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INTRODUCTION

1 Scope

1.1

These requirements cover electrically operated water treatment appliances for household,

commercial use, and industrial use. These appliances are intended for installation and use in accordance
with the National Electrical Code, NFPA 70, and are rated 600 V or less.

1.2 These requirements cover appliances utilizing features that treat water through the use of cation
exchange water softeners, ionization, filters, ultraviolet radiation, ozone generation, and reverse osmosis.

1.3 These

reqli . .
distillers, aqnﬁariums, or other equipment connected to plumbing that is covered

requirements

1.4 These 1

equirements do not cover appliances for use in hazardous locations as

National Elecfrical Code, NFPA 70.

r spas, water
by individual

Hefined in the

1.5 These r¢quirements do not cover the aesthetic effects or the effectiveness of water treatment.

2 Glossary
2.1
2.2 APPLIA

2.3 APPLIA
part of a deta

2.4 APPLIA

For the purpose of this Standard the following definitions apply.

NCE — A collective term to designate all products covered by this Standard.

NCE COUPLER - A single-outlet, female contact device for attachment to a f
chable power-supply cord to be connected to an appliance inlet (motor attachr

NCE INLET (MOTOR ATLTACHMENT PLUG) — A male contact device moun

product applignce to provide an integral'blade configuration for the connection of an applia

cord connectq

2.5 APPLIA
electrically.

2.6 APPLIA
slot configura

r.

NCE, PERMANENTLY-CONNECTED — An appliance intended to be permane

NCE (FLATIRON) PLUG — An appliance coupler type of device having a cor
ion'specified for use with heating or cooking appliances.

exible cord as
ent plug).

ted on an end
nce coupler or

htly connected

d guard and a

2.7 APPLIANCE, PORTABLE - An appliance with the following characteristics:

a) The appliance is cord- and plug-connected;

b) The operating literature and installation instructions illustrate connecting the water lines to the
output of a sink-type faucet. The connection to the sink-type faucet does not require tools, or the
appliance is provided with its own water container;

¢) The operating literature and installation instructions do not portray placing the appliance under
the cabinet or a dedicated space, and they only illustrate placing the appliance on a counter top
near the sink; and

d) The appliance has feet or keyhole slots and does not have non-keyhole slots or other more

perma

nent mounting means.
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2.8 APPLIANCE, STATIONARY — An appliance connected to plumbing and not expected to be moved
except during servicing or storage. A stationary appliance may have wheels or casters.

2.9 BARRIER - A partition for the insulation or isolation of electric circuits, for the isolation of electric
arcs, or for isolation of moving parts or hot surfaces. In this respect, a barrier may serve as a portion of an
enclosure or as a functional part.

2.10 CAPACITOR, CLASS X — Capacitor or RC unit of a type suitable for use in situations where failure
of the capacitor or RC unit would not lead to danger of electrical shock but could result in a risk of fire.

Examples would be units connected phase to phase or phase to neutral.

NOTE 1: X1 capacitors are generally used in circuits of permanently connected appliances. However, if the appliance is

provided

with-a-separate-surge-protective-device-thatlimits-the-impulse-voltage-to
g Io g -

2 l-'\l(\/7 an-X2 capacitor.
L

is permitted.

NOTE 2;

2.1 CAPAC
of the capacit

X2 capacitors are generally used in circuits of cord-connected appliances.

TOR, CLASS Y — Capacitor or RC unit of a type suitable for use in‘situations
br could lead to danger of electric shock. Examples would be capacitors con

the primary apd secondary circuits where electrical isolation is required to\prevent an ele

between haza

NOTE 1:
by the ¢

capacitof.

NOTE 2;
earth grg

NOTE 3;
earth grg

212 CIRCU

2.13 CIRCU
characteristics

214 CIRCU

rdous live parts and accessible parts.

Y1 capacitors are used in circuits where the prevention of electric sHock is afforded solely by the
hpacitor. Two Y2 capacitors connected in series is considered ta provide the same level of prot
Y2 capacitors are used where the prevention of electric shock is provided by the combination of

und for circuits operating at voltages = 150V and < 300V,

Y4 capacitors are used where the prevention of electric shock is provided by the combination of
und for circuits operating at voltages < 150V.

T, HIGH-VOLTAGE — A circuit intolving a potential of more than 600 V.

T, LINE-VOLTAGE — A circuit involving a potential of not more than 600 V and
in excess of those of a low-voltage circuit.

T, LOW-VOLTAGE * A circuit involving a peak open-circuit potential of not mo

supplied by a
impedance th
derived from

limiting the vol

2.15 COMP

primary battery;-by a Class 2 transformer, or by a combination of a transform
t as a unit,"complies with all performance requirements for a Class 2 transfo
line-voltage circuit by connecting a resistance in series with the supply circuit
age ahd-current, is not considered to be a low-voltage circuit.

where failure
nected across
ctric shock or

solation provided
pction as one Y1

he capacitor and

he capacitor and

having circuit

ethan 424V
br and a fixed
‘mer. A circuit
As a means of

)e of a safety

standard dedicated to the purpose. When incorporated in an appliance, equipment otherwise typically field
installed (e.g. luminaire) is considered to be a component. Unless otherwise specified, materials that
compose a device or fabricated part, such as thermoplastic or copper, are not considered components.

2.16 CORD CONNECTOR - A female contact device wired on flexible cord for use as an extension from
an outlet to make a detachable electrical connection to an attachment plug or, as an appliance coupler, to
an equipment inlet.

2.17 CONTROL, AUTOMATIC ACTION — A control in which at least one aspect is non-manual.

2.18 CONTROL, AUXILIARY — A device or assembly of devices that provides a functional utility, is not
relied upon as an operational or protective control, and therefore is not relied upon for safety. For example,
an efficiency control not relied upon to reduce the risk of electric shock, fire, or injury to persons during
normal or abnormal operation of the end product is considered an auxiliary control.
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2.19 CONTROL, MANUAL — A device that requires direct human interaction to activate or rest the
control.

2.20 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, fire, or injury to
persons, is considered an operating control.

2.21 CONTROL, PROTECTIVE - A device or assembly of devices, the operation of which is intended to
reduce the risk of electric shock, fire or injury to persons during normal and reasonably anticipated
abnormal operation of the appliance. For example, a thermal cutout/limiter, or any other control/circuit
relied upon for normal and abnormal conditions, is considered a protective control. (During the testing of
the protectivel control/circuit, the protective functions are verified under normal and single-fault conditions
of the control.

2.22 CONTIROL, TYPE 1 ACTION — The actuation of an automatic control for,Which the manufacturing
deviation and|the drift (tolerance before and after certain conditions) of its operating value, ¢perating time,
or operating sequence has not been declared and tested under this Standard.

2.23 CONTIRROL, TYPE 2 ACTION — The actuation of an automatic control for which the manufacturing
deviation and|the drift (tolerance before and after certain conditions) of its operating value, ¢perating time,
or operating sequence have been declared and tested under this’Standard.

2.24 DANGEROUS MALFUNCTION — Unintended operation of the appliance that may|impair safety.
Operating Coptrol functions whose failure would result inéa Dangerous Malfunction would be considered
Safety Critica| Functions. See 30.5.

NOTE: Control functions whose failure might result in a Dangerous Malfunction would include:

a) Unexpected operation of the appliance where the operation would result in risk of electric shock, fire or mechanical
hazard.

b) Unatjended energization of a heating appliance where the user has placed flammable materials ngar the appliance
based on the assumption the appliance would remain off.

2.25 ENCLQSURE - A part that by itself or in conjunction with barriers:
a) Renders inac¢essible all or any parts that may otherwise present a risk of electric $hock;

b) Reducestthe risk of contact with parts that may cause injury to persons; or

c) Prelkents prnpngaﬁnn of flame due to electrical disturbances nr‘mlrring within cabinet that
serves to enclose electrical components or wiring is considered to be an enclosure.

2.26 FIELD WIRING TERMINAL — A terminal to which a supply or other wire can be connected by an
installer in the field.

2.27 MAXIMUM WORKING PRESSURE — The maximum operating pressure recommended by the
manufacturer.

2.28 MOTOR, ACCESSIBLE — A motor that may be contacted without opening or removing any part and
that is located so as to be accessible to contact.

2.29 MOTOR, INACCESSIBLE — A motor that is accessible only by opening or removing a part of the
outer enclosure, such as a panel or service door, which can be removed without the use of tools, or a
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motor that is located in such a position or is otherwise guarded or enclosed so that it is unlikely to be
contacted.

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

2.31 PRESSURE-RELIEF DEVICE - A pressure-actuated valve or rupture member designed to relieve
excessive pressures automatically.

2.32 PRESSURE VESSEL — A component of the system intended to hold water under pressure higher
than atmospheric pressure.

2.33 RISK OF ELECTRIC SHOCK - A risk of electric shock is considered to exist withir a| circuit unless
the circuit megts one of the following criteria. The circuit shall be supplied by an isolating solirce such that
the following items are met:

a) The following voltage limits shall be met:

1) The voltage does not exceed 30 V rms;

2) The voltage does not exceed 42.4 V peak;

3) The voltage does not exceed 60 V dc continuous; or

4) The voltage does not exceed 24.8 V peak/for DC interrupted at a rate of 200 Hz or less
with approximately 50 % duty cycle.

b) Whgn protective impedance is used, the current available through a 1500 ohm redistor between
the part or parts and either pole of the supply source does not exceed 0.7 mA peak or]2 mA DC:

1) For frequencies exceeding 1 kHz, the limit of 0.7 mA (peak value) is multiplied by the
value of the frequency in kHz but shall not exceed 70 mA peak;

2) For voltages over 42.4 V peak and up to and including 450 V (peak value) the
capacitance shallnot exceed 0.1 pF.

2.34 SAFET) CRITICAL'FUNCTION (SCF) — Control, protection and monitoring functigns which are
being relied upgon to reduce the risk of fire, electric shock or casualty hazards.

2.35 ULTRAYVIOLET (UV) LAMP SYSTEM — Appliances that directly generates ultraviolet raFdiation within
the equipmentforcteanmingand disinfectionmpurposes:

2.36 ULTRAVIOLET (UV) RADIATION — Electromagnetic energy with a wavelength of 200 — 400 nm.

NOTE: For ultraviolet (UV) radiation, the range between 100 nm and 400 nm is commonly subdivided into: UV-A (Near UV), from
315 nm to 400 nm; UV-B, from 280 nm to 315 nm; and UV-C, from 100 nm to 280 nm.

2.37 USER SERVICING - Any form of servicing that can be performed by personnel other than those
who are trained to maintain the particular appliance. Some examples of user servicing are:

a) Attaching accessories by means of attachment plugs and receptacles or by means of other
separable connectors;
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b) Replacing lamps and fuses and resetting circuit breakers located in an operator-access area
unless the lamps, fuses, or circuit breakers are marked to indicate replacement or resetting only by
qualified service personnel;

c) Making routine operating adjustments necessary to adapt the appliances for its different
intended functions; and

d) Any operation described or implied in the operator's manual, whether or not tools are required.

2.38 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.

2.39 WORK
consideration
Overvoltages

3 Safety Cr

3.1 Any fun
whereby a los
or casualty hz

3.2 Electron

a) Rel
faults;

b) No
enviro

3.3 Functiorn
treatment unit

ING VOLTAGE - The highest voltage to which the insulation or the (coni
is, or can be, subjected when the equipment is operating under condition's
that originate outside the equipment are not taken into account.

tical Functions

Ction involved in the control, protection, and monitoring of\safety-related attri
s/malfunction of its functionality would represent an unacceptable risk of fire,
zards would be considered a Safety Critical Function.

c circuits that manage a Safety Critical Function(SCF) shall be:

able as defined as being able to maintain the SCF in the event of single defin
and

susceptible to electromagnetic ‘environmental stresses encountered in t
hments of the appliance.

s specified in the table represent the common safety critical circuit functions ¢
s. It is not intended to represent all possible Safety Critical Functions.

Table 3.1
Safety Critical Functions

ponent under
bf normal use.

putes of a unit
electric shock,

ed component

he anticipated

f typical water

prs and tests

Motor running 9

Motor locked ro

Motor short circuit protection

Function? Hazard Location of paramet

verlead protection Risk of fire or electric shock 34.3

or protection RISK of fire or electric Shock 343
Risk of fire or electric shock 34.3

shock, or casua

2 Functions specified in the table represent the common safety critical circuit functions of water treatment equipment. It is not
intended to represent all possible safety critical functions. Any function involved in the control, protection, and monitoring of safety-
related attributes of a pump whereby a loss/malfunction of its functionality would represent an unacceptable risk of fire, electric

Ity hazards would be considered a Safety Critical Function.

4 Units of Measurement

4.1
approximate i

nformation.

Values stated without parentheses are the requirement. Values in parentheses are explanatory or
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5 Referenced Publications

5.1
interpreted as

referring to the latest edition of that code or standard.

5.2 The following publications are referenced in this Standard:

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

ASTM A 653/A 653M, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-
Coated (Galvannealed) by the Hot-Dip Process

ASTM A90/A90M, Standard Test Method for Weight (Mass) of Coating on Iron and Steel Articles With Zinc

or Zinc-Alloy Coatings

ASTM E230/H
Standardized

IEC 60127-1,
Miniature Fusé

IEC 61000-4-4
Electrostatic [}

IEC 61000-4-]
Radiated, Raaq

IEC 61000-4-4
Electrical Fast

IEC 61000-4-%
Surge Immuni

IEC 61000-4-¢
Immunity to C

IEC 61000-4-1
— Voltage Dig
Current up to

F230M, Standard Specification and Temperature-Electromotive Force (én
Thermocouples

Miniature Fuses — Part 1 Definitions for Miniature Fuses and ‘General Req
-Sinks

, Electromagnetic Compatibility (EMC) — Part 4-2: Testing and Measurement
ischarge Immunity Test

, Electromagnetic Compatibility (EMC) — Part 4~3: Testing and Measurement
io-frequency, Electromagnetic Field Immunity, Test

L, Electromagnetic Compatibility (EMC)= Part 4-4: Testing and Measurement
Transient/burst Immunity Test

, Electromagnetic Compatibility (EMC) — Part 4-5: Testing and Measurement
b
'y Test

, Electromagnetic Compatibility (EMC) — Part 4-6: Testing and Measurement
bnducted Disturbances, Induced by Radio-Frequency Fields

1, Electromagnetic Compatibility (EMC) — Part 4-11: Testing and Measureme
s, Shortiifiterruptions and Voltage Variations Immunity Tests for Equipme
6 A per-Phase

IEC 61000-4-1

f) Tables for

uirements for

Techniques —

Techniques —

Techniques —

Techniques —

Techniques —

ht Techniques
nt with Input

3> Electromagnetic Compatibility (EMC) — Part 4-13: Testing and Measureme

ht Techniques

— Harmonics and Interharmonics Including Mains Signaling at ac Power Port, Low Frequency Immunity

Tests

IEC 62471, Photobiological Safety of Lamps and Lamp System

IES RP-271, Standard for Recommended Practice for Photobiological Safety for Lamps and Lamp
Systems — General Requirements

NFPA 70, National Electrical Code

UL 20, General-Use Snap Switches

UL 50, Enclosures for Electrical Equipment, Non-Environmental Considerations
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UL 62, Flexible Cords and Cables

UL 66, Fixture Wire

UL 83, Thermoplastic-Insulated Wires and Cables

UL 94, Tests for Flammability of Plastic Materials for Parts in Devices and Appliances

UL 101, Leakage Current for Utilization Equipment

UL 157, Gaskets and Seals

UL 224, Extru

ded Insulating Tubing

UL 248-1, Loy-Voltage Fuses — Part 1: General Requirements

UL 310, Elect
UL 429, Elect
UL 486A-486
UL 486C, Spl
UL 486E, EqU
UL 489, Mold
UL 489A, Cirg
UL 496, Lamq
UL 498, Attad
UL 499, Elect,

UL 507, Elect

rical Quick-Connect Terminals

rically Operated Valves

B, Wire Connectors

cing Wire Connectors

ipment Wiring Terminals for Use with Aluminum and/or Copper Conductors
bd-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker Enclosi
uit Breakers For Use in Conamunications Equipment

holders

hment Plugs and Receptacles

ric Heating/Appliances

ric fFans

yres

UL 508, Industrial Control Equipment

UL 508A, Industrial Control Panels

UL 510, Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape

UL 514A, Metallic Outlet Boxes

UL 514C, Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers

UL 514D, Cover Plates for Flush-Mounted Wiring Devices

UL 542, Fluorescent Lamp Starters
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UL 635, Insulating Bushings

UL 746A, Polymeric Materials — Short Term Property Evaluations

UL 746B, Polymeric Materials — Long Term Property Evaluations

UL 746C, Polymeric Materials — Use in Electrical Equipment Evaluations
UL 758, Appliance Wiring Material

UL 773A, Nonindustrial Photoelectric Switches for Lighting Control

UL 778, MotontOperated Water Pumps
UL 796, Printed Wiring Boards
UL 810, Capagitors

UL 817, Cord Bets and Power-Supply Cords

UL 840, Insulgtion Coordination Including Clearances and Creepage’Distances for Electrical [Equipment

UL 867, Electrpstatic Air Cleaners

UL 935, Fluorg¢scent-Lamp Ballasts

UL 943, Ground-Fault Circuit-Interrupters

UL 943B, Appliance Leakage-Current Interrupters

UL 969, Markihg and Labeling Systems

UL 1004-1, Rqtating Electrical Mlachines — General Requirements
UL 1004-2, Impedance Protected Motors

UL 1004-3, THermally Protected Motors

UL 1004-7, Electronically Protected Motors

UL 1012, Power Units Other Than Class 2

UL 1029, High-Intensity-Discharge Lamp Ballasts

UL 1030, Sheathed Heating Elements

UL 1053, Ground-Fault Sensing and Relaying Equipment
UL 1059, Terminal Blocks

UL 1077, Supplementary Protectors for Use in Electrical Equipment
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UL 1097, Double Insulation Systems for Use in Electrical Equipment

UL 1283, Electromagnetic Interference Filters

UL 1310, Class 2 Power Units

UL 1412, Fusing Resistors and Temperature-Limited Resistors for Radio- and Television-Type Appliances
UL 1434, Thermistor-Type Devices

UL 1441, Coated Electrical Sleeving

UL 1446, Systems of Insulating Materials — General

UL 1449, Surge Protective Devices

UL 1557, Elegtrically Isolated Semiconductor Devices

UL 1565, Posjtioning Devices

UL 1577, Optical Isolators

UL 1581, Refgerence Standard for Electrical Wires, Cables, and Flexible Cords
UL 1642, Lithjum Batteries

UL 1699, Arc{Fault Circuit-Interrupters

UL 1977, Component Connectors for Use(in-Data, Signal, Control and Power Applications
UL 2054, Hoysehold and Commercial. Batteries

UL 2111, Overheating Protection’for Motors

UL 2353, Single- and Multi-Layer Insulated Winding Wire

UL 2459, Insylated Multi-Pole Splicing Wire Connectors

UL 4200A, Products Incorporating Button Batteries or Coin Cell Batteries

UL 4248-1, Fuseholders — Part 1: General Requirements

UL 4248-9, Fuseholders — Part 9: Class K

UL 5085-1, Low Voltage Transformers — Part 1: General Requirements

UL 5085-2, Low Voltage Transformers — Part 2: General Purpose Transformers
UL 5085-3, Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers

UL 8750, Light Emitting Diode (LED) Equipment for Use in Lighting Products
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UL 60065, Audio, Video and Similar Electronic Apparatus — Safety Requirements

UL 60335-1, Household and Similar Electrical Appliances, Part 1: General Requirements

UL 60384-14, Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed
Capacitors for Electromagnetic Interference Suppression and Connection to the Supply Mains

UL 60691, Thermal-Links — Requirements and Application Guide

UL 60730-1, A

UL 60730-2-
Requirements

4

UL 60730-2-6
Pressure Sens

UL 60730-2-7
Switches

UL 60730-2-8
Water Valves,

UL 60730-2-9
Controls

UL 60730-2-1
Air Flow, Wate

UL 60730-2-1
Requirements|

Requirements

UL 60730-2-2
Protectors

UL 60947-1, L

5

utomatic Electrical Controls — Part 1: General Requirements

Automatic Electrical Controls — Part 2-6: Particular Requirements for 'Auton
ing Controls Including Mechanical Requirements

Automatic Electrical Controls — Part 2-7: Particular Requirements for Tim

Automatic Electrical Controls — Part 2-8: Particular;Requirements for Electrig
Including Mechanical Requirements

Automatic Electrical Controls — Part 2-9: Particular Requirements for Temper

b, Automatic Electrical Controls — Part2-15: Particular Requirements for Auton

r Flow and Water Level SensingControls

8, Automatic Electrical ~Controls for Household and Similar Use; Part
for Automatic Electrical’ Water and Air Flow Sensing Controls, Includin

D, Automatic Electrical Controls — Part 2-22: Particular Requirements for T

pw-Voltage Switchgear and Controlgear — Part 1: General Rules

UL 60947-4-1

2: Particular

atic Electrical

ers and Time

ally Operated

ature Sensing

atic Electrical

2: Particular
y Mechanical

lhermal Motor

|_Low-Voltage Switchgear and Controlgear — Part 4-1: Contactors and M

tor-Starters —

Electromechanical Contactors and Motor-Starters

UL 60950-1, Information Technology Equipment — Safety — Part 1: General Requirements

UL 61010-1, Electrical Equipment for Measurement, Control, and Laboratory Use — Part 1. General

Requirements

UL 61058-1, Switches for Appliances — Part 1: General Requirements

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

UL 62368-1, Audio/Video, Information and Communication Technology Equipment — Part 1: Safety

Requirements
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CONSTRUCTION

6 Compone

6.1 General

nts

6.1.1 A component of a product covered by this Standard shall:

a) Comply with the requirements for that component as indicated in 6.2 — 6.26;

b) Be used in accordance with its rating(s) established for the intended conditions of use;

¢) Be ysed-within bhshed-rsefimitats " F ty—amd

d) Add

Exception No
comply with a

a) Invplves a feature or characteristic not required in the application of the conj

produq

b) Is sliperseded by a requirement in this Standard; or

c) Is sepparately investigated when forming part of anothier component, provided the

used v

Exception No
6.2-6.26is 3

a) ls ¢
applic

b) Cor
746B;

c) An
accom
applic
may a

itionally comply with the applicable requirements of this end product standard.

specific component requirement that:

t

ithin its established ratings and limitations.

cceptable if the UL component standard:

ompatible with the ampacity ahd overcurrent protection requirements in NH
hble;

and

y use limitations of the other component standard are identified and
modated ifvthe end use application. For example, a component used in
htion, but.intended for industrial use and complying with the relevant compd
ssume user expertise not common in household applications.

6.1.2 A com

1: A component of an appliance covered by this end product standard is fot required to

ponent in the

component is

2: A component that complies with a-UL component standard other than those specified in

PA 70, where

siders long-term thermal properties of polymeric insulating materials in accordance with UL

appropriately
a household
nent standard

ponent that is also intended to pnrfnrm 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 those functions.

Exception: Where these other functions are not required for the application and not identified as part of
markings, instructions, or packaging for the appliance, the additional UL component standard(s) need not

be applied.

6.1.3 A component not anticipated by the requirements of this end product standard, not specifically
covered by the component standards in 6.2 — 6.26, and that involves a risk of electric shock, fire, or
personal injury, shall be additionally investigated in accordance with the applicable UL standard, and shall
comply with 6.1.1 (b) — (d).
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6.1.4 With regard to a component being additionally investigated, reference to construction and
performance requirements in another UL end product standard is appropriate where that standard
anticipates normal and abnormal use conditions consistent with the application of the requirements of this
end product standard.

6.1.5 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain

temperatures not exceeding specified limits, and shall be used only under those specific conditions.

6.2 Attachm

6.2.1

ent plugs, receptacles, connectors, and terminals

Attachment plugs, receptacles, appliance couplers, appliance inlets (motor attachment plugs), and

appliance (flat

Exception No.
investigated in

Exception No
Accessibility,
Section 18;
requirements

6.2.2 Quick-
conductors, h{
inch), intendeq
appliance, shg

Exception No.

out, insertion-Wwithdrawal, temperature rise, and-all tests shall be conducted in accordance wi

Exception No.
complies with
quick-connect|
connector.

6.2.3 Single
between elec
conductors, or

ron) plugs, shall comply with UL 498. See 6.2.9.

1. Attachment plugs and appliance couplers integral to cord sets or power su
accordance with the requirements of UL 817 are not required to comply with U

2: A fabricated pin terminal assembly need not comply withrUL 498 if it
bection 10; Mechanical Assembly, Section 13; Live Parts,<Section 17; Electri
bpacings, Section 22, of this end product standard; ‘ahd the applicable
when tested in the end product.

tonnect terminals, both connectors and tabs, for\ise with one or two 22 — 10
ving nominal widths of 2.8, 3.2, 4.8, 5.2, and 623 mm (0.110, 0.125, 0.187, 0.2
for internal wiring connections in applianees; or for the field termination of con
Il comply with UL 310.

1: Other sizes of quick-connect terminals shall be investigated with respec

2: A connector that complies with UL 310 may be used with an appropriately
Tabs Used in Electrical Quick-Connect Terminals, Section 20. The connector
terminal that is pushed onto the male tab, and the tab is the part that receiv

and multipele”connectors for use in data, signal, control and power applicatid
rical equipment, and that are intended for factory assembly to copper or
for factery assembly to printed wiring boards, shall comply with UL 1977. See

bply cords are
L 498.

complies with
cal Insulation,
performance

AWG copper
05, and 0.250
ductors to the

t to crimp pull
th UL 310.

sized tab that
s the part of a
es the female

ns within and
copper alloy
6.2.9.

6.2.4 Wire conmectorsstattcompty withr Ut 486A—4868:

6.2.5 Splicing wire connectors shall comply with UL 486C.

6.2.6 Multi-pole splicing wire connectors that are intended to facilitate the connection of hard-wired
utilization equipment to the branch-circuit conductors of buildings shall comply with UL 2459. See 6.2.9.

6.2.7 Equipment wiring terminals for use with all alloys of copper, aluminum, or copper-clad aluminum
conductors, shall comply with UL 486E.

6.2.8 Terminal blocks shall comply with UL 1059, and, if applicable, be suitably rated for field wiring.

Exception: A fabricated part performing the function of a terminal block need not comply with UL 1059 if
the part complies with the requirements of Wiring Terminals and Leads, 15.3; Live Parts, Section 17;
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Electrical Insulation, Section 18; and Spacings, Section 22, of this end product standard; and the
applicable performance requirements when tested in the end product. This exception does not apply to
protective conductor terminal blocks.

6.2.9 Female devices (such as receptacles, appliance couplers, and connectors) that are intended, or
that may be used, to interrupt current in the end product, shall be suitably rated for current interruption of
the specific type of load, when evaluated with its mating plug or connector. For example, an appliance
coupler that can be used to interrupt the current of a motor load shall have a suitable horsepower rating
when tested with its mating plug.

6.3 Batteries and battery chargers

6.3.1 A lithilm ion (Li-On) single cell battery shall comply with the requirements for sed
cells in UL 16{12.

ondary lithium

6.3.2 Rechs
construction &

rgeable nickel cadmium (Ni-Cad) cells and battery packs shall ceamply with
nd performance requirements of this end product standard.

the applicable

6.3.3 Rechgrgeable nickel metal-hydride (Ni-MH) battery cells and ‘packs shall comply with the

applicable co
requirements

6.3.4 Prima
considered to|

6.3.5 AClag
a) UL

b) UL
(LPS)

c) UL
is mar

6.3.6 A non-
a) UL

b) UL

hstruction and performance requirements of this end, product standard, or
for secondary cells or battery packs in UL 2054.

y batteries (non-rechargeable) that comply, with the relevant UL standarg
fulfill the requirements of this Standard.

s 2 battery charger shall comply with ong of the following:
310;

60950-1, with an output marked "Class 2", or that complies with the limited
requirements and is marked\"LPS"; or

52368-1, that complies with the limited power source requirements (LPS) req
ed "LPS."

Class 2 battery‘charger shall comply with one of the following:
012;

50950-1; or

the applicable

and 6.1 are

power source

Luirements and

c) UL 62368-1.

6.4 Boxes and raceways

6.4.1

Electrical boxes and the associated bushings and fittings, and raceways, of the types specified in

Chapter 3, Wiring Methods and Materials, of NFPA 70 and that comply with the relevant UL standard (such
as UL 514A, UL 514C, UL 514D) and 6.1 are considered to comply with the requirements of this end

product stand

ard.

6.5 Capacitors and filters

6.5.1
is considered

to comply with the requirements of 24.1.

The component requirements for a capacitor are not specified. A capacitor complying with UL 810
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6.5.2 Electromagnetic interference filters with integral enclosures that comply with one of the following
standards are considered to comply with the requirements of 24.1.

a) UL 1283; or
b) UL 60384-14.

6.5.3 Capacitors that comply with UL 60384-14, are considered to comply with the requirements of 24.1.

6.6 Controls

6.6.1 General

6.6.1.1 Auxil

a) Usin
—End§

b) Usir
Sectior

6.6.1.2 Oper
a) Usi
param
this en

b) Usir
Sectior

6.6.1.3 Oper
manage a Saf

a)UL g

b) Usin

6.6.1.4 Prots

a) Usi
applicq

ary controls shall be evaluated to the requirements in (a) or (b):

Product Test Parameters, Section 29; or

g the requirements for Electronic Circuits Evaluated to UL 60335-1, based
30.

pting (regulating) controls shall be evaluated to eithef. the requirements in (a) 9

g the applicable component standard requiremients specified in 6.6.2 — ¢
ters in Controls — End Product Test Parameters, Section 29, unless otherwis
| product standard; or

g the requirements for Electronic Circuits Evaluated to UL 60335-1, based
30.

pting controls that rely upontsoftware for the normal operation of the end
bty Critical Function shall-camply with:

0730-1, or

g the requirementsfor UL 60335-1, based requirements, Section 30.

ctive Electronic Circuits shall be evaluated to either the requirements in (a) or

ng theapplicable component standard requirements specified in 6.6.2 —

g the applicable requirements of this end product standard and the requirements in Controls

requirements,

r (b):
b.6.7 and the
e specified in

requirements,

product that

b):

6.6.7 and if

ble)y'the parameters in Controls — End Product Test Parameters, Sectig

n 29, unless

otherw

b) Usin

se specified i thisend-product standard; or

g the requirements for UL 60335-1, based requirements, Section 30.

6.6.1.5 Solid-state Protective Electronic Circuits that do not rely upon software as a protective
component shall comply with:

a) UL 60730-1, except for the Controls Using Software requirements; or

b) Using the requirements for Electronic Circuits Evaluated to UL 60335-1, based requirements,
Section 30.

6.6.1.6 Solid-state Protective Electronic Circuits that rely upon software as a protective component shall

comply with:
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a) UL 60730-1; or

b) Using the requirements for Electronic Circuits Evaluated to UL 60335-1, based requirements,

Sectio

n 30.

6.6.1.7 An electronic, auxiliary or operating control (e.g. a non-protective control) that does not manage a
Safety Critical Function, need only be subjected to the applicable requirements of this end product

standard.

6.6.2 Electromechanical and electronic controls

6.6.2.1 Aco
a) UL

b) Usi
Sectio

6.6.3 Liquig

6.6.3.1 Alig
a) UL

b) UL

c) Usi
Sectio

6.6.3.2 A sv
switch standa

6.6.4 Motor

6.6.4.1 Aco

a) UL

ntrol, other than as specified in 6.6.3 — 6.6.7, shall comply with:

50730-1; or

ng the requirements for Electronic Circuits Evaluated to UL 60335-1, based
n 30.

level controls

Liid level control shall comply with:
p08; or

50730-1; and

1) UL 60730-2-15; or

2) UL 60730-2-18; or

g the requirements for Electronic Circuits Evaluated to UL 60335-1, based
n 30.

itch employed as part of a water level detection mechanism is to comply W
rds specified in 6.23:

and speed.controls

htrol used to start, stop, regulate or control the speed of a motor shall comply v

H08:

b) UL 61800-5-1;

c) UL 60730-1;

d) UL 60947-1, and UL 60947-4-1; or

requirements,

requirements,

ith one of the

ith:

e) Using the requirements for Electronic Circuits Evaluated to UL 60335-1, based requirements,

Sectio

n 30.

6.6.5 Pressure controls

6.6.5.1

A pressure control shall comply with one of the following; see also 27.8 and 27.9:

a) UL 508;
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b) UL 60730-1; and UL 60730-2-6; or

¢) Using the requirements for Electronic Circuits Evaluated to UL 60335-1, based requirements,
Section 30.

6.6.6 Temperature controls

6.6.6.1

A temperature control shall comply with:

a) UL 508;

b) UL 60730-1; and UL 60730-2-9; or

c) Usin
Sectior

6.6.6.2 A te
coefficient (NT
with:

a)uL 4
b) UL 1
6.6.6.3 Athe
6.6.7 Timer
6.6.7.1 Atim
a)UL G
b) Usin
Sectior
6.7 Cords, ¢
6.7.1 Acord
6.7.2 Flexibl

g the requirements for Electronic Circuits Evaluated to UL 60335-1, based
30.

Mmperature sensing positive temperature coefficient (PTC) or /a~negative
C) thermistor, that is part of a circuit that manages a Safety Critical Functior

0730-1; and UL 60730-2-9, with Annex J; or

434.
rmal cutoff shall comply with UL 60691.
controls

er control shall comply with:
0730-1; and UL 60730-2-7; ot

g the requirements for Eléctronic Circuits Evaluated to UL 60335-1, based
30.

ables, and internal wiring
set or power supply cord shall comply with UL 817.

b cords and cables shall comply with UL 62. Flexible cord and cables are cons

this requireme

requirements,

temperature
shall comply

requirements,

dered to fulfill

ht'when preassembled in a cord set or power supply cord complying with UL 8

17.

6.7.3 Interna

| wiring composed of insulated conductors shall comply with UL 758.

Exception No. 1: Insulated conductors need not comply with UL 758, if they comply with one of the

following:

a) The

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

b) UL 83;

c) UL 66; or

d) The applicable UL standard(s) for other insulated conductor types specified in Chapter 3, Wiring
Methods and Materials, of NFPA 70.
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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.

6.8 Cooling fan
6.8.1 A cooling (ventilation) fan shall comply with the applicable requirements of UL 507.
Exception: A component type motor-operated fan that is completely enclosed within the end product

enclosure that complies with the applicable requirements of this end product standard, is considered to
comply with 6.8.1.

bltage component fans that comply with UL 507, are considered to fulfill the réquirements in
bn 34.

6.8.2 Low v
Motors, Secti

6.9 Film-copted wire (magnet wire)

6.9.1 The c
specified.

bmponent requirements for film coated wire and Class 105 (A) insulation syistems are not

6.9.2 Film @
insulation syq
1446.

oated wire in intimate combination with one or niore" insulators, and incofporated in an
tem rated Class 120 (E) or higher, shall comply With the magnet wire requifements in UL

6.10 Gaskels and seals

6.10.1 GasHKets and seals that comply with therapplicable requirements of UL 157, are|considered to

fulfill the requ
6.11 Groun

6.11.1 Grou
943. The foll
instruction in
operation."

6.11.2 Appli
with UL 943B
NFPA 70.

rements in Seals, Gaskets, and DBiaphragms, Section 33.
i-fault, arc-fault, and leakage current detectors/interrupters

nd-fault circuit-interripters (GFCI) for protection against electrical shock shall g
bwing statement,cor equivalent, shall be included as a marking near the G
the manual: "Rress the TEST button (then RESET button) every month to

bnce-leakage-current interrupters (ALCI) for protection against electrical shog
An ALCl is not considered an acceptable substitute for a GFCI when a GFCI

omply with UL
FCI, or as an
assure proper

k shall comply
is required by

6.11.3 Equipment ground-fault protective devices shall comply with UL 1053, and the applicable

requirements

of UL 943.

6.11.4 Arc-fault circuit-interrupters (AFCI) shall comply with UL 1699. See Arc-Fault and Leakage
Current Detectors/Interrupters, Section 35.

6.11.5 Leakage-current detector-interrupters (LCDI) and any shielded cord between the LCDI and
appliance shall comply with UL 1699. See Arc-Fault and Leakage Current Detectors/Interrupters, Section

35.

6.12 Heaters and heating elements

6.12.1

Electric resistance heating elements shall comply with the construction requirements of:
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a) UL 499; or

b) UL 1

030.

Exception: Heating wire (e.g. rope heater) that complies with UL 758, and the requirements of this end
product standard are considered to fulfill this requirement.

6.12.2 Thermistor-type heaters (e.g. PTC and NTC heaters) shall comply with UL 1434.

6.13

6.13.1

Insulation systems

Materials used in a Class 105 (A) insulation system shall comply with 25.3.

6.13.2 Matetfials used in an insulation system that operates above Class 105 (A)cdemp

comply with U

6.13.3 All in
specified in UL}

6.14 Lights

6.14.1 Lamp
comply with U

Exception: La
standard are g

6.14.2 Lighti
a) UL ¢

b) UL 1

Exception No
standard are ¢

Exception No.

6.14.3 Auton

| 1446.

bulation systems employing integral ground insulation shall comply with the
1446.

burces and associated components

holders and indicating lamps with integral lamp/lampholder (e.g. neon pilg
| 496.

impholders forming part of a luminairexthat complies with the applicable
onsidered to comply with this requirement.

ng ballasts shall comply with:
35; or

029.

1: Ballasts forming part of a luminaire that complies with the applicable
onsidered to.comply with this requirement.

2: Ballasts for other light sources shall comply with the applicable UL standarc

eratures shall

requirements

t lamp) shall

UL luminaire

UL luminaire

(s).

for automatic

natic ‘starters for electric discharge lamps shall comply with UL 542. Holders

starters shall compty wittrOt-=96:

6.14.4 Light emitting diode (LED) light sources shall comply with UL 8750.

Exception No. 1: LED light sources forming part of a luminaire that complies with the applicable UL
luminaire standard are considered to comply with 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 produ

ct standard.
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6.15 Marking and labeling systems

6.15.1 A marking and labeling system shall comply with UL 969, under the specified environmental
conditions; see 70.2.

6.16 Motors and motor overload protection
6.16.1 General

6.16.1.1 General-purpose type motors having a NEMA frame size shall comply with the requirements
specified in 6.16.2. This includes fractional HP motors rated up to 1 HP (typically NEMA frame sizes 42,

48, or 56), and integral HP mators rated 1 HP and greater (typically NEFMA frame sizes 140 = 449T).

6.16.1.2 Motors not enclosed, or partially enclosed, by the end product enclosure shall comply with the
requirements specified in 6.16.2.

6.16.1.3 Component type motors completely enclosed within the end product enclosurg shall comply
with the requifements specified in 6.16.2 or 6.16.3.

6.16.1.4 Mofors located in a low voltage circuit are evaluated for¢the risk of fire and pernsonal injury in
accordance with the applicable requirements of this end product standard.

6.16.2 Gengral-purpose type motors
6.16.2.1 A general-purpose type motor shall comply with UL 1004-1.
6.16.3 Component type motors

6.16.3.1 Component type motors shall comply with either 6.16.3.2 or 6.16.3.3.

6.16.3.2 Thé¢ motor shall comply with*dL 1004-1, except as noted in Table 6.1.

Table 6.1
Superseded Requirements

UL 1004-1 exempted requirement superse?ne:’h?gé?;n':;rlgreme"ts
Current and Hofsepower Relation Paragraph|34.3.3
Cord-Connected Motors Section 14
Factory Wiring Terminals and Leads Section 19
Electrical Insulation Section 18
Non-Metallic Functional Parts Sections 8, 18, 34
Solid-State Controls, 7.2 Paragraph 6.6
Non-metallic enclosure thermal aging, 9.1.4 Paragraph 8.8
Motor enclosure, 9.2 — 9.4 Section 8
Grounding Section 16
Ventilation Openings: only applicable where the openings are on surfaces considered to Section 8
be the appliance enclosure.

Table 6.1 Continued on Next Page
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Table 6.1 Continued

UL 1004-1 exempted requirement Superseded by the

in this Standard

requirements

requirements, the performance tests in UL 1004-1 are not applicable

Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts Section 10
Protection Against Corrosion Section 11

Available fault current ratings for motor start and running capacitors, 26.6: not applicable Section 24

for cord and plug connected appliances.

Switch: not applicable to centrifugal starting switches Section 28

With the exception of Resilient Elastomer Mounting and Electrolytic Capacitor Tests All applicable performance tests

Only the followi
identification; raf
multi-speed mot
be marked with {

mnrl(ing rnqllirnmnhfc are :pplinnhln' manufacturer's name or Dnrngrnph
ed voltage; rated frequency; number of phases if greater than 1; and
brs, other than a shaded-pole or a permanent-split-capacitor motor, shall
he amperes and horsepower at each speed.

70.6

6.16.3.3 The
6, the followin
conjunction wi

a) Prot

b) Ternpinal Compartment, Section 15 (15.2);

c) Grou

d) Elec

e) Intennal Wiring, Section 19;

f) Spac

g) Cap
h) Motq

6.16.4 Moto

6.16.4.1 The
a) UL 2

motor shall comply with the applicable component requirements’for Compor
j construction requirements, and the applicable performance.requirements (\
th the end product), of this end product standard:

bction Against Corrosion, Section 11;

nding, Section 16;

frical Insulation, Section 18;

ings, Section 22;
hcitors, Section 24; and
rs, Section 34.

r overload protéection

rmal protection devices integral with the motor shall comply with one of the foll

(AN

ents, Section
hen tested in

bwing:

b) UL 1
c)uL6

004-3; or

0730-1; and

1) UL 60730-2-2; or
2) UL 60730-2-22;

in conjunction with UL 1004-3 (to evaluate the motor-protector combination).

6.16.4.2 Imp

edance protection shall comply with UL 1004-2.

6.16.4.3 Electronic protection integral to the motor shall comply with UL 1004-7.
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6.16.4.4 Except as indicated in 6.16.4.3, electronically protected motor circuits shall comply with UL
60730-1. If software is relied upon to perform a safety function, it shall be considered software Class B.
See Motor and Speed Controls, 6.6.4, for basic control requirements.

Exception: Compliance with this requirement is not required for an electronically protected motor circuit if
there is no risk of fire, electric shock, or personal injury hazard during abnormal testing with the motor
electronic circuit rendered ineffective; compliance with the applicable requirements of this end product
standard is then required.

6.17 Overcurrent protection

6.17.1 Fuses shall comply with UL 248-1; and the applicable Part 2 (e.g. UL 248-5). Defined use fuses
that comply with UL 248-1 and another applicable UL standard for fuses are considered to.comply with this
requirement.

6.17.2 Fusepholders shall comply with UL 4248-1, and the applicable Part 2 (e.gq UL 4248-9

~

6.17.3 Circuit breakers shall comply with UL 489.

Exception: Circuit breakers used in telecommunications circuitry that-comply with UL 489A, need not
comply with UL 489.

6.17.4 Circdit breakers having integral ground fault circuit~interrupter capability for protection against
electrical sho¢k shall additionally comply with UL 943.

6.17.5 Supplementary protectors shall comply with tJL 1077.
6.17.6 Fusing resistors shall comply with UL 4412.
6.18 Polymepric materials

6.18.1 Unlegs otherwise specified. in this end product standard, polymeric electrical insulating materials
and enclosurgs shall comply withythe applicable requirements of UL 746C.

6.18.2 Metallized or painted polymeric parts or enclosures shall comply with the applicabl¢ requirements
of UL 746C. [This requirement is not applicable to exterior surfaces of polymeric enclosufe materials or
parts provide{;that the-metallized coating or paint does not offer a continuous path for an internal flame to

propagate exfernally.

6.19 Power supplies

6.19.1 A Class 2 power supply shall comply with one of the following:
a) UL 1310;

b) UL 60950-1, with an output marked "Class 2", or that complies with the limited power source
(LPS) requirements and is marked "LPS";

c) UL 61010-1, with NEC Class 2 output (output category 2); or

d) UL 62368-1, that complies with the limited power source requirements (LPS) requirements and
is marked "LPS."

6.19.2 A non-Class 2 power supply shall comply with one of the following:
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a) UL 1012;

b) UL 60950-1;

¢) UL 61010-1, with NEC Class 1 output (output category 1); or
d) UL 62368-1.

6.20 Printed wiring boards

6.20.1 Printed wiring boards, including the coatings, shall comply with UL 796; see 18.6.

Exception: A =
requirements |n UL 796, if the board is separated from parts of other circuits such that,log
bond between| the foil conductor and the base material will not result in the foil condudtors o
coming in contact with parts of other circuits of the control or of the end-use product.

6.20.2 A printed-wiring board containing circuitry in a line-connected circuit’or a safet
comply with the direct-support requirements for insulating materials in UL 746C.

otherwise specified, the flammability class and temperature rating shall be
for insulating materials in UL 746C.

6.21 Semicqnductors and small electrical and electronic.components

6.21.1 A power switching semiconductor device that’is' relied upon to provide isolation tg
comply with UL 1557. If considered necessary, the dielectric voltage withstand tests require
shall be condycted applying the criteria of Dielectric-Voltage-Withstand Test, Section 46.

6.21.2 An odtical isolator that is relied upeh.to provide isolation between primary and secg
or between gther circuits as required by’ this end product standard shall comply with
considered ngcessary, the dielectric voltage withstand tests required by UL 1557 shall
applying the driteria of Dielectric_ Vieltage-Withstand Test, Section 46. The dielectric test va
applied betwegn the input and oUtput terminals of the optical isolator.

6.21.3 Surgq protectivesdevices are to comply with UL 1449, and be a type suitable fo
application.

i the bonding

sening of the
- components

y circuit shall

that specified

ground shall

d by UL 1557

ndary circuits

UL 1577. If
be conducted
Itage is to be

r the end-use

6.21.4 Except as_specified in 6.21.5, component requirements are not specified for s

J

all electronic

components op printed wiring boards, including diodes, transistors, resistors, inductors, intedrated circuits,

and capacitors not directly connected to the supply source.

6.21.5 Where an electronic component is determined to be a critical component during th

e Component

Breakdown Test specified in 47.2, UL 60730-1, shall be applied. See 29.4 for the test parameters to be

used.

6.21.6 A critical component is a component that performs one or more safety-related functions whose
failure results in a condition, such as the risk of fire, electric shock, or injury to persons, in the end product

application.

6.21.7 Portions of a circuit comprised of a microcontroller or other programmable device that performs a

back-up, limiting, or other safety function intended to reduce the risk of fire, electric shoc
persons shall comply with UL 60730-1, Annex H.

k, or injury to
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6.22 Supplemental insulation, insulating bushings, and assembly aids

6.22.1

The requirements for supplemental insulation (e.g. tape, sleeving or tubing) are not specified

unless the insulation or device is required to fulfill 19.14 or a performance requirement of this Standard. In

such cases:

a) Insulating tape shall comply with UL 510;

b) Sleeving shall comply with UL 1441; or

c) Tub

6.22.2 Wire
Circuits, Sect

6.22.3 Insul
this Standard
confirm the cq

6.23 SwitcHes

6.23.1 Switghes shall comply with one of the following, as applicable:
a) UL 61058-1;
b) UL 20; or
c) UL T73A.

Exception: Sy
transfer switd
another comp

6.23.2 Aclo
train, by elec
shall comply v

6.23.3 Atim
separable co
6,000 cycles
60730-1, and

ing shall comply with UL 224.

bting bushings that comply with 6.1 and UL 635 are considered to fulfillthe re

mbination of the insulating bushing and the supporting part are suitable.

yitching devices that comply with-the applicable UL standard for specialty ap,
h equipment), industrial use\(e.g. contactors, relays, auxiliary devices), or
onent (e.g. switched lampholder) need not comply.

ck-operated switchs.imwhich the switching contacts are actuated by a clock-w
rically-wound spfing motors, by electric clock-type motors, or by equivalent
vith UL 60730-*.and UL 60730-2-7.

er or time,'switch, incorporating electronic timing circuits or switching circuits,
ntacts;—shall comply with the requirements for an operating control with Tyg
of ‘Operation, or as a manual control for 5,000 cycles of operation, in accor

Separation of
nent.

pquirements of

Tests specified in this Standard (e.g. Strain Relief Test) may still\need to bg performed to

blications (e.g.
are integral to

brk, by a gear-
arrangements

with or without
e 1 action for
lance with UL

U-60730-2-7

6.23.4 A timer or time switch, incorporating electronic timing circuits or switching circuits, with or without
separable contacts, that functions as a protective control, shall comply with the requirements for a
protective control; see 6.6.1.3.

6.24 Transfo

6.24.1

rmers

General-purpose transformers shall comply with UL 5085-1; and UL 5085-2.

Exception: A transformer that complies with UL 1411, and that is used in a circuit involving an audio or
video component complies with the intent of this requirement.

6.24.2 Class 2 and Class 3 transformers shall comply with UL 5085-1; and UL 5085-3.
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Exception: Transformers located in a low voltage circuit that do not involve a risk of fire or personal injury
need not comply with this requirement.

6.25 Valves (electrically operated) and solenoids

6.25.1

Electrically operated valves shall comply with the:

a) UL 429; or

b) UL 60730-1; and UL 60730-2-8.

Exception: Automatic valves intended for use with natural gas, manufactured gas, LP-gas or LP-gas-air
€ Stanaard for Automatic Valves for Gas Appliances,

mixtures shall

6.25.2 Sole
product stand

6.26 Water
6.26.1 A mot
Exception: A

enclosure tha
comply with 6.

6.27 Power-switching semiconductors (mounted to'accessible metal parts)

6.27.1 A pov
comply with U

6.28 Thermi

6.28.1 Themn

specified elecfrical and thermal ratings.

7 General

stors

omply Wi

ids shall comply with the applicable construction and performance requireme
rd, or with the Outline of Investigation for Solenoids, UL 906.

umps
or-operated water pump shall comply with the following, UL778.

component type motor-operated pump that is completely enclosed within theé
complies with the applicable requirements of this end product standard, is
26.1.

ber switching semiconductor device*that is relied upon to provide isolation tg
| 1557. It shall have a minimumtisolation voltage of 1500 V.

nistors shall comply:with UL 1434. The thermistors shall be suitable for the apy

7.1 An appli
practicable in

$

nce shall be made and finished with the degree of uniformity and grade of

P1a/CSA 6.6.

nts of this end

b end product
considered to

ground shall

lication at the

workmanship

well-equipped factory.

7.2 An appliance shall be acceptable for both indoor and outdoor use unless marked for restricted use in

accordance wi

th 70.8.

7.3 A waste connection or drain outlet of appliances connected to a potable water system shall be
designed and constructed to provide for connection to the sanitary waste system through an air gap of 2
pipe diameters or 1 inch (25.4 mm), whichever is larger.

7.4 A low voltage circuit shall be judged under the requirements for primary circuits in this Standard
unless the transformer or power supply that supplies the circuit complies with 31.1 or 31.3.
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8 Frame and Enclosure

8.1 An appliance 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 the risk of fire, electric shock, or
injury to persons due to total or partial collapse with reduction of spacings, loosening or displacement of
parts, or other serious defects.

8.2 An edge, projection, or corner of an enclosure, opening, frame, guard, knob, handle, or similar part,
of an appliance shall be smooth and rounded and not sufficiently sharp to cause a cut-type injury when
contacted during normal use or maintenance.

8.3 A door or cover of an enclosure shall be provided with a means for securing the door or cover in

place in the cl

8.4 A devic
designed and
not unintentio

8.5 The end
or equipment

8.6 Mountin
with any bare

psed position.

D

b, such as a lampholder, fuseholder, or circuit breaker, of the replaceable
installed so that persons servicing the lamps, fuses, circuit breakers, or oth
nally contact any uninsulated live part other than a screwshell or the clips of a f

osure of an appliance shall be complete. The enclosure shalt'not depend on
to complete the enclosure.

b holes shall be located or guarded so that nails orsimilar hangers shall not ¢
covered, or uninsulated live part.

8.7 Among the factors to be considered when determining the acceptability of an enclosurg

a) Phy
b) Reg
¢) Moi
d) Flar
e) Reg

f) Res
intend

g) For

sical strength;

istance to impact;
sture-absorptive properties;
hmability;

istance to corrosion;

stance to distortion at temperatures to which the enclosure is subjected unde
bd use;

a.sheet-metal enclosure, in addition to the factors in (a) — (f), the size ang

metal,

type shall be
er devices will
useholder.

adjacent walls

bme in contact

are:

r conditions of

shape of the

thethickness of the metal, and the conditions of intended use;

h) For a nonmetallic enclosure exposed to an ultraviolet radiation weathering source, resistance to
degradation from exposure to ultraviolet radiation; and

i) For a nonmetallic enclosure, all of the factors are to be considered with respect to thermal aging.

8.8 A polymeric enclosures shall comply with UL 746C. When determining compliance with UL 746C, the
polymeric (including epoxy potting compounds) enclosure shall comply with the following:

a) Material Properties — The material shall comply with the “Material property considerations” in
Table 8.1 of UL 746C.

b) Impact Test — A minimum impact of 5 foott-Ibf (6.8 J) shall apply to all enclosure materials. In
addition to the test requirements specified in UL 746C, any cracking of a polymeric material that
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would be exposed to water is considered unacceptable. All other parts constructed of materials that
do not comply with the enclosure requirements shall be removed during this test.

c) Abnormal Operations — See Abnormal Operation Tests, Section 47.

d) Mold-Stress Relief Distortion — In addition to the test requirements specified in UL 746C, any
cracking of a polymeric material that would be exposed to water is considered unacceptable. All
other parts constructed of materials that do not comply with the enclosure requirements shall be
removed during this test.

e) Strain Relief — This test is only required if the strain relief means is secured to the enclosure or is
an integral part of the polymeric enclosure.

f) UV
the m

This te
materid
materig

g) Flampmability — Minimum flammability rating of pélymeric enclosures shall be 5VA,

V-2 for
h) Wat¢
i) Dime

j) Con
require

8.9 The poly|
part is the solg

1

esistance — To determine if a non-metallic material is capable of withstanding
erial shall be subjected to one of the following tests:

a) For materials exposed to UV-A or UV-B radiation (e.g., outdoor use); the 1
be subjected to the UL 746C, Ultraviolet Light Exposure Test; or

b) For materials exposed to UV-C radiation, the materials shalMe subjected
IEC 60335-1, Annex T.

s5ting is not required if the material recognition included UL 746C UV Expos
Is exposed to UV-A or UV-B radiation, or IEC{80335-1 Annex T exposu
Is exposed to UV-C radiation.

portable appliances and 5VA for all other‘appliances.
br Exposure and Immersion — Polymefic materials shall comply with UL 746C.

nsional Stability — Polymeric materials shall comply with UL 746C.

juit Connections — Products permanently connected electrically shall cor
ments in UL 746C.

meric housing ef\a/component is not considered to be an appliance enclosu
insulation (excluding air) between a live part and an external surface of the ap

bl controlypanel enclosures shall comply with the requirements for enclosed

UV radiation,

naterials shall

to the tests of

ire testing for
re testing for

bVB, V-0, V-1,

nply with the

re unless this
pliance.

panels in UL

8.10 Industri
508A.
8.11 Cast-a

- sheet-metatportionsof theenctosure stratt ot bethimmer thamindicated i T

able 8.1.
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Table 8.1
Minimum Thicknesses of Metal Enclosure Material

At small, flat, unreinforced
surfaces and at surfaces that
are reinforced by curving,
ribbing and similar methods or
are othc_erwise of a_shape an At surfaces to which a wiring
size or size to provide physical | system is to be connected in the | At relatively large unreinforced
strength field flat surfaces
Metal Inch (mm) Inch (mm) Inch (mm)
Die-cast 3/64 - 1.2 - 5/64 (2.0)
Cast malleable 1 a 1 a 20 (2.4)
Iron ’
Other cast 3/32 (2.4) _ - 1/8 (3.2)
metal
;ZZ?ated shee 0.026° (0.66)° 0.032 (0.81) 0-026 (0.66)
Galvanized a a
sheet steel 0.029 (0.74) 0.034 (0.86) 0.029 (0.74)
Nonferrous a a
sheet metal 0.036 (0.91) 0.045 (1.14) 0.036 (0.91)

@ Thinner sheet
if the shape or g

metal may be employed if found to be acceptable when the enclostretis curved, ribbed, or otherwise reinforced, or

ize, or both, of the surface is such that the necessary mechanicalstrength is provided.

8.12 The erf

metal, burnin

closure of a remotely or automatically controlled appliance shall reduce the
insulation, flaming particles, or the like from falling on combustible materials

surface upon which the appliance is supported.

8.13 The requirement in 8.12 will necessitate-that a switch, a relay, a solenoid, or the like
and complete]y enclosed, except for terminals; unless it can be shown that malfunction of {

would not re
also necessit

a) Ung

It in a risk of fire, or there_are no openings in the bottom of the appliance er
te the use of a barrier of noncombustible material:

er a motor unless:

1) The structural parts of the motor or of the appliance provide the equiva
barrier;

2) The. protection provided with the motor is such that no burning insula
material falls to the surface that supports the appliance when the motor is er

each of the following fault conditions:

i) Open main winding;
ii) Open starting winding;
i) Starting switch short-circuited; and

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

risk of molten
, including the

be individually

he component

closure. It will

lent of such a

ion or molten
ergized under

short circuit is

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

3) The motor is provided with a thermal motor protector — a protective

device that is

sensitive to temperature and current — that will reduce the risk of the temperature of the
motor windings from exceeding 125 °C (257 °F) under the maximum load under which the
motor will run without causing the protector to cycle and from exceeding 150 °C (302 °F)

with the rotor of the motor locked; or
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4) The motor complies with the requirements in one of the standards specified in 6.16.4,
and the temperature of the motor winding will not exceed 150 °C during the first 72 hours of
operation with the rotor of the motor locked.

b) Under wiring, unless the wiring complies with the VW-1 (Vertical-Specimen) Flame Test in UL
1581.

8.14 The barrier mentioned in 8.13 shall be horizontal, shall be located as illustrated in Figure 8.1, and
shall not have an area less than that described in that illustration. Openings for drainage, ventilation, and
similar purposes may be employed in the barrier, if such openings would not permit molten metal, burning
insulation, or similar material to fall on combustible material.
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Figure 8.1

Location and Extent of Barrier
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NOTES:

A — Region to be shielded by barrier. This will consist of the entire component if it is not otherwise shielded and will consist of the
unshielded portion of a component that is partially shielded by the component enclosure or equivalent.

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

1) Tangent to the component;
2) 5° from the vertical; and

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

D — Location (horizontal) and minimum area for barrier. The area is that included inside the line of intersection traced out by the
inclined line C and the horizontal plane of the barrier.
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9 Button Batteries or Coin Cell Batteries

9.1

The battery compartment of an appliance or any accessory, such as a wireless control, incorporating

one or more button batteries or coin cell batteries shall comply with UL 4200A, if the appliance or any

accessory:

a) Is intended for use with one or more single cell batteries having a diameter of 32 mm (1.25 inch)
maximum with a diameter greater than its height; and

b) The appliance is intended for consumer use.

Exception: These requirements apply to consumer products containing button batteries or coin cells

batteries. The
intended to be
professional u

10 Accessik

10.1 To reduy
live part or filr

a) For
an uni
illustra

b) For
live pa
10.1.

Exception: An
requirements

Te

u'u IlUt appl'y tU T uu’uufo tl’lat by VI.I_tUb' Uf l‘l’lc‘l‘l dc'u'l'bafc'u' PUrpust dllu’ I.Ilotl
used in locations where they may be accessed by children, such as products
se or commercial use in locations where children are not normally or typically g

ility of Uninsulated Live Parts, Film-Coated Wire, and MovingParts

ce the risk of unintentional contact that involves a risk of electhic shock from g
-coated wire or injury to persons from a moving part, an opening in an enclosu

AN opening that has a minor dimension as described in"10.5 of less than 1 in
sulated live part, a moving part, or film-coated, wire shall not be contacted

din Figure 10.1; or

bn opening that has a minor dimension asescribed in 10.5 of 1 in or more, g
t, a moving part, or film-coated wire shall be spaced from the opening as spe

opening in a motor need not-comply with these requirements if it com
n 10.2.

tions are not
for dedicated
resent.

n uninsulated
re shall:

Ch (25.4 mm),
by the probe

n uninsulated
cified in Table

blies with the
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Figure 10.1
Articulate Probe with Web Stop
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Table 10.1
Minimum Distance from an Opening to a Part Involving a Risk of Electric Shock or Injury to
Persons
Minor dimension? of opening Minimum distance from opening to part

Inch (mm)® Inch (mm)®

3/4° (19.1) 4-1/2 (114.0)

1° (25.4) 6-1/2 (165.0)

1-1/4 (31.8) 7-1/2 (191.0)

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

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

218 (54.0) 17-1/2 (445.0)

d 30 (742.0)

2See 8.5forad

b Between 3/4 in
in the table.

¢ Any dimension

9 More than 2-1/

bscription of the minor dimension of an opening.

Ch (19.1 mm) and 2-1/8 inch, (54.0 mm) interpolation is to be used to determine avalue between v

less than 1 inch (25.4 mm) applies to a motor only.

inch, (54.0 mm) but no more than 6 inch (152 mm).

hlues specified

10.2 Withre

Exception to 1

a) An @

accept

b) An g
a movi

Epect to a moving part or film-coated wire within the/enclosure of a motor as s
D.1:

pening that has a minor dimension, as descfibed in 10.5, of less than 3/4 inch
hble if:

1) In an indirectly accessible motor;yan uninsulated live part or a moving p,
contacted by the probe illustratedn Figure 10.2;

2) Film-coated wire cannat.be ‘contacted by the probe illustrated in Figure 10.3]

3) In a directly accessible motor, an uninsulated live part or a moving p
contacted by the probe illustrated in Figure 10.4.

pening that has.a minor dimension of 3/4 in or more is acceptable if an uninsu
g part, or film-coated wire is spaced from the opening as specified in Table 10

becified in the

(19.1 mm) is

art cannot be

: and

art cannot be

ated live part,
1.
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Figure 10.2

Probe for Moving and Uninsulated Live Parts
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Figure 10.4
Articulated Probe
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10.3 The probes specified in 10.1 and 10.2 and illustrated in Figure 10.1 — Figure 10.4 shall be applied to
any depth that the opening will permit, and shall be rotated or angled before, during, and after insertion
through the opening to any position that is necessary to examine the enclosure. The probes illustrated in
Figure 10.1 and Figure 10.4 shall be applied in any possible configuration; and, if necessary, the
configuration shall be changed after insertion through the opening.

10.4 The probes illustrated in Figure 10.1 — Figure 10.4 shall be used as measuring instruments to
determine the accessibility provided by an opening, and not as instruments to determine the strength of a
material; they shall be applied with the minimum force necessary to determine accessibility.

10.5 With reference to 10.1 and 10.2, the minor dimension of an opening is the diameter of the largest

cylindrical pro

be having a hemispherical tip that can be inserted through the opening.

10.6 During

enclosure thgt can be opened or removed by the user without using a tool (to attach an
ating adjustment, or for other reasons) is to be opened or removed,

make an opef

10.7 A movi

general desi
determining t

10.8 With ri

a) The
b) The
c) The
d) The

e) The

10.9 A component that requires.inspection, replacement, cleaning, or other servicing shall

Excluding the
not available
manually adjy

10.10 A cor
openings, for

ng part shall be enclosed or guarded to reduce the risk of injurysto persons.

the examination of an appliance to determine compliance with 10.1 or.10.2

ference to 10.7, the degree of protection required of ‘the enclosure depe
n and intended use of the appliance. The factors\to be taken into co
e acceptability of an exposed moving part are:

degree of exposure;

sharpness of the moving part;

risk of unintentional contact with the.moving part;
speed of movement of the partiand

risk of fingers, arms, or glothing being drawn into the moving part.

lamp compartment, such a component shall be readily accessible without th
to other than ‘'service personnel, if the component is intended to be manu
sted, or periodically serviced.

I-conpected appliance that is provided with keyhole slots, notches, hanger h
moeunting the appliance on a wall, shall be constructed so that the mounting

accessible withaut rpmn\/ing the anlnlinnma from the Qllppnﬁing means

10.11

, a part of the
accessory, to

nds upon the
nsideration in

be accessible.
e use of tools
ally operated,

bles, or similar
means is not

without the use of tools to gain access to the mounting means are to be removed.

11 Protection Against Corrosion

11.1

When determining compliance with 10.10, any part of the enclosure or barrier that can be removed

An iron or steel part shall be protected against corrosion by enameling, galvanizing, plating, or other

equivalent means, if the failure of the part results in a risk of fire, electric shock, or injury to persons.

Exception: This requirement does not apply to bearings, laminations, or to minor parts of iron or steel
(such as washers, screws, and similar parts).
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11.2 A sheet-steel cabinet or an electrical enclosure intended for outdoor use shall be protected against
corrosion by the means specified in Table 11.1 or by other metallic or nonmetallic coatings that have been
shown to provide equivalent resistance.

Exception: This requirement does not apply to enclosures that comply with outdoor use requirements in

UL 50.
Table 11.1
References for Requirements for Protection Against Corrosion
Minimum thickness of steel
0.056 inch Lgss than 0.056
(1.42 mm) and inch (1.42 mm)
Type of cabinet or enclosure thicker thick
Outer cabinet that protects a motor, wiring, or encloses current-carrying parts 11.3 1.4
Inside enclosurefthat protects current-carrying parts other than a motor 113 11.4
Outer cabinet that is the sole enclosure of current-carrying parts 11.4 11.

11.3  With reference to Table 11.1, as applicable, one of the following coatings shall be used;

a) HotH
ASTM

single-
accord
(alloye

b) A zi
applied
minimy
by the
11.6.

c) Two
surface
whenr

d) A si
treated

dipped, mill-galvanized sheet steel conforming with the coating designation
A 653/A 653M, with no less than 40 % of the zing, on any one side, based on
bpot test requirement in this designation. The<weight of the coating shall be

ance with ASTM A90, or by any method that has been determined to be si
) coating shall also comply with 11.6.

to an average thickness of no less than 0.00041 inch (0.0104 mm) on each s
m thickness of 0.00034 inch.(0.0086 mm). The thickness of the coating shall &
Metallic Coating Thickness(Jest, Section 57. An annealed coating shall als

coats of an organic-finish of the epoxy or alkyd-resin type or other outdoor
. The acceptability/of the paint is to be determined by consideration of the ¢
bquired, by the corrosion tests specified in 11.5.

hgle coat,of an organic finish of the epoxy or alkyd-resin type over phosph
steelin.a form that has been shown to be equivalent to mill-galvanized steel a

11.4  Withre

560 or A60 in

the minimum

pstablished in
milar. An A60

hc coating, other than that provided:on hot-dipped, mill-galvanized sheet steel, uniformly
urface, with a
e established
b comply with

baint on each
bmposition or,

ate- or oxide-
5 noted in (a).

a) Hot-dipped, mill-galvanized sheet steel conforming with the coating designation G90 in ASTM A
653/A 653M, with no less than 40 % of the zinc on any side, based on the minimum single-spot-test
requirement in this designation. The weight of the zinc coating shall be established in accordance
with ASTM A90, or by any method that has been determined to be similar.

b) A zinc coating, other than that provided on hot-dipped, mill-galvanized sheet steel, uniformly
applied to an average thickness of no less than 0.00061 inch (0.01549 mm) on each surface with a
minimum thickness of 0.00054 inch (0.01372 mm). The thickness of the coating shall be
established by the Metallic Coating Thickness Test, Section 57. An annealed coating shall also
comply with 11.6.

¢) A cadmium coating no less than 0.001 inch (0.0254 mm) thick on both surfaces. The thickness of
the coating shall be established in accordance with the Metallic Coating Thickness Test, Section

57.
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d) A zinc coating that complies with 11.3 (a) or (b), with one coat of outdoor paint as specified in
11.3(c) on each surface.

€) A cadmium coating no less than 0.00075 inch (0.01905 mm) thick on both surfaces, with one
coat of outdoor paint on both surfaces, or no less than 0.0005 inch (0.0127 mm) thick on both
surfaces, with two coats of outdoor paint on each surface. The thickness of the cadmium coating
shall be established in accordance with the Metallic Coating Thickness Test, Section 57, and the
paint shall be as specified in 11.3(c).

11.5 With reference to Table 11.1 and Table 11.2, other finishes, including paints, metallic finishes, and
combinations of the two may be acceptable when comparative tests with galvanized sheet steel (without
annealing, wiping, or other surface treatment) that are in compliance with 11.3(a) or 11.4(a) indicate that
they provide quiva:cllt resistance—Amort 0 the—factors—considered—wien cvaiuatillg the Cceptability of
such coating jsystems are exposure to salt spray, moist carbon dioxide-sulfur dioxide-air’mixtures, moist
hydrogen sulfilde-air mixtures, ultraviolet light, and water.

Table 11.2
Aluminum Alloys
Sandjcast Permanent-mold cast Die-cast Machined-bdr and rod stock
319.0 319.0 360.0 5052
354.0 356.0 A360.0 5056
443.0 A356.0 413.0 5456
B443. 443.0 A413.0 6061
514.0 B443.0 C443.0 6063
B51§.0 B514.0 518.0
520.0 535.0
533.0
A71p.0

11.6 A hot-dipped, mill-galvanized A60 (alloyed) coating or an annealed zinc coating that is bent or
similarly formed after annealing; and that is not otherwise required to be painted, shall be additionally
painted in thg bent or formed area when the bending or forming process damages the zihc coating. An
area on the inside surface of a cabinet or enclosure that water does not enter during the fain test is not
required to bg painted.

11.7 When flaking or cracking of the zinc coating at the outside radius of the bent or forined section is
visible at 25 power magnification, the zinc coating is considered o be damaged. Simple sheared or cut
edges and punched holes are not considered to be formed, but extruded and rolled edges and holes shall
comply with the requirement in 11.6.

11.8 A nonferrous cabinet and enclosure may be used without coatings for protection against corrosion.
The use of dissimilar metals in contact with each other where corrosion could produce openings is not
acceptable.

11.9 Painting alone is not acceptable for protecting sheet metal against corrosion. Copper, stainless
steel and other materials having inherent resistance to atmospheric corrosion need not be additionally
painted.
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12 Exposure to Water

12.1 An appliance shall prevent water from coming into contact with insulated or uninsulated live parts. A
water handling part shall be constructed of materials suitable for the application and shall have the
strength to resist the uses and abuses to which it is liable to be subjected.

12.2 An appliance incorporating a brine tank and electrical controls in a common housing shall have an
overflow drain in the housing. The overflow drain shall not have a valve.

12.3 An appliance having electrodes placed in water shall be constructed so that power is supplied to the
electrodes by a transformer or solid-state circuitry so that the secondary is isolated from the primary
circuit.

13 Mechani¢al Assembly

13.1  An appliance shall not be adversely affected by the vibration of normal opetation.
13.2 A switc

the user shall

n, fuseholder, lampholder, receptacle, plug connector, or other.cemponent that
be mounted securely, and shall be prevented form turning.

is handled by

a switch that

Exception No.
is normally of
conditions are

a) The
is cons

b) The

c) The

Exception No,
indicator light
if rotation cann

1: The requirement that a switch be prevented from.turning does not apply td
perated by mechanical means rather than by diréct contact if all three of
met:

switch is a plunger or other type that doesnot tend to rotate when operated. A
idered subject to forces that tend to turn:the switch during normal operation.

imeans for mounting makes it unlikely-that operation can loosen the switch.

Spacings cannot be reduced-below the minimum acceptable values if the switc

2: A lampholder of a type where the lamp cannot be replaced (such as a
n which the lamp is Sealed in by a nonremovable jewel) need not be prevente
ot reduce spacings,below the minimum specified in Spacings, Section 22.

14 Supply Qonnections='Cord Connected Appliances
141 Generdl
14.1.1 A cort=connected appliance shall be provided with a Inngfh of flexible cord and 4

the following

toggle switch

h does rotate.

neon pilot or
0 from turning

n attachment

plug for connection to the branch-circuit supply.

Exception: A submersible appliance intended for connection to an underwater junction box is not required
to have an attachment plug.

14.1.2 A cord-connected appliance shall be provided with a cord not less than 6 feet (1.8 m) in length
and have an equipment-grounding conductor and a grounding type attachment plug cap. The equipment-
grounding conductor shall be finished to show a green color with or without one or more yellow stripes.
The length of an attached flexible cord includes the attachment plug. The length of a cord set includes the
fittings.

14.1.3 For a portable, household, counter-top, appliance, the flexible cord:
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a) Shall be Type S, SE, SJ, SJE, SJEO, SJO, SJOO, SJT, SJTO, SJTOO, SO, SO0, SP-2, SPE-2,

SPT-2, ST, STO, or STOO; and
b) Shall include an equipment-grounding conductor.

14.1.4 For other than a portable, household, counter-top, appliance, the cord:
a) Shall be Type S, SE, SJ, SJE, SJEO, SJO, SJOO, SJT, SJTO, SITOO, SO, SO0, ST, STO, or
STOO;
b) IShall(ijnclude the suffix "W" following the cord type, unless the appliance is marked for indoor use
only; an

c) Incl

14.1.5 A po
appliance anq
of the applian

14.1.6 The attachment-plug for connection to the branch-circuit supply:shall have an Amg
configuration and American National Standard ratings. It shall be of a type suitable for use:

Standard pin

a) With a current not less than 125 % of the rated current«f the appliance; and

Excep

applia
Contin

b) At g
on twd

plug p
when

14.1.7 A ho
terminal pins

14.1.8 A thr

1419 If an
under normal

ide an equipment-grounding conductor.

ver-supply cord shall be rated for use at a voltage not less than the |rated
shall not have an ampacity, as given for the type in NFPA 70, lower than thq
Ce.

fion: The current rating of the attachment plug.shall not be less than the curre
nce when the appliance is intended for non-continuous use (intermittent y
uous operation is defined as 3 or more héurs of continuous use.

voltage equal to the rated voltage ofdhe appliance. If the appliance can be a

rovided with the appliance shall'be rated for the voltage for which the applianc
t is shipped from the factory(See 70.14.

Lisehold appliance intended for use with a detachable cord set shall not be
hat will accommodate ‘a standard flatiron or appliance plug.

be-wire to twd-wire, grounding-type adapter shall not be provided with an appli

appliance incorporates a removable cord set, the arrangement shall not ex
conditions.

14.2 Strain

14.2.1
terminals, spli

relief

ces, or wiring within the appliance.

voltage of the
current rating

rican National

nt rating of the
se) operation.

dapted for use

or more different supply voltages by field alteration of internal connections, the attachment

B is connected

provided with

Ance.

pose live part

Strain relief shall be provided so that mechanical stress on a flexible cord is not transmitted to

14.2.2 A metal strain-relief clamp or band used with Type SP-2 or SPE-2 cord shall be provided with

auxiliary insul

ation over the cord for mechanical protection.

14.2.3 A clamp of any material — metal or otherwise — is not acceptable for use on Type SPT-2 cord.

Exception No. 1: The construction may be acceptable if the cord is protected by varnished-cloth tubing or

the equivalen

t under the clamp.

Exception No. 2: A clamp may be used if it has been investigated and found to be acceptable.
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14.2.4 For cord Types S, SO, ST, STO, SJ, SJT, or SJTO, a clamp may be employed and the auxiliary
insulation is not required unless it is determined that the clamp can damage the cord insulation.

14.2.5 Means shall be provided to prevent an attached flexible cord from being pushed into the
enclosure of the appliance through the cord-entry hole when such displacement results in:

a) Subj

ecting the cord to mechanical damage;

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

¢) Reducing spacings, such as to a metal strain-relief clamp, below the minimum required values;

or

d) Dam

To determine
54.

14.2.6
free from pro
insulation on t

14.3 Bushings

1431 Atafg
there shall be
surface again
nonconducting

14.3.2 Aning
a) Typs
b) The

c) The
Exception: An

thick and fills
used instead d

If a kpot in a flexible cord serves as strain relief, the surfaces that\the knot can co

aging internal connections or components.

compliance, the cord shall be tested in accordance with the Push-Back|Relief

ections, sharp edges, burrs, fins, and similar features that can cause ab
e conductors.

oint where a flexible cord passes through an opening in a wall, barrier, or ef
a bushing or the equivalent that is reliably~Secured in place, and has a sm
5t which the cord can bear. A cord hole\in wood, porcelain, phenolic compos
material having a smooth, rounded.surface is considered to be equivalent to 2

ulating bushing shall be provided-if:
SPT-2 cord is employed:;
wall or barrier is of metal; or

construction is such that the cord might be subjected to strain or motion.

insulated-\metal grommet having insulating material that is not less than 1/32
completely the space between the grommet and the metal in which it is mo
f an.insulating bushing.

Test, Section

ntact shall be
rasion of the

closing case,
both, rounded
ition, or other
bushing.

fnch (0.8 mm)
nted may be

14.3.3 Ceramic materials and some molded compositions are generally acceptable for insulating

bushings.

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

14.3.5 A vulcanized fiber bushing shall not be less than 3/64 inch (1.2 mm) thick and shall be formed and
secured in place so that the bushing is not adversely affected by moisture.

14.3.6 A separate soft-rubber, neoprene, or polyvinyl chloride bushing shall not be employed in an

appliance.

Exception No. 1: A separate soft-rubber, neoprene, or polyvinyl chloride bushing may be employed in the
frame of a motor or in the enclosure of a capacitor attached to a motor if the bushing is:
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a) Not less than 3/64 inch (1.2 mm) thick; and

b) Located so that the bushing will not be exposed to oil, grease, oily vapor, or other substances
having a deleterious effect on the compound employed.

Exception No. 2: A bushing of soft-rubber, neoprene, or polyvinyl chloride may be employed at any point
in an appliance if used in conjunction with a type of cord for which an insulating bushing is not required. If a
bushing of one of these materials is used anywhere in the appliance, the edges of the hole in which the
bushing is mounted shall be smooth and free from burrs, fins, or similar features.

14.3.7 At any point in an appliance, a bushing of the same material as, and molded integrally with, the
supply cord is acceptable on a Type SPT-2 or harder-service cord if the built-up section is not less than
1/16 inch (1.6[mm

15 Supply Connections — Permanently-Connected Appliances
15.1 General

15.1.1 Othef than noted in 14.1.3 and 14.1.4, an appliance intended.for’permanent connection to the
power supply|shall have provision for connection of one of the wiring systems that would be [acceptable for
the appliance

15.2 Terminal compartment

15.2.1 A terminal box or compartment in which power=supply connections to a permaneptly connected
appliance arg to be made shall be located so that_theé connections can be readily inspgcted after the
appliance is ipstalled as intended.

15.2.2 A temminal compartment intended for-connection of a supply raceway shall be aftached to the
appliance so as to be prevented from turning:

15.2.3 Ifitig intended that supply connections be made directly to a motor, the terminal cqmpartment on
the motor shall comply with the reguirements for terminal compartments in UL 1004-1.

15.3 Wiring/terminals and.leads

15.3.1 A pefmanently:connected appliance shall be provided with wiring terminals for thel connection of
conductors having“a current rating acceptable for the appliance; or the appliance shall be| provided with
leads for such conniection.

15.3.2 Wiring terminals for the supply conductors shall be provided with a pressure wire connector
securely fastened in place — for example, firmly bolted or held by a screw.

Exception: A No. 10 (4.8 mm diameter) or larger wire-binding screw or stud-and-nut combination may be
employed at a wiring terminal intended to accommodate a 10 AWG (5.3 mm?) or smaller conductor if
upturned lugs or the equivalent are provided to hold the wire in place.

15.3.3 A wiring terminal shall be prevented from turning.

15.3.4 The free length of a lead inside an outlet box or wiring compartment shall be 6 inch (150 mm) or
more if the lead is intended for field connection to an external circuit.
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15.3.5 A wire-binding screw or stud-and-nut combination at a wiring terminal shall not be smaller than
No. 10 (4.8 mm diameter).

Exception No. 1: A No. 8 (4.2 mm diameter) screw or stud-and-nut combination may be used at a terminal
intended only for the connection of a 14 AWG (2.1 mm?) conductor.

Exception No. 2: A No. 6 (3.5 mm diameter) screw may be used for the connection of a 16 or 18 AWG
(1.3 or 0.82 mm?) conductor in a low-voltage circuit.

15.3.6 A wire-binding screw shall thread into metal.

15.3.7 A ter

inal plate tapped for a wire-binding screw shall be of metal not less than 0.050 inch

(1.27 mm) thig

Exception: An
necessary me

15.3.8 A terr

k and shall not have less than two full threads in the metal.

Chanical strength.

hinal plate formed from stock having the thickness specified inv15.3.7 may h

extruded at th¢ tapped hole to provide two full threads for the binding screw.

15.3.9 Uptur|
conductor und
15.4 Identifi
15.4.1 A per
lampholder of

other than an
the connectior

15.4.2 A tern
metal that is s
proper identifi

wiring diagram).

154.3 Alea

hed lugs or a cupped washer shall be capable of ¥etaining a 14 AWG (2.1
er the head of the screw or washer.

pd terminals and leads

manently-connected appliance rated 125 V or 125/250 V, 3-wire, or less ang
the Edison-base screwshell type, or“a single-pole switch or overcurrent pro
hutomatic control without a marked off position, shall have one terminal or lea
of the grounded conductor of the supply circuit.

hinal intended for the connection of a grounded supply conductor shall be of
ubstantially white inscolor and shall be readily distinguishable from the othe
ation of that terminal*shall be clearly shown in some other manner, such as o

i intended fer the connection of a grounded power-supply conductor shall be

or gray color and shallbe readily distinguishable from the other leads.

16 Grounding

16.1

16.1.1

alloy plate may be not less than 0.030 inch (0.76 mm) thick if the tapped thre¢ads have the

ave the metal

mm?) supply

employing a

tective device
i identified for

or plated with
terminals, or
n an attached

finished white

General

An appliance shall be provided with grounding means as described in 16.1.2 — 16.1.8.

Exception: An appliance protected by a system of double insulation in accordance with UL 1097, shall not
be provided with a means for grounding.

16.1.2 When a grounding means is supplied, whether required or not, it shall be in accordance with
16.1.3 and, when the appliance is cord-connected, shall comply with the requirements in 16.1.4. All dead-
metal parts that are likely to become energized shall be reliably connected to the means for grounding.

16.1.3 The following may be used as means for grounding:
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a) In an appliance intended to be permanently connected, an equipment-grounding terminal or
lead.

b) In a cord-connected appliance, an equipment-grounding conductor in the cord.

16.1.4 The grounding conductor of a supply cord shall be secured to the frame or enclosure of the
appliance by means of a screw that is not likely to be removed during any servicing operation not involving
the power-supply cord, or by another means that has been determined to be equivalent. The screw shall
be of a corrosion-resistant material or made resistant to corrosion by a means that will not inhibit electrical
conductivity between the screw and any other conductor. A lock washer shall be employed so that the
screw is not subject to loosening if vibration is likely. Solder alone shall not be used for securing the

grounding conductor.

16.1.5 Ase
receptacle, s
broken after d

Exception: In

grounding compnection is made or broken is not required to comply with thissrequirement.

16.1.6 Ifan
each such co

16.1.7 A ter
securing a co

16.1.8 A sm

barable connection, such as that provided by an attachment plug and a matin

isconnection from the supply conductors.

erlocked plugs, receptacles, and connectors that are not energized when t

appliance is supplied with a means for separate connéction to more than one
hnection shall be supplied with a means for grounding.

minal solely for the connection of an equipment-grounding conductor shall
hductor of the size required for the application:

all metal part such as an adhesive attached foil marking, a screw other than t

j connector or

hall be such that the equipment-grounding connection is made before. conpection to and

he equipment-

power supply,

be capable of

he equipment-

grounding scttew, a handle or similar part that is\on the exterior of the enclosure and sepdrated from all

electrical coni
16.1.1.

16.2 Identif

16.2.1 The s
for the conne
stripes, and n

16.2.2 A wir
a green-color

ponents is not considered likely_to become energized, and is not required {

cation

surface of the insulation of a grounding conductor of a flexible cord or a lead i
ction of an equipment-grounding conductor shall be green with or without one
b other leadshall be so identified.

E-binding screw intended for the connection of an equipment-grounding condu
bd hiead that is hexagonal, slotted, or both.

0 comply with

ntended solely
br more yellow

ctor shall have

16.2.3 A pressure wire connector intended for connection of an equipment-grounding conductor shall be

identified by:

a) Being marked "G," "GR," "GND," "Ground," "Grounding," or the like;

b)Am

arking on a wiring diagram provided on the appliance; or

c) The symbol shown in Figure 16.1 on or adjacent to the connector or on a wiring diagram
provided on the appliance.
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Figure 16.1
Grounding Symbol

IEC417, Symibol 5019

17 Live Parts

17.1 A currept-carrying part shall be ofsilver, copper, a copper-base alloy, or of other mefal suitable for
the particular gpplication.

17.2 An uninsulated live part(shall be secured to the surface on which it is mounted, apd supporting
insulating matgrial shall be secured in place to prevent the part from turning or shifting that|would reduce
the spacings Helow the minimum values indicated in Spacings, Section 22.

17.3 Friction| between” surfaces is not acceptable as a means of preventing shifting or furning of live
parts, but a sujtable lock washer properly applied may be acceptable.

18 Electrical Insulation

18.1 Aninsulating washer, bushing, or similar part that is an integral part of the appliance, and a base or
support for the mounting of a current-carrying part, shall be of a moisture-resistant material that is not
adversely affected by the temperatures to which the part, base, or support is subjected under conditions of
intended use. Molded parts shall be constructed so that the parts have the strength and rigidity to
withstand the stresses of intended service.

18.2 Insulating material shall be acceptable for the particular application. Materials such as mica and
certain refractory materials are acceptable for use as the sole support of live parts. Other materials not
acceptable for general use, such as magnesium oxide, are acceptable if used in conjunction with other
insulating materials, or if located and protected so that the risk of mechanical damage and the absorption
of moisture are reduced.
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18.3 With reference to 18.2, the factors that are to be considered when it is necessary to investigate a
material to determine acceptability with respect to thermal aging are as follows:

a) Mechanical strength;

b) Insu

lation resistance;

c) Heat-resistant qualities;

d) The

degree to which it is enclosed or protected; and

e) Any other features having a bearing on the risk of fire, electric shock, or injury to persons
involved in conjunction with the conditions of service.

18.4 A polyineric material used for direct or indirect support of a live part or used as _€élect

shall comply
18.5
should be sli

18.6 A prin
accordance W

19 Internal
19.1  Unless|
uninsulated |
conductor —s
following are {
a) The
b) Exp
c) Exp
19.2 Therm

material acce

In the ounting or supporting of a small fragile insulating part, a screw ©r, other fastq
not to be so tight as to result in cracking or breaking with expansion and contraction. Genera

pnd External Wiring and Connections

ith the applicable requirements in UL 746C.

tly loose.

ed-wiring board shall comply with UL 796, and shall be Classed V-0,
ith UL 94.

internal wiring complies with the requirements of this Standard when inve
ve part, insulated internal wiring .0f?,the appliance — including an equipn
hall consist of wire of a type or typesithat is acceptable for the particular applic
aken in to account:

temperature and voltage-to-which the wiring is subjected;
osure to oil, grease, or other substances that have a harmful effect on the insu

psure to moisture;

btable for the conditions of use.

rical insulation

ning means is
lly, such a part

-1, or V-2 in

stigated as an
ent-grounding
htion when the

ation; and

bplastic-inSulated wire employed for internal wiring shall be building wire or appliance wiring

19.3  Wiring

and connections between parts of the appliance shall be protected or enclos|

ed. See 19.15

for requirements for interconnecting cords and cables.

19.4 With reference to exposure of insulated wiring through an opening in the enclosure of the appliance,
wiring is considered to be protected as required in 19.3 if, when judged as though it were film-coated wire,
the wiring would be acceptable according to 19.13. Internal wiring not protected may be used if the wiring

is secured wit

hin the enclosure so that it is not subject to stress or mechanical damage.

19.5 A wireway shall be smooth and free from sharp edges, burrs, fins, moving parts, or similar features
that can damage the insulation on conductors.

19.6 A hole through which an insulated wire or wires pass in a sheet-metal wall within the overall
enclosure of the appliance shall be provided with a smooth, rounded bushing or shall have smooth,
rounded surfaces upon which the wire or wires can bear.
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19.7 A splice or connection shall be mechanically secure and shall provide reliable electrical contact.

19.8 A soldered connection shall be made mechanically secure before being soldered if breaking or
loosening of the connection results in a risk of fire, electric shock, or injury to persons.

Exception: A connection is not required to be made mechanically secure before being soldered if a
soldering or brazing material having a softening or melting point greater than 454 °C (849 °F) is used.

19.9 With reference to 19.7, a lead is considered mechanically secure when one or more of the following
conditions are met:

a) The lead has at least one full wrap around a terminal.

b) The
openin

lead has at least one right-angle bend where the lead is passed through
.

an eyelet or

c) The |ead is twisted with one or more other leads.

d) The
lead en

lead is strapped in place, or the equivalent, adjacent to the seldered connectipn to hold the

din place.

Exception: On
and solder te
through a hole

19.10 The p
acceptable un

a printed-wiring board that is soldered by a machine,process in which the
mperature are automatically controlled, bending“aever of a lead after it as
in the board is not required.

acing of a lead along a flat surface and“soldering (identified as tack sol
ess it can be demonstrated that a risk of fire, electric shock, or injury to perso

to occur with t

e lead detached.

Exception: Tagk soldering of a component is~acceptable if, when any one of the comporn
unsoldered, d the component and unsoldered lead are moved to any position, the (
unsoldered legd cannot contact any part involving a risk of fire, electric shock, or injury to per;

19.11 A wiretbinding screw or-aut shall be provided with a lock washer under the head o
under the nut fo prevent the screw or nut from becoming loosened due to vibration if such

result in shifti

of parts, thereby reducing spacings or otherwise resulting in a risk of fire, ele

soldering time
been passed

ering) is not
ns is not likely

ent's leads is
fomponent or
50NS.

F the screw or
0osening can
ctric shock, or

injury to persops. See Spacings, Section 22.

19.12 An op¢n-end spade lug is not acceptable unless additional means — such as upturngd ends on the
tangs of the lug—are provided to hold the lug in place if the wire-binding screw or nut becost loosened.

19.13 The means of connecting stranded internal wiring to a wire-binding screw shall be such that loose
strands of wire will be prevented from contacting other live parts — not always of the same polarity as the
wire — and from contacting dead-metal parts. This can be accomplished by using a pressure terminal
connector, soldering lug, or crimped eyelet, and by soldering all strands of the wire together, or by means
that have been determined to be the equivalent.

19.14 A splice shall be provided with insulation equivalent to that of the wires involved if spacing
between the splice and other metal parts is not permanently maintained.

19.15 A flexible cord or a cable assembly is acceptable for external interconnections if flexibility is
essential. The cord or cable shall be of a type that is acceptable for the service or use involved and shall
be provided with bushings and strain relief. See Supply Connectors — Cord Connected Appliances,
Section 14.
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20 Tabs Used in Electrical Quick-Connect Terminals
20.1 General

20.1.1 A tab shall comply with the material requirements in 20.2, and the dimensional requirements in
20.3.

20.2 Material requirements

20.2.1 A tab shall be made of plain or plated copper alloy, nickel, nickel alloy, or the materials specified in
Supply Connections — Permanently-Connected Appliances, Section 15.

20.2.2 After|shearing or removal, a tab that is provided on a feeder strip reel need not beg plated on the
edge of the cgnnector or tab where it was originally attached to the strip.

20.3 Dimenpsional requirements

20.3.1 A prpduction tab shall have the configuration shown in Figure 20.1 to Figure|20.3 and the
dimensions specified in Table 20.1 and Table 20.2. Figure 20.2 illustrate’s dimple detents and Figure 20.3
illustrates hol¢ detents.
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Figure 20.1

Tab Dimensions

a— P RADIUS
CENTER OF DETENT S P
(SEENOTE 1) MAX 0.76 mm —» e
(0.030in.) —
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i i
! :
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v ]
o
KL—EZ%& E1+—-> —» C =
SHOULDER OPTIONAL MAX 0.25.mm,(0.010 in.)
CUTOFF.FDASH ALLOWABLE
J NO WIBER OR THICKER THAN LEAD
L] D
Q! BEVEL H
CENTER OF DETENT B, "
(SEENPTE 1) MAX 0.76 1M — |«
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L - D ¢
i | l k
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L] D
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NOTE 1: For dimple and hole detent dimensions F, G, M, and N, see Figure 20.2 and Figure 20.3.
NOTE 2: Bevel "H" need not be a straight line if it is within the confines shown, and it may be a radius of "P".

NOTE 3: "Q" dimension is for tabs without shoulders.
NOTE 4: "L" dimension not specified.
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Figure 20.2

Dimensions of Dimple Detents
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Figure 20.3

Dimensions of Hole Detents

I__

DIA. HOLE
/

-

|
-
|

4
AN

SM1094A
Table 20.1

Tab'Dimensions in Inches
Nomi
nal size A B (min) (o] D E1 E2 F J M N P Q (min)
0.110x | 0.024 0.021(1\0.114 | 0.071 | 0.221 | 0.051 12° 0.067 | 0.055 | (.055
\(Z,‘i(tfo 0.014 | 0.275 | 0.019)]| 0.106 | 0.051 | 0.215 | 0.043 8° 0.055 | 0.039 | .012 | 0.319
dimple
0.110x | 0.024 0.021 | 0.114 | 0.071 | 0.221 | 0.051 12° q.055
\(/)w(t)hzo 0.014 0.275 0.019 0.106 0.051 0.215 0.043 8° q.012 0.319
hole
0.110x | 0.024 0.033 | 0.114 | 0.071 | 0.221 | 0.051 12° 0.067 | 0.055 | 0.055
\%&32 0.012 | 0.275 | 0.030 | 0.106 | 0.051 | 0.215 | 0.043 8° 0.055 | 0.039 | 0.012 | 0.319
dimple
0.110x | 0.024 0.033 | 0.114 | 0.071 | 0.221 | 0.051 12° 0.055
\(/)\}i(t)r?z 0.012 | 0.275 | 0.030 | 0.106 | 0.051 | 0.215 | 0.043 8° 0.012 | 0.319
hole
0.125x | 0.025 0.033 | 0.128 | 0.070 | 0.221 | 0.051 12° 0.067 | 0.053 | 0.055
\(/)\}i(t)r?z 0.015 | 0.275 | 0.031 | 0.122 | 0.056 | 0.215 | 0.045 8° 0.057 | 0.043 | 0.015 | 0.320
dimple
8:(1)22 x| 0025 | ;. | 0033 | 0128 | 0.070 [ 0.221 | 0.051 12° 0.055 | 40

Table 20.1 Continued on Next Page
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Table 20.1 Continued

Nomi
nalsize| A B (min) c D E1 E2 F J M N P Q (min)
with
hole 0.015 0.031 0.122 0.056 0.215 0.045 8° 0.015
0.125x | 0.025 0.021 0.128 0.070 0.221 0.051 12° 0.067 0.053 0.055
%i?ﬁo 0.015 0.275 0.019 0.122 0.056 0.215 0.045 8° 0.057 0.043 0.015 0.320
dimple
0.125x | 0.025 0.021 0.128 0.070 0.221 0.051 12° 0.055
%i(t)lfo 0.015 0.275 0.019 0.122 0.056 0.215 0.045 8° 0.015 0.320
hole
0.187 x | 0.03p 0.021 0.190 0.110 0.153 0.060 12° 0.067 0.059 D.067
\?\;&20 0.02¢4 0.244 0.019 0.181 0.091 0.147 0.050 8° 0.055 0:047 D.024 0.287
dimple
0.187 x | 0.03p 0.021 0.193 0.134 0.128 0.060 12° D.067
\?\;&20 0.02¢ 0.244 0.019 0.184 0.117 0.122 0.050 8° D.024 0.287
hole
0.187 x | 0.04p 0.033 0.190 0.110 0.153 0.060 12° 0.067 0.059 D.071
\?\;i(t)hsz 0.02y 0.244 0.030 0.181 0.091 0.147 0.050 8° 0.055 0.047 D.027 0.287
dimple
0.187 x | 0.04p 0.033 0.193 0.134 0.128 05060 12° D.071
\?\/’&32 0.02¢4 0.244 0.030 0.184 0.117 0.122 0.050 8° D.027 0.287
hole
0.205x | 0.04p 0.021 0.210 0.110 @153 0.075 12° 0.098 0.080 D.067
%i?ﬁo 0.02y 0.244 0.019 0.201 0.0941 0.147 0.063 8° 0.086 0.070 D.024 0.287
dimple
0.205x | 0.04p 0.021 0.210 0.134 0.128 0.075 12° D.067
8;;120 0.02y 0.244 0.019 0.201 0.117 0.122 0.063 8° D.024 0.287
hole
0.205x | 0.04p 0.033 0.210 0.110 0.153 0.075 12° 0.098 0.080 D.071
\%i?r?z 0.02y 0.244 0:030 0.201 0.091 0.147 0.063 8° 0.086 0.070 D.027 0.287
dimple
0.205x | 0.04p 0.033 0.210 0.134 0.128 0.075 12° D.071
\%i?r?z 0.02y 0244 0.030 0.201 0.117 0.122 0.063 8° D.027 0.287
hole
0.250 x | 0.040 0.033 0.253 0.161 0.163 0.080 12° 0.098 0.080 0.071
\(/)v-i?r?z 0.027 0.307 0.030 0.244 0.142 0.157 0.063 8° 0.086 0.070 0.027 0.350
dimple
0.250 x | 0.040 0.033 0.253 0.186 0.137 0.080 12° 0.071
%i?sz 0.020 0.307 0.030 0.244 0.169 0.131 0.063 8° 0.027 0.350
hole
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Table 20.2
Tab Dimensions in Millimeters

Nomi

nal size A B (min) (o] D E1 E2 F J M N P Q (min)
2.8 x 0.6 0.54 2.90 1.8 5.61 1.3 12° 1.7 14 1.4

%ii]";ilg‘ 0.3 7.0 0.47 2.70 1.3 5.46 1.1 8° 14 1.0 0.3 8.1
2.8 x 0.6 0.54 2.90 1.8 5.61 1.3 12° 1.4

O'ﬁ o"l";th 0.3 7.0 0.47 2.70 13 5.46 1.1 8° 0.3 8.1
2.8 x 0.6 0.84 2.90 1.8 5.61 1.3 12° 1.7 14 14

%ﬁn";ilg‘ 0.3 7.0 0.77 2.70 1.3 5.46 1.1 8° 1.4 1.0 0.3 8.1
2.8 x 0.6 0.84 2.90 1.8 5.61 1.3 12° 14

Oﬁo"l‘gth 0.3 7.0 0.77 2.70 13 5.46 1.1 8° 0.3 8.1
3.2x 0.6 0.84 3.25 1.8 5.61 1.3 12° 1.7 1.4 14

%ﬁn"gzg‘ 0.3 7.0 0.79 3.10 14 5.46 1.1 8° 1.4 1.1 0.3 8.1
3.2x 0.6 0.84 3.25 1.8 5.61 1.3 12° 14

Oﬁo"lgth 0.3 7.0 0.79 3.10 14 5.46 1.1 8° 0.3 8.1
3.2x 0.6 0.54 3.25 1.8 5.61 1.3 12° 1.7 14 14

%I‘:'m";'lteh 0.3 70 1 oas | 310 | 14 | 546 | 1.1 8° 14 14 0.3 8.1
3.2x 0.6 0.54 3.25 1.8 5.61 13 12° 14

Ofo"lvéth 0.3 7.0 0.48 3.10 14 5.46 1.1 8° 0.3 8.1
4.8 x 0.9 0.54 4.80 2.8 3:89 15 12° 1.7 15 1.7

%ﬁnv,ﬂ:] 0.6 6.2 0.47 4.60 2.3 3.73 1.3 8° 1.4 1.2 0.6 73
4.8 x 0.9 0.54 4.90 34 3.25 15 12° 1.7

Oﬁ o‘?’;th 0.6 6.2 0.47 4.67 3.0 3.10 1.3 8° 0.6 73
4.8 x 1.0 0.84 4.80 2.8 3.89 15 12° 1.7 15 1.8

%ﬁ;’;}:‘ 0.7 6.2 0.77 4.60 23 3.73 13 8° 14 1.2 0.7 73
4.8 x 1.0 0.84 4.90 34 3.25 15 12° 1.8

0':0"'V;th 0.6 6.2 0.77 4.67 3.0 3.10 13 8° 0.7 73
5.2 x 1.0 0.54 5.30 2.8 3.89 1.9 12° 25 2.0 1.7

%%Vgilg‘ 0.7 Vi 0.47 5.10 2.3 3.73 1.6 8° 2.2 1.8 0.6 73
5.2 x 1.0 0.54 5.30 34 3.25 19 12° 1.7

Oﬁo"lﬂth 0.7 6.2 0.47 5.10 3.0 3.10 16 8° 0.6 73
5.2 x 1.0 0.84 5.30 2.8 3.89 1.9 12° 25 2.0 1.8

%ﬁn";ilg' 0.7 6.2 0.77 5.10 2.3 3.73 1.6 8° 22 1.8 0.7 73
5.2 x 1.0 0.84 5.30 3.4 3.25 1.9 12° 1.8

O'SO"IV;th 0.7 6.2 0.77 5.10 3.0 3.10 1.6 8° 0.7 73
6.3 x 1.0 0.84 6.40 4.1 4.14 2.0 12° 25 2.0 1.8

%ﬁq";g‘ 0.7 8 0.77 6.20 36 3.99 1.6 8° 2.2 1.8 0.7 8.9
6.3 x 1.0 0.84 6.40 47 3.48 2.0 12° 1.8

Ofo"lﬂth 0.5 78 0.77 6.20 4.3 3.33 1.6 8° 0.7 8.9
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20.3.2 All portions of a production tab shall be flat, its surfaces not deviating more than 0.010 inch/inch
(0.010 mm/mm), and free of burrs greater than 10 % of the tab thickness, or raised plateaus.

20.3.3 With regard to 20.3.2, in an area 0.050 inch (1.3 mm) surrounding the detent, a raised plateau
over the stock thickness of 0.001 inch (0.03 mm) per side is acceptable.

20.3.4 For an optional shoulder, the minimum dimension shall be 0.045 inch (1.14 mm). See dimension
"K" of Figure 20.1. There shall not be any obstructions within 0.045 inch (1.14 mm) of the "K" dimension
end of the area defined by dimension "B."

20.3.5 If the detent is located with reference to a shoulder, it shall be located on the tab in accordance
with dimension "E2." If no shoulder is provided, the detent shall be located on the tab in accordance with
dimension "E{." The center of a hole or detent shall be within 0.003 inch (0.08 mm) of theic¢nterline of the

tab. The dept
20.3.6 Beve
20.3.7 Dime
21

211
2111

Insul

Exception: Cq
be segregate

21.1.2 Insul
connected to

21.1.3 Segr
permanent 1/

n of a dimple, dimension "G" on Figure 20.2, shall not be less than 0.003 inch (
"H" shall be approximately 45°. See Note 2 to Figure 20.1.

nsional measurements shall not include plating, burrs, or flatness tolerance.

Separation of Circuits

Separation between different internal wiring circuits (factory-installed conductg

bted conductors shall be segregated or separated by barriers from each other.

nductors provided with insulation rated“for the highest voltage involved are
) or separated.

bted conductors shall be segregated or separated by barriers from uninsul
Hifferent circuits.

pgation accomplished, by clamping, routing, or equivalent means that provid
L-inch (6.4-mm) separation between applicable conductors complies with 21.1

D.08 mm).

rs)

not required to

hted live parts

BS a minimum
1and 21.1.2.

21.2 Separation between-different field wiring circuits (field-installed conductors)

21.2.1 The
—see 214 -
circuit. Table

pliance’shall be constructed so that field-installed conductors of any circuit &

re segregated
d to any other

p
}r separated by barriers — see 21.5 — from field-installed conductors connecte

12 summarizes the requirements.

Exception No. 1:

circuits.

Segregation or separation is not required between conductors of different Class 2

Exception No. 2: Segregation or separation is not required between conductors of different Class 3
circuits if each circuit is wired with CL3, CL3R or CL3P, or equivalent conductors.

Exception No. 3: Segregation or separation is not required between conductors of Class 2 and Class 3
circuits provided that both circuits are insulated for the maximum voltage of either circuit — see 70.15.

Exception No. 4: Segregation or separation is not required when both circuits are other than Class 2 or
Class 3 provided that the Class 1, Electric Light, or Power circuits are wired with conductors rated for the
maximum voltage of either circuit.


https://ulnorm.com/api/?name=UL 979 2024.pdf

60 UL 979 AUGUST 26, 2024

Exception No. 5: Segregation or separation is not required between conductors of a limited energy (Class
2 or Class 3) circuit and a non-limited energy (Class 1, Electric Light, or Power) circuit provided that:

a) The limited energy conductors are intermingled in order to accommodate the connection of the
limited energy circuit to the appliance;

b) The non-limited energy circuit is 150 V. or less to ground; and

c) The appliance is marked to indicate that the limited energy circuit is to be wired with Types CL3,
CL3R, CL3P, or the equivalent conductors as shown in Table 21.2. See 70.15.

Exception No. 6: Segregation or separation is not required between conductors of a limited energy (Class
2 or Class 3) circuit and a non-limited energy (Class 1, Electric | ight, or Power) circuit provided that:

a) The
limited

limited energy conductors are intermingled in order to accommodate the ¢conpection of the
energy circuit to the appliance;

b) The non-limited energy circuit is 150 V. or less to ground; and

c) The th conductors

suitabl,

appliance is marked to indicate that the limited energy circuit is'to be wired w
b for Class 1, Electric Light, or Power circuits. See 70.16.

Table 21.1
Segregation or Separation Between Field:Installed Conductors

Circuit type

Circujt 1 Circuit 2 Applicable paragraph Comments

Non-limite

energy

Non-limited Energy

Exception 4 to 21.2.1

Segregation o
not required

separation is

Non-limite

energy

Class'2

Exceptions 5 and 6 to 21.2.1

Markings need
higher voltage
Class 2 fieId-irl
conductors

ed requiring
insulation on
stalled

Non-limite

energy

Class 3

Exceptions 5 and 6 to 21.2.1

Markings need
higher voltage
Class 3 field-ir]
conductors

ed requiring
insulation on
stalled

Clas:

Class 2

Exception 1 t0 21.2.1

Segregation o
not required

separation is

Clas

Class 2

Exception 3 t0 21.2.1

Markings need

ed requiring

higher voltagelinsulation on
fielg;i_n_g_t@_u_eg_ionductors

Class 3

Class 3

Exception 2 to 21.2.1

Segregation or separation is

not required

Table 21.2
Cable Substitutes for Type CL3, CL3P, and CL3R Cables
Cable type Cable substitutes
CL3P, CL3R, CM, CMG, CMP, CMR, FPL, FPLP, FPLR, and
CL3
PLTC
CL3P CMP and FPLP
CL3R CL3P, CMP, CMR, FPLP, and FPLR
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21.3 Separation between field wiring circuits (field-installed conductors) and internal wiring
circuits (factory-installed conductors)

21.3.1 Separation between field-installed conductors and factory-installed conductors shall be as
described in 21.2. Table 21.3 summarizes the requirements.

Exception No. 1: Factory-installed conductors that can intermingle with field-installed conductors shall be
provided with insulation rated for the highest voltage of either circuit.

Exception No. 2: In addition to the requirements in 21.2, an appliance that permits field-installed
conductors to intermingle with factory-installed conductors shall be marked to indicate that the field-
installed conductors are to be provided with _insulation rated for the highest voltage of either circuit. See
70.15, 70.16, jand 70.18.

Table 21.3
Segrggation or Separation Between Factory-Installed and Field-Installed Condpuctors
Circuit type
Factory-instajled Field-installed .
conductor$ conductors Applicable paragraph Comments
Exception 4 to 21.2.1; .
- | e . ’ Both conductors need to be rated fof the highest
Non-limited engrgy Non-limited energy | Exceptions 1 and 2 to voltage involved
21.31
Non-limited enprgy Class 2 Exception 5 to 21.2.1 Mar_king_s needed requiring higher vgltage insulation
T N on field-installed conductors
- Exceptions 5 and.6 to Markings needed requiring higher vgltage insulation
Non-limited enp
on-imited enpray Class 3 21.2.1 on field-installed conductors
- . Factory-installed conductors need insulation rated
Class 2 Non-limited energy | Exceptiop.1 to 21.3.1 for the highest voltage involved
Class 2 Class 2 Exception 1 to 21.2.1 Segregation or separation is not reqpired
. Factory-installed conductors need insulation rated
Class 2 Class 3 Exception 10 21.3.1 for the highest voltage involved
- . Factory-installed conductors need insulation rated
Class 3 Non-limited energy | Exception 1t021.3.1 for the highest voltage involved.
Exception 3 to 21.2.1; Markings needed requiring higher vgltage insulation
Class 3 (yes 2 Exception 2 to 21.3.1 on field-installed conductors
Class 3 Class 3 Exception 2 to 21.2.1 Segregation or Separation is not required

21.3.2 Insulated field-installed conductors shall be segregated or separated by barriers frgm uninsulated
live parts connected to a different circuit.

Exception No. 1: Insulated non-limited energy field-installed conductors are not prohibited from contacting
wiring terminals of different non-limited energy circuits.

Exception No. 2: Field-installed conductors of a limited energy circuit are not prohibited from contacting
terminals of a different limited energy circuit provided that the short-circuiting of the terminals does not
result in a risk of fire, electric shock, or injury to persons.

21.4 Segregation methods

21.4.1 Segregation accomplished by clamping, routing, or equivalent means that provides a minimum
permanent 1/4-inch (6.4-mm) separation between applicable conductors complies with 21.2.1 and 21.3.1.
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21.4.2 When field-installed conductors are segregated in accordance with 21.4.1, the segregation of the
conductors complies with 21.4.1 when the segregation is from each other, from uninsulated live parts and
from factory-installed conductors by locating openings in an enclosure for the various conductors — with
respect to the terminals or other uninsulated live parts — so that a minimum permanent 1/4-inch (6.4-mm)
separation is provided.

21.4.3 With reference to 21.4.2, if the number of openings in the enclosure does not exceed the
minimum required for the proper wiring of the appliance, and if each opening is located opposite a set of
terminals, a conductor entering an opening shall be connected to the terminal opposite that opening. If
more than the minimum number of openings are provided, the effect of a conductor entering an opening
other than the one opposite the terminal to which the conductor is intended to be connected and the
likelihood of the conductor contacting insulated conductors or uninsulated live parts connected to a
different circuifis 1o be investigated.

21.4.4 To de ance is to be

wired as inten

termine if the appliance complies with 21.4.1, 21.4.2, and 21.4.3, the appli
ed for service with:

a) Six tp twelve in of slack left in each conductor; and

b) No more than average care exercised in stowing the slack into the wiring compartnjent.

21.5 Separation methods
that in some

21.5.1 With respect to 21.2.1 and 21.3.1, if the intended. uses of the appliance is such

applications a|
barrier or one
such a barrier

wiring diagranj is not prohibited from being used indieu of a barrier if, upon investigation, th

is determined

21.5.2 Cond
from a limited
an enclosure (
conductors ar
nonconductor
of the tubing s
tubing shall be

barrier is required while in some other applications no barrier is required,
having openings for the passage of conductors is not prohibited. Instructions
shall be a permanent part of the appliance. Complete instructions in conjt

o comply with these requirements.

ictors from a non-limited energy (Class 1, Electric Light, or Power) field-instal
energy (Class 2 or Class 3) field-installed circuit that are routed through a sin
f a permanently conpected appliance complies with the intent of 21.2.1 if the
e separated from-the non-limited energy conductors by a continuous an
such as flexible-tubing. Tubing that complies with UL 224, is acceptable. The
hall not be less.than the maximum voltage rating of the non-limited energy co
provided/as part of an installation kit with the appliance. See 70.17.

a removable
for the use of
nction with a
b combination

ed circuit and
hle opening in
imited energy
d firmly fixed
voltage rating
nductors. The

22 Spacing$g

22.1 General

22.1.1 The spacings in a circuit shall comply with Table 22.1.

Exception No. 1: Minimum 1/32 inch (0.8 mm) through air and over surface spacings before potting for
parts that are potted in an insulating compound may be applied. A thermoplastic potting compound is to be
evaluated with regard to its acceptability for the application. If an investigation is necessary to determine if
a material may be used, such investigation is to be conducted in accordance with UL 746C. Consideration
is to be given to:

a) The mechanical strength of the material, resistance to hot wire ignition, resistance to high-
current-arc ignition, resistance to high-voltage-arc ignition, dielectric strength, insulation resistance,
and heat-resistant qualities, in both the aged and unaged conditions;

b) The degree to which the material is enclosed; and
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c¢) Any other feature affecting the risk of fire, electric shock, electrical high-energy current levels, or
injury to persons.

Exception: All factors are to be considered with regard to conditions of actual service.

Exception No. 2: On a printed-wiring board, the over surface spacing may be reduced to 1/32 inch
(0.8 mm) if the board is coated with a conformal coating complying with UL 746C.

Exception No. 3: On a printed-wiring board, spacing requirements (other than for spacings to ground,
between different circuits, and at field wiring terminals) may be waived between traces of different
potentials connected in the same circuit if:

o

a) The spacings comply with the Printed-Wiring Board Shorted-Trace Test, Section.6!

b) The printed-wiring board has a flammability classification of V-0, in .@ccordance with the
requirgments in UL 94; and

¢) Thg printed-wiring board is constructed from a base material having’a minimum Comparative
Trackihg Index (CTI) Performance Level Category rating of 2 in accordance with UL T46C.

Table 22.1
Spacings in Line-Voltage Circuits
Minimum spagings
Through air Dver surface
Location involved Voltage, AC Inch (mm) Inch (mm)
0-150 1/4 (6.4) 14 (6.4)
Between field-wiring terminals of opposite polarity 151 =300 1/4 (6.4) /8 (9.5)
301-600 3/8 (9.5) 12 (12.7)
0-50 116 (1.6) 116 (1.6)°
Between uninsylated live parts of opposite polarity or between an 51—150 1/8 (3.2) /4 (6.4)°
uninsulated live|part and a grounded part-other than the b
enclosure® 151 - 300 1/4 (6.4) /8 (9.5)
301 -600 3/8 (9.5) /2 (12.7)
Between an unipsulated livepart'and the walls of the metal
enclosure, or other accessible dead metal part, including fittings 0-600 12 (12.7) 2 (12.7)
for conduit or armored cable®

2 n a portable appliance using a fractional horsepower motor rated 300 V or less, the spacing through air or over surface may be
3/32 inch (2.4 njm) mihimum; and if the motor rating does not exceed either 1/3 hp (250 W output) or 150 V, the spacings may be
1/16 in minimunT:

® For printed-wiring boards, see Exception No. 1 — 3 to 22.3.1.

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

22.1.2 An insulating barrier or liner used as the separation (with or without an air spacing) between
uninsulated live parts and grounded dead-metal parts, including the enclosure, or between uninsulated
live parts of opposite polarity, shall be of a material that has been determined to be acceptable for the
mounting of uninsulated live parts. The material shall not be less than 0.028 inch (0.71 mm) thick.

Exception No. 1: Insulating material less than 0.028 inch thick may be used if it has been investigated and
determined to be acceptable for the application.
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Exception No. 2: A barrier or liner that is used with not less than one-half the required spacing through air
may be less than 0.028 inch but not less than 0.013 inch (0.33 mm) thick if the barrier or liner is of a

material that:

a) Has been investigated and determined to be acceptable for the mounting of an uninsulated live

part;

b) Is of the necessary mechanical strength if exposed or otherwise likely to be subjected to
mechanical damage;

c) Is reliably held in place; and

d) Is located so that it will not be adversely affected by operation of the appliance in service.

22.1.3 When used in conjunction with a minimum 1/32-inch (0.79-mm) air spacing,-fiber
0.028 inch (0.11 mm) thick may be used:

a) As the sole separation between the enclosure and an uninsulated part-electrically g
grounded-circuit conductor; or

b) For

22.1.4 Insulg
adjacent windi

a) Elec
total th

b) Othgr insulating material mechanically and, thermally equivalent to that of (a) havi

breakd
Exception No.

Exception No.
and the windin

a) The
the pot
the inn

b) The

n uninsulated live part.

tion between a crossover lead and the turns of the winding to which it is ¢
ng, the metallic enclosure, and the core, shall be-one of the following:

trical grade paper, waxed or otherwise treated to resist the absorption of mois
ckness not less than 0.013 inch (0.33 mm).

bwn strength of 2500 V or more in the thickness used.
1. The spacings specified.in-Table 22.1 may be provided in lieu of insulation.

2: Any type and thickness of insulation, or a through air spacing, between a @
g to which it is connected may be used if either:

insulation withstands the dielectric voltage-withstand test potential described
ential appliedsbetween the coil leads and with the coil lead cut at the point w
br layer;-oF

insuilation withstands the induced-potential test described in 46.2.

not less than

onnected to a

bnnected, the

ture, having a

g a dielectric

rossover lead

in 46.1.1 with
here it enters

Exception No. 3: This requirement does not apply to insulation between a Class 2 secondary crossover

lead and:
a) The

b) The

secondary winding to which the crossover lead is connected;

metallic enclosure; and

c) The core.

22.1.5 A slot in a molded bobbin for guiding the crossover or start lead (unspliced at the windings) of a
magnet-coil may be used as crossover-lead insulation if:

a) The slot provides a graduated through air spacing to the winding, increasing to the end turns;

and
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b) The magnet-coil winding withstands the induced potential test described in 46.2.1 — 46.2.3.

22.1.6 The spacings in a component shall not be less than the minimum spacings required for the
component or the spacings specified in Table 22.1, whichever are smaller.

22.1.7 Regarding spacing requirements, film-coated magnet wire is considered to be an uninsulated live

part.

22.1.8 The spacings within a motor shall comply with the requirements in UL 1004-1.

22.2 Low-voltage and isolated limited-energy circuits

22.21 Spad
specified.

ings between components of low-voltage and isolated limited-energy. \ci

22.3 High-violtage circuits

22.3.1 Spad
a) Insu
b) Oth

c) Dead

Exception No|
in22.1.2, is u

Exception No
conformal coa

Exception No
between trace

a) The

b) Th

ings between an insulated or uninsulated high-voltage part and;
lated or uninsulated line-voltage circuit parts;
br high-voltage parts of opposite polarity; and

d metal shall comply with Table 22.2.

1: The spacing requirements in Table 22:2 may be waived if a barrier or line
sed.

2: The spacing requirementsxin’Table 22.2 may be waived if epoxy potting

tings, as described in Exceptions Nos. 1 and 2 to 22.1.1, respectively, are use

s of different potentials located in the same high-voltage circuit if:

b printed<wiring board has a flammability classification of V-0 in accord

requir¢gments inUL 94, and

c) The
Categ

Exception No

. 3: On a printed wiring board, the spacing requirements in Table 22.2 n

appliance complies with the Printed-Wiring Board Shorted-Trace Test, Sectiorn]

rcuits are not

. as described

compounds or
.

ay be waived

63;

ance with the

brmance Level

printed wiring board has a minimum Comparative Tracking Index (CTI) Perfd

ory Tating of +imaccordance withr U 746€:

. 4: High-voltage wiring need not comply with Table 22.2.

Exception No. 5: The high-voltage secondary circuit of an electrostatic appliance shall comply with the
spacing requirements in UL 867.
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Table 22.2
Minimum Acceptable Spacings

Minimum spacings, in (mm)
Potential involved, V Location 601 —1000 V 1001 — 1500 V

Through air 0.55 (14.0) 0.70 (17.8)

Between any uninsulated live part and an uninsulated live Through oil 0.45 (11.4) 0.60 (15.2)
part of opposite polarity, an uninsulated grounded part other -

than the enclosure, or an exposed metal part Over surface air 0.85(21.6) 1.20 (30.5)

Over surface oll 0.62 (15.7) 0.70 (17.8)

Between any uninsulated live part and the wallls of a metal Through air or oil 0.80 (20.3) 1.20(30.5)

enclosure, including fittings for conduit or armored cable Oversurace 1-00-(25.4) 1.65 (41.9)

23 Spacings On Printed Wiring Boards

23.1 As an ajternative to the spacing requirements of Table 22.1, the spacing requirements|in UL 840 are
able to be used. The spacing requirements of UL 840 shall not be used.for, field wiring ferminals and
spacings to a lead metal enclosure.

23.2 The follpwing end use factors from this Standard shall be applied:
a) For the applicable Overvoltage Category, see Table 29.1;
b) For {he applicable Material Group, see Table 29.2;

c) For the applicable Pollution Degree, see Table 29.3.

23.3 In order to apply Clearance B (controlled overvoltage) clearances, control of overvgltage shall be
achieved by groviding an overvoltage device or system as an integral part of the product| This voltage
limiting device|or system shall comply with(UL 1449, and be a type suitable for the end-use application.

23.4 All prinfed wiring boards are identified as having a minimum comparative tracking ijndex (CTI) of
100 without fufther investigation,fer evaluation to UL 840.

24 Capacitors

24.1 A capagitor provided as a part of a capacitor motor and a capacitor connected across|the line (such
as a capacitof for radio-interference elimination or power factor correction) shall be housed within an
enclosure or cpntainer such that the plates are not subject to mechanical damage and the rigk of emission
of flame or molten material resulting from malfunction of the capacitor is reduced. The container shall be of
metal providing strength equivalent to uncoated steel having an average thickness of 0.020 inch
(0.51 mm). Sheet metal having an average thickness less than 0.026 inch (0.66 mm) shall not be used.

Exception No. 1: The individual container of a capacitor may be of thinner sheet metal or may be of
material other than metal if the capacitor is mounted in an enclosure that houses other parts of the
appliance and provided that such a box, case, and the like is rated for the enclosure of current-carrying
parts.

Exception No. 2: The individual enclosure of an electrolytic capacitor with means for venting is required to
be such as to reduce the risk of mechanical damage only, and the requirement for minimum enclosure
thickness does not apply. The individual enclosure of an electrolytic capacitor not provided with means for
venting but provided with an opening more than 1/16 inch (1.6 mm) wide between the capacitor enclosure
and the motor need not comply with the requirement for enclosure thickness if it complies with 62.1.
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24.2 If a capacitor that is not a part of a capacitor motor or a capacitor-start motor is so connected in an
appliance that capacitor breakdown would result in any risk of fire or electric shock, thermal or overcurrent
protection shall be provided in the appliance to reduce such a risk.

24.3 A capacitor employing a dielectric medium of wax or of liquid other than askarel shall comply with
UL 810.

24.4 Capacitors other than as used in 24.1 — 24.3 shall comply with the requirements in UL 60384-14,
and be rated for the intended application, including operating voltage, subclass, Upper and Lower
Temperature rating. The duration of the damp-heat test shall be 21 days for indoor use appliances and 56
days for appliances permanently installed outdoors.

25 Lampholders

25.1 A lamgholder shall be of the unswitched type and shall have a body of porcelain or{other suitable
molded comppsition. A lampholder employing fiber or similar absorptive material.shall not bg used.

25.2 Alampholder having an aluminum screw shall not be used.

25.3 A hougehold appliance shall be constructed so that an ultraviolet radiation lamp cormppartment can
be accessed pnly through an interlocked enclosure panel. The inteflock shall interrupt power to the lamp.

25.4 The adtuator of a switch employed as an interlock shall*be located or guarded so aq to reduce the
risk of injury tp persons resulting from unintentional operation of the switch. The actuator shall be guarded
by recessing, [ribs, barriers, or the like.
26 Parts Sybject to Pressure

26.1 General

26.1.1 A part of an appliance that.i$ subjected to air, vapor, or water pressure dunjng normal or
anticipated alhnormal operation shall withstand a pressure in accordance with 26.2 — 26.4.

Exception No| 1: A system designed to utilize only atmospheric pressure or gravity flow arg not subject to
the pressure fest requirement.

Exception No| 2: Ascomponent downstream from the system on/off valve that is not subjgct to pressure
under the off nade and contains no media subject to plugging or is not designed to contajn media is not
subject to the|pressure test.

Exception No. 3: A section of a pressure system constructed of continuous tubing or of lengths of tubing
connected by conventional tubing fittings or hard-soldered, brazed, or welded joints if study and analysis
indicate that the strength of the part is adequate for the purpose. See Table 26.1 for pressure ratings of
common types of tubing.

Exception No. 4: This requirement does not apply to a pressure vessel bearing the ASME code inspection
symbol — other than the UM symbol — provided the vessel is marked with a value of working pressure not
less than that to which it is subjected during normal or abnormal operation.
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Table 26.1
Minimum Wall Thickness for Copper and Steel Tubing

Outside diameter Wall thickness Maximum gauge pressure to which tubing is subjected, PSI (MPa)
Inch (mm) Inch (mm) Seamless copper Butt-welded steel Seamless steel
3/8 or less (9.5) 0.016 (0.41) 500 (3.45) 600 (4.14) 1000 (6.90)
1/2 (12.7) 0.016 (0.41) 400 (2.76) 480 (3.31) 800 (5.52)
5/8 (15.9) 0.016 (0.41) 320 (2.21) 384 (2.65) 640 (4.42)
5/8 (15.9) 0.021 (0.53) 420 (2.90) 504 (3.48) 840 (5.80)
3/4 (19.0) 0.021 (0.53) 360 (2.48) 432 (2.98) 720 (4.97)
3/4 (700 0.025 (0-64) 420 (2-90) 504 (3-48) 840 (5.80)
1 (k5.4) 0.021 (0.53) 260 (1.79) 312 (2.15) 520 (3.59)
1 (k5.4) 0.025 (0.64) 320 (2.21) 384 (2.65) 640 (4.42)
26.1.2 If a test is necessary to determine compliance with 26.1.1, the part shall comply with the

Hydrostatic St
26.2 Partss

26.2.1 A pre
more than 15
Vessel Inspec
symbol of the

pressure detefmined in accordance with 26.2.3 (a) — ().

26.2.2 A pre
procedure of t

26.2.3 A par
abnormal ope

a) The

b) The
valve s

c) The

fength Test, Section 56.
ubject to air or vapor pressure

5sure vessel having an inside diameter more than<6 in (152 mm), subjected
psig (102 kPa), and eligible to be covered by ‘the National Board of Boiler

American Society of Mechanical Engineefs (ASME) for a working pressure no

ssure vessel, because of its application, not covered by the scope of t
ne ASME code shall comply wjth-26.2.3.

t of an appliance that is subjected to air or vapor pressure during normal
ation shall withstand,a pressure corresponding to five times:

relief-valve pressure setting provided in the system;

maximum.pressure that can be developed in the system — but not greater
etting; or

marked maximum pressure to which the system might be exposed by an extg

source

to a pressure
and Pressure

fors shall be marked in accordance with the appropriate boiler and pressure vessel code

less than the

he inspection

br anticipated

han the relief

rnal pressure

26.3 Partss

26.3.1

ubject to municipal water pressure

If a part has a capacity that does not exceed 120 gal (454 L) and is subject to household water

pressure, the part shall be subjected to the Hydrostatic Strength Test described in Section 56 at 300 psi

(2068 kPa) for
26.4 Partss

26.4.1

15 min.

ubject to pump pressure

A part of an appliance that is subjected to water pressure generated only by pumps integral to the

appliance during normal or anticipated abnormal operation shall withstand a pressure corresponding to
1.5 times the maximum working pressure, or 1.5 times the maximum setting of a pressure relief device,

whicheveris g

reater.
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27 Pressure-Relief Devices

271

might be generated by an external source of heat.

A means for relieving pressure shall be provided for the complete appliance in which pressure

Exception: A part of a system installed in the plumbing of a commercial or industrial installation is not
required to have a separate pressure relief device.

27.2 A means for relieving pressure — a pressure-relief device, a fusible plug, a soldered joint,
nonmetallic tubing, or other equivalent means — shall be employed to comply with 26.2.1.

27.3 There
intended to p

27.5 The st
marked worki

27.6 Apres
a) Be

b) Be

tect.

| having an inside diameter of more than 3 inches (76 mm) and subject tq
rated or stored within the appliance shall be protected by a pressure=relief dey

ari-to-discharge pressure setting of a pressure-relief devicezshall not be h
g pressure. The discharge rate of the device shall be adequate to relieve the |

bure-relief device shall:
tonnected as close as possible to the part of the-appliance that it is intended to

installed so that it is readily accessible.fof’inspection and repair, and can

renderled inoperative so that it will not perform its\intended function; and

c) Hav

27.7 A pres
unless the adj

27.8 Ifapreg
pressure in a

e its discharge opening located and\directed so that:

1) Operation of the device will*not deposit moisture on bare live parts or o
components detrimentally affected by moisture; and

2) The risk of scalding persons is reduced.

sure-relief deviee having an adjustable setting shall be investigated at the ma
usting means.is reliably sealed at a lower setting.

ssure-relief device is required in accordance with 27.5, a control depended u
vesselshall:

a cottine ~Af A than QN 0/ ~Ff thin potinesy ~AF tho

arts that it is

air or stream

ice.

gher than the
bressure.

protect;

hot be readily

n insulation or

ximum setting

bon to limit the

a) Have-a-meaxim

ayAaL L Ao o e + o
Ca oA IO PToSSuUrc— oty O ot hore—aiar Jo— 70 U aio—rauttyg- O o

ressure-relief

device. Compliance with UL 60730-1, and/or the applicable Part 2 standard from the UL 60730

series;

or

b) Operate so that the pressure-relief device described in 27.7 does not operate during or after the
test described in 27.9.

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

28 Switches and Controls

28.1

circuit (load) that it controls.

A switch or other control device shall not have current and voltage ratings less than those of the
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28.2 If unintentional operation of a switch can result in a risk of injury to persons, the actuator of the
switch shall be located or guarded so that such operation is unlikely.

28.3 A switch with a marked off position shall open all ungrounded conductors. If the appliance is cord
connected and not provided with a polarized attachment plug cap, all supply conductors shall be
considered to be ungrounded regardless of the voltage rating of the appliance.

28.4 The current rating of a switch or other control device that controls a solenoid, a magnet, a
transformer, an electric-discharge-lamp ballast, or another inductive load shall be at least twice the rated
full-load current of the component that it controls unless the switch is rated for the particular application.

28.5 A switch that controls a lampholder for an incandescent lamp other than a 15-W or smaller pilot or
indicating lamp shall be of a type that is acceptable for use with tungsten-filament lamps.

28.6 A switch or other device controlling a motor shall be rated in horsepower. A switch of other device
controlling a coil shall be rated for pilot duty.

28.7 A switch or other device not having a rating as specified in 28.6 shalheomply with the Switch and
Control Overldad Test, Section 59.

28.8 Switchgs that comply with UL 61058-1, shall be rated as specified in 28.9 — 28.11.

28.9 Power gwitches shall be rated as follows:
a) For a voltage not less than the rated voltage of.ithe appliance;
b) ForI current not less than the rated curreptof the appliance;
c) For Continuous Duty;

d) With respect to load:

1) Switches for motor-operated appliances: for resistance and motor load| if the switch
would encounter this\load in normal use; or

2) Switches maybe regarded as switches for a declared specific load and may be classified
based uporithe load conditions encountered in the appliance under normal logd.

e) ForIc if the'appliance is rated for ac;

f) For deif the appliance is rated for dc.

28.10 Ratings and load classifications for switches other than power switches shall be based on the
conditions encountered in the appliance under normal load .

28.11 Switches shall also be rated with respect to endurance as follows:
a) Power switches: 6000 cycles;

b) Power switches provided with series electronics shall be subject to an additional 1000 cycles of
operation with the electronics bypassed;

c) Switches other than power switches, such as speed selector switches, that may be switched
under electrical load: 1000 cycles;

d) The following non-power switches are not required to be rated for endurance:
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1) Switches not intended for operation without electrical load, and which can be operated
only with the aid of a tool or are interlocked so that they cannot be operated under electrical

load; or

2) Switches for 20 mA load as classified in UL 61058-1.

29 Controls — End Product Test Parameters
29.1 General
29.1.1 Spacings of controls shall comply with the electrical spacing, or clearances and clearance

distance requi

rements of the applicable control standard as determined in Controls, 6.6.

29.1.2 Whe
declaration of

29.2 Auxilia
29.2.1 Auxil
29.2.2 Auxil

Exception: Af
considered to|

29.3 Opera

29.3.1 The

the control’s tolerance before and after certain conditioning tests.
ry controls
ary controls shall not introduce a risk of electric shock, fire torpersonal injury.

ary controls shall comply with the requirements of thiS'end product standard

) auxiliary control that complies with a component standard(s) specified in

comply with this requirement.

ing controls (regulating controls)

acceptability ¢f an operating control investigated using UL 60730-1:

a) Cor
b) Unl
6,000
condit

c) Inst

d) For

trol action Types 1 or 2;

bss otherwise specified in this Standard, manual and automatic controls sha
cycles with under maximum normal load conditions, and 50 cycles u
ons;

hllation class 2 in accordance with IEC 61000-4-5;

the.applicable Overvoltage Category, see Table 29.1;

e) For

e reference is made to declared deviation and drift, this indicates the rlnanufacturer’s

ontrols, 6.6 is

following test parameters shall be among the items considered when judging the

| be tested for
hder overload

the-appticabte Materiat-Group, see Tabte 29:2;amd

f) For the applicable Pollution Degree, see Table 29.3.

Table 29.1
Overvoltage Categories

Appliance Overvoltage category

Control located

Intended for fixed wiring connection

Portable and stationary cord-connected

in low-voltage circuit |

equipment that

would increase the risk of fire or electric shock.

NOTE: Applicable to low-voltage circuits if a short circuit between the parts involved may result in operation of the controlled
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Table 29.2
Material Group

CTI PLC value of insulating materials

Material group

CTI 2600 (PLC = 0) [

400 < CTI <600 (PLC = 1) [

175 < CTI <400 (PLC = 2 or 3)
100 < CTI < 175 (PLC = 4)

Ila
Ilb

NOTE: PLC stands for Performance Level Category, and CTI stands for Comparative Tracking Index as specified in UL 746A.

Table 29.3
Pollution Degrees

Appliance control microenvironment

Pollution
degree

No pollution or o
or encapsulated
achieve this deg

hly dry, nonconductive pollution. The pollution has no influence. Typically a hermetically sealed
control without contaminating influences, or printed wiring boards with a protective coating can
ee.

1

Normally, only n
expected. Typica
degree.

nconductive pollution. However, a temporary conductivity caused by eondensation may be
lly indoor appliances for use in household or commercial clean envirohments achieve this

Conductive polld

composite brus

tion, or dry, nonconductive pollution that becomes conductive'due to condensation that is

s, or outdoor use appliances achieve this degree.

expected. Typicqély controls located near and may be adversely affected bysxmotors with graphite or graphite

29.3.2 The following test parameters shall bésamong the items considered when

acceptability

an operating control investigated Using a standard other than UL 60730-1:

a) Confrol action Types 1 or 2;

b) Unlgss otherwise specified in-this Standard, manual and automatic controls shal
6,000 [cycles with under_‘maximum normal load conditions, and 50 cycles ur

conditipns;

c) For

e applicable\Overvoltage Category, see Table 29.1;

d) For fhe applicable Material Group, see Table 29.2; and

e) For the applicable Pollution Degree, see Table 29.3.

judging the

be tested for
der overload

29.4 Protective controls (limiting controls)

2941

An electronic control that performs a protective function shall comply with the applicable

requirements in 6.6 while tested using the parameters in this section. Examples of protective controls

include:

a) A control used to sense abnormal temperatures of components within the appliance;

b) An interlock function to de-energize a motor;

c) Temperature protection of the motor due to locked rotor, running overload, or loss of phase; or

d) Other function intended to reduce the risk of fire, electric shock, or injury to persons.
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29.4.2 The following test parameters shall be among the items considered when determining the
acceptability of an electronic protective control investigated using UL 60730-1:

a) Failure-Mode and Effect Analysis (FMEA) or equivalent risk analysis method,;

b) Power supply voltage dips, variation and interruptions within a temperature range of 10 °C
(18 °F) and the maximum ambient temperature determined by conducting the Temperature Test,

Sectio

n 44;

¢) Surge immunity test — installation class 3 shall be used;

d) Electrical fast transient/burst test, a test level 3 shall be used;

e) Ele

f) Rad

g) The

the m

44. The test shall be conducted for 14 days;

h) Ovgrload shall be conducted based on the maximum declared ambient temperatu
determined by conducting the Temperature Test, Section 44; and

i) If sq
softw3

29.4.3 Unle
cycles for Typ

29.44 Cont
coefficient (P
an operating
sensing devic

a) For

b) For

frostatic Discharge 1est,

o-Frequency Electromagnetic Field Immunity:

1) Immunity to conducted disturbances, when applicable, test level\ 3shall be
2) Immunity to radiated electromagnetic fields, field strength of.10 V/m shall b

rmal Cycling Test shall be conducted at ambient temperatases of 10.0 £2 °C (5
ximum ambient temperature determined by conductifng the Temperature Teg

ftware is relied upon as part of the protective electronic control, it shall bg
re class B.

5s otherwise specified in this Standard, protective controls shall be evaluatg
e 2 devices and 6,000 cycles for Type 1 devices with rated current.

ols using a temperature sensing device — A temperature sensing positiv
C) or negative temperature coefficient (NTC) thermistor, that performs the sa
or protective control, shall be tested using the following number of cycles V
e in accordance with the endurance test:

a device'employed as a operating device — 6,000 cycles;

a device employed as a protective device — 100,000 cycles; and

used; and

B used;

0.0 £3 °F) and
t; see Section

re (Tyax) Or a@s

evaluated as

d for 100,000

e temperature
me function as
vhen testing a

c¢) For a device employed as a combination operating and protective device — 100,000 cycles.

30 Electronic Circuits Evaluated to UL 60335-1 Based Requirements

30.1 Identif
30.1.1

30.1.1.1

ication of safety critical circuit functions

General

Electronic circuits or parts of circuits shall be analyzed to determine if the function of the control

is necessary for compliance with this Standard. A function is considered a Safety Critical Function (SCF) if
failure (loss or malfunction) of its functionality would result in the risk of fire, electric shock or injury to
persons using the appliance.
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30.1.1.2 Safety Critical Functions shall be identified as either Protective Electronic Circuits as detailed in
30.2 or as those of operating circuits that mitigate Dangerous Malfunctions as detailed in 30.3.

30.1.1.3

the Normal Temperature Test shall be simultaneously short-circuited.

30.1.1.4 See Section 3 and Table 3.1 for common Safety Critical Functions.

30.2 Protective electronic circuits

30.2.1
Circuit.

In the evaluation of electronic circuits, all the contacts of relays or contactors that cycle during

An electrical component shall not be connected across the contacts of a Protective Electronic

Exception: El

component falilt does not result in a loss of protective function.

pctrical components may be connected across the contacts providedth

bt any single

30.3 Operat|ng circuits that mitigate a dangerous malfunction of the appliance
30.3.1 The spitability of stand-by or electronic disconnect circuits shall be as specified in this Standard.
30.3.2 An elgctronic disconnection circuit whose failure could result in a Dangerous Malfunction shall

have at least t
30.4 Evalua
30.4.1 Ality

30.4.1.1 Al
functions not d

30.4.1.2 All(

30.4.1.3 Wh

they shall not fesult in:

a) The

b) The

o components whose combined operation provides the load disconnection.
ion of the different types of electronic circuits
pes of circuits

circuit functions mandated by.this Standard shall be validated. This inclu
esignated as Safety Critical Functions.

ircuits shall be evaluated-to determine the effects of electronic circuit faults.

en the applicablecomponent/hardware faults specified in 48.5.10 are imposed

appliance presenting a risk of fire, electric shock or mechanical hazard, or

oss of.any Safety Critical Function either in that circuit or others.

les operating

one at a time

30.4.1.4 The risk of electrically generated fire from the faults of 48.5.10 is considered to be mitigated in
Low-Power Circuits.

30.5 Circuits that provide safety critical functions

30.5.1

In addition to the requirements of 30.4, circuits that provide Safety Critical Functions shall

incorporate measures to control the fault/error conditions that would impair the safety functions.

30.5.2 The evaluation of the programmable component shall be in accordance with Annex R of UL
60335-1.

30.5.3 Circuits that provide Safety Critical Functions that rely upon a programmable component for one
or more of its safety functions shall be subjected to the test of the Programmable Component Reduced
Supply Voltage Test, 48.6, unless restarting at any point in the operating cycle after interruption of
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operation due to a supply voltage dip will not result in a hazard. The test is carried out after removal of all
batteries and other components intended to maintain the programmable component supply voltage during
mains supply voltage dips, interruptions and variations.

30.5.4 Circuits that provide Safety Critical Functions shall maintain their required functions when
subjected to the EMC related stresses specified in the Electromagnetic Compatibility (EMC) Requirements
— Immunity, 48.7.

30.5.5 The tests of 48.7 are carried out with surge protective devices disconnected, unless they

incorporate spark gaps.

31 Transformers and Power Supplies

31.1 A Class$ 2 transformer shall comply with the applicable requirements in UL 5085-1,.and UL 5085-3.
31.2 A powagr transformer shall comply with the applicable requirements in UL 5085-1, and|UL 5085-2.
31.3 A Clas$ 2 power supply shall comply with the requirements in UL 1310:

32 Switch Nlode Power Supplies

32.1 Bridgi
32.1.1 Com
as a switching
provide the s
fault) conditio

3212 Ano
of a switch m|
1500 V.

3213 A ca
Capacitors, S

4
connected in

32.2 Transf

ng components — switch mode power supplies

bonents connected between the primary and;secondary circuits of an isolatin

transformer or between primary and sec¢ondary earth reference points shall b
pecified level of isolation for the application under normal and abnormal (sing
ns.

ptical isolator that is relied upon to provide feedback between primary and sec
ode power supply shall comply with UL 1577. It shall have a minimum isola

pacitor connected~between primary and accessible secondary circuits sha
ection 24. This shall consist of a single Class Y1 capacitor or two Class
Series.

prmerinsulation system

32.2.1 Insul

ption used within a transformer of switch mode power supply shall comply wit

g device such
e evaluated to
jle component

bndary circuits
tion voltage of

| comply with
Y2 capacitors

h UL 1446, for

the specified temperature class of the insulation system or UL 2353.

33 Seals, G

33.1

askets, and Diaphragms

shock, the seal or component shall be investigated.

If the deterioration or breakage of a liquid seal or similar component increases the risk of electric

33.2 The investigation to determining compliance with 33.1 depends upon the material of which it is
composed, its size and shape, the mode of application in the appliance, and similar factors. The
investigation may include visual inspection for determination of cracks, deformation, and similar defects,
after artificial aging, as well as comparison of hardness, tensile strength, and elongation before and after
artificial aging.
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33.3 With reference to 33.1 and 33.2, a noncomposite material, when tested to compare its tensile
strength and elongation before and after artificial aging, is acceptable if these properties are found to be
not less than the minimum corresponding values specified in UL 157. The maximum service temperature
specified in UL 157 corresponds to the temperature of the component during the heating test.

34 Motors
34.1 Construction
34.1.1 A motor shall be acceptable for the application, and shall be capable of handling the maximum

normal load of the appliance as described in the Temperature Test, Section 44, without resulting in a risk of
fire, electric shock, or injury to persons.

34.1.2 A mofor winding shall resist the absorption of moisture.

34.1.3 With feference to the requirement in 34.1.2, film-coated wire is not required to b
treated to resigt absorption of moisture, but fiber slot liners, cloth coil wrap, and ‘similar moisty
materials are tp be provided with impregnation or otherwise treated to resist moisture absorp

34.1.4 The diameter of a motor is the diameter of the circle circumscribing the stator frame
the plane of the laminations, excluding lugs, fins, boxes, and similar variations, used so

e additionally
re-absorptive
ion.

e measured in
ely for motor

mounting, cooling, assembly, or connection.
34.2 Brush wear out

3421 A br
capable of pe

h-holder assembly shall be constructed so that when a brush is worn ou
orming its function — the brush, spting, and other parts of the assembly are 1

t — no longer
etained to the

degree necespary not to cause accessible dead metal parts to become energized, and live parts to
become accegsible.

34.3 Overload protection

34.3.1 An appliance shall incorporate thermal or overload protection in accordance with 34[3.2.

34.3.2 Motorroverload protection required for an appliance shall consist of thermal protectjon complying
with the appligable requirements in UL 2111, or UL 1004-2, UL 1004-3, or the tests of UL 1004-3 and the
circuit requirements in.Section Electronic Circuits Evaluated to UL 60335-1 Based Requireménts, 30.
Exception No| 1.0 The duration of the temperature test and endurance test, both undey locked-rotor

conditions, is not required to comply with UL 2111, or UL 1004-2, or UL 1004-3 when:

a) The appliance includes a control that positively and reliably limits the length of time the
appliance operates; and

b) The total duration of the test is not less than the operating time of the control employed in the
appliance.

Exception No. 2: A motor intended to move air only by means of an air-moving fan that is integrally
attached, keyed, or otherwise fixed to the motor shaft is not required to have running-overload protection.

Exception No. 3: A shaded-pole motor with a 2:1 or smaller ratio between locked-rotor and no-load
currents and a 1-A or smaller difference between no-load and locked-rotor currents is considered to have
acceptable overload protection if it is protected against locked-rotor conditions only.
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34.3.3 If a requirement in this Standard refers to the horsepower rating of a motor and the motor is not
rated in horsepower, use is to be made of the appropriate table of NFPA 70, that gives the relationships
between horsepower and full-load currents for motors. For a universal motor, the table applying to a
single-phase, alternating-current motor is to be used if the appliance is marked for use on alternating
current only; otherwise the table applying to direct-current motors is to be used.

35 Arc-Fault and Leakage Current Detectors / Interrupters

35.1  When required by this end product standard, or when provided as part of an end product, an AFCI
or LCDI shall comply with 6.11 and 35.2 — 35.4.

35.2 An arc-fault circuit-interrupter (AFCI) or leakage-current detector-interrupter (LCDI) shall be

installed as a
of the attach

35.3 Arc fad

integral part of the attachment plug or located in the supply cord within 4 ing
ent plug.

It detection testing shall include the applicable tests in UL 1699, required for

fault circuit-inferrupters.

Exception: TH

e carbonized path arc clearing time test is not applicable:for’' LCDIs that are

hes (102 mm)

cord-type arc-

provided with

shielded powgr-supply cords.

35.4 An AFCI or LCDI provided as part of an appliance intended for outdoor use shall comply with the
applicable oufdoor use requirements of this end product standard.

36 Adhesives Used to Secure Parts

36.1 An adhesive that is relied upon to reducé.a’risk of fire, electric shock, or injury to[ persons shall
comply with the requirements for adhesives in UL 746C.

36.2 The reguirement in 36.1 applies.fo"an adhesive used to secure a conductive paft, including a

nameplate, that may, if loosened or dislodged:

a) Endrgize an accessiblexdead-metal part;

b) MaKe a live part aceessible;

¢) Reduce spacings below the minimum acceptable values; or

d) Shdrt-circuit live parts.

36.3 Whether the conditions mentioned in 36.2 (a) — (d) can occur is to be considered with respect to
both a part inside the device, and a part on the outside of the device that may affect the appliance in which
the device is to be installed.

37 Double Insulation

37.1 An appliance constructed with double insulation and marked as such shall comply with UL 1097, in
addition to requirements of this Standard. Where requirements supersede requirements in UL 1097, the
more severe shall apply.

38 Protection from Overexposure to Ultraviolet (UV) Radiation

38.1 Appliances shall be investigated for emission of ultraviolet radiation in accordance with the
ultraviolet irradiance test in Section 58. Appliances that use UV lamps systems that produce less than
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0.1 yW/cm? are not considered to present a photobiological hazard risk and, therefore not required to
comply with 38.2 — 38.3.

NOTE: UV lamps that produce less than 0.1 yW/cm? are considered Risk Group 0 (RGO).

38.2 Interlocks and interlock systems used to minimize risk of overexposure to ultraviolet (UV) radiation
shall be reliable, see 38.3. The actuator of an interlock shall be located so the unintentional operation is
unlikely and it is not able to be defeated with the articulated probe of Figure 10.1. The interlock shall be
reliable and not easily defeated by improper disassembly or reassembly of the equipment.

38.3 Aninterlock and interlock system that is required to reduce a risk of overexposure to ultraviolet (UV)
radiation shall withstand 100,000 cycles of operation controlling a load not less than that controlled in the
product, and shall function normally upon completion of the test.

38.4 UV lamp systems that emit ultraviolet radiation at wavelengths less than 250 im’shall comply with
the ozone requiirements specified in Section 50.

38.5 The appliance shall be provided with a visual indication to the userwhen the UV Igmp system is
activated.

PERFORMANCE
39 General

39.1 Other than as noted in 39.2, an appliance shall comply with the tests described in Sedtions 40 — 66.
The tests shal|l be conducted at the test potential specified in Table 39.1. An appliance having a single
frequency rating is to be tested at that frequency.-An appliance rated ac/dc or dc-60 Hz is tg be tested on
direct current pr 60-Hz alternating current, whichever results in higher temperatures. An appliance rated
25-60 Hz or $0 — 60 Hz or 50 / 60 Hz is to be‘tested on 60-Hz alternating current.

Table 39.1
Test Voltages
Appliance voltage. rating, V* Test potential, V

110,~.120 120

200 -208 208

220-240 240

254 - 277 277

440 -480 480

550 — 600 600

550 — 600 600
2 If a single voltage rating of a appliance does not fall within any of the indicated voltage ranges, the appliance is to be tested at its
rated voltage. If a range of voltages is specified and one or more of the values fall within one of the indicated voltage ranges, the
appliance is to be tested at the test potential specified for the indicated range or the highest value of the rating, whichever is
greater. If a range of voltages is specified and none of the values fall within any of the indicated voltage ranges, the appliance shall
be tested at the highest value in the specified range. For an appliance with a dual rating, the appliance is to be tested based on
both ratings unless it can be shown that testing based on one rating would represent testing based on the other rating.

39.2 Whenever a test requires that the appliance be connected to an unheated water source, the
temperature of the water shall be 20 £3 °C (68 +5 °F). For appliances that the manufacturer indicates, by
marking on the appliance or in the operating instructions, may be connected to a hot-water source, tests
shall be conducted at the maximum specified temperature, but not less than 60 £2 °C (140 £3.6 °F).
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39.3 The cheesecloth specified in tests shall be bleached cotton cloth running 14 — 15 yd?/Ib (26 —
28 m?/kg) and having what is known in the trade as a count of 32 by 28, that is, for any square inch, 32
threads in one direction and 28 threads in the other direction (for any square centimeter, 13 threads in one

direction and 11 threads in the other direction).

40 Power Input Test

40.1

The power input to the equipment shall not exceed the marked rating by more than 10 % when it is

operated under the conditions of normal use while connected to a supply circuit as specified in Table 39.1.

4

Leakage Current Test

41.1

41.2

A cord |connected appliance shall comply with UL 101.

In a tgst to determine whether an appliance of the immersed-electrode type coni

requirement im 41.1, the hard-water solution described in 44.4 is to be used.

42 Leakage

421 A cord
relative humid

42.2 A sam
likelihood of

Current Following Humidity Conditioning Test

connected appliance shall comply with UL 101, following exposure for 48 h
ity of 88 £2 % at a temperature of 32 +2 °C (90 +4 °F).

ble of the appliance is to be heated to a temperature just above 34 °C (93 °F
condensation of moisture during conditioning.” The heated sample is to be

humidity chamber and conditioned for 48 hours under. the conditions specified in 42.1.

conditioning g
is still in the h
to be energiz
current stabili

43 Resistar

431 There
appliance ang

43.2 Compl

a)Arg

nd while still in the chamber, the sampleuis to be tested unenergized. Either wh
umidity chamber or immediately afterit has been removed from the chamber.
ed and tested as described in UL™101. The test is to be discontinued whe
ves or decreases.

ce of Grounding Test

plies with the

0 air having a

to reduce the
placed in the
Following the
ile the sample
the sample is
n the leakage

bistance between the point of connection of the equipment-grounding means at or within the

any other pointinthe grounding circuit of the appliance shall not exceed 0.1 Q.

ance with(the requirement in 43.1 is to be determined by:

sistance-measuring instrument; or

errrant ~Af ot Inoot OB A fennn o

an 12 V from

b) Passing

F<S an altarnotin noawaeranunohraf nat mmara
StigarT antCrmathiTg- O ot OT At ICaoSt Zo 7 v o o PpOWCoIT SUPpPTy U ot iorc—

the grounding pin of the attachment plug cap to a point in the grounding circuit, and then measuring
the resulting drop in potential between the two points. The resistance in ohms is to be determined
by dividing the drop in potential in volts by the current in amperes passing between the two points.

44 Temperature Test

441

An appliance, when tested under the conditions of maximum normal load described in 44.3, shall

not attain a temperature at any point sufficiently high to constitute a risk of fire, to damage any material
employed in the appliance, or to exhibit greater rises in temperature above an ambient of 25 °C (77 °F)
than indicated for specific points as indicated in Table 44.1 and Table 44.2.
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Table 44.1
Maximum Temperature Rises

Materials and components °C (°F)

A. MATERIALS

1. Class 105 (A) insulation system on coil windings of an AC motor having a frame
diameter 7 inches (178 mm) or less, not including a universal motor, and on a
vibrator coil®®:

a. In an open motor and on a vibrator coil:
Thermocouple method or resistance method 75 (135)

b. In a totally enclosed motor:

I IIBHIIULUUP-'E metnoa or resistarice metnod ol (144)

2. CIasL 105 (A) insulation systems on coil windings of an AC motor having a frame
diametpr of more than 7 inches (178 mm), of a DC motor, and of a universal
motor®p:

a. In an open motor:

Thermocouple method 65 (117)

Resistance method 75 (135)
b. In a totally enclosed motor:

Thermocouple method 70 (126)

Resistance method 80 (144)

3. Clags 130 (B) insulation systems on coil windings of an AC motochaving a frame
diametlr of 7 inches (178 mm) or less not including a universatmotor®®:

a. In an open motor:
Thermocouple or resistance method 95 (171)
b. In a totally enclosed motor:
Thermocouple method or, resistance method 100 (180)

4. Class 130 (B) insulation systems on coikwindings of an AC motor having a frame
diametgr of more than 7 inches (178 imm); of a DC motor, and of a universal
motor?p:

a. In an open motor:

Thermocouple method 85 (153)

Resistance method 95 (171)
b. In a tetally enclosed motor:

Thermocouple method 90 (162)

Resistance method 100 (180)

5. Class 155 (F) insulation systems on coil windings of an AC motor having a frame
diameter of 7 inches (178 mm) or less, not including a universal motor®;

a. In an open motor:
Thermocouple or resistance method 120 (216)

b. In a totally enclosed motor:

Thermocouple or resistance method 125 (225)
B. COMPONENTS
1. Capacitors:
a. Electrolytic®® 40 (72)
b. Other types® 65 (117)

Table 44.1 Continued on Next Page
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Table 44.1 Continued

enclosure and the surface supporting the appliance.

Materials and components °C (°F)
2 Fuses:
a.Class G, J, L, T, and CC:
Tube 100 (180)
Ferrule or blade 85 (153)
Others® 65 (117)
3. Relay, solenoid, and coils (except motor coil windings and transformers) with:
a. Class 105 (A) insulated systems:
Thermocoupie method 65 (117)
Resistance method 85 (153)
b. Class 130 (B) insulation systems:
Thermocouple method 85 (153)
Resistance method 95 171)
4. Coils of a Class 2 transformer:
a. Class 105 (A) insulation systems:
Thermocouple method 65 (117)
Resistance method 85 (153)
b. Class 130 (B) insulation systems:
Thermocouple method 85 (153)
Resistance method 95 (171)
C. CONDUCT(JRS
1. Ruljber- or thermoplastic-insulated wires and.cords® 35 (63)
2. Copjper
a. Tinned or bare strands having:
i) A diameter less than 0.015 inches (0.38 mm) 125 (125)
ii) A diameter\of 0.015 inches or more 175 (315)
b. Plated with nickel;gold, silver, or a combination of these 225 (405)
D. ELECTRICAL INSULATION ~GENERAL
1. Fibg¢r used as-electrical insulation 65 (117)
2. Phgnolic eemposition used as electrical insulation or as a part the deterioration
of whigh is\capable of resulting in a risk of fire or electric shock®:
2. L aminated 100 (180)
b. Molded 125 (125)
3. Varnished-cloth insulation 60 (108)
E. SURFACES
1. A surface of flammable material upon which an appliance is capable of being
placed or mounted in service, and a surface that may be adjacent to the appliance 65 (117)
when it is so placed or mounted
2. Any point within a terminal box or wiring compartment of a permanently
_conne_cted appliance in which power-supply conductorg are t_o be conne_cted, 35 (63)
including such conductors themselves, unless the appliance is marked in
accordance with 70.24
3. Wood or other flammable material, including the inside surface of the test 65 117)

Table 44.1 Continued on Next Page
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Table 44.1 Continued

Materials and components °C (°F)

@ At a point on the surface of a coil where the temperature is affected by an external source of heat, the temperature measured by
means of a thermocouple that is greater than the maximum temperature specified in this table complies with the intent of this
requirement as long as the temperature, as measured by the resistance method, is not more than that specified. The temperature
measured by means of a thermocouple is not prohibited from being greater than the specified value by:

1.5 °C (9 °F) for Class 105 (A) insulation on coil windings of an AC motor having a diameter of 7 inches (178 mm) or
less, open type;

2.10 °C (18 °F) for Class 130 (B) insulation on coil windings of an AC motor having a diameter of 7 inches (178 mm) or
less, open type;

3.15°C (27 °F) for Class 105 (A) insulation on coil windings of an AC motor having a diameter of more than 7 inches
(178 mm),-open type:

4.20 °C (36 °F) for Class 130 (B) insulation on coil windings of an AC motor having a diameter of moere tan 7 inches
(178 ), open type.
® This is the dianjeter measured in the plane of the laminations of the circle circumscribing the stator frame,excluding lugs, fins,
boxes, and similar parts, used solely for motor mounting, cooling, assembly, or connection.

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

9 A capacitor tha} operates at a temperature of more than 65 °C (117 °F) complies with thegintent of this requiremer{t when
evaluated on thg basis of its marked temperature limit.

¢ These limitatiofs do not apply to compounds and components that have been investigated and rated for use at higher
temperatures.
f A rubber-insulajed conductor with a motor, a rubber-insulated motor lead, and.a fubber-insulated conductor of a flexible cord
entering a motorjthat is subjected to a higher temperature complies with the.intent of this requirement when the conductor is
provided with sldeving or a braid that has been investigated and rated for,use at the higher temperature. This does|not apply to
thermoplastic-ingulated wires or cords.

Table 44.2
Maximum Surface Temperatures
Composition of sjurface
Metal, Nonmetallic,
Location °C (°F) °C (°F)

Handles or knobk that are grasped for\lifting, carrying or holding 55°C (131 °F) 7p °C (167 °F)
Handles or knobk that are contacted but do not |nv.olve lifting, carrying, or holding; 60 °C (140 °F) 8b °C (185 °F)
and other surfaces subject to.eontact and user maintenance
Surfaces o_thert ana heating function surface and known to be hot due to proximity 70 °C (158 °F) 9b °C (203 °F)
to the heating fupction surface

NOTE: If the tes{is conducted at a room temperature of other than 25 °C (77 °F), the results are to be corrected to fhat
temperature.

@ A handle, knob, or similar device, made of a material other than metal, that is plated or clad with metal having a thickness of
0.005 inches (0.127 mm) or less is considered to be, and is investigated as, a nonmetallic part.

44.2 All values in Table 44.1 are based on an assumed ambient of 25 °C (77 °F), but the test may be
conducted at any ambient temperature within the range of 10 — 40 °C (50 — 104 °F). However, if the
operation of an automatic thermal control during the test limits the temperature under observation, no
observed temperature higher than 25 °C (77 °F) plus the specified maximum rise is acceptable.

44.3 |In testing an appliance, maximum normal load is considered to be the load that approximates as
closely as possible the most severe conditions of normal use. It is not a deliberate overload, but is
intended to simulate conditions of actual use that may be more severe than the maximum load conditions
of actual use that may be more severe than the maximum load conditions recommended by the
manufacturer of the appliance.
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444 An immersed-electrode type appliance is to be operated with a hard water solution of 0.018 oz
(0.5 g) of calcium sulphate (CaS0O,+2H,0) per 35 fl oz (L) of distilled water.

44.5 For appliances having a reservoir for salt (NaCl), the reservoir is to be filled with salt.

44.6 An appliance 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: An appliance may be tested while connected in accordance with the manufacturers instructions
if all three of the following conditions are met:

a) A clear, permanent marking is provided adjacent to the cord or supply compartmént to warn the
user that internal adjustments must be made when the appliance is installed or moveg.

b) Detgiled instructions clearly showing the adjustments that must be made-forvarioys voltages are
permanently attached to the appliance. These instructions may be on the 6utside of on the inside
of the pverall enclosure where visible at the point at which adjustments for supply vgltage must be
made.

¢) Theg means provided for adjusting for different voltages comply with the requirements for wiring
terminpls in 15.3.

44.7 If an appliance obviously is not intended for continuous\operation, the heating test may be modified
to take into cqnsideration the probable occasional or periodic'short-time operation of the apgliance.

44.8 Thermal equilibrium is to exist only if successive readings indicate no change wheh taken at the
conclusion of each of three consecutive equal.intervals of time, the duration of each |interval being
whichever of the following is longer:

a) 5 mjnutes; or

b) 10 % of the total test time elapsed previous to the start of the first interval.

44.9 When fhermocouples are used in determining temperature in an appliance, it is standard practice to
couples consisting of 30 AWG (0.05 mm?) iron and constant wire and a potentiometer type

thermocouple
he Tolerances

4410 Thermocouples are to be made of wires not larger than 24 AWG (0.21 mm?
wire is to con i i i i
on Initial Values of EMF versus Temperature tables in ASTM E230/E230M.

). Thel

4411 A thermocouple junction and adjacent thermocouple lead wire are to be securely held in good
thermal contact with the surface of the material whose temperature is being measured. In most cases,
adequate thermal contact results from securely taping or cementing the thermocouple in place, but if a
metal surface is involved, brazing or soldering to the metal may be necessary.

4412 The preferred method of measuring the temperature of a coil is the resistance change-of-method,;
but temperature measurements by either the thermocouple or resistance method are acceptable; except
that the thermocouple method is not to be employed at any point where supplementary insulation is
employed.

4413 With reference to 44.12, when thermocouples are used for measuring the temperatures of a coil,
at least two thermocouples are to be used. The thermocouples are to be placed on the surface of the
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magnet wire which is the upper surface based on the orientation during testing. An additional
thermocouple is to be placed on a surface subjected to heating by another source, such as another
transformer or a hot resistor.

4414 The change-of-resistance method consists of the determination of the temperature of a copper
winding by comparing the resistance of the winding at the beginning of the test with its resistance at the
end of the test, also taking into consideration ambient (room) temperature at the beginning and end of the
test period according to the following formula:

ar=Re+1)) - ()

in which:
At is the temperature rise;
R is the resistance of the coil at the end of the test;
ris thelresistance of the coil at the beginning of the test;
kis 234.5 for copper and 225.0 for aluminum;
t, is thg room temperature at the beginning of the test, in %*C; ‘and

t, is thg room temperature at the end of the test, in °Cx

4415 Because it is generally necessary to de-energize'the winding before measuring R, {he value of R
at shutdown npay be determined by taking several resistance measurements at short intervals, beginning
as quickly asr;[ossible after the instant of shutdown: A curve of the resistance values and thé¢ time may be
plotted and exjrapolated.

44.16 A protective device shall not opentor cycle during the heating test.

44 .17 Doors|and covers that can be closed during operation of the appliance are to be clogsed during the
test.

44.18 A permanently connected appliance is to be tested with 4 feet (1.22 m) of wire attgched to each
field wiring terminal. The‘wire is to be sized in accordance with Article 310 of NFPA 70.

45 Burnout [I'est

451 An appliance employing water valves, or relays shall be subjected to the following conditions
without emission of flame or molten metal from the enclosure and without otherwise becoming a risk of
fire:

a) A solenoid on a water valve shall be capable of being operated continuously without water in the
system; and

b) A solenoid or relay shall be energized having the plunger of a solenoid or relay blocked in the
open position with water in the system.

45.2 The appliance shall be covered with a double layer of white cheesecloth and supported on a
softwood surface covered with a double layer of white tissue paper. The test shall be continued for 7 hours
unless the ultimate results occur sooner. The power-supply circuit shall include a fuse of the maximum
current rating that is accommodated by the fuseholder of the branch circuit to which the appliance would
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normally be connected, but not less than 20 A. During the test exposed dead metal parts of the appliance
are to be connected to ground through a 3-A nontime-delay fuse.

46 Dielectri

46.1

46.1.1

c Voltage-Withstand Test

General

The appliance shall withstand without breakdown for 1 minute the application of 60 Hz sinusoidal

potential that is twice the maximum rated primary voltage plus 1000 V between the primary circuit and
exposed or grounded dead metal.

Exception: A

irect-current potential may be used for a direct-current circuit

46.1.2 Atra
potential as fd

a) 125
primar

Excep
resona
windin

b) 150
end of]

Exception: A

46.1.3 With
does not hay
secondary, ar
the transform
performed as
common coni

46.1.4 Each
appliance she
rated or meas

hsformer shall withstand for 1 minute without breakdown the application ef/60
llows:

% of the maximum measured or rated secondary voltage, whichever is hi
y and secondary windings, and between secondary and resonating windings.

fion: This test is to be omitted if any point of the secondary winding is gr
ting winding and the high-voltage windings are common, the test between
g and the secondary winding is to be omitted.

% of the maximum rated primary voltage applied-to the ends of the primary wi
the primary winding connected to the enclosure.

irect-current potential may be used foria direct-current circuit.

e a grounded secondary winding, this test is to be conducted first with o
d then the other end, connected to the common connection of the primary an
er has a point other than_an end point of its secondary windings grounded, th
described, but without an electrical connection between either end of the secq
ection of the primary and enclosure.

component.of.an appliance that is subjected to dc potentials during normal o
Il withstand-without breakdown for 1 minute, the application of a dc potential g
ured dcwoltage, whichever is greater, between that component and grounded

Hz sinusoidal

gher, between

bunded. If the
fthe resonating

nding with one

reference to 46.1.2(b), the frequency may be adjusted higher if needed. If the transformer

ne end of the
d enclosure. If
e test is to be
ndary and the

peration of the
f 150 % of the
metal.

46.1.5 If the application of a dc potential of 150 % of the measured dc voltage of one pdint causes the
rated dc potential of another point to be more than 150 % of the maximum voltage at these points, other
places in the circuit may be grounded to prevent the excessive voltage condition from occurring.

46.1.6 Each meter provided with an appliance is to be disconnected from the circuit when the appliance
is subjected to the dielectric voltage-withstand tests described in 46.1.1 — 46.1.5. Each meter is then to be
separately subjected to the dielectric voltage-withstand tests in 46.1.1 and 46.1.4.

46.1.7 In determining compliance 46.1.1 — 46.1.6, the applied potential is to be increased from zero until
the required test voltage is reached, and is to be held at that voltage for 1 minute. The increase in the
applied potential is to be at a substantially uniform rate that is and as rapid as is consistent with the value
correctly indicated by a voltmeter.
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46.2 Induced potential test
46.2.1 Three samples of a magnet coil winding as described in 22.1.4 and 22.1.5 are to be subjected to

this test. While in a heated condition from operation as described Temperature Test, Section 44, the
primary winding of each transformer shall withstand without breakdown an alternating potential of twice
the rated voltage of the winding.

46.2.2 The potential is to be:

a) Applied for 7200 electrical cycles if the test potential frequency is 120 Hz or more; and

b) 60 seconds if the frequency is less than 120 Hz.

A higher test f
one-quarter of
held for the ti
maximum valu

46.2.3 With feference to 46.2.1, a transformer may be conditioned in an‘oven to obtain th

reached in the|

47 Abnorma3l Operation Tests

471

4711 The &

Each abnormal test shall be followed by a dielectric;voltage-withstand test as required by 4

between the t
parts.

47.1.2 Arisk
a) Ope
b) Cha
c) Emis

d) Any
424V

General

requency may be necessary so the core is not saturated. The test voltagerisc
less of the full value and increased to full value in not more than 15,second
me specified, the voltage is to be reduced within 5 seconds to onerquarter
e and the circuit is to be opened.

Temperature Test, Section 44, before conducting the indueed-potential test.

ppliance shall not present a risk of fire,or'electric shock as a result of the fq

ansformer primary and secondary-windings and between the line and exposq

of fire or electric shock is-considered to exist if any of the following occur:

ning of the grounding\fuse;

ring of cheesecloth;

sion of flame or molten material from the appliance enclosure and output cord

opening that develops in the enclosure that exposes live parts at a potential
peak.to any other part or to ground; or

be started at
s. After being
or less of the

e temperature

llowing tests.
16.1.1 applied
d dead-metal

if provided;

of more than

e) Loss of structural integrity to a degree where a plug-in unit cannot be removed from a receptacle
immediately after the test without deformation or a risk of electric shock.

47.1.3 Each test is to be conducted on a separate sample unless agreeable to those concerned that
more than one test can be conducted on the same sample.

47.1.4 The grounding means, if provided, is to be connected to ground through a 3-A, nontime-delay

fuse.

47.1.5 The appliance is to be draped with a double layer of cheesecloth conforming to the outline of the

appliance.

47.1.6 The temperatures specified are based on an assumed ambient temperature of 25 °C (77 °F), but
a test may be conducted at any ambient temperature of 21 — 30 °C (70 — 86 °F). However, if the operation
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of an automatic thermal control during the test limits the temperatures under observation, no temperatures
higher than indicated is acceptable.

47.2 Component breakdown test

47.2.1 The components in an appliance, such as diodes, resistors, transistors, capacitors, and similar
components, are to be shorted or opened, one at a time. The appliance is to be connected to the
maximum test voltage and operated until ultimate conditions are observed, or for 4 hours if cycling of an
automatically reset protector occurs. This test need not be conducted for component breakdowns that
result in open or short-circuiting of the output, in short-circuiting of the transformer, or for a component in a
low-voltage circuit.

47.3 No wafer test

47.3.1 An appliance shall be operated as described in the Temperature Test, Section 44, except the
appliance is ot to be connected to a water source and any water reservoirs areto’be left empty. This test
is to be condycted for 7 hours, or until ultimate results are achieved, whichever(is)less.

47.4 \Ventilgtion fan test

47.41 An appliance shall be operated as described in the Temperature Test, Section 44, with the fan
blades blocked to prevent their rotation. This test is to be contintied for 7 hours, or until ultimate results are
achieved, whichever is less.

47.5 SwitcH mode power supplies

47.5.1 Overload tests

47.5.1.1 Ea¢h output winding, or section. of a tapped winding, is overloaded in turn, one gt a time, while
the other windings are kept loaded or. unloaded, whichever load conditions of normal uge is the least
favorable.

47.5.1.2 Overloading is carried,out by connecting a variable resistor (or an electronic logd) across the
power supply|output. The resistor is adjusted as quickly as possible and readjusted, if necessary, after 1
minute to maiptain the applicable overload. No further readjustments are then permitted.

47.5.1.3 For this test] any protective devices such as a fuse, manual reset circuit profector, thermal
protector, etc|s allowed to remain in the circuit.

47514

If overcurrent protection is provided by an overcurrent protection device, the overload test

current is the maximum current which the overcurrent protection device is just capable of passing for 1
hour. If this value cannot be derived from the specification, it is to be established by test.

47515
obtainable fro

m the power supply.

If no overcurrent protection is provided, the maximum overload is the maximum power output

47.5.1.6 In case of voltage foldback, the overload is to be slowly increased to the point which causes the
output voltage to collapse. The overload is then established at the point where the output voltage
recovered and held for the duration of the test.

47.5.1.7 The duration of the test is to be for 7 hours or until ultimate results are reached. At the
conclusion of the test, there shall be no charring or burning of electrical insulation, no opening of any
protective device or any circuit component.
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