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INTRODUCTION
1 Scope

1.1 These requirements cover electrostatic air cleaners rated at 600 volts or less, intended to remove
dust and other particles from the air and intended for use in accordance with the National Electrical Code,
ANSI/NFPA 70.

1.1.1 Inreference to 1.1, these requirements may be used to evaluate products that are:

a) Powered entirely by a low-voltage supply source, such as those intended for connection to a
Universal Serial Bus (USB) supply source; or

b) Proyided with or intended for use with one or more rechargeable battery system(s) for portable
appliances intended for household use only.

1.1.2 Theseg| requirements do not cover battery operated products other)than portable appliances
intended for household use only.

1.2 These r¢quirements do not cover electrostatic air cleaners for use-in hazardous locatipns or to clean
atmospheres defined as hazardous by the National Electrical Code;"ANSI/NFPA 70.

1.3 These r¢quirements do not cover air cleaners intended to.remove particles other than dust and other
particles normally found in heating and ventilating systems.

1.4 Requirements for the installation of duct-type electrostatic air cleaners are included in the Standard
for the Installation of Air Conditioning and Ventilating Systems, NFPA 90A; and the Standard for the
Installation of[Warm Air Heating and Air Conditioning Systems, NFPA 90B.

2 General
2.1 Components
2.1.1 Deletgd
2.1.2 Deletgd

2.1.3 Deletdd

2.1.4 Deleted
2.1.5 No component shall contain liquid mercury.
2.2 Units of measurement

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

2.3 Undated references

2.3.1 Any undated reference to a code or standard appearing in the requirements of this standard shall
be interpreted as referring to the latest edition of that code or standard.
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3 Glossary
3.1 For the purposes of this standard the following definitions apply.

3.2 ACCESSIBLE PART — A part located so that it can be contacted by a person either directly or by
means of a probe as specified in Accessibility of Uninsulated Live Parts and Moving Parts, Section 7.

3.3 AIR CLEANERS - An air cleaner is defined as one of the following:

a) Duct type — An air cleaner intended for installation in and at adjoining ducts, including the
plenum, of heating, air conditioning, and ventilating systems. The air cleaner may not be provided
with a fan, and the duct may provide part or all of the cabinet. This type of air cleaner may be either
cord-amd-plug connected or permanently connected to the electrical supply source.

b) Fixefl type — An air cleaner intended to be:
1) Permanently connected to the electrical supply source;

2) Permanently mounted, such that tools are required for the product installation or removal;
or,

3) Sized so that it is not easily moved from one placetotanother.
c) Portable type — A cord-and-plug-connected air cleaner. that:
1) Can be easily moved from one place to another for use; and

2) Has no provision for permanent shounting. Tools are not required fof the product
installation or removal.

d) Deldted

e) Delgted
3.3.1 BARRIER, INSULATING = A-partition for isolating parts of electrical circuits.

3.3.2 BARRIER, MECHANIECAL — A partition for isolating ignition sources, moving parts of protection of
wiring.

3.4 Deleted

3.4.0 CABINEF—TFhepartofthe-eqguipmentthat:

a) Provides physical protection to insulated wiring, enclosures, moving parts, motors, enclosed
electrical parts, tubing or any other parts that may cause injury to persons; and,

b) Does not, by itself, enclose any high-voltage or line-voltage uninsulated live parts.

3.4.0.1 CAPACITOR, CLASS Y - Capacitor or resistor-capacitor unit of a type suitable for use in
situations where failure of the capacitor could lead to danger of electric shock. (Examples would include
capacitors connected across the primary and secondary circuits where electrical isolation is required to
prevent an electric shock or between hazardous live parts and accessible parts.)

3.4.1 COMPONENT - A device or fabricated part of a product covered by the scope of a safety standard
dedicated to that purpose. If incorporated in a product, a part that is otherwise typically field installed (e.g.
luminaire) is considered to be a component. Unless otherwise specified, materials that compose a device
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or fabricated part, such as aluminum or copper, are not considered components. Generally, components
are incomplete in construction features or restricted in performance capabilities. Such components are
intended for use only under specific, limited conditions, such as certain temperatures not exceeding
specified limits.

3.4.2 CONTROL, OPERATING — A device or assembly of devices, the operation of which starts or
regulates the end product during normal operation. For example, a thermostat, the failure of which a
thermal cutout/limiter or another layer of protection would mitigate the risk of electric shock, is considered
an operating control and in this example could also be called a “regulating control”. Operating controls can
also include other controlling devices such as switches, contactors, relays and similar devices. Appendix B
specifies control functions that are not considered to result in a risk of fire, electric shock or injury to
persons.

3.4.3 CONTROL, PROTECTIVE — A device or assembly of devices, the operation of which is intended to
reduce the risk of fire, electric shock or injury to persons during normal and reasonably anticipated
abnormal opgration of the product. For example, a thermal cutout/limiter, or any ether contrpl/circuit relied
upon for normal and abnormal conditions, is considered a protective control. Brotective controls are also
referred to as

conditions. A|
shock or injur

344 ELEC
electrons mo
be an electror

©IEC. This mate
(ANSI) on behalf

3.4.5 ELEC
device of a ¢
relay is used {

3.5 ELECTH
particles from
collector cell,

3.5.1 ENCL

a) Isol

“limiting controls” or “safety controls” and are investigated_under normal 3
bpendix B specifies control functions that are considered, te_result in a risk
to persons.

[RONIC COMPONENT — A part in which electrical.conduction is achieved
ing through a vacuum, gas or semiconductor. A\Metal Oxide Varistor (MOV) ig
ic component, but neon indicators are not.

rial is reproduced from IEC 60335-1 Ed. 5.2 b:2016_with permission of the American National §
of the International Electrotechnical CommissionsAll rights reserved.

RONIC DISCONNECTION — The de-energizing of a load within a product b

o de-energize the load.

OSTATIC AIR CLEANER (AIR CLEANER) — A product intended to remove
the air. The complete product consists of an assembly of a power pack, co
and other components.

DSURE < Fhe part of the equipment that does one or more of the following:

btes ignition sources,

nd single-fault
pf fire, electric

principally by
considered to

tandards Institute

an electronic

rcuit. No electro-mechanical component having an air gap, such as a switch, contactor or

Hust and other
ntrols, ionizer-

bsent a risk of

b) Remd

dare inaccessibla a3l or anv nart(e) of tha aatinment that mav atharmalica Nnr.
e He—aH—-OFahy-—PaiiS)-ortHe—equipiehtthHatRay—oRePMSe-Pi

electric shock, including uninsulated high- or line-voltage parts.

c¢) Retards propagation of flame initiated by electrical disturbances occurring within.

3.6 EXPOSED PART — A part that is subjected to handling in normal use without removing parts such as

doors, covers

3.6.1

, or other parts if removal requires the use of a tool.

FUNCTIONAL PART — A part other than an enclosure or cabinet used to maintain the intended

relative physical position of fixed or moving parts, maintain the integrity of the structure or required for the
intended operation of the product. A fan blade is an example of this type of part.

3.6.2 GROUNDING, FUNCTIONAL - Grounding of a point in a product which is necessary for a purpose
other than safety.
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3.7 HIGH-VOLTAGE CIRCUIT — A circuit involving a potential of more than 600 volts.

3.7.1 IGNITION SOURCE - Any high- or line-voltage electrical component not located within an
enclosure. Wiring with VW-1 insulation is not considered an ignition source.

3.8 ISOLATED-LIMITED-ENERGY CIRCUIT — A circuit derived from an isolated-secondary winding of a
transformer having a maximum capacity of 100 volt-amperes and an open-circuit-secondary voltage rating
not exceeding 600 volts.

3.9 LINE-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 600 volts, and having
characteristics in excess of those of a low-voltage or an isolated-limited-energy circuit.

3.10 LOW-V
supplied by a

DLTAGE CIRCUIT — A circuit involving a potential of not more than 30
primary battery, a Class 2 transformer, or by a combination of a transfoerr

olts rms and
her and fixed

impedance that, as a unit, complies with all the performance requirements for a Class 2 transformer. A

circuit derived
limit the voltag

3.11 Deleted

3.11.1 MOT(
thermostat, pr

3.11.2 NONH
Decorative trin

3.12 PARTIA

from a line-voltage circuit by the connection of resistance in series-with the st
e and current is not considered to be a low-voltage or an isolated‘secondary ci

DR CONTROLLER — Any device normally used to stari‘and stop a motor, suc
bssure limiting control, or the like.

UNCTIONAL PART — A part of the equipment that does not perform a spd
N is an example of this type of part.

LLY PROTECTED PART — A part that is exposed only during user servicing

pply circuit to
rcuit.

h as a switch,

cific function.

, with voltage

and current linitations as specified in Partially Protected Parts, Section 37.

3.13 POWEH
The unit may 2

R SUPPLY — A unit consisting of a high-voltage transformer and other electrical component.
Iso contain controls for the air cleaner.

3.13.1 PROT
electric shock

[ECTIVE ELECTRONIC CIRCUIT (PEC) — An electronic circuit that preventq a risk of fire,

pr injury to persons’under abnormal operating conditions.

©IEC. This materipl is adapted from IEC 60335-1 Ed. 5.2 b:2016 with permission of the American National Standards Institute (ANSI)
on behalf of the International Electrotechnical Commission. All rights reserved.

3.14 Deleteq

3.14.1 SWITCH MODE POWER SUPPLY UNIT — Electronic device incorporating transformer(s) and
electronic circuitry(ies), that converts electrical power into single or multiple power outputs by rapidly
switching a solid-state device on and off. It may also isolate the input circuit from the output circuit and
regulate and/or convert the output voltage and current. The device may consist of one or more individual
units with identical or different waveforms and frequencies including dc output.

3.14.2 THERMISTOR - A thermally sensitive semiconductor resistor, which shows over at least part of
its resistance/temperature characteristic a significant non-linear change in its electrical resistance with a
change in temperature. A thermistor may be either of the positive temperature coefficient (PTC) type or of
the negative temperature coefficient (NTC) type.

3.15 USER SERVICING - The replacing, cleaning, or adjusting of filters or adjustment of controls and
the like intended to be done by the user.
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3.16 VOLTAGE FOLDBACK — A circuit design feature intended to protect the power supply output
transistors. When overcurrent is drawn by the load, the supply reduces the output voltage and current to
within the safe power dissipation limit of the output transistors.

CONSTRUCTION

4 General

4.1 The con

struction of a product shall be such that all of the following conditions are met:

a) Normal use and user servicing do not result in a risk of electric shock, fire, or injury to persons.

b) Th
limits.

c) The

malterials and component are used within their electrical, mechanical, an

assembly protects the components and wiring from being displaced,or damag

4A Components

4A.1 Gener
4A11 Aco
a) Corn
compd

b) Be
c) Be
d) Add

Note — Specific g
intended for use
under those sped

Exception No
specific comp)

a) Inv
produq

!

al

mponent of a product covered by this standard shall:

nply with the requirements for that component as-indicated in 4A.2 —4A.10 0
nent section;

sed in accordance with its rating(s) established for the intended conditions of
sed within its established use limitations or conditions of acceptability; and

itionally comply with the appli¢able requirements of this end product standard.

lomponents are incomplete in construction features or restricted in performance capabilities. Suc
only under limited conditiens,-such as certain temperatures not exceeding specified limits, and
ific conditions.

1: A compeneént of a product covered by this standard is not required to
onent requirement that:

blveswarfeature or characteristic not required in the application of the con
t; or

d temperature

ed.

the individual

ise;

h components are
hall be used only

comply with a

ponent in the

b) Is superseded by a requirement in this standard, or

c) Is separately investigated when forming part of another component, provided the component is
used within its established ratings and limitations.

Exception No. 2: A component complying with a component standard other than those cited in 4A.2 —
4A.10 or the individual component section is acceptable if:

a) The component also complies with the applicable component standard of 4A.2 — 4A.10 or the
individual component section; or

b) The

component standard:

1) Is compatible with the ampacity and overcurrent protection requirements of the National

Electrical Code, ANSI/NFPA 70, where appropriate;
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2) Considers long-term thermal properties of polymeric insulating materials in accordance
with the Standard for Polymeric Materials — Long Term Property Evaluations, UL 746B; and

3) Any use limitations of the other component standard is identified and

appropriately

accommodated in the end use application. For example, a component used in a household
application, but intended for industrial use and complying with the relevant component

standard may assume user expertise not common in household applications.

4A.1.2 A component that is also intended to perform other functions, such as over current protection,
ground-fault circuit-interruption, surge suppression, any other similar functions, or any combination
thereof, shall comply additionally with the requirements of the applicable UL standard(s) that cover devices

that provide th

Exception: WH
markings, inst|

applied.

4A.1.3 A cor

ose functions.

ere these other functions are not required for the application and not identi
ructions, or packaging for the appliance, the additional component standard(s

hponent not anticipated by the requirements of this standard, not specifically G

component standards of 4A.2 — 4A.10 or individual component sections,and that involves 3

of electric sh
applicable UL

4A.1.4 With
performance
anticipates no

4A.2 Attach

4A.2.1 Attac
and appliance

498. See 4A.2

Exception: At
covered unde

bck, fire, or personal injury, shall be additionally investigated in accords
standard, and shall comply with 4A.1.1(b) — (d).

regard to a component being additionally investigated, reference to con
requirements in another UL end product standard is appropriate where
mal and abnormal use conditions consistentiwith the application of this standa

ment plugs, receptacles, connectors-and terminals

hment plugs, receptacles, appliance couplers, appliance inlets (motor attac
(flatiron) plugs, shall complywith the Standard for Attachment Plugs and Re|
9.

achment plugs and‘appliance couplers integral to cord sets or power sup,
" the requirements)\of the Standard for Cord Sets and Power-Supply Cords,

need not comply with UL 498!

4A.2.2 Quick
conductors, ha

in), intended f

appliance, shg

-connegtterminals, both connectors and tabs, for use with one or two 22 — 10
ving.neminal widths of 3.5, 3.2, 4.8, 5.2, and 6.3 mm (0.110, 0.125, 0.187, 0.2
Dr inhternal wiring connections in appliances, or for the field termination of con

jed as part of
need not be

overed by the
potential risk
nce with the

struction and
that standard
rd.

hment plugs),
ceptacles, UL

ply cords are
UL 817, and

AWG copper
05, and 0.250
ductors to the

I'eemply with the Standard for Electrical Quick-Connect Terminals, UL 310.

Exception: Other sizes of quick-connect terminals shall be investigated with respect to crimp pull out,
insertion-withdrawal, temperature rise, and all tests shall be conducted in accordance with UL 310.

4A.2.3 Single and multipole connectors for use in data, signal, control and power applications within and
between electrical equipment, and that are intended for factory connection and for factory assembly to
copper or copper alloy conductors, or for factory assembly to printed wiring boards, shall comply with the
Standard for Component Connectors for Data, Signal, Control and Power Applications, UL 1977. See

4A.2.9.

4A.2.4 Wire connectors shall comply with the Standard for Wiring Connectors, UL 486A-486B.

4A.2.5 Splicing wire connectors shall comply with the Standard for Splicing Wire Connectors, UL 486C.
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4A.2.6 Multi-pole splicing wire connectors that are intended to facilitate the connection of hard-wired
utilization equipment to the branch-circuit conductors of buildings or that are intended for consumer
connection within and between parts of electrical equipment, shall comply with the Standard for Multi-Pole
Splicing Wire Connectors, UL 2459. See 4A.2.9.

4A.2.7 Equipment wiring terminals for use with all alloys of copper, aluminum, or copper-clad aluminum
conductors, shall comply with the Standard for Equipment Wiring Terminals for Use with Aluminum and/or
Copper Conductors, UL 486E.

4A.2.8 Terminal blocks shall comply with the Standard for Terminal Blocks, UL 1059, and, if applicable,

be suitably rated for field wiring.

4A.2.9 Fem
that may be U
the specific ty
coupler that d
when tested

4A.3 Boxes and raceways

4A.3.1
Chapter 3 of
(such as the
Device Boxes
514D) and 4A

4A.4 Cords| cables and internal wiring

4A41 Aco

Cords, UL 817.

4A.4.2 Flexi
Flexible cord
power supply

4A.4.3 Inter
Wiring Materi

Electrical boxes and the associated bushings and fittingsyand raceways, of the typ

ble devices (such as receptacles, appliance couplers, and connectors) thata
sed, to interrupt current in the end product, shall be suitably rated for current
pe of load, when evaluated with its mating plug or connector. For example
an be used to interrupt the current of a motor load shall have a suitable horg
ith its mating plug.

he National Electrical Code, ANSI/NFPA 70 and that’'comply with the relevar
Btandard for Metallic Outlet Boxes, UL 514A, Standard for Nonmetallic Outlet
, and Covers, UL 514C, Standard for Cover Rlates for Flush-Mounted Wirin
.1 are considered to fulfill the requirements-0f'this Standard.

'd set or power supply cord shall:comply with the Standard for Cord Sets and
y

ble cords and cables shall comply with the Standard for Flexible Cords and (
and cables are considered to fulfill this requirement when preassembled in
cord complying-with the Standard for Cord Sets and Power Supply Cords, UL

nal wiringscomposed of insulated conductors shall comply with the Standard
bl, UL 768,

1

e intended, or
interruption of
an appliance
epower rating

es specified in
t UL standard
Boxes, Flush-
g Devices, UL

Power Supply

Cables, UL 62.
a cord set or
B17.

for Appliance

ith one of the

Exception Ng.

Insulated conductors need not comply with UL 758 if they comply W

following:

a) Standard for Thermoset-Insulated Wires and Cables, UL 44;

b) Standard for Thermoplastic-Insulated Wires and Cables, UL 83;

¢) Standard for Fixture Wire, UL 66; or

d) The appropriate UL standard(s) for other insulated conductor types specified in Chapter 3

(Wiring Methods and Materials) of the National Electrical Code, ANSI/NFPA 70.

Exception No. 2: Insulated conductors for specialty applications (e.g. data processing or communications)
and located in a low-voltage circuit not involving the risk of fire or personal injury need not comply with UL
758.
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4A.5 Cordreels

4A.5.1 A cord reel shall comply with the special-use cord reel requirements of the Standard for Cord
Reels, UL 355.

4A.6 Ground-fault, arc-fault and leakage current detectors/interrupters

4A.6.1 Ground-fault circuit-interrupters (GFCI) for protection against electrical shock shall comply with
the Standard for Ground-Fault Circuit-Interrupters, UL 943. The following statement, or equivalent, shall
be included as a marking near the GFCI, or as an instruction in the manual: “ Press the TEST button (then
RESET button) every month to assure proper operation.”

4A.6.2 Applilance-leakage-current interrupters (ALCI) for protection against electrical shock shall comply
with the Standard for Appliance-Leakage-Current Interrupters, UL 943B.

Note — An ALCI is|not considered an acceptable substitute for a GFCI when NFPA 70 requires a GFC}-

4A.6.3 Equigment ground-fault protective devices shall comply with the\Standard for |Ground-Fault
Sensing and Relaying Equipment, UL 1053, and the applicable requirements of the Standard for Ground-
Fault Circuit-Infterrupters, UL 943.

4A.6.4 Arc-fault circuit-interrupters (AFCI) shall comply with the Standard for Arc-Fault Circuit-
Interrupters, UL 1699.

4A.6.5 Leakage-current detector-interrupters (LCDI)and any shielded cord between the LCDI and
appliance shall comply with the Standard for Arc-Fault.Circuit-Interrupters, UL 1699.

4A.7 Light sources and associated components
4A.7.1 Lampgholders and indicating lamps_shall comply with the Standard for Lampholders, UL 496.

Exception: Lampholders forming part of a luminaire that complies with an appropriate (UL luminaire
standard are donsidered to fulfillthis requirement.

4A.7.2 Lightihg ballasts shall comply with the:
a) Stanjdard fof. Fluorescent-Lamp Ballasts, UL 935; or

b) Standard\for High-Intensity Discharge Lamp Ballasts, UL 1029.

Exception No. 1: Ballasts forming part of a luminaire that complies with an appropriate UL luminaire
standard are considered to fulfill this requirement.

Exception No. 2: Ballasts for other light sources shall comply with the appropriate UL standard(s).

4A.7.3 Light emitting diode (LED) light sources shall comply with the Standard for Light Emitting Diode
(LED) Light Sources For Use In Lighting Products, UL 8750.

Exception No. 1: LED light sources forming part of a luminaire that complies with an appropriate UL
luminaire standard are considered to fulfill this requirement.

Exception No. 2: Individual LED light sources mounted on printed wiring boards and intended for
indicating purposes need not comply with UL 8750, but shall comply with the applicable requirements of
this end product standard.
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4A.8 Overcurrent protection
4A.8.1 Deleted
4A.8.2 Deleted
4A.8.3 Deleted
4A.8.4 Deleted
4A.8.5 Deleted
4A.9 Powel supplies
4A.9.1 A power supply other than a high-voltage power supply shall comply with.one’of the following:
a) Forja power supply providing a low-voltage circuit output:
1) Standard for Class 2 Power Units, UL 1310; or
2) Standard for Information Technology Equipmént — Safety — Part 1: General
Requirements, UL 60950-1, or Standard for Househeld and Similar Electrical Appliances —
Safety — Part 2-29: Particular Requirements ForBattery Chargers, UL 6033%-2-29; with an
output marked "Class 2", or that complies with'the limited power source (LPS) requirements
and is marked "LPS".
b) Forfa power supply providing a line-voltage'gcircuit output:
1) Standard for Power Units Other Than Class 2, UL 1012; or
2) Standard for Information Technology Equipment — Safety — Pant 1: General
Requirements, UL 60950-1:
c¢) For]a switch mode power.supply unit not complying with (a) or (b), the relevant requirements in
this Standard, including the Switch Mode Power Supply Units — Overload Test, Section 49D, shall
be applied.
4A.10 Supplementaliinsulation, insulating bushings and assembly aids
4A.10.1 Thg requirements for supplemental insulation (e.g. tape, sleeving or tubing) are not specified
unless the insulation or device is required to fulfill a requirement of this standard._In such cades:

a) Insulating tape shall comply with the Standard for Polyvinyl Chloride, Polyethylene, and Rubber
Insulating Tape, UL 510;

b) Sleeving shall comply with the Standard for Coated Electrical Sleeving, UL 1441;

c¢) Tubing shall comply with the Standard for Extruded Insulating Tubing, UL 224.

4A.10.2

Insulating bushings that comply with Section 4A.1 of this end-product standard, and the

Standard for Insulating Bushings, UL 635, are considered to fulfill the requirements of this Standard. Tests
specified in this Standard (e.g. Strain Relief Test) may still need to be performed to confirm the
combination of the insulating bushing and the supporting part are suitable.
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4A.11 Transformers

4A11.1

General-purpose transformers shall:

a) Comply with the Standard for Low Voltage Transformers — Part 1: General Requirements, UL
5085-1; and the Standard for Low Voltage Transformers — Part 2: General Purpose Transformers,
UL 5085-2; or

b) Be completely enclosed within the cabinet and comply with the insulation requirements in
4A.11.3 — 4A.11.7 as well as the construction and performance requirements of this standard as far

as they reasonably apply; or,

c) Comply with the Standard for Transformers and Motor Transformers for Use in

idio-, Radio-,

and Te
compo

4A.11.2 Clas

levision-Type Appliances, UL 1411, if used in a circuit involving an ray
nent.

s 2 and Class 3 transformers shall:

dio or video

a) Comply with the Standard for Low Voltage Transformers — Part<}:_General Reqliirements, UL

5085-1
Transfq

b) Be ¢

4A11.3 Ifa
comply with:

a) The

b) Exd
combin
materid

;. and the Standard for Low Voltage Transformers —(Part 3: Class 2
rmers, UL 5085-3; or,

ntirely located within a low-voltage circuit that is notprevided with a protective

peneral purpose transformer has a Class 105(A) insulation system, the tran

Spacings requirements in Table 23.1; of:

ept as specified in 4A.11.4, be “provided with an insulation system co
ation of magnet wire and be ‘ene or more of the following major compon
Is:

1) Thermoset materials;

2) Those specified in Table 4A.1 at the specified minimum thickness;

cloth, forexample), that are thinner or other than those specified in Table 4A.
isolate the windings from dead metal parts and:

and Class 3

control.

sformer shall

nsisting of a
ent insulation

3) Materials_'or a combination of materials, whether polymeric or not polymeric (treated

|, and used to

nt least 221°F

i) Have a relative or generic thermal index for electrical properties of

(105°C)amd

i) Be unfilled glass-reinforced nylon, polycarbonate, polybutylene terephthalate,

polyethylene terephthalate, phenolic or acetal.

4) Other polymeric materials complying with the Thermal Aging Test, Section 46B.
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Table 4A.1
Primary class A insulating materials and minimum thicknesses

Minimum thickness

Material mm (inches)
Vulcanized fiber 0.71 (0.028)
Polyethylene terephthalate film 0.18 (0.007)
Cambric 0.71 (0.028)
Treated cloth 0.71 (0.028)
Electrical grade paper 0.71 (0.028)
Mica 0.15 (0.006)
Aramid paper 0.25 (0:010)

4A.11.4

c) Met

d) Tramsformer core.

4A.11.5 The

a) Be ¢lectrical grade paper, waxed or otherwise treated to resist the absorption of m

a total

b) Be mechanically and thermallyequivalent insulating material(s) to (a) and:

Insu
between a crd

a) Tur
b) Ade

lating materials not complying with 4A.11.3(b) shall comply with\4A.11.5
ssover lead and the:

s of the transformer winding to which the lead is connected;
cent winding;

bllic enclosure; or

insulating materials referenced in 4A.11.4*shall:

thickness not less than 0.013 inch’(0.33 mm); or

1) Have a dielectric breakdown strength of 2500 volts or more in the thickness

applied between the coil leads and with the coil lead cut at the point wher
inner layer; or

3) Withstand the induced-potential test in 46.3.

4A.11.6 Le

and be used

bisture, having

used; or

2) Withstand the-dielectric voltage-withstand test potential in 46.1.1(a) with the potential

e it enters the

ol

shall be rated

i ad t £ oL (AN & Lot £ ]
© MITUVIUTU do Part Ul a LUidoo TUU (A TTTouliatiull oy otTliTT UTTh a yvcricrar purpu

194°F (90°C) minimum.

e transformer

4A.11.7 The following shall comply with the Standard for Systems of Insulating Materials — General, UL

1446:

a) Materials used in an insulation system operating above Class 105 (A) temperatures; or

b) Insulation systems employing integral ground insulation.

4A.12 Button or coin cell batteries

4A.12.1

An appliance, or any accessory of the appliance such as a wireless control, intended for use

with one or more single cell batteries, shall comply with 4A.12.2 if the batteries are sized with a maximum:
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a) Diameter of 1.25 inch (32 mm); and

b) Height that is less than its diameter.

4A.12.2 An appliance for household use and provided with one or more batteries as specified in 4A.12.1
shall comply with the Standard for Products Incorporating Button or Coin Cell Batteries of Lithium
Technologies, UL 4200A or be intended for one of the following:

a) Countertop use only;

b) Fixed installation and with the batteries located at a height not less than 4 feet (1.2 m) above the
floor; or

c) Use where the batteries are not intended to be replaced and are not referenced,in|the appliance

markings or in any instructions provided with the appliance.
4A.13 Information technology equipment
4A.13.1 Information technology equipment such as a printer, visual display.unit, router, communication

connectors/data ports or computer shall comply with the Standard for Informiation Technology Equipment —

Safety — Part 1

4A.14 Optic

4A.141 An

upon to provid

a) Prim

b) Low

c) Othe

4A.14.2
between prim

In 4

: General Requirements, UL 60950-1.

al isolators and semiconductor devices

e isolation between:
ary and secondary circuits;
voltage safety circuits; or

r high-voltage circuits.

bBry and secondary, circuits of a switch mode power supply unit shall hav

isolation voltage of 1500V.

4A.14.3 A pq

comply with {
semiconducto
voltage of 150

he Standard for Electrically Isolated Semiconductor Devices, UL 1557. If
issused as part of a switch mode power supply unit, it shall have a mini
DV,

bptical isolator shall comply with the Standard for Optical Isolators, UL 157]

ddition to complying.with 4A.14.1, an optical isolator relied upon to proy

wer switching semiconductor device that is relied upon to provide isolation t¢

[ if it is relied

ide feedback
B a minimum

ground shall
the switching

rlnum isolation

5 Accessories

5.1

An appliance having provision for the use of an electrical accessory intended to be attached in the

field shall comply with the requirements in this standard, with or without the accessory installed.

5.2
connector.

Installation of an accessory by the user shall be by means of a locking type receptacle and plug-in

5.3 When an accessory is to be installed by the user, the appliance shall comply with the requirements in
Section 7, Accessibility of Uninsulated Live Parts and Moving Parts, during and after the installation of the
accessory.
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5.4 The installation of an accessory by service personnel shall be by means of receptacles, plug-in
connectors, insulated wire connectors, or by connection to existing wiring terminals.

5.5 With reference to 5.4, an installation shall not require the cutting of wiring or the soldering of
connections by the installer. Installations shall not require cutting, drilling, or welding in electrical
enclosures and in other areas where such operations may damage electrical components and wiring
within the cabinet or enclosure.

5.6 A means for strain relief shall be provided and comply with the strain relief test in Section 42, Strain
Relief Test, at a force of 20 pounds (89 N), for the wiring in the accessory if there is a possibility of
transmitting stress to the terminal connections during installation.

5.7 All term
appliance if ¢

5.8 The inte
on or with the

5.9 As part

feasible, the i
electric shock

510 Anele

6 Frame, Cabinet and Enclosure

6.1 Genera
6.1.1 Electri
6.1.2 Other

considered e

without the dyict work installed s at an energy level equal to or below that of a partially-prg

specified in P

6.1.3 An ain
considered to|

lnals and wiring intended to be field connected shall be identified on the acc

nnections are made between the accessory and the appliance, and on the wir|

nded installation of the accessory shall be indicated in the installation instrug
accessory. See 59.8.

Of the investigation, an accessory is to be trial installed to.determine that thg
hstructions are detailed and correct, and the use of the acéessory does not intr
fire, or injury to persons.

trical accessory intended for field installation shall'‘be marked in accordance w

cal parts shall be provided within-a cabinet or enclosure.

than as noted in 6.1.3,'an air-inlet or an air-outlet opening of a duct-type p
hclosed by the adjacent duct work if an insulated or an uninsulated live p

brtially Protected Parts, Section 37.

-inlet or_@n-air-outlet opening not always intended to be attached to du
be enclosed.

6.1.4 The cabinet, enclosure and parts of the cabinet or enclosure such as doors, covers

essory, on the
ng diagram.

tions included

installation is
bduce a risk of

th 57.9.

oduct may be
art accessible
tected part as

t work is not

, and the like,

shall be provided with means for securing them in place.

6.1.5 An enclosure or cabinet shall be formed and assembled so that it will have the strength and rigidity
necessary to resist the abuses to which it is likely to be subjected, without increasing its risk of fire, electric
shock, or injury to persons due to total or partial collapse with resulting reduction of spacings, loosening or
displacement of parts, or other serious defects.

6.1.6 A cast-metal or die-cast metal cabinet or enclosure shall be investigated to determine that it is
equivalent to sheet metal.

6.1.7 Deleted

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

6.1.10 Glass for an opening not more than 4 inches (102 mm) in any dimension shall not be less than
0.055 inch (1.40 mm) thick. Glass for a larger opening, but not more than 144 square inches (929 cm?) in
area and having no dimensions greater than 12 inches (305 mm), shall not be less than 0.115 inch (2.92
mm) thick.

6.1.11 Glass used to cover an opening larger than 144 square inches (929 cm?) shall be investigated to
determine that it has the necessary mechanical strength and is otherwise suitable for the purpose.

6.1.12 Each gasket required to seal an enclosure against the entrance of rain and condensate shall be
held in place by mechanical fasteners or adhesives except as indicated in 6.1.13, and shall:

a) Be |neoprene, rubber, thermoplastic, polyvinyl chloride or other materials with equivalent

properiies that comply with Section 49C; or

b) Co
equiva

6.1.13
but are intend

In reference to 6.1.12, gaskets which are not held in place by mechanical fastenerg
ed to be retained in the correct position by some“other means shall be pfevented from

ply with the Standard for Gaskets and Seals, UL 157 if the gasket physical
ent to those specified in 49C.2 — 49C.10.

broperties are

or adhesives

displacement ¢ither:
a) Duelto their location within the equipment, or
b) By the placement of other components in the enclosure so that if the equipment cover is
removed, the gasket will be reengaged in thevintended manner when the cover is replaced.

6.1.14 Adhesives required to secure gaskets.shall comply with 49C.11.

6.1.15 Prodycts intended for outdoor(use shall comply with the Rain Test, Section 49B.

6.1.16 For products intended forinstallation within a concealed space of a building structure, an opening

complying with Section 7, Accessibility of Uninsulated Live Parts and Moving Parts, but located on a part

of the product
mm) or a cros

a) Fout

concealed by.the building structure shall not have any dimension exceeding 1

openings in the rear of the enclosure; and

b-sectionalaréa exceeding 0.055 in? (35.5 mm?) and there shall be no more than:

7/64 in. (6.75

b) Two

openings in each of the other four sides of the enclosure.

6.2 High-voltage power supply

6.2.1

A high-

voltage power supply shall:

a) Be housed within its own enclosure or comply with 49.4.1 — 49.4.3 if the power supply has

uninsul

b)Be h

6.2.2

ated live parts; or

oused within the cabinet if the live parts of the power supply are insulated.

A power-supply enclosure shall be:

a) Uncoated sheet steel not less than 0.026 inch (0.66 mm) thick;

b) Zinc-

coated sheet steel not less than 0.029 inch (0.74 mm) thick;
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c) Copper, brass, or aluminum not less than 0.036 inch (0.91 mm) thick; or

d) A polymeric material complying with the applicable requirements in the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, UL 746C.

6.3 Fixed products

6.3.1 Other than as noted in 6.3.2, the thickness of a sheet-metal enclosure of a control panel, a duct
door, or a similar component shall be as specified in Table 6.1 and Table 6.2.

Exception: Table 6.3 may be used for products that are only intended for ceiling mounting.

Table 6.1
Minimum thickness of carbon steeGI or stainless steel enclosures
Without supporting frame? i suppor:;?gfg:cTneggr cauivalent th:\:l:iknr:emsl;n;or th?:iknr::ensusr?or

Maximum wid{h,” | Maximum length,® | Maximum width,® | Maximum length, uncoated, coated,
inches (crp) inches (cm) inches (cm) inches (cm) inch (mm) ihch (mm)

4.0 10]2 Not limited 6.25 15.9 Not limited 0.020¢ 0.51 0Jo23¢ 0.58

4.75 12|1 5.75 14.6 6.75 17.1 8.25 21.0

6.0 152 Not limited 9.5 241 Not limited 0.026¢ 0.66 0J029¢ 0.74

7.0 1718 8.75 22.2 10.0 25.4 12.5 31.8

8.0 20|13 Not limited 12.0 30.5 Not limited 0.032 0.81 0{034 0.86

9.0 22|9 11.5 29.2 13.0 33.0 16.0 40.6

12.5 3118 Not limited 19.5 495 Not limited 0.042 1.07 0j045 1.14

14.0 35|6 18.0 457 21.0 53.3 25.0 63.5

18.0 45|17 Not limited 27.0 68.6 Not limited 0.053 1.35 0{056 1.42

20.0 50|8 25.0 63.5 29:0 73.7 36.0 91.4

22.0 55|9 Not limited 33.0 83.8 Not limited 0.060 1.562 0j063 1.60

25.0 63|5 31.0 78.7 35.0 88.9 43.0 109.2

25.0 63|5 Not limited 39.0 99.1 Not limited 0.067 1.70 0j070 1.78

29.0 73|7 36.0 91.4 41.0 104.1 51.0 129.5

33.0 838 Notiimited 51.0 129.5 Not limited 0.080 2.03 0j084 213

38.0 96|5 47-Q 119.4 54.0 137.2 66.0 167.6

42.0 104.7 Not limited 64.0 162.6 Not limited 0.093 2.36 0j097 2.46

47.0 1194 59.0 149.9 68.0 172.7 84.0 213.4

52.0 132+ Nottimited 86-6 2032 Nottimited 0-168 e 111 2.82

60.0 152.4 74.0 188.0 84.0 213.4 103.0 261.6

63.0 160.0 Not limited 97.0 246.4 Not limited 0.123 3.12 0.126 3.20

73.0 185.4 90.0 228.6 103.0 261.6 127.0 322.6

@See 6.3.4 and 6.3.5.

® The width is the smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.

¢ For panels which are not supported along one side, for example, side panels of boxes, the length of the unsupported side shall be
limited to the dimensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mm) wide.

4 Sheet metal for an enclosure intended for outdoor use — rainproof — shall not be less than 0.034 inch (0.86 mm) thick if zinc-
coated and not less than 0.032 inch (0.81 mm) thick if uncoated.
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Table 6.2
Thickness of sheet metal for enclosures of aluminum, copper, or brass
With supporting frame or equivalent
Without supporting frame? reinforcing?
Maximum width,° Maximum length,® Maximum width,? Maximum length, Minimum thickness,
inches (cm) inches (cm) inches (cm) inches (cm) inch (mm)
3.0 7.6 Not limited 7.0 17.8 Not limited
35 8.9 4.0 10.2 8.5 21.6 9.5 241 0.023¢ 0.58
4.0 10.2 Not limited 10.0 25.4 Not limited
5.0 12.7 6.0 15.2 10.5 26.7 13.5 34.3 0.029 0.74
6.0 t5:2 Nottirmited 40 356 Nottimmited
6.5 16.5 8.0 20.3 15.0 38.1 18.0 457 0,034 0.91
8.0 P0.3 Not limited 19.0 48.3 Not limited
9.5 D41 11.5 29.2 21.0 53.3 25.0 63.5 0.045 1.14
12.0 B0.5 Not limited 28.0 71.1 Not limited
14.0 B5.6 16.0 40.6 30.0 76.2 37.0 94.0 0.05§ 1.47
18.0 15.7 Not limited 42.0 106.7 NotJimited
20.0 50.8 25.0 63.4 45.0 114.3 55,0 139.7 0.075 1.91
25.0 53.5 Not limited 60.0 152.4 Not limited
29.0 y3.7 36.0 91.4 64.0 162.6 78.0 198.1 0.095 2.41
37.0 D4.0 Not limited 87.0 221.0 Not limited
42.0 106.7 53.0 134.6 93.0 2362 114.0 289.6 0.122 3.10
52.0 132.1 Not limited 123.0 3124 Not limited
60.0 152.4 74.0 188.0 130.0 330.2 160.0 406.4 0.153 3.89

2See 6.3.4and 4.3.5.

b The width is thel smaller dimension of a rectangular sheet-metal piece which is part of an enclosure. Adjacent surfaces of an
enclosure may h@ve supports in common and be made of.a’single sheet.

¢ For panels whigh are not supported along one side{ for example, side panels of boxes, the length of the unsupported side shall be
limited to the dimensions specified unless the side in*question is provided with a flange at least 1/2 inch (12.7 mm) wide.

9 Sheet copper, Hrass, or aluminum for an enclosure intended for outdoor use — rainproof — shall not be less than 0.p29 inch (0.74
mm) thick.

Table 6.3
Thickness of sheet.imetal for an enclosure of a ceiling-mounted product or an ionizer-collector

frame assembly

Minimum thickness,
Steel Copper, brass, or aluminum
With supporting frame or With
Without supporting frame equivalent reinforcing supporting
Maximum Without frame or
Maximum area of any supporting equivalent
dimension, surface, Zinc coated, Uncoated, | Zinc coated, Uncoated, frame, reinforcing,
inches (mm) | feet? (M?) | inch (MM) | inch (MmM) | inch (MM) | inch (MM) | inch (Mm) | jnch (mm)
60 1.5 | 1042 097 |0.034 0.86 | 0.032 0.81 |0.029 0.74 | 0.026 0.66 |[0.045 0.66 |0.036 0.91
Over
90 23 | 1042 097 [0.045 1.14 |0.034 1.14 [0.034 0.86 |0.032 0.81 | 0.058 0.81 [0.045 1.14
Greater than Over
90 23 |1042 097 [0.056 1.42 |0.053 1.35 [0.045 1.14 |0.042 1.07 |0.075 1.07 |0.058 1.47
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6.3.2 A sheet-metal wall to which a wiring system is to be connected in the field shall have a thickness of

not less than:

a) 0.032 inch (0.81 mm) if uncoated steel,

b) 0.034 inch (0.86 mm) if galvanized steel, or

¢) 0.045 inch (1.14 mm) if nonferrous.

6.3.2.1

Metallized or painted polymeric parts shall comply with Section 6A, Nonmetallic Parts.

6.3.3 Table 6.1 and Table 6.2 are based on a uniform deflection of the enclosure surface for any given

load concentr;

atad atthe centerof-the-surfaceraaardlase of matal thickness
pee—at+tRe-ce e -otRe-SuHa66-+e4 RHEtAtHHEKRBSS-

6.3.4 Withr
folded rigid s¢

a) Rig
b) Hag

c) Ha
enclos

6.3.5 Equivd
as one that i
include:

a)Asi

b)Asi

ST OTooo- ot

pference to Table 6.1 — Table 6.3, a supporting frame is an angled structure; o
ction of sheet metal that is:

dly attached to the enclosure surface,
essentially the same outside dimensions as the enclosurecsurface, and

;

[«

5 sufficient torsional rigidity to resist the bending miements that may be
ure surface if it is deflected.

lent reinforcing may be accomplished by constrictions that will produce a sti
5 built with a frame of angles or channels.Construction types without a suj

hgle sheet with single formed flanges.= formed edges;

ngle sheet that is corrugated or ribbed; or

c) An g¢nclosure surface loosely-attached to a frame, for example, with spring clips.

6.3.6 The thickness of a sheet-steel enclosure of an ionizer-collector frame assembl

specified in 6

3.2 and Table 6-3:

6.3.7 A duct
system on thq

-mounted/product shall be provided with flanges that are acceptable for conne
air-inlet and air-outlet sides.

Exception: In

r channel, or a

pplied by the

ucture as rigid
bporting frame

y shall be as

ction to a duct

place’ of flanges, holes may be provided in the sides of the ionizer-collector fr

bme assembly

for the attach

TTeTTt of ffarges or equivalternt rearns to rmourt the-product to threduct systernT.

6.4 Portable products

6.4.1

A sheet-metal enclosure shall be evaluated with respect to its size, shape, thickness of metal, and

its suitability for the application, considering the intended use of the complete air cleaner. The thickness of
sheet steel shall not be less than 0.026 inch (0.66 mm) if uncoated or 0.030 inch (0.76 mm) if galvanized.
Other sheet metal shall have a thickness not less than 0.036 inch (0.91 mm) except for small areas or for
surfaces that are curved or otherwise reinforced.

6.4.2 A wooden cabinet or enclosure shall not be less than 1/2 inch (12.7 mm) thick.
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6A Nonmetallic Parts

6A.1

I for each respective nonmetallic part as described in Table 51A.1.

6A.1.1

Nonmetallic fasteners used as a part of:

Except as specified in 6A.3, all nonmetallic parts shall comply with Sections 6A — 6C and the tests

a) An enclosure or cabinet for other than a battery-operated appliance shall comply with the

Fasten

er Strength Test, Section 51B; or

b) An enclosure of a battery-operated appliance shall comply with the Non-Metallic Enclosure

Fasten

6A.2 In addi
located within

a) Ling
Stand3

b) High

6A.3 Nonmetallic parts not complying with 6A.1 shallbe one of the following:
a) Air-dleaner filters that comply with Section 22, Filters;
b) A ndnfunctional part having a total'surface area of less than 1 ft? (0.093 m?), locatg
propagpate flame from one area(tojanother or to other ignitable parts and does not con
of ignition to other ignitable parts; or
c) An inpsulating barrier-of a size and location as specified in (b) and complying with 11|.

6B Nonmetallic Materials

6B.1 Materig
tests specifieg

er Test, Section 51D.

lion to the requirement in 6A.1, nonmetallic materials serving as electrical
1/8 in (3 mm) of:

-voltage uninsulated live parts shall comply with the Electrical, ‘Insulation s
rd for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746G

-voltage uninsulated live parts shall:
1) Comply with the High-Voltage Insulating Material Arcing Test, Section 51; o

2) Be used only with high-voltage uninsulated live parts that operate within th
current limitations specified in the Partially Protected Parts Test, Section 37 if
rated 250 V or less.

Is shalt*be classified with respect to flammability characteristics that are esta

insulation or

tection in the
;or

e voltage and
the product is

d so it cannot
nect a source

blished by the
Devices and

in\the Standard for Tests for Flammability of Plastic Materials for Parts in

Appliances, U

oA
L J4.

6B.2 Materials shall be assigned flammability ratings based on greatest to least resistance to flame and
are identified as: 5VA, 5VB, V-0, V-1, V-2, HF-1, HF-2, HB, and HBF.

6B.3

application in accordance with Table 51A.1.

6C Nonmetallic Material Ignition Sources Separation

6C.1

A nonmetallic part shall be positioned as shown in Figure 6C.1 if the part:

In reference to 6B.2, the assigned flammability rating shall be appropriate for the material-use

a) Has a flame rating of HB as determined in accordance with Standard for Tests for Flammability
of Plastic Materials for Parts in Devices and Appliances, UL 94; or
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b) Complies with either the Flammability — 12 mm Flame or the Flammability — 20 mm (3/4-Inch)
Flame Test as specified in the Standard for Polymeric Materials — Use in Electrical Equipment
Evaluations, UL 746C.

6C.2 A nonmetallic part as specified in 6C.1 shall be separated from ignition sources by means of a
mechanical barrier, extending at least to the boundary surface of the space whenever such parts are
located:

a) Below an ignition source and within Space A;

b) Above an ignition source and within Space B; and

c) In the_vertical plane relative to an ignition source and within Space C

6C.3 The ngnmetallic parts referenced by 6C.1 shall be located such that the distance\between:

a) Ling-voltage wiring not employing VW-1 insulation and the nonmetallic-parts shall|be a minimum
of 2 inghes (51 mm); and

b) Any| other ignition source and the nonmetallic parts shall be a minimum of 4 incheq (102 mm).

6C.4 With reference to 6C.3 and Figure 6C.1, the minimum ,distance for the nonmefallic materials
located:

a) Abgve the ignition source shall be as shown in Distance X + Y; and

b) In the vertical plane relative to the ignition source shall be as shown in straight-line| Distance Z.

Figure 6C.1

Separation of ignition'sources from nonmetallic materials
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ENCLOSURE,
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o\ | / o
30 I 30
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i
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BETWEEN IGNITION SOURCE N 2Ty SPACE
AND CABINET, ENCLOSURE, \) / c
OR PART = X+Y

IGNITION SOURCE(S) | -
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SPACEA —————__ |

5y Y MINIMUM STRAIGHT - LINE
———
DISTANCE BETWEEN IGNITION
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7 Accessibility of Uninsulated Live Parts and Moving Parts

7.1 In reference to 7.5 and except as specified in 7.2, an opening in a cabinet or enclosure shall comply
with the following to reduce the likelihood of unintentional contact that may involve a risk of electric shock
from an uninsulated live part or film-coated (magnet) wire, or injury to persons from a moving part:

a) For an opening that has a minor dimension less than 1 inch (25.4 mm), a wire or moving part
shall not be contacted by the probe illustrated in:

1) Figure 7.1; or

b) For &n opening that has a minor dimension of 1 inch or more, such a part or wire,shall be spaced
from the opening as specified in Table 7.1.
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Figure 7.1

Articulate probe with web stop
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Figure 7.2

Probe for moving parts of a ceiling mounted air cleaner

1-1/4 inch (31.8mm)
—= ~=—Any convenient length diameter

1 inch (25.4mm)
- - %‘ + diameter

™~

e 4 inches 1/2 inch‘(12.7mm)
(101.6mm) radius
S2140
Table 7.1
Minimum distance from an opening to-a:part that may involve a risk of electric shock|or injury to
persons
Minor dimension of opening,*” Minimum distance from opening to(part®,

inchps (mm) inches (npm)

3/4 19.1 4-1/2 114.0

1° 25.4 6-1/2 145.0

1-14 31.8 7-1/2 190.0

1-1p 38.1 12-1/2 318.0

1-78 47.6 15-1/2 394.0

2-1/8 54.0 17-1/2 444.0

See footnote d 30 762.0

@See 7.5.
b Between 3/4 and 2-1/8 inches, interpolation is to be used to determine a value between values specified in the table.

¢ Any dimension less than 1 inch applies to a motor only.

4 More than 2-1/8 inches, but not more than 6 inches (152.0 mm).

7.2 Inreference to 7.1, an opening in an integral enclosure of a motor shall:
a) Have a minor dimension less than 3/4 inch (19.1 mm) if:
1) A moving part cannot be contacted by the probe illustrated in Figure 7.3.

2) Film-coated (magnet) wire cannot be contacted by the probe illustrated in Figure 7.4.
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3) No uninsulated live part in a directly accessible motor, as described in 7.7, can be
contacted by the probe illustrated in Figure 7.5.

4) No uninsulated live part in an indirectly accessible motor, as described in 7.6, can be
contacted by the probe illustrated in Figure 7.3.

b) Be spaced not less than the distance specified in Table 7.1 from any wire or moving part if the
opening has a minor dimension of 3/4 inch or more.

Figure 7.3

Probe for moving parts and uninsulated live parts

==— ANY CONVENIENT LENGTH

1/2 INCH DIA.
(12.7mm)

3/4 INCH DIA.
(19.1mm)

i a
N
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A

4 - INCHES
(101.6mm)

PA150A
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Figure 7.4

Probe for film-coated (magnet) wire
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Figure 7.5
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7.3 The probes mentioned in 7.1 and 7.2 and illustrated in Figure 7.1 — Figure 7.5 shall be applied to any
depth that the opening will permit. They shall be rotated or angled before, during, and after insertion
through the opening to any position that is necessary to examine the enclosure or cabinet. The probes
illustrated in Figure 7.1 and Figure 7.5 shall be applied in any possible configuration. If necessary, the
configuration shall be changed after insertion through the opening.
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7.4 The probes mentioned in 7.3 and 7.5 are to be used as measuring instruments to evaluate the
accessibility provided by an opening, and not as instruments to evaluate the strength of a material. They
are to be applied with the minimum force necessary to determine accessibility.

7.5 With reference to the requirements in 7.1 and 7.2, 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.

7.6 With reference to the requirements in 7.2, an indirectly accessible motor is a motor that is:

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

b) Log
contad

7.7 Adirectl
a) Car

b) Is Ig

7.8 During t
7.2, a part of
shall be open

7.9 With re
additionally

7.10 |If the ¢
permits acces
component s
primary circui

7.11 Unless

PR | n I} 1 H H n H 1 1 1 ! U D Y W
dloU dlt SuLll a TITIYlit U 15 ULITTWIST  yudiutUu Ul TTILIUSTU SU Uidl TU TS

ted.

y accessible motor is a motor that:
be contacted without opening or removing any part or

cated so as to be accessible to contact.

the cabinet or enclosure that may be opened or femoved by the user witho
bd or removed.

rence to the requirements in 7.1 and . %2, insulated brush caps are not

eflfclosed.

pening or removal of a door, a cover, or any other component required for
s to a part that is considered to present a risk of electric shock (see 37.1), the
pall be provided with an interlock switch as specified in 29.2.1 — 29.2.5 to d
of the high-voltage power;supply.

a mechanical means is provided to discharge to ground any residual charge

high-voltage parts after the primary circuit is de-energized, a time-delay feature shall be pi

live parts do n

ot become accessible until residual charges decay as required in 47.1.

8 Mechanidal Assembly

8.1 Genera

unlikely to be

ne examination of a product to determine whether it Complies with the requirements in 7.1 or

Lit using a tool

equired to be

user servicing
door, cover, or
b-energize the

existing in the
ovided so that

8.1.1
operation.

A product shall be assembled so that it will not be adversely affected by the vibration of normal

8.1.2 Provision shall be made for mounting a product securely. Bolts, screws, or other parts used for
mounting the product shall be independent of those used for securing components of the product to the
frame, base, or panel.

8.1.3 The mounting assembly shall be capable of supporting four times the weight of the product for 1
minute.

Exception: A product that is intended to be mounted to a duct system need not comply with this
requirement.
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8.1.4 A switch, a lampholder, an attachment-plug receptacle, a motor-attachment plug, or similar
component shall be mounted securely and shall be prevented from turning.

Exception No. 1: A switch need not 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. A toggle switch is
considered to be subjected to forces that turn the switch during its normal operation.

b) It is unlikely that the operation of the switch will loosen its mounting means.

¢) Spacings are not reduced below the minimum values if the switch rotates.

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

Exception No.
or indicator lig|
if rotation canr

8.1.5 Means
surfaces. For
mounted switd

8.1.6 If a ve
results in one

Exception: Th
devices with nf

8.2 Assemb

8.2.1 Aprod
Exception: A
intended asse
to persons.

8.2.2
electric shock,

ly for shipping

If mismatching_of*eomponents of a product that is shipped disassembled presents
or injury_to persons, the parts shall be marked as specified in 56.2. See also 8

2: A lampholder of the type in which the lamp cannot be replaced, such-as f¢
ht in which the lamp is sealed by a nonremovable jewel, need not be prevente
ot reduce the spacings below the minimum required values.

for preventing the turning mentioned in 8.1.4 is to consist ©fumore than fri
nstance, a properly applied lock washer can be used as a.means to prevent
h or other device having a single-hole mounting means.from turning.

rtically-mounted switch or circuit breaker is such“that movement of the opg
bosition being above the other position, the upperposition shall be the on posit

s requirement does not apply to horizontally- or rotationally-mounted switches
ore than one on position, such as a double-throw or timer switch.

ict shall be completely assefmbled when it is shipped from the factory.

product may be shipped partially disassembled to facilitate packing or ins
mbly can be accomplished readily without introduction of risk of fire, electric s

r a neon pilot
o from turning

ttion between
a small stem-

rating handle
on.

, or switching

allation if the
hock, or injury

a risk of fire,
2.4.

8.2.3 Ifaco

d~connected product is shipped partially disassembled, internal connections|

that must be

made in the field shall be made by plug and receptacle connections. If a product intended for permanent
connection to the power supply is shipped partially disassembled, internal connections that must be made
in the field shall be made in accordance with 12.1.1.1 — 12.1.5.5 or by plug and receptacle connections.

8.2.4 A product that is shipped from the factory partially disassembled shall be shipped in a single
shipping container or marked in accordance with 57.2.

8.3 Mechanical barriers

8.3.1 A mechanical barrier shall be formed from one or more of the following:

a) Metal with at least the thickness specified in Table 6.1 or Table 6.2 as provided under the
columns titled “With supporting frame or equivalent reinforcing” for the dimensions of the
mechanical barrier;
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b) A nonmetallic material of the necessary strength and rigidity and:
1) Rated 5VA; or

2) Evaluated to the 127 mm (5 inch) Flammability Test as described in the Standard for
Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C;

c) Any other material or construction determined to be equivalent to (a) — (b).
9 Live Parts

9.1 A current-carrying part shall have the necessary mechanical strength and ampacity, and shall be
made of a mefaHhatcan-be-usedforthe-application-

9.2 An uningulated live part shall be secured to its supporting surface by a means\othér than friction
between surfaces so that it will be prevented from turning or shifting in position if suchimotiop may result in
a reduction of spacings below the minimum required values. The construction ofqa contact assembly shall
be such that the alignment of the contacts will be maintained.

10 Protectipn Against Corrosion
10.1 Produg¢ts intended for indoor use

10.1.1 lron &nd steel parts shall be protected against corr@sion by enameling, galvanizing, sherardizing,
plating, or other means that have been determined to be equivalent.

Exception No| 1: Small minor parts of iron or steel such as washers, screws, bolts, and the like that do not
carry current.

Exception Ng. 2: Parts made of stainless.steel are not required to be additionally profected against
corrosion.

Exception No, 3: Bearings and other parts for which protection is impractical because of the function of
the part.

10.1.2 The equirementin:10.1.1 applies to all parts of the framework, cabinet and enclosyre; all iron and
steel current-¢arrying-parts, except resistors; all spring-door fasteners; and other parts upof which proper
mechanical operation'may depend.

10.1.3 Iron bBnd-steel used within a cabinet or enclosure that is intended to be washed down during
normal maintenance of the product shall be protected against corrosion. A zinc coating that withstands,
without a fixed deposit, three 1-minute dips in a standard copper sulphate solution, or some other
equivalent coating shall be used. Painting or baked enamel is not considered to provide the required
protection.

10.1.4 Bonderized steel parts provided with a primer coat and covered by a baked-alkyd-enamel finish
are considered to comply with the requirements in 10.1.3.

10.2 Products intended for outdoor use

10.2.1 A sheet-steel cabinet or enclosure intended for outdoor use shall be protected against corrosion
by one of the following coatings:


https://ulnorm.com/api/?name=UL 867 2021.pdf

34

UL 867

AUGUST 16, 2021

a) Hot-dipped, mill-galvanized sheet steel complying to the coating Designation G90 in the Weight
(Mass) of Coating Requirements table in the Standard Specification for Steel Sheet, Zinc-Coated
(Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process, ASTM A653, with
not less than 40 percent of the zinc on any side, based on the minimum single-spot test

require

ment in this ASTM designation.

b) A zinc coating, other than that provided on hot-dipped, mill-galvanized sheet steel, uniformly
applied to an average thickness of not less than 0.00061 inch (0.015 mm) on each surface with a
minimum thickness of 0.00054 inch (0.014 mm). An annealed coating shall comply with 10.2.2 and

10.2.3.

c) A zinc coating complying with (1) or (2) and with one coat of an organic finish of the epoxy or

alkyd-r

esin type or other outdoar paint on both surfaces If necessary the acceptabili

ty of the paint

may bg

d)Aca

e) Acg
of outd
with tw

f) Othe

compa

treatme¢nt) complying withy(a), indicate they provide equivalent protection. Among th
are tak

carbon

and w3

10.2.2 A hot

determined by evaluation of its composition or by corrosion tests.

1) Hot-dipped, mill-galvanized sheet steel complying with the coating|Desig
AB0 in the Weight (Mass) of Coating Requirements table in the Standard Sp
Steel Sheet, Zinc-Coated (Galvanized) or Zinc-lron Alloy-Coated-(Galvann
Hot-Dip Process, ASTM A653, with not less than 40 percent.of the zinc on ar
on the minimum single-spot test requirement in this ASTM\designation. An
coating shall also comply with 10.2.2 and 10.2.3.

2) A zinc coating, other than that provided on het-dipped, mill-galvanizeq
uniformly applied to an average thickness of not less than 0.00041 inch (0.010
surface with a minimum thickness of 0.00034..inch (0.009 mm). An annealed
also comply with 10.2.2 and 10.2.3.

dmium coating not less than 0.0010 inch\(0.025 mm) thick on both surfaces.

dmium coating not less than 0.000#5 inch (0.019 mm) thick on both surfaces
pbor paint on both surfaces, or notless than 0.00051 inch (0.013 mm) thick on

r finishes, including paints, metal finishes, or combinations of the two may K
rative tests with galvanized sheet steel (without annealing, wiping, or

en into considération when judging such coating systems are exposure to sa

dioxide-sulphur dioxide-air mixture, moist hydrogen sulphide-air mixtures, u
ter.

dipped, mill-galvanized A60-alloyed-coating or an annealed coating on shee

bent or simila
painted in the

10.2.3

b coats of outdoor paint on both surfaces. The paint shall be as described in (c).

hation G60 or
ecification for
paled) by the
y side, based
AG0 (alloyed)

sheet steel,
mm) on each
coating shall

with one coat
both surfaces

e used when
bther surface
e factors that
t spray, moist
traviolet light,

t steel that is

ly~formed or extruded or rolled at the edge of a hole after annealing shall b

e additionally

affected area if the process damages the zinc coating.

visible at 25-power magnification, the zinc coating is considered to be damaged.

If flaking or cracking of the zinc coating at the outside radius of the bent or formed section is

10.2.4 Simple sheared or cut edges and punched holes are not required to be additionally protected.

10.2.5

In reference to 10.2.1(a) and (c)(1), the weight of the zinc coating may be determined by any

method that has been determined to be acceptable; however, in case of question the weight of coating
shall be established in accordance with the Standard Test Method for Weight (Mass) of Coating on Iron
and Steel Articles with Zinc or Zinc-Alloy Coatings, ASTM A90.

10.2.6

established by the Metallic Coating Thickness Test, Section 50.

In reference to 10.2.1(b), (c)(2), (d) and (e), the thickness of the cadmium or zinc coating shall be
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11

Electrical Insulation

11.1 All circuits

11.1.1

A thermoplastic or epoxy potting compound shall be used within its temperature rating and shall

be a minimum of 1/32 inch (0.8 mm) thick. Prior to potting, the parts shall be mechanically secure.

11.1.2 Deleted

11.1.3 Deleted

11.2 Primary-cireuits

11.2.1 A ba
composition,
severe condit

11.2.2 Delet

11.2.3 Vulcg
voltage circuit

11.3 Secon
11.3.1 A ba

insulating ma
constructed s

met in servicd.

11.3.2 Delet

11.3.3
Voltage Insula

5e for the support of a live part shall be glazed slate, porcelain, phenolig
br other material that has been evaluated for such use. It shall be able te’ withs
ons likely to be met in service.

ed

nized fiber shall not be used for the sole support for ufinsulated live parts of ¢
S.

Hary circuits

be for the support of a high-voltage part“shall be of glazed porcelain, mica,
terial that has been evaluated for-the application. It shall be moisture
p that, considering the material use, it will withstand the most severe conditig

ed

Insulaiting materials other'than those specified in 11.3.1 shall comply with 11.4 or

ting Material Arcing Test, Section 51.

Insulafing barriers

Sulating.barrier shall:

, cold-molded
stand the most

ther than low-

glass, or other
resistant and
ns likely to be

with the High-

constructed to withstand the most severe condition anticipated in service:

b) Comply with requirements for mechanical barriers in 8.3 if exposed or otherwise subjected to
mechanical damage; and

c) Be reliably held in place.

11.4

11.4.1 Anin
a) Be

11.4.2

Materials used for an insulating barrier:

a) Shall be of the material(s) and minimum thickness as specified in Table 11.1 for high, line or low-
voltage circuits.

b) Shall be vulcanized fiber or varnished cloth not less than 1/32 inch (0.8 mm) thick for line or low-
voltage circuits.

c) Sha

Il be equivalent to those specified in (a) or (b) for each respective circuit.
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d) Are

not specified for low-voltage circuits that do not contain a protective control.

Table 11.1
Insulating barriers for high-voltage circuits

Minimum thickness,
Materials inch (mm)

Phenolic composition? 1/32 0.8
Cold-molded composition? 3/32 2.4
Porcelain, unglazed®® 1/8 3.2
Porcelain, glaze: 178 3R
Mica 1/32 08
Glass 1/8 3
@ May be used oply when tested as described in the High-Voltage Insulating Material Arcing Test, Section 51.
b Unglazed porcglain tubes may be used for insulated wires.

12 Supply G

121

1211

12.1.1.1

12112 Ap
having an amg

a) The

b) One

12.1.1.3 ltis
unless otherw

12114 Ale

than 18 AWG

(0.79 mm) thig

Gene

onnections

Permanently-connected products

ral

A prroduct shall have provision for the connection of a wiring system.

roduct shall be provided with wiring terminals or leads for the connection
acity rated for the sum of the following:

ampere rating of the power.pack and

hundred twenty-five percent of the full-load motor current.

se marked.

ad that is intended to be spliced in the field to a branch-circuit conductor shall
(0.82 mm2) and the insulation, if rubber or thermoplastic, shall not be less t
ke

assumed that @ product will be connected with conductors having 60°C (14(

bf conductors

°F) insulation

hot be smaller
han 1/32 inch

12.1.1.5 A product intended for duct- or plenum-mounting shall be permanently connected to the
electrical supply source unless constructed as specified in 12.2.1.2.

12.1.2 Wirin

12.1.2.1

g compartment

A terminal box or compartment for making power-supply connections in the field shall be of

ample size to accommodate such connections and shall be located so that the connections can be readily

inspected afte

121.2.2

r the product is installed as intended.

If inspection indicates that the volume of a compartment may be insufficient to accommodate

the intended wiring, a trial installation is to be made using wires of the size specified in 12.1.1.2 and
conduit and fitting sized for the wire in accordance with the National Electrical Code, ANSI/NFPA 70.
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12.1.2.3 Leads intended for connection to any external line-voltage circuit or to an external low-voltage
circuit containing one or more protective controls shall be provided with strain relief if stress on the lead
may be transmitted to terminals, splices, or internal wiring. Leads shall comply with 42.1 when subjected to

a direct pull of 20 pounds-force (89 N).

12.1.3 Conduit connection means

12.1.3.1

A tapped hole for the attachment of threaded rigid conduit shall be provided with:

a) At least three full threads tapped all the way through the wall of an enclosure and located so that
a bushing may be attached to the end of the conduit or

b) At least-3=t2-futt-threadsanda—smooth,rounded-intet-hote-havingadiemeter-app

same

equiva

12.1.3.2 AK

removed with

12133 AQ(
securely mou

a) For
than 0

b) For
inches

as the internal diameter of a standard bushing to provide protection for“t
lent to that provided by such a bushing.

nockout in a sheet-metal enclosure shall be reliably secured but'shall be ca
but undue deformation of the enclosure.

late or plug used to close an unused conduit opening or ether hole in the enc
hted and shall have:

an opening with a 1/4 inch (6.4 mm) or smaller maximum dimension, a thic
014 in (0.36 mm) for steel nor less than 0.019.inck (0.48 mm) for nonferrous n

an opening with a maximum dimension.greater than 1/4 inch, but not gres
(34.9 mm), a thickness not less than 0,027 inch (0.69 mm) for steel nor less t

(0.81 hm) for nonferrous metal.

c) For

an opening with a maximum diménsion greater than 1-3/8 inches, a thicknes

required for the enclosure of the device or equal to that required for a standard knock

12.1.3.4 Af
such that the
the minimum

12.1.3.5 WHN
knockout refe
Table 12.1is i

at surface shall be provided around all knockouts, and the location of the knog
spacing between the'installed conduit bushing and uninsulated live parts will n
values specified in Spacings, Section 23.

en measuring a spacing between an uninsulated live part and a bushing i
rred to, in42.1.3.4, it is to be assumed that a bushing having the dimensio
h place,in conjunction with a single locknut.

roximately the
he conductors

bable of being

osure shall be

ness not less
etal.

ter than 1-3/8
han 0.032 inch

5 equal to that
out seal.

kouts shall be
bt be less than

nstalled in the
s specified in

Table 12.1
Dimensions of bushings
Trade size of conduit, Overall diameter, Height,

inches inches (mm) inches (mm)

12 1 254 3/8 9.5

3/4 1-15/64 314 27164 10.7

1 1-19/32 40.5 33/64 13.1

1-1/4 1-15/16 49.2 9/16 14.3

1-1/2 2-13/64 56.0 19/32 15.1

2 2-45/64 68.5 5/8 15.9

Table 12.1 Continued on Next Page
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Table 12.1 Continued

Trade size of conduit, Overall diameter, Height,

inches inches (mm) inches (mm)

2-1/2 3-7/32 81.8 3/4 191

3 3-7/8 98.4 13/16 20.6

3-1/2 4-7/16 113.1 15/16 23.8

4 4-31/32 126.6 1 254

4-1/2 5-35/64 141.0 1-1/16 27.0

5 6-7/32 158.0 1-3/16 30.2

6 7-7/132 183.4 1-1/4 31.8

12.1.3.6 The opening or knockout intended for the attachment of a permanent wiring|system shall be
based on the product minimum supply circuit ampacity (MCA) and the required field-suppligd wire size in
accordance with Table 12.2.

Table 12.2
Field wiring knockout or opening dimension‘size®"¢
Product minirEum supply Required field-supplied Trade size of.conduit, Knockout or opehing diameter
circuit ampagity (MCA) wire size, inches size (rapge),
determinedin 57.8.1 AWG in (mm)
Up to]15 14 1/2 0.86 —0.90 (2[1.8 — 23.0)
15-p0 12 1/2 0.86 —0.90 (2[1.8 — 23.0)
20-0 10 1/2 0.86 —0.90 (2[1.8 — 23.0)
30-40 8 1°¢ 1.36 —1.40 (34.5-35.7)°
40-p5 6 1 1.36 —1.40 (3.5-35.7)

@Based on coppgr field wiring conductors having insulation that does not exceed 140°F (60°C) within the product during the
Temperature Tegt, Section 45.

b Applies to eithgr a 3 or 4 wire field wiring connection having 1 or 2 ungrounded wires, a grounded (neutral) wire afd a grounding
(earth) wire.
°If only a 3 wire gonnection is used with a product having a MCA of 30 — 40, the knockout or opening diameter can |pe decreased
t0 1.09 - 1.14in|(27.8 — 29.0 mm).

4These values Were determined-based on 310.15, “Ampacities for Conductors Rated 0 — 2000 Volts” in the Nationgl Electrical
Code, NFPA 70;|the trade size“ef conduit table in the Standard for Heating and Cooling Equipment, UL 1995; and Annex D,
“Knockout Dimepsions”,.in the Standard for Enclosures for Electrical Equipment, Non-Environmental Considerations, UL 50.

12.1.4 Terminal'parts

12.1.4.1 A field-wiring terminal shall be provided with a pressure terminal connector, firmly bolted or held
by a screw.

Exception: A wire-binding screw may be employed at a field-wiring terminal intended to accommodate a
10 AWG (5.3 mm?) or smaller conductor if upturned lugs or the equivalent are provided to hold the wire in
position.

12.1.4.2 A wire-binding screw to which field-wiring connections are made shall not be smaller than No. 8
(4.2 mm diameter).

Exception: A No. 6 (3.5 mm diameter) screw may be used at a terminal intended only for the connection of
a 14 AWG (2.1 mm?) conductor.
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12.1.4.3 A terminal plate tapped for a wire-binding screw shall be of metal not less than 0.030 inch (0.76
mm) thick for a 14 AWG (2.1 mm?) or smaller wire and not less than 0.050 inch (1.27 mm) thick for a wire
larger than 14 AWG.

12.1.4.4 A terminal plate tapped for a wire-binding screw shall be provided with no fewer than two full
threads in the metal. The metal may be extruded at the tapped hole for the binding screw to provide two
full threads.

Exception: Two full threads are not required if fewer threads result in a secure connection in which the

threads will not strip upon the application of a 20 pound-inch (2.26 N-m) tightening torque.

12.1.4.5 A wire-binding screw shall thread into metal.

12.1.5 Term

12.1.51 A
screw-shell 19
automatic co
connection of]

12152 A f
identified by
distinguishab
grounded cor
on the produg
grounded sug
other leads.

12.1.5.3 The¢ surface of an insulated lead. intended for the connection of an equipm

conductor sha

Exception: A
yellow stripeq
connection to

12154 A\
have a green

removed during normal servicing of the product.

inal identification

ermanently connected product rated 125 or 125/250 volts (threeswire) or les
mpholder, a single-pole switch, or a single-pole overcurrent-protective device
hirol without a marked off position, shall have one terminal or lead ide
the grounded conductor of the supply circuit.

eld-wiring terminal intended for the connection ofé@\grounded supply cond
means of a metallic coating that is substantially white in color. It sh
e from the other terminals, or proper identification of the terminal for the cor
ductor shall be clearly shown in some other manner, such as on a wiring dia
t. If wire leads are provided instead of termiinals, the lead intended to be co
ply conductor shall have a white or gray color and shall be readily distinguis

Il be green with or without one’or more yellow stripes. No other lead shall be s

conductor with insulation having a surface that is green or green with or witho
may be used forsinternal wiring provided such wiring does not serve as 3
branch-circuit cenductors.

vire-binding_screw intended for the connection of an equipment-grounding G
colored head that is hexagonal, slotted, or both. It shall be located so that it is

s employing a
other than an
ntified for the

uctor shall be
all be readily
nection of the
gram provided
hnected to the
hable from the

ent-grounding
b identified.

it one or more
lead wire for

onductor shall
unlikely to be

12.1.5.5 A pressure wire conmector intended-for conmectionmof amequipment-groumnding conductor shall
be plainly identified, such as by being marked "G," "GR," "Ground," "Grounding," the grounding symbol
(from IEC 60417, Symbol 5019) as illustrated in Figure 12.1 or the like, or by a marking on a wiring
diagram provided on the product. The pressure wire connector shall be located so that is unlikely to be
removed during normal servicing of the product.
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12.2 Cord-c
12.2.1
12211 Ac

with a flexible
be provided wi

12212 Ad
following:

a)Bep

b) Be g
of the

Cord$ and plugs

Figure 12.1

Grounding symbol

bnnected products

brd-connected product, other than a duct- or‘plenum-mounted product, sha
cord that is not less than 6 feet (1.83 m) nerimore than 10 feet (3.05 m) long. ]
th an attachment plug for connection to_the supply circuit.

uct- or plenum mounted product not complying with 12.1.1.5 shall comply

rovided with a flexible supplycord which is:

1) A 3-conductor Type SJ or equivalent cord rated for at least 105°C (221°F);
2) Terminated inm a-grounding attachment plug; and

3) Not more'than 6 feet (1.83 m) long;

ackaged with a field-wiring compartment containing a single receptacle for pl
product if the product is intended for installation on and obtain its power s

furnacd

| be provided
I'he cord shall

with all of the

Ig connection
upply from a

- and

c)Bep

rovided with installation instructions in accordance with 59.5.

d) Deleted

12.2.1.3 Except as specified in 12.2.1.3.1, a flexible cord shall include a grounding conductor and a
grounding-type attachment plug. The grounding conductor shall be:

a) Green with or without one or more yellow stripes;

b) Connected to the grounding blade of a grounding attachment plug; and

c) Connected to the frame, cabinet or enclosure of the product by means of a screw not likely to be
removed during ordinary servicing, or by other reliable means. Solder alone shall not be used to
make this connection.
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12.2.1.3.1 In reference to 12.2.1.3, a cord-connected product not having a grounding conductor shall be
portable, rated less than 150 volts and:

a) Provided with a 2-blade polarized attachment plug; or,

b) Intended only for connection to a low-voltage supply source and be provided with a plug
appropriate for the low-voltage source (such as a USB type connector).

12.2.1.4 Deleted

12.2.1.5 The flexible cord shall be Type SP-2, SPE-2, SPT-2, or of a type that has been evaluated for
harder service.

12.2.1.6 Th(L voltage rating of the cord and the attachment plug shall not be less than the rated voltage of
the product.

12.21.7 Th; ampacity of the cord shall not be less than the current rating of{the produgt. The current
rating of the dttachment plug shall not be less than 125 percent of the current rating of the groduct, except
that a 20-ampere plug can be used for a product rated not more than 4,000 watts at 240 volt

o

12.2.1.8 The flexible cord shall be attached permanently to the‘product, or may be in|the form of a
separate cord set as specified in 12.2.1.9.

12.2.1.9 |If g separate cord set is provided for the product<as specified in 12.2.1.8, the product shall not
be provided with terminal pins that will accommodate a standard flatiron or appliance plug.

12.2.2 Strain relief
12.2.2.1 A groduct shall be provided with mgans to prevent stress on the power-supply cprd from being

transmitted tq terminals, splices, or wiring within the product. The product shall comply With the Strain
Relief Test, Sgction 42.

12.2.2.2 A metal strain-relief clamp or band (without auxiliary protection) may be used withja Type S, SE,
SJ, SJE, SJQ, SJT, SJITO, SO, ST, or STO cord. A metal strain-relief clamp or band may be used with
Type SP-2 rupber-insulated ‘eord and with Type SPT-2 cord only if auxiliary, nonconductinig, mechanical
protection is grovided with:the cord and the combination is determined acceptable by investigation.

12.2.2.3 Mepns shall be provided so that the flexible cord or supply leads cannot be puished into the
product through the’cord-entry hole when such displacement results in:

a) Mechanical damage to the cord or leads;
b) Exposure of the cord or leads to a temperature higher than that for which it is rated; or

c¢) A reduction of spacings, such as to a metal strain-relief attachment, below the minimum required
values.

To determine compliance with this criteria, the cord shall be subjected to the Pushback Relief Test, Section
43.

12.2.2.4 Ifaknotin a flexible cord serves as strain relief, any surface that the knot can touch shall be free
from burrs, fins, projections, sharp edges, and the like that may abrade the cord.
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12.2.3 Bushings

12.2.3.1 A bushing or the equivalent shall be provided at an opening in a cabinet, enclosure, partition or
in @ mechanical or insulating barrier through which a supply cord passes. The bushing or the equivalent
shall be substantial, reliably secured in place, and shall have a smooth, rounded surface against which the
cord may bear. If a cord other than Type S, SE, SJ, SJE, SJO, SJT, SJTO, SO, ST, or STO is employed

and the cabinet, enclosure, partition or barrier is of metal, an insulating bushing shall be provided.

12.2.3.2
bushings.

In general, ceramic materials and some molded compositions may be used for insulating

12.2.3.3 A separate neoprene or polyvinyl chloride bushing may be employed on a supply cord:

a) Any
bushin

b) Whe
attache

12.2.3.4 The
from burrs, fin

12235 Ab
with a Type SH

where in a product if it is used in conjunction with a type of cord for which
) is not required or

re the cord enters the frame of a motor or the enclosure of a capacitor tha
d to a motor if:

1) The bushing is not less than 3/64 inch (1.2 mm) thick and

2) The bushing is located so that it will not be exposed to oil, grease, oil v
substances that can have a deleterious effect on the compound employed.

5, and the like that are capable of damagingthe bushing.

Lishing of the same material as, and4nolded integrally with, the supply cord
P-2 or heavier cord if the built-up section is not less than 3/64 inch (1.2 mm) thi

at which the c¢rd passes through the enclosure:

12.2.3.6 An
material used
and the metal

12.3 Cord-c

12.3.1 A pro

have provision for ‘permanent connection of a wiring system. Before conversion, the cq

nsulated metal grommet may be used in place of an insulating bushing if

n which the grommetis mounted.
bnnected conversion to permanently connected

Huct intended to be field-converted shall be manufactured as a cord connecte

product shall

edges of the hole in which a neoprene or polyvinyl chloride bushing is used

is not thinner than 1/32 inch (0.8 mm) and completely fills the space between

camply with 12.2 and after conversion the product shall comply with 12.1. In

an insulating

[ is physically

Bpor, or other

shall be free

may be used
Ck at the point

the insulating
the grommet

i product and
rd-connected
addition, the

product shall compty wittr+2-3-2-and attretevant partsof this-Starndard:

12.3.2

In reference to 12.3.1, after conversion of the product, the opening provided for the power supply

cord shall either comply with the accessibility requirements in Section 7, Accessibility of Uninsulated Live
Parts and Moving Parts, or be used as the opening for connection of the permanent wiring system.

13 Polarizat

13.1

ion

The screw shell of each lampholder shall be connected:

a) To the conductor or terminal intended to be connected to the grounded conductor of the supply

circuit,

for a permanently-connected product;

b) To the conductor of the supply cord intended to be connected to the grounded conductor of the

supply

circuit, for a cord-connected product; or
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c) To the same supply conductor in the absence of a conductor or terminal intended to be
connected to the grounded conductor of the supply circuit.

13.2 Afuseholder, a single-pole switch, an overcurrent-protective device, and an automatic control with a
marked off position shall be connected to an ungrounded conductor of the supply circuit.

13.3 The screw shell of a plug-type fuseholder and the accessible contact of an extractor-type fuseholder
shall be connected toward the load.

13A Switch

13A.1 Exce
than that of t
voltage, currg
factor require

13A.2 A sw
confines of th
likelihood of ¢

13A.2.1 Inr
the confines @

a) Uni
persor

b) The

13A.2.2 Ap
a) Dire

b) Indi
with th

13A.3 Apro

es and Controllers

e load that it controls. Items to consider in determining the device rating_ ¢o
nt, power factor, control device ambient temperature and other similar-para
ments for each specific load type are specified in 46C.5.

tch or other control device, other than as specified in 13A.2.1,"shall be loca
e frame, cabinet or enclosure of the product or be additionallyprotected so as
pntact by external objects.

bference to 13A.2, if the actuating part of a switch or©ther control device is not
f the frame, cabinet or enclosure of the product:

htentional operation of the switch or other control device shall not result in a
s; or

actuating part shall be guarded such,as’by recessing, ribs or barriers.
rotective control shall be an integral part of the product and control the load eith
ctly; or

rectly through a switching device which is an integral part of the product and
e endurance test requirements for protective controls in 13A.3 or 13A.3.1.

ective controhshall comply with one of the following:

a) Sta

ndard far Automatic Electrical Controls — Part 1: General Requirements, UL 6(
ard for~Automatic Electrical Controls — Part 2-6: Particular Requirements

rating not less
Id include the
neters. Power

ted within the
to reduce the

located within

isk of injury to

er,

that complies

730-1 and the
for Automatic
D730-2-6. The

applied.

b) Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1 and the
Standard for Automatic Electrical Controls — Part 2-9: Particular Requirements for Temperature
Sensing Controls, UL 60730-2-9. The endurance cycle requirements in Table CC.2 of UL 60730-2-
9 for cut-outs shall be applied.

c¢) Standard for Industrial Control Equipment, UL 508.

d) Standard for Adjustable Speed Electrical Power Drive Systems — Part 5-1: Safety Requirements
— Electrical, Thermal, and Energy, UL 61800-5-1;

e) Standard for Switches for Appliances — Part 1: General Requirements, UL 61058-1;

f) Standard for General-Use Snap Switches, UL 20; or
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g) Standard for Nonindustrial Photoelectric Switches for Lighting Control, UL 773A.
h) Standard for Solid-State Fan Speed Controls, UL 1917.

i) 13A.19 and the protective electronic circuits tests in Protective Circuit Tests, Section 49A.

13A.3.1 In reference to 13A.3 (c) — (i), the endurance cycle requirements in the Standard for Automatic
Electrical Controls — Part 2-9: Particular Requirements for Temperature Sensing Controls, UL 60730-2-9,
Table CC.2 for cut-outs shall be applied to such controls.

13A.3.2 In reference to 13A.3 (a), (b), (e) and (i), when determining the acceptability of a protective
control, the control pollution degree shall be as specified in 23.6.3 (a) — (e).

13A.3.3 If the protective control has a protective electronic circuit, the factors outlined irL Table 13A.1
shall be considlered.

Table 13A1
Factors to be considered when evaluating protective electronic circuits

No. FACTOR

1 Conducting failure-mode and effect analysis (FMEA) for
the protective circuits and functions.

2 Eledgtrical supervision of critical components resulting in
the gontrol becoming permanently inoperative and
discpnnecting power.

3 Temperature ranges as follows:

Indoor Equipment: 32.0 £3.6°F (0.0 £2°C) and 104
+3.4°F (40.0 £2°C)

Qutdoor Equipment: -31.0 +3.6°F (-35:0:+2°C) and

104[+3.6°F (40.0 £2°C)
4 Cycling test duration: 14 days
5 Endprance test duration: 100,000 cycles
6 Radjo-frequency electromagnetic field immunity:

A| To conducted disturbances — test level 3

B| To radiated electromagnetic fields — Evaluate in
accrdance with49A.3.4 and 49A.3.2

7 Hunpidity exposure:

Indoor Equipment: 70 — 80°F (21.1 — 26.7°C) and
minT’num 50 percent relative humidity

Outdoor Equipment: 70 — 80°F (21.1 — 26.7°C) and
minimum 98 percent relative humidity

8 Electrical fast transient/burst immunity:

Outdoor Equipment: test level 4

Indoor Equipment: test level 3

9 Surge immunity:

Outdoor Equipment: installation Class 4

Indoor Equipment: installation Class 3

10 Electrostatic Discharge with a Severity Level of 3 having:

A. Contact discharge at 6 kV to accessible metal parts,
and,;

Table 13A.1 Continued on Next Page
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Table 13A.1 Continued

No.

FACTOR

B

1 Volt

12 Har

13 Cali

insulating material
with 49A.3.8 and 49A.3.2
with 49A.3.9 and 49A.3.2.

with 13A.3.6 for a temperature protective control or
13A.3.7 for a pressure protective control.

. Air discharge at 8 kV to accessible parts of

age Dips and Interruptions: Evaluate in accordance

monics and Interharmonics: Evaluate in accordance

bration (deviation and drift): Evaluate in accordance

13A.3.4 Sof
following:

a) The
well as

b) Anpex R of the Standard for Safety of Household and Similar-Electrical Appli

Gener

c) Not
softwa

13A.3.5
requirements

13A.3.6 The
+10°F (¢6°C)

13A.3.7 The
percent of its

13A.3.8 The
limit the ozon

specified in 40.1.2.

13A.3.9 Exd
with:

In teference to 13A.3, a device providing .motor overload protection shall co

ware which is a required part of a protective electronic circuit shall comply ‘with one of the

Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1, as
the specific applicable Part 2 and with the requirements for a Class B or C control function;

bnces, Part 1:
bl Requirements, UL 60335-1 and be for a software Class'B control function; of

create any risk of fire, electric shock, or injury to pefsens under abnormal conditions with the
re rendered ineffective, e.g., use of independentiredundant protective devices

mply with the

in Motors and Motor Overcurrent Protection, Section 20.
cutout calibration temperature of-a\heater protective (temperature-limiting) gontrol shall be
of its maximum marked set-point.temperature.

cutout calibration pressure of a pressure protective (limiting) control shall npt exceed 105
maximum marked setting:

relied upon to
ped the values

cutout calibration_setting of ozone-monitoring circuitry in which the circuitry is|
b in accordance-with 40.1.6 shall not permit the concentration of ozone to exc

ept as-specified in 13A.13, an operating control, including of the electronic typg, shall comply

a) One of the standards specified in 13A.3;

b) The requirements in this Standard as far as they reasonably apply; or,

c¢) One of the following standards:

1) Standard for Solid-State Controls for Appliances, UL 244A,; or,

2) Standard for Clock-Operated Switches, UL 917.

13A.4 Deleted

13A.5 Deleted
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13A.6 A switch that controls an inductive load, other than a motor, such as a transformer or a
fluorescent-lamp ballast, shall have a current rating of not less than twice the rated full-load current of the
transformer or ballast.

13A.7 A manually operated, line-connected, single pole switch for appliance on-off operation shall not be
connected to the conductor of the power supply cord intended to be grounded.

13A.8 A swit

ch used for controlling a tungsten-filament lamp load shall:

a) Be provided with a T or L rating at least equal to the tungsten-filament lamp load; or

b) Have an alternating-current rating at least six times, or a direct-current rating at least ten times

greater
13A.9 Deletg

13A.10 A co
output shall be

13A.11 Asp
multispeed mg

13A.12 Dele

13A.13 Ano

) ) 4 " £l bl 1 1
Uidarm e iunysticri=niarrctitiarip 1au.

rd-connected product incorporating a motor rated more than 250 watts (1/3
provided with a motor controller.

bed-control switch shall be provided as part of a productcthat employs a vari
tor.

fed

perating control not complying with 13A.3.9-shall:

horsepower)

hble-speed or

a) Conply with 13A.14(a), if the control is electronic; and
b) Be |powered entirely by no more~than one low-voltage circuit; comply withl the Limiting
Impedance Test in UL 508; or comply with the low-power circuit requirement determined as

specifigd in 19.11.1 of the Standard for Safety of Household and Similar Electrical Ap

1: Gen

bral Requirements, UL 60335-1.

pliances, Part

13A.14 An operating control that'complies with 13A.3.9 shall also comply with all the following:
a) For glectronic controls — Installation Class 2 for electromagnetic compatibility (EMC) shall be in
accordance with~the voltage surge testing in 49A.3.6 and comply with the results specified in
49A.3.2;
b) Catggory.H shall be the overvoltage category;
c) Insulating materials shall have a minimum comparative tracking index (CTI) of 100 (Material
Group Il1);
d) The applicable pollution degree shall be as specified in 23.6.3 (a) — (e); and
e) The operating control (limiter) endurance cycle requirements specified by either:
1) Table CC.2 of the Standard for Automatic Electrical Controls — Part 2-9: Particular
Requirements for Temperature Sensing Controls, UL 60730-2-9, with the operating control
(limiters) endurance cycle requirements being applied; or
2) Endurance Test — Switching Devices, Section 46C.
13A.15 If an operating control complying with 13A.3.9 indirectly controls the load through a switching

device, the endurance cycle requirements in 13A.14(e) shall be applied to the switching device.
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13A.16 Appendix B, Operating and Protective (“Safety Critical”) Control Functions, shall be referenced to
determine whether a control function is considered to result in a risk of fire, electrical shock or injury to
persons.

13A.17 If a control can be used to reduce the risk of fire, electric shock or injury to persons under
abnormal operating conditions of the product, but a redundant control (of similar or different design)
operates to perform the identical function, the circuit shall be evaluated to determine which control will be
relied upon as the protective control. The control determined to be the protective control shall comply with
the protective control requirements in 13A.3. The control determined to be the operating control is not
required to comply with the protective control requirements but shall comply with the operating control

requirements

in 13A.13 or with 13A.3.9 and 13A.14.

13A.18 Ath
General Req
calibration sh

a) Ton
of the

b)Ing
6,000.

13A.19 Apr

a) In
whose

b) Shs
specifi

c)Inw
specifi

brmistor shall comply with Annex J of the Standard for Automatic Electrical Co
uirements, UL 60730-1 or the Standard for Thermistor-Type Devices,, U
bll be as specified in 13A.3.6. If a thermistor is used:

educe the risk of fire, electric shock or injury to persons under abpormal opera
product, the minimum number of endurance cycles shall be 100,000.

ther sensing applications of the product, the minimum number of endurance

btective control as referenced in 13A.3(i) and having a protective electronic cir

Vhich electronic disconnection of the circuit_could fail, shall have at least tw
combined operation provides the load discenhection;

Il prevent a risk of fire, electric shock-or injury to persons under the relevant f
ed in 49A.2;

hich an overcurrent protective device opens during application of any of the fi
ed in 49A.2, shall utilize_dnovercurrent protective device complying with the

applicable to that component. The fault condition causing the overcurrent protective

shall b
circuit
Definit
as we

e repeated and the evercurrent protective device shall again open the proted
If the overcurrent-protective device complies with the Standard for Miniature
ons for Miniature "Fuses and General Requirements for Miniature Fuse-Links
as an applicable Part 2, then the protective device shall additionally comply

Link Test in 49Ad5;

d) In
condit

which2 conductor of the printed wiring board becomes open-circuited d
ons test in 49A.2, then:

htrols — Part 1:
L 1434. The

fing conditions

cycles shall be

Cuit:

D components

ault conditions

ault conditions

requirements
Hevice to open
tive electronic
Fuses: Part 1,
IEC 60127-1,
with the Fuse-

iring the fault

1) The printed wiring board shall comply with the Needle-Flame Test in Annex E of Standard
for Safety of Household and Similar Electrical Appliances, Part 1: General Requirements,
UL 60335-1 or have a minimum flammability rating of V-0 when tested in accordance with
the vertical flame test described in the Standard for Tests for Flammability of Plastic

Materials for Parts in Devices and Appliances, UL 94;

2) Any loosened conductor shall not reduce spacings below the values specified in relevant

23.1, 23.3, 23.6; and

3) The specific test in which the printed wiring became open-circuited shall

be repeated a

second time. There shall be no risk of fire, electric shock or injury to persons and spacings

shall not be reduced below the values specified in relevant 23.1, 23.3, 23.6;

e) Shall maintain its required functions when subjected to the EMC related stresses specified in the
Electromagnetic Compatibility (EMC) Tests, 49A.3; and
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f) That relies upon a programmable component for one or more of its safety functions shall be
subjected to the Programmable Component Reduced Supply Voltage Test, Section 49A.4, unless
restarting at any point in the operating cycle after interruption of operation due to a supply voltage
dip will not result in a risk of fire, electric shock or injury to persons. The test shall be carried out
after removal of all batteries and other components intended to maintain the programmable
component supply voltage during supply source (mains) voltage dips, interruptions and variations.

©IEC. This material is adapted from IEC 60335-1 Ed. 5.2 b:2016 with permission of the American National Standards Institute (ANSI)
on behalf of the International Electrotechnical Commission. All rights reserved.

13B Remotely Operated Electrostatic Air Cleaners

13B.1  Any fy
considered wh

13B.2 Excep
of the control

nction of a product enabled M Tesponse 1o externat communication or data st
en determining normal and abnormal conditions of the product.

t as specified in 13B.3, a manual control shall be provided on a product'such
s required before the product can be operated in any mode that-permits rem

external communication or receiving/sending data signals.

13B.3 Inrefd

rence to 13B.2, a product not provided with a manual control for actuating rem

external communication or receiving/sending data signals shall be:

a) Cap
within |

b) Limi

13B.4 A prog
commands, e
as the manual
with 59.9.

13B.5 A con
data signals s
shock or injury

a) Ren

b) Alte
anothe

nals shall be

that actuation
bte operation,

pte operation,

able of remote operation, external communication. or receiving/sending data signals only

ne-of-sight; or

ed only to monitoring external communication or data signals.

uct shall include a means to manually’disconnect, disable or override any renpjote operation

ternal communication or data signals. If the product attachment plug and reg
means to disconnect data signals or remote operation commands, the produg

frol that operates in response to remote operation commands, external com
hall not introduce-an: operating condition or state that could lead to a risk ¢
to persons. In addition, such a control shall not:

Her inoperatfive any protective control or protective control function within the p

the order of control response such as by forcing a protective control to oper
I control that would normally be intended to respond;

eptacle serve
t shall comply

munication or
f fire, electric

oduct;

ate instead of

c) Reset any protective manual reset feature;

d) Supersede the response of any protective control; or

e) Alter the response to or expected performance of:

13B.6

1) User actuation of controls, movement of doors, covers, grills, filters or the like; or

2) User interaction with any parts of the product that could result in exposure
electrical parts, moving parts, hot parts or radiation.

Compliance with 13B.5 shall be determined by one of the following:

of hazardous

a) Using methods appropriate for determining the performance and reliability of protective control
functions in accordance with Section 13A, Switches and Controllers; or
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b) Examining the product circuit diagram(s) to determine that a control which operates in response
to remote operation commands, external communication or data signals operates wholly
independent of the protective controls of the product and therefore is incapable of adversely
affecting the operation of any protective controls.

14 Grounding

141 General

14.1.1 Each product shall be provided with a means for grounding unless the product complies with
12.2.1.3.1.

14.1.2 Except as specified in 14.1.2.1, if a grounding means is provided on a product, all lexposed dead

metal parts t
exposed to ¢
reliably conng

14.1.2.1 An

nat are likely to become energized and all dead metal parts within thelpr

cted to the grounding means.

ungrounded high-voltage transformer core not complying witth14.1.2 shall ¢

dielectric voltage-withstand test specified in 46.2.1.

14.1.3 With
likely to becor

reference to the requirement in 14.1.2, the following\dead metal parts are 1
he energized:

a) A sinall metal part (such as an adhesive-attached foil marking, a screw, a handle,

IS:

b) A
compl

1) On the exterior of the cabinet orienclosure and separated from all ¢
grounded metal or

2) Electrically isolated from all electrical components.

pbanel or cover that is insulated from all electrical components by an ins
ing with 11.4.

c) A panel or cover thatidoes not enclose uninsulated live parts or is electrically isolg

electri

d) Cor|

14.1.4 Upor

Cal components.

bs and asseémbly screws of relays, solenoids, and the like.

insertion of a removable part, the grounding connection shall be made befor

connection, a

bduct that are

bntact during any user-servicing operation and that are likely to become ‘enefgized shall be

bmply with the

ot considered

br the like) that

bmponents by

ulating barrier

ted from other

b the electrical

hd-upon removal, the grounding connection shall be broken after the electrical

connection.

14.1.5 Functional grounding shall not be relied upon for equipment grounding or bonding.

14.2 Bonding

14.2.1 Unless the dead-metal parts described in 14.1.2 are bonded together by mechanical fasteners, a
separate bonding conductor or strap shall be used for this purpose.

14.2.2 The bonding shall be by positive means, such as clamping, riveting, bolted or screwed
connections, brazing, or welding. The bonding connection shall penetrate a nonconductive coating.
Bonding around a resilient mounting shall not depend on the clamping action of rubber or similar material
unless the construction has been shown by investigation to be acceptable for the purpose. This
investigation may include such tests as overload, short-circuit, and aging.
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14.2.3 The bonding conductor shall be of a material and size that has been evaluated for use as an
electrical conductor. It shall be protected from corrosion unless inherently corrosion resistant. A bonding
conductor or strap shall be installed so that it is protected from mechanical damage.

14.2.4 The size of an electrical 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 the National Electrical Code, ANSI/NFPA 70.

Exception No. 1: A conductor smaller than that specified may be used if the bonding connection does not
open when carrying current equal to twice the rating of the branch-circuit overcurrent device for 2 minutes.

Exception No. 2: A bonding connector to a motor need not be larger than the motor-circuit conductors.

14.2.5 If mo
conductor is td
for the compo
branch-circuit
size of a bond
for the ground

e than one size branch-circuit overcurrent device is involved, the size- o
be based on the rating of the overcurrent device intended to provide, ground-f
hent bonded by the conductor. For example, if a motor may be individually ¢
overcurrent device smaller than the overcurrent devices protecting-the overa
ng conductor for that motor is to be selected on the basis of the.overcurrent dq
fault protection of the motor.

14.3 Portable products

14.3.1  Delet

15 Internal \

15.1

15.1.1 Intern
on the connec

General

a)
2

d

Viring

al wiring and connections shall be protected or enclosed to reduce the likelik
ions or damage to the insulation.

the bonding
hult protection
rotected by a
| product, the
vice intended

ood of stress

ng and wiring

h a complete

(9]
—

15.1.1.1 To prevent particles from.falling out of the product, open coil windings, internal wir
connections sIaII be:

a) Located in a compartment such as a cabinet or enclosure which is provided wi

base pgn; or

b) Mouhted ersimilarly positioned away from any openings in the bottom of the produ
15.1.2 A bare-cenducter—ineluding-coiHeads;—shal-be-supperted-se-that-atteasttheini

spacings will be maintained.

#num required

15.1.3 Each splice and connection shall be mechanically secure and shall be arranged so that stress on
the connections and terminals does not result.

15.1.4 A splice shall be provided with insulation if permanence of spacing between the splice and other
metal parts cannot be maintained.

15.1.5 A wireway shall be smooth and free from sharp edges, burrs, fins, moving parts, and the like, that
may abrade wire insulation.

15.1.6 An aluminum conductor, insulated or uninsulated, used as internal wiring, such as for
interconnection between current-carrying parts or as motor winding, shall be terminated at each end by a
method that has been evaluated for the combination of metals involved at the connection point.
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15.1.7 If a wire-binding screw or a pressure wire connector is used as a terminating device for an
aluminum conductor, it shall be for use with aluminum under the conditions involved (for example,
temperature, heat cycling, and vibration).

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

15.1.9 Wiring routed to a hinged door, cover or other parts which may subject the wiring to movement
shall comply with (a) — (g) if such movement is likely to cause a risk of fire, electric shock or injury to
persons.

a) Strgnded conductors shall be used;

b) Thg arrangement shall prevent undue twisting or stressing of conductors as @ result of the
moverent;

¢) The]wiring shall be routed or protected to reduce the risk of damage.of the insulatign;
d) Type S or SJ wiring shall be used if the wiring is exposed to,a User or service persan;
e) Wires shall be tied together to form a bundle;

f) Strajn relief shall be provided so that stress will netybe transmitted to terminals ¢r splices. The
Strain |Relief Test in Section 42, using a force of 20pounds (89 N), shall be conducted; and

g) Thelwiring shall comply with the Wiring Endurance Test, Section 51C.
15.2 Primalny circuits

15.2.1 The internal wiring of a product:shall consist of general-use wire or appliance-wiring material that
has been dgtermined to be acceptable for the application, when considered with respect to the
temperature, yoltage, and condition of service to which the wiring is likely to be subjected.

15.2.2 Regdrding 15.2.1, wiring material of one or more of the types specified in Table 15.1 having
insulation thickness not less.than that specified in Table 15.1 may be used for internal wiring

Exception: Wiring miaterial having insulation thinner than specified in Table 15.1 may be used if the
insulation, when. considered with respect to the temperature, voltage, and conditions |of service, is
considered equivalent to the thickness specified in Table 15.1.

Table 15.1
Appliance-wiring materials

Nominal thickness of insulation, inch (mm)?

600-volt applications 300-volt applications
With an impregnated- With an impregnated-
Type of braid cover, Without a braid cover, braid cover, Without a braid cover,
insulation inch (mm) inch (mm) inch (mm) inch (mm)
Thermoplastic - - 1/32 0.8 - - 1/32° 0.8°
Rubber 1/32 0.8 - - 1/64 0.4 1/32 0.8

Table 15.1 Continued on Next Page
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Table 15.1 Continued

Nominal thickness of insulation, inch (mm)?
600-volt applications 300-volt applications
With an impregnated- With an impregnated-
Type of braid cover, Without a braid cover, braid cover, Without a braid cover,
insulation inch (mm) inch (mm) inch (mm) inch (mm)
plus cover thickness plus cover thickness
Neoprene - - 3/64 1.2 1/64 0.4 1/32 0.8
plus cover thickness
Silicone rubber 1/32 0.8 1/32° 0.8° 1/64 0.4 1/32° 0.8°
plus cover thickness plus cover thickness
@ The minimum thickness is 0.028 inch (0.71 mm) for 1/32-inch- (0.8-mm-) thick insulation; the minimum thickness |s 0.013 inch
(0.33 mm) for 1/64-inch- (0.4-mm-) thick insulation.
® A minimum of 1/64 inch (0.4 mm) thick only for short, moving leads in a small device, if such leads make no more|than casual
contact with parts of opposite polarity and with grounded parts.
¢ Only if routed gway from live parts of opposite polarity and protected from mechanical damage,both during installation of field
wiring and while fin operation, unless material has the necessary resistance to mechanical damage.
15.2.3 Holegin a sheet-metal wall through which insulated wires pass shall be provided with a bushing.
Exception: Snpooth-edged holes in walls thicker than 0.042 inch (1.07 mm), need not comply with this
requirement.
15.3 High-voltage circuits
15.3.1 Internal secondary wiring shall be general-use high-voltage wire or wiring materia| rated for the

application. The voltage rating of the wire_shall not be less than the maximum peak voltdge measured

between the wire and any other part.

15.3.2 A hol
shall have smpoth, well-rounded.edges or shall be provided with a bushing. If the bushin

in a metal partition_through which an ungrounded lead or ungrounded telminal passes

deforms the

wire insulation|, the bushing shall-be subjected to the High-Voltage Insulating Arcing Test, Se¢tion 51.

15.3.3 A busghing of glazed porcelain, steatite, or that which has been determined to be 1
may be used fpr secohdary leads and terminals.

15.3.4 A bushing of phenolic composition may be used if the voltage involved is less than 1

he equivalent

D00 volts.

15.3.5 Bushings other than those specified in 15.3.3 and 15.3.4 may be used based on
High-Voltage Insulating Materials Arcing Test, Section 51.

16 Capacitors
16.1 Deleted

16.2 Deleted

results of the

16.3 Except as specified in 16.8, a motor start or run capacitor shall comply with the construction

requirements in the Standard for Capacitors, UL 810.
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16.4 A capacitor, mounted in an application not intended to be totally enclosed, shall be housed within a
cabinet that protects the capacitor against mechanical damage and prevents the emission of flame or
molten material resulting from malfunction or breakdown of the capacitor. The cabinet shall comply with
the requirements in Section 6, Frame, Cabinet and Enclosure.

16.5 Deleted

16.6 A capacitor other than a motor start or run capacitor that is connected across-the-line or line to
ground in other than a high-voltage circuit shall comply with one of the following:

a) The Dielectric Voltage Withstand Test, Insulation Resistance Test, and Endurance Test in the
Standard for Electromagnetic Interference Filters, UL 1283;

b) Thg Temperature Test, Table 45.1, (B)(1)(b) and either the Dielectric Voltage-Withstand Test in
Section 46 or in the Standard for Electromagnetic Interference Filters, UL 12835 or

14: Sectional
Connection to

c) The Standard for Fixed Capacitors for Use in Electronic Equipment — Part
Specifjcation: Fixed Capacitors for Electromagnetic Interference Suppréssion and
the Supply Mains, UL 60384-14. Capacitor specifications shall be as\fellows:

1) Operating voltage — Not less than 110 percent of the pfoduct rated voltage.

2) For capacitors connected across the line (phase~to-phase) — Subclass X

3) For capacitors connected from line to ground — Subclass Y1 or Y2 for any
a rated voltage not exceeding 500 voltsyer as an alternate, subclass Y4 if a
rated voltage not exceeding 150 volts.

measured during the Temperature Test in Section 45, but not less than 185°F
5) Lower category temperature — Based on the minimum surface temperatur
greater than 14°F (-10°C).

6) Duration of the damp-heat steady-state test — Not less than 21 days.

7) Passive-flammability category B or C. As an alternate, a polymeric capad
have @ V-0 flame rating as described in the Standard for Tests for Flamma
Matetials for Parts in Devices and Appliances, UL 94.

(4.0 kV) or

X2 (= 2.5 kV) for impulse voltage (based on minimum Overvoltage Category df Il).

broduct having
product has a

4) Upper category temperature —Based on the maximum capacitor surface temperature

(85°C).

b for which the

capacitor has been designed to operate when installed within a product as infended, but not

itor case shall
ility of Plastic

16.7 Deleted

16.8 In reference to 16.3, motor start or run capacitor that does not comply with UL 810 shall:

a) Be housed within an enclosure or container that will reduce the risk of mechanical damage to the
plates and the emission of flame or molten material resulting from breakdown of the capacitor;

b) Be provided with a metal capacitor container providing the strength and protection not less than
that of uncoated steel having a thickness of 0.020 inch (0.51 mm); and

c) Be constructed to reduce the likelihood of expelling the dielectric medium under both normal and
abnormal conditions of use.

16.9 In reference to 16.6, a capacitor shall consist of a single Class Y1 capacitor or two Class Y2
capacitors connected in series if it is connected between:
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a) Two
b) One

c) Prim

line conductors in a primary circuit;
line conductor and the neutral conductor;

ary and accessible secondary circuits; or

d) The primary circuit and protective earth (equipment grounding conductor connection).

17 Coil Windings

171

Windings of a motor, relay, transformer, and the like shall resist the absorption of moisture.

17.2 With re
treated to resis
materials shal

18 Printed-Wiring Boards

18.1 A printg
direct support
Standard for T

Exception: A g
requirements
bond between|
coming in con

18.2 Arresist
printed-circuit

a) Be g
intends

b) Be provided with a mechanical barrier or equivalent partition as part of the prod

mecha

18.3 Deleted

19 Overcurn

Jdld tU t: 1T |cqui| CITICTI It ;I I 1 71 5 flil I |-L,uatcul (Illdyl IUt) VV;IU ;b I IUt IU\.]l.IiICuI tU L
5t absorption of moisture, but fiber slot liners, cloth coil wrap, and similar maejstt
be impregnated or otherwise treated to resist moisture absorption.

d-wiring board shall comply with the Standard for Printed-Wiring Boards, UL
criteria and shall be classed V-0, V-1, or V-2 in accordance with the requir
psts for Flammability of Plastic Materials for Parts in Devices and Appliances,

rinted-wiring board in a Class 2 nonsafety circuit.is*not required to comply wit
n UL 796 if the board is separated from parts.of other circuits such that log
the foil conductor and the base material will’not result in the foil conductors o
act with parts of other circuits of the contrelor of the end-use product.

pr, a capacitor, an inductor, or other\part that is mounted on a printed-wiring b
assembly shall:

ecured so that it cannot be(displaced by a force likely to be exerted on it dur

d operation, or servicing; or

hical protection,

ent Protection

e additionally
re-absorptive

V96, including
ements in the
JL 94.

h the bonding
sening of the
Iy components

pard to form a

ng assembly,

Lict to provide

19.1

they are connected. A fuseholder shall be suitable for use with a cartridge fuse.

A fuse and a fuseholder shall have voltage and current rafings that are for use in the circuit in which

Exception: A plug fuse may be used in a circuit rated 125 volts or 125/250 volts, 3-wire, or less.

19.2 Fuses shall comply with the Standard for Low-Voltage Fuses — Part 1: General Requirements, UL
248-1; and the applicable UL 248 Part 2 (e.g. UL 248-5). Defined use fuses that comply with UL 248-1 and
another appropriate UL standard for the fuse are considered to fulfill this requirement.

19.3 Fuseholders shall comply with the Standard for Fuseholders — Part 1: General Requirements, UL
4248-1, and the applicable Part 2 (e.g. UL 4248-9).

19.4 Circuit breakers shall comply with the Standard for Molded-Case Circuit Breakers, Molded-Case
Switches and Circuit-Breaker Enclosures, UL 489.
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Exception: Circuit breakers used in telecommunications circuitry that comply with the Standard for Circuit
Breakers For Use in Communications Equipment, UL 489A, need not comply with UL 489.

19.5 Circuit breakers having integral ground fault circuit interrupter capability for protection against
electrical shock shall additionally comply with the Standard for Ground-Fault Circuit-Interrupters, UL 943.

19.6 Supplementary protectors shall comply with the Standard for Supplementary Protectors for Use in
Electrical Equipment, UL 1077.

19.7 Fusing resistors shall comply with the Standard for Fusing Resistors and Temperature-Limited
Resistors for Radio- and Television-Type Appliances, UL 1412.

19A Generql Purpose Transformer — Insulation Systems

19A.1 Deleted
19A.2 Deleted
Table 19A.1
Primary class A insulating materials and minimium thicknesses
Table 19A.1 relocated as Table 4A.1
19A.3 Deleted
19A.4 Deleted
19A.5 Deleted

20 Motors gnd Motor Overcurrent Protection

20.1 A motgr shall be evaluated for the application and shall be capable of driving the maximum normal
load of the prgduct withouttintroducing a risk of fire, electric shock, or injury to persons.

20.2 A brush-holder assembly shall be constructed so that when the brush is no longer capable of
performing itg function, the brush, spring, and other parts of the assembly are retained [to the degree
necessary nof to'cause:

a) Accessible dead metal parts to become energized and

b) Live parts to become accessible.

20.3 Each motor shall be provided with at least one of the following:

a) Thermal protection complying with the applicable requirements in the Standard for Thermally
Protected Motors, UL 1004-3.

b) Impedance protection complying with the applicable requirements in the Standard for Motor-
Operated Appliances, UL 73, when the motor is tested as used in the product under locked-rotor
conditions.

c¢) Impedance protection complying with the Standard for Impedance Protected Motors, UL 1004-2.
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d) Electronic protection complying with either the Standard for Electronically Protected Motors, UL
1004-7 or with the requirements in Section 13A, Switches and Controllers, applying to protective
electronic circuits.

e) Other protection that is shown by tests to be equivalent to the protection mentioned in (a) — (d).

20.3.1 In reference to 20.3 (a) and (d), a motor that moves air by means of a fan that is not integrally

attached, keyed, or otherwise fixed to the motor shaft shall be evaluated for running heating protection.

20.4 Motor-overload protection provided for a product not required to have such protection shall:

a) Comply with the requirements in 20.3.

b) Be

20.5 Openings in a motor shall be arranged to prevent particles from falling out”of th

flammable ma
21 Washing

211 A duct-
shall comply W

a) The
interlog

b) The

while the system is being washed.

21.2 A duct-
ionizer-collect
motor are de-

22 Filters
22.1  An air-g
similar parts u

comply with th

22.2 Anair-g

own by test not to result in a risk of fire, electric shock, or injury to persons,

erial within or under the product.

ype product provided with fixed means for washing ¢he ionizer-collector fra
ith the following:

circuitry of a product having provision for automatic or manual washing m
ked so that the power pack will be de-energized while the system is being was

primary circuit of a product shall be interlocked so that the blower-fan motor is

type product having fixed means’ for automatically or manually applying ad
br frame assembly shall have the circuitry interlocked so that the power pack a
nergized while adhesiverisbeing applied.

leaner filter together with any other materials, such as adhesives, mounting dg
ilized as an'integral part of the air filter and intended for use on a duct-type ai
e Standard for Air Filter Units, UL 900.

e motor onto

me assembly
pans shall be
hed.

de-energized

hesive to the

nd blower-fan

vices or other

cleaner shall

ith:

leaner filter intended for use in a fixed-type product shall comply with 22.1 or w

a) The separation of ignition sources from nonmetallic materials requirements as shown in Figure
6C.1; or

b) Table 51A.1 applying the flammability requirements for functional parts, if the filter is within 2 in.
(50.8 mm) of but not underneath an ignition source.

22.2.1
located more t

han 2 in. (50.8 mm) away from and not underneath any ignition source.

An air-cleaner filter intended for use in a portable product shall comply with 22.1 or 22.2 or be

22.3 An air-cleaner filter that is electrically charged by the product shall be tested as described in the
Unenclosed High-Voltage Power Supply Test in 49.4.
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23 Spacings
23.1 General

23.1.1  All uninsulated live parts connected to different line- or low-voltage circuits shall be spaced from
one another as though they were parts of opposite polarity and shall be evaluated on the basis of the
highest voltage involved.

23.1.2 The spacing at a field-wiring terminal is to be measured with wire of the size appropriate for the
rating connected to the terminal as in actual service.

23.1.3 Wiring terminals are considered to be terminals to which connections are made in the field.

23.1.4 The g¢pacings in a component device, such as a snap switch, a lampholder, amotor, and the like
supplied as part of an air cleaner shall not be less than the minimum spacings required for the component
device or the gpacings specified in Table 23.1, whichever are smaller.

Table 23.1
Spacings in line-voltage circuits
Minimum spacings
Through air, Over sprface,
Location involved Voltage, AC inch (mm) inch (mm)

Between field-wiring terminals of 0-150 14 (6.4) 1/4 (6.4)
opposite polarit 151 — 300 1/4 (6.4) 3/8 (9.5)

301 -600 3/8 (9.5) 1/2 (12.7)
Between uninsylated live parts of 0-50 116 (1.6) 1/16 (1.6)°
opposite polarity or between an b
uninsulated live|part and a 5134 118 32) 14 (64)
grounded part dther than the 154-800 1/4 (6.4) 3/8 (9.5)°
cabinet or encldsure?®

301 - 600 3/8 (9.5) 1/2 (12.7)
Between an unipsulated live part 0-600 1/2 (12.7) 1/2 (12.7)
and the walls of{the metal cabinet
or enclosure, orother accessible
dead metal parf including fittings
for conduit or afmored cable®

2 In a portable p
3/32inch (2.4 m

Foductwusing a fractional horsepower motor rated 300 volts or less, the spacing through air or over
m)minimum; and if the motor rating does not exceed either 1/3 horsepower (250 watts output) or

surface may be
150 volts, the

spacings may be*1/16 inch minimum.

b For printed-wiring boards, see 23.3.1.

¢ A metal piece attached to the cabinet or enclosure is considered to be a part of the cabinet or enclosure if deformation of the
cabinet or enclosure is likely to reduce spacings between the metal piece and uninsulated live parts.

23.1.5 Regarding spacing requirements, film-coated (magnet) wire is considered to be an uninsulated
live part.

23.2 Low voltage and isolated-limited-energy circuits

23.2.1 Spacings between components of low-voltage and isolated-limited-energy circuits are not
specified.
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23.3 Line-voltage circuits

23.3.1 The spacings in a line-voltage circuit shall comply with one of the following:

a) Table 23.1;

b) For parts that are potted in an insulating compound, the through-air and over-surface spacings
before potting shall be a minimum of 1/32 inch (0.8 mm). The insulating potting compound shall
comply with the Material Property Considerations section in the Standard for Polymeric Materials —

Use in Electrical Equipment Evaluations, UL 746C.

c) For a printed-wiring board:

1) The over-surface spacings shall not be less than 1/32 inch (0.8 mm) if
coated with a conformal coating complying with 23.3.1.1; or

wiring terminals are unspecified if:

Boards, Section 48;

for Parts in Devices and Appliances, UL 94; and

Evaluations, UL 746C.

ii) The printed-wiring board has a flammability, ‘classification of V-0,
with the requirements in the Standard for Tests for Flammability of Plastic Materials

the circuits are

2) The over-surface spacings other than to ground, between different circui{s and at field

i) The spacings comply with the Evaluation of Reduced“Spacings on Printed-Wiring

in accordance

i) The printed wiring board is constructed from a base material having a minimum
Comparative Tracking Index (CTI)*Performance Level Category (PLC) rating of 2 in
accordance with the Standard-for Polymeric Materials — Use in Electri¢al Equipment

23.3.1.1 In peference to 23.3.1(c)(1) and- 23.4.3(c), the conformal coating shall comply with the
Conformal C(iatings section in UL 746E) Polymeric Materials — Industrial Laminates, Filament Wound
Tubing, Vulcanized Fibre, and Materials-Used in Printed Wiring Boards.

23.3.2 Deleted

23.3.3 Deleted

23.3.4 Deleted

23.3.5 Deleted
23.4 High-voltage circuits

23.4.1 Spacings in high-voltage circuits shall comply with 23.4.2, 23.4.3, 23.4.4 or 23.4.5.
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Table 23.2
Spacings for high-voltage parts

parts and line-vi

Minimum spacings through air and over surfaces
Between uninsulated high-voltage parts Between insulated high-
voltage parts in the
Power pack, Filter cell,? powerpack and filter cell,*”
Voltage involved inches (mm) inches (mm) inches (mm)
601 — 3000 3/4 (19.0) 1 (25.4) 1/2 (12.7)
3001 - 5000 1 (25.4) 1 (25.4) 1/2 (12.7)
5001 - 10,000 1-1/8 (28.6) 1 (25.4) 3/4 (19.0)
10,001 — 15[000 =172 (3817 T (253 T (25.4)
15,001 — 20{000 1-3/4 (44.5) 1-1/4 (31.8) 1-1/4 (31.8)
20,001 — 25000 2 (50.8) 1-1/2 (38.1) 14172 (38.1)
@ Spacings with{n the active filter area may be less to permit proper functioning of the filter.
® This column also specifies the minimum through-air and over-surface spacings between insulated’or uninsulated high-voltage

bltage, low-voltage or dead metal parts.

23.4.2 Spad

a) Insy
of opp

b) Ins
voltag

c) Insy

23.4.3 Insul

a) Be
potting

the High-Voltage Insulating-Material Arcing Test, Section 51;

b) Be

c) Be providedwith a conformal coating complying with 23.3.1.1; or

d)Be |

ngs between the following parts shall comply with Tablé 23.2:

Dsite polarity or different high-voltage circuits.

hlated or uninsulated high-voltage parts.and insulated or uninsulated line-v
b parts.

lated or uninsulated high-voltage parts and dead metal parts.

bted or uninsulated high-voltage parts shall comply with one of the following:
potted in an insulating compound such that the through-air and over-surface s
are a minimum of /32 inch (0.8 mm). The insulating potting compound shd

brovided withtan-insulating barrier complying with Section 11.4;

pcated on a printed wiring board:

lated or uninsulated high-voltage parts and other insulated or uninsulated high-voltage parts

oltage or low-

bacings before
I comply with

1) In which the spacings comply with the Evaluation of Reduced Spacings on
Boards, Section 48;

Printed-Wiring

2) Having a flammability classification of V-0, in accordance with the requirements in the
Standard for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances,

UL 94; and

3) Constructed from a base material having a minimum Comparative Tracking Index (CTI)

Performance Level Category (PLC) rating of 1 in accordance with the
Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

Standard for

23.4.4 The spacings between insulated or uninsulated high-voltage parts and dead metal, other than the
cabinet or enclosure, are not specified if:
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a) The high-voltage power supply complies with 49.1.1 following the High-Voltage Spacings Short

Circuit

Testin 49.3.1; or,

b) Insulation on the high-voltage part complies with the High-Voltage Insulating Material Arcing
Test, Section 51.

23.4.5 The spacings between high-voltage parts of opposite polarity or between high-voltage parts and

dead metal pa

rts, other than the cabinet or enclosure, are not specified if:

a) The parts have current levels complying with the Partially Protected Parts Test, Section 37; and

b) The insulating materials withstand the potentials specified in the Dielectric Voltage-Withstand

Test, S

2346 Ifah
the terminal s
the insulator.

23.5 Insulat

23.5.1 Delet

23.6 Alternate spacings — clearances and:creepage distances

23.6.1 Excej
Coordination

applicable as @n alternative to the.specified spacings requirements in the following:

a) Line

b) Low

23.6.2 Thes

action 46

gh-voltage circuit terminal is provided with an insulating cap, the spacing, to t
nall be measured through the crevice where the surface of the cap abuts the

ng barriers

a)
2

d

Table 23.3
Insulating barriers for high-voltage circuits

Table 23.3 relocated'as Table 11.1

t as specified in 23.6:2,"the spacings requirements in the Standard
ncluding Clearances -and Creepage Distances for Electrical Equipment,

tvoltage circuits, 23.1 and 23.3; and

voltage and-isolated-limited-energy circuits, 23.2.

pacings requirements in the Standard for Insulation Coordination Including CI

Creepage Dis

he live part of
remainder of

for Insulation
UL 840, are

earances and

ances for Electrical Equipment, UL 840 shall not be used for spacings betwe

en field wiring

terminals or between uninsulated live parts and a metal cabinet or enclosure.

23.6.3 (a) — (g) shall be considered when evaluating a product to the requirements in the Standard for
Insulation Coordination Including Clearances and Creepage Distances for Electrical Equipment, UL 840:

a) Hermetically sealed or encapsulated enclosures are identified as pollution degree 1.

b) Coated printed wiring boards are identified as pollution degree 1 if they comply with one of the
following:

1) Printed wiring board coating performance test of UL 840; or

2) Conformal coating requirements as outlined in the Standard for Polymeric Materials—
Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and Materials Used in

Printed Wiring Boards, UL 746E.
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c) Any areas not in contact with the airstream within an indoor use product are identified as
pollution degree 2 unless they comply with (a) or (b).

d) Any areas in contact with the airstream within an indoor use product are identified as pollution
degree 3 unless they comply with (a) or (b).

e) All areas of an outdoor use product are identified as pollution degree 3 unless they comply with
(a) or (b).

f) Category Il is the overvoltage category.

g) Printed wiring boards are considered as having a minimum comparative tracking index (CTI) of
100 unless further investigated for a higher CTl index.

23.6.4 Clea
Coordination
achieved by

24 Separation of Circuits

241

24.1.1 Unle
conductors of
mechanical b
parts of a diffg

24.1.2 Segr
have been de
different circu

24.1.3 Dele
24.2 Class
2421 The

equipment sh
be treated as

each circuit shall bemarked to warn that the separation shall be maintained.

General

ance B (Controlled Overvoltage) clearances as specified in Standard
Including Clearances and Creepage Distances for Electrical Equipment, UL
roviding an overvoltage device or system as an integral part of the praduct.

bs provided with insulation rated for the highest voltage involved, factory-inst

different circuits shall be spaced as specified in*Table 23.2, or separated b
brriers. In any case, the conductors shall be segregated (see 24.1.2) from u
rent circuit.

pgation of insulated conductors maye accomplished by clamping, routing,
termined to be equivalent to maintain separation from insulated or uninsulated
t.

ed
P circuits

putput of a transformer supplying a Class 2, low-voltage circuit and provided &
all not bednterconnected with the output of another such transformer. Each trg
a separate circuit, with each having its own separate wiring compartment.

for Insulation
| 840 shall be

Blled insulated
y insulating or
hinsulated live

or means that
live parts of a

s a part of the
nsformer shall
The output of

Exception: The output of two or more transformers supplying a Class 2, low-voltage circuit provided as
part of the equipment may be interconnected if the voltage and current measurements at the output

terminals are

24.3 Perma

24.3.1

within the values for a single Class 2, 30-volt, or less, transformer.

nently-connected products

of any circuit shall be segregated or separated by barriers from:

Except as specified in 24.3.1.1, the product shall be constructed so that a field-installed conductor

a) Factory-installed conductors connected to any other circuit, unless the conductors of both
circuits will be insulated for the maximum voltage of either circuit;

b) Uninsulated live parts of any other circuit of the device; and

c) Field-installed conductors connected to any other circuit.


https://ulnorm.com/api/?name=UL 867 2021.pdf

62 UL 867 AUGUST 16, 2021

24.3.1.1 In reference to 24.3.1, if field-installed conductors contact low-voltage wiring terminals, any
short-circuiting to such terminals that could occur shall not result in a risk of fire or electric shock.

24.3.2 In reference to 24.3.1, if field-installed conductors are segregated from other field-installed or
factory-installed conductors and from uninsulated live parts of the product connected to different circuits,
openings in the enclosure for the various conductors shall be located so that a minimum separation of 1/4
inch (6.4 mm) can be maintained between the field-installed conductors and any other field or factory-

installed conductors or uninsulated live parts.

2433

It is to be assumed, for the purpose of determining compliance with 24.3.1, that the conductors

entering each opening of the enclosure will be connected to the terminals opposite the opening if:

a) The[Aumber of openings N for the proper
wiring ¢f the device and
b) Eaclph opening is located opposite a set of terminals.
Exception: Mdre than the minimum number of openings may be provided if the following itefns have been
investigated:
a) The|possibility of conductors entering other points that are not opposite the termfnals to which
they arg intended to be connected and
b) The possibility of contacting insulated conductors or uninsulated current-qarrying parts
connedted to a different circuit.
24.3.4 To determine if a product complies with the requirement in 24.3.1, it is to be wired aq it would be in

service. A rea
than average

PROTECTION
25 General

25.1 A cabin
sufficiently sha

252 Iftheb
may result in 3

sonable amount of slack is to be leftdn each conductor, within the enclosure,
are is to be exercised in stowing this slack into the wiring compartment.

AGAINST INJURY TO PERSONS

et, an enclosure,~an opening, a frame, a guard, a knob, a handle, or the lik
rp to cause auvrisk of injury to persons in normal maintenance or use.

eakage or damage of a part such as a cabinet, an enclosure, a frame, a gue

risk of injury to persons, the part shall comply with the Impact Test, Section 2§.

and no more

e shall not be

rd, or the like

25.3 The requirementsin Z5.2 apply 1o those portions of a part adjacent to a moving part or an exposed
live part considered to present a risk of injury to persons.

26 Rotating

26.1

Parts

A rotating member shall be constructed and made of materials having the necessary strength to

reduce the likelihood of breakage or its release, or loosening of a part that could cause injury to persons.

26.2 A rotating part shall be assembled:

a) So that the direction of rotation tends to tighten the means that holds the rotating part in place or

b) Usin

g a keyed nut or a nut locked in place with a pin or other positive means.
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27 Enclosures and Guards

271

Each moving part that can cause injury to persons shall be enclosed or guarded.

Exception: A moving part that can cause injury to persons that is necessarily exposed to perform the work

function need

not be enclosed or guarded. See 27.2.

27.2 Among the factors to be considered in evaluating the acceptability of an exposed moving part are:

a) Degree of exposure necessary to perform its intended function,

b) Sharpness of the moving part,

c) Likg
d) Spsg
e) Likg

the mq

These factor
reasonably fo

28 ImpactT

28.1 A part
extent that:

a)Am
the prq

b) Thel

28.2 A smo
(535g),isto

For a part nof
cord and swu

lihood of unintentional contact therewith,

ed of the moving part, and

lihood that a part of the body would be endangered or that clothing would b¢ entangled by

ving part.

5 are to be considered with respect to both intended“operation of the p
feseeable misuses.

est

hs mentioned in 25.2 shall withstand the,impact test described in 28.2, 28.3 2

oduct and its

nd 28.5 to the

oving part involving a risk of injury t6 persons or an exposed live part cannot b
bes illustrated in Figure 7.2 or Eigure 7.3 for ceiling mounted appliances and

appliance complies with the'Dielectric Voltage-Withstand Test, Section 46.

bth steel sphere, 2_inches (51 mm) in diameter and weighing approximatel
all vertically from(rest through a distance of 51 inches (1.3 m) to strike the pa
able to be struck from above by the free-falling sphere, the sphere is to be s

intended to b

hg as a pendulum through a vertical distance of 51 inches. A guard for an air
ceiling-mounted is to be subjected to an impact of 1.5 foot-pounds (6.7 N). T

be dropped ffom a height of 15 inches (381 mm) or is to be swung as a pendulum dropf
vertical distance ef 15 inches.

b contacted by

1.18 pounds
being tested.
spended by a
cleaner that is
he sphere is to
bing through a

28.3

If nonmetallic material is used for a part as mentioned in 25.2, the impact test is to be performed on

a sample in the as-received condition. The test is then to be repeated on another sample that has cooled
to room temperature after being conditioned for 7 hours in an air oven at uniform temperature not less than
10°C (18°F) higher than the maximum operating temperature of the material measured under intended

operating con

ditions, but not less than 70°C (158°F).

28.4 Upon removal from the oven mentioned in

28.3 and before being subjected to the impact test, the samples shall not show checking, cracking or other
deleterious effects from the oven conditioning. Also, the samples shall not show distortion sufficient to
impair the intended operation of the product.
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28.5 A nonmetallic part used in accordance with 25.2 and intended for outdoor use shall additionally be
cooled to a temperature of minus 35 +2°C (minus 31 £4°F) and maintained at this temperature for 3 hours.
While the unit is still cold, the samples shall be subjected to the impact tests described in 28.1 and 28.2.

29 Interlocks
29.1 Switches
29.1.1 Deleted

29.1.2 Deleted

29.2 Interlogks

29.2.1 A moying part that could cause injury to a person is considered to be guarded if grotected by a
cover with an interlock that complies with one of the following conditions:

a) The part stops moving within 3 seconds after the cover is opened or

b) The jnterlock prevents the cover from being opened until the part stops moving.

29.2.2 OperItion of an interlock in normal use shall not inconveniénce the operator so as|to encourage
deliberate def¢at of the interlock.

29.2.3 An inferlock shall be located so that unintentional operation is unlikely. The interlodk shall not be
readily defeatgble without damaging the product, or without making wiring connections or altg¢rations.

29.2.4 Aninferlock that is required to reduce a risk of electric shock or injury to persons sha|l:

a) Withstand 100,000 cycles of opgration controlling a load not less than that contrglled in the air
cleaner, and shall function normally-tupon completion of the test; or,

b) Conply with the protective control requirements in Section 13A, Switches and Controllers.

29.2.5 Aninterlock that is required to reduce the risk of electric shock shall open:
a) All sppply conduetors; or;

b) The ungrounded conductors if the unit is permanently connected to the electrical sypply source.

30 Electronic Circuits
30.1 Ozone monitoring circuitry shall not be user-defeatable or user-adjustable.
31 Stability

31.1 A portable product shall not overturn when tipped through an angle of 10 degrees from the
horizontal as described in 31.2.

31.2 The product is not to be energized during the test mentioned in 31.1. The test is to be conducted
under conditions most likely to cause the product to overturn. The following conditions of the test are to
result in the least stability:
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a) The position of all doors, drawers, casters, and other movable or adjustable parts, including that
of a supply cord, if any, resting on the surface supporting the air cleaner;

b) Connection of or omission of any attachment made available by or recommended by the
manufacturer; and

c) Direction in which the product is tipped.
32 Collector Handle Securement Test

32.1 A handle used to remove air cleaner collector cells shall:

a) Withstand-aforce-ofHHourtimes-the weightofthe-cellwithout breakage-of the-handle, its securing
meang, or that portion of the cabinet to which the handle is attached; or

b) Be Uised only on collector cells provided as part of a portable household product.

32.2 To detg¢rmine if a handle complies with the requirements in 32.1, the force is to be $tarted at zero
and gradually| increased so that the force specified in 32.1 is attained in 56,10 seconds and maintained
for 1 minute.| When the handle is 76.2 mm (3 inches) or more in width; the force is to be uniformly
distributed over a 76.2 mm width at the center of the handle without clamping. When the width is less than
76.2 mm, thelforce is to be distributed over the entire handle. When\more than one handle {s furnished on
a cell and thg] cell cannot be lifted by only one handle, the forcelis to be distributed between the handles.
The distribution of forces is to be determined by measuring thepercentage of the cell weight sustained by
each handle with the cell in the intended lifting position. When a cell is furnished with more than one
handle and cgn be carried by only one handle, each handl¢’is to sustain the total force.

33 External Surface Temperatures

33.1 During|the Temperature Test, Section 45; the temperature of a surface that may be cdntacted by the
user shall notlexceed the value specified in;Table 33.1. If the test is to be conducted at a roon temperature
other than 25{C (77°F), the results aretabe corrected to that temperature.

Table 33.1
Maximum surface temperatures

Composition of surfacq?®

Type of surface Metallic Nohmetallic
Handle or knob|thatis.grasped for lifting, carrying or holding 50°C (122°F) 60°[C (140°F)
Handle or knob tratisTontactedbutdoes ot mvotve tifting;, carrying; B0 C(1H40°F) 85°C (185°F)
or holding and other surfaces subject to contact in operation and user
maintenance

@ A handle, knob, or the like made of a material other than metal, that is plated or clad with metal having a thickness of 0.005 inch
(0.13 mm) or less is to be evaluated as a nonmetallic part.

33A Battery Operated Air Cleaners
33A.1 General

33A.1.1 Battery operated portable air cleaners intended for household use only shall comply with the
applicable requirements (see Section 4, 4A.1 —4A.4,4A.2, 4A.4 —4A.12,4A.14,5,6.1 - 6.2, 6.4, 6A —6C,

57 — 59) in this Standard and the requirements in this Section. The requirements in this Section
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supplement and, in some cases, modify the general requirements in this Standard. These requirements
apply only to those air cleaners provided with or intended for use with rechargeable batteries but do not
apply to button or coin cell batteries as specified in 4A.12.

33A.1.2 These requirements do not cover appliances with user replaceable battery cells, see 3.9 of the
Standard for General Requirements for Battery-Powered Appliances, UL 2595. Replaceable batteries
shall be in the form of a battery pack per UL 2595.

33A.1.3 The battery system shall comply with the requirements of the Standard for General
Requirements for Battery-Powered Appliances, UL 2595.

33A.1.4 The indents of Annex D of the Standard for General Requirements for Battery-Powered

Appliances, UL 2595, as shown in Table 33A.1.
Table 33A.1
UL 2595 Indents
Indent UL 2595 Instructions
reference

Indent A 4 These requirements supplement the requirements of UL 867

Indent B 3.26 Only air cleaners intended for outdoor usg.assume the user may be wet during use.

Indent C 41,42 Appliances for use and marked “Use Indoors” are considered Low Tempefature (LT =
0°C)
Appliances for use outdoors.are-considered Extra-Low Temperature (ELT|= -35°C)

Indent D 9.2 Refer to UL 2595

Indent E 9.4 UL 2595 test conditions’shall consider operating modes, including air filtef, fan operating
speeds, emitters/iohizers, UV lamps, or other special features, whichever|is more severe
temperature, for'the battery system.
The air intake is restricted to any level between 0-50 percent of overall air|intake area,
whichéver results in maximum input current.
See 45.1.1 and 45.5.1 of UL 867.

Indent F 11.1.3 UL 2595 test conditions shall consider highest and lowest speed, whicheyer is more
severe, for the battery system.
Additional test conditions shall consider restricted air inlet, blocked air out|et and
overvoltage condition using low voltage supply source at 1.3 times of ratefl voltage and
minimum 8 amperes. See 49.6 and 49.7 of UL 867.

Indent G Table 11.1 UL 2595 test conditions shall consider highest and lowest speed, whicheyer is more
severe, for the battery system.
The additional or alternative Safety Critical Functions (SCFs) are specified in Table
33A.2. If the safety of the electronic control circuit has been evaluated in accordance with
the functional safety requirements in UL 2595, then the safety of the electronic circuit
complies with the requirements in this Standard.

Indent H 15.3 For indoor products, the drop height of 15.2(a) shall be 3 ft (914 mm) on the hard wood
floor.
For outdoor products, the drop height of 15.2(a) shall be 3 ft (914 mm) on concrete.

Indent | 18.5 Not applicable — Refer to UL 867.

Indent J 22.1 Not applicable except for 22.4 — 22.6 — Refer to UL 867.
For protective impedance of high voltage circuit, refer to 22.4 — 22.6 in this standard for
evaluation.

Table 33A.1 Continued on Next Page
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Table 33A.1 Continued

Indent

UL 2595
reference

Instructions

Indent K

8.4

or separable battery pack.

Additionally, probes employed in the end-product standard to evaluate accessibility for
risk of electric shock and injury are to be applied to the end product, but not to detachable

Detachable or separable battery packs shall be additionally tested as the following:

Test probe 18 of IEC 61032 in Figure 33A.1 is applied with a force not exceeding 0.22 Ibf
(1 N), the battery pack being in every possible position, except that battery packs
normally used on the floor and having a mass exceeding 40 kg (88 Ibs) are not tilted. The
test probe is applied through openings to any depth that the probe will permit and is

rotatedrorangted before; duringamd afterinsertiorrto any pusrhvn.—rf'the-)pening does
not allow the entry of the probe, the force on the probe in the straight pes|
increased to 2.2 Ibf (10 N). If the probe then enters the opening, the test i
the probe in the angled position. During the tests, the battery pack'shall Qe fully
assembled as in normal use without any parts removed.

tion is
5 repeated with

Indent L

20.1 a) Refer to Table 20.1 for voltage within 250 V.

Exception: Smaller creepage distances in the appliance are permitted in
spacings for equivalent AC voltages specified intUL"867. These smaller greepage
distances do not apply to detachable or separable battery packs.

b) For voltage above 250V, refer to spacings, Section 23 of UL 867.

hccordance with

Table 33A2

Additional safety-critical functions for battery-operated appliances

Type and Purpose of SCF.

Minimum Perdl

(A

lormance Level
)L)

Operates motor, solenoids or similar components used\o retain doors or panels in the closed

position if the d

ors or panels provide protection of;

a) uninsulated live parts, film-coated wire or moving parts capable of causing injury in
accordance|with Section 7; or

b) moving parts capable of causing injury in accordance with Section 27; or

c) thermallyjhot parts in accordance’with Sections 33 and 45.

Prevents motor|overload (over-temperature or overcurrent) as required by Sections 20.

Ozone-monitorihg circuitry-iniwhich the circuitry is relied upon to limit the ozone in accordance

with 40.1.6.

Prevents autonatic restarting after operation of a protective circuit which de-energizes the
product (or partjof.the product) where there is a risk of injury due to moving parts.

Regulates motor speed and is combined with a motor overload or motor protective control.

Limits temperatures within the product during abnormal conditions or under conditions not
intended for the normal operation of the product in accordance with Section 49.

Limits pressure in a vessel.
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Figure 33A.1
Probe 18 of IEC 61032
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PERFORMANCE
34 General

34.1 The performance of the product shall be investigated by subjecting a representative sample or
samples in commercial form to the tests described in Sections 35 — 51. The tests shall be performed in the
order presented (or as close as is practical). A sample employed for the Leakage-Current Test, Section 35,
shall be tested for leakage current prior to being used for other tests.

34.2 Unless otherwise indicated, the tests are to be conducted at rated frequency and at the voltage
specified in Table 34.1.

Table 34.1
Voltages for tests

Voltage rating of product Test potential, volts
110-120 120
220 -240 240
254 - 277 277
440 -480 480
550 - 600 600

35 Leakage Current Test

35.1 General

35.1.1 All exposed conductive surfaces of cord-connected products are to be testefl for leakage
currents. The|leakage currents from thesesurfaces are to be measured to the grounded supply conductor
individually als well as collectively if_simultaneously accessible and from one surface| to another if
simultaneously accessible. Parts are eonsidered to be exposed surfaces unless guarded Qy a cabinet or
enclosure that reduces the risk ofielectric shock, as described in Accessibility of Uninsulgted Live Parts
and Moving Parts, Section 7./Surfaces are considered to be simultaneously accessible |f they can be
readily contadted by one or both hands of a person at the same time.

35.1.2 Leakpge currént-refers to all currents, including capacitively coupled currents| that may be
conveyed between exposed conductive surfaces of a product and ground or other expoged conductive
surfaces.

35.1.3 If the product has a direct-current rating, measurements are to be made with the product
connected in turn to each side of a 3-wire, direct-current supply circuit.

35.2 Normal use

35.2.1 For a product rated 250 volts or less, the leakage current at any accessible part shall not be more
than 0.5 milliampere when tested in accordance with 35.2.2 — 35.2.4 if the open-circuit potential between
the accessible part and earth ground or any other accessible part is more than:

a) 42.4 volts peak for an indoor product or where wet contact is not likely to occur and

b) 21.1 volts peak for an outdoor product and where wet contact is likely to occur.

35.2.2 The measurement circuit for the leakage-current test is to be as illustrated in Figure 35.1. The
measurement instrument is defined in (a) — (c). The meter that is actually used for a measurement need
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only indicate the same numerical value for the particular measurement as would the defined instrument.
The meter used need not have all of the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a capacitance of
0.15 microfarad.

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite waveform of
voltage across the resistor or current through the resistor.

c) Over a frequency range of 0 — 100 kilohertz, the measurement circuitry is to have a frequency
response (ratio of indicated to actual value of current) that is 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
milliampere, the measurement is to have an error of not more than 5 percent at 60 hertz.

Figure 35.1

Leakage current measurement circuit

52 PRODUGT METER
GR
st q INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B

12pv

18

Lgi00

Product intended for connection to a 120-volt power supply

T Sl

24pV ==—

L120v L
1T GR
S q INSULATIN

—— TABLE

GROUNDED SUPPLY CONDUCTOR B

LPJ

L4200

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

S2 R
'_| C

INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B

LC300

Product intended for connection to a 3-wire, grounded neutral power supply, as illustrated above.
A — Probe with shielded lead.

B — Separated and used as clip when measuring currents from one part of product to another.
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35.2.3 Unless it is being used to measure leakage from one part of a product to another, the meter is to
be connected between an accessible part and the grounded supply conductor.

35.2.4 A sample of the product is to be tested for leakage current first in the as-received condition with all
switches and thermostats closed. The grounding conductor, if any, is to be open at the attachment plug.
The as-received condition is without prior energization except for what may occur as part of the
production-line testing. The supply voltage is to be 120 or 240 volts, as applicable. The test sequence, with

reference to the measuring circuit in Figure 35.1, is to be as follows:

a) With switch S1 open, the product is to be connected to the measuring circuit. Leakage current is
to be measured using both positions of switch S2 and with the switching devices of the product in
their normal operating positions.

b) Swi
istob
in thei

c) The
to be U
descri

d) Leq
tempe

36 Leakage

36.1 A prod
48 hours to ai

36.2 To dete
be heated to
during conditi
hours under
unenergized
35.2.4 (b) and

37 Partially]|

37.1 The fol
through a 50

fch S1 is then to be closed, energizing the product. Within five seconds, thelg
b measured using both positions of switch S2, and with the switching devices
normal operating positions.

leakage current is to be monitored until thermal stabilization. Both-positions of
sed in determining this measurement. Thermal stabilization is.to,be obtained b
bed in the Temperature Test, Section 45.

kage current is also to be monitored with switch S1,_6pen while the product
rature and while cooling.

Current Following Humidity Conditioning

Lict shall comply with the requirements for-leakage current in 35.2.1, followin
r having a relative humidity of 88 +2 pereent at a temperature of 32 £2°C (90 4

rmine whether a product complies with the requirement in 36.2, a sample of th
A temperature just above 34°€ (93°F) to reduce the likelihood of condensati
pning. The heated sample.is to be placed in the humidity chamber and con
the conditions specified-in 36.1. Following the conditioning, the sample is
bs described in 35.214(a). The sample is then to be energized and tested a

Protected Parts

owing-requirement applies to a product rated 250 volts or less. The continuo
D-ohnr resistor connected between any part exposed only during user servi

akage current
of the product

switch S2 are
y operation as

s at operating

j exposure for
1°F).

e productis to
bn of moisture
ditioned for 48
to be tested
5 described in

(c). The test is ta be' discontinued when the leakage current stabilizes or decrgases.

s current flow
ting and earth

ather accessihle p::rt shall not be more than the applinnhlp value epnr‘ifinrl

in Table 37.1.

ground or any

However, this value only applies if the open-circuit potential between the part and earth ground or any
other accessible part is more than:

a) 42.4 volts peak for an indoor product or where wet contact is not likely to occur,

b) 21.2 volts peak for an outdoor product and where wet contact is likely to occur.

See 35.1.1-35.1.3.
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Table 37.1
Partially protected part available current

eak

Frequency, hertz®® Maximum current, milliamperes p
0-100 7.1
500 9.4
1000 11.0
2000 14.1
3000 17.3
4000 19.6
5000 22.0
oUUU Z£O.1
7000 or more 27.5

@ Linear interpols
shown. The tabl

® For a composit
alternating curre]

tion between adjacent values may be used to determine the maximum current corresponding to fij
applies to repetitive nonsinusoidal or sinusoidal waveforms.

b current (combination of a continuous direct current and alternating current) the frequency is basq
ht of the combination waveform. The composite waveform is not to exceed 27.5 milliamperes.

equencies not

d on the

37.2 The m¢g
following cond

a) With
all posg

tions:

any operating control, or adjustable control that.is¢considered subject to use
ible positions of contact.

b) Eith

c) For ¢ach loading condition specified in 38:2:

d) A secondary or resonating winding shunted by a capacitance is to be tested with a

capaci

e) Eac
vacuun
Resistq
open-c

Exception No.

during the nofmal temperature test specified in the Temperature Test, Section 45, is not

open-circuited

r with or without cells, separable connectors,’and similar devices in place.

ance.

N output terminal in turn_is to be loaded to ground with wire-wound resisto

rs, capacitors, diedes, and other solid-state components are in turn to be shd
rcuited.

1: A current-limiting resistor within the power supply that does not exceed

asurements of the available current of partially protected\parts are to be made under the

- operation, in

hd without the

s, or a triode

n tube, varying from,open circuit to short circuit in order to simulate loading conditions.

rt-circuited or

70°C (126°F)
b be short- or

Exception No. 2: The available current need not be measured if a circuit protector, such as a fuse or circuit
breaker, opens the circuit within 1 second of energization of the unit.

38

38.1

Input Test

exceed 110 percent of the marked rating.

The current or volt-ampere input to the product under any normal operating condition shall not

38.2 To determine whether the power pack complies with the requirement in 38.1, the current and power
input is to be measured while the equipment is operated at the secondary voltage and current settings that
result in maximum input for each of the following conditions, when applicable to the unit:

a) Variable resistance connected from positive to negative output terminal and adjusted from open
to short circuit.
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b) Variable resistance connected from positive output terminal to ground, negative terminal open-
circuited, resistance varied from open to short circuit.

c) As specified in (b) except negative terminal short-circuited to ground.

d) Variable resistance connected from negative output terminal to ground, positive terminal open-
circuited, resistance varied from open to short circuit.

e) As specified in (d) except positive terminal short-circuited to ground.

38.3 A product intended for connection to a low-voltage supply source (such as by a USB type
connector) shall be connected to a supply circuit using a test voltage that is 16.7 percent higher than the

product rated
shall comply

39 Output

39.1 When
greater than 1

39.2 The se
shall be dete
voltages to be

40 Ozone T
40.1

40.1.1 Two
be conducted

a) Ong
or

b) As
ppm o

40.1.2 Whe
not produce 4

General

ith 38.1.

est

10 percent of the rated value.

condary-output voltage under all conditions of operation” up to and includir
rmined. The values obtained shall be used in determining the spacings reg
employed during the Dielectric Voltage-WithstandTest, Section 46.

pst

samples of the product shall be supplied for testing. The test described in 40
on:

sample, if the measured maximum ozone concentration is less than 0.030 p3

[ more.

N tested as described in 40.2 — 40.4, a portable air cleaning product for house
concentration of ozone that exceeds:

. The product

he high-voltage circuit is delivering its rated load, the secondary-output voltage shall not be

g open-circuit
uired and the

12 — 40.4 shall

rts per million;

bcond sample, if the measured maximum ozone level from the first sample tested is 0.030

hold use shall

Qparts per million (npm) by volume: or
L L A bl 7 J 7

a) 0.0"

b) 0.100 ppm by volume if the average of any five consecutive one minute average measurements
are less than 0.050 ppm.

40.1.3 A product shall be tested in accordance with 40.2 — 40.4 under the most severe conditions for
generating the maximum amount of ozone, taking into account all intended operating modes of the
product. These conditions shall include the following:

a) High fan speed;

b) Low fan speed; and,

c) Any other operating conditions that could include, but are not limited to: fan(s) inoperative,
emitters(s)/ionizer(s) on, UV lamps on or other special features activated or inactivated.
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40.1.4

In reference to 40.1.3, the testing in 40.2 — 40.4 shall include the product operating with:

a) Only one operating mode occurring at a time if the product is intended to operate in this manner;

or

b) Multiple operating modes occurring simultaneously if simultaneous operation of the product in
different modes is intended and testing the product in multiple operating modes represents the
most severe condition(s) for maximizing ozone emission.

c) All air filter(s) removed unless an interlock switch causes ozone production to stop if the air

filter(s)

40.1.5 In ref
decrease or st

a) The

b) The
the prg
59.10.

40.1.6 If ozg
shall be cond
requirements i

40.2 Chamber specifications

40.2.1 The t
m?3) with a min
without openir]
steel or other
by the half-life

40.2.2 The following test chamber criteria shall be met:

a) The
considé

are removed, as specified in 40.1.5.

pp if an air filter is removed:
testing in 40.2 — 40.4 shall be conducted with the interlock switch bypassed; or

interlock switch shall comply with Section 29, Interlocks, and theoperating
duct shall specify the intended filter(s), including replacement filters, in ac

he-monitoring circuitry is provided as part of the product, the test described

h Section 13A, Switches and Controllers.

st is to be conducted in a chamber having a volume of 950 — 1100 cubic fee
imum side dimension of 8 feet (2.4\M) and a maximum height dimension of 1
gs. The test chamber walls, ceiling, and floor are to be surface treated (polis
honporous and non-reactive material. The suitability of chamber materials sha
procedure of 40.2.3.

test chamber shall'be sufficiently airtight to avoid uncontrolled air exchange. T
bred sufficiently -airtight if at least one of the following requirements is fulfilled:

1) the (air leakage is less than 0.5 percent of the chamber volume per
overpressure of 1000 Pa;

production to

nstructions of
tordance with

n 40.2 — 40.4

icted with the circuitry bypassed unless the circuitry/complies with the protfective control

t (26.9 — 31.1
0 feet (3.0 m)
hed) stainless
| be validated

he chamber is

minute at an

Co AN SV NIPSNEN P adolaoco thaon B ~araant PRIV |

alcaa o o E aftha rvacflowr eata whan nvuac
Zarean icaragto eSS tralT o PCTCCTIT UT T SO PPty Al iovw 1TatC- Wit iive st

Airtightness — Pressurization or Tracer Gas Method of the Standard Practice

Higated per the

for Full-Scale

Chamber Determination of Volatile Organic Emissions from Indoor Materials/Products,

ASTM D6670, static condition, at a pressure differential of 10 PA.

b) The test chamber shall have proper mixing verified via the mixing procedure of the Standard
Practice for Full-Scale Chamber Determination of Volatile Organic Emissions from Indoor
Materials/Products, ASTM D6670, Sections titled Air Distribution in the Chamber and Air-Mixing in
a Chamber, and shall not create local airflow across the surface of the product under test
exceeding 0.1 m/s.

c) The test chamber supply air system shall be equipped with sufficient carbon and HEPA media to
remove particles, reactive VOCs, and ozone.
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40.2.3 Performance of the test chamber shall be verified prior to each test and after any modification or
cleaning through:

a) Determination of the chamber ozone half-life at O forced air changes,

b) Calculation of the chamber deposition velocity under these conditions using the equation defined
in 40.2.4,

c) Calculation of the air exchange rate necessary to maintain an overall chamber ozone removal
rate (Napparent) value of 1.33 using the equation defined in 40.2.5,

d) Verification of the chamber ozone half-life of 31 +2 minutes under the air exchange rate
calculated in c), and if necessary, adjustment of the air exchange rate to achieve an ozone half-life

of 31 4

The chamber
ppm ozone. R
1 10 percent ¢

Exception: If
d), and with 4
need be repe
or more cong
modification d

40.2.4 The

in which:

Vd =10

c(t) =
C(0) =

2 minutes, repeating the verification as needed after adjustment of the air exch

or the purpose of this measurement, steady state is defined as a fluctuation n
r 0.0020 ppm, whichever is greater, during a fifteen minute period:

he chamber has initially demonstrated compliance with the, requirements of st
tep d) in three or more consecutive tests over a two-day.minimum time fram
hted immediately prior to the testing of each model. However, steps a) throug
ecutive step d) tests shall be repeated, at a minimum, bi-annually or after
r maintenance activities.

hamber deposition velocity (Vd) is definedby'the following equation:
C
Ln%
Vd=||———|—A4ER|*
_tl /2 A / V

eposition Velogity-(m/h)
Fnding Ozone Concentration

Initial ©zone Concentration

tiyp=C

ange rate.

ozone half-life is determined using an initial steady state concentration’of (.100 to 0.200

bt greater than

eps a) through
e, only step d)
h d) and three
any chamber

hamber Half-Life (h)

AER =

Air Exchange Rate (1/h) =0

A/V = Chamber Surface Area to Volume Ration (m%m®)

40.2.5 The air exchange rate necessary to maintain an overall chamber ozone removal rate (Napparent)

value of 1.33 i

in which:

AER =

Napp =

s defined by the following equation:

AER = Napp —Vd* AV

Air Exchange Rate (1/h)

Napparent (1/h) = 1.33
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Vd = Deposition Velocity (m/h) = Value determined in 40.2.3 and 40.2.4

A/V = Surface Area to Volume Ratio (m?/m®)

The chamber air exchange rate is defined as the ratio of the volume of clean air brought into the chamber
per hour to the unloaded chamber volume.

40.3 Equipment specifications

40.3.1

Ozone analysis equipment shall meet the following criteria:

a) Ranges of 0.02, 0.04, 0.1, 0.2, and 0.4 mg/m?® on the full scale (or have auto ranging capability);

b) The

c) Apr
or1pe

d) A sa

capability to detect 4 pg/m?® or lower concentration;

rcent on the full scale);

mpling rate of not less often than once every 60 seconds;

beision of + 2 percent from the mean value in the 0 mg/m? to 0.2 mg/m¥range (i.e. 2 ug/m?

e) A sgmpling line of minimum length, not to exceed 13 feet (4 m),"made of a flexiblg¢ material that

is inert

To prevent imy

40.4 Test mé¢thod

40.4.1 Perior
accordance w

40.41.1 The

a) With

b) In anp area where the Iocal airflow across the surface of the product is not greater tk

(0.1m

m) high.

404.1.2 The
parallel to an

such as PTFE.

act on the test, the ozone analysis equipment shall be placed outside of the ch

to testing, the location of the peak ©zone emission on a product shall be
th 40.4.1.1 - 40.4.1.6.

product shall be located in accordance with 40.4.4 and:

in the test chamber specified in 40.2; or,

5) and which has minimum dimensions of 10 feet (3 m) per side and not less th

air stream discharge area shall be determined by measuring the air streg
j 2.inches (50.8 mm) from the surface of the product air discharge grille

sampling poin

amber.

Hetermined in

an 4 inches/s
an 8 feet (2.4

m in a plane
Each ozone

shall be along this plane.

40.4.1.3 The location and number of ozone sampling points for a product shall be determined based on
the discharge area of the air stream as follows:

a) One ozone sampling point shall be allotted for and be directly in line with each ozone generating
source.

b) One ozone sampling point shall be located in the geometric center of the air stream discharge
area with additional ozone sampling points provided based on the overall area of the air stream
discharge of the product as follows:

1) For an air stream discharge area less than 16 in? (103 cm?) — minimum of 4 sampling

points.
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2) For an air stream discharge area equal to or greater than 16 in? (103 cm?) — minimum of
8 sampling points.

40.4.1.4 For the sampling points specified in 40.4.1.3 (b)(1) and (2), the air stream discharge shall be
divided into equal sized zones so that the number of ozone sampling points equals the number of zones.
The ozone sampling point shall be located in the geometric center of each zone.

40.4.1.5 The product shall be subjected to a 48 hour run-in period. Run-in and determining the location
of peak ozone emission shall be conducted with the room at a controlled temperature in the range of 77
19°F (25 £5°C) and a supply of filtered air.

40.4.1.6 At the completion of the run-in period, the location of peak ozone emission shall be determined
by measurind the emission of ozone at each sampling point for a minimum of 2 minutes. The ozone
sampling device shall point directly into the air stream. Ozone values shall be allowed 10 stapilize between
measurements.

40.4.1.7 The tests in 40.4.2 — 40.4.6 shall be conducted on a product to ‘determine cgmpliance with
40.1.2.

40.4.2 During the test, the test chamber is to be maintained at a temperature of 25 +2°C (T7 +4°F) and a
relative humidity of 50 +5 percent.

40.4.3 Prior|to the start of each test, the ozone background-level is to be measured with the product off.
The background level shall be subtracted from the maximumvymeasurement during the test. Vith respect to
determining background level, the following measurement'criteria shall be applied:

a) The ozone background measurement~shall not exceed 0.005 ppm at [steady state.
Measyrements above this value may interfere with emissions determinations.

b) Bagkground measurements within_the chamber shall be taken immediately prior tp testing of the
produgt.

For the purpope of this measuremént, steady state is defined as a fluctuation not greater than + 10 percent
or 0.0020 ppm, whichever is greater, during a fifteen minute period.

40.4.4 The product is tosberlocated in the center of the test chamber floor and

a) 30 ihches (%62 mm) above the floor for table-mounted products.

b) on the floor for floor mounted or supported products.

c) attached to the ceiling or other horizontal non-reactive surface at a minimum height of 30 inches
for ceiling-mounted products.

d) attached to a non-reactive vertical surface at a minimum height of 30 inches for wall-mounted
products.

40.4.5 A single ozone monitor sampling tube is to be positioned with the sample tube opening located 2
inches (50 mm) from the air outlet of the product and at the sampling point that provides the peak ozone
emission as determined by 40.4.1 — 40.4.1.6. The sample tube is to point directly into the air stream.

40.4.6 To determine the concentration of ozone, the ozone emission is to be monitored for not less than:

a) 24 hours; or
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b) 8 hours if the measured ozone concentration when plotted against time between the 7th and 8th
hour of monitoring has:

1) A negative or zero slope and fluctuation not greater than £10 percent or 2 parts per billion
(ppb) around the mean, whichever is greater;

2) A positive slope with the mean ozone concentration of less than 20 ppb and fluctuation
not greater than +£2 ppb around the mean; or,

3) A positive slope with the mean ozone concentration greater than or equal to 20 ppb and
less than 38 ppb and with a normalized slope (slope divided by hourly mean) that is less
than or equal to 0.0153 ppb/hr per mean ppb, and fluctuation not greater than +10 percent
around the mean.

40.4.7 Deleted

Figure 40.1

Filter Test Iterations Flow Chart
Figure deleted
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40.4.8 Deleted
40.4.9 Deleted
40.4.10 Deleted
40.4.11 Deleted

41 Peak Ozone Emission Location Determination

Section 41 deleted

42 Strain Relief Test

42.1 For a groduct tested in accordance with 42.1.1 — 42.5, there shall be no movement
wiring leads to indicate that stress would be transmitted to internal connections or-wiring.

42.1.1 If a gtrain relief is connected to or integral with a nonmetallic part;‘6ne complete
nonmetallic pprt is to be placed in a full draft circulating air oven maintained at least 18°F
um temperature of the nonmetallic part as measured/during the Temperaturg
45, but not Igss than 158°F (70°C). The nonmetallic part is to remain in the oven for 7 H
careful removal from the oven and return to room temperature,‘the nonmetallic part is to b
the test in 42.R and comply with 42.1.

42.2 The cord-connections inside the product are to:be disconnected. A strain relief mea
supply cord i to be subjected to a direct pull of 35 peunds-force (156 N). The force may bq
suspending a[35 pound (15.9 kg) weight on the cord of the product.

42.3 A strainp relief means for wiring leads,intended for connection of field-installed supply
specified in 1R.1.2.3 or power supply conductors of an internally-mounted accessory as
are to be subjected to a direct pull of 20 pounds-force (89 N). The force may be generated

a 20 pound (9.1 kg) weight on the wiring leads.

42.4 The fofce specified in42:2 or 42.3 shall be applied so that the strain relief is stre
angle permitt¢d by the construction of the product.

42.5 The force shallbe applied for not less than 1 minute.

of the cord or

sample of the
(10°C) higher
b Test, Section
ours. After its
e subjected to

hs for a power
generated by

conductors as
pecified in 5.6
by suspending

ssed from any

43 Pushbag¢k Relief Test

43.1

To determine compliance with 12.2.2.3, a product is to be tested as follows. The supply cord (or

leads) is to be held 1 inch (25.4 mm) from the point where the cord emerges from the product. Then, the
cord is to be pushed back with casual force as shown in Figure 43.1. The force is to be applied until the

cord buckles, but in no case is the force to exceed 6 pounds-force (26.7 N).
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Figure 43.1

Supply cord or lead push-back/strain relief evaluation

CASUAL
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44 Grounding Resistance Test

441 The req
metal part req
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44.2 The res
capacity of thq
the maximum
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resistance in ¢
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———BUCKLING
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SB1683

istance of the grounding\path between the equipment-grounding means 4
uired to be grounded, (see 14.1.2) shall not be more than 0.1 ohm when
th 44.2.

istance may be.determined by any convenient method, such as an ohmmeter
grounding path is questionable, either a direct or alternating current equal to 2
current thdt'is available is to be passed from the equipment-grounding mean
bn. The-resulting drop in potential is to be measured between these tw
hms is to be determined by dividing the drop in potential in volts by the curre

nd any other
measured in

If the current
P00 percent of
5 to the metal
b points. The
nt in amperes

that passes bg

tween the two points.

45 Temperature Test

45.1

A product is to be tested under the conditions of load as described in 45.2 — 45.5.1. During the test:

a) The temperature at any point shall not be sufficiently high to constitute a risk of fire or to
adversely affect any materials used in the product,

b) The temperature at specific points shall not exceed those specified in Table 33.1 and Table 45.1,

c) A motor-protective device shall not operate, and

d) A resistor shall neither burn out nor otherwise be adversely affected.
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Table 45.1
Maximum temperatures

a. Class 105 insulation systems:

Thermocouple method

90

Materials and components °C (°F)
A. MOTORS
1. Class A insulation systems on coil windings of an A-C motor having a frame diameter of 7
inches (178 mm) or less, not including a universal motor:2°
a. In an open motor:
Thermocouple or resistance method 100 (212)
b. In a totally enclosed motor:
Thermocouple or resistance method 105 (221)
2. Class A irjsulation systems on coil windings of a D-C motor and of a universal motor:?
a. In an dpen motor:
Thermocouple method 90 (194)
Resisfance method 100 (212)
b. In a tofally enclosed motor:
Thermocouple method 95 (203)
Resisfance method 105 (221)
3. Class B irsulation systems on coil windings of an A-C motor having a frame{diameter of 7
inches or legs, not including a universal motor:2®
a. In an dpen motor and on vibrator coils:
Thermocouple or resistance method 120 (248)
b. In a tofally enclosed motor:
Thermocouple or resistance method 125 (257)
4. Class ins{ilation systems on coil windings of a D-C motor and of a universal motor:?
a. In an dpen motor:
Thermocouple method 110 (230)
Resisfance method 120 (248)
b. In a tofally enclosed motor:
Thermocouple method 115 (239)
Resisfance method 125 (257)
B. COMPONENTS
1. Capacitors
a. Electrqlytict 56 (149)
b. Other types? a0 (194)
2. Solid and built-up contacts, bus bars, and connecting bars 90 (194)
3. Field-wiring terminals® 75 (167)
4. Fuses 90 (194)
5. Knife-switch blades and contact jaws 55 (131)
6. Potting compound 15 (27)
less than melting point
7. Relay, solenoid, and coils (except motor coil windings and transformers) with:

(194)

Table 45.1 Continued on Next Page
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Table 45.1 Continued

Materials and components °C (°F)
Resistance method 100 (212)

b. Class 130 insulation systems:
Thermocouple method 110 (230)
Resistance method 120 (248)

8. Resistors' - -
9. Transformers
a. Class 105 insulation systems:

Thermacouple methad a0 (194)
Resistence method 100 (212)
b. Class 1|30 insulation systems:
Thermocouple method 110 (230)
Resisthnce method 120 (248)
10. Seleniun rectifier 9" 75 (167)
11. Silicon reftifier? 100 (212)
C. CONDUCTOIRS
1. Rubber orthermoplastic insulated wire and cold®" 60 (140)
D. ELECTRICAL INSULATION — GENERAL
1. Fiber used as electrical insulation 90 (194)
2. Phenolic cpmposition used as electrical insulation or as a part.thie deterioration of which 150 (302)
could result if a risk of fire or electric shock®
3. Varnishedicloth insulation 85 (185)
E. OTHER SURFACES
1. A surface yipon which a product may be placed or mounted in service, and surfaces that may 90 (194)
be adjacent tp the product when it is so placed ormounted
2. Any point ¢n or within a terminal box or wiring compartment of a fixed product in which 60 (140)
power-supply conductors are to be connected
3. Wood or other combustible material 90 (194)

NOTE — The valyies in Table 45.1 afe based on an ambient temperature of 25°C (77°F). However, a test may be conducted at any
ambient temperature within the range of 10 — 40°C (50 — 104°F). Each observed temperature shall satisfy the folloyving formula:

Ti+(K=Ta) 2T,
in which:
T, is the obs¢rved.temperature of the material or component,

K is 25 when fnm'r_ﬁnrnh wes are measuredin ﬁlngrnae Celsius and 77 when measured in rlogrone Fnhronhnify

T, is the ambient room temperature, and
T, is the maximum required temperature.

If the ambient temperature is not 25°C, and the corrected temperature or the observed temperature exceeds the value in Table
45.1, the test may be repeated at an ambient temperature closer to 25°C.

@ At a point on the surface of a coil where the temperature is affected by an external source of heat, the temperature measured by
a thermocouple may be more than the specified maximum by the amount in the following table if the temperature of the coil,
measured by the resistance method, is not more than that specified:

Additional temperature,
Reference in Table 41.1 °C (°F)
Part A, item 1 5 (9)
Part A, items 2 and 4 15 (27)

Table 45.1 Continued on Next Page
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Table 45.1 Continued

Materials and components °C

(°F)

material integral

limit.

fSee 37.2.
9 The limitations
higher tempera

" A temperature
rated for a temp

" Rubber-insulat
insulated flexibl
conductor of otH

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

¢ For an electrolytic capacitor that is physically integral with or physically attached to a motor, the temperature or insulating

with the capacitor enclosure shall not be greater than 90°C (194°F).

9 A capacitor that operates at a temperature of more than 90° (194°F) may be evaluated on the basis of its marked temperature

¢ The temperature on a wiring terminal or lug is measured at the point most likely to be contacted by the insulation of a conductor
installed as in actual service.

do not apply to materials or compounds that have been investigated and determined to be accept
ures.

of 85°C (185°F) complies if a stack assembly is insulated with phenolic composition or othet insul
lerature of 150°C (302°F).

ed conductors within a motor having a Class A insulation system, rubber-insulated motor leads, ar]
e cord entering a motor may be subjected to a temperature greater than 60°C (1403F)if a braid is
er than a flexible cord. This does not apply to thermoplastic-insulated wires or cords.

able for use at
hting material

d a rubber-
sed on the

4511 A pr
temperatures
include, but &

operating at different speeds (e.g., high, medium, low), fans.inoperative, emitters/ionizerg

lamps on or o

451.2 Forag
a) The
b) The
the prd
45.2 Maxim

conditions an
a) Ma
b) Ma

c) Max

bduct shall be operated under the most severe condifion for generating
taking into account all intended operating modes of.thé product. Example op
re not limited to: original and/or any alternate airfilter(s) in place, air filter

ff or other special feature activated or inactivated!

product having an interlock switch to prevent operation if an air filter is remove
testing in 45.2 — 45.13 shall be conducted with the interlock switch bypassed;

interlock switch shall comply with Section 29, Interlocks, and the operating
duct shall indicate the intended filter(s), including replacement filters, as speci

m load is to be any load from open circuit to short circuit to simulate
i to produce each-efithe following:

imum outputicurrent,
imum inpt current, and

imuminput power.

the maximum
erating modes
removed, fans
on or off, UV

d:

or,

instructions of
fied in 59.10.

pctual loading

The test is also to be conducted under short-circuit and open-circuit conditions. The load is to be applied to

each output of

the power pack to produce the specified maximum conditions.

45.3 With reference to 45.2, maximum conditions may be obtained by connecting the power-pack output
to the maximum number of filter cells for which it is intended. As an alternative an ionizer output terminal, if
employed, may be connected to a resistive load, and the collector output may be connected to a

capacitive loa

d.

45.4 To determine whether a product complies with the requirements in 45.1 — 45.3, it is to be connected
to a supply of rated voltage and operated continuously until constant temperatures have been reached.

Exception: If a component obviously is not intended for continuous operation, the temperature test may be
conducted to take into consideration the probable intermittent or short time operation of the component.
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455 A product that is rated for use at more than one voltage or for a range of voltages, and contains a
tapped transformer or other means of being adapted to different supply voltages, is to be tested at the
most unfavorable combination of supply voltage and internal adjustment.

Exception: The product may be tested while connected in accordance with the manufacturer's instructions
if all three of the following conditions are met:

a) A clear, permanent marking is provided adjacent to the cord or supply compartment to warn the
user that internal adjustments must be made when the appliance is installed or moved.

b) Detailed instructions clearly showing the adjustments that must be made for various voltages are
permanently attached to the appliance. These instructions may be on the outside or on the inside
of the querallenclosure-where dsible-atthepointat-which-adiustmentsforsupphvoliages must be

made.

c) Thel|adjusting means provided for different voltages complies with the requiremeénts for wiring
terminglsin 12.1.4.1 - 12.1.4.5.

455.1 A product powered entirely by a low-voltage supply source (suchas’by a USB type connector)
shall be operated normally except with the air intake area restricted to anytevel between 0{50 percent of
the overall air |ntake area so that the input current to the product is maximized.

456 Thermgl equilibrium is considered to exist only if three ‘successive readings indicate no change
when taken af the conclusion of each of three consecutive, equal intervals of time where the duration of
the interval is the longer of the following:

a) 5 miputes or

b) 10 percent of the total test time elapsed_ previous to the start of the first interval.

45.7 Rubber|land other materials likely tordeteriorate are to be removed from feet and other supports of
the product if absence of the material may-result in higher temperatures.

458 Ordinarly, temperatures areto be measured by thermocouples applied to the hottgst accessible
parts, except that motor-coil témperatures may be determined by the resistance method if the coil is
inaccessible fgr mounting thermocouples.

45.9 The thermocouplées are to consist of wires not larger than 24 AWG (0.21 mm?) and nat smaller than
30 AWG (0.0% mm2).-The thermocouples and related instruments are to be accurate and calibrated in
accordance with.'\good laboratory practice. The thermocouple wire is to comply to the [requirements
specified in the~*Tolerances on Initial Values of EMF versus Temperature" tables in fthe Standard
Specification and Temperature-Electromotive Force (EMF) Tables for Standardized Thermocouples,
ANSI/ASTM E230.

45,10 Whenever referee temperature measurements are necessary in connection with the heating of
electrical equipment, thermocouples consisting of 30 AWG (0.05 mm?) iron and constantan wires and a
potentiometer type of indicating instrument are to be employed.

45.11 A thermocouple junction and adjacent thermocouple lead wire are to be securely held in thermal
contact with the surface of the material that is being measured. In most cases, thermal contact will result
from securely taping or cementing the thermocouple in place. However, if a metal surface is involved,
bracing or soldering the thermocouple to the metal may be necessary.

45.12 For the thermocouple-measured temperature of a coil in a motor the thermocouple:
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a)lsto

be applied to the magnet wire;

b) Is to be separated from the magnet wire by not more than the insulation on the conductor itself;

or

c) May be separated from the conductor by not more than the insulation on the conductor itself and
the normal coil wrap.

Exception: This requirement does not apply to a 7-inch (178 mm) diameter or smaller frame A-C
motor as described in Table 45.1, part A, items 1 and 3.

45.13 In using the resistance method, the windings are to be at room temperature at the start of the test.

The temperat

ire of a winding is to be calculated using the following:

in which:
T.is th
Risre
ris the

k is 2|
constg

tis the

46 Dielectric Voltage-Withstand Test

46.1 General

46.1.1 A prg
frequency bet
for dc circuits

a) Twi

line-vdltage primary circuit and exposed or grounded dead metal.

R
T= 7(1{-’-2‘)—/{

e temperature of the coil at the end of the test in degrees G;
sistance of the coil at the end of the test in ohms;
resistance of the coil at the beginning of the testin ohms;

34.5 for copper, and 225.0 for electrical-conductor grade (EC) aluminum;
nt for other grades must be determined;.and

room temperature at the beginning'ofthe test in degrees C.

duct shall withstand without breakdown for 1 minute the application of a test g
ween 40 and,70-hertz for ac circuits or a test potential as specified in Table 53
as follows:

Ce the maximum voltage rating of the line-voltage circuit plus 1000 volts applig

values of the

otential at any
11, Condition A

d between the

b) 125 percent of the maximum measured or rated high-voltage circuif, whichever is

between:

higher, applied

1) High-voltage circuits and line-voltage circuits unless the product complies with 46.1.1.1;

and

2) High-voltage circuit windings and resonating windings unless the product complies with

46.1.1.2.

c¢) 150 percent of the maximum measured or rated high-voltage circuit applied between:

1) High-voltage circuits and line-voltage circuits; and

2) High-voltage circuits and dead metal parts.
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46.1.1.1

winding shall be grounded.

46.1.1.2
voltage circuit

windings shall be common.

If the test specified in 46.1.1(b)(1) is not conducted, then any point of a high-voltage circuit

If the test specified in 46.1.1(b)(2) is not conducted, then the resonating winding and the high-

46.1.2 With reference to the test in 46.1.1(c) the frequency may be adjusted higher if needed, and:

a) For any high-voltage transformer not having a grounded secondary winding, the test shall be:

1) Conducted with only the grounded (neutral) side of the line-voltage circuit
dead metal parts; and then

connected to

b) For
(neutrg
dead n

46.1.3 Each

equipment shall withstand without breakdown for 1 minute, the application of a dc potential g

of the rated or
The values to
The value use

46.1.4 Theid

46.1.5 Ifthe
the rated dc g
points, other
occurring.

46.1.6 Each

subjected to the dielectric voltage-withstand tests described in 46.1.1 — 46.1.5. Each mete

separately sul

2) Conducted with only the ungrounded (line) side of the line-voltage circuit
dead metal parts.

any high-voltage transformer having a grounded secondary windingy, neither

I) side nor the ungrounded (line) side of the line-voltage circuit‘shiall be con
etal parts.

component of a product that is subjected to dc potentials during normal op
measured dc voltage, whichever is greater, betwéen“that component and grq

be used in this test shall be based on the voltages.measured in the Output Tej
H shall be the highest voltage existing at that component under any condition o

nizer and collector cells are to be remoyed during the test described in 46.1.3.

application of a d-c potential of 150-percent of the measured dc voltage of one
otential of another point to beimore than 150 percent of the maximum vol
blaces in the circuit may.be grounded to prevent the excessive voltage g

meter provided witha product is to be disconnected from the circuit when

jected to thedielectric voltage-withstand tests in 46.1.1 and 46.1.3.

46.1.6.1 Ap
capable of wi

voltage live partsof opposite polarity and between low-voltage live parts and dead metal g

roduct émploying a low-voltage circuit or entirely powered by a low-voltage @
standing, for 1 minute, without breakdown, the following test potential applied

connected to

the grounded
hected to any

eration of the
f 150 percent
unded metal.
5t, Section 39.
f operation.

point causes
tage at these
ondition from

he product is
is then to be

ircuit shall be
between low-
arts. The test

tqv
potential shall be-ere-efthe-fellowing:

a)Ana

b) A dc

¢ potential of 500 V at any frequency between 40 and 70 Hz;

potential of 700 V; or

c) A dc potential of 500V if the product is intended to be connected only to a USB supply source.

46.1.6.2 With reference to 46.1.6.1, the test between low-voltage parts of opposite polarity shall be
conducted on magnet coil windings of the transformer after breaking the inner coil lead where it enters the

layer.

46.1.7

In determining whether a product complies with the requirements in 46.1.1 — 46.1.6.1, the

potential is to be applied by a 500 volt-ampere or larger transformer with a regulated output voltage. The
potential is to be increased from zero until the required test level is reached, and is to be held at that level
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for 1 minute. The increase in the applied potential is to be at a rapid and substantially uniform rate such
that the potential is consistent with the value correctly indicated by a voltmeter.

46.2 High-voltage transformer core

46.2.1 An ungrounded high-voltage transformer core can be used if it withstands a dielectric voltage-
withstand test of four times the maximum secondary voltage applied from the core to the primary and
secondary windings connected together. The potential is to be applied for 1 minute. See the Exception to
14.1.2.

46.3 Induced potential

46.3.1 Thre
test. While in
primary windi
the rated voltz

e samples of a magnet coil winding as described in 4A.11.5(b)(3) are to belsybjected to this
a heated condition from operation as described in the Temperature Testy Section 45, the
hg of each transformer shall withstand without breakdown an alternating pofential of twice
ge of the winding.

46.3.2 The potential is to be:

a) Apglied for 7200 cycles if the test potential frequency is 120 héntz or more and

b) 60 g§econds if the frequency is less than 120 hertz.

A higher test
one-quarter 9
held for the t
maximum val

46.3.3 With

requency may be necessary so the core is not'saturated. The test voltage is {
r less of the full value and increased to fullWalue in not more than 15 secon
me specified, the voltage is to be reduced within 5 seconds to one-quarter
e and the circuit is to be opened.

reference to 46.3.1, a transformép may be conditioned in an oven to obtain th

b be started at
is. After being
or less of the

e temperature

reached in thg¢ Temperature Test, Section 45,.before conducting the induced-potential test.
46A Generdl Purpose Transformers
46A.1

Gengral

46A.1.1 In
general purpg

hddition to,the end-product Temperature Test and Dielectric Voltage-Withstand Test, a

se transformer shall also be subjected to the tests of 46A.2 — 46A.4.

46A.2 Voltalge meéasurement test

46A.2.1 For purposes of comparison with voltages measured as described in the Overload Test of
Section 46A.3, each secondary open-circuit voltage shall be measured with the primary connected to a
test voltage and frequency supply source as indicated in Section 38, Input Test.

46A.3 Overload test

46A.3.1 A transformer shall be subjected to the test conditions described in 46A.3.2. The stabilized
surface or core temperature recorded on the transformer during the second 50 percent load operation
shall not be more than 5°C (9°F) greater than the stabilized core temperature obtained during the initial 50-
percent of load operation. The open-circuit output voltage determined following the final 50 percent load
operation shall be within 2 percent of the output voltage measured during the Voltage Measurement Test
in 46A.2. As an option, a protective device, if provided, may be bypassed when conducting this test.
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46A.3.2 The transformer shall be operated as described in the Temperature Test in Section 45, except
that the load shall be 50 percent of the rated value, until the core, or surface temperatures if encapsulated,
stabilize. After stabilization, the load shall be adjusted until 200 percent of rated secondary current is
reached. After 2 minutes of operation, the load shall be readjusted, if necessary, to restore the current to
200 percent, but no further adjustment is to be made thereafter. The duration of this overload shall be 30
minutes. The load is then to be restored to the original 50 percent of rated value. It shall be held at that
value until the core temperature again stabilizes or until the temperature drops to within 5°C (9°F) of the
original stabilized 50-percent load-current temperature (whichever occurs first). This temperature value
shall be compared with the original 50-percent load stabilized condition, as specified in 46A.3.1. Then, the
secondary load shall be removed. With the primary energized, the secondary voltage(s) shall be
measured and compared with the original output voltage measurements.

46A.3.3 Whe (due to

the transforme
the surface of
measure this t

46A.3.4 A pr
adjusted after

46A.4 Repegted dielectric voltage-withstand test

46A.4.1
dielectric volts
After this test,

46B Thermas

46B.1 A pol
4A.11.3(b)(4)
the Class 105
temperature a
applied betwe

Follpwing the Overload Test in Section 46A.3, the transformer shall be subjected

the transformer enclosure shall be used. The portion of the enclosure "su
emperature shall be the hottest spot occurring in the 100-percent load heating

ptective device, when provided, shall be bypassed when the deviCe opens wh
the surface temperatures have stabilized.

ge-withstand test. The test potential shall be<65 percent of the value origin
the transformer shall perform as intended,

| Aging Test

ymeric material employed inxa’Class 105 (A) insulation system in aco
s to be aged for the amount oftime corresponding to an aging temperature th

(A) system response shiewn in Figure 46B.1. The insulation system is to
hd the applicable dielectric voltage-withstand requirements specified in Sectio
bn metal parts that are.isolated from each other by the material under consider,

Wn € core of the transiormer IS not accessible for direct temperature measurgment
r construction or reasons such as encapsulation or filling with electrical insulating material),

rface used to
fest.

ile the load is

to a repeated
ally specified.

ordance with
at appears on
cool to room
N 46 are to be
ation.
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Figure 46B.1

Class 105 (A) system response
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46C Endurance Test — Switching Devices
46C.1 This fest applies to switches or-other similar operating controls as specified in 13A.14(e)(2).

46C.2 A switching device in a product shall perform acceptably when tested as follows for endurance.
There shall be no electrical ot mechanical failure nor undue burning, pitting or welding ¢f contacts, or
striking of an frc to dead metalparts.

46C.3 The tests onswitching devices shall be conducted by:

a) Op¢rating*the switching device mechanisms within the product in accordance with 46C.4 and
46C.5|except using the normal switching device loads of the product; or,

b) Cycling the switching devices individually or collectively while controlling the loads specified in
46C.5.

46C.4 Ifthe testin 46C.3(a) is conducted, the:

a) Enclosure of the product shall be connected through a 30 ampere cartridge fuse to the electrical
test circuit pole considered least likely to strike (arc) to ground;

b) Switching device shall be mounted as intended in service; and,

c) Test cycling shall be as specified in 46C.5 unless a slower rate is required by the design of the
product. A faster rate may be used if agreeable to all concerned.
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46C.5 A switching device shall be subjected to an endurance test at the ambient temperature for which it
is intended. The endurance test shall consist of making and breaking the connected load for 6000 cycles
of operation, with 1 second ON and 9 seconds OFF. The voltage shall be as specified in 34.2.

a) Noninductive load(s) — 100 percent of the total connected load current. The power factor shall be

1.0.

b) One or more motors together with one or more other loads — 100 percent of the locked-rotor
current of the largest motor plus 100 percent of the full load current of all other motors and/or other
loads. The power factor shall be 0.4 — 0.5.

¢) One or more inductive loads, such as a transformer or ballast, with or without other noninductive
or pilot duty loads — 100 percent of the total inductive and other noninductive/pilot duty loads. The

power factor shall be 0.7 — 0.8.

d) Oneg

or more pilot duty loads, such as coils within a relay or electric valves100

total cdnnected pilot duty loads. The power factor shall not exceed 0.35.

46C.6 At the

conclusion of the test in 46C.3, each switching device shall.be, subjected to

Voltage-Withsjand Test, Section 46.

47 Stored Ehergy Test

471 The vol

interlocked co

age across a capacitance at the time the capacitance is accessible during us
seconds or more after the power supply to the appliance“has been interrupted by the 1
er, or the like, shall not exceed the applicablé’value specified in Table 47.1.

Table 47.1
Stored energy

bercent of the

the Dielectric

br servicing, 5
emoval of an

Maximum potential across capacitance, prior to discharge,

Capacitance, microfarads volts?
0.0030 40,000
0.0037 35,000
0.0047 30,000
0.0062 25,000
020087 20,000

0.014 15,000

0.025 10,000

0.074 5,000
0.89 1,000
1.04 900
1.25 800
1.54 700
1.95 600
2.59 500
3.65 400
3.97 380
4.34 360
4.79 340

Table 47.1 Continued on Next Page
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Table 47.1 Continued

Maximum potential across capacitance, prior to discharge,
Capacitance, microfarads volts?
5.27 320
5.86 300
6.57 280
7.43 260
8.49 240
9.81 220
11.5 200
137 180
16.8 160
21.0 140
27.4 120
375 100Q
45.0 90
55.2 80
69.9 70
91.8 60
127.0 50
154.0 45
172.0 42.4
191.0 40
327.0 30
464.0 25
642.0 21.2
@ Linear interpolation between adjacent values in the tables is to be used to determine the maximum required voltgges
corresponding tp capacitance not specified in the table:
48 Evaluatipn of Reduced Spacings on Printed-Wiring Boards
48.1 General
48.1.1 Printgd-wiringboard traces of different potentials in the same circuit having reduced spacings and

the shorted tracetest described in 48.2.1 —48.2.4.

required to bF testednin accordance with 23.3.1(c)(2)(i) or 23.4.3(d)(1) shall be evaluated |by conducting

48.2 Shorted trace test

48.2.1 Printed-wiring board traces mentioned in 48.1.1 are to be tested as described in 48.2.2 — 48.2.4.
As a result of the testing:

a) The overcurrent protection associated with the branch circuit to the unit shall not open,
b) The ground circuit fuse shall not open,
c¢) A wire or a printed-wiring board trace shall not open, and

d) The device shall emit no flame or molten metal.

48.2.2 Following each shorted trace test, the device is to be subjected to the Dielectric Voltage-
Withstand Test, Section 46.
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48.2.3 Each location of reduced spacings between the traces on the printed-wiring board is to be tested
separately. The traces at each location are to be short-circuited by connecting them together with a
conductor having an ampacity high enough not to affect the test results prior to energizing the air cleaner.
Exposed dead metal parts of the air cleaner are to be connected to ground through a 3-ampere nontime-
delay fuse. The air cleaner is to be connected in series with a nontime-delay fuse of the maximum current
rating that can be accommodated by the fuseholder of a branch circuit to which the air cleaner could be
connected. The air cleaner is to be energized as in normal use.

48.2.4 Each test is to be continued until further changes, as a result of the test condition, are not likely. If
the circuit is interrupted by the opening of a component, the test is to be repeated twice using new
components as necessary.

49 Abnorma3l Operation Test
49.1 General

49.1.1 A profluct shall not cause a risk of fire or electric shock when operated‘dnder abnormal conditions
that may occuf during use. During the tests specified in 49.2.1 —49.7.1:

a) The cheesecloth mentioned in 49.1.2 shall not glow or flame;
b) The tissue paper mentioned in 49.1.2 shall not glow or flame;
¢) The fuse in the ground circuit shall not open; and

d) A permanent path shall not result between live'parts and exposed metal, as defermined by a
repeat pf the Leakage-Current Test, Section 35:

49.1.2 During the abnormal operation test, the product is to be connected in series with a pontime-delay
fuse of the maximum current rating that can*be accommodated by the fuseholder of a branch circuit to
which the proquct could be connected. The product complies with the test if the branch-circuit fuse opens
before any risk of fire or electric shock is*evident. If an automatically reset protector functjons in the air
cleaner, the tgst is to be continued for”7 hours. If a manual reset protector functions, theg test is to be
continued until the protector operates for 10 cycles using the minimum resetting time, buf not at a rate
faster than 10| cycles of operation per minute. The protector is to be operational upon completion of the
test. Only on¢ abnormal condition is to be simulated at a time. Abnormal operation tepts are to be
conducted with the produetsupported in its normal operating position. A portable product i to be placed
on a pine bogrd covered with white tissue paper. All products are to be covered with cheesecloth as
described in 49.1.6,~arfanged so that the cloth is close to any openings in the cabinet |or enclosure.
Exposed dead métal'parts are to be connected to ground through a 3-ampere nontime-delay|fuse.

49.1.3 Parts that may be removed during user servicing may be removed if they are not:
a) Necessary for the functioning of the product,
b) Exposed to view during operation, and

c) Held captive.

49.1.4 The tests specified in 49.2.1 — 49.4.3 are first to be conducted with a resistive load connected to
the output terminals so that three times the full-rated current will be drawn from the secondary winding.
The test is to be repeated with the transformer secondary winding or windings shorted.

49.1.5 As a risk of fire or electric shock resulting from the abnormal operation tests will usually manifest
itself within 1 hour, the tests are ordinarily to be limited to 1 hour. If at the end of 1 hour it appears possible
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that risk of fire or electric shock will eventually result, the test is to be continued until ultimate results are
obtained (usually not more than 7 hours).

49.1.6 The cheesecloth mentioned in 49.1.2 is to be untreated cotton cloth 36 inches (0.9 m) wide,
running 14 — 15 yards per pound (28 — 30 m/kg). Tests involving cheesecloth are to be conducted in a
room free of drafts.

49.2 High-voltage supply

49.2.1 A power supply with an output that exceeds the limits in Partially Protected Parts, Section 37, is to
be tested with the controls adjusted for maximum output voltage and current under each of the following
conditions:

a) With the ionizer output terminal, if employed, shorted to ground.
b) With the collector terminal shorted to ground.

c) With any ungrounded end of the secondary winding of the high-voltage transformer core. For a
transformer having a completely insulated center-tapped winding,vone-half of the secondary
winding is to be shorted in lieu of connection to the core.

Excepfion: For a transformer having an untapped, completely insulated secondary winding, the test
in (c) may be omitted.

49.3 High-voltage spacings short circuit
49.3.1 The gpacings referenced in 23.4.4(a) are to be short-circuited in turn.
49.4 Unenc]osed high-voltage power supply

49.4.1 A praduct having a high-voltage.power supply not enclosed within its own enclosure as described
in 6.2.1(a), orla product employing a filter that is electrically charged by the product, shall comply with the
requirements|in 49.4.2 — 49.4.3 without formation of a heavy carbonizing, low resistive patf, or ignition of
the material upder test.

Heavy carbonizing is judded by application of a dielectric voltage-withstand potential bejween the two
points, where|the arc 0f 49.4.2 is applied, as required by Section 46 but not less than 1000 |volts, 60 hertz
for 1 minute.

49.4.2 An arc.is)to be established between parts that have a potential difference greater than 2500 volts
peak or across the surface of a filter that is electrically charged by the appliance, using a conductive probe.
Materials located between the parts are to be located in the path of the arc. The test is to be continued for
15 minutes unless the glowing or flaming occurs in a shorter time. Three samples are to be tested.

49.4.3 All secondary windings (including the resonant winding of the transformer, if provided) are to be
short-circuited at the same time. If the circuit is interrupted by the opening of a component, the test is to be
conducted a total of three times using new components when necessary.

49.5 Component short- and open-circuit test
49.5.1 Each high-voltage output is to be loaded as indicated in 45.3. Each component, such as a

capacitor, a diode, a solid state device, or the like, connected in the line-voltage circuit is to be short-
circuited and then open-circuited one component at a time.
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49.6 Stalled rotor, restricted air inlet and blocked air outlet

49.6.1 These tests are applicable to a product if a risk of fire or electric shock is likely to occur due to
shrinkage, warping or other deformation of any nonmetallic materials that may be heated under the
conditions specified in (a) — (c). For each condition, the product is to be operated as specified in 49.1 and
only one condition is to be applied at a time. At the conclusion of each condition, the product shall comply
with 49.1.1.

a) For products with a motor, the rotor of the motor is to be locked.

b) Products having air inlet openings shall have the openings restricted by draping a single layer of
cheesecloth over the product such that all air inlets are covered. The cheesecloth is to be the type
as spegified-in49-1-6-

c¢) Products having air outlet openings shall have all air outlet openings blocked;
49.7 Low-vgltage powered product overvoltage test
49.7.1 A profluct intended to be powered entirely by a low-voltage supply, soufce (such as lby a USB type
connector) shall be connected to a supply circuit at an overvoltage condition using a test vol{age that is 30
percent higher than the product rated voltage and capable of supplying ‘a minimum 8 amperes at that test
voltage. The product shall be operated as specified in 49.1. At the{Canclusion of the test, thg product shall
comply with 49.1.1.
49A Protective Electronic Circuit Tests

49A.1 General

49A.1.1 Theltests in 49A.2 — 49A.5 are applicable to products provided with a protective elgctronic circuit
and intended o comply with 13A.3(i).

49A.1.2 Usef adjustable controls shall be adjusted to their most unfavorable setting.
49A.2 Faultconditions abnormal test

49A.2.1 Follpwing the application of the operational fault conditions in accordance wijth 49A.2.2 —
49A.2.5, therq shall belro risk of fire, electric shock or injury to persons. Electrical live pdrts or moving
parts shall not|be exposed. The product shall comply with the Dielectric Voltage Withstand Tlest in Section
46.

49A.2.2 In accordance with 13A.19(b), a product provided with a protective electronic circuit intended to
comply with 13A.3(i) shall be operated as specified in the Temperature Test, Section 45 except the room
ambient shall be maintained at 70 — 80°F (21.1 — 26.7°C). The product protective electronic circuit shall
then be subjected to any one of the following relevant operational fault conditions, each consecutively
applied one at a time:

a) Open circuit at the terminals of any component;

b) Short circuit of capacitors, unless they comply with the Standard for Fixed Capacitors for Use in
Electronic Equipment — Part 14: Sectional Specification: Fixed Capacitors for Electromagnetic
Interference Suppression and Connection to the Supply Mains, UL 60384-14;

c) Short circuit of any two terminals of an electronic component, including a metal oxide varistor
(MQV). For the test applicable to an integrated circuit, see (e);
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