fo

ssure by subjecting the pressure-relief device to a gradually increasing air pres
b to open. The(start-to-discharge pressure shall be in the range of 90 to 100
f-to-discharge pressure setting.

63 Details

ribed in 61.3

ncluding the
the test, the
cified in 61.4
hecessary to

rge setting of
nes the rated

r the start-to-
sure until the
bercent of its

63.1

A product shall be rated in volts, in frequency — expressed in one of the following terms: hertz, Hz,

cycles-per-second, cps, cycles/second, ¢/s, ac-dc, or ac only and, other than as noted in 63.2, in amperes.
The frequency may be expressed as /dc — for example, 60/dc — if a universal motor nameplate
serves as the product rating marking. If a product is intended for use on a polyphase circuit, the number of
phases shall be included in the rating.

63.2 Instead of the ampere rating mentioned in 63.1, a product may be rated in watts if the full-load
power factor is 0.80 or more or if the rating of a cord-connected product is 50 W or less.
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MARKING

64 Details

64.1 General

64.1.1 A product shall be legibly and permanently marked where it will be readily visible — after

installation in the case of a permanently connected appliance — but not on a removable part of the product,
such as on the blades of an attachment plug, with the following:

a) The manufacturer's name, trade name, trademark, or other descriptive markings by which the

orga

ization responsible for the product may be identified:

Excej
by a h

b) Th
The d

Excef
accef

c)Ad

d) Th
powe

64.1.2 Aprn
show the elg
permanent a

64.1.3 If th
product as p
voltage for w
instructions 9
for the altern

64.14 If a
product shal
of a particula

btion: The manufacturer's identification may be in a traceable code if the pfodu
rand or trademark owned by a private labeler.

e date or other dating period of manufacture not exceeding any three consec
ate code shall not repeat in less than 20 years;

ption: The date of manufacture may be abbreviated or ‘in/ an established
table code.

istinctive catalog number or the equivalent; and

e electrical rating. A product intended for connection to a 120/240 V, 3-wire,
- source shall be marked "3-wire."

pduct that employs a single motor as its-only electric-energy-consuming compo
ctrical rating given on the motor nameplate elsewhere on the product if this
hd readily visible after the motor has been installed in the product.

e motor nameplate of a dual-voltage motor is employed to give the electrica
rovided in 64.1.2, the product shall be additionally and permanently marked t
hich it is intended when.shipped from the factory. If the product employs an atta
hall be provided fe.indicate the type of plug that should be used if the product is
bte voltage.

manufacturer produces or assembles products at more than one factory,
have a distinctive permanent marking by means of which it may be identified 3
r factory.

Ct is identified

utive months.

or otherwise

single-phase

nent need not
nameplate is

rating of the
b indicate the
chment plug,
reconnected

pach finished
s the product

64.1.5 A capacitor or capacitor fransformer unit, as described in 19.6, that is not physica
product shall be permanently marked with an identification symbol; this symbol shall also appear on the
nameplate of the motor.

ly a part of a

64.1.6 A product that is packaged with an attachment as a complete unit shall be marked in a manner
that will identify the attachment. The identification of the attachment shall appear in at least one of the
following locations:

a) On
b) On
c)On

the product;
the attachment; or

the package housing the product.
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64.1.7 If the design of a product contemplates cleaning or servicing, such as the replacement of a pilot
lamp or a fuse, by the user, and if such cleaning or servicing would involve the exposure of a normally
enclosed or protected live part to unintentional contact, the product shall be plainly and permanently
marked to indicate that such servicing or cleaning be done with the product disconnected from the supply
circuit.

64.1.8 A product that will not start and attain normal running speed when connected to a circuit protected
by an ordinary — not a time-delay — fuse as specified in the Exception to 43.1 shall be plainly and
permanently marked with the words: "If connected to a circuit protected by fuses, use time-delay fuses

with this product," or with an equivalent wording.

64.1.9 A c
calibrated in
gauge.

64.1.10 Ao
entry test in g
with an equiv

64.1.11 Ac

ressure units shall be permanently marked to define the significance of the ma

pmpressor that weighs 20 Ib (9.07 kg) or more and that has not been-subjects
ccordance with Exception No. 2(b) to 9.9 shall be marked: "Do naot«Carry while
blent wording.

bmpressor or pump, to which a spray gun is intended to be'connected by at leq

m) of separdtely available hose and that has not been subjected/to a paint-entry test in

Exception No

. 2(a) of 9.9 shall be marked: "Use a minimum of 1§ _ft of hose when connect

gun to the cofnpressor” or with an equivalent wording.

64.1.12 A
incorporates

equipment in
or sparks ang
purpose, or s

Exception: A
marked.

64.1.13 Ap
words "Doub
Standard for

roduct that is intended for installation or use in a commercial garage or the

indicator not
rkings on the

bd to a paint-
painting," or

st 15 ft (4.57
accordance
ng the spray

like and that

arcing or sparking parts shall be permanently marked with the following statement: "This

Corporates parts, such as snap switches; receptacles, and the like that tend to
, therefore, when located in a garage, it should be in a room or enclosure pro
nould be 18 in (457 mm) or more@bpove the floor."

product in which arcing or-sparking parts are located at least 18 in above a floo
Foduct shall not be'marked with a double insulation symbol — a square within a

e Insulation”, or the equivalent unless it complies with the applicable require
Double Insulation Systems for Use in Electrical Equipment, UL 1097.

64.2 Permanently.connected products

broduce arcs
vided for the

rneed not be

square — the
ments in the

64.2.1 If an

v boint within a terminal box or wiring compartment of a permanently connect

pd product in

which the power-supply conductors are intended to be connected, including such conductors themselves,
attains a temperature rise of more than 35°C (63°F) during the temperature test, the product shall be
permanently marked "For supply connection, use wires acceptable for at least ... C (... F)," or with an
equivalent statement, and the temperature value shall be in accordance with Table 64.1. This statement
shall be located at or near the point where the supply connections are to be made, and shall be clearly
visible both during and after installation of the product.


https://ulnorm.com/api/?name=UL 1450 2021.pdf

MAY 27, 2021

UL 1450

71

Table 64.1
Outlet-box marking

Temperature rise attained during test in terminal box

or compartment Temperature marking

36 -50°C
51-65°C

(64— 90°F)
(91— 117°F)

75°C
90°C

(167°F
(194°F

)
)

64.2.2 A product intended for permanent connection to a wiring system other than rigid metal conduit or
armored cable shall be permanently marked to indicate the system or systems for which it is acceptable.
The marking shall be located so that it will be visible when power-supply connections to the product are

being made.

64.2.3
test alcove

an adjacent surface, the product shall be permanently marked in a location thatwill be readi
installation "Mount at least ... inches from side walls (and floor or ceiling)." See'67.5.

64.2.4 A mptor-operated air compressor intended for use with sprinkler systems shall be m

maximum ra

64.3 Cord-

64.3.1 Ifa

attachment plug in accordance with 13.1.8 and 13:1£9, a statement advising of the av3

extension co

Exception: A
instructions.

64.4 House¢hold type products

6441 Ap
Only" or the

6442 A

Exceptions tp 9.4 shall/be marked "Household Use Only" or the equivalent. The marking shal|:

a) Be

If a $pecific spacing is necessary between a permanently-installed product and-the s

(o
lquivalent. The(lettering shall not be less than 3/32 in (2.4 mm) high.

scribed in 46.2.7 to prevent the attainment of excessive temperatures within {

ed operating pressure.
connected products

product is provided with a power-supply cord 18 in (457 mm) or less long or

d and the importance of using such a cord shall be marked on the product.

s an alternative to marking, the, required statements may be contained in
See 67.3.

duct evaluated inyaccordance with the Exceptions to 9.4 shall be marked "H

arton (individual marketing container) for a product evaluated in accorda

lecated on at least one outside surface, and

urfaces of the
he product or
y visible after

hrked with the

with a motor-

ilability of an

the operating

busehold Use

nce with the

b) Appear in lettering not less than the height specified in Table 64.2.

Table 64.2
Lettering height
Smallest dimension of the carton panel to be marked in inches (mm) Minimum height of lettering in
More than Less than or equal to inches (mm)
0 6 (152) 1/8 (3.2)
6 (152) 10 (254) 3/16 (4.8)
10 (254) - 1/4  (6.4)
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65 Cautionary

65.1 A product having a hidden or unexpected risk of injury to persons shall be marked to inform the user
of the risk.

65.2 A cautionary marking shall be permanent and legible and shall be located on a permanent part of
the product.

65.3 A cautionary marking intended to instruct the operator shall be legible and visible from the position
normally assumed by the operator when starting the product or from the position normally assumed for the
specific operation involved. Other such markings for servicing or making settings and adjustments shall be
legible and vi

sibla tao the individual when stuch waork is hning gnr\nmpliehnr]_

65.4 A caut
in (0.51 mm)
several layers

s than 0.020
padable with

onary marking on a paint sprayer or paint gun shall be in lettering raised.fot"es
above the surrounding surface, or of a similar type not likely to become unr
of paint covering it.

Exception: TH
may be on a

e cautionary marking on a paint sprayer having a motor rated 3 hp (2.2 kW o
ag if the tag complies with the requirements in 65.5.

tput) or less

65.5 Atag Used for a cautionary marking in accordance with the Ex€eption to 65.4 or 65.12 shall:

a) Be permanently affixed to a hose or an attached power-supply cord,

b) Be |ocated not more than 6 in (152.4 mm) from the attachment plug, if on a cord,

c) Be
neces

made of substantial material such as\cloth, plastic, or the equivalent that
sary mechanical strength and prevents easy removal, and

provides the

d) Comply with the requirements in 56.2’— 56.6. The tag shall be of a size that facilitates legibility of

the rg
equivg

quired markings, and all exposed surfaces shall have a clear plastic ov
lent, to protect the markings. The tag shall be either of the following forms:

1) A flag-type tag having a hole to permit securement to the power-supply cord
plastic strap or equivalent means. The strap shall not be removable without cut

2) A flag-type.tag with a adhesive back. The tag is to be wrapped tightly once 4
to adheré’to the supply cord or hose. The ends of the tag are to adhere to eg
project.as a flag. The required markings are to be positioned on the projecting f

briay, or the

or hose by a
ing; or

round and is
ch other and
ag portion of

the tag:

65.6 A marking infended to inform the user of a risk of injury to persons shall be prefixed by a signal word
"CAUTION," "WARNING," or "DANGER." Upper case letters shall not be less than 0.080 in (2.0 mm) high.
The signal word shall be more prominent than any other required marking on the product.

Exception: For products on which space precludes the full size marking and for products requiring
languages in addition to English, upper case letters shall not be less than 0.060 in (1.5 mm) high and
legible from a safe viewing distance.

65.7 In the event that, when energized, a product has a part or function that involves a risk of injury to
persons, a switch that controls the motor that drives the part shall have a plainly marked off position. The
symbols shown in Figure 65.1 comply with the requirement when the user instruction manual identifies the
symbols.

Exception: A momentary-contact switch without a locking feature need not be marked.
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Figure 65.1

On and off symbols

IEC Publication

65.8 A pro
power-suppl
equivalent: "
electrical shq
point of conn|

65.9 Acom

a) Be

S3486

#17, Symbols 5007 and 5008.

duct having provisions for. fwo or more separate connections to a branch ¢

source shall be permanently marked with the word "CAUTION" and the fol
This product has mare than one connection to the source of supply. To redu
ck, disconnect all.such connections before servicing." The marking shall be lo
ection, and shalkbe’readily visible after installation of the product.

pressor having a head or associated fittings and a motor frame that may:

contagted by the user, and

rcuit or other
lowing or the
ce the risk of
cated at each

b) Atal s ! limi ified in T i
permanently marked with the word "WARNING" and the following or the equivalent: "Hot Surface —
To reduce the risk of burns, do not touch." The marking shall be located on or adjacent to the hot
surfaces.

2.1 shall be

65.10 A part of an enclosure as described in the Exception to 30.6 shall be marked to indicate that such
servicing is to be done with the product disconnected from the supply circuit.

65.11

If complete guarding of a moving part that would obviously cause injury to persons would defeat

the utility of a product a marking shall be provided warning the user of the potential risk of injury.

65.12 A compressor or attachment shall be provided with the following markings as applicable. The
pressure value to be indicated shall be the maximum rated operating pressure. Upon investigation, other

markings ma

y be found to be necessary:
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a) On a compressor without a pressure regulator: "CAUTION" and the following or equivalent:
"Risk of Bursting — Use only recommended air-handling parts acceptable for pressures not less

than

psi;

b) On a compressor with a pressure regulator: "CAUTION" and the following or equivalent: "Risk of
Bursting — Do not adjust regulator to result in output pressure greater than marked maximum
pressure of attachment;" or

¢) On a compressor capable of obtaining pressures higher than 50 psi (344.7 Pa): "WARNING" and

the fol

lowing or equivalent: "Risk of Injury — Do not direct air stream at body."

65.13 A portable compressor or paint sprayer not intended to be exposed to rain shall be marked with

the word "CA
to rain. Store

65.14 A pr
following or €
not less than
with 66.8.

65.15 A prg
the drain hol
equivalent: "H

65.15.1 Ap
Exception No
or equivalent;

65.16 A co
equivalent: "H

or spray whele spark or flame is present. Keep compressors as far from spraying area as pos

Exception: A

a) Ha
Stand,

b) Tha

65.17 A pa

TTON™and the following or equivatent:
ndoors."

10 reduce the risK oOr electric SNocCkK, d

bduct intended for indoor use only shall be marked with the word~\'CAUTI
guivalent: "To Reduce the Risk of Electric Shock or Injury, Use Indedrs Only." in

duct constructed in accordance with Exception No. 1 to 36.1.8 shall be marke
b and visible while the product is in use with the.word "CAUTION" and the
isk of Bursting — Tilt tank to drain."

roduct constructed with a door to gain access™o a tank drain assembly in acc
. 2 of 36.1.8 shall be marked on the door panel with the word "CAUTION" and
"Risk of Bursting — Open Door To Access Drain Assembly.”

mpressor shall be permanently_marked with the word "WARNING" and the
isk of Fire or Explosion — Spray:area must be well ventilated. Do not smoke W

Compressor:

ing a threaded.coupling other than size 1/4 — 18 in accordance with the Ameri
brd for straight pipe threads for mechanical joints, ANSI/ASME B1.20.1, (NPSM)

tis not jntended to operate a spray gun is not required to be marked.

intusprayer shall be permanently marked with the word "WARNING" and e

specified in 6

not expose

DN" and the
letter height

3/32 in (2.4 mm). This marking shall also be included in the instruction manual in accordance

d adjacent to
following or

prdance with
the following

following or
hile spraying
sible.”

can National
and

ther the text

b. 16 or the following or equivalent: "Risk of Explosion — Do not spray flammable

iquids."

65.18 With reference to the requirement in 65.6, a marking that combines two or more applicable

markings nee

d not include the signal word more than once.

65.19 With reference to 25.5, a portable product provided with a general purpose receptacle shall be
Amps Maximum" at the receptacle so that the combined ampacity of the product operated
under maximum normal load and the equipment connected to the receptacle does not exceed the rating of

marked "

the product.

65.20 A product intended for use with a duty cycle as described in 46.1.7 shall be marked with the duty

cycle.
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65.21 Linear pumps intended for use in aerating septic tanks, fishponds, and similar applications, shall
be marked with the following wording or the equivalent: "WARNING - To prevent electrical shock from
back-siphoning, locate the pump above the water level."

65.22 A nitrogen generator shall be permanently marked with the word "WARNING" and the following or
equivalent: "To reduce the risk of asphyxiation or fire, install the nitrogen generator in a well ventilated
area, and/or provide for exhaust ventilation of the waste gas and O2 monitoring.”

INSTRUCTION MANUAL

66 General

66.1 A product shall be provided with legible instructions pertaining to:

a) Its pperation and installation,
b) User-maintenance and storage, and, as applicable,

¢) Grounding or double insulation.

66.2 Thec
shall be entir|

hutionary prefix "WARNING" required in 69.1, and all upper-case text indicated |n 67.1 — 70.1
ely in upper-case letters or otherwise emphasized todistinguish them from the rest of the text.

66.3 The t
clear, and un

Exception: If|
omitted orm

66.4 Instru
pressure reg
replace the W

66.5 Wordi
references. |
substituted in

66.6 A proq
Use Only" or

pxt of all required instructions shall be in the, words specified or words that a
derstandable.

a product is such that the specified wording is unnecessary or conflicting, the wq
bdified, as appropriate.

ctions or illustrations shall be provided to identify important parts of the prodd
plator. An illustration may bé. used with a required instruction to clarify the intent
ritten instruction.

ng in parentheses-in'Sections 67 — 70 is explanatory, indicating options, alternat
Vherever the words "the (or this) product” are used, the name of the specific pr|
the final texti

the.equivalent appearing in the instruction manual.

'e equivalent,

rding may be

ct, such as a
, but shall not

ves, or Cross-
bduct may be

uct evaluated in accordance with the Exceptions to 9.4 shall have the statement "Household

66.7 With reference to the requirement in 7.3, a tank-type compressor that does not employ a pressure
vessel marked with the code symbol of "U" or "UM" of the American Society of Mechanical Engineers
(ASME) shall not include reference to a horsepower rating of more than 3 hp (2.23 kW output) on the
product or in the instruction manual provided with the product.

66.8 A product marked in accordance with 65.14 shall have the statement "For Indoor Use Only" or the
equivalent appearing in the instruction manual.

66.9 A product marked in accordance with 65.15.1 shall have the statement " CAUTION — Risk of
Bursting — Open Door To Access Drain Assembly.” or the equivalent appearing in the instruction manual.

66.10 A product evaluated in accordance with the Exception No. 2 to 36.1.8 shall include instructions in
the manual on how to manually drain the system in the event of malfunction of the automatic drain system.
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67 Operating and Installation Instructions

67.1 The operating and installation instructions shall include all information needed to operate and install
the product as intended.

67.2 Deleted November 1, 2013

67.3 With reference to the Exception to 64.3.1, a statement advising of the availability of an acceptable
extension cord and the importance of using such a cord included in the operating and installation
instructions is an acceptable alternative to the marking on the product. When the extension cord is not
furnished by the manufacturer with the product, the mstructlons shall specify the type, electrical rating, and

maximum leng

67.4 Instrug
it is necessar

67.5 A sta
installation in

67.6 A prod
instructions o
plug will fit in
still does not
way.

67.7 A prod
the operating

67.8 For a
indicate that t
Sprinkler Sys

67.9 For li
installation in
level.

67.10 A nitr
the following

ions shall be provided with a product that is intended to be secured in placeto i
to fasten equipment to a floor or other part of a building in order to obtain/prope

ement equivalent to that required in 64.2.3 shall also be included in the o
structions.

uct provided with a 2-blade polarized attachment plug shall be provided with
r the equivalent: This appliance has a polarized plug (ene blade is wider than th
B polarized outlet only one way. If the plug does natfitfully in the outlet, reverse
fit, contact a qualified electrician to install the preper outlet. Do not change th

uct intended for use with a duty cycle as described in 46.1.7 shall indicate the
instructions.

hdicate when
r stability.

perating and

the following
b other). This
the plug. If it
e plug in any

duty cycle in

motor-operated compressor intended for use with sprinkler systems, the instjuctions shall

he compressor is intended to'be installed in accordance with the Standard for
ems, NFPA 13.

hear pumps intended to aerate septic tanks, fishponds, and similar app
structions shall contain a statement regarding the installation of the pump abg

bgen generator shall be provided with installation and maintenance instructions
tems:

nstallation of

ications, the
ve the water

that includes

a) De

iled instructions for properly installing the unit

b) If the air compressor is provided separately, detailed instructions for properly connecting the air
compressor to the nitrogen generator unit.

c) Detailed instructions for maintaining the unit including maintenance required to maintain the
desired level of nitrogen within the system.

d) Reference to the need for proper ventilation and installation in accordance with OSHA
regulations to avoid an excessive concentration of oxygen in an area.

68 User-Maintenance Instructions

68.1

User-maintenance instructions shall include:
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a) Instructions for cleaning and user maintenance operations recommended by the manufacturer,
such as lubrication or nonlubrication; and a statement to the user that any other servicing should be
performed by an authorized service representative or that the product has no user serviceable

parts.

b) For a product employing an automatically reset thermal limiter, which shuts off the entire
product, instructions to the user of what to expect in the event the thermal limiter operates.

c¢) Specific instructions for the proper method of cord storage, total product storage, and the like
when the product is not in use; and for cord care while in use (such as for hand-supported
products, untwisting, or the like).

69 Grounding Instructions

69.1 Theg
applicable in

Exception: R
shall be pro
SA16.

a)Fo
GRO

This
risk o
with g
into

p

[«

ordinances.

WAR
Wher
either
witho

Substitution of the ‘signal word “DANGER” for “WARNING” is not prohibited w

assoq
seriol

Chec
comp

ounding instructions shall include those instructions in (a) — (e) applicable'to thg
structions in (a) — (e) are able to be included in the operating instructions. See 66

or high-pressure paint spraying products, the applicable grounding instruction
ided in the important safety instructions specified in Important’ Safety Instruc

all grounded, cord-connected products:

UNDING INSTRUCTIONS

product. The
).2 and 66.3.

s in (a) — (e)
jons, Section

broduct must be grounded. In the event of an electrical short circuit, grounding reduces the

f electric shock by providing an escape wire' for the electric current. This produ
cord having a grounding wire with an.appropriate grounding plug. The plug mu
n outlet that is properly installed @fd grounded in accordance with all loc

NING — Improper installation-0f the grounding plug is able to result in a risk of g
repair or replacement of the cord or plug is required, do not connect the grod
flat blade terminal. The wire with insulation having an outer surface that is
it yellow stripes is the'grounding wire.

iated with the\product is such that a situation exists which if not avoided will res
s injury.

with. a qualified electrician or serviceman when the grounding instruct
etely understood, or when in doubt as to whether the product is properly grou

't is equipped
st be plugged
bl codes and

lectric shock.
nding wire to
green with or

hen the risk
ult in death or

ons are not
nded. Do not

modi
electr

the plug provided; it it does not fit the outlet, have the proper outlet installed
ician.

y a qualified

b) For a grounded, cord-connected product rated less than 15 A and intended for use on a nominal
120-V supply circuit, the instructions in either (1) or (2):

1) This product is for use on a nominal 120-V circuit, and has a grounding plug similar to the
plug illustrated in sketch A in Figure 69.1. A temporary adapter similar to the adapter

illustrated in sketches B and C may be used to connect this plug to a 2-pole
shown in sketch B when a properly grounded outlet is not available. The temp

receptacle as
orary adapter

shall be used only until a properly grounded outlet (sketch A) is installed by a qualified

electrician. The green colored rigid ear, lug, or similar part extending from the

adapter must

be connected to a permanent ground such as a properly grounded outlet box cover.

Whenever the adapter is used, it must be held in place by a metal screw.
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c) For

2) This product is for use on a nominal 120-V circuit and has a grounding plug
plug illustrated in sketch A in Figure 69.1. Only connect the product to an outl
same configuration as the plug. Do not use an adapter with this product.

similar to the
et having the

Exception: A high-pressure airless paint sprayer, as defined in 2.7, shall have the

instructions specified in (2). An adapter shall not be used for a high-pressure
sprayer.

all other grounded, cord-connected products:

airless paint

This product is for use on a circuit having a nominal rating more than 120 V (or "This product is
rated more than 15A and is for use on a circuit havmg a nommal ratlng of 120 V") and is factory-

equipped

conne
with t
circuit

d) For
GRoOU

This
equip

e) Ext

Use o
accep
exteng
length

drop i line voltagatd loss of power and overheating.

to usg
heavisg

Excep
wire p

tthe product to an outlet havmg the same conﬂguratlon as the plug Do not us
is product. When the product must be reconnected for use on a differentity
the reconnection shall be made by qualified service personnel.

a permanently connected product:

NDING INSTRUCTIONS

:Lroduct must be connected to a grounded, metallic, {permanent wiring sy

ent-grounding terminal or lead on the product.
bnsion Cords:

hly a 3-wire extension cord that has a 3-blade grounding plug, and a 3-slot re
s the plug on the product. Make sure your ‘extension cord is not damaged. W
ion cord, be sure to use one heavy enough to carry the current your produg
5 less than ft, _ AWG extension cords shall be used. An undersized cor|
(NOTE: Table 69.1 shows thg
depending on cord length_and nameplate ampere rating. When in doubt,
r gauge. The smaller the gatge number, the heavier the cord.)

tion: A 2-conductor or-3-conductor extension cord may be used for a double-in

roduct.

Figure 69.1

Grounding methods

e, circuit. Only
e an adapter
be of electric

stem, or an

ceptacle that
hen using an
t draws. For
d results in a
b correct size
ise the next

sulated or 2-

GROUNDED ADAPTER
OUTLET T’@ “
ETAL
.Y N
GROUNDED
T —DUTLET BOX (E)
GROUNDING TAB FOR — .
PIN A (B> GROUNDING SCREW

AAZ200

>
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Table 69.1
Minimum gauge for extension cords
Voltage Length of cord in ft
Ampere
Rating 120V 25 ft 50 ft 100 ft 150 ft 200 ft 250 ft 300 ft 400 ft 500 ft
Range 240V 50 ft 100 ft 200 ft 300 ft 400 ft 500 ft 600 ft 800 ft 1000 ft
0-2 18 18 18 16 16 14 14 12 12
2-3 18 18 16 14 14 12 12 10 10
3-4 18 18 16 14 12 12 10 10 8
4-5 18 18 14 12 12 10 10 8 8
5-6 18 16 14 12 10 10 8 8 6
6-8 18 16 12 10 10 8 6 6 6
8-10 18 14 12 10 8 8 6 6 4
10-12 16 14 10 8 8 6 6 4 4
12-14 16 12 10 8 6 6 6 4 2
14-16 16 12 10 8 6 6 4 4 2
16-18 14 12 8 6 4 4 2 2
18 — 20 14 12 6 6 4 4 2 2
70 Doubleilnsulation Instructions
70.1 The instructions for a double-insulated, cord-connected product shall include the following, or the
following may be included in the user-maintenance instructions:
SERVICING OF A DOUBLE-INSULATED-RRODUCT
In a double-insulated product, two systems of insulation are provided instead of dgrounding. No
grourIding means is provided on a'double-insulated product, nor should a means for|grounding be
added to the product. Servicing of a double-insulated product requires extreme care and
knowledge of the system, and~should be done only by qualified service personnel. |Replacement
parts for a double-insulated\product must be identical to those parts in the product.
A dolble-insulated product is marked with the words "DOUBLE INSULATION" jor "DOUBLE
INSULATED." The.symbol

[ ]

M3

may also be marked on the product.

BATTERY-OPERATED PRODUCTS

71 Scope

Section 71 reinstated from revisions dated August 21, 2019

71.1  These requirements cover battery-operated products. Such a product shall comply with the
requirements in Sections 1 — 3 and 6, 9.6 — 9.10, and Sections 10, 14 — 19, 22, 23, and 25 — 39,
supplemented, and in some cases amended by Sections 72 and 73.
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72 Construction

Section 72 reinstated from revisions dated August 21, 2019

721 The battery of a battery-operated product shall be encased or enclosed to resist breakage of the
battery case and reduce the risk of explosion.

72.2 A lead for a battery shall have ampacity acceptable for the application. It shall be resistant to acids
and alkalies depending upon the type battery employed, and shall be able to withstand flexing, handling,
and impact at temperatures between 54°C (129°F) and minus 35°C (minus 31°F). The minimum insulation
thickness shall be as specified in Table 72.1.

Table 72.1
Thickness of battery-lead insulation
Conductor size, Thickness of insulation
AWG (mm?) in (mm)
8-2 (8.4-33.6) 1/16 (1.8)
1 —4/0 (53.5-107.2) 5/64 (2.0

72.3 A battery-operated product shall be equipped with a battery connector or the like located so as to
have the same degree of protection required by 9.1.

72.4 The cpnnector mentioned in 72.3 shall be pefmanently secured either to the prodlct or to the
battery enclosure. The length of cable attached to the\plug that fits into the connector shall ngt be so short
that it interfergs with the disconnecting operation afplaces stress on terminals.

72.5 Live p3rts shall be recessed from the face of a connector to reduce the likelihood of shart circuiting.
72.6 A battgry connector shall be rated or evaluated for use in the application.

72.7 The rgmovable portionof'a connector shall be provided with means for being grasped to permit
removal.

72.8 If presgure may.build up or if the accumulation of an explosive hydrogen-air mixture is|possible in a
lead-acid batIry compartment, the battery compartment shall be vented.

72.9 Cells gmploying metal containers, such as alkaline batteries, shall be insulated from egch other and
from a metal tray or metal battery compartment. Insulation of wood or other material shall be:

a) Treated or painted to reduce deterioration by the battery electrolyte, unless it is inherently
resistant to such deterioration; and

b) Constructed to withstand the effects of operation and maintenance of the product.

72.10 The cells shall be connected so that the nominal potential between any two adjacent cells will be
not more than 24 V.

72.11 Movement of a battery within a product is not acceptable if such movement may cause a risk of fire
or electric shock.
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73 Performance

Section 73 reinstated from revisions dated August 21, 2019

73.1  The horizontal top surface of a metal enclosure for lead-acid batteries shall have strength and
rigidity so that, in conjunction with an air spacing provided between it and the battery terminals, the battery
terminals will not be short-circuited when a force of 250 Ib (1100 N) is applied to the top surface. In lieu of
the spacing, insulation to reduce the likelihood of short-circuiting of the battery terminals may be provided
as part of the enclosure or secured to the inner surface of an enclosure.

73.2 With reference to the requirement in 73.1, the 250-Ib (1100-N) force is to be applied through a 13-
1/2in (343 ' igi

73.3 A battery-operated product shall withstand without breakdown for 1 min the applicatipn of a 60-Hz
essentially sinusoidal potential of 240 V between current-carrying parts and accessible degqd metal parts
with the product at the temperature reached during the temperature test.

73.4 To defermine whether a battery-operated product complies with the.requirement in 78.3, it is to be
tested as degcribed in 48.3.
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