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PREFACE

This is the harmonized CSA Group and UL Standard for Humidifiers. It is the fifth edition of CSA C22.2 No.
104, and the sixth edition of UL 998. This edition of CSA C22.2 No. 104 supersedes the previous edition(s)
published on April 25, 2011. This edition of UL 998 supersedes the previous edition(s) published on April
25, 2011.

This harmonized Standard was prepared by CSA Group and Underwriters Laboratories Inc. (UL). The
efforts and support of the Air Conditioning and Refrigeration Institute (ARI) and the Heating, Refrigerating
and Air Conditioning Institute of Canada (HRAI) are gratefully acknowledged.

This standard—is—considered-suitablefor-use—for r\nhfnrmify assaessment within the stated scope of the

standard.

This Standarg

was reviewed by the CSA Subcommittee on Humidifiers, under the jurisdicti

Technical Committee on Consumer and Commercial Products and the Strategic\Steering

Requirements
This standarg
National Stan

for Electrical Safety, and has been formally approved by the €SA Technig
has been developed in compliance with Standards Council*ef Canada re
fdards of Canada. It has been published as a National Standard of Canada by (

Application of Standard

Where refere
considered a

Note: Although t
responsibility of t

Level of Harn
This standard
This standard

An identical
differences r¢
except for edi

nce is made to a specific number of samples.to be tested, the specified ny
Minimum quantity.

he intended primary application of this standard.is stated in its scope, it is important to note t
he users of the standard to judge its suitability foh their particular purpose.

nonization
uses the IEC format but{isynot based on, nor is it considered equivalent to, an
is published as an-identical standard for CSA Group and UL.

standard is_astandard that is exactly the same in technical content exce
sulting fram-conflicts in codes and governmental regulations. Presentation is
orial changes.

Interpretatio

on of the CSA
Committee on
al Committee.
huirements for
CSA Group.

mber is to be

hat it remains the

EC standard.

bt for national
word for word

NS

The interpretation by the standards development organization of an identical or equivalent standard is
based on the literal text to determine compliance with the standard in accordance with the procedural rules
of the standards development organization. If more than one interpretation of the literal text has been
identified, a revision is to be proposed as soon as possible to each of the standards development
organizations to more accurately reflect the intent.
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HUMIDIFIERS

INTRODUCTION

1 Scope

1.1 These requirements cover humidifiers rated 600 V or less, and intended to be used in accordance

with the National Electrical Code (NEC), ANSI/NFPA 70, and the rules of CSA C22.1, Canadian Electrical
Code (CEC), Part I.

»steam type, and
iling, or for duct

at air or water,

quirements apply to equipment that includes an electric heating element to he

1.4 These r¢quirements do not apply to evaporative coolers that are’also intended to be used for cooling.

1.5 These r¢quirements do not apply to portable, electrode-type products, such as vaporigers, which are

covered by UL 499 and CAN/CSA-C22.2 No. 64.

2 Definitions

2.1 The follgwing definitions apply in this Standard.

2.2 CIRCUI
peak), and pq
transformer; ¢
with all the p
which exceed

I, EXTRA-LOW-VOLTAGE ~'A circuit that has an ac potential of not more th
wer of 100 VA or less; or;30 V dc supplied by a primary battery; or suppliec
r supplied by a combination of a transformer and fixed impedance that, as a
brformance requirements for a Class 2 transformer. A circuit that is derived
s 30 V by connecting resistance or impedance, or both, in series with the s

limit the voltage and current, is‘hot considered to be an extra-low-voltage circuit.

an 30V (424

by a Class 2
unit, complies
from a circuit
Lipply circuit to

2.3 CIRCUIT, HAZARDOUS VOLTAGE — A circuit having characteristics in excess of thoge of an extra-
low-voltage circuit.
2.4 COMBINAHON-FEMPERATURE-REGUEAHNG-ANDFEMPERATURE-EHHHNGTFHERMOSTAT —

A thermostat whose function is to regulate the temperature under normal conditions of use, and that also
serves to prevent a hazard that might result from conditions of abnormal operation of the heater.

2.5 ENCLOSURE - The enclosure that houses the electrical components, live parts, and/or moving
parts. It may be an integral part of the component, a separate item, part of the ultimate enclosure, or the
ultimate enclosure (e.g., the outer cabinet).

2.6 HEATER ELEMENT — A complete or partial assembly of a heating element, an electrical insulation
(e.g., refractory, mica), a metal sheath, a glass or quartz envelope or panel, thermal insulation, and a
frame or adaptor for holding the assembly together and fastening it in the heater; and leads or terminal
connections, or both, which may or may not include bolts and nuts.

2.7 HEATING ELEMENT — The actual electrical conducting medium that is intended to be heated by an
electric current.
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2.8 HUMIDIFIER — Equipment that is designed to increase the relative humidity of air.

2.9 JUNCTION BLOCK - A wiring device that encloses splices between wires and that may provide a
receptacle for connecting a component of the equipment.

210 PORTABLE EQUIPMENT — Equipment designed to not be used in a fixed position and that
receives current through a flexible cord or cable and an attachment plug.

2.1

SAFETY-CIRCUIT- A circuit that includes contacts of any controls integral with, or external to, the

equipment that are intended to prevent unsafe operation of the equipment due to circuit wiring becoming
grounded, open circuited, or short circuited, such as:

a)Ad
b)At

c) A pr|
conditi

2.12 TEMPH

produce abnofmal temperatures. The failure of such a thermostat might result in a hazard.

213 TEMPH
temperature u

2.14 USER
those who are

and replacement of an accessible fuse or lamp.

3 General

3.1 Compon

3.1.1 Excep
comply with

components u
UL Standards

)

ice to prevent overheating of a motor due to overload (including locked rotor);
perature limit switch, the failure of which to operate might result in an yunsafe

essure-limiting device in a system, the failure of which to operate (might resul
bN.

RATURE-LIMITING THERMOSTAT — A thermostat that furictions only under ¢

RATURE-REGULATING THERMOSTAT - A thermostat that functions only t
hder normal conditions of use. The failure of such'a thermostat would not resul

SBERVICING — Any form of servicing thatsis likely to be performed by person
trained to maintain the product. Some-&xamples include routine cleaning, filtef

ents

as indicated in (Clause 3.1.2, a component of a product covered by this §

sed in the products covered by this Standard. A component shall comply with

312 A com;ronent is not required to comply with a specific requirement that:

bperation; or

t in an unsafe

onditions that

D regulate the

[in a hazard.

hel other than
replacement,

tandard shall

he requirements for that component. See Annex A for a list of Standards covering

the CSA and

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

b) Is superseded by a requirement in this Standard.

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

use.

3.14

Specific components are incomplete in construction features or restricted in performance

capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

3.1.5 For

products intended for use in Canada, general requirements

CAN/CSA-C22.2 No. 0.

are given

in
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3.1.6 Products covered by this Standard shall comply with the referenced installation codes and
standards noted in Clause 3.2.

3.2 Reference publications

3.2.1  Where reference is made to any Standards, such reference shall be considered to refer to the
latest editions and revisions thereto available at the time of printing, unless otherwise specified.

CSA Group

B51-14
Boiler, Pressyre, Vessel, and Pressure Piping Code

C22.1-18
Canadian Eleftrical Code, Part |

CAN/CSA-C22.2 No. 0-10 (R2015)
General Requirements — Canadian Electrical Code, Part I

C22.2 No. 0.3-09 (R2014)
Test Methods|For Electrical Wires and Cables

C22.2 No. 0.15-15
Adhesive Labels

CAN/CSA-C22.2 No. 0.17-00 (R2018)
Evaluation of Properties of Polymeric Materials

C22.2 No. 64110 (R2014)
Household Cgoking and Liquid-Heating-Appliances

C22.2 No. 72110 (R2014)
Heater Eleménts

C22.2 No. 77114
Motors with Intherent Overheating Protection

C22.2 No. 100-14
Motors and Generators

CAN/CSA-198.1-06 (R2015)
Extruded Insulating Tubing

CAN/CSA-198.3-05 (R2014)
Coated Electrical Sleeving

CAN/CSA-C22.2 No. 60950-1-07 (R2016)
Information Technology Equipment — Safety — Part 1: General Requirements

CAN/CSA-E60730-1-15
Automatic Electrical Controls for Household and Similar Use — Part 1: General Requirements
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UL (Underwriters Laboratories Inc.)

UL 94

Tests for Flammability of Plastic Materials for Parts in Devices and Appliances

UL 244A

Solid-State Controls for Appliances

UL 486A-486B
Wire Connectors

UL 499

Electric Heatin

UL 723
Tests for Surfq

UL 746C
Polymeric Mat

UL 840
Insulation Codg

UL 900
Air Filter Units

UL 969
Marking and L|

UL 1004-1
Rotating Elect|

UL 1004-2
Impedance Pr1

UL 1004-3
Thermally Pro

g Appliances

ce Burning Characteristics of Building Materials

erials — Use in Electrical Equipment Evaluations

rdination Including Clearances and Creepage Distances for Electrical Equipmé

abeling Systems

rical Machines — General.Requirements

btected Motors

ected'Motors

UL 1030

bnt

Sheathed Heating Elements

UL 1441

Coated Electrical Sleeving

UL 1581

Reference Standard for Electrical Wires, Cables, and Flexible Cords

UL 60730-1

Automatic Electrical Controls for Household and Similar Use, Part 1: General Requirements

UL 60950-1

Information Technology Equipment — Safety — Part 1: General Requirements
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ASME (American Society of Mechanical Engineers)
ASME

Boiler and Pressure Vessel Code

ASTM (Amer

ASTM D395

ican Society for Testing and Materials)

Standard Test Methods for Rubber Property — Compression Set

ASTM E162
Standard Tes

t Methaod for Surface Flammability of Materials, Using a Radiant Heat Fnergy |

ource

IEC (Internat

IEC 60417
Graphical Syr

NFPA (National Fire Protection Association)

ANSI/NFPA N
National Elec

ULC (Underv

CAN/ULC-$1
Standard Metf

3.3 Units of

3.3.1 The |

information pdirposes only.

3.4 Terming

3.4.1 Inthis
a specific ref
specific refer

onal Electrotechnical Commission)

nbols for Use on Equipment

0.70
rical Code

yriters Laboratories of Canada)

D2-10
hods of Test for Surface Burning Characteristics of Building Materials and Asse

measurement

alues given in S| (metrie) units shall be normative. Any other values give

logy

standardya requirement that applies only to a particular type of humidifier is s
brencein that requirement to the type or types of humidifiers involved. Ab
bnceor use of the term "product” indicates that the requirement applies

humidifiers ur

emblies

n shall be for

o identified by
sence of such
o all types of

less the context indicates otherwise

CONSTRUCTION

4 General

4.1

A product shall be completely assembled when it is shipped from the factory. A product shipped

partially, for example, to facilitate packaging or installation, shall be able to be properly assembled without
a risk of fire, electric shock, or injury to persons, and each part shall be marked as required by Clause

76.3.

4.2 A product intended for mounting to the ceiling, floor, or wall shall have provisions for such mounting.
All required fittings such as brackets, hangers, or the like, necessary for mounting shall be furnished with
the product. Parts commonly available for the mounting of the product are not required to be provided if
mounting instructions that refer to such parts are furnished in accordance with Clause 76.8.
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4.3 A humidifier that is intended for mounting on the hot air plenum or duct of a furnace, and that requires
the installation of an air deflecting means in the path of the moving air, shall include the necessary
deflecting means as a part or accessory of the humidifier, and shall be accompanied by explicit
instructions for the installation of the means so as to avoid impairment of the function of the furnace.

5 Enclosures

5.1 General

5.1.1 Products shall be constructed so that they have the strength and rigidity necessary to resist the
abuse to which they might be subjected, without increasing the risk of fire, electric shock, or injury to
persons, due to partial collapse with resultant reduction of spacings, loosening or displacement of parts, or

other defects.

5.1.2 Indete

including enclgsures of individual components and the exterior (decorative) cabinetishall be

5.1.3 Enclos|
air flow require
provide resistg
5.1.4 for enclo

5.1.4 Unless
metal sections

515 A mets
to be covered

a) 0.35
(1/4 in)

b) 0.68
mm (11
that req

rmining compliance with Clause 5.1.1, all elements that contribute to the,enclg

d for the operation of the equipment, shall be considered t6_comply with Claus
nce to deflection or impact that would be acceptable to,the-requirements spec
sures of sheet metal.

the surface under consideration is curved, ribbed, or otherwise reinforced, c§
of an enclosure shall not be thinner than as specified in Table 1.

n the enclosure shall have a thicknessinot less than:

mm (0.014 in) if steel, or 0.48 mm (0.019 in) if nonferrous metal, for a hole ha
maximum dimension; and

mm (0.027 in) if steel, or/0.81 mm (0.032 in) if nonferrous metal, for a hole
3/8 in) maximum dimension. A closure for a larger hole shall have a thicknes
uired for the enclosure of the product. Such plates or plugs shall be securely n

5.2 Nonmet

521 Enclo

fire, electric shock, or injury to persons, because of susceptibility to ignition or melting

disturbances

llic materials

res .or.parts of equipment manufactured of nonmetallic materials shall not ¢

sing function,
considered.

ures made in the form of grilles, etc., of wire or sheet metal, ahd intended to accommodate

e 5.1.1if they
fied in Clause

st and sheet-

| plate or metal plug used to cover an unused conduit opening or other hole that is required

ing a 6.4 mm

having a 34.9
5 no less than
hounted.

ause a risk of
by electrical

ithin, or because of deterioration from aging effects, or because of exj

osure to the

operating environment.

5.2.2 Enclosures shall be considered to comply with Clause 5.2.1 if:

a) They comply with the flammability test specified in UL 746C and CAN/CSA-C22.2 No. 0.17;

b) They have temperature ratings not less than the maximum temperatures to which they may be
exposed during normal operation; and

c) The equipment is in compliance with Clauses 5.2.3, 5.2.4, and 5.2.5.

5.2.3

In addition to the requirements of Clause 5.2.1, an enclosure of polymeric material having in any

unbroken section an exposed surface greater than 0.93 m? (10 ft?), or a single dimension greater than

1.83m (6 ft), s

hall have maximum flame spread rating of:
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a) 200 for a portable product; and

b) 50 for a product intended to be permanently connected to the electrical supply.

5.2.4 The flame spread rating mentioned in Clause 5.2.3 shall be determined in accordance with the
requirements in UL 723, or the radiant panel test requirement in accordance with ASTM E162 or
CAN/ULC-S102.

5.2.5 Where bare live parts of electrical components, such as switch terminals, are individually enclosed
with metal, or insulating tube or sleeving that complies with VW-1 flammability requirements in accordance
with UL 224 and CSA C22.2 No. 198.1, or UL 1441 and CSA C22.2 No. 198.3, respectively; or polymeric
material that complies with the requirements of the vertical burning test for classifying materials 5 VA in

accordance i . and flammability rating o , N - Z No. 0.17, the
surrounding gquipment enclosure shall be of material that is not more flammable than material classed as
HB as specifigd in CAN/CSA-C22.2 No. 0.17, and HB as specified in UL 94, providedk:

a) The

b) Internal wiring within the surrounding equipment enclosure./.complies wi

classif]

c) Spl
that an

d) The
compl

5.3 Enclost

5.3.1
particles, or
supported.

5.3.2 The 1
neoprene- or

a) The

b) The
to the
fault ¢

The eiT]cIosure of a product shall redugé the likelihood that molten metal, burning insu

equipment does not employ open-coil heaters;

cation VW-1 as referenced in UL 1581 and FT1 of C22.2 No. 0.3;

ces within the surrounding equipment enclosure are.made with insulated w|
e resistant to loosening due to vibration; and

surrounding equipment enclosure, where relied upon to prevent a risk of
es with the impact test requirements of Clause 59.

re integrity

e like will fall on combustible materials, including the surface upon which

equirement in Clause 5.3.1 necessitates the use of a barrier under wirin
hermoplastic-instlated, and under a motor unless:

structural parts of the motor or the product provide the equivalent of such a ba

protection provided with the motor is such that no burning insulation or molte
surface that supports the product when the motor is energized under each g
bndifions:

h flame test

re connectors

Blectric shock,

lation, flaming
the product is

j, unless it is

rrier;

h material falls
f the following

1) Open main winding;
2) Open starting winding;

3) Starting switch short-circuited; and

4) Capacitor of permanent-split capacitor motor short-circuited — the short circuit shall be

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

c) The motor is provided with a thermal motor protector, that is, a protective device that is sensitive
to temperature and current that keeps the temperature of the motor windings from exceeding
125°C (257°F) under the maximum load under which the motor runs without causing the protector
to cycle, and from exceeding 150°C (302°F) with the rotor of the motor locked; or
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d) The motor complies with the requirements for impedance-protected motors in UL 1004-2, and
C22.2 No. 77.

5.3.3 Aside from the terminals, Clause 5.3.1 also requires that a switch, a relay, a solenoid, or the like, be
individually and completely enclosed. A component is not required to be completely enclosed if:

a) Malfunction of the component would not result in a risk of fire; or

b) There are no openings in the bottom of the product enclosure.

5.3.4 The barrier mentioned in Clause 5.3.2 shall be horizontal, shall be located as illustrated in Figure 1,
and shall have an area not less than that described in the illustration. Openings for drainage, ventilation,

and the like, fhat-woutdmot-permit-mottemrmetatHurning—insutatiomor—thetike;to—fatton combustible

material, may pe employed in a barrier.

5.3.5 If an dpening for ventilation is provided in the enclosure of a product orcan“extermally mounted
component, and if the product is intended to be recessed into a wall or false cejling, such an{opening shall
not allow ventipg into concealed space.

6 Doors and Covers

6.1 Doors a
firmly in placsg
interlocking m
do not require

hd covers that give access to uninsulated live hazardous voltage parts shdll be secured

and shall require the use of a tool or key tenopen them or shall be provided with an
echanism; however, components having covers.that comply with their respective standards
additional enclosures.

6.2 An interldcking mechanism complies with the requirements of Clause 6.1 if it:

a) Sec]:

res the cover in the closed position when engaged; and

b) Mus} be engaged before parts in@hazardous voltage circuit can be energized.

6.3 Accessil
controls, filter:
Covers or ac|
maintenance s

6.4 The ass
reset as requit

ility shall be afforded to all parts that require normal servicing or adjustment
5, oiling of bearings;* adjustment of belts) when the equipment is installed
Cess panels giving access to such parts that are required to be remove
hall not expose.tuninsulated live parts.

bmbly .shall be arranged so that any overcurrent protective device that can b
ed js'accessible without removal of parts other than the service covers or pang

(for example,
as intended.
d for routine

e replaced or
Is.

6.5 The door or cover of an enclosure shall be hinged, sliding type, pivoted, or the equivalent, and not
intended for removal, if it gives access to any overcurrent protective device. If more than one door or cover
has to be opened to provide access to the overcurrent protective device, only one of these shall comply
with this requirement. A cover, panel, door, or other part of an enclosure that, due to its function or size,

must be in place to complete the overall enclosure, is not required to be hinged, sliding type, or pivoted.

6.6 A cover as specified in Clause 6.5 is not required if fuses only of the following types are enclosed:

a) Fuses connected in extra-low-voltage circuits;

b) Extractor type fuses that have their own enclosures;

c) Control circuit fuses, provided that the control circuit loads (other than fixed loads, such as pilot

lamps)

are housed in the same enclosure as the fuses; or
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d) Supplementary type fuses rated 2 A or less used in small, auxiliary resistance heater circuits
having a maximum rating of 100 W.

6.7 The reset button or lever of manual resettable devices (for example, the operating handle of a circuit
breaker, the reset button of a motor protector, the reset button of a pressure switch, the adjusting screw or
knob of an adjustable temperature or pressure control) may be accessible without the use of a tool,
provided that the resetting of the device does not result in exposure to uninsulated live hazardous voltage

parts or moving parts.

7 Accessibility of Uninsulated Hazardous Voltage Live Parts and Film-Coated Wire

7.1

To reduce the risk of unintentional human contact with an uninsulated live part or film-coated wire,

louvers or othler openings in the enclosure of a product, and openings in a motor, shall-bg

located, or ba

7.2 With re
enclosure.
7.3 In dete

intended to b
by the user {
removed.

7.4 In cord-

led as to comply with the requirements specified in Table 2.

spect to the requirement in Clause 7.1, insulated brush caps doCnot req

ining compliance with Clauses 7.1 and 7.2, any doors{covers, or compo

m
1 removed for routine maintenance purposes, or that might-be removed, witho

o attach an accessory, to make an operating adjustment, or for other rea

connected humidifiers where the enclosure of'a fan is completed by a drum

evaporating njedium, a marking in accordance with Clause-75.20 shall be acceptable.

7.5 The pro
and with a fo

pes illustrated in Figure 2 — Figure 5(hall be applied to any depth that the op
fce not greater than 4.4 N (1 Ibf),"and shall be rotated or angled before, du

insertion throyigh the opening to any positionithat is required to examine the product or mo

illustrated in H
shall be chan

igure 2 shall be applied in. any possible configuration, and, when required, thg
hed after insertion through the opening.

7.6  With ref

rence to the requirements in Table 2, an indirectly accessible motor is a motorj

a) Thgt is accessible ‘'enly by removing a part of the outer enclosure of a product, su
or pangl, that can.be removed without using a tool; or

b) Thdt is located at such a height or is otherwise guarded or enclosed so that it is
contadted:

2 so designed,

Lire additional

hents that are
it using a tool,
sons, shall be

supporting the

ening enables
ring, and after
tor. The probe
e configuration

ch as a guard

unlikely to be

7.7 With reference to the requirements in Table 2 and Table 3, the minor dimension of an opening is the
diameter of the largest cylindrical probe having a hemispherical tip that can be inserted through the
opening perpendicular to the plane of the opening with a force not greater than 22 N (5 Ibf).

7.8 If Table 2 specifies a probe to be used to judge the accessibility of an uninsulated live part or film-
coated wire, the probe shall not contact such a part or wire when inserted through an opening in the
enclosure of a product or motor as described in Clause 7.5.

7.9 If Table 2 does not specify that a probe is to be used to judge the accessibility of an uninsulated live
part or film-coated wire, such a part or wire shall not be:

a) Within "X" mm (inches) of the perimeter of an opening in the enclosure of a product or a motor;
or


https://ulnorm.com/api/?name=UL 998 2020.pdf

18

CSA C22.2 No. 104:20 ¢ UL 998

APRIL 9, 2020

b) Within the volume generated by projecting the perimeter "X" mm (inches) normal to its plane. "X"
equals five times the minor dimension of the opening, but not less than the values specified in

Table 2

. Please see Clause 7.7 and Figure 6.

7.10 Each lampholder shall be wired so that the screw shell will be connected to the conductor intended
to be connected to the grounded conductor of the power-supply circuit.

8 Protection Against Risk of Injury to Persons — Mechanical Protection

8.1

contacted, could cause bodily injury, shall be guarded against accidental contact.

8.2 Opening
in Clause 8.1
moving parts.
mm (1 in) or
accordance w

8.3 An interl
panel is remo
required by CI

8.4 Anenclg
of breakage o
objects that m

8.5 A guard
shall be:

a) Mou

b) Seclired to the assembly using/fasteners requiring a tool for removal; or

c) Pro
mesh
the thidg

8.6 Afan bla

5 in external enclosures or guards provided for compliance with the require

The probe shall be inserted at any angle and with a force of 4.4 N (1 Ibf).” Op
arger shall be guarded such that the distance from an opening-o_the mo
th Table 3.

pcking mechanism that operates to disconnect power to the“drive motor wh
ved or opened to provide access to moving parts is considered to provide
huse 8.1.

sure or guard over a rotating member, such as afan blade, shall retain a part
other reason, might become loose or separate from a rotating part, and shall
ght be struck and propelled by the rotatingaember.

pr portion of an enclosure acting as.&guard for a part presenting a risk of injt

ided with interlogks to protect against access. Perforated sheet steel or e
sed to cover openhings shall give equivalent mechanical strength to that of a
kness that will.be required when determining compliance with Table 1.

de of conventional construction shall be acceptably guarded if:

a) The

hted to the assembly so thatthe part cannot be operated with a guard removed;

All moving parts (for example, fan blades, blower wheels, pulleys, and belts) that, if accidentally

ments specified
shall be acceptable if they prevent the probe, illustrated in Figure 7 from makinjg contact with
nings of 25.4

ing part is in

en a cover or
he protection

that, because
retain foreign

ry to persons

panded steel
blank sheet of

relationship between the weight (W) of the fan blades and hub in kilograms, t

e radius (r) in

millim

ers, andthespeed(N)imrevotutions perminute issuch that Kimthe formuta

K=6x107(Wr’N?)

is less than 29,032; and

b) The guarding is such that the probe illustrated in Figure 7 cannot touch the leading edge of the
blade and hub when inserted with a force of 4.4 N (1 Ibf) through any opening in the guard. For a
reversible fan, both edges are leading edges.

9 Protection Against Risk of Injury to Persons — Materials

9.1

When breakage of materials used for the enclosure, frame, guard, or the like might result in a risk of

injury, the materials shall have such properties that meet the demands of expected loading conditions. See
Impact, Clause 59.
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10 Protection Against Risk of Injury to Persons — Switches, Controls, and Interlocks

10.1 A device that automatically starts a product, such as a timer, an automatically reset overload-
protective device, or the like, shall not be employed if such a device and its operations can cause or result
in injury to persons.

10.2 The requirement in Clause 10.1 shall necessitate the use of an interlock if moving parts or the like
would result in a risk of injury to persons upon the automatic starting or restarting of a motor. A product
shall be constructed so as to reduce the likelihood of unintentional operation of any such part.

10.3 Each function of a multiple-function product shall be taken into consideration in determining
compliance with Clause 10.2.

10.4 If unintentional operation of a switch can result in a risk of injury to persons;the actuator of the
switch shall bg located or guarded so that such operation is unlikely. The actuator of‘such a gwitch shall be
guarded by rgcessing, use of ribs, barriers, or the like.

10.5 A risk ¢f injury to persons shall not result when a product that is provided with a switch that can be
locked in the [on" position is connected to the electrical source of supply. when the product is in an at-rest
position and the switch is in the "on" position.

10.6 The "off" position of a switch other than a momentary-contact type shall be such that the operator
can determing by visual inspection that the product is off.

10.7 An interlock provided to reduce the risk of electrig.shock shall be constructed and installed so that it
is reliable and complies with the requirements in Clause 10.8 or 10.9.

10.8 An interlock shall be such that it cannot be defeated readily:
a) Without damaging the product;
b) Without making a connection-or alteration to the wiring;
c¢) Without a tool; or

d) With a material that is commonly available, such as adhesive tape, string, and & conventional
extendion cord sét.

10.9 A product having an interlock to reduce the risk of electric shock that does not comply with the
requirements|in.Clause 10.8 shall be marked as specified in Clause 75.26, and during interjded operation
and user servicing of the product:

a) The interlock shall not be likely to be defeated by improper disassembly, for example, removal of
the wrong screws during removal of the cover;

b) The cover in which the interlock is mounted shall not rotate by its own weight during any stage of
its removal or replacement, if such rotation gives access to a live part, or damages the interlock or
the cover;

c) The act of removal or replacement of the interlocked cover shall not subject the user to
unintentional contact with live parts; and

d) Misapplication of the interlocked cover shall not result in a risk of electric shock unless such
misapplication is obvious during and after replacement of the cover.
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11 Protection Against Risk of Injury to Persons — Surface Temperatures
11.1  During the Normal-Temperature Test, Clause 57, the temperature of a surface that could be

contacted by the user shall not exceed the applicable value specified in Table 4. If the test is conducted at
a room temperature other than 25°C (77°F), the results shall be corrected to that temperature.

12 Stability

121

water, and tipped through an angle of 10 degrees from the horizontal.

12.2 The prqduct shall be levelled on a horizontal surface  The side of the product that w

A portable product shall not overturn when positioned in its most unstable condition, with or without

Il result in the

most severe t
casters, whee
adjustable feg
prevent sliding

13 Strength

13.1 Ahand
the product w
portion of the
overa 76 mm
so that the tota

13.2 If more
that each han
handles. If the

!

bst shall be raised until the product is tipped through an angle of 10 degrees|
s, and other supporting means shall be positioned so as to result in the le
t are provided, they shall be adjusted to the same height. The product shall
during the test.

of Handles

e used to support or carry a product shall withstand a force’ equal to four times
en filled with water without breakage or damage tocthe handle, its securing n
nclosure to which it is attached, for a period of 1 minute. The load shall be uni
3 in) width at the center of the handle, without clamping. The load shall be gra
| test load will be reached in 5 — 10 seconds,

Hle will carry a load proportional to thé load it would carry when the product i
product has more than one handle; but can be carried by only one handle a

handle shall sipport the entire test load.

14 Strength

14.1 The mo

of Mounting

unting means of a-product intended for wall or ceiling mounting shall withstand

to four times the weight of the-preduct without breakage of or damage to the mounting mean

means, and th
and mounting

14.2 The prd
the hardware

at portion oftthe”product to which it is attached. Results shall be acceptable
Systems remain in place with no evidence of damage or permanent distortion.

duct'shall be mounted in accordance with the manufacturer's installation instr

and ‘Construction as described. The force — four times the weight of the p

. For the test,
bst stability. If
be blocked to

the weight of
neans, or that
ormly applied
dually applied

than one handle is furnished, the forcelshall be distributed evenly between the handles so

s lifted by the
[ a time, each

a force equal
s, its securing
if the product

uctions, using
roduct, or the

product itself

fosthreetimes-its owmweight=—shatt be—apptiedthrougta 76 - (3-m)-wi

e strap at the

dimensional center of the product and shall be increased in a 5 — 10 second interval until a load equal to
the weight of the product plus three times its weight, but not less than 4.5 kg (10 Ibs), is applied to the
mounting system. The load shall be sustained for 1 min.

14.3 With reference to Clause 14.2, if no wall constructions are specified, 3/8-inch trade size plaster
board (dry wall, gypsum board) on nominal 2 by 4 inch wood studs spaced on 406 mm (16 in) centers shall
be used as the support surface. The hardware shall be applied as specified in the instructions, and if not
otherwise indicated, the securing screws shall be positioned between the studs and secured into the
plasterboard. An adjustable product shall be adjusted to the position that will give the maximum projection
from the wall.
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15 Mechanical Assembly

15.1

be adversely affected by the vibration of intended operation.

A product shall be assembled in accordance with the requirements of this Clause so that it will not

15.2 A switch, a lampholder, an attachment-plug receptacle, a motor-attachment plug, or similar
component shall be securely mounted and shall be prevented from shifting or turning.

15.3 With respect to 15.2, a switch is not required to be prevented from turning if all four of the following
conditions are met:

a) The switch is of a plunger or other type that does not tend to rotate when operated. A toggle

switch
of the

b) Medns for mounting the switch make it unlikely that operation of the switch will loo

c) Spa

d) Intg
persor

15.4  With respect to 15.2, a lampholder of the type in which\the lamp cannot be replad

neon pilot or
prevented fro

15.5 Means
friction betwe
mounted swit

15.6 Uninsulated live parts and wiring shall be kept away from moving parts such

contactors by

15.7 An un
method other
motion may 1
contact assen

15.8 Frictio

is considered to be subject to forces that tend to rotate the switch during inter
switch;

cings are not reduced below the minimum acceptable values if the'switch rotat

S.

ndicator light in which the lamp is sealed in by-a.nonremovable jewel, is not
m turning if rotation cannot reduce spacings below the minimum required value

for preventing the rotation mentioned.\in Clauses 15.2 — 15.4 shall consisf
En surfaces; for example, a lock washer may be used to prevent turning of
Ch or other device having a single-hiole mounting means.

clamping, routing, or equivalent means that will provide permanent separation

nsulated live partincluding a terminal, shall be secured to the supporting
than friction between surfaces so that it will not be likely to turn or shift in g
esult in the reduction of spacings below the minimum acceptable values. T
hblies shalhbe such that their continued alignment is maintained.

N between surfaces shall not be the sole means of reducing the likelihood

ded operation

sen it;

es; and

nded operation of the switch is by mechanical means ‘ather than by dir¢ct contact by

ed, such as a
required to be
S.

of more than
a small stem-

Bs relays and

surface by a
osition if such
he security of

of shifting or

turning of live

parts; but a lock washer shall be acceptable.

16 Liquid-Containing Parts

16.1

If the deterioration or breakage of any part that contains, conducts, or otherwise contacts a liquid

can result in a risk of fire, electric shock, or injury to persons, the part shall be resistant to the liquid under
all conditions of use. See Liquid-Container Test, Clause 68. Gaskets employed to:

a) Prevent water entry into an electrical compartment; or

b) Prevent hot water leakage external to the product,

are not required to comply with the test of Clause 68 when the gasket is normally dry during operation and

complies with

the requirements of Gasket Test, Clause 67.
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16.2

containing cylinders shall be subjected to the tests specified in (a) to (e):

In addition to complying with Clause 16.1, a polymeric material used to support electrodes in liquid-

a) A flammability test in accordance with the method for HB materials in UL 94, and HB materials in
CAN/CSA-C22.2 No 0.17;

b) A mold stress relief test, as specified in Clause 73;

¢) High-voltage-arc tracking, in accordance with the requirements in UL 746C, and CAN/CSA-
C22.2 No. 0.17. This test is not required if a 12.7 mm (1/2 in) spacing is provided between live

parts.
d) Com

parative tracking index (CTI) under maoist conditions, in accordance with the re

UL 746

e) Relg
C22.2

17 Protectid

17.1  If corros
be plated, pai
protecting ma
acceptable wit

17.2 Metals
adversely affe

17.3 Each hi
18 Cord-Co

18.1  Equipm
a) The

b) It wi
Test, C

c) The

C, and CAN/CSA-C22.2 No. 0.17. The CTlI value shall be a minimum of 1007V,

tive thermal index (RTI), in accordance with the requirements in UL 746C a
No. 0.17. The material shall not exceed the general use temperature$or require

n Against Corrosion

ion of a part could result in a risk of fire, electric shock, or'injury to persons, su
hted, or the equivalent. Phosphate treatment with an,'eil or wax coating ma
jnets and armatures. Oil treatment may be used €or 'steel springs. Stainless
hout additional protection if it is polished or treated.when necessary.

shall be used in combinations that are.galvanically compatible if galvanio
Ct any cabinet, enclosure, or other parts,

nge and other attachment shall be resistant to corrosion.
nnected Products

ent other than plenum- or duct-mounted humidifiers may be cord connected if:

voltage rating dees/not exceed 250 V;

ause 55);0r

marked rating does not exceed 24 A.

start and,operate as intended from a circuit with a 30 A overcurrent protectior

quirements in
and

nd CAN/CSA-

d properties.

ch a part shall
y be used for

steel shall be

action could

(see Starting

18.2 Plenum
a) The

b) The

- or duct-mounted humidifiers may be cord connected if:
voltage rating does not exceed 150 V;

current rating does not exceed 12 A;

c) A branch circuit overcurrent protection of not more than 15 A is required for satisfactory starting
and operating; and

d) The design does not require that field-wiring connections operating at above 30 V shall be made

atthet

ime of installation to a furnace control or to a control for the humidifier.
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19 Permanently Connected Products

19.1 A product intended for permanent connection to the power-supply circuit shall have provision for
connection of one of the wiring systems acceptable for the product, in accordance with the National
Electrical Code, ANSI/NFPA 70, and the Canadian Electrical Code, Part I, C22.1.

19.2 Equipment shall have provision for the connection of conduit or conduits of a size suitable for the
supply circuit conductors needed to connect the unit in accordance with Table 2, Allowable Ampacities for
Not More Than 3 Copper Conductors in Raceway or Cable, and Table 4, Allowable Ampacities for Not
More Than 3 Aluminum Conductors in Raceway or Cable, in the Canadian Electrical Code, Part I, C22.1,
and Table 310-16, Allowable Ampacities of Insulated Conductors Rated 0 through 2000 Volts, 60°C
through 90° C (140°F through 194°F) Not More Than Three Current-Carrying Conductors in Raceway,
Cable, or Earth (Directly Buried) Based on Ambient Temperatures of 30°C (86°F), in the National Electric
Code, ANSI/NFPA 70, basing the minimum conductor size on 125 percent of the rated|current of the
product. Pleage see Table 5 and Table 6 for further information. It is assumed that@luminéim conductors
are used, unlgss the product is marked in accordance with Clause 78.2.

19.3 A metdl plate to which conduit is to be attached in the field shall be not less than 0.48 mm (0.0307
in) thick if ungoated steel, not less than 0.88 mm (0.0346 in) thick if galvanized steel, and not less than
1.14 mm (0.045 in) thick if nonferrous metal.

19.4 A knodgkout shall be provided with a flat surrounding surface’for seating of a conduit bushing, and
shall be locatg¢d so that installation of a bushing at any knockout likely to be used during instgllation will not
result in spagngs between uninsulated live parts and the bushing of less than those required by Clause
42, Spacings,

19.5 A sing|e field-wiring opening may be provided for hazardous voltage and extra-loy-voltage field
supply circuits, and the construction of the equipment at the point where the conduit ofl the supply is
attached shall be such that supply conductofs) can be installed in compliance with the rgquirements of
Clause 29, S¢gparation of Circuits.

19.6 Equipment which incorporates~more than one independent internal circuit, and ig designed for
connection to] more than one source of electrical power supply, shall have each internal dircuit provided
with means fgr connection to thie 'supply, and shall be marked in accordance with Clause 75.30.

19.7 An ouflet or terminal*box in which connections to the power supply circuit will be made shall be
located so that, after~the product has been installed as intended, such connections will be readily
accessible forl inspection.

19.8 No electrical components shall be mounted on a part such as the cover of a wiring terminal

compartment that must be removed to make or inspect field-wiring connections.

19.9 The space provided at terminals or leads intended for the connection of supply conductors, or other
conductors to be connected at the time of installation, shall be sufficient for acceptable installation as
defined in Clause 19.10, including the accommodation of the necessary splices.

19.10 An acceptable installation shall:
a) Be possible using ordinary tools suitable for the installation; and

b) Not require installed conductors to be forced into contact with uninsulated live parts, or with non-
current-carrying parts likely to be grounded.

A trial installation may be performed to determine compliance with these requirements.
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19.11
grounding con

ductor.

The wiring terminal compartment shall incorporate suitable means for the connection thereto of a

19.12 A terminal compartment that is intended for the connection of a power-supply raceway and that is
mounted integrally with the product shall be attached so as to be prevented from turning with respect to

the product.

19.13 Wiring space or other compartments intended to enclose wires shall be free of any sharp edge,
burr, fin, moving part, or the like that could damage the conductor insulation.

19.14
comply with th

20 Leads an

201 Aterm
field-wiring te

connection, such as a pressure-terminal connector, soldered loop, crimped.eyelet, or the

factory assem

20.2 A field-
a screw. A wi
conductors sh

20.3 A wirin
least 125 per
ANSI/NFPA 7(

20.4 Wiring
turning. The u

20.5 A wire-bhinding screw shall thread into metal.

20.6 A wire-
at a terminal i
screw employ|
only, shall be g

e requirements in UL 1004-1 and C22.2 No. 100.

If field-wiring connections are made to a motor terminal compartment, the compartment shall

d Terminals

nal for field adjustment, such as a voltage-tap change terminal, is\hot consi
minal. A wire intended for connection to a field-adjustment terminal and

bled and provided as part of the product.

viring terminal shall be provided with a pressure-terminal connector, firmly bol
e-binding screw at a terminal intended to accommodate a 5.3 mm? (10 AW
all be permitted if upturned lugs or the equivalentare provided to hold the wire

j terminal shall accommodate connectioh(of a supply conductor having an 2
tent of the rated current of the product in accordance with the National El
, and the Canadian Electrical Code;.Part |, C22.1.

ferminals to which supply conductors will be attached in the field shall be p
be of lock washers shall not be considered an effective way to prevent turning ¢

binding screw at'a-wiring terminal shall not be smaller than No. 10. A No. 8 sc
htended for_the-Connection of a 2.1 mm? (14 AWG) or smaller conductor only
bd at a tefminal intended for connection of a 1.3 or 0.82 mm? (16 or 18 AW
ermitted.

20.7 2.1 mm

Hered to be a
ts method of
like, shall be

ted or held by
G) or smaller
n position.

mpacity of at
pctrical Code,

evented from
f terminals.

ew employed
,and a No. 6
G) conductor

?(14"AWG) is the smallest size of conductor that shall be used for branch-circ

Lit wiring, and

thus is the smallest conductor that is To be anficipaied at a terminal for connecfion of a branch-circuit
conductor.

20.8 The terminals of a control may be employed for the connection of supply-circuit conductors,
provided that they comply with Clause 20.6.

20.9 A terminal plate tapped for a wire-binding screw shall be of metal at least 0.76 mm (0.030 in) thick.
There shall be two or more full threads in the metal, which may be extruded if necessary to provide the
threads.

20.10 A wire connector may thread into a terminal plate if the threads are not stripped by applications of
the torque specified in Table 7 to the wire connector.
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20.11  Upturned lugs or a copper washer shall be capable of retaining a supply conductor under the head
of the screw or washer when the supply conductor is sized for the ampacity indicated in Clause 20.3.

20.12 If leads are provided instead of terminals for connection to supply circuit conductors, they shall not
be more than two AWG wire sizes smaller than the copper supply conductors to which they are to be
connected, but not smaller than 0.82 mm? (18 AWG), nor less than 152 mm (6 in) in length. The leads are
not required to be 152 mm long or greater if it is evident that the use of a longer lead could result in a risk
of fire or electric shock.

20.13 A lead shall not be more than two AWG wire sizes smaller than a copper supply conductor to

which it is to be connected.

20.14
power-supply
assumed that

20.15 Field-
copper supply

20.16 The d
enclosure tow

specified in Table 8. Table 8 shall not apply where a wall or othergbstruction lies outside the

by a conductd

20.17 A per|
and employin
control shall

supply circuit|
shall not be d
automatic corf

20.18 Atern
plated with, a
marked next
proper identif;
wiring diagrar

20.19 Alea
a white or gra

It shall be assumed that wire having the specified temperature rating will becin

conductors to a product marked in accordance with Clause 78.1. Otherwi
75°C (167°F) wire will be used.

wiring terminals shall be acceptable for copper supply conductors)or for eithe
conductors, in accordance with the marking required by Clause 78.2.

istance between a pressure terminal connector intended-for field wiring and
ard which the conductor is directed or through which\the conductor might pa

r that is bent or deflected to a radius not less than:the distance specified in Tah

Manently connected product intended for:connection to a grounded power-su
g a lampholder of the screw-shell type,“a single-pole switch, or a single-f
have one terminal or lead identifiedcfor the connection of the grounded co
The identified terminal or lead shall\be connected to the screw shell of each |3
onnected to any single-pole switch or single-pole overcurrent protective dev
trols without a marked "off" pasition.

hinal intended for the connection of a grounded power-supply conductor shall
metal that is substantially white in color, or be identified by the word "white" o
to the terminal,.The terminal shall be readily distinguishable from the othe
cation of the terminal shall be clearly shown in some other manner, such as ¢
.

j intended to be connected to a grounded power-supply conductor shall be fir
y calor, and shall be readily distinguishable from the other leads.

stalled for the
se, it shall be

r aluminum or

the wall of an
ss shall be as
area occupied
le 8.

bply conductor
ole automatic
nductor of the
mpholder and
ice other than

be made of, or
r the letter "W"
r terminals, or
n an attached

ished to show

21 Flexible

211

Cords

attachment plug cap, for connection to the power-supply circuit.

A cord-connected product shall be provided with a flexible cord, 1.5 — 3.0 m (5 — 10 ft) long, and an

21.2 The flexible cord shall have a voltage rating of not less than the rated voltage of the product, and it
shall have an ampacity not less than the current rating of the product marked as specified in Clause 74.1.

21.3 The flexible cord may be attached to the product permanently, or it may be in the form of a separate
cord set with means for connection to the product. If the latter construction is used, the product shall not be
provided with terminal pins that will accommodate a standard flatiron or appliance plug.

21.4 The flexible cord shall be of a type as specified in Table 9, or of a type equally serviceable for the
application.
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21.5 An attachment plug shall have a current rating of not less than 125 percent of the rated current of
the product and a voltage rating equal to the rated voltage of the product. If the product is adaptable for
use on two or more different values of voltage by field alteration of internal connections, the attachment
plug provided shall be acceptable for the voltage for which the product is connected when shipped from

the factory.

21.6

supply cord shall have an additional conductor for grounding purposes that is:

a) Colored green or green/yellow;

b) Terminated in a grounding pin or blade in the attachment-plug; and

If the equipment is intended to be grounded as specified in Grounding, General, Clause 31.1, the

c) Con

21.7 A cord-
pole switch sh

21.8 If a swi
circuit, it shall,
21.9 The att

general-use ¢
power supply
switch for app

type.

21.10 When
the attachmen

nected to the equipment so that it will comply with Clause 31.1.

connected product that employs an Edison-base lampholder or a manually op
bl be provided with a polarized or grounding type attachment plug.

when open, disconnect all ungrounded power-supply conductors.

hchment plug of the power supply cord of an appliance provided with a 15-
bnvenience receptacle shall be of the 3-wire grounding type. The attachme
cord of an appliance provided with either a manually operated, line-connecte
iance on-off operation, or an Edison-base lampholder shall be of the polarizeg

a 3-wire grounding-type attachment.plug or a 2-wire polarized attachment pl(
t plug connections shall comply with Figure 8, and the polarity identification

erated single-

tching device or a pilot device that controls a switch operates to interrupt the main supply

or 20-ampere
nt plug of the
d, single-pole
or grounding

g is provided,
of the flexible

cord shall comply with Table 10.
21.11 The cq
of an Edison-b
Table 10 ident

nductor of the power supply cord that is intended to be grounded shall have the screw shell
ase lampholder and the.terminal or lead receptacle intended to be grounded cpnnected to it.
fies the supply cordiconductor intended to be grounded.

22 Strain Rélief

221 Strainr
terminals, spli

blief shallbe provided so that a mechanical stress on a flexible cord will not be ftransmitted to

ces, orinternal wiring. See Strain-Relief Test, Clause 62.

22.2 A metal strain-relief clamp or band without auxiliary protection shall be acceptable with a Type SJ,
SJO, SJT, SJTO, S, SO, ST, or STO cord. A metal strain-relief clamp or band shall be acceptable with
Type SP-2 or lighter duty rubber-insulated cord, and Type SPT-2 cord, only if auxiliary nonconducting
mechanical protection is provided over the cord.

22.3 Unless previously investigated and found to be acceptable, a clamp of any material is not
acceptable for use on a Type SPT-2 or SVT flexible cord. For a heavier duty thermoplastic-insulated cord,
a clamp may be used. In such cases auxiliary insulation is not required unless it is judged that the clamp
may damage the cord insulation. A clamp may be used on a Type SPT-2 or SVT cord if protected by
varnished cloth tubing, phenolic material, vulcanized fiber material, or the equivalent under the clamp,
subject to the investigation described in the Cable-Clamp Test, Clause 64.
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22.4 If aknotin a supply cord serves as strain relief, it shall not be made in the conductors from which a
jacket has been stripped, and the surface against which the knot may bear or with which it could come into
contact shall be free from burrs, projections, and sharp edges.

22.5 Means shall be provided to reduce the risk that the flexible cord could be pushed into the product
through the cord-entry hole when such displacement:

a) Damages the cord;
b) Exposes the cord to a temperature higher than that for which it is rated; or

¢) Reduces spacings, such as to a metal strain-relief clamp, below the minimum values in Clause
42.2.

See Power-Supply Cord Push-Back Relief Test, Clause 63.
23 Bushings

23.1  Where|a flexible cord passes through an opening in a wall, barrier, ‘or enclosure, there shall be a
bushing or the equivalent that is reliably secured in place. This bushing shall be provided with a smooth,
rounded surfgce against which the cord can bear. If the cord is Typé SP-2 or SPT-2 or other type lighter
than SVT, if the wall or barrier is of metal, and if the construction is such that the cord may He subjected to
stress or motipn, an insulating bushing shall be provided.

23.2 Ceranpic materials and some molded compositions are generally acceptable |for insulating
bushings, buf separate bushings of wood or hot-molded shellac-and-tar compositiong shall not be
acceptable.

23.3 A vulcanized fiber bushing no thinner than 1.2 mm (3/64 in), formed and secured in place so that it
will not be adyersely affected by conditions_of moisture, may be employed.

23.4 A sepgrate soft-rubber, neopreng), or polyvinyl chloride bushing may be employed infthe frame of a
motor or in th¢ enclosure of a capacitor attached to a motor, but not elsewhere in the produgt, provided the
bushing is:

a) Not[less than 1.2umm (3/64 in) thick;

b) Mounted inca-hole that is smooth and free from sharp edges; and

c) Located, so that it will not be exposed to oil, grease, oily vapor, or other substahces having a
harmful effect on the compound used (unless of an oil-resistant compound).

23.5 With respect to Clause 23.4, a bushing of any of the materials mentioned above 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.

23.6 A bushing of the same material as the cord insulation and molded integrally with the cord shall be
acceptable on a Type SP-2 or heavier cord if the built-up section is not less than 1.6 mm (1/16 in) thick at
the point where the cord passes through the hole.

23.7 An insulated metal grommet shall be acceptable in place of an insulating bushing, provided the
insulating material is not less than 0.8 mm (1/32 in) thick and completely fills the space between the metal
of the grommet and the metal in which it is mounted.
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24 Current-Carrying Parts

241
acceptable for

242

the application.

Metal employed as a current-carrying part shall be silver, copper, copper alloy, or other material

Iron or steel, if provided with a corrosion-resistant coating, may be used for current-carrying parts

within a motor or associated governor, but not elsewhere in a product. Iron or steel may be used for
current-carrying parts within a component, provided it complies with the requirements for such a
component. See Clause 3.1.

25

Internal Wiring

25.1
respect to the
oil, grease, mq

25.2 Wiring
of not less tha

25.3 Wiring that is routed in the equipment so as to be enclosed shall have an insulation th

less than:
a) 0.40
b) 0.79
254 Paralle

greater than 7
in) (nominal) o

25.5 Excepf
the particular 3

a) For
supply

b) For
branch

temperature and voltage to which it is likely to be subjected, and with respeet
isture, or other conditions of anticipated service.

hat is routed in the equipment so as to be semi-exposed shall have an insula
n 0.79 mm (1/32 in) (nominal) of thermoplastic material.

mm (1/64 in) (nominal), if of thermoplastic matetial; and

mm (1/32 in) (nominal), if of rubber or neoprene material.

-conductor appliance wiring shall net*be separated into single conductors
5 mm (3 in) unless the insulation efithe separated wiring has a thickness of (
r greater.

pplication and in accordance with the following:

cord-connected equipment, not less than one-third of the required ampacity,
cord; or

circuit conductors.

Note 1: 1

providedly

The inlernal wiring of a product shall be acceptable for the application when ©opsidered with

exposure to

ion thickness

ckness of not

for a length
.7 mm (0.028

as specified in Clauses-25:6 and 25.7, conductors shall have an ampacity acceptable for

of the power

permanenily:connected equipment, not less than one-third of the required ampacity of the

ft) in length, and

his requirement does not apply to conductors that are 18 AWG or larger, not more than 1.2 m

supply.

Note 2: This requirement does not apply to conductors that are connected between two fixed impedances that reduce the
risk of a high fault current within the conductors (e.g., a conductor extending between a motor-running capacitor and the
start-winding of a permanent split capacitor motor).

Note 3: This requirement does not apply to conductors that are a jumper lead between controls and are not longer than 76

mm (3 in

25.6

), unless the conductor is located in a control panel.

circuits, the conductor size is not specified.

257

components such as lampholders and solenoids that are rated 60 VA or less.

For wiring of extra-low voltage circuits, other than safety circuits such as temperature-limiting

Wiring with 20 AWG conductors shall be acceptable when employed as integral leads of
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26 Protection of Wiring

26.1 The wiring and connections between parts of a product shall be protected or enclosed. If flexibility is
essential, a flexible cord may be used for external interconnection.

26.2 With respect to the requirement in Clause 26.1, wiring shall be considered to be protected or
enclosed if it is secured or located so that it is not likely to be grasped or hooked in such a manner that it or
related electrical connections could be subjected to undue stress, even though it can be touched by the
probe illustrated in Figure 7. A filter and other parts that are likely to be removed and replaced during user
servicing shall be removed when the exposure of internal wiring is being judged.

26.3 Wiring space or other compartments intended to enclose wires shall be free of any sharp edge,
burr, fin, moying part, or the like that can damage the conductor insulation. Wiring in~gd factory-wired
enclosure, cdgmpartment, raceway, or the like shall be located or protected to reduce the likelihood of
contact with any sharp edge, burr, fin, moving part, or the like that could damage the €onducior insulation.

A

g

26.4 A hole[through which insulated wires pass in a sheet-metal wall withifJthe overall enclosure of a
product shall pe provided with a smooth, rounded bushing or shall have a smooth, rounded surface upon
which the wires may bear to reduce the likelihood of abrasion of the insulation. A flexible| cord used for

external inter¢onnection as described in Clause 26.1 shall be provided with a bushing and strain relief.
26.5 Insula

d wires may be bunched and passed through a‘single opening in a metal wall within the

enclosure of t

26.6 Wherg
assembly to
action of ren
equipment.

27 Wiring G

271 |If brea
shall be sold

secured before soldering.

27.2 Them
strands of wi
same polarity
crimped eyelq

he product.

routine maintenance operations require~the removal or displacement of|
vhich internal or interconnecting wiring.is“attached, the construction shall be
oval or displacement shall not result*in damage to the conductors or ins

onnections

King or loosening of an electrical connection could result in a risk of fire or el
ered, welded, or_otherwise securely connected. A soldered joint shall be

bans of connécting stranded internal wiring to a wire-binding screw shall be s
e cannot)contact a non-current-carrying metal part or another live part not
as the-wire. This may be accomplished by use of pressure wire connectors,
ts,'seldering all strands of the wire together, or by other equivalent means.

a part of an
such that the
ulation in the

Bctric shock, it
mechanically

uch that loose
always of the
soldering lugs,

27.3 An internal connection that must be made in the field on a cord-connected product that is shipped
partially disassembled shall be by a plug-and-receptacle connector.

27.4  An internal connection that must be made in the field on a product intended for permanent
connection to the power supply and shipped partially disassembled shall be made by a plug-and-
receptacle connector, or in accordance with the relevant requirements of Permanently Connected
Products, Clause 19.

28 Electrical Insulation

28.1 Material for the mounting of uninsulated hazardous voltage parts shall be heat-resistant,
absorption-resistant insulating material that is suitable for its particular application, and that will withstand
the most severe conditions likely to be encountered in service. Such materials include porcelain, phenolic
composition, cold-molded composition, or a material having equivalent electrical and physical properties.
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28.2 The acceptability of insulating materials shall include consideration of the following:

a) Mechanical strength;

b) Dielectric strength;

c¢) Insulation resistance;

d) Heat- and moisture-resistant properties;

e) The

degree of enclosure or protection; and

f) Other factors that might have a bearing on the risk of fire or electric shock under conditions of

intends

1
U USc.

29 Separation of Circuits

29.1 Unless
circuits (intern

bl wiring, including wires in a junction box or compartment) shall be separated

shall be segr¢gated, and shall, in any case, be separated or segregated from uninsula

connected to
clamping, rout
live parts of a

29.2 There s
circuit from fi
conductors of

29.3  Within

extra-low-volts
circuits by loc
the factory co
the extra-low-
for entrance d
attached.

29.4 There
hazardous vol

a) Unin

jifferent circuit.

pld-installed and factory-installed conductors connected to any other circu
both circuits are or will be insulated for the.maximum voltage of either circuit.

H compartment that is not a control enclosure junction box or its equivalent,

ting field-wiring openings, routing factory wiring, and locating electrical comp
ductors are maintained at:least 127 mm (5 in) from a line representing inten

f the extra-low-voltage ‘conductors to the terminals or leads to which the ¢

age circuitfrom:

sulated'live parts connected to a different circuit, other than wiring terminals; a

lotad loptrio adimaibiaa

b) Any

having insulation suitable for the highest voltage involved, insulated conductd

Circuits of different voltages. Segregation of insulated conductors may be acqg
ing, or equivalent means that ensures permanent separation from insulated ¢r uninsulated

ge circuit conductors may be segregated from factory-installed conductot

oltage conductors. The\line shall allow for droop, and shall connect the ope

Ehall be pravision for segregating or separating by barriers field-installed co

rs of different
by barriers, or
ted live parts
omplished by

hall be provision for segregating, or separating-by barriers, field-installed conductors of any

t, unless the

field-installed
s of different
bnents so that
Hed routing of
ning provided
bnductors are

nductors of a

hd

Hamarlata HW) narta f o al camponantia—cre ac-oO-Nnrocchil
T SoOTratc v e PartS U Sttt al COUTTTIPUTICTIS SUTTT aS- a ProsSSurCriTitrTyg

evice, motor

overload protective device, or other protective device where short circuiting or grounding could
result in unsafe operation of the equipment; except at wiring terminals.

29.5 There shall be provision for segregating, or separating by barriers, field-installed conductors of an
extra-low-voltage circuit from:

a) Uninsulated live hazardous voltage circuits; and

b) Wiring terminals and any other uninsulated live parts of hazardous voltage electrical
components such as a pressure-limiting device, motor overload protective device, or other
protective device where short circuiting or grounding could result in unsafe operation of the unit.

29.6 The barrier may be removable or have openings for the passage of conductors, provided that
instructions for the use of the barrier are a permanent part of the device. Please see Clause 78.4. In lieu of
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a barrier, complete instructions may be provided that, when used in conjunction with the wiring diagram,
will provide for the separation of the circuits of different voltages.

29.7 Segregation of field-installed conductors from other field-installed conductors and from uninsulated
live parts that are connected to different circuits may be accomplished by arranging the location of the
openings in the enclosure for the various conductors so that there is no likelihood of the intermingling of

the conductors of parts of different circuits. If the number of openings in the enclosure:

a) Equals the minimum required for the proper wiring of the product, and if each such opening is
located opposite a set of terminals, it shall be assumed that the conductors entering an opening will
be connected to the terminals opposite that opening; or

b) Ex

caade—tha minimum nimmhar of angninac racirad for nraonar wirina  thao
& tHe—HHHR U R R e —o—0 P SRgS— e g8 a—or—prop8—WHRG,—mMS

possibility of

condu
conne
be inv

29.8 To dets
wired as it w

conductor wit
wiring compa

29.9 Abarri
a) Be
materi
if defo

b) Be

c) If ¢
mechd

29.10 Open
and shall not
for an openin
and the area
passage of th

29.11
a product, sh

The o

Ctors entering at points other than opposite the terminals to which they afe
cted and contacting an insulated conductor or uninsulated live part of adifferg
bstigated.

rmine whether a product complies with the requirement in Clause-29.7, the p
ould be in service, and in doing so, a reasonable amount“0f’slack shall b
nin the enclosure, and no more than average care shall be used in stowing t
tment.

br used to comply with the requirements in Clauses'29.1, 29.2, 29.5, and 29.6 s

of metal not thinner than the enclosure metal,”as specified in Table 1 or o
bl not less than 0.77 mm (0.03 in) thick. Insulating materials used as barriers s
mation that would defeat the purpose ofithe barrier could be readily accomplis|

becurely held in place; and

xposed or otherwise likely<to be subjected to mechanical abuse, have
nical strength.

ngs in a barrier for the passage of wires shall not be larger in diameter than 6
bxceed in numberthe total number of conductors that will pass through the ba
b shall present(aysmooth surface wherever an insulated wire could come in
of any such‘epening, with the closure removed, shall not be larger than re
b necessary-wires.

utput of a transformer supplying a Class 2, extra-low-voltage circuit, and prov,

ntended to be
ent circuit shall

oduct shall be
e left in each
is slack in the

thall:

[ an insulating
hall be thicker
hed;

he necessary

4 mm (1/4 in),
rrier. A closure
contact with it,
quired for the

ded as part of

pll.not be interconnected with the output of another such transformer device.

The output of

two or more transformer devices provided as a part of a product may be interconnected if the voltage and
current measurements at the output terminals are within the limits for a single Class 2, 30 V rms or less
transformer.

29.12 Class 2, extra-low-voltage circuits supplied by two or more transformers provided as part of a
transformer shall be treated as separate circuits. If more than one such circuit is to be field-wired, the
circuits involved shall be segregated or separated by barriers in accordance with Clauses 29.3 — 29.6, and
the transformer output terminals or leads of each circuit of each terminals or leads of each circuit shall be
marked to warn that the separation be maintained.
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30 Secondary Circuits

Note: The term “grounding” as used in this clause relates to “bonding” in Canada.”

30.1 General

30.1.1 Each secondary circuit shall be judged by the requirements for hazardous-voltage circuits. A
secondary circuit is not required to be investigated if:

a) Itis not a circuit that is relied upon to reduce a risk of fire, electric shock, or injury to persons; and

b) It complies with the requirements for an extra-low-voltage secondary circuit, as described in

Clauses36-2-+=—36-2-5-
30.1.2 A wiring compartment or the equivalent for field-wiring terminals for a secondary gircuit shall be

separated fror
secondary cirg

30.1.3 A sed
grounding bus

N a wiring compartment for other terminals. The use of a barrier or partition tg
uit from the other terminals shall be acceptable.

ondary circuit shall not be connected to the frame of the preduct at more tha
of the necessary ampacity that is used as the return~for a secondary ¢

separate the

h one point. A
rcuit may be

connected to the frame at more than one point.

30.1.4 The flame may be used as the return for an extra-low-voltage circuit.
30.2 Extra-lpw-voltage circuits

30.2.1 An exra-low-voltage circuit shall be supplied-from:

a) A Class 2 transformer or

b) An i
less, a
levels 9

solating transformer having.an'open-circuit sinusoidal potential of 30 V rms (4]
nd that includes at least(one of the following means, which limit the power a
pecified for Class 2 transformer:

P.4 V peak) or
ailable to the
1) A fixed impedance;

2) A noninterchangeable fuse — the largest fuse that fits in the fuseholder provided — or a
marking-for fuse replacement adjacent to the fuseholder in accordance with Clause 75.28;

3).A noenadjustable manually reset circuit protector; or

)y Ategulating network.

30.2.2 With reference to 30.2.1 (b)(1) and (b)(4), if the performance of a fixed impedance or regulating
network could be adversely affected by the short circuit or open circuit of any single component in the
network, the likelihood of such malfunction occurring shall be determined by investigation of that
component.

30.2.3 The impedance, the fuse, the protector, or the regulating network and the wiring between those
items and the isolating transformer mentioned in Clause 30.2.1 shall be judged as if it were part of a
hazardous-voltage circuit.

30.2.4 A fuse or a circuit protector used to limit the power as specified in Clause 30.2.1 shall be rated or
set at not more than 100/V Amps, where V is the open-circuit voltage, for a circuit operating between 20
and 30 V, and at not more than 5.0 A for a circuit operating at 20 V or less.
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30.2.5 An impedance or a regulating network that is used to limit the current as specified in Clause
30.2.1 shall limit the current under short-circuit conditions to not more than 8.0 A measured after 2
minutes.

30.2.6 The performance of a regulating network used to limit the power in accordance with Clause 30.2.1
shall not be adversely affected by either short circuit or open circuit between any two terminals of any
single rectifier, capacitor, transistor, or similar component in the network.

30.2.7 The wiring in an extra-low-voltage circuit shall be routed away from the wiring of other circuits or
shall be provided with insulation that is rated for use at the highest of the voltages in the other circuits.

30.2.8 The wiring in an extra-low-voltage circuit shall be routed away from the uninsulated live
components ¢f other circuits.

30.2.9 Wireg and cables that are part of an extra-low-voltage circuit shall be provided with strain relief if
stress on the wire or cable would cause the internal wiring of the circuits to contaet@n uninsplated live part
of another cirguit.

31 Grounding

311 General

31.1.1 Each product shall be provided with a means for grounding. A portable product that is rated less
than 150 V, of a product that contains extra-low-voltage circuits only, is not required to have provision for
grounding.

31.1.2 For|grounded products, each exposed“non-current-carrying metal part that |may become

energized, an

d each non-current-carrying metal part within the enclosure that may be expo

during user-s¢rvicing and that may become energized, shall be electrically connected to:

a) For

b) For
supply

31.1.3 The

a cord-connected product, the point of connection of the grounding conducto
cord.

equipment-grounding terminal or lead shall be connected to the frame or §

sed to contact

a permanently connected product, the equipment-grounding terminal or lead; and

of the power-

nclosure by a

positive means, such-as by a bolted or screwed connection. The grounding connection ghall penetrate
nonconductivg coatings such as paint or vitreous enamel. The grounding point shall be locafed so that it is
unlikely that tII\e grounding means will be removed during normal servicing of the product.

31.2 Permanently connected products

31.2.1 A product intended for permanent electrical connection to the power supply shall have a field-
wiring terminal or lead for the connection of an equipment-grounding conductor.

31.2.2 A wire-binding screw intended for the connection of an equipment-grounding conductor shall have
a green-colored head that is hexagonal shaped, slotted, or both, with or without a secondary means of
rotation. A pressure wire connector intended for connection of such a conductor shall be plainly identified
by marking it "G", "GR", "GND", "Ground", "Grounding", the grounding symbol (from IEC 60417, Symbol
5019) as illustrated in Figure 9, or the like, or by a marking on a wiring diagram provided on the product.
The wire-binding screw or pressure wire connector shall be located so that it is not likely to be removed
during normal servicing of the product.


https://ulnorm.com/api/?name=UL 998 2020.pdf

34 CSA C22.2 No. 104:20 ¢ UL 998 APRIL 9, 2020

31.2.3 The surface of an insulated lead intended solely for the connection of an equipment-grounding
conductor (as noted in Table 250-122, Minimum Size Equipment Grounding Conductors for Grounding
Raceway and Equipment, of the National Electrical Code, ANSI/NFPA 70) or equipment bonding
conductor (as noted in Table 16, Minimum Size Conductors for Bonding Raceways and Equipment, of the
Canadian Electrical Code, Part I, C22.1) shall be green, with or without one or more yellow stripes, and no
other lead shall be so identified.

31.2.4 A terminal for connection of a product grounding conductor shall be capable of securing a
conductor of the size specified in Clause 31.2.6.

31.2.5 A soldering lug, a push-in (screwless) connector, or a quick-connect or similar friction-fit

connector shall not be used for the grounding terminal.

31.26 The
connection of
Bonding Race
Minimum Size
Electrical Cod
supply condug

31.3 Cord-c

31.3.1 Apo
31.1.1, shall if
yellow stripes.

31.3.2 The ¢
member of an
likely to be re
shall not be us

31.3.3 The
protected aga
loosened by v

size of each grounding conductor shall comply with the applicable! req
an equipment grounding conductor as specified in Table 16, Minimuni Size Q
ways and Equipment, of the Canadian Electrical Code, Part I, C22/1, and T;
Equipment Grounding Conductors for Grounding Raceway and Equipment, @
e, ANSI/NFPA 70, except that such a conductor need be no.larger than one
tors.

bnnected products

ver-supply cord of a product which is required terbe grounded, in accordanc
clude an equipment-grounding conductor that\s'green in color, with or withoy

quipment-grounding conductor of a_flexible cord shall be connected to the fi
attachment plug, and shall be conhected at its other end, by a screw or oth
moved during normal servicing;\to the metal parts required to be grounded.
ed for securing the grounding'conductor to the product.

screw mentioned in Clause 31.3.2 shall be of a corrosion-resistant meta
nst corrosion. A loek\washer shall be used to reduce the likelihood of the sci
bration.

31.4 Bonding of internal parts

3141 On a
become ener

product required to be grounded, an exposed non-current-carrying part th

Lirements for
onductors for
able 250-122,
f the National
of the power-

e with Clause
t one or more

ed grounding
er means not
Solder alone

, or shall be

ew becoming

at is likely to
of the field

jized through electrical fault shall be bonded to the point of connectior

a—Thao fo

equipment-grc

IET=v- HZPS Iy Howina-ara-natracradta-compobwith-thao-racirans
Ty an s T neTonowng-aro ot CyunTrCOUto SO oy vt ST o g omCTieTTet

a) Small internal assembly screws or other small fasteners such as rivets;

b) Handles for pull-out disconnect switches;

c)Rela

y and contactor magnets and armatures;

Atfor grounding:

d) Metal parts such as adhesive-attached foil markings, screws, handles, and the like, that are
located on the outside of the enclosure or cabinet and are isolated from electrical components or
wiring by grounded metal parts so that they are not likely to become energized, or are separated
from wiring and spaced from uninsulated live parts as if they were grounded parts;

e) A panel or cover that is insulated from electrical components and wiring by an insulating barrier
of vulcanized fiber, varnished cloth, phenolic composition, or other moisture-resistant material not
less than 0.8 mm (1/32 in) thick and secured in place, or that does not enclose uninsulated live
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parts, and wiring that is positively separated from the panel or cover so that it is not likely to
become energized; and

f) An isolated metal panel or cover that is separated from live parts and wiring by grounded or
bonded interposing metal, such that the interposing metal would be subject to the electrical fault
before the isolated metal part in question.

31.4.2 Guards, baffles, and covers that do not require tools for removal shall be removed when
determining the exposure to contact of a part. A part that can be contacted by a hemispherical-ended 9.5
mm (3/8 in) diameter rod inserted through an opening in a permanently attached guard or baffle for a
distance of 102 mm (4 in) shall be considered exposed for the purposes of the grounding requirement.

31.4.3 Uninfulated metal parts of a cabinet, electrical enclosure, cover, motor frame, mounting bracket,

controller molinting frame and bracket, capacitor, and other electrical components, intercor
and piping, valve, plumbing accessory, and the like shall be electrically bonded together iff
contacted by the user or service personnel.

31.4.4 Opefations or adjustments that are considered as subjecting parts to contact

include those|made at the time of installation or during intended use — including seasonal
and operations such as cleaning or replacing a filter, relamping, replacing a fuse, resq
devices, or diling motors. These procedures and those specifiedlin Protection of Servi
Clause 48, shiall also be considered as subjecting parts to contactby/service personnel.

31.4.5 A part on the back side of a component mounting¢panel or a part located so as tg
disassembly by using tools shall not be considered to be @xposed to contact by the user, a
shall not be cpnsidered exposed to service personnel unless it is likely that servicing will be
product enerdized after such disassembly has been-accomplished.

32 Bonding Means

32.1 A hazprdous-voltage componenty-such as a control, that may be separated fron
grounding mgans after installation in the end-use product for purposes of testing or adjust
equipment is energized shall be_provided with a bonding terminal or with a bonding condy
not require refnoval from the component for such testing or adjustment.

32.2 Bonding shall be accomplished by a positive means, such as by metal-to-metal conta
or by a sepaijate bonding conductor in accordance with Clauses 32.3 — 32.13. The bondi
shall penetrate nonconductive coatings, such as paint. Bonding around a resilient mount sh
on the clampipg.action of rubber or similar material.

necting tubing
they could be

Dby users shall
adjustments —
tting overload
ce Personnel,

require major
hd such a part
done with the

n its intended
ment while the
ctor that does

ct of the parts,
ng connection
all not depend

32.3 A bolted or screwed connection that incorporates a star washer or serrations under the screw head
shall be acceptable for penetrating nonconductive coatings as required by Clause 32.2. The use of two or
more screws, or two full threads engagement of a single screw in metal, shall comply with Clause 32.2 if
the bonding means depends upon screw threads.

32.4 Metal-to-metal hinge bearing members for doors or covers shall be considered to be means of
bonding the door or cover for grounding if a multiple bearing pin type (piano type) hinge is used.

32.5 A separate component-bonding conductor shall be copper, a copper alloy, or other material that
could be used as an electrical conductor. A ferrous metal part in the grounding path shall be protected
against corrosion by enamelling, galvanizing, plating, or other equivalent means.

32.6 A separate bonding conductor or strap shall be protected from damage or shall be located within
the confines of the outer enclosure or frame, and shall not be secured by a removable fastener used for
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any purpose other than bonding unless the bonding conductor is unlikely to be omitted after removal and
replacement of the fastener. The ends of the conductor shall be in metal-to-metal contact with the parts to
be bonded.

32.7 The size of an individual conductor or strap employed to bond an electrical enclosure or motor
frame shall be determined by the rating of the overcurrent protective device of the branch circuit to which
the product will be connected in accordance with Table 250-122, Minimum Size Equipment Grounding
Conductors for Grounding Raceway and Equipment, of the National Electrical Code, ANSI/NFPA 70, and
Table 16, Minimum Size Conductors for Bonding Raceways and Equipment, of the Canadian Electrical
Code, Part I, C22.1, except that such a conductor is not required to be larger than one of the power-supply
conductors.

e used if the
.

32.8 With rgspect to Clause 32.7, a bonding conductor smaller than specified may-b
conductor doels not open when tested as described in the Bonding-Conductor Test, Clause 7|

32.9 With regpect to 32.7, for a cord-connected product, the grounding wire in thé’cord may be the same

size as the cu

32.10 Abon
motor circuit ¢

32.11 Bondi
there is any lik

32.12 Splice

rent-carrying conductors.

ling conductor to a motor or other electrical component is not-required to be |
bnductors or the conductor supplying the component.

ng conductors in equipment shall have insulation_equivalent to that of live
elihood of accidental contact with uninsulated live parts.

5 shall not be employed in wire conductorsused for bonding.

3213 If mo

e than one size of branch-circuit ovércurrent device is involved, the size o

conductor shall be based on the rating of the*overcurrent device intended to provide
protection for {he component bonded by the cenductor. For example, if a motor is individuall

a branch-circ
bonding condt
fault protectior

brger than the

conductors, if

f the bonding

ground-fault
protected by

it overcurrent device smaller-than other overcurrent devices used with the product, a

ctor for that motor shall be'sized on the basis of the overcurrent device intend
of the motor.

33 Capacitors

33.1 Acapa
as a capacitor
within an enclq
will reduce thg

Litor provided-as a part of a capacitor motor and a capacitor connected across
for elimination of radio-frequency interference or power-factor correction, sh
suretor-container that will reduce the likelihood of mechanical damage of the g
likelihood of emission of flame or molten material resulting from malfunction

bd for ground-

the line, such
all be housed
lates and that
or breakdown

narchall b af matal trane nd naot lac

of the capaciter

ha niat nravdaaa—a th o nratantian P\
O i CoTmmamCi—Sar o U hicta providimyg— st Tyt T arnd— protCCtiorTTOT 1TSS

s than that of

uncoated steel having a thickness of 0.51 mm (0.020 in). The individual container of a capacitor may be of
sheet metal thinner than 0.51 mm (0.020 in) or may be of other material if the capacitor is mounted in an
enclosure that houses other parts of the product and is acceptable for the enclosure of a live part.

33.2 A capacitor employing a liquid dielectric medium shall not expel the medium when tested in
accordance with the applicable performance requirements in this Standard, including faulted overcurrent
conditions based on the branch circuit in which it is used.

34 Coil Windings

34.1 Each coil winding of a motor, relay, transformer, and the like shall be treated to resist the absorption
of moisture by impregnating, dipping, or brushing with varnish or by other means.
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34.2 Film-coated wire shall not be required to be additionally treated to resist the absorption of moisture,
but fiber liners, cloth coil wrap, and similar materials shall be provided with impregnation or otherwise

treated to resi
35 Heating

35.1

st moisture absorption.

Elements

against mechanical damage and contact with outside objects.

A heating element shall be supported in an acceptable and reliable manner. It shall be protected

35.2 The supporting means for a heating element shall be evaluated with respect to sagging, loosening,
and other adverse conditions resulting from continuous heating of the element.

353 Anop
product provi
provided it d
Hazardous V¢

35.4 Coiled
upon the stiff
insulators of &

35.5 A heat
the element g
cooling effect
controlled so

35.6 A she
requirements

36 Motors
36.1

36.1.1 A m
capable of dri

36.1.2 A br
capable of peg

General

bn-wire element, that is, one consisting of uninsulated resistance wire, may
Hed it is enclosed or protected by barriers or covers that require tools (for
omplies with all live part accessibility requirements. See Accessibility g
ltage Live Parts and Film-Coated Wire, Clause 7.

fwire heating elements may be supported on porcelain, hodk<type insulatg
hess of the coil, the spacing between hooks, the shape of the hook, or the
Il types shall be retained in place by means other than the\heating element.

ng element intended for operation only in an air stream shall be wired or con
an be operated only while under the cooling effect of an air stream. A produ

be used in a
removal, and
f Uninsulated

rs, depending
like. Porcelain

trolled so that
Ct in which the

of the motion of a part is necessary to prevent excessive temperatures shall be wired or

hat the element cannot be operated without.such motion.

athed heating element shall be suitable for the applications, and shall cg
in UL 1030 and C22.2 No. 72.

ptor shall comply-with the requirements in UL 1004-1 and C22.2 No. 100
ving the maximum normal load of the product without a risk of fire or electric sh

mply with the

and shall be
ock.

Lish-holder assembly shall be constructed so that when a brush is worn odit — no longer

Iforming its function — the brush, spring, and other parts of the assembly shall

the degree ne

be retained to

cessary to reduce the likelihood of an accessible non-current-carrying metal

part becoming

energized, and alive part becoming accessible.

36.1.3 Each brush cap shall be secured or located so as to be protected from mechanical damage that
could otherwise occur during intended use.

36.2 Motor overload protection

36.2.1
these, except

36.2.2

as specified in Clause 36.2.12.

and C22.2 No. 77.

All motors shall be protected by thermal or by overcurrent protective devices, or a combination of

If thermal protection is incorporated it shall comply with the applicable requirements in UL 1004-3
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Note 1: For a product that includes a control as mentioned in Clause 36.2.4, the duration of the temperature test and the
endurance test, both under locked-rotor conditions, may be less than that specified but shall not be less than the period of

operatio

n permitted by the product.

Note 2: If the time required to operate a manually reset protective device through 10 cycles of operation is longer than the
time that the product is likely to be operated during each use, the number of operations of the device for the temperature

test unde

r locked-rotor conditions may be less than 10 cycles, but shall not be less than 4 cycles.

36.2.3 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 shaft, shall not be required to have running overload protection.

36.2.4 The control mentioned in Note 1 to Clause 36.2.2 shall positively and reliably limit the length of
time the product can be operated, as, for example, a timer.

36.2.5 For a
protection, the|

36.2.6 Theo

746 W output
exist:

a) The

b) The

produc

c) The
doesn

d) Ene

air flow

36.2.7 Compliance with the requirements of Clause 36.2.1 shall be considered to be a

protection is p
not more than
percentage pr
an overload r
overload devi

specified in Cq

36.2.8 A thre

multispeed motor that uses a separate overload-protective device 40| pr
protection shall be effective at all intended motor speeds.

(1 HP) is not required to be provided as part of the product if:all of the follow

motor is located where it is not affected by an externalsource of heat;

|

motor overload protection is part of sepatate, field-provided motor control e
Dt require wiring interconnection to the product, except for the motor circuit; an

gization of electric heating elements does not occur without motor operation

rovided by a separate device that is responsive to motor current, and is rated ¢
the percentage of the'motor nameplate full-load current rating as specified in 1
btection specified.in Column A of Table 11 does not correspond to the percer
elay of a standard size, the device of the next higher size may be used.

lumn B,ofJable 11.

e-phase motor shall be provided with overload protection as follows:

verload protection of a single-speed, continuous duty fan motor haying a mark|

motor is to be field-wired to a separate circuit that dees not supply any other Io|

pvide running

ed rating over
ng conditions

ads within the

quipment that
)

br evidence of

chieved if the
r set to trip at
[able 11. If the
tage value of
However, the

e of the néxt higher size shall protect against currents exceeding the percg¢ntage values

a) Three overcurrent units; or

b) Thermal protectors, a combination of thermal protectors and overcurrent units, or another
method of protection, where the specific protective arrangement has been investigated and found
to provide protection under primary, single-phase fault conditions when power is supplied from

transfo

rmers connected wye-delta or delta-wye.

36.2.9 Where the overheating protection of three-phase motors is provided by devices that are current
responsive only, such devices shall consist of three current responsive elements which may be:

a) Connected directly in the motor circuit conductor; or

b) Fed by two or three current transformers, and so connected that all three phases will be

protecte

d.
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36.2.10 Overload devices shall consist of one of the following:

a) A separate overload device that is responsive to motor current, rated or set at values not greater
than the percentages of the marked full-load current specified in Clause 36.2.7, and that combines
the functions of overload and overcurrent protection if it is capable of fully protecting the circuit and

motor

both under overload and short circuit conditions;

b) A protective device, integral with the motor, responsive to motor current, or to both motor current
and temperature, providing such device will protect the circuit conductors and control equipment,

as wel

| as the motor;

c¢) Notwithstanding (a), where the marked service factor of a motor is less than 1.15, or where the
service factor or service factor current is not marked on the motor, the rating or setting of separate

overlo

d) An

36.2.11 Fus

Ad devices, if used, shall not exceed 115 percent of the full load current of the.r

pverload protector included as part of the assembly.

es shall not be used as motor overload protective devices unless-the motor

protected by the fuse of the highest current rating that can be inserted in thefuseholder.

36.2.12 Imp|
a) Cor
b) Dog
c)lsn
a duct
the mq
36.3 Short ¢
36.3.1
applicable sh
36.3.2 Excs

device emplo

edance protection shall be acceptable, provided the motof:
hplies with the applicable requirements in UL 1004;2/'and C22.2 No. 77;
s not overheat when subjected to the performangce tests of this Standard; and

pt installed in a compartment that handles airfor circulation to the conditioned
system, unless no smoke is generated\under any required test condition wh
tor is locked.

Circuit protection

Mot¢r overcurrent protective devices and thermal protective devices shall co

brt circuit requirements for the class of protective device.

pt as indicated in~Clause 36.3.3, an overcurrent protective device or a ther

wired for connpection to©ne supply circuit, shall withstand short circuit and ground fault cong

creating a risk

of fire_or electric shock.

36.3.3 Thes

hotor; or

is adequately

space through
ile the rotor of

mply with the

mal protective

ed on equipment having more than one motor, or having a motor and supplenmentary heater,

litions, without

hort circuit tests specified in Clauses 36.3.1 and 36.3.2 may be waived if:

a) The thermally protected motor or separately enclosed motor overload protective device is within
an outer cabinet of a product or section of a product;

b) The motor or device is intended to be protected by the overcurrent protective device as specified
on the unit nameplate, or provided as part of the product, and which is acceptable for the branch

circuit

protection;

c) The assembly is constructed so that flame and molten metal will be confined within the cabinet;

and

d) Combustible material, except electrical insulation or an air filter, is not located below the motor.
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37 Overcurrent Protection

37.1 A protective device shall not be accessible from outside the product without opening a door or
cover. See Clause 6.5. The operating handle of a circuit breaker, the operating button of a manually
operable motor protector, and a similar part may project outside the enclosure.

37.2 No uninsulated live part of a fuseholder other than the screw shell or clips shall be exposed to
contact by a person removing or replacing a fuse. This requirement shall not apply if the presence of the
protective device would ordinarily be unknown to the user of the product because of its location and the
omission of reference to the device in the operating instructions, circuit diagrams, and the like for the
product.

of a plug type

37.3 Plug fu(tes shall not be used in circuits exceeding 150 V to ground. The screw shell
ne load.
374 Ifapro

fuseholder and the accessible contact of an extractor fuseholder shall be connected towardt
protection of tI

the receptacle
receptacle pro

e overcurrent
hcceptable for
e rating of the

uct includes an attachment-plug receptacle intended for general usg,Jand if th
e branch circuit to which the product will properly be connected éxceeds that
each receptacle circuit shall have overcurrent protection at net:-more than th
vided as a part of the product.

37.5 The ov

ungrounded ¢

37.6
H, J, K, L, RK,

37.7 The ra

protective dev

exceeding 13.

ratings for ove

150, 175, and

it shall be assl

37.8 A prodd

in accordance
protective dev

If a fuse¢ is used for the overcurrent protection referred-to in Clause 37.5, it shall be a

ercurrent protection specified in Clauses 37.4 and/37:8 — 37.10 shall be lo
pbnductor and shall comply with the requirements fot branch-circuit protection.

or T cartridge fuse, a Type S fuse, or the equiivalent.

ling of the branch-circuit overcurrentsprotective device shall not exceed th
ice rating marked on the product or, if there is no marking, 20 A for a prod
B A and 150 percent of the product rating for a product rating greater than 13.
rcurrent protective devices are™15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 1
200 A. If 150 percent of the'rating of the product does not equal one of the afg
med that the next higherrating or setting of overcurrent protective device will k

ct provided with-aukxiliary-circuit terminals shall incorporate an overcurrent pro
with Clause 37:5'in each ungrounded conductor connected to the terminals. A
ce is not required as part of the product if it is determined that equivalent or be

cated in each

Class CC, G,

e overcurrent
uct rating not
3 A. Standard
00, 110, 125,
rementioned,
e employed.

tective device
n overcurrent
tter protection

will be obtaingd fromthe branch-circuit overcurrent protective device through which the product will be

supplied.

37.9 Each lam

ashal rolrart i o armaonanthy o
TPTOIOCT—onoarcTT a peranCray— oo

rrected-preducthaving-atamphelderiadependent of
any heating-element circuit shall have overcurrent protection rated not more than 20 A in the product, if the
overcurrent protection of a branch circuit to which the product may be properly connected in accordance
with Clause 37.7 would exceed 20 A.

37.10 A product rated more than 48 A shall have the heating-element circuits subdivided. Each
subdivided circuit shall not exceed a rating of 48 A, and each shall be provided with overcurrent protection
rated not more than 60 A. A product complying with the following conditions may be subdivided into
circuits not exceeding 120 A each if:

a) The load consists of resistance-type immersion heating elements that are contained within a
water or steam tank, provided that the tank bears ASME marking letter H, M, or S in a clover leaf;

b) Each subdivided circuit is protected at not more than 150 A; and
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c) The overcurrent protection in (b) is provided as an integral part of the product or is provided by
the manufacturer as a separate assembly for independent mounting and use with the product.

38 Protection Against Overheating

38.1 The setting, construction, and location of protection devices used to prevent the attainment of
unsafe operating temperatures as the result of either normal or abnormal operation shall be investigated
with respect to all features bearing on the life and fire hazards involved in actual service.

38.2 Fusible links provided in heaters to prevent the attainment of unsafe temperatures due to abnormal
operation of heaters shall be so constructed or enclosed as to prevent tampering and shall operate without

the short circuiting or grounding of live parts. Please see Thermal Cutoff Test, Clause 66

for additional

information.

38.3 The reget lever or button of a manual reset protective device that is not trip-free shall be recessed or
guarded.

38.4 Where|a humidifier employs a single magnetically operated relay device or contactor that performs

the temperaty
for at least 25

38.5 Exceq
provided with
specified in G
closed, comp

re regulating and limiting function for an electric heating élement, the device
D 000 endurance cycles.

t as specified in Clause 38.9, a humidifier emplaying electric heating elen

lause 38.6 that will, with the contacts of the_coentrol described in Clause 38.4
y with the abnormal operation test, Clause®5, and the thermal cutoff test, Clau

38.6 The mpanually resettable or replaceable:.protective devices specified in Clause

functionally in
with this requ

a) On
resettd
the un

b) Ac
non-re
off or |
The cq

dependent of the automatically resetting limit control. The following types of ¢
rement:

e or more thermal cut-offs, non-resettable temperature-limiting controls
ble limit controls connected to open a sufficient number of ungrounded condu
t to comply with the.specified temperature limits; and

bmbination consisting of one or more normally open switching device and th
settable temperature-limiting controls, or manually resettable limit controls. TH
mit contrél’shall be connected in the coil circuit of the switching device.
mbination shall be:

shall be rated

hents shall be

one or more manually resettable or replaceable backup protective devicgs of the type

L, permanently
se 66.

38.5 shall be
bntrols comply

or manually
ctors to permit

ermal cut-offs,
e thermal cut-

‘N.Integral with the product;

38.7
following:

2) Able to open a sufficient number of ungrounded supply conductors to permit the product

to comply with the specified temperature limits; and

3) Independent of control by an automatic cycling device with the unit.

Replacement of a thermal cut-off or non-resettable limit control shall not necessitate any of the

a) Removal of the unit or heater assembly from its installation, except removable heating elements
or an element assembly may be withdrawn, or a heater may be partially withdrawn, to replace a
thermal cut-off or non-resettable limit control, if withdrawal will not result in non-compliance with the
requirements of Clause 38.7 (b), (c), and (d);

b) Disconnection of the field-wiring systems;
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c) Stretching or similar displacement of the heater element wire that could cause permanent
displacement or distortion to the extent that the performance of the heater could be affected; or

d) Release of the heater element wire from its attachment if this would result in displacement of the
element.

38.8 With respect to Clause 38.7, a thermal cut-off or non-resettable limit control that is not required in
order to comply with any of the requirements in this Standard is not required to comply with 38.7 (a) and

(b).

38.9 The requirement specified in Clause 38.5 does not apply if no part of the automatically resetting
temperature-limiting control circuit cycles under intended operating conditions. For example, an

automatically
to be provide
Clause 38.5
switching devi
regulating con

39 Recepta¢

39.1 A 15-
means for grg
electrically cor

39.2 The fac

a) Befl

b) Proj

39.3 Receptacles shall not be provided:onproducts intended to be duct- or plenum-mounted.

40 Switcheq and Controllers

40.1 A switc
voltage rating

40.2 The cur

mese INg temperature-limiting control that directly controls a heating element i
with the backup protection specified in Clause 38.5. The backup protectig

s required for a humidifier employing an electric heating element~that ir
ce whose coil circuit is controlled by both the temperature-limiting control and
frol for the heater.

les

br 20-A attachment-plug receptacle intended for general use in a product
unding shall be of the grounding type. The grounding contact of the recep
nected to metal parts in the grounding/bonding circuit.

e of a receptacle shall:
ush with or project beyond a noncondugtive surrounding surface; or

pct at least 0.38 mm (0.015 in) beyond a conductive surrounding surface.

h or other control device shall be acceptable for the application, and shall have
not less than that of the load it controls.

rent rating of a switch that controls an inductive load, such as a transformer of

lamp ballast, {

switch has begniinvestigated and found to be acceptable for the application.

hallnot be less than twice the rated full-load current of the transformer or balld

5 not required
n specified in
corporates a
temperature-

provided with
tacle shall be

a current and

a fluorescent-
st, unless the

40.3 A switch in a circuit including one or more motors and some other load and that may break the
circuit under locked rotor conditions shall have a current interrupting capacity not less than the total of the
locked rotor motor current of the largest motor and the other load.

40.4 A switch shall be of the indicating type.

40.5 The indicating means referred to in Clause 40.4 may be incorporated on the switch or knob, on an

attached plate

, or on the panel on which the switch is mounted.

40.6 A switching device or a pilot that controls a switch may be marked with the symbols "I" and "O" to

represent the '

'ON" and "OFF" positions, respectively, of the device.
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40.7 If a switching device or a pilot device that controls a switch with a marked or indicated "OFF"
position operates to interrupt the main supply circuit, it shall, when open, disconnect all ungrounded
power-supply conductors.

40.8 If a switch or a control that can be turned manually to an "OFF" position is used to control one or
more functions, its "OFF" position, at least, shall be indicated on or adjacent to the switch. Alternatively,
keys or legends may be used for showing the operating positions of switches; they shall indicate at least
the "OFF" position and shall appear in a conspicuous, permanent location. No additional marking need
appear if the handle is of such shape or design that the "OFF" position of the switch is thereby clearly
indicated.

40.9 A switch that controls a medium-base lampholder of other than a pilot or indicating light shall be
investigated gnd found to be acceptable for use with tungsten-filament lamps.

40.10 Apro
more than 25
40.11 Asspe

40.12  Switg

juct provided with a power-supply cord and an attachment plug and employing
D W output (1/3 HP) shall be provided with a control for starting and stopping th

ed-control switch shall be provided with a product that employs a,multispeed m

hes shall be so located or protected that in normal ‘use they will not b

a motor rated
e motor.

otor.

e exposed to

mechanical dgmage.

41 Electrically Operated Valves and Solenoids

411 Anele
subject to me

trically operated valve or solenoid shall be(so located, guarded, or enclosed tHat it will not be

chanical damage during the normal operation or servicing of the equipment.

41.2 An elegtrically operated valve or solenoid shall not create a risk of fire if it fails to operate properly.

41.3 If a valve must be cleaned periodically, the construction shall be such that this opg¢ration can be
performed without damage to the electrical parts of the valve or wiring.
42 Spacings
421 The s

uninsulated n
opposite pola

rminal and an
ed live part of

bacings between wiring terminals of opposite polarity, between a wiring te
on-current-earrying metal part, or between a wiring terminal and uninsulat
ity shall.not be less than as specified in Table 12.

42.2 Other fhan at wiring terminals, and as noted in Clause 42.7, the spacing between upinsulated live
parts of opposite polarity, and between an uninsulated live part and a non-current-carrying metal part, shall
not be less than as specified in Table 13. If an uninsulated live part is not rigidly fixed in position by means
other than friction between surfaces, or if a moveable non-current-carrying metal part is in proximity to an
uninsulated live part, the construction shall be such that the required minimum spacing will be maintained.

42.3 The spacings at installer wiring terminals shall apply with the required size of supply conductors in
place, including the use of aluminum supply conductors.

42.4 The spacings in Table 12 at installer wiring terminals shall not apply to bars or straps connected to
such terminals.

42.5 The spacings through air and over the surface from terminals and other bare live parts to removable
enclosures of metal shall be not less than 9.5 mm (3/8 in) for voltages not exceeding 375 V, and not less
than 12.5 mm (1/2 in) for voltages from 376 to 600 V.
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42.6 The inherent spacings of a component supplied as part of a product, such as a snap switch,
lampholder, or motor, shall be judged under the requirements for that component. The spacings from a
component to another component and to the enclosure, and the spacings at wiring terminals, shall be as
specified in Table 12 and Table 13.

42.7 At terminal screws and studs to which connections can be made in the field by means of wire
connectors, eyelets, and the like, the spacings shall not be less than those specified in Table 13 when
such connectors, eyelets, and the like are in such a position that minimum spacings to parts of opposite
polarity and to non-current-carrying metal exist.

42.8 Aninsulating liner or barrier of vulcanized fiber or similar material employed in lieu of spacings shall
not be less than 0.8 mm (1/32 in) thick, and shall be so located or of such material that it will not be
adversely affegted by arcing. Fiber not less than 0.4 mm (1/64 in) thick may be used in conjunction with an
air spacing of pot less than 50 percent of the spacing required for air alone.

42.9 Where higher-than-rated voltage is developed in a motor circuit through the-use of dapacitors, the
rated voltage ¢f the system shall be employed in applying the spacings indicated-in this Standard, unless
the developed|steady-state voltage measured in the Normal-Temperature Test, Clause 57, exceeds 500V,
in which case fhe developed voltage shall be used in determining the spacings for the parts gffected.

42.10 Bare |ive parts connected to circuits of different voltage shall be spaced from one another as
though they were parts of opposite polarity, in accordance with)Table 12 and Table 13 for the highest
voltage involved.

4211 For ar] extra-low-voltage safety circuit, if operation“of the product with a short circuit or grounded
circuit could rgsult in unsafe operation of the controlled device, spacings shall be not less than as specified
in Table 13.

42.12 For extra-low-voltage nonsafety circuits,’'spacings are not specified.
43 Thermal |nsulation

43.1 Thermdl insulation shall betef'such a nature and located and mounted or supported sq that it will not
be adversely dffected by any jntended operation of the product.

43.2 Combugtible or electrically conductive thermal insulation shall not contact uninsulated|live parts of a
product. Some types ©fymineral-wool thermal insulation contain conductive impurities in thg form of slag,
and shall not He used-with uninsulated live parts.

43.3 Thermatinsutatiorn thatis ot Tigid stattbe moumnted-orsupportedso that it witt ot sag.

43.4 Adhesive employed for mounting thermal insulation shall be investigated and found to be
acceptable for use at the temperature to which it may be subjected.

43.5 Determination of the acceptability of an adhesive shall not be necessary if the thermal insulation is
mechanically supported by at least one rivet or the equivalent per 929 cm? (1 t?) of material.

44 Wetting Live Parts
441 There shall be no wetting of electrical parts as a result of any likely condition of normal or abnormal

use, such as overfilling, improper replacement of parts that are moved or removed during user servicing,
malfunction of water-handling systems, moving or portable products, and the like.
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44.2 No electrical part in a product having a reservoir arranged for hand filling by the user shall be wetted
during any likely filling operation.

44.3 A product having a reservoir intended for filling by an automatic valve shall not allow electrical parts
to be wetted when the valve is held in its open position.

45 Internal

45.1

Plumbing

described in Clause 45.2.

45.2 For tl
through free
the flood-leve
inside diamet
Clause 70.

45.3 Theflg
water overfloy

454 Each
through the d
resistant matsg

46 Filters

46.1 Afilter
requirements

47 Pressure Vessels and Parts Subjected to Pressure

47.1 If the €
internal volun
with CSA B5
Pressure Ves
Clause 47.2.
requirements

47.2 A parf

ir between the lowest opening in the water-inlet device supplying water tath

er of the inlet pipe, whichever is greater; or the product shall comply with the

od-level rim mentioned in Clause 45.2 shall be the highest point in the reserv
VS.

bart of the potable water-supply assembly of a product that is in contact v
scharge terminal point of the air-gap fitting, shall be constructed of nontoxic
rials.

provided with a humidifier intended:fo¥ connection to ducts or plenums shall c
in UL 900.

quipment includes pressure vessels having an inside diameter over 152 mn
e over 0.0425 m3(15 ft%), and operating at more than 103 kPa (15 psig), the
1, and shall be designed, tested, and stamped in accordance with the ASI
sel Code forta-design pressure no less than the pressure determined in ag

in Clause)47.2 is not required to be tested and stamped as specified.

A product connected to a potable water-supply system shall be provided with an air-gap fitting as

rtical distance
e product and

| rim of the reservoir that receives the water shall be at least 25.4 mm-(F i) or twice the

Backflow Test,

oir from which

vith the water,

and corrosion-

omply with the

(6 in) and an
y shall comply
VIE Boiler and
cordance with

A\ pressuréessel that is not required to comply with ASME Code and that coinplies with the

or )assembly that is subject to air or vapor pressure (including the pressu

re in a vessel

containing on

y a superheated fluid) during normal or abnormal operation shall withstand, as described in

Tests on Parts Subject to Pressure, Clause 72, a pressure equal to the highest of the following that is
applicable to the particular vessel:

a) Five times the pressure corresponding to the maximum setting of a pressure-reducing valve
provided as part of the product, but not more than five times the marked maximum supply pressure
from an external source and not more than five times the pressure setting of a pressure-relief valve
or other device provided as a part of the product;

b) Five times the marked maximum supply pressure from an external source, but not more than the
limits specified in (a);

c) Five times the pressure setting of a required pressure-relief device;

d) Five times the maximum pressure that can be developed by an air compressor that is part of the
product, unless the pressure is limited by a pressure-relief device as described in (a);
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e) Five times the working pressure marked on the part; or

f) Five times the maximum pressure that can be developed in a nonenclosed system or vessel. (A
nonenclosed system or vessel is a system or vessel using an overflow open to the atmosphere.)

47.3 A section of a pressure system constructed of continuous tubing or lengths of tubing connected by
hard soldered, brazed, or welded joints shall be considered to comply with the requirements in Clause
47.2 if the thickness of tubing is not less than the applicable value specified in Table 14.

47.4 A pressure vessel bearing the CRN or ASME Code inspection symbol shall be considered to
comply with the requirements in Clause 47.2 if it is marked with a value of working pressure not less than
that to which it is subjected during normal or abnormal conditions.

47.5 A mear}s for relieving pressure shall be provided for all parts in which pressure may|be generated
by an externalffire.

47.6 A pregsure-relief device, such as a fusible plug, soldered joint, nahmetallic tuling, or other
equivalent pregsure-relief means, may be employed to comply with the requirement in Claus¢ 47.5.

47.7 There ghall be no shutoff valve between a pressure-relief means and the part it |s intended to
protect.

47.8 A vessel having an inside diameter of more than 76:2 mm (3 in) and subject to| air or steam
pressure gengrated or stored within the product shall be protected by a pressure-relief devica.

47.9 The start-to-discharge pressure setting of the\relief device shall not be higher thap the working
pressure marked on the vessel. The discharge rate of the device shall be sufficient to relieve the pressure.

47.10 Each pressure-relief device shall:

a) Be donnected as close as possible to the pressure vessel or part of the product itfis intended to
protect

b) Be |nstalled so that(it\is readily accessible for inspection and repair and cannot readily be
renderg¢d inoperative o that it will not perform its intended function; and

c) Havg its discharge opening located and directed so that:

1) Operation of the device will not deposit moisture on a live part or on ipsulation or a
component that could be adversely affected by such moisture and

2) Itis not likely to scald persons.

47.11 A pressure-relief device having an adjustable setting is judged on the basis of its maximum setting
unless the adjusting means is sealed at a lower setting.

47.12 A pressure-relief device is considered to be a pressure-actuated valve or rupture member
intended to automatically relieve excessive pressures.

47.13 If a system is open to the atmosphere and the opening to the atmosphere is used as a pressure-
relief means, the opening shall be capable of relieving the pressure at the maximum generating capacity
and shall discharge in a manner so that the steam is directed in an area that is not likely to cause a risk of
electric shock or injury to persons.
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48 Protection of Service Personnel
48.1 General

48.1.1 The intent of Clause 48 is to reduce the risk of electric shock or injury to service personnel
performing service functions of a mechanical nature on an energized product. Such functions do not in
themselves require exposure of live parts or moving parts capable of causing injury, but it is often
necessary to perform these functions with the product energized.

48.1.2 The following are not considered to be uninsulated live parts for the purposes of Clause 48:

a) Coils and windings of a controller, a relay, and a solenoid, and a transformer, if these coils and
windings are provided with insulating overwrap;

b) Endlosed motor windings;
c¢) Terminals; and

d) Splices with insulation and insulated wire.
48.2 Construction

48.2.1 An Uninsulated live part or a moving part that can cause a risk of injury to perspns within the
enclosure shall be located, guarded, or enclosed so as to teduce the risk of unintentiopal contact by
service persgnnel performing mechanical service functions that can be performed with the product
energized.

48.2.2 ExarIpIes of mechanical service functions'that can be performed with the product epergized are:

a) Adjuisting a water control valve;
b) Adjuisting the setting of a temperature, humidity, or a water or pressure control with or without a
markef dial setting;

c) Resetting a control tripmechanism; and

d) Adjdisting an airflow damper.

48.2.3 An 3djustable’ or resettable electrical control or manual switching device shall |be located or
oriented with fespect to an uninsulated live part or a moving part that presents a risk of injury to persons so
that manipulatien)of the mechanism for adjustment, resetting, or other service operations gan be done in
the intended direction of access it an unguarded, uninsulated Tive part or a moving part that presents a risk
of injury to persons is not located in front, in the direction of access of the mechanism, and not located
within 152 mm (6 in) on any side or behind the mechanism.

48.2.4 With reference to Clause 48.2.3, only uninsulated live parts in a hazardous-voltage circuit shall be
considered.

48.2.5 An electrical control component that could require examination, adjustment, servicing, or
maintenance while energized — excluding voltage measurements other than at jacks or terminals
specifically intended for that purpose — shall be located and mounted with respect to other components,
and with respect to grounded metal parts, so that it is accessible for electrical service functions without
subjecting service personnel to a risk of electric shock from an adjacent uninsulated live part or injury to
persons from an adjacent moving part.


https://ulnorm.com/api/?name=UL 998 2020.pdf

48

CSA C22.2 No. 104:20 ¢ UL 998

APRIL 9, 2020

48.2.6 Accessibility and protection from a risk of electric shock and injury to persons shall be obtained by
mounting the control components in an assembly so the unimpeded access is provided to each
component through an access cover or panel in the outer cabinet, and the cover of the control assembly
shall be in accordance with the following items and Figure 10:

a) No component in the control assembly shall be located more than 356 mm (14 in) from the plane
of the access opening in the outer cabinet.

b) An uninsulated live part outside the control assembly projected clear space — other than a live
part within a control panel — or an unguarded moving part shall be located no closer than 152 mm
(6 in) from any side of the access area. The projected clear space shall be considered to be
bounded on the sides by the projection of the smallest rectangular perimeter surrounding the

outsid

considlred to be bounded on the sides by the projection of the perimeter of the accq

the ou
compo

c) The
openin

includimg wiring.
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access

e) An
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components a
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ter cabinet to the closest rectangular perimeter surrounding the outside
nent or control enclosure.

volume generated by the projected clear space of the contralyassembly f{
j in the outer cabinet, within the access area, shall be completely free of
bss to the components in the control assembly shall.not be impeded in th

by other components or by wiring in the assembly.

extractor-type fuseholder and a snap switch,"mounted through the con

opening in the outer cabinet and so)that they are not immediately ac
ated live part outside the control assembly enclosure, unless the live part is gu

hponent or control may be rotated or otherwise displaced for service if the ele
fe accessible for service as required.

- arrangements of component location or guarding that provide the requir

ectrical components referred to in Clauses 48.2.3 — 48.2.8 include the followin

a) Fus

b) Adj

¢) Manbal-or magnetic motor controllers:
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table-orresettable overload relays;

area shall be
$S opening in
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e direction of
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ed access to
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h) Incremental voltage taps; and

i) Motor-speed tap terminals for variable-speed motors.
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Such components in an extra-low-voltage circuit shall comply with the requirements in Clause 48.2.1 in
their relation to uninsulated live parts in a hazardous-voltage circuit and to moving parts capable of
causing injury to persons.

48.2.10 Under certain conditions, some of the components referred to in Clause 48.2.9 are not required
to be accessible for service. The following are examples of such components:

a) A nonadjustable magnetic motor controller or a magnetically operated relay that is inaccessible
for service while energized because it is located behind a subbase or equivalent, and is not visible
when the access panel is removed,;

b) Enclosed potential or current-type single phase motor-starting relay;

c)Ani

d)Ac
such g

49 Duct- and Plenum-Mounted Products

49.1 The 1
commercial @
applicable reg

hcremental voltage tap or motor-speed-control tap for a variable-speed motaor;

bntact with bare live parts of the voltage or speed tap to affect the speed-or v
s an uninsulated screw or quick-connect terminal.

equirements in Clause 50 apply to duct- and plenum-mounted products
r residential use. A duct- or plenum-mounted produet shall also comply
uirements in Clauses 1 — 48 of this Standard.

and

bltage change,

intended for
with all of the

50 Construgtion of Duct- and Plenum-Mounted Products

50.1 Installation

50.1.1 A prqduct intended to be duct-mounted by the user shall be constructed so that it can be installed
mechanically [by means of ordinary tools (sueh as a screwdriver, a drill, and the like) and|electrically by

means of plug

50.1.2 The
service perso

a) The

installation site or,by: means of tools provided by the manufacturer as part of the instg

b) The
conne

-in connections available on'the furnace or as part of the building wiring.

construction of a duct- or plenum-mounted product intended to be installe
hnel shall be such-that:

mechanicaliinstallation can be accomplished by means of tools normally a

electrical connections can be readily accomplished by making use of existing
ctions in the furnace or as part of the building wiring.

d by qualified

vailable at the
llation kit; and

terminals and

50.1.3

such that the internal wiring and internal components of a furnace are not altered.

50.2 Polymeric material

50.2.1

If a product is intended to obtain its power supply from a furnace, the method of wiring shall be

A polymeric material that is used in a product intended to be duct- or plenum-mounted, where the

polymeric material of the product is exposed to duct air, shall have a flame-spread rating of 25 or less, and
a smoke developed rating of 50 or less in accordance with UL 723 and CAN/ULC-S102. A small part, such
as the wheel on which the water-absorbing medium is mounted, the float or float valve, a knob, or a
slinger, shall not be required to have the specified ratings or be included in the surface-area calculation as
specified in Clause 50.2.2(b).

50.2.2 A polymeric material employed in a residential duct- or plenum-mounted product where the
product is exposed to the duct or plenum air complies with the requirements in Clause 50.2.1 when:
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a) The

material has no single dimension greater than 1.83 m (6 ft);

b) The sum of the surface areas exposed to the air stream on all such materials in the product is
not more than 0.93 m? (10 ft?); and

c) One

of the following conditions exists:

1) The material has a flammability classification of 5VA in accordance with U
in accordance with CAN/CSA-C22.2 No. 0.17; or

L 94 and 5VA

2) Results that comply with the intent of the requirement are obtained when the material is
subjected to an enclosure flammability 127-mm (5-inch) flame test as described in UL 746C

and 5VA in CAN/CSA-C22.2 No. 0.17.

50.3 EvaporLtion pad

50.3.1 Ane
treated with a

50.4 Supply

50.4.1 A prd
power-supply

a) The

b) Insta
PERFORMAN
51

General ]

51.1

General

aporative pad for use in a duct-mounted product shall be Class~{tor 2, an
chemical that is water soluble.

cord

duct intended for mounting in or on an exhaust ddct or plenum may be pr
cord if:

cord is

2) Terminated in a properly rated grounding attachment plug; and
3) No longer than 1.83 mm (6 ft);and

llation instructions, as described in Clause 78.8, are included with the product,
CE

[est Parameters

1) A 3-conductor, Type SJT or heavier duty'type rated for at least 105°C (221°F

i shall not be

pvided with a

~

51.1.1 Exce

ptas otherwise required, one representative sample of the equipment shall beF subjected to

the applicable

tests of this Standard.

51.1.2 The order of the tests, as far as applicable, shall correspond to the Leakage-Current Test, Clause

52 to the Mold

Stress-Relief Test, Clause 73, but not so as to require unnecessary samples.

51.2 Voltage

51.2.1

Except as otherwise specified, humidifiers shall be tested at a frequency of 60 Hz, and at the

voltages, maintained at the unit supply connections, as specified in Table 15. Units rated at other than 60
Hz frequencies shall be tested at their rated voltages and frequencies.
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51.3 Ambient temperatures

51.3.1 Except as otherwise provided in this Standard, equipment may be tested in any convenient
ambient temperature between 20 and 40°C (68 and 104°F).

52 Leakage-Current Test

52.1 When tested in accordance with Clauses 52.2 — 52.7, the leakage current of a cord-connected
product rated 240 V or less shall not be more than:

a) 0.5 mA for a portable product; and

b) 0.7 mATor all other products.

52.2 All exppsed conductive surfaces shall be tested for the presence of leakage currents. The leakage
currents from|these surfaces shall be measured to the grounded supply conductorindividually as well as
collectively if |simultaneously accessible, and from one surface to another ifsimultaneously accessible.
Parts shall bg considered to be exposed surfaces unless guarded by an enclostre considefed acceptable
to reduce the frisk of electric shock as described in the Accessibility of Uninsulated Hazardoys Voltage Live
Parts and Film-Coated Wire, Clause 7. Surfaces shall be considered simultaneously accessjble if they can
be readily conjtacted. Leakage current is not required to be measured at terminals of an ex{ra-low-voltage
circuit.

52.3 If a cdnductive surface other than metal is used forthe enclosure or part of the enclosure, the
leakage current shall be measured using metal foil with atvarea of 100 x 200 mm (4 x 8 in) jn contact with
the surface. If the surface is less than 100 x 200 mm, the metal foil shall be the same size as the surface.
The foil shall pot remain in place long enough to affectthe temperature of the products.

52.4 The measurement circuit for leakage current shall be as illustrated in Figure 11. The|measurement
instrument is|defined in (a) — (c) below. The “meter that is actually used for a measurement need only
indicate the spme numerical value for asmeasurement as would the defined instrument. Thg meter used is
not required tp have all the attributes of the defined instrument.

a) Thg meter shall have-an*input impedance of 1500 ohms resistive shunted by a ¢apacitance of
0.15 microfarad.

b) Thg meter shallNindicate 1.11 times the average of the full-wave rectified composife waveform of
the voltage across or current through the resistor.

c) OvIr a\frequency range of 0 — 100 kHz, the measurement circuitry shall have a frequency
response-ratio of indicated to actual value of current — equal to the ratio of the impedance of a 1500
ohm resistor shunted by a 0.15 microfarad capacitor to 1500 ohms. At an indication of 0.5 or 0.75
mA, the measurement shall have an error of not more than 5 percent at 60 Hz.

52.5 Unless the meter is being used to measure leakage from one part of a product to another, the meter
shall be connected between the accessible parts and the grounded supply connector.

52.6 A sample of the product shall be tested for leakage current starting with the as-received condition,
as-received being without prior energization except as might occur as part of the production-line testing,
and with its grounding conductor open at the attachment plug. The supply voltage shall be adjusted to the
voltage specified in Figure 11. The test sequence with reference to the measuring circuit — Figure 11 —
shall be as follows:
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a) With switch S1 open, the product shall be connected to the measuring circuit. Leakage current
shall be measured using both positions of switch S2, and with the product switching devices in all

of their

intended operating positions.

b) Switch S1 shall then be closed, energizing the product, and within 5 seconds the leakage current
shall be measured using both positions of switch S2 and with the product switching devices in all of
their intended operating positions.

c) The leakage current shall then be monitored until thermal stabilization. Both positions of switch
S2 shall be used in determining this measurement. Thermal stabilization shall be obtained by
operation as in the Normal-Temperature Test, Clause 57.

d) After thermal stabilization, switch S1 shall be opened to de-energize the product. Monitoring of

leakag
the pro

52.7 Produc
settings of the

p current shall continue until the leakage current stabilizes or decreases after
duct, using both positions of switch S2.

s with speed, temperature, or humidity controls shall be tested at low, med
controls.

53 Humidity-Conditioning Test

53.1
temperature o

a) A ¢
require]

b) A pr
more b

53.2 A samyj
likelihood of @
humidity cham

A product shall be conditioned for 48 hours in air having a<é€lative humidity of 88 +

32 £2°C (90 +4°F). After conditioning:

brd-connected product rated for a nominal 240 V supply or less shall co
ments in Clause 52.1 in a repeated leakage.€urrent test; and

pduct other than as mentioned in (a),shall have an insulation resistance of 5(
etween live parts and interconnected\non-current-carrying metal parts.

le of the product shall be heated to a temperature just above 34°C (93°F)
ondensation of moisture."during conditioning. The heated sample shall be
ber and conditioned as specified in Clause 53.1.

53.3 Followipg conditioning:

a) A cd
in Clay
and

b) The

rd-connected product rated for a nominal 240 V supply or less shall be tested
se 52.6. The test shall be discontinued when the leakage current stabilizes

de-energizing

um, and high

P percent at a

mply with the

,000 ohms or

to reduce the
placed in the

as described
Or decreases;

measured as

insulation resistance of a product other than as described in (a) shall be

describ

ed T Clause 534

53.4 Ordinarily, insulation resistance shall be determined by using a high-resistance voltmeter and a 250
V, direct-current circuit.

54 Operation Test

54.1

A product shall be operated for 24 hours in cycles of 15 minutes on and 45 minutes off, with water

circulating through it in the intended manner. Immediately upon conclusion of the final on cycle of the 24-
hour period, the leakage current or insulation resistance shall be measured as described in Clause 53.2.
The leakage current or insulation resistance, as applicable, shall comply with the requirement in (a) or (b)

of Clause 53.1

. This requirement does not apply to a steam-type product.
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54.2 A steam-type product shall be tested as described in Clause 54.3. The leakage current shall not
exceed 0.5 mA, and there shall be no evidence of deterioration of the physical properties of the enclosure.

54.3 One sample of a steam-type product shall be supplied with water and operated continuously for 30
days at rated voltage and rated frequency. At the end of the 30 days, the sample shall be subjected to the

Leakage-Current Test, Clause 52.

55 Starting

55.1

Test

A product shall start and operate as intended on a circuit protected by a fuse as specified in Clause

55.2. During this test, the fuse shall not open. Also, any overload protector provided as part of the product

shall not trip.

55.2 The fus

a) For
The fu

b) For
marke
motor
Code,

55.3 To det
the required
operating spe

es required by Clause 55.1 shall:

cord-connected equipment, be the same rating as the attachmentplug of th
ses shall be the time delay type, if equipment marking so specifies;and

equipment intended for permanent connection to the supply;. be either of the s

branch circuits in the National Electrical Code, ANSI/NFPA 70, and the Cang
Part I, C22.1. The fuses shall be the time delay type,if equipment marking so s

brmine compliance with Clause 55.1, the equipment, when connected to a s
fest voltages and rated frequency, shall be’capable of starting, from stand
ed(s), three consecutive times without blewing the fuse, with the equipment i

e supply cord.

same rating as

1 on the equipment or, if not marked, be of the same rating as the maximum permitted for

dian Electrical
specifies.

Lpply circuit at
still to normal
hitially at room

temperature.

55.4 The equipment shall start and run underall normal speed control settings.

56 Input Tept

56.1 When fested as described.inClauses 56.2 and 56.3, the input in amperes or watts of kilowatts to a

product shall
motors with

56.2 Thein
the product is

hot be more than 110 percent of the rated value of the product, except that fo

put measufement shall be made with the equipment dry, and also with water j
functioning in the intended manner.

r single-phase

arked rating of'3 A or less, the input may be not more than 120 percent of the fated value.

resent so that

56.3 Iftheh

midifier includes hnafnr(e), the inpl it shall also be measured with the hannr(e

in operation.

57 Normal-Temperature Test

57.1 All products

57.1.1
shall not be hi

gh enough to:

a) Cause a risk of fire;

b) Damage any material used; or

c) Exceed the maximum acceptable temperatures specified in Table 16.

When a product is tested as described in Clauses 57.1.2 — 57.2.4, the temperature at any point
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57.1.2 Temperatures shall be measured by means of thermocouples consisting of wires not larger than
24 AWG (0.21 mm?). When thermocouples are used in determining temperatures of an electrical product,
it is common practice to employ thermocouples consisting of 30 AWG (0.05 mm?) iron and constantan
wires and a potentiometer-type indicating instrument, and such equipment shall be used whenever referee
temperature measurements by thermocouple are necessary.

57.1.3 A thermocouple junction and adjacent lead wire shall be securely held in thermal contact with the
surface of the material to be measured, such as by securely taping or cementing the thermocouple in
place. If a metal surface is involved, brazing or soldering the thermocouple to the metal might be
necessary. For a thermocouple-measured temperature of a coil of an alternating-current motor having a
frame diameter of 178 mm (7 in) or less, the thermocouple shall be mounted on the integrally applied
insulation on the conductor.

57.1.4 A temperature shall be considered to be constant when three successive reading
minute intervals indicate that stabilized temperatures have been established (no mare-than
increase betwgen the last two readings). If the temperatures measured are withincd,percent

s taken at 10
1 percent net
of the values

specified in Taple 16, the test shall be continued until two successive 10-minute-readings ind|cate constant

temperatures.

ver, if the coil
or if the coil
1/32 in) thick,

57.1.5 Ordingrily, coil or winding temperatures shall be measured by thermocouples. Howe
is inaccessiblg for mounting thermocouples, such as one immersed’in sealing compound
wrap includes|thermal insulation or more than two layers of cottonaot more than 0.8 mm
the resistance|method shall be used.

57.1.6 Whe
winding shall k

h the change-of-resistance method is used; determination of the temperafure rise of a
e calculated by the following formula:

R

At = (k+ 1)~ (k+ 1)
o

in which:

Atisth
R is the

b temperature rise 6fthe winding in °C;
resistance of the.coil at the end of the test in ohms;
ris thelresistance ofthe coil at the beginning of the test in ohms;

k is 2]
consta

4.5 faer'copper and 225.0 for electrical conductor grade (EC) aluminum. Values of the

nt.(k)for other conductors shall be determined;

t, is the ambient temperature at the beginning of the test in °C; and

t, is the ambient temperature at the end of the test in °C.

57.1.7 When required, the value of R at shutdown shall be determined by taking several resistance
measurements at short intervals, beginning as quickly as possible after shutdown. A curve of the
resistance values and the time shall be plotted and extrapolated to give the value of R at shutdown.

57.1.8 All values for temperature rises in Table 16 are based on an assumed ambient temperature of
25°C (77°F). However, tests that are conducted at any ambient temperature within a range of 10 — 40°C
(50 — 104°F) shall comply with the intent of this requirement.
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57.1.9 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, shall be acceptable if supplementary heat-resistant
insulation of acceptable dielectric strength and temperature rating is employed on the individual
conductors of the cord to reduce the likelihood of deterioration of the conductor insulation.

57.1.10 If a test is conducted at an ambient temperature other than 25° C (77° F), an observed
temperature other than as mentioned in Clause 57.1.11 shall be corrected as described in Clause 57.1.12.
Neither a corrected temperature, as specified in Clause 57.1.12, nor an observed temperature as specified

in Clause 57.1.11, shall exceed the values specified in Table 16.

57.1.11

An observed temperature limited by an automatic temperature control or by a process such as

the boiling of water or the introduction of a liquid at a fixed temperature shall not be corrected.

57.1.12 An
25°C (77°F)]
C and the am

57113 |If 8
manufacturer

57.1.14 The

bbserved temperature shall be corrected by addition [if the ambient temperatur
br subtraction (if the ambient temperature is higher than 25°C) of the differenc
bient temperature.

the test may be repeated at an ambient temperature closer to-25°C (77°F).

product shall be operated under each condition of nermal service. For a multis

this includes ¢peration at each speed, and for a reversible product, it includes operation in b

If a reversibl
reversing swi
Operation sha

57.1.15 The
The requirem
to a water sug

57116 Ap
so as to caus
temperature t

57.1.17 Ap

b product continues to operate in the same direction, but at a slower sp
ch is thrown, the requirement applies at the*lower speed as well as at the
Il be continued until temperatures have beecome constant. Please see Clause ;

temperature test shall be conductedowith the product dry as well as with watg
ent in Clause 57.1.1 shall apply for-both conditions. A product that is permane
ply is not required to be operated-without water.

oduct having a regulating means that operates in response to the relative hun
e intermittent operation shall have the regulator bypassed or defeated duri
pst.

oduct that has an adjustable humidifying output shall be operated at the maxir

the normal temperature test.

57.1.18 Cor
circuit to obta

n.maxXximum normal condition.

e is lower than
e between 25°

corrected temperature exceeds the value specified in Table 16, at the fequest of the

speed product,
oth directions.
bed when the
normal speed.
b7.1.4.

er as intended.
htly connected

hidity of the air
hg the normal

hum output for

trolssthat are actuated by either room temperature or humidity shall be shunted out of the

57.1.19 A stationary or fixed product where one of the following applies, shall be tested in an alcove:

a)ltis

obvious the product is not intended for duct or plenum mounting; or

b) The product is marked in accordance with Clause 76.2, or lends itself to such installation.

57.1.20 The walls of the alcove shall consist of nominal 9.5 mm (3/8 in) plywood, the inside surfaces of
which shall be painted dull black. The alcove shall consist of two sides, a back, and a top, and shall be of
such dimensions as to extend 0.61 m (2 ft) beyond the back and one side of the product. The product shall
be located as close to the sides of the alcove as its construction will permit, and it shall be located so that
maximum heating of the walls will occur. A product marked in accordance with Clause 76.2 shall be
spaced away from the sides of the alcove as specified in the marking.
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57.1.21 For the temperature test, a separate controller — a controller that is not a physical part of the
product — that is intended for installation in a wall shall be mounted as follows. The controller shall be
secured inside its own enclosure, if provided; otherwise it shall be installed inside the smallest standard
flush-type outlet box that will accommodate it, and the box shall be mounted in a simulated wall section as
illustrated in Figure 12.

57.2 Duct- or plenum-mounted products

57.2.1 The temperature test of a product (whether intended for residential or commercial applications)
that could be mounted in or on a furnace duct or plenum shall be conducted with the product mounted in or
on a duct or plenum with the intended water supply connected. The temperature of the outlet air from the
furnace during the test shall be maintained at 93°C (199°F) for a residential-type product, and at 121°C

(250°F) for an
on a duct or pl

57.2.2 A pro
as described i
the fuse in the

57.2.3 Theq
be connected
operation mos
are obtained.

57.2.4 A grid

enum.

duct intended for residential applications, and for duct or plenum pigunting, s
N Clause 57.2.3, and there shall be no emission of flame, smoke_0F molten m
grounding connection open.

roduct shall be mounted in the intended manner and non-¢urrent-carrying me
to ground through a 3 A fuse. The product shall be eperated without water i
t likely to result in the highest temperatures. This test 'shall be continued until u

consisting of nine thermocouples of identical length, wired in parallel, shall

the furnace oyitlet duct to measure the temperature of ‘the furnace outlet air. The arrange

such that one
plane perpen

thermocouple will be located centrally: in each of nine equal rectangular dy
icular to the axis of the duct. The*grid shall be located not more than 1

downstream fTom the location nearest the furhace at which no thermocouple will be direct

radiation from
the grid.

58 Disasser]

58.1 If the i
product is unli
persons.

59 Impact

a heating element, and the ‘hiumidifier air-inlet shall be located 152 mm dow

nbly and Reassembly Test

ely to be réassembled in a manner that will result in a risk of fire, electric sho

y other products. A product marked in accordance with Clause 78.5 shall not e tested in or

hall be tested
etal, nor shall

tal parts shall
n the mode of
timate results

be installed in
ment shall be
ct areas in a
b2 mm (6 in)
y affected by
nstream from

hstructions involve disassembly of any parts for cleaning, it shall be determined that the

Ck, or injury to

59.1

that is exposed to a blow during intended use, and:

A part as described in Clause 9.1 shall be subjected to an impact of 2 J (1.5 ft-Ibs) on any surface

a) The performance of the product shall not be adversely affected so that a risk of fire or electric
shock is introduced; and

b) A moving part presenting a risk of injury to persons shall not be exposed to contact as

determ

ined by use of the probe illustrated in Figure 7 and Table 3.

A component such as a pilot lamp, a lens, a control knob, or the like is not required to be subjected to the

impact test.

59.2 A smooth steel sphere, 51 mm (2 in) in diameter and weighing approximately 0.5 kg (1.18 Ibs) shall
be allowed to fall vertically from rest through a distance of 381 mm (15 in) to strike the part being tested.
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For a part that cannot be struck from above by the freely falling sphere, the sphere shall be suspended by
a cord and allowed to fall as a pendulum through a vertical distance of 381 mm. Only one impact shall be
applied at a given point.

60 Rotating Members

60.1 A rotating part, the breakage or loosening of which may create a risk of injury to persons, shall be
constructed of such material and in such a manner as to reduce the likelihood of its breakage or loosening.

60.2 A product having a series motor shall be tested as described in Clause 60.3, and no part that could
cause an injury shall become loosened. A test is not required to be conducted if a review of the

manufacturer'

s specifications indicates that the part or parts are adequately strong.

60.3 For th
minute at the

61

61.1 A prod
hazardous-vo
low voltage cl
units rated at

61.2 Equipr

potential of 500 V applied for 1 minute between the extra-low-voltage circuit and dead met

components

device where
used in the e
live parts of o

61.3 With rg
conducted or
opposite pols
components

61.4 A500
of being varie
applied poten

Dielectric Voltage-Withstand Test

b test discussed in Clause 60.2, a product having a series motor shaikbe
ho-load speed resulting from application of 130 percent of rated voltagé.

Lict shall withstand, without breakdown, a 40 — 70 Hz potehtial applied for 1 m
tage live parts and dead metal parts and between live parts of hazardous-volf
rcuits. The test potential shall be 1000 V plus twicedthe rated voltage. The te
hot more than 373 W output (1/2 HP) shall be 1000..

hent using an extra-low-voltage circuit shall, withstand, without breakdown,

such as a temperature limiting device, .motor overload protective device or o
a short or grounded circuit may result’in a risk of fire, electric shock, or injury
tra-low-voltage circuit, the dielectric' voltage-withstand test shall also be cond
bposite polarity.

ference to Clause 61.2, thetest between extra-low-voltage parts of opposite p|

magnet coil windings,after breaking the inner coil lead where it enters t
rity test is not required to be conducted on the complete assembly as
ave been separately subjected to this test.

/-A or largertransformer, the output voltage of which is essentially sinusoidal
d, shall(be'used to determine compliance with the requirements in Clauses 61
tial shall be increased gradually from zero until the required test value is rea

be held at th4

nt volume for 1 mlnute The requwement of a 500 V- A or Iarger transformer

bperated for 1

inute between
hge and extra-
st potential for

a 40 — 70 Hz
bl parts. When
ther protective
o persons are
Licted between

plarity shall be
he layer. This
long as the

and is capable
.1—61.3. The
thed and shall
s not required

during the duration of the test.

the equipment

61.5 When the charging current through a capacitor or capacitor-type filter connected across-the-line, or
from line-to-earth ground, is large enough to make it impossible to maintain the required alternating-
current test potential, the capacitors and capacitor-type filters shall be tested as described in Clause 61.6.

61.6 The capacitors and capacitor-type filters specified in Clause 61.5 shall be subjected to a direct-
current test potential of 1414 V for equipment rated 250 V or less or 1414 V plus 2.828 times the rated
circuit voltage for equipment rated at more than 250 V. The direct-current test potential shall be maintained
for 1 minute without breakdown.

61.7 Components providing a direct current path in parallel with the insulation to be tested, such as
discharge resistors for filter capacitors and voltage limiting devices, may be disconnected during the test.
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62 Strain-Relief Test

62.1 General

62.1.1 The strain-relief means provided on the flexible cord of a product shall be tested as described in
Clause 62.1.2. During this test, there shall be no such movement of the cord as to indicate that stress
would have been transmitted to the connections.

62.1.2 The connections of the cord within the product shall be disconnected. A 15.9 kg (35 Ib) weight
shall 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 stress shall be applied for 1

minute.

62.2 Through-cord switch

62.2.1 The
withstand a 13
of a conductor

63 Power-S

63.1 To dets
63.2 without o

63.2 The po
the product. It

a) The [cord buckles; or
b) The force required to push the cord-into the product exceeds 25 N (5.6 Ibf).
64 Cable-Clamp Test
64.1 If a clafp is used with-Type SPT-2 or SVT cords as mentioned in Clause 22.3, six s

clamp that hay
are acceptabl

and strain-reli¢f tests imthe as-received condition. The other three samples shall be placed

for 168 hours
insulation of t

connections between the terminals of a through-cord switch and\the flexil
from a terminal and without exposing the uninsulated conductor.of the cord.
ipply Cord Push-Back Relief Test

rmine compliance with Clause 22.5, a product shall be tested in accordanc
ccurrence of any of the conditions specified in Clause 22.5 (a) — (c).

ver-supply cord shall be held 25 mm (1 inch) from the point where the cord
shall then be pushed back with casual ferce until either:

e been secured-to the cord in the intended manner shall be investigated to de
b for the application. Three samples shall be subjected to the dielectric volt

The-oven temperature shall be 10°C (18°F) higher than the temperature

ble cord shall

3 N (30 Ibf) pull, applied for 1 minute between the cord and the switch, withoyit detachment

e with Clause

emerges from

amples of the
ermine if they
bge-withstand
in an air oven
rating of the
the dielectric

hescord, but not less than 100°C (212°F). The samples shall comply with

voltage-withstand“test requirements in Clause 611 _the value of applied potential being based on the

rating of the product. The potential shall be applied between the clamp and all conductors spliced together.
After cooling to room temperature, the conditioned samples shall comply with the Strain-Relief Test,
Clause 62.

65 Abnormal Operation Test
65.1 General
65.1.1 If the conditions of normal operation are not representative also of abnormal conditions likely to

be encountered in actual service, the product shall not cause a risk of fire, electric shock, or injury to
persons when operated under such abnormal conditions.
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65.1.2 The conditions resulting from abnormal operation of a product shall be confined by the enclosure
when the product is subjected to tests such as blocked armature in a relay, transformer burnout, stalled
rotor, operation without liquids, or other conditions that could be encountered in service.

65.1.3 An electrode-type product shall be operated as described in Clause 65.1.4 until ultimate results
are obtained. The results shall not be acceptable if a nonintegral branch-circuit protector trips during the
test. After the test, the product shall comply with the Starting Test, Clause 55 and the Input Test, Clause
56. A product is not required to be subjected to this test if the water-level-limiting device operates for
100,000 cycles with no mechanical or electrical malfunction or significant pitting or burning of the contacts.

65.1.4 The product shall be mounted as intended and connected to a source of rated voltage. The drain
valve shall be blocked closed, the water-inlet valve blocked open, each water-level-limiting device shall be
bypassed, amd the electrodes shall be electrically connected. In addition, the pro[iuct shall be
mechanically [and electrically isolated from any ground means. If the hardness of the waler could be a
factor, the tes} shall be performed with a solution of 0.5 g (0.018 0z) of calcium sulfate\(CaS0,) per litre of
distilled watenl The product shall be operated until ultimate results are obtained.

65.1.5 A prqduct that is permanently connected to a water supply shall be.eperated without water.
66 Thermal|Cutoff Test

66.1 A thermal cutoff shall open the circuit in the intended manner without causing the short circuiting of
live parts and|without causing live parts to become grounded:to the enclosure when the prpduct is tested
as described |n Clause 66.2. Opening of the fuse in the grounding circuit is also not acceptable.

66.2 The enclosure of the product shall be connected through a 3 A fuse to ground gnd any other
thermally-operated control devices in the product shall be short circuited. The supply voltage shall be as
described in Clause 51.2. The product shall be~operated with separate thermal cutoffs fiye times. Each
thermal cutoffishall perform as intended.

67 Gasket Test

67.1 A matgrial covered in Table-17 that is used for gaskets to:
a) Preyent water entry.into an electrical compartment; or

b) Preyent hot water leakage external to the product

shall have physical properties as specified in Table 17 before and after accelerated ading under the
conditions spegcified in Table 18. Gaskets shall not be required to have physical properties bs specified in
Table 17 when the gasket is normally wet during operation and complies with the test of Clause 68.

67.2 A gasket of material other than those covered in Table 17 shall be nonabsorptive and shall provide
equivalent resistance to aging and temperature.

68 Liquid-Container Test

68.1 If the deterioration or breakage of a liquid container, seal, or similar component could increase the
risk of electric shock, the component shall be resistant, as determined by investigation, to deterioration
from the liquid intended to be used in contact with that component.

68.2 The test procedure for determining whether a component complies with the requirements in Clause
68.1 depends upon the material of which it is composed, its size, shape, mode of application in the
product, and the like. The test procedure shall include visual inspection for determination of cracks,
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deformation, and the like, after accelerated aging, and a comparison of hardness, tensile strength, and
elongation before and after accelerated aging.

68.3 With reference to Clause 68.2, a component of rubber, neoprene, or thermoplastic shall be tested to
compare its tensile strength and elongation before and after conditioning as described in Clauses 68.4 and
68.5. The tensile strength and elongation after the conditioning described in Clause 68.4 shall not be less
than 50 percent of the tensile strength and elongation measured before the conditioning, and not less than
60 percent after the conditioning described in Clause 68.5.

68.4 A component as mentioned in Clause 68.3 shall be immersed for 7 days in the liquid used with the
material at a temperature not less than 10°C (18°F) higher than the maximum wet operating temperature
of the material measured under intended operating conditions, but not less than 70°C (158°F).

685 A com;lyonent as mentioned in Clause 68.3 shall be conditioned in an air-circulatin
temperature ahd for the number of days specified in Table 19. The maximum wet operating t
the material measured under intended operating conditions shall be used. Whemdry opg
greater than 5|percent of total operating time, the maximum dry operating temperature shall

g oven at the
bmperature of
rating time is
e used.

68.6 As an glternative to air oven tests as specified in Table 19, the acceptability of a liquid container,

under service

seal, or diaph
conditions. Th

69 Flooding

69.1
switch, or the

Clauses 69.2 @and 69.3. The results are not acceptable'if:

a) Duri

b) Afte

To detgérmine whether malfunction or breakdown.of a timer switch, float- or pres

agm may be determined by means of an aging test of, the) complete product
b duration of the test shall be representative of the expected service life of the

of Live Parts Test

like will result in a risk of electric shock, the product shall be conditioned as

ng and after the conditioning:
1) There is obvious wetting,.as described in Clause 69.5, of any electrical com

2) For a portable or, stationary product when evaluated as described in Clg
leakage current exceeds 5.0 mA; and

the conditioning; the product:

1) Does-not comply with the requirements of the Dielectric Voltage-Withstang
61; and

broduct.

sure-operated
described in

ponent; and

use 69.4, the

Test, Clause

2).For a permanently connected product, the insulation resistance between cy

rrent-carrying

parts and exposed non-current-carrying metal parts is less than 50,000 ohms.

69.2 The product shall be connected to a water supply. The timer switch shall be defeated and the
product started. If no automatic shutoff means is provided, the fill shall be continued for an additional 15
minutes following the first evidence of overflow of the reservoir. If a float- or pressure-operated switch is
provided as an automatic shutoff means, actuation of the fill switch to terminate the fill will also terminate
the test. If both a timer and fill switch are provided, a second test shall be conducted as described above
with the timer operating as intended and with the fill switch defeated. Both during the after conditioning, the
product shall be tested for compliance with (a) of Clause 69.1, and after conditioning, it shall be tested for
compliance with (b) of Clause 69.1.

69.3 A rubber barrier or rim seal of a reservoir shall not be removed when a test is being conducted to
simulate malfunction or breakdown of a timer switch or of a float- or pressure-operated switch.


https://ulnorm.com/api/?name=UL 998 2020.pdf

APRIL 9, 2020 CSA C22.2 No. 104:20 ¢ UL 998 61

69.4 A portable or stationary product shall be investigated using the method described in Clauses 52.2 —
52.6; however, with the concurrence of those concerned, the duration of the test may be shortened.

69.5 Obvious wetting signifies wetting by a stream, spray, or dripping of water on the component that
obviously will be repeated during each flooding test, but does not signify wetting by random drops of water

that may wet the component by chance.

70 Backflow Test

70.1

A product that is intended to be connected to a potable water supply shall be tested as described in

Clauses 70.2 and 70.3. Backflow from the reservoir of the product into the water supply system shall not
occur during the test.

70.2 With a
removed or b

hy valve-closing mechanisms on the product, including a check valve @orba
passed, a vacuum tank with a minimum capacity of 379 L (100 US gal)/and e

vacuum pump, gauge, and shutoff valve, shall be connected to the water-supply-hoses. Th

be filled with
valve or back
Clause 70.4.

70.3  With th
there is 0 mm|
in) of vacuum
The results sh

vater to the flood level rim and shall be operated as it would be during intende
low control is not required to be removed or bypassed if it complies with the rg

e tank at 635 mm (25 in) of mercury vacuum, the shutoff valve shall be open
(0 in) of mercury vacuum. The vacuum pump shall then be operated until eith
or its limit is reached. This operation shall be repeated twice, for a total of thn
all not be acceptable if there is evidence of liquid in the vacuum tank.

70.4 To det

rmine whether a check valve or backflow ¢ontrol is not required to be remove

in accordanceg with Clause 70.2, it shall be tested @s'follows. A vacuum tank with a minim
379 L (100 UB gal) and equipped with a vacuum: pump, gauge, and shutoff valve, shall bg
the inlet of a hackflow prevention device. A transparent tube shall be connected as closely a
the outlet of the device. The free end of the-transparent tube shall be submerged in wate

(0.032 in) dia
Test results s

71 Bonding

71.1 A cong
cross-section

eter wire shall be inserted through the backflow prevention device to interr

-Conductor Test

uctor or-strap used to bond an electrical enclosure or motor frame and that
b| area-than required by Clause 32.7 — 32.9 shall comply with the following req

ckflow control,
quipped with a
b product shall
j use. A check
bquirements in

ed rapidly until
er 635 mm (25
ee operations.

d or bypassed
im capacity of
connected to
5 is possible to
. A 0.813 mm
Lpt its closing.

hall be acceptable if no water is drawn into the transparent tube when a constant vacuum of
635 mm (25 in) of mercury is applied for 30 seconds. The test shall be conducted three times.

p

has a smaller
lirements:

a) Thg

conductor or strap shall not open its circuit when carrying for 2 minutes a c

irrent equal to

twice t

he branch-circuit overcurrent device rating, but not less than 40 A; and

b) None of three samples of the conductor or strap selected at random shall open during a limited
short circuit test while carrying the current as specified in Table 20, and while in series with a fuse
as described in Clause 71.2.

71.2 The circuit for the test described in Clause 71.1(b) shall have a power factor of 0.9 to 1.0, and shall
be limited to the current and voltage specified in Table 20. The open-circuit voltage of the test circuit shall
be 100 — 105 percent of the specified voltage. The circuit shall be connected through a nonrenewable
fuse, the characteristics of which are such that the fuse will not open in less than 12 seconds when
carrying twice its rated current. The fuse shall have a current rating equal to that of the branch-circuit
overcurrent device to which the product will be connected, but not less than 20 A. One test shall be
performed on each of three samples of the bonding conductor.
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71.3 The resistance between two parts connected by a bonding conductor shall not be more than 0.1
ohms.

71.4 Any acceptable resistance measuring instrument may be used to determine whether the product
complies with the requirement in Clause 71.3. If unacceptable results are obtained, an alternating current
of at least 20 A from a power supply of not more than 12 V shall be passed from the point of connection of
the equipment-grounding means to the metal part in the grounding circuit, and the resulting drop in
potential shall be measured between the two points. The resistance shall then be calculated by dividing
the drop in potential in volts by the current in amperes passing between the two points. The grounding

conductor of a

72 Tests on

power-supply cord shall not be included in this measurement.

Parts Subject to Pressure

721 To dete
the part shall
Leakage or ru
test is acceptg
of presenting
wetting of any

72.2 Each s{
The pressure
minute.

72.3 Aparts
persons due t
equal to five ti

724 If a prg
Parts Subjecte
under rated lo
of the relief-de

rmine that a part or assembly complies with the requirement in Clause 47.2, 1
be subjected to a hydrostatic-pressure test. During this test, the part shall not
pture of nonmetallic fluid-transfer lines, their connections, or gaskets during
ble if a repeat test conducted with the fluid they are intended to contain show:
risk of electric shock or injury to persons. Consideration shalkbe given to thg
live electrical part or insulation.

mple shall be filled with water so as to exclude air, andthen connected to a hy
shall be raised gradually to the specified test valUevand shall be held at th

upported or actuated hydraulically that could<fesult in a risk of fire, electric sho
pressure loss shall comply with the requirements in Clause 72.2 when tested
es the maximum pressure capable of being developed in the system.

ssure-relief device is required*te’comply with the requirements for Pressurg
d to Pressure, Clause 47, the-control used to limit the pressure in the vessel
hd for 100,000 cycles of pperation and shall prevent the pressure from exceedi
vice setting under any condition of intended operation.

73 Mold Stress-Relief Test

73.1  Conditi

bning as _deseribed in Clause 73.2 for polymeric materials used as enclos

cause softening of the~material as determined by handling immediately after the condition

there be shri
temperature, t

hkage;~Warpage, or other distortion of the enclosure, as judged after co
hatiresults in any of the conditions specified in (a) — (d):

Vo samples of
burst or leak.
the pressure
5 no evidence
possibility of

draulic pump.
at value for 1

Ck, or injury to
at a pressure

Vessels and
shall operate
ng 90 percent

ires shall not
ing, nor shall
pling to room

a) Reduction of electrical spacings below those specified in Spacings, Clause 42;

b) Exposure of uninsulated parts as judged by the requirements in Protection Against Risk of Injury
to Persons — Mechanical Protection, Clause 8;

c) Defeating the integrity of the enclosure; or

d) Causing interference with the intended operation of the equipment.

This test shall

not be required for rigid thermosetting materials.

73.2 One sample of the complete enclosure or part or an appropriate section of the assembly shall be
placed in a full-draft circulating-air oven maintained at a uniform temperature at least 10°C (18°F) higher
than the maximum temperature rating of the material measured, but not less than 70°C (158°F) in any
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case. The sample shall remain in the oven for 7 hours. After its removal from the oven and return to room
temperature, the sample shall be examined for compliance with Clauses 68.1 and 68.2.

RATINGS
74 Electrical Ratings

74.1 A product shall be rated in volts, amperes, and frequency, expressed in one of the following terms:
hertz, Hz, cycles-per-second, cps, cycles/second, or c/s. If the product is intended for operation on a
polyphase circuit, the number of phases of the intended supply circuit shall also be included. See also
Clause 75.13. A cord-connected product may be rated in watts or kilowatts instead of amperes if the
overall full-load power factor is 0.80 or more or if the rating of the cord-connected product is 50 W or less.

MARKING AND INSTRUCTIONS

Advisory No
French transl
have to be in

75 Identific
75.1 Markin
75.2 A prod

with the follow
a) The
b) Dat
c) Adi

d) The
The manufac
trademark of

conventional

75.3 A mark

ption and Ratings

te: In Canada, there are two official languages; English and FrenchbAnnex B |
btions of the markings specified in this Standard. All markings required by this
bther languages to conform with the language requirements where the product

bs shall be as follows. All wording shall be equivalent to that in the following CI

uct shall be legibly and permanently marked where readily visible, without th
ng:

manufacturer's name, trade name, -otfrademark;
b or other dating period of manufacture not exceeding any three consecutive
stinctive catalog or modelnumber of the equivalent; and

electrical rating.

urer's identification may be in a traceable code if the product is identified b
a private labeler. The date of manufacture may be abbreviated, in a natio
code, or ina-code affirmed by the manufacturer.

ing\that is required to be permanent shall be molded, die-stamped, paint-steng

sts acceptable
Standard may
is to be used.

auSes.

e use of tools,

onths;

y the brand or
nally accepted

iled, stamped,

or etched met

ahthat is permanently secured, or indelibly stamped on pressure-sensitive lab

bls secured by

adhesives that comply with the applicable portions of the requirements in UL 969 and CSA C22.2 No.

0.15.

75.4 With reference to Clause 75.2, the repetition time cycle of a date code shall not be less than 15
years. The date code shall not require reference to the manufacturer's records to determine when the
product was manufactured.

75.5

If a manufacturer produces or assembles a product at more than one factory, each finished product

shall have a distinctive marking by which it can be identified as the product of a particular factory.

75.6

If the product employs a single motor as its only electric energy-consuming component, and the

motor nameplate is readily visible with all parts of the product, including the motor, in place, the electrical
rating given on the motor nameplate is not required to be duplicated elsewhere on the product.
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75.7 Unless the proper wiring connections are plainly evident, wiring terminals shall be marked or the
equipment shall be provided with a suitable wiring diagram to indicate the connections.

75.8 If a product employs a dual-voltage motor, and if the motor nameplate is used to give the electrical
ratings of the product as described in Clause 75.6, a marking or other means shall be provided to indicate
the voltage for which it is connected when shipped from the factory. This marking is not required to be
permanent. If the product employs an attachment plug, instructions or markings shall be provided to
indicate the type of plug that should be used if the product is reconnected for an alternate voltage.

75.9 Each part of a product that is not completely assembled when shipped from the factory shall be
marked to indicate the other parts with which it is intended to be used. For small parts shipped in an

envelope or ot

her package, the marking may be on the package.

75.10 With rlespect to Clause 75.9, a small part is not required to be marked if imprope

attachment of
shock, or injur

75.11
for the markin

75.12 Ifcom
replaceable th

a) The

and with its catalog designation or equivalent; and

b) The
type ar

75.13 A prog
rating.

75.14 Cord-
indicate the ty

75.15 Motor-

a) For
current

The cx

to persons.

talog number or equivalent designation marked on the individual part shall
required by Clauses 75.9 and 75.10.

bliance of a product with any requirement in this Standard depends upon the fu
ermal cutoff:

cutoff or link shall be marked with the name ortrademark of the manufacture

d rating as the one provided in the product.

uct using steam under pressure shall be permanently marked with the maxir

tonnected equipment.that requires a time-delay fuse for starting shall be cles
pe and rating of thefuse required.

operated equipment to be permanently connected to the power supply shall bg

equipment having a single motor, with or without an electric heater, with the
of.the motor, in amperes, and of the heater, with its input amperes or wa

r assembly or

the part, or omission of the part from the product, would not result in“a risk of fire, electric

be acceptable

nctioning of a

of the device

product shall be marked with a statement that a replacement link should b¢ of the same

npum pressure

rly marked to

marked:

rated full load
tts at marked

voltagsg

;and

b) For equipment having more than one motor, with or without an electric heater, with

1) The rated full load current in amperes of each motor;

2) The input amperes or watts of the heater, at marked voltage;

3) The minimum power supply circuit ampacity for each hazardous voltage circuit; and

4) The maximum overcurrent protective device size for each hazardous voltage circuit.

75.16 Cautionary markings and instructions shall be permanent and legible and shall be located on a
part that cannot be removed without impairing the operation of the product.
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75.17 Cautionary markings and instructions intended to instruct the operator shall be legible and clearly
visible to the operator during use of the product. Other such markings for servicing instructions shall be
legible and clearly visible when such servicing is being accomplished.

75.18 A marking that is required to be permanent shall meet the requirements of Clause 75.3. Usage,
handling, storage, and the like of the product shall be considered in the determination of the permanence
of the marking.

75.19 A residential duct- or plenum-mounted product shall be permanently marked to indicate that it is
for residential use only.

75.20 A marking intended to reduce the risk of injury to a person shall be prefixed by the word

"CAUTION",

shall be follov
should be tak
(1/16 in) high,

75.21 Then
concurrent lo
the highest vz

a) For
motor

b) for
loads,

75.22 The
required by G

WARNING", or "DANGER" in capital letters not less than 3.2 mm (1/8 in)-h
ed by a brief description of the risk, such as "risk of electric shock", and.the
en to reduce the risk. The words in such a marking shall be in letters‘not les

hinimum circuit ampacity required by Clause 75.15(b)(3) shalhbe determined
hd conditions shall be considered in the determinations. Whiehever load con
lue shall be used:

a motor group only, a load consisting of two or more motors, the rated curren
multiplied by 125 percent, added to the rated currents of all of the other motors

h combination load, a load consisting of one-or more motors, electric heaters,
the sum of the rated currents multiplied by'125 percent.

gh. This word
measures that
5 than 1.6 mm

as follows. All
Hition provides

[ of the largest
 and

and any other

maximum current rating of overcurrent protection for each hazardous volt

ge circuit, as

lause 75.15(b)(4), for units having more than one motor, or one or more mators and other

loads, operatgd from a single supply source, shall be determined as follows. All concurrent Ipad conditions

shall be cons

idered in the determinations. The rated current of the largest motor shall b

multiplied by
in the circuit.

2.25. To that| shall be added the rated' current of any other concurrent loads involved
Whichever load condition provides,the highest value shall be used for Clause 75.15(b)(4).

75.23 If clg
disassembly

aning or similar ;servicing by the user, including replacement of a fusible| link, requires
by means ofta tool and, if such disassembly involves the exposure of ah enclosed or
protected live| part or a/part that involves the risk of injury to persons where they might bé inadvertently
contacted by fhe usef, the product shall be permanently marked with a warning that such sefvicing shall be
done only with the product disconnected from the electrical supply.

75.24 Where bare Tive parts are exposed when a door or cover is removed, the door or cover shall be
marked with the following or its equivalent:

"CAUTION: RISK OF ELECTRIC SHOCK. DISCONNECT THE APPLIANCE FROM THE ELECTRIC
SUPPLY BEFORE REMOVING THIS COVER."

75.25 If a product has a moving part that can cause an injury to a person, a switch, other than a
momentary contact switch that controls the motor that drives the part, shall have a plainly marked off
position.

75.26 A product that incorporates an interlock device complying with Clause 10.8 shall be marked where
it is readily visible during any approach to defeat the interlock to indicate the general location of the
interlock. The marking shall include the word "WARNING" and the following or the equivalent: "This cover
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is provided with an interlock to reduce the risk of electric shock. Do not defeat its purpose or attempt to
service without removing cover completely".

75.27 A 2-wire, 220 — 240 V product intended for connection to a circuit operating at 150 V or less to
ground shall be marked with the word "WARNING" and the following or the equivalent: "To reduce the risk
of electric shock, do not connect to a circuit operating at more than 150 V to ground".

75.28 There shall be replacement marking adjacent to each fuse or fuseholder that is intended to reduce
the risk of fire. The marking shall be readily visible during replacement of the fuse, and shall consist of the
word "CAUTION" and the following or the equivalent: "To reduce the risk of fire, replace only with same
size and type fuse". The rating of the fuse shall be marked in the blank space. For a fuse that is
soldered in place and is perceptible during user servicing, the marking shall also include the following or
the equivalent| "To be replaced only by qualified service personnel”.

75.29 If avajlable space does not permit locating a fuse replacement marking adjacent to a fuse or
fuseholder, or|if more than one fuse or fuseholder requiring marking is employed‘the marking other than
the rating may|be at some other location readily visible during replacement of the/fuse.

75.30 Equipment requiring multiple hazardous voltage power supply connections shall be marked, in
letters not legs than 3.2 mm (1/8 in) high: "CAUTION: THIS EQUIPMENT HAS MORH THAN ONE
CONNECTION TO THE POWER SUPPLY (IES). DISCONNEGT{ALL REMOTE POWER SUPPLY
CONNECTIONS BEFORE SERVICING", or the equivalent. This)marking shall be located|on all panels
providing accgss to hazardous voltage uninsulated live parts.

75.31 If the Yyalue of the rating determined by applying-Clause 75.22 does not equal a stgndard current
rating of overgurrent protective device, the marked maximum rating shall be the next Iqwer standard
rating. If the computed value of the overcurrent protective device is less than the minimum ampacity of the
supply circuit,|as determined in accordance with.Clause 75.21, the marked rating of the dgvice shall be
increased to the largest standard overcurrent.protective device rating appropriate for the marked minimum
circuit ampacity.

75.32 The maximum current rating of the branch-circuit overcurrent protective device of a non-motor
operated appliance shall not exceed.20 A for a product rating not exceeding 13.3 A and 150 percent of the
product ratingfor a product rating)greater than 13.3 A. Standard ratings for overcurrent protg¢ctive devices
are 15, 20, 25] 30, 35, 40, 45,50, 60, 70, 80, 90, 100, 110, 125, 150, 175, and 200 A. If 150 percent of the
rating of the product does:not equal one of the aforementioned, it shall be assumed that the next higher
rating or setting of over=ecurrent-protective device will be employed.

76 Informatjonal and Instructional Markings

76.1 If a product will not start and attain intended running speed when connected to a circuit protected by
an ordinary — not a time-delay — fuse as described in Clause 55.1, the product shall be plainly and
permanently marked "If connected to a circuit protected by a fuse, use a time-delay fuse with this product”
or with an equivalent wording.

76.2 If a minimum spacing between a product as described in Clauses 57.1.19 and 57.1.20 and an
adjacent surface is necessary to reduce the likelihood of the surface from reaching a temperature higher
than 90°C (194°F) when the product is operated as intended, the product shall be marked "Do not install
less than mm ( in) from a (vertical, horizontal, or the like) surface". The value necessary
to prevent the sides of the alcove from reaching a temperature higher than 90° C when the product is
tested as described in Normal-Temperature Test, Clause 57, shall be marked in the allocated space. The
statement shall be legible and shall be located so that it will be clearly visible during installation and
examination of the power-supply connections.
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76.3 Unless the proper method of assembly is obvious, a product shipped from the factory partially
disassembled shall be provided with clear and detailed assembly instructions.

76.4 An instruction sheet, manual, or booklet shall bear the words "READ AND SAVE THESE
INSTRUCTIONS" in all capital letters, and this wording shall appear above any other written materials.

76.5 Wiring instructions provided with a product shall not conflict with any other requirement in this
Standard.

76.6 If servicing or replacement of any component of a product requires the removal or disconnection of
any protective device, the instructions provided with the product shall state that such device shall be
replaced in its proper position.

nt out that the
ing operation.

76.7 If user
source of eled

servicing or cleaning operations are contemplated, the instructions shall poi
trical supply shall be disconnected prior to beginning any such service‘or,Clear

76.8 Comp
mounted in a
hardware supplied with the product, and shall include a step-by-step outline of the m
electrical opefations that must be performed for proper installation and operation.

ete, clear instructions shall be provided for the installation of-a product intended to be
window frame or to a wall or ceiling. The instructions shalhindicate the cofrect use of all
echanical and

77 Operating Instructions
77.1 Operatjng instructions shall be provided with the product that include the following:
a) Information regarding the risks of fire, electric'shock, or injury to persons that coyld exist due to
use of|the product. The instructions shall caution the user to place the product and connected cord
so that the product is not likely to be upset.
b) Infoymation regarding the potentidl-risk of electric shock due to overfilling or cleanipng the product
and removal of the heating element portion of the product without disconnecting thg power-supply
cord.
¢) Ingtructions regarding-“cleaning the product including any need for disagsembly (and
reassgmbly) and any fieed for the use of additives.
78 Field Wifing
78.1 If the temperature in the terminal box or the compartment intended for the supply connections
exceeds 75°Q (167°F) during the operational tests, a value suitable for the temperature megsured shall be
marked.
The marking shall state, "USE CONDUCTORS SUITABLE FOR AT LEAST °C( °F)" or the
equivalent.

78.2 Other than as indicated in Clause 78.3, a field-wiring terminal shall be marked "Use copper
conductor only," "For use with aluminum or copper conductors,” or with an equivalent statement
appropriate for the terminal. This marking shall be independent of all other marking on terminal
connectors, and shall be visible during and after installation.

78.3 A terminal intended for the connection of an equipment-grounding conductor shall not be identified
as acceptable for aluminum conductors.
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78.4

If a removable barrier or one that has openings for the passage of conductors is used to comply

with the requirement in Clause 29.4, instructions for use of the barrier shall be provided with the product.

78.5 A product shall be marked to indicate its intended use. A permanently connected product not
intended for duct or plenum mounting shall be permanently marked "Do not connect to a duct or plenum"

or with equival

ent wording.

78.6 The terminals of the device shall be marked accordingly if an extra-low-voltage device or part
thereof is intended to be wired in the field, and is intended to become part of either of the following:

a)ACI
b)ACI

An extra-low-\
not required tq

78.7 An extrn
wired in the fi
power-supply

78.8 Complg
duct- or plenu
product, and 4
proper installa

78.9 Ifthem
the blower mg
Terminals" an
wiring arrangs
cycle and shal

78.10
a) The

b) A st
electrig

c) If int
wiring

Installation instructions provided with a product as specified in Clause 78.8 shall incld

ass 1 circuit; or

D b H 1 bl ] 4 .
AooS < LITUCUIL WITTU WILNT Uldosos T WITTITY,

oltage device, or part thereof, that is acceptable for either a Class 1 prha Clg
be so marked.

a-low-voltage switching or power-consuming device, or part theréof, that is i
bld to become part of a Class 2 circuit, shall be marked accordingly. An ext
Hevice that includes a transformer is not required to be so marked.

te instructions shall be provided that clearly coverthe’installation of a produg
m-mounting. Such instructions shall include the proper use of all hardware sug
step-by-step outline of the mechanical and eleetrical alterations that might be
fion and operation.

anufacturer's wiring diagram indicates;that a product may be field connected s
tor of a furnace, the wiring diagram~shall indicate specific terminals, such a
] "Thermostat Terminals" for making connection to the electrical circuit of a
ment shall not affect the intended operation of the furnace-control system
not necessitate alteration.ef-factory-installed wiring of the furnace.

Imethod of installation and user maintenance;

htement that\the product is to be located so that connection can be made to
al supply without the use of an extension cord; and

bnded for electrical interconnection, a wiring diagram, and the intended locatic

ss 2 circuit is

ntended to be
a-low-voltage

t intended for
plied with the
necessary for

o as to utilize
5 "Fan Switch
furnace. The
n the heating
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the source of

n of the field-

nmpnrtmnn’r



https://ulnorm.com/api/?name=UL 998 2020.pdf

APRIL 9, 2020 CSA C22.2 No. 104:20 ¢ UL 998 69
TABLES AND FIGURES
TABLES
Table 1
Minimum thicknesses of metal enclosures
(See Clauses 5.1.4, 8.5, 29.9, and 29.10)
At small, flat, unreinforced
surfaces that are reinforced by At surfaces to which system At relatively large unreinforced flat
Metal curving, ribbing, and the like, is to be connected in the field, surfaces,
mm (in) mm (in) mm (in)
Die-cast 1.26 (3/64) - - 2.0 (5/64)
metal
Cast 1.6 (1/16) - - 24 (3/32)
malleable
iron
Other cast 24 (3/32) - - 3.2 (1/8)
metal
Uncoated 0.66 (0.026) 0.81 (0.032) 0.66 (0.026)
sheet metal
Galvanized 0.74 (0.029) 0.86 (0.034) 0.74 (0.029)
sheet steel
Nonferrous 0.91 (0.036) 1.14 (0.045) 0.91 (0.036)
sheet metal
Table 2
Clauses, figures, and tables for judging the accessibility of parts
(See Clauses 7.1,7.6 - 7.9)
Enclosure other than that of a
Parts motor Directly accessible motor Indirectly accgssible motor?
Uninsulated live MDP <25.4 mm MD < 25.4 mm MD <19.1 mm
part Clause 7.7 Clause 7.7 Clausg 7.7
Figure 2 Figure 5 Figufe 3
MD = 25.4 mm MD = 25.4 mm MD = 19.1 mm
Clatse—+% Clatse—+% Clause 7.8
Figure 6 Figure 6 Figure 6
X =154 mm X =154 mm X =102 mm
Film-coated wire MD < 25.4 mm MD < 19.1 mm MD <19.1 mm
Clause 7.7 Clause 7.7 Clause 7.7
Figure 2 Figure 4 Figure 4
MD = 25.4 mm MD =19.1 mm MD =19.1 mm
Clause 7.8 Clause 7.8 Clause 7.8
Figure 6 Figure 6 Figure 6
X =154 mm X =102 mm X =102 mm
2See Clause 7.5
® MD = Minor dimension of opening. See Clause 7.6.
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English units for values specified in Table 2

mm (in)
19.1 (3/4)
25.4 (1)
102 (4)
154 (6-1/16)

Table 3
Clearance from openings

(See Clauses 7.7, 8.2, and 59.1)

Minor dimensions of opening,?

Minimum distance from opening'to movjng parts,”

mn (in) mm (|n)
25.4 (1) 165 (641/2)
31.8 (1-1/4) 190 (7q1/2)
38. (1-1/2) 318 (12+1/2)
47.6 (1-7/8) 394 (15}1/2)
54. (2-1/8) 444 (17p1/2)
Over 54.0 but not more than (Over 2-1/8 but not more than 762 (30)

15 6)

@ See Clause 7.1.

b Between 25.4 thm (1 inch) and 54 mm (2-1/8 inches), interpolation shall be used to determine a value between v4

in the table.

lues specified

Table 4
Maximum acceptable surface temperatures

(See Clause 11.1)

Composite of surface®

Metal Other thap metal

Location of surface °C (°F) °C (°F)
Handles or knobf that are grasped for lifting, 50 (122) 60 (140)
carrying, or hoIdF\g
Handles or knobs that are contacted, but do not 60 (140) 85 (185)
involve lifting, carrying, or holding, and other
surfaces subject to contact and user maintenance
Surfaces other than a heating function surface but 70 (158) 95 (203)
known to be hot due to proximity to a heating
function surface

@ A handle, knob, or the like, made of a material other than metal, that is plated or clad with metal having a thickness of 0.013 mm
(0.005 in) or less, shall be considered to be and shall be judged as a part of other than metal.
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Table 5

Dimensions associated with openings for conduit

(See Clause 19.2)

Unthreaded openings Threaded opening
Minimum diameter of Throat diameter
Nominal knockout flat surface at
Trade size of conduit, diameter, knockout, Minimum, Maximum,

mm OD (in) mm (in) mm (in) mm (in) mm (in)
21.3 (1/2) 22.2 (7/8) 28.96 (1.140) 14.22 (0.560) 15.80 (0.622)
26.7 (3/4) 27.8 (1-3/32) 36.07 (1.420) 18.85 (0.742) 20.93 (0.824)
334 (1) 34.5 (1-23/64) 44.96 (1.770) 23.98 (0.944) 2664 (1.049)
422 1-1/4) 43.7 (1-23/32) 57.94 (2.281) 31.55 (1.242) 35.0p (1.380)
48.3 1-1/2) 50.0 (1-31/32) 65.99 (2.598) 36.80 (1.449) 40.8p (1.610)
60.3 (2) 62.7 (2-15/32) 80.64 (3.175) 47.24 (1(860) 52.5p (2.067)
73.0 2-1/2) 76.2 (3) 90.47 (3.562) 56.44 (2:222) 62.7(1 (2.469)

Table 6
Trade size of conduit?
(See Clause 19.2)
Wile size, Number of wires
mm? AWG 2 3 4 5 6
2.1 14 1/2 1/2 1/2 1/2 12
3.3 12 1/2 1/2 1/2 3/4 3/4
5.3 10 1/2 1/2 1/2 3/4 3/4
8.4 8 34 3/4 1 1 1-1/4
13.3 6 3/4 1 1 1-1/4 1-1/4
21.2 4 1 1 1-1/4 1-1/4 1-1/2
26.7 3 1 1-1/4 1-1/4 1-1/2 1-1/2
33.6 2 1 1-1/4 1-1/4 1-1/2 2
424 1 1-1/4 1-1/4 1-1/2 2 2
53.5 0 1-1/4 1-1/2 2 2 2-1/2
67.4 2/0 1-1/2 1-1/2 2 2 2-1/2
85.0 3/0 1-1/2 2 2 2-1/2 2-1/2
107.2 4/0 2 2 2-1/2 2-1/2 3
@ This table is based on the assumption that all conductors will be of the same size and there will be no more than six conductors
in the conduit. If more than six conductors will be involved or if all of them are not of the same size, the internal cross-sectional
area of the smallest conduit that can be used shall be determined by multiplying by 2.5 the total cross-sectional area of the wires,
based on the cross-sectional area of Type THW specified in the National Electrical Code or Type TW75, specified in the Canadian
Electrical Code, Part I.
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Table 7
Tightening torque for wire sizes

(See Clause 20.10)

Tightening torque, N-M (pound-inches)
Size of wire, Screwdriver, Wrench,

mm? AWG or MCM N'm (Ib -in) N'm (Ib -in)
21-84 14-8 2.26 (20) 8.5 (75)
13.3-21.3 6-4 3.96 (35) 11.3 (100)
26.7-424 3-1 5.65 (50) 141 (125)
53.5-67.4 1/0 - 2/0 5.65 - 17.0 (150)
85.0-107.2 3/0-4/0 - - 22.6 (200)
127 250 - - 28.2 (250)

Table 8

Wire bending space

(See Clause 20.16)

Sige of wire, Minimum bending space, terminal to wall
1 wire to pole, 2 wires per pole,?
mm? AWG or MCM mm (in) mm (in)
21-53 14-10 Not specified - -
84-13.3 8-6 38.1 (1-1/2) - -
21.3-26.7 4-3 50.8 (2) - -
33.6 2 63:5 (2-1/2) - -
42.4 1 76.2 (3) - -
53.5-67.4 1/0—-2/0 88.9 (3-1/2) 127 (5)
85.0-107.2 3/0-4/0 102 4) 152 (6)
127 250 114 (4-1/2) 152 (6)
@ Applies to two ¢onductors that'¢an approach a terminal only from the same direction.

Table 9
Flexible cord types for products
(See Clause 21.4)
Type of product Acceptable types of cord
Portable
For household use SPT-2, SVT, SP-2
All others S, SJ, SJO, SJT, SJTO, SO, ST, STO
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Polarity identification of flexible cords

Table 10

(See Clauses 21.10, 21.11 and Figure 8)

Combinations
Method of identification Wire intended to be grounded® All other wires?
Color of braids on individual A Solid white or gray — without tracer Solid color other than white or gray —
conductors without tracer
B Color other than white or gray, with Solid color other than white or gray —
tracer in bold without tracer
Color of insulation on cP Solid white or gray Solid color other than white or gray
individual cprductors
c1° Light blue Solid color other than Ilght blue, white
or gray
Color of sg¢parators D¢ White or gray Color otherthan white pr gray
Other mheans E® Tin or other white metal on all strands No tinor.other white mgtal on the
of the conductor strands-of the conductgr
Fe A stripe, ridge, or groove on the
exterior surface of the cord

@ A wire finisheg
grounding cond

® Only for cords
¢ For jacketed c|
4 Only for Types

€ Only for Types

to show a green color with or without one or more yellow stripes or tracers shall be used only as gn equipment
Lictor. See Clause 21.10 and Figure 8.

— other than Type SP-1 and SPT-1 — having no braid on any individual conductor.

brd.
SP-1, SP-2, and SPT-2 cords.
SPT-1 and SPT-2 cords.

Table 11

Protective device activation level

(See Clause 36.2.7)

Maximum percent of full-load current rating protection
A B
Motor with marled service factorno less 125 140
than 1.15
Motor with a mgrked temperature rise no 125 140
more than 40°Q (72°F)
Any other moto 115 130
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Table 12
Spacings at wiring terminals
(See Clauses 42.1, 42.4, 42.6, and 42.10)
Minimum spacing
Between terminals and other uninsulated metal parts not always of
- . the same polarity®
Between wiring terminals
i through air or over surface, Over surface, Through air,
Potential

involved, V mm (in) mm (in) mm (in)
0-250 6.4 (1/4) 6.4 (1/4) 6.4 (1/4)
251-600 +2- 7> 72y +2- 7> 72y 5 (3/8)

@ Applies to the q

b A spacing of ng
compartment or

um of the spacings involved where an isolated dead part is interposed.

t less than 9.5 mm (3/8 in) through air and over surface shall be acceptable at wiring terminals in 3
erminal box if the compartment or box is integral with a motor.

wiring

Table 13
Spacings at other than wiring terminals

(See Clauses 42.2, 42.6, 42.7, 42.10, and4241)

Minimum spagcing

Product employing a motor having a diameter 178 Product employing a motor having a

mm (7 in) or less?

Hiameter more
than 178 mm (7 in) through 279 mm (11 in)?

Potential
involved,
v

Through air, Thr|

(in)

Over surface,

(in)

Over surface

mm mm mm (in) mm

pbugh air

(in)

0-125
126 — 250
251 -600

2.4° (3/32) 2.4° 6.4%¢ 3.204d

2.4 (3/32) 2.4 (3/32) 6.4%¢ (1/4) 6.4°¢
12.7° (1/2) 9,5° (3/8) 12.7° (1/2) 9.5¢

(3132) (1/4)

(1/8)
(1/4)
(3/8)

@ This is the dian
boxes, and the li

® For a product h
¢ Spacings of no|

surface and thro|
part shall be acc|
See note a.

ke, used solely for the metor mounting, assembly, or connection.

4 Film-coated wife shall be cofisidered to be an uninsulated live part. However, a spacing of not less than 2.4 mm (

eter, measured in the plane ‘of the laminations, of the circle circumscribing the stator frame, exclu

aving a motor rated-250/W output (1/3 HP) or less, these spacings shall be not less than 1.6 mm (

less 2.4 mm (3/82 in) shall be acceptable throughout a product with a universal motor only.

Ligh air between film-coated wire, rigidly supported and held in place on a coil, and a non-current-¢
eptable.in a’product rated more than 250 V or employing a motor having a diameter of more than 1

ing lugs,

/16 in).

/32 in) over
arrying metal
78 mm (7 in).
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Table 14

Tubing wall thickness

(See Clause 47.3)

Minimum wall thickness?
Copper Steel,

Outside diameter, Protected Unprotected

mm (in) mm (in) mm (in) mm (in)
6.35 (1/4) 0.62 (0.0245) 0.67 (0.0265) 0.064 (0.025)
7.94 (5/16) 0.62 (0.0245) 0.72 (0.0285) 0.064 (0.025)
9.53 (3/8) 0.62 (0.0245) 0.72 (0.0285) 0.064 (0.025)
12.70 (1/2) 0.62 (0.0245) 0.72 (0.0285) 0.064 (0.025)
15.88 (5/8) 0.80 (0.0315) 0.80 (0.0315) 0.081 (0.025)
19.05 (3/4) 0.80 (0.0315) 0.98 (0.0385) 0.081 (0.025)
22.23 (7/8) 1.04 (0.0410) 1.04 (0.0410) 1.17 (0.032)
25.40 (1) 1.17 (0.0460) 1.17 (0.0460) 1.17 (0.032)
28.58 (1-1/8) 117 (0.0460) 1.17 (00460) 1.17 (0.046)
31.75 (1-1/4) 1.28 (0.0505) 1.28 (0.0505) 1.17 (0.046)
34.93 (1-3/8) 1.28 (0.0505) 1.28 (0.0505) 1.58 (0.046)
38.10 (1-1/2) 1.41 (0.0555) 1.41 (0.0555) 1.58 (0.062)
413 (1-5/8) 1.41 (0.0555) 141 (0.0555) 1.58 (0.062)
54.0 (2-1/8) 1.626 (0.0640) 1.626 (0.0640) - -
66.7 (2-5/8) 1.88 (0.0740) 1.88 (0.0740) - -

Note: "Protecte
objects such as
protection may
employed for th
considered unp|

2 Nominal wall t

" implies that the tubing is shielded by the.cabinet or assembly, to the extent that unintended dampge caused by
tools falling on or otherwise striking the'tubing during handling and after installation of the unit, is grevented. This
be provided in the form of baffles, channels, flanges, perforated metal, or equivalent means. If a cgbinet is

e intended installation of a unit, thé\tubing shall be considered shielded. Tubing not so shielded shall be

otected with respect to this table)

hickness of tubing shall be\greater than the thickness indicated to maintain the minimum wall thickpess.

Table 15
Test voltages

(See Clause 51.2.1)

— Nameplate voltage rating

Test voltage

110-120
200 -208
220 -240
254 - 277
440 - 480
550 — 600

120
208
240
277
480
600
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Table 16
Maximum temperatures
(See Clauses 57.1.1, 57.1.4, 57.1.8, 57.1.10, and 57.1.13)
Materials and components °C (°F)
A. MOTORS
1. Class A insulation systems on coil windings of alternating-current motors®® having a frame
diameter of 178 mm (7 inches) or less, not including universal motors:
(a) In open motors —
Thermocouple or resistance method 100 (212)
(b) In totaty-enelosed-meters
Thermocouple or resistance method 105 (221)
2. Class A [nsulation systems on coil windings of alternating-current motors having a frame
diameter of more than 178 mm (7 inches) of direct-current motors, and of universal motors:
(a) In opgn motors —
Thermocouple 90 (194)
Residtance method 100 (212)
(b) In totally enclosed motors —
Therrmhocouple method 95 (203)
Residtance method 105 (221)
3. Class B |nsulation systems on coil windings of alternating-current motors having a frame
diameterf of 178 mm (7 inches) or less, not including universal motors:
(a) In opgn motors —
Therrhocouple or resistance method 120 (248)
(b) In totally enclosed motors —
Thermocouple or resistance method 125 (257)
4. Class B |nsulation systems on coil windings.of alternating-current motors®® having a frame
diameter of more than 178 mm (7 inches) and of direct-current and universal motors:
(a) In opgn motors —
Thermocouple method 110 (230)
Resigtance method 120 (248)
(b) In totally enclosed motors —
Therrhocouple'method 115 (239)
Residtance method 125 (257)
5. Class FLma_ﬂan_Qn_cau windings of mators®® having a frame diameter of 178 mm (7 in) ar
less not including universal motors:
(a) In open motors —
Thermocouple or resistance method 145 (293)
(b) In totally enclosed motors —
Thermocouple or resistance method 150 (302)
6. Class F insulation on coil windings of motors®® having a frame diameter of more than 178 mm
(7 in), not including universal motors:
(a) In open motors —
Thermocouple method 135 (275)
Resistance method 145 (293)

Table 16 Continued on Next Page
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Table 16 Continued
Materials and components °C (°F)
(b) In totally enclosed motors —
Thermocouple method 140 (284)
Resistance method 150 (302)
7. Class H insulation on coil windings of motors®® having a frame diameter of 178 mm (7 in) or
less, not including universal motors:
(a) In open motors —
Thermocouple or resistance method 160 (320)
(b) In totally enclosed motors —
Thermmocouple or resistance method 165 (329)
8. Class H|insulation on coil windings of motors®® having a frame diameter of more than 178 mm
(7 in), including universal motors:
(a) In ogen motors —
Thermocouple method 150 (302)
Resiptance method 160 (320)
(b) In tofally enclosed motors —
Thermocouple method 155 (311)
Resiptance method 165 (329)
B. COMPONENTS
1. Capacitprs:
Electrolytic types® 65 (149)
Othdr types® 90 (194)
2. Field wifing 75 (167)
3. Relay, solenoid, and other coils with®:
(a) Clasp A insulated winding —
Thermocouple method 92 (194)
Resiptance method 110 (230)
(b) CIasE B insulated winding =
Thermocouple method 110 (230)
Resiptance methed 130 (266)
(c) Clasp F insulated winding —
Therqmocouple method 135 (275)
Resistance method T45 (293)
(d) Class H insulated winding —
Thermocouple method 150 (302)
Resistance method 160 (320)
4. Solid contacts 90 (194)
5. Transformer enclosures —
(a) Class 2 transformers 85 (185)
(b) Power and ignition transformers 90 (194)
6. Fuse bodies® 90 (194)

C. INSULATED CONDUCTORS'

Table 16 Continued on Next Page
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Table 16 Continued
Materials and components °Cc (°F)
1. Flexible cords and wires with rubber, thermoplastic, or neoprene insulation 60 (140)
D. ELECTRICAL INSULATION — GENERAL'
1. Fibre used as electrical insulation on cord bushings 90 (194)
2. Phenolic composition used as insulation or as parts where failure results in a risk of fire, 150 (302)
electric shock, or other hazardous condition
3. Thermoplastic material temperature rating of
material
E. GENERAL
1. A surface-tperwhieh-a-stetionery-produetiscapable-ofbeingplaced-ormotntedHn-serviee; 96 (194)
and a sufface that is adjacent to the product when it is so placed or mounted
2. Any point on or within a terminal box or a stationary product 90 (194)
3. Wood or|other combustible material

@ The motor dian
lugs, boxes, and

® When the coil i
wrap includes th
the resistance m|
thermocouple sh
temperature is a

(1) 5°C (9°F
(2) 10°C (14
(3) 15°C (21
(4) 20°C (36
(5) 30°C (54

more than the in
than that specifig

¢ For an electroly
with the capacitd

4 A capacitor tha|
capacitor shall b|

¢ Includes both g

fThe limitations
successfully inve

eter shall be measured in the plane of the laminations of the circle circumscribing-the 'stator frame
similar parts, used solely for motor cooling, mounting, assembly, or connection.

b inaccessible for mounting thermocouples (for example, a coil immersed inisealing compound) or
ermal insulation or more than two layers, 0.8 mm (1/32 in) maximum, of cétton, paper, rayon, or sif
ethod shall be used. For a thermocouple measured temperature of a coil.of an alternating-current
all be mounted on the integrally applied insulation on the conductor.’At a point on the surface of a
Ccepted by an external source of heat, the temperature measured'hy/a thermocouple is not prohibi

for Item A1(a) of this Table;
°F) for Iltem A3(a) of this Table;
°F) for Item A2(a) of this Table;
°F) for ltems A4(a), B3(b), and B3(c) of this Table;.lor
°F) for Iltem B3(d) of this Table;

Hicated maximum, as long as the temperature rise of the coil, as measured by the resistance meth
d in this Table.

tic capacitor that is physically integral with or attached to a motor, the temperature on insulating m|
r enclosure shall be no more than 90°C (194°F).

operates at a temperature higher than 90°C (194°F) complies with the intent of this requirement.
e prohibited from operating\at a temperature higher than its marked temperature rating.

asing and ferrule. However, a temperature not more than 20°C (36°F) higher than the values indic

Table may be usgd on the casingy(notferrule) of a Class G, J, T, or L fuse.

bn phenolic gomposition and on rubber and thermoplastic insulation do not apply to compounds th
stigated forhigher temperatures than those specified in this Table.

, excluding

lwhen the coil
hilar materials,
motor, the

toil where the
ted from being:

bd, is not more

pterial integral

However, a

hted in this

at have been

Table 17

Physical properties of gasket materials

(See Clauses 67.1 and 67.2)

Materials

Acceptable limits

Physical properties Before conditioning

After conditioning

Elastomers (

and the

rubber, ethylene, propylene,

Minimum acceptable
elongation?®

neoprene, 250 percent

like)

Minimum acceptable tensile 100 psi (10.3 MPa)?

strength

Maximum acceptable set” 1/4in (6.4 mm)

65 percent of original

75 percent of original

Table 17 Continued on Next Page
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Table 17 Continued

Mate

rials

Acceptable limits

Physical properties

Before conditioning

After conditioning

similar m

Non-elastomers (solid
polyvinyl chloride, and the
like, excluding cork, fibre, and

aterials)

strength

Maximum acceptable 15 percent
compression set°
Minimum acceptable 200 percent 65 perce
elongation?®
Minimum acceptable tensile 1500 psi (10.3 MPa) 75 percel

nt of original

nt of original

Foamed neoprene or rubber
comppund

Thermgplastic

The compound shall not burden or otherwise d
degree that will affect its sealing properties:

The compound shall not deform or melt, or othgrwise
deteriorate to a degree that will affect its’sealin

pteriorate to a

) properties.

distance at bre.
b Difference bet

¢ Percent set m
24 hours at 70°
Standard Test N

4500 psi (3.4 M
to mechanical g

@ Percent increj

se in distance between gauge marks at break compared to initial distance of 25.4.mam)(1 in). For example, a
k of 88.9 mm (3.5 in) is 250 percent elongation.

een 63.5 mm (2.5 in) and final distance when specimen is stretched so that gatige marks initially
are 63.5 mm apprt, held for 2 minutes, and measured 2 minutes after release.

pasured after Type 1 button specimens are compressed to one-third of original thickness and heat
C (158°F) or 10°C (18°F) higher than normal operating temperature;whichever is higher, following
ethods for Rubber Property — Compression Set, ASTM D395, Method B.

Pa) for a silicone rubber gasket (having the characteristic constituent of polyorganosiloxane) that i
buse after assembly in the product.

25.4 mm apart

conditioned for
the procedure in

b not subjected

Table' 18

Accelerated.aging conditions

(See Clause 67.1)

Measured temperature

rise, Test Program
c° (F°) Rubber or neoprene Thermoplastid
35 (63) Air oven aging for 70 hours at 100°C (212°F) 7 days in an air-circulating oven|at 87.0 +1.0°C
(188.6 £1.8°F)
50 (90) Air oven aging for 168 hours at 100°C (212°F) 10 days in an air-circulating oven at 100 +1.0°C
(212.0 £1.8°F)
55 (99) 7 days in an air-circulating oven at 113.0 £1.0°C
(235.4 £1.8°F)
65 (117) 7 days in an air-conditioning oven at 121.0 +1.0°
C (249.8 +1.8°F)
80 (144) 7 days in an air-circulating oven at 136.0 +1.0°C

(276.8 +1.8°F)

@ These temperatures correspond to the maximum temperature rise measured on the gasket during the Normal-Temperature Test,

Clause 57.
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Table 19
Oven conditioning temperatures
(See Clauses 68.5 and 68.6)
Temperature on material during normal
temperature test, Number of days in Oven temperature,
°C (°F) oven °C (°F)
60 (140) 7 87 (189)
75 (167) 7 100 (212)
80 (176) 7 113 (234)
90 +94) 7 +24 (250)
105 (221) 7 136 (277)
145 (293) 10 150 (302)
150 (302) 10 160 (320)
160 (320) 30 170 (338)
170 (338) 30 180 (356)
180 (356) 30 190 (374)
190 (374) 30 200 (392)
200 (392) 30 210 (410)
Table 20
Short circuit test on bonding conductors
(See Clauses 71.1 and 71.2)
Combined rating of overcurrent device
V-A Circuit capacity, A
Single-phasq Three-phase DC W output (HP) 0-250V 251 — 600 V
0-1176 0-832 0-624 373 (172 200 1000
maximum)
1177 = 1920 833 — 1496 625-1128 373 to 746 (Over 1000 1000
1/2 to 1 maximum)
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FIGURES
Figure 1
Location and extent of barrier
(See Clause 5.3.4)
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Notes:

(A) The region to be shielded by barrier consists of the entire component if it is not otherwise shielded. If a component is partially
shielded by the component enclosure or equivalent, the region consists of the unshielded portion of the component.

(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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Figure 2
Articulated probe with web stop
(See Clause 7.5 and Table 2)
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