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PART 1 - ALL EQUIPMENT
INTRODUCTION
1 Scope

1.1  These requirements cover equipment connected to or used with plumbing in commercial or
household locations. Examples of equipment covered by these requirements are irrigation equipment,
sprinkler controls, pedicure spas, water controls located in kitchens and bathrooms, electric faucets, toilets
and toilet flushing systems. All equipment is intended for installation and use in accordance with the

National Electrical Code, NFPA 70, and is rated 600 volts or less.

1.2 These
connected to

1.3 These
or equipmen

requirements do not cover pumps, dishwashers, washing machines, or-o6th
plumbing that is covered by individual requirements.

requirements do not cover refrigeration systems or controls that regalate watern
for use in hazardous locations as defined in the National Electrical €ode, NFPA

2 Units of Measurement

21 Values
approximate

2.2 Unless
power.

3 Undated

3.1 Anyun
interpreted a

4 Glossary

4.1 Forthe

4.2 FIELDA
control conn

connected to
soldered loo

stated without parentheses are the requirement. Values in parentheses are €
information.

indicated otherwise, all voltage and current values are rms and wattage value

References

Hated reference to a code or standard appearing in the requirements of this star
5 referring to the latest edition;of that code or standard.

purpose of this(standard the following definitions apply.

WIRING_TERMINAL — A terminal to which power supply (including equipment
bction will be made in the field when the product is installed as intended. If th
the terminal, is provided as part of the unit and a pressure terminal, connector,

er equipment

temperature,
70.

xplanatory or

p are average

dard shall be

grounding) or
e wire, to be
soldering lug,

p,\crimped eyelet, or other means for making the connection is factory-assembled to the wire,

it is not a field wiring terminal.

4.2.1

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.

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

4.3 CONTROLS, AUTOMATIC ACTION — A device in which the transmission and operation of at least
one function are produced by initiation which is not the result of manual actuation.
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44 CONTROL, AUXILIARY — A device that provides a functional utility but is not relied on as an
operational or protective control. The failure of an auxiliary control generally does not cause the operation
of a protective control. An example of an auxiliary control is a safety related control where other controls
are being relied upon during testing for the safety function. The auxiliary control might more likely function
in actual use but for test purposes, it is bypassed.

4.5 CONTROL, MANUAL — A device that requires direct human interaction to activate or test the control.

4.6 CONTROL, OPERATING — A device that starts or regulates the operation of an appliance during
normal operation. The failure of an operational control generally causes the operation of a protective
control. An example of an operating control is a temperature regulating control — a control that maintains

the temperatyre of water to a user-determined level

4.7 CONTROL, PROTECTIVE - A device or assembly of devices, the operation of which i
reduce the risk of fire, electric shock, or injury to persons during normal and reasenabl

abnormal op
protective fur

ration of the appliance whereby during the evaluation of the protective contr
ctions are verified under normal and single-fault conditions of the/)Control. Fo

thermal cutolit/limiter, or any other control/circuit relied upon for normal and abnormal ¢

considered a

4.8 CONTH
manufacturin
been declare

4.9 CONTR
above). A Tyy

protective control.

OL, TYPE 2 ACTION — The actuation of an autotnatic control of 2.1.1 f
j deviation and the drift of its operating value, operating time, or operating se
| and tested under this end product standard.

OL, TYPE (2) D.H ACTION — This action is @pplicable to manual controls (desc
e D.H action shall be so designed that the contacts cannot be prevented from

which may alitomatically reset to the closed positionif the reset means is held in the reset

control shall
normal positig

410 CONT
above). A Tyq
the control is
position. The

4.10.1 DAN
Operating Cqg
Safety Critica

Note — Control fu

ot reset automatically at any temperature above -35 °C with the reset mech
n.

ROL, TYPE (2) D.J ACTION-- This action is applicable to manual controls (des
e D.J action shall be so.designed that the contacts cannot be prevented from

not permitted to function as an automatic reset device if the reset means is hel
control shall not reset'automatically at any temperature above -35 °C.

GEROUS MALFUNCTION - Unintended operation of the appliance that may i
ntrol functions whose failure would result in a Dangerous Malfunction would b
Functions.

nctions whose failure might result in a Dangerous Malfunction would include:

5 intended to
y anticipated
pl/circuit, the
I example, a
onditions, is

br which the
Huence have

ribed in 2.1.4
opening and
position. The
anism in the

cribed in 4.6
bpening, and
H in the reset

mpair safety.
e considered

a)
hazard.

b)

based on the assumption the appliance would remain off.

4.1

circuit characteristics in excess of those of a low-voltage circuit.

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

Unattended energization of a heating appliance where the user has placed flammable materials near the appliance

LINE-VOLTAGE CIRCUIT - A circuit involving a potential of not more than 600 volts and having

4,12 LOW-VOLTAGE CIRCUIT — A circuit involving a peak open-circuit potential of not more than 42.4
volts supplied by a battery, by a Class 2 transformer, or by a combination of a transformer and a fixed
impedance that as a unit, complies with all performance requirements for a Class 2 transformer. A circuit
derived from a line-voltage circuit by connecting a resistance in series with the supply circuit as a means of
limiting the voltage and current is not a low-voltage circuit.
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413 OPPOSITE POLARITY — A difference of potential between two points, where shorting of these two
points would result in a condition involving overload, rupturing of printed wiring-board tracks, components
or fuses, and the like.

4.13.1 PEDICURE SPA - An appliance intended for water immersion of feet, usually (but not
necessarily) associated with professional pedicure services. A pedicure spa usually has a water
circulation/foot massage function and a water heater, and may additionally have heat and massage
functions in an integral chair. A pedicure spa may be portable, stationary or be intended to be permanently
fixed in place.

4.14 PRIMARY CIRCUITS — The wiring and components that are conductively connected to the supply
circuit.

4141 RISK OF ELECTRIC SHOCK - A risk of electric shock is considered to exist’ within a circuit
unless the circuit meets one of the following criteria. The circuit shall be supplied by.an isglating source
such that:

a) The voltage does not exceed 30 V rms;
b) The voltage does not exceed 42.4 V peak;
¢) The voltage does not exceed 60 V dc continuous; or

d) The voltage does not exceed 24.8 V peak for DCuinterrupted at a rate of 200 HE or less with
apprgximately 50 percent duty cycle.

e) When protective impedance is used, the curtent available through a 1500 ohm regfistor between
the part or parts and either pole of the supply'source does not exceed 0.7 mA peak or2 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 over42:4 V peak and up to and including 450 V (pegk value) the
capacitance shall not exceed 0.1 pF.

4.15 SAFE[TY CIRCUIT — Alprimary or secondary circuit that contains a control relied upgn to reduce a
risk of fire, electric shock, orinjury to persons.

4.15.1 SAHETY CRRYCAL FUNCTION (SCF) — Control, protection and monitoring functions which are
being relied yipon tereduce the risk of fire, electric shock or casualty hazards.

416 SECON fertransformer.

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

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

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.

¢) Making routine operating adjustments necessary to adapt the unit for its different intended
functions.
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d) Any operation described or implied in the operator's manual, whether or not tools are required.

418 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.

4,19 WORKING VOLTAGE - The highest voltage to which the insulation or the component under
consideration is, or can be, subjected when the equipment is operating under conditions of normal use.

Overvoltages

that originate outside the equipment are not taken into account.

CONSTRUCTION

5 Componelnts

5.1 Genera

5.1.1 Acom
a) Cor
b) Be
c) Be

d) Add

Exception NQ.

comply with g

a) Invi
produ

b)Is s

c)lss

used Within its establiShed ratings and limitations.

Exception Ng
5.21 is accep

a) The

ponent of a product covered by this standard shall:

hply with the requirements for that component as indicatedin'5!2 — 5.21;
ised in accordance with its rating(s) established for thelintended conditions of us
ised within its established use limitations or conditiohs of acceptability; and

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

1: A component of a product covered by this end product standard is ng
specific component requirement thaf:

plves a feature or characteristic’not required in the application of the comg
-\t;

Liperseded by a requirement in this end product standard; or

eparately investigated when forming part of another component, provided the ¢

. 2: A component complying with a UL component standard other than those
fable if:

eomponent also complies with the applicable component standard of 5.2 — 5.21;

€,

t required to

onent in the

tomponent is

cited in 5.2 —

or

b) The component standard:

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

Electrical Code, ANSI/NFPA 70, where appropriate;

2) Considers long-term thermal properties of polymeric insulating materials in accordance
with the Standard for Polymeric Materials — Long Term Property Evaluations, UL 746B; and

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

accommodated in the end use application. For example, a component used in
application, but intended for industrial use and complying with the relevan
standard may assume user expertise not common in household applications.

a household
t component
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5.1.2 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.

5.1.3 A component that is also intended to perform other functions, such as overcurrent 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 component UL standard(s) need not

be applied.

514 Aco

mponent not anticipated by the requirements of this end product standardy n

covered by the component standards of 5.2 — 5.21, and that involves a potential risk ofelect

bt specifically
ic shock, fire,

or personal injury, shall be additionally investigated in accordance with the applicable UL standard, and
shall comply jwith 5.1.1 (b) — (d).

5.1.5 With| regard to a component being additionally investigated,\reference to conptruction 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 this| end product
standard.

5.2 Attachment plugs and receptacles

5.2.1 Attaghment plugs and receptacles shall comply with the Standard for Attachmept Plugs and
Receptacles| UL 498.

Exception N
requirements
comply with

Exception N|
complies wit]
Spacings, S¢

5.2.2 Singl
between ele
conductors,

D. 1: Attachment plugs integral(to cord sets or power supply cords are cove
of the Standard for Cord Séts and Power-Supply Cords, UL 817 and are n
L 498.

b. 2: A fabricated.pin terminal assembly (ies) is not required to comply with
h requirements i Current-Carrying Parts, Section 13, Insulating Material, Se
ction 25 of this\end product standard.

e and multipole connectors for use in data, signal, control and power applicatig
ctrical_equipment, and that are intended for factory assembly to copper or
or<for" factory assembly to printed wiring boards, shall comply with the
Connectors for Data, Signal, Control and Power Applications, UL 1977

Component

red under the
Dt required to

b UL 498 if it
ction 14, and

ns within and
copper alloy
Standard for

5.2.3 Female devices (such as receptacles 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.

5.3 Batteries and battery chargers

5.3.1 A lithium ion (Li-On) single cell battery shall comply with the requirements for secondary lithium
cells in the Standard for Lithium Batteries, UL 1642. A lithium ion muiltiple cell battery, and a lithium ion
battery pack, shall comply with the applicable requirements for secondary lithium cells or battery packs in
the Standard for Household and Commercial Batteries, UL 2054. The unit shall also be marked in
accordance with 58.6.


https://ulnorm.com/api/?name=UL 1951 2020.pdf

12 UL 1951 JUNE 27, 2020

5.3.2 Rechargeable nickel metal-hydride (Ni-MH) battery cells and packs shall comply with construction
and performance requirements of this end product standard, or the applicable requirements for secondary
cells or battery packs in the Standard for Household and Commercial Batteries, UL 2054.

5.3.3 Primary batteries (non-rechargeable) that comply with the relevant UL standard and 5.1 are
considered to comply with the requirements of this end product standard.

5.3.4 A Class 2 battery charger shall comply with one of the following:
a) The Standard for Class 2 Power Units, UL 1310;

b) The Standard for Information Technology Equipment, Part 1: General Requirements,
UL 60P50-1, with an output marked "Class 2", or that complies with the limited power source (LPS)
requirgments and is marked "LPS"; or

c) Thg Standard for Audio/Video, Information and Communication Technology Equipnpent — Part 1:
Safety Requirements, UL 62368-1, marked “Class 2” that complies with-the limited power source
(LPS)|requirements and is marked "LPS".

5.3.5 Anon{Class 2 battery charger shall comply with one of the following:
a) Thg Standard for Power Units Other Than Class 2, UL 1042;

b) THe Standard for Information Technology Equipment, Part 1: General Rpquirements,
UL 60Pp50-1; or

¢) Thg Standard for Audio/Video, Information and Communication Technology Equipnpent — Part 1:
Safety Requirements, UL 62368-1.

5.3A Button or coin cell batteries of lithiumtechnologies
Section 5.3A deleted
5.4 Capacifors and filters

5.4.1 The qomponent requirements for a capacitor are not specified. A capacitor complying with the
Standard for Capacitors, tJL*810, is considered to comply with the requirements of 21.1.

5.4.2 Electjomagnetic interference filters with integral enclosures that comply with the [Standard for
Electromagngticinterference Filters, UL 1283, are considered to comply with the requirementg of 21.1.

5.4.3 A capacitor connected across the line or between line and ground (such as a capacitor for radio-
interference elimination) shall be suitable for the voltage involved and comply with the Standard for Fixed
Capacitors for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed Capacitors for
Electromagnetic Interference Suppression and Connection to the Supply Mains, UL 60384-14. They shall
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.

5.4.3.1 X1 capacitors are generally used in circuits of permanently connected appliances. However, if
the appliance is provided with a separate surge protective device that limits the impulse voltage to <
2.5KV, an X2 capacitor is permitted.


https://ulnorm.com/api/?name=UL 1951 2020.pdf

JUNE 27, 2020 UL 1951 13

5.4.3.2 Y1 capacitors are used in circuits where the prevention of electric shock is afforded solely by the
isolation provided by the capacitor. Two Y2 capacitors connected in series is considered to provide the
same level of protection as one Y1 capacitor.

5.4.3.3 Y2 capacitors are used where the prevention of electric shock is provided by the combination of
the capacitor and earth ground for circuits operating at voltages = 150V and < 300V.

5.4.3.4 Y4 capacitors are used where the prevention of electric shock is provided by the combination of

the capacitor and earth ground for circuits operating at voltages < 150V.

5.5 Contro

Is

5.5.1 GeneIraI

5511 Au
standard and

5512 Op
requirements
Test Parame

5513
requirementg
Test Parame

5.5.1.4 Sol

a)Th
b) Th
Requ
5515 An
applicable re

or microproc
considered s

5.5.2 Conti

Protective (limiting) controls shall be evaluated using the applicable compon

Kiliary controls shall be evaluated using the applicable requirements of this
the parameters in Controls — End Product Test Parameters, Sectior23.

brating (regulating) controls shall be evaluated using the applicable compor
specified in 5.5.2 — 5.5.7, and if applicable, the test parameters in Controls
ers, Section 23, unless otherwise specified in this end product standard.

specified in 5.5.2 — 5.5.7, and if applicable, the test parameters in Controls
ers, Section 23, unless otherwise specified in this end product standard.

d-state protective controls shall comply with one of the following:

b Standard for Tests for Safety-Related Controls Employing Solid-State Devices

rements UL 60730-1, except-Clause H 11.12 (Controls using software).

electronic, non-protective control that is simple in design need only be suf
quirements of this end-product standard. A control that does not include an intg
bssor, but does consist of a discrete switching device, capacitors, transistors, an
mple in desigh.'Such controls shall comply with the Abnormal Operation Test, S

rols, eleectromechanical and electronic

end product

ent standard
End Product

ent standard
End Product

UL 991;

b Standard for Automatic Elegtrical Controls for Household and Similar Use, Part 1: General

jected to the
pgrated circuit
d resistors, is
ection 53.

5.5.21 Ac

ntrol, other than as specified in 5.5.3 — 5.5.7, shall comply with one of the followli

ng:

a) The Standard for Solid-State Controls for Appliances, UL 244A;

b) The Standard for Temperature-Indicating and -Regulating Equipment, UL 873;

¢) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1.

5.5.3 Controls, liquid level

5.56.3.1

A liquid level control shall comply with one of the following:

a) The Standard for Solid-State Controls for Appliances, UL 244A;
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b) The Standard for Temperature-Indicating and -Regulating Equipment, UL 873;

¢) The Standard for Industrial Control Equipment, UL 508;

d) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1; and one of the following:

1) The Standard for Automatic Electrical Controls for Household and Similar

Use; Part 2:

Particular Requirements for Automatic Electrical Water Level Controls of the Float Type for

Household and Similar Applications, UL 60730-2-16A;

2) The Standard for Automatic Electrical Controls for Household and Similar
Particular Requirements for Automatic Electrical Water and Air Flow Sens

5.5.4 Contr

5541 Acg
following:

a) The
b) The
c) The

d) Th
Requi

Including Mechanical Requirements, UL 60730-2-18.
pls, motor and speed

ntrol used to start, stop, regulate or control the speed of a motor shall comply w

Standard for Solid-State Controls for Appliances, UL 244A;
Standard for Temperature-Indicating and -Regulating Equipment, UL 873;
Standard for Industrial Control Equipment, UL 508;

b Standard for Adjustable Speed Electrical Power Drive Systems — Part
ements — Electrical, Thermal, and Energy;-UL 61800-5-1;

e) The Standard for Automatic Electrical Gontrols for Household and Similar Use; P4

Requi

5542 Anm
Systems — P
utilized to pr
features havd
UL 1004-7.

5.5.5 Contr|

555.1 Apr

ements, UL 60730-1.

otor speed control evaluateéd to the Standard for Adjustable Speed Electrical
brt 5-1: Safety Requirements — Electrical, Thermal, and Energy, UL 61800-5-1
pvide motor overload protection specified in 19.2 — 19.3 unless the electron
additionally been-determined to comply with Standard for Electronically Prote

pls, pressure

bssure. control shall comply with one of the following:

a) Th

olandara 1or remperature-inaicating and -regulating equipment, UL 675,

b) The Standard for Industrial Control Equipment, UL 508, if an operating control;

c) The Standard for Limit Controls, UL 353, if a protective control;

Use; Part 2:
ng Controls,

th one of the

5-1: Safety

rt 1: General

Power Drive
shall not be
ic protection
cted Motors,

d) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1; and the Standard for Automatic Electrical Controls for Household and
Similar Use; Part 2: Particular Requirements for Automatic Electrical Pressure Sensing Controls
Including Mechanical Requirements, UL 60730-2-6.

5.5.6 Controls, temperature

5.5.6.1

A temperature control shall comply with one of the following:
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a) The Standard for Solid-State Controls for Appliances, UL 244A;

b) The Standard for Temperature-Indicating and -Regulating Equipment, UL 873;

c¢) The Standard for Industrial Control Equipment, UL 508;

d) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1; and the Standard for Automatic Electrical Controls for Household and
Similar Use; Part 2: Particular Requirements for Temperature Sensing Controls, UL 60730-2-9.

5.5.6.2 A temperature sensing positive temperature coefficient (PTC) or negative temperature coefficient
(NTC) thermistor, that performs the same function as an operating or protective control shall comply with

LIl 4424

the Standar

556.3 A
Application G

5.5.7 Cont

5.5.7.1
a)Th
b) Th
Requ
Simil3

5.6 Cords,

5.6.1 A corn
Cords, UL 81

5.6.2 Flexi
Flexible cord

or power sup

5.6.3
Wiring Mater

Exception N

£ Tl Hy I ImY H
TUT TTICTTTINOtUI Iy}JU LTVILUTO, UL T35V,

thermal cutoff shall comply with the Standard for Thermal-Links — 'Requ
uide, UL 60691.

rols, timer

A timer control shall comply with one of the following:

b Standard for Solid-State Controls for Appliances, UL-244A;

rements, UL 60730-1; and the Standard for Automatic Electrical Controls for H
r Use; Part 2: Particular Requirements for Timers and Time Switches, UL 60730

cables, and internal wiring

d set or power supply cord shall.comply with the Standard for Cord Sets and
7.

ble cords and cables shall comply with the Standard for Flexible Cords and C
and cables are considered to comply with this requirement when pre-assemble
ply cord that complies with the Standard for Cord Sets and Power Supply Cords

Interpal wiring composed of insulated conductors shall comply with the Standard

al, UL 758.

. 1.\Insulated conductors are not required to comply with UL 758 if they comp

rements and

b Standard for Automatic Electrical Controls for<-Household and Similar Use; Part 1: General

pusehold and
-2-7.

Power Supply

ables, UL 62.
i in a cord set
UL 817.

for Appliance

ly with one of

the following

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

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

¢) The Standard for Fixture Wire, UL 66;

d) The appropriate UL standard(s) for other insulated conductor types specified in Wiring Methods
and Materials, Chapter 3 of the National Electrical Code, ANSI/NFPA 70.

Exception No. 2: Insulated conductors for specialty applications (e.g. data processing or communications)
and located in a low-voltage circuit not involving the risk of fire or personal injury is not required to comply

with UL 758.
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5.7 Ground-fault, arc-fault, and leakage current detectors/interrupters

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

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

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

5.8 Heaterg, heating elements and pads

5.8.1 Electrlc resistance heating elements shall comply with the construction requirements|in one of the
following:

a) Thg Standard for Electric Heating Appliances, UL 499;

b) Thg Standard for Sheathed Heating Elements, UL 1030.

Exception: Heating wire (e.g. rope heater) that complies with:the Standard for Appliance Wiling Material,
UL 758, and the requirements of this end product standard cemply with this requirement.

5.8.2 Thermistor-type heaters (e. g. PTC and NTC heaters) shall comply with the {tandard for
Thermistor-Type Devices, UL 1434.

5.9 Insulatipn systems

5.9.1 Materfals used in a Class 105,(A)insulation system shall comply with Insulating Matgrial, Section
14.

5.9.2 Mate;lials used in an_insulation system that operates above Class 105 (A) tempgratures shall
comply with the Standard forSystems of Insulating Materials — General, UL 1446.

5.10 Light ources-and associated components

5.10.1 Lampholders and indicating lamps shall comply with the Standard for Lampholders, UL 496.

Exception: Lampholders forming part of a luminaire that complies with an appropriate UL luminaire
standard are considered to fulfill this requirement.

5.10.2 Lighting ballasts shall comply with one of the following:
a) The Standard for Fluorescent-Lamp Ballasts, UL 935;

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

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

Exception No. 2: Ballasts for other light sources shall comply with the appropriate UL standard(s).
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5.10.3 Light emitting diode (LED) light sources shall comply with the Standard for Light Emitting Diode
(LED) Light Sources For Use In Lighting Products, UL 8750.

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

Exception No. 2:

Individual LED light sources mounted on printed wiring boards and

intended for

indicating purposes need not comply with UL 8750, but shall comply with the applicable requirements of

this end prod

5.11 Overc

uct standard.

urrent protection

5.11.1 Fusegs shall comply with the Standard for Low-Voltage Fuses — Part 1: General Req||1irements, UL

248-1; and the applicable UL 248 Part 2 (e.g. the Standard for Low-Voltage Fuses ~'Pa
Fuses, UL 248-5). Defined use fuses that comply with UL 248-1 and another appropriate U
the fuse are gonsidered to fulfill this requirement.

5.11.2 Fus
4248-1, and

5.11.3 Circ
Switches ang

Exception: O
Breakers Fo

5.11.4 Cird
electrical shg

5.11.5 Sup
Electrical Eq

5.12 Powe

5121 ACI
a)Th

b) T
UL 6

he applicable Part 2 (e.g. the Standard for Fuseholders — Rart.9: Class K, UL 42

Lit breakers shall comply with the Standard for Molded<Case Circuit Breakers,
Circuit-Breaker Enclosures, UL 489.

ircuit breakers used in telecommunications cireuitry that comply with the Standj
Use in Communications Equipment, UL 489A, is not required to comply with UL

Lit breakers having integral ground dault circuit interrupter capability for prote
blementary protectors shall ecomply with the Standard for Supplementary Protect
lipment, UL 1077.
I supplies

pss 2 power supply shall comply with one of the following:
p Standard-for Class 2 Power Units, UL 1310;

e Standard for Information Technology Equipment, Part 1: General R

rt 5: Class G
| standard for

holders shall comply with The Standard for Fuseholders — Part 1: General Reqgirements, UL

48-9).

Molded-Case

ard for Circuit
489.

ction against

ck shall additionally comply with the\Standard for Ground-Fault Circuit-Interruptérs, UL 943.

ors for Use in

equirements,

950-1, with an output marked "Class 2", or that complies with the limited power

source (LPS)

requirements and is marked "LPS"; or

c¢) The Standard for Audio/Video, Information and Communication Technology Equipment — Part 1:
Safety Requirements, UL 62368-1, marked “Class 2” that complies with the limited power source
(LPS) requirements and is marked "LPS".

5.12.2 A non-Class 2 power supply shall comply with one of the following:

a) The Standard for Power Units Other Than Class 2, UL 1012;

b) The Standard for Information Technology Equipment, Part 1. General Requirements,
UL 60950-1; or

c) The Standard for Audio/Video, Information and Communication Technology Equipment — Part 1:
Safety Requirements, UL 62368-1.
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5.13 Printed wiring boards

5.13.1

Printed wiring boards shall comply with the Standard for Printed-Wiring Boards, UL 796. A printed

wiring board shall have a temperature rating corresponding to the maximum temperature on the board
during the Temperature Test. Unless wholly in a Class 2 circuit, it shall comply with the direct support of
live parts requirements in UL 796.

5.14 Quick-connect wire connectors

5.14.1

Quick-connect type wire connectors shall be suitable for the wire size, type (solid or stranded),

conductor material (copper or aluminum) and the number of conductors terminated. If insulated, they shall

be rated for t

e installation

instructions o

5.14.2 Quid|
Terminals, UL

5.15 Semic

5151 A pg
comply with t

been evaluat¢d for a minimum 1500 volts isolation.

5.15.2 Ano
or between ¢
Safety for Op

5.15.3 Excgpt as specified in 5.15.4, component requirements are not specified for sm

components

and capacitoris not directly connected to thetsupply source.

5.15.4 Whe
Operation Te
standard for t

a) The Standard<for Tests for Safety-Related Controls Employing Solid-State Devi

includ
Comp!

b) The

e voltaae and temperature of the intended use Thev shall ha annliad noer t
T g T Y Lid i 1

f the wire connector manufacturer.

k-connect type wire connectors shall comply with the Standard for Electrical Q
310.

pnductors and small electronic components

wer switching semiconductor device that is relied upon to provide isolation to
ne Standard of Safety for Electrically Isolated Semiconductor Devices, UL 1557

ptical isolator that is relied upon to provide isolation between primary and seco
ther circuits as required by this end produét standard shall comply with the
ical Isolators, UL 1577. It shall have been evaluated for a minimum 1500 volts i

bn printed wiring boards, including’diodes, transistors, resistors, inductors, integ

re an electronic component is determined to be a critical component during t
5t, Section 51, one«of the following standards shall be applied. See 23.4 of this
he test parameters fo be used.

ng its Eallow-Up Program; and as applicable, the Standard for Software in P
bnents; UL 1998 for controls that rely upon software as a protective component;

Standard for Automatic Electrical Controls for Household and Similar Use; Pa

Lick-Connect

ground shall
It shall have

hdary circuits
Standard for
olation.

all electronic
ated circuits,

he Abnormal
end product

tes, UL 991,
ogrammable
or

rt 1: General

Requirements, UL 60730-1.

5.15.5 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.

5.15.6 A critical component may also be identified using a failure-mode and effect analysis (FMEA) in
accordance with Failure-Mode and Effect Analysis (FMEA) requirements in the Standard for Tests for
Safety Related Controls Employing Solid-State Devices, UL 991.
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5.16 Suppl

5.16.1

emental insulation, insulating bushings, and assembly aids

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

unless the insulation or device is required to comply with the requirements in Insulating Material, Section
14, or a performance requirement of this end product standard. In such cases:

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

b) Sle

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

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

5.16.2 Wirel positioning devices shall comply with the requirements in Insulating Materjals

and Separat
UL 1565, is @

5.16.3 Insu
standard, an
this end proq
need to be {
suitable.

5.17 Switc

5.17.1 Swit
a) De
b) Th
c) Th

d) Th
Exception: S

transfer swit
another com

5172 Adl
train, by eleq

on of Circuits, Section 16. A device that complies with the Standard forPgsitio
onsidered to fulfill this requirement.

lating bushings that comply with the requirements in General, Section 5.1 of thi
d the Standard for Insulating Bushings, UL 635, are considered-to fulfill the re
uct standard. Tests specified in this end product standard (e’/g. Strain Relief ]
erformed to confirm the combination of the insulating bushing and the suppag

hes

ches shall comply with one of the following;as applicable:

leted,

e Standard for Switches for Appliances — Part 1: General Requirements, UL 610

e Standard for General-Use(Snap Switches, UL 20;

e Standard for Nonindustrial Photoelectric Switches for Lighting Control, UL 773

witching devices that comply with the appropriate UL standard for specialty app
Ch equipment), .industrial use (e.g. contactors, relays, auxiliary devices), or g
bonent (eQ._switched lampholder) is not required to comply with this requiremen

pck-operated switch, in which the switching contacts are actuated by a clock-wqg
trically-wound spring motors, by electric clock-type motors, or by equivalent

, Sections 14
hing Devices,

5 end product
quirements of
[est) may still
rting part are

58-1;

A.

ications (e.g.
re integral to
(.

rk, by a gear-
Brrangements

shall comply

ithone of the fottowing:

a) The Standard for Clock-Operated Switches, UL 917;

b) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1; and the Standard for Automatic Electrical Controls for Household and
Similar Use; Part 2: Particular Requirements for Timers and Time Switches, UL 60730-2-7.

5.17.3 A timer or time switch, incorporating electronic timing circuits or switching circuits, with or without
separable contacts, shall comply with the requirements for an operating control 6000 cycles of operation,

or as a manu

al control for 1000 cycles of operation, in accordance with one of the following:

a) The Standard for Solid-State Controls for Appliances, UL 244A;
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b) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1; and the Standard for Automatic Electrical Controls for Household and
Similar Use; Part 2: Particular Requirements for Timers and Time Switches, UL 60730-2-7.

5.17.4 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 5.5.7.

5.17.5 Switches that comply with Standard for Switches for Appliances — Part 1: General Requirements,
UL 61058-1, shall be rated as specified in 5.17.6 — 5.17.8.

5.17.6 Powerswitches-shallberated-asfollows-

a) Forla voltage not less than the standard rated voltage of the circuit or power supply fo which they
are connected,;

b) Forja current not less than the rated current of 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 may be regarded as switches for a declared specific load and may|be classified
based upon the load conditions encountefed in the appliance under normal loagd.

e) Forlac if the appliance is rated for ac;

f) For c if the appliance is rated for d¢!

5.17.7 Ratipgs and load classificatiens:for switches other than power switches shall be based on the
conditions enpountered in the appliance’under normal load.

5.17.8 Swit¢hes 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 1P00 cycles of
operafion.with the electronics bypassed;

c) Switthes othertham power SwitChes, SuciT as speed Sefector switches, thatmay be switched
under electrical load: 1000 cycles;

d) The following non-power switches are not required to be rated for endurance:

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

5.18 Terminal blocks

5.18.1 Terminal blocks shall comply with one of the following:
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a) The Standard for Terminal Blocks, UL 1059;

b) The Standard for Low-Voltage Switchgear And Controlgear — Part 7-1: Ancillary Equipment —

Termi

nal Blocks for Copper Conductors, UL 60947-7-1;

c) The Standard for Low-Voltage Switchgear And Controlgear — Part 7-2: Ancillary Equipment —
Protective Conductor Terminal Blocks for Copper Conductors, UL 60947-7-2;

d) The Standard for Low-Voltage Switchgear And Controlgear — Part 7-3: Ancillary Equipment —
Safety Requirements for Fuse Terminal Blocks, UL 60947-7-3.

5.18.2 The UL 60947-7 series of standards specified in 5.18.1 (b) — (d) are used in conjunction with the

LU _ 0047 4

Standard for

5.18.3 Tem

(solid or strapded), conductor material (copper or aluminum), voltage and current of.the“inten

5.19 Trans|

5.19.1 Ger
General Reg
Transformers

Exception: A
Use in Audid
audio or vide

5.19.2 Clas
General Req
Transformery

5.20 Valves (electrically operated) and solenoids

5.20.1 Eleg
a)Th

b) Th
Requ

1 AWINTY o hale <l O 4 1 Dot 4. O Ll
LLUVV vuuayc D WILUI chal alid UUIILIUIHUOI — T dit 1. 9CTICTalr T\uiCo, UL UUJIST LI

ninal blocks shall be suitable for the number of conductors per termination, W

formers

eral-purpose transformers shall comply with the Standard for Low Voltage ]
uirements, UL 5085-1; and the Standard for Low Voltage Transformers: Gerj
, UL 5085-2.

transformer that complies with the Standard for: Transformers and Motor Tra
-, Radio-, and Television-Type Appliances, UL~1411, and that is used in a circu
0 component, complies with the intent of this‘requirement.

s 2 and Class 3 transformers shall:comply with the Standard for Low Voltage 1
uirements, UL 5085-1; and the Standard for Low Voltage Transformers: Class |
, UL 5085-3.

trically operated valves shall comply with one of the following:

p Standard for, Electrically Operated Valves, UL 429;

rements;”UL 60730-1; and the Standard for Automatic Electrical Controls for H

Simil

Mechinical Requirements, UL 60730-2-8

r Use; Part 2: Particular Requirements for Electrically Operated Water Valv

ire size, type
Hed use.

Iransformers:
eral Purpose

nsformers for
t involving an

Iransformers:
P and Class 3

b Standard. for Automatic Electrical Controls for Household and Similar Use; Part 1: General

pusehold and
es, Including

5.21 Wire connectors

5.21.1

Wire connectors shall be suitable for the wire size, type (solid or stranded), conductor material

(copper or aluminum) and the number of conductors terminated. If insulated they shall be suitable for the
voltage and current of the intended use. They shall be applied per the installation instructions of the wire
connector manufacturer.

5.21.2 Wire connectors shall comply with the Standard for Wire Connectors, UL 486A-486B, or the
Standard for Equipment Wiring Terminals for Use with Aluminum and/or Copper Conductors, UL 486E.

5.21.3 Splicing wire connectors shall comply with the Standard for Splicing Wire Connectors, UL 486C.
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5.22 Thermistors

5.22.1 Thermistors shall comply with the Standard for Thermistor-Type Devices, UL 1434. The
thermistors shall be suitable for the application at the specified electrical and thermal ratings.

5.22.2 A temperature sensing positive temperature coefficient (PTC) or a negative temperature
coefficient (NTC) thermistor, that is part of a circuit that manages a Safety Critical Function shall comply
with:

a) The Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1;
and the Standard for Automatic Electrical Controls for Household and Similar Use — Part 2-9:
Particular Requirements for Temperature Sensing Controls, UL 60730-2-9, with Annex J; or

b) Thg Standard for Thermistor-Type Devices, UL 1434.
5A Safety Critical Functions

5A.1 Any function involved in the control, protection, and monitoring of safety-related attriblites of a unit
whereby a logs/malfunction of its functionality would represent an unacceptable risk of fire, e|ectric shock,
or casualty hgzards would be considered a Safety Critical Function.

5A.2 Electrgnic circuits that manage a Safety Critical Function (SCF) shall be:

a) Reljable as defined as being able to maintain the, SCF in the event of single definefl component
faults fnd

b) Not susceptible to electromagnetic environmental stresses encountered in thé anticipated
environments of the appliance.

5A.3 Functions specified in the table represent the common safety critical circuit functigns of typical
appliances under the scope of this standard. It is not intended to represent all possible Safety Critical
Functions. Anjy function involved in the ‘eontrol, protection, and monitoring of safety-related gttributes of a
unit whereby|a loss/malfunction of its~functionality would represent an unacceptable risk of fire, electric
shock, or caspalty hazards would be considered a Safety Critical Function.

Table 5A.1
Safety Critical Functions
Function Hazard Location of parameterls and tests
Motor running qverload protection Risk of fire or electric shock 19.2 |
Motor locked rotor protection Risk of fire or electric shock 19.2
Motor short circuit protection Risk of fire or electric shock 19.2

6 Frame and Enclosure
6.1 General

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

6.1.2 Equipment that complies with the requirements in 6.1.3 — 6.7.1 is considered to comply with 6.1.1.
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6.1.3 The enclosure shall prevent molten metal, burning insulation, flaming particles, or the like from
falling on combustible materials, including the surface upon which the equipment is supported.

6.2 Barriers

6.2.1 The requirement in 6.1.3 will necessitate that a switch, a relay, a transformer, a solenoid, or the like
be individually and completely enclosed, except for terminals, unless it can be shown that malfunction of
the component would not result in a risk of fire, or there are no openings in the bottom of the appliance

enclosure.

6.2.2 A barrier of noncombustible material shall be provided:

a)Un

b) Un

der a motor unless:

1) The structural parts of the motor or of the equipment provide the@quival
barrier; or

2) The protection provided with the motor is such that no burning insulat
material falls to the surface that supports the equipment when the motor is en
each of the following fault conditions:

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

iv) Capacitor of permanent-split Capacitor motor short-circuited — the s
to be applied before the motor is energized, and the motor is to be lockg

3) The motor is provided with)a thermal motor protector — a protective ¢
sensitive to temperature and current — that will prevent the temperature
windings from exceeding125°C (257°F) under the maximum load under wh
will run without causing-the protector to cycle and from exceeding 150°C (3(
rotor of the motor ld¢ked; or

4) The motorcomplies with the requirements in the Standard for Overheating
Motors, UL'2111, the Standard for Impedance Protected Motors, UL 1004-2,
for Thermally Protected Motors, UL 1004-3, or the Standard for Electrictronic
Motars, UL 1004-7 and the temperature of the motor winding will not exceed
the first 72 hours of operation with the rotor of the motor locked.

ent of such a

on or molten
brgized under

thort circuit is
pd; or

evice that is
of the motor
ich the motor
2°F) with the

Protection for
the Standard
blly Protected
150°C during

lated.

HPH 1 H Lnlad 1 I | +h [l $io
JcT vwirn Iy, UTliCoo TUTO TICTUPTTTIC, ULTUOSOS™TITTIANTU leyUll Iylcl 1S, UT UICTITIUPIAoSUU 1o

6.2.3 The barrier mentioned in 6.2.2 shall be horizontal, shall be located as illustrated in Figure 6.1, and
shall not have an area less than that described in that illustration. Openings for drainage, ventilation, and
the like may be employed in the barrier, provided such openings would not permit molten metal, burning
insulation, or the like to fall on combustible material.

6.3 Doors and covers

6.3.1 An enclosure and a part of an enclosure such as a door or cover shall be provided with means for
firmly securing it in place.

6.3.2 An enclosure cover shall be hinged if:
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a) It gives access to a fuse or other overcurrent device, the functioning of which requires renewal;

or

b) It is necessary to open the cover in order to reset a device in connection with normal operation of
the product.

6.3.3

If a cover is required by 6.3.2 to be hinged, then the cover shall not depend solely upon screws or

other similar means requiring the use of a tool to hold it closed, but shall be provided with a spring latch or
catch, or a hand-operable captive fastener.

6.4 Cast metal

6.4.1 For urf
except that n
than 5/64 inc
(1.6 mm), an
curved, ribbe

h

6.5 Sheetm

6.5.1 Other
enclosure shd

reinforced flat surfaces, in general, cast metal shall not be less than 1/8 inch((3
alleable iron may be not less than 3/32 inch (2.4 mm) and die-cast metal ma

(2.0 mm) thick. Corresponding thicknesses of not less than 3/32 inch’ (24 m

etal

than at points where a wiring system is to be connected, the thickness of 3
Il not be less than that specified in Table 6.1 and-Jable 6.2.

2 mm) thick,
y be not less
m), 1/16 inch

1 3/64 inch (1.2 mm), respectively, may be acceptable if the surface under conpsideration is
(, or otherwise reinforced, or if the shape or size, or both, of théisurface is 5
necessary mgchanical strength is provided.

such that the

sheet-metal



https://ulnorm.com/api/?name=UL 1951 2020.pdf

JUNE 27, 2020 UL 1951 25

Figure 6.1

Location and extent of barrier

e “ |‘\\
[ </ \4\\ N
\ ~ o NS \

SA0604-1

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 of horizontal plane.

C — Inclined line that traces out minimum area of barrier. When moving, the line is always tangent to the component, 5 degrees from
the vertical, and 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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Table 6.1
Minimum thickness of sheet metal for enclosures — carbon steel or stainless steel

Without supporting frame®

With supporting frame or equivalent
reinforcing®

Minimum thickness

Maximum width®

Maximum length®

Maximum width®

Maximum length,

Uncoated metal

Coated metal

Inches (cm) Inches (cm) Inches (cm) Inches (cm) Inches (cm) Inches (cm)
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020¢ (0.51) 0.023¢ (0.58)
4.75 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0)
6.0 (15.2) Not limited 95 (24.1) Not limited 0.026  (0.66) | 0.029¢  (0.74)
7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8)
8.0 (2013) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0:0p4 (0.86)
9.0 (2209) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6)
12.5 (31f8) Not limited 19.5 (49.5) Not limited 0.042 (1;07) 0.045 (1.14)
14.0 (35/6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5)
18.0 (49(7) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0.0p6 (1.42)
20.0 (508) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4)
22.0 (5519) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0.063 (1.60)
25.0 (635) 31.0 (78.7) 35.0 (88.9) 43.0 (109:2)
25.0 (635) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.0[70 (1.78)
29.0 (7347) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5)
33.0 (838) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0.0B4 (2.13)
38.0 (9615) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6)
42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.0p7 (2.46)
47.0 (119.4) 59.0 (149.9) 68.0 (1727) 84.0 (213.4)
52.0 (132.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.1f11 (2.82)
60.0 (152.4) 74.0 (188.0) 84.Q (213.4) 103.0 (261.6)
63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.1p6 (3.20)
73.0 (18%.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6)
2See 6.5.4.
® The width is the smaller dimension-of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfaces of an
enclosure may have common Supports and be made of a single sheet.
°"Not limited" applies only-if.the edge of the surface is flanged at least 1/2 inch (12.7 mm) or fastened to adjacent suffaces not
normally removed in usé.
9 Sheet steel forjan&nclosure intended for outdoor use shall not be less than 0.034 inch (0.86 mm) thick if zinc coated and not less
than 0.032 inch [0:81 mm) thick if uncoated.



https://ulnorm.com/api/?name=UL 1951 2020.pdf

JUNE 27, 2020

UL 1951

27

Table 6.2

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

Without supporting frame?

With supporting frame or equivalent
reinforcing®

Maximum width® Maximum length® Maximum width® Maximum length Minimum thickness
Inches (cm) Inches (cm) Inches (cm) Inches (cm) Inch (mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023¢ (0.58)
35 (8.9) 4.0 (10.2) 85 (21.6) 9.5 (24.1)
4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (0.74)
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.3)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036) (0.91)
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7)
8.0 (20.3) Not limited 19.0 (48.3) Not limited 0.045 (1.14)
9.5 (24.1) 11.5 (29.2) 21.0 (53.3) 25.0 (68.5)
12.0 (30.5) Not limited 28.0 (71.1) Not limited 0.058, (1.47)
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0)
18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075 (1.91)
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7)
25.0 (63.5) Not limited 60.0 (152.4) Not limited 0.095 (2.41)
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1)
37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122 (3.10)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6)
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153, (3.89)
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4)

#See6.5.4.

® The width is the smaller dimension of a rectangularpiece of sheet metal that is part of an enclosure. Adjacent surfaces of an

enclosure may|have common supports and beé made of a single sheet.

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

normally remoyed in use.

4 Sheet coppel, brass, or aluminum for.an enclosure intended for outdoor use shall not be less than 0.029 inch (0.75 mm) thick.
6.5.2 At points at whicha wiring system is to be connected, uncoated steel shall be at legst 0.032 inch
(0.81 mm) thiick, zing=coated steel shall be at least 0.034 inch (0.86 mm) thick, and nonferrops metal shall
be at least 0.045.inch (1.14 mm) thick.

6.5.3 Table 6.1 and Table 6.2 are based on a uniform deflection of the enclosure surface for any given
load concentrated at the center of the surface regardless of metal thickness.

6.5.4 With reference to Table 6.1 and Table 6.2, a supporting frame is a structure of angle or channel or a

folded rigid section of sheet metal that is rigidly attached and has essentially the same outside dimensions
as the enclosure surface and that has sufficient torsional rigidity to resist the bending moments that may
be applied by the enclosure surface when it is deflected. A structure that is as rigid as one built with a
frame of angles or channels is considered to have equivalent reinforcing. Constructions considered to be

without supporting frame include:

a) Single sheet with single formed flanges — formed edges;

b) A single sheet that is corrugated or ribbed;

¢) An enclosure surface loosely attached to a frame, for example, with spring clips; and
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d) An enclosure surface having an unsupported edge.

6.6 Nonmetallic enclosures

6.6.1 General

6.6.1.1

Tests on nonmetallic enclosures shall be conducted in accordance with requirements for fixed or

stationary equipment, as applicable in the Standard for Polymeric Materials— Use in Electrical Equipment
Evaluations, UL 746C, and also with the additional requirement specified in this standard.

6.7 Outdoo

r-use enclosures

6.7.1 Equig

construction that provides drainage.

6.8 Button

6.8.1 The
incorporating
Products Incq
Or any access

ment intended for outdoor use that is not intended to be submersibleysh

pr coin cell batteries of lithium technologies

battery compartment of an appliance or any accessory,\such as a wire
one or more coin cell batteries of lithium technologies shall“comply with the
rporating Button or Coin Cell Batteries of Lithium Technologies, UL 4200A, if t

ory:

bll employ a

ess control,
Standard for
he appliance

a) Is intended for use with one or more single cell batteries having a diameter of 32 mm (1.25 in)
maximum with a diameter greater than its height; and
b) Thg appliance is intended for household use:

7 Mounting

7.1 Permanently connected units

7.1.1  Provigion shall be made for securely mounting permanently connected equipment in position.

Bolts, screws,

securing com

7.2 Cord-cdnnected units

7.2.1 Cord-
slots for wall

or other parts used for assembling the equipment shall be independent of th
ponent parts to the frame, base, or panel.

connected equipment shall not include means for permanent mounting. One of

tightening, a
components,

ose used for

two keyhole
ccessible for

hangmg may be prowded if the hanglng screws, nalls and the like, are not 3

or live parts and WI|| not result in spacmg Iess than those requwed in TabIe 26 1.

8 Protection Against Corrosion

ernal wiring,

8.1 Aniron or steel part shall be protected against corrosion by enameling, painting, galvanizing, plating,
or an equivalent means, if corrosion of such a part would result in a risk of fire, electric shock, or injury to
persons.

Exception No. 1: This requirement does not apply in certain instances where oxidation of iron or steel due
to the exposure of the metal to air and moisture is not likely to be appreciable, thickness of metal and
temperature also being factors.
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Exception No. 2: This requirement does not apply to bearings, laminations, or other minor parts of iron or
steel, such as a washer, a screw, and the like, or to spot welds in coated materials used indoors.

Exception No. 3: Stainless steel may be employed without additional corrosion resistance.

8.2 Cabinets and cutout boxes shall comply with the Standard for Enclosures for Electrical Equipment,
UL 50.

9 Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts

9.1 To reduce the likelihood of unintentional contact that may involve a risk of electric shock from an
uninsulated five paiJl or—fitm=coated—wire—of ;lleu_y to Persons from—=a |||uv;||9 pai‘t, anf pening in an
enclosure shpll comply with either (a) or (b).

a) For an opening that has a minor dimension as described in 9.5 of less than 1,inch {(25.4 mm), an
uninsplated live part, a moving part, or film-coated wire shall not be ¢contacted py the probe
illustrated in Figure 9.1; or

b) Fof an opening that has a minor dimension as described in 9.5.0f\%inch or more, an uninsulated
part, & moving part, or film-coated wire shall be spaced from the opening as specified jn Table 9.1.

Exception: An opening in a motor need not comply with theSe) requirements if it complies with the
requirementg in 9.2.
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Figure 9.1
Accessibility probe
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Table 9.1
Minimum distance from an opening to a part that may involve a risk of electric shock or injury to
persons
Minor dimension?® or opening Minimum distance from opening to part,

Inches® (mm)® Inches® (mm)°

3/4° (19.1) 4-1/2 (114.0)

1° (25.4) 6-1/2 (165.0)

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

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

1-Z/8 (47.5) 15.4/2 (394.0)

21/8 (54.0) 17-1/2 (445.0)

d 30 (762.0)

¢ Any dimensidn

@ See 9.5 for aldescription of the minor dimension of an opening.

less than 1 inch applies to a motor only.

4 More than 2-1/8 inches, but no more than 6 inches (152 mm).

® Between 3/4 |nch and 2-1/8 inches, interpolation is to be used to determine a value between values, specified in the table.

9.2 With reppect to a moving part or film-coated wire within the.enclosure of a motor as specified in the
Exception to[9.1:

a) An|opening that has a minor dimension, as deséribed in 9.5, of less than 3/4 inch (19.1 mm) is
acceptable if:

1) In an indirectly accessible motor,tan uninsulated live part or a moving p

contacted by the probe illustrated inFigure 9.2;

2) Film-coated wire cannot be‘Contacted by the probe illustrated in Figure 9.3;

art cannot be

and

3) In a directly accessible” motor, an uninsulated live part or a moving part cannot be

contacted by the probe'illustrated in Figure 9.4.

b) An|opening that hag™a'minor dimension of 3/4 inch or more is acceptable if an urjinsulated live

part, & moving part, or film-coated wire is spaced from the opening as specified in Tab)

e 9.1.
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Figure 9.2

Probe for moving parts and uninsulated live parts
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Figure 9.3

Probe for film-coated wire
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Figure 9.4
Articulated probe
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9.3 The probes specified in 9.1 and 9.2 and illustrated in Figure 9.1 — Figure 9.4 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
9.1 and Figure 9.4 shall be applied in any possible configuration; and, if necessary, the configuration shall
be changed after insertion through the opening.

9.4 The probes illustrated in Figure 9.1 — Figure 9.4 shall be used as measuring instruments to judge the
accessibility provided by an opening, and not as instruments to judge the strength of a material; they shall
be applied with the minimum force necessary to determine accessibility.

9.5 With reference to the requirements in 9.1 and 9.2, the minor dimension of an opening is the diameter

of the larges

cvlindrical probe having a hemispherical tip that can be inserted through the op

ning.

9.6 During
a part of the
accessory, tg

9.7 A direc
and that is |
accessible o
which can bd
guarded or e

10 Field Connections

10.1 Gene
10.1.1  Oth
wiring systen

Exception N
conduit hub,
wiring systen

Exception N
transformer.
provide a co

Exception N

the examination of a unit to determine whether it complies with the requirements
enclosure that may be opened or removed by the user without using & tool
make an operating adjustment, or for other reasons) is to be opened.orremove

Hly accessible motor is a motor that may be contacted without opening or remg
bcated so as to be accessible to contact. An indirectly accessible motor is a
nly by opening or removing a part of the outer enclosure; 'such as a panel or
removed without the use of tools or a motor that is lo€ated in such a position g
hclosed so that it is unlikely to be contacted.

al

br than as noted in 10.1.2, equipment shall have provision for permanent co
h in accordance with the National Electrical Code, ANSI/NFPA 70.

. 1: An enclosure need-net have provision for the connection of a wiring syste
a knockout or a fitting,.if'it is intended to be drilled or punched in the field to ac
1 and is provided with appropriate installation instructions.

. 2: An enclosure provided with an integral conduit nipple that is part of an in
Installation~instructions shall be provided detailing the proper use of a corn
npartmentfor field wiring and a termination for a permanent wiring system in the

. 8.:\A terminal compartment provided as an integral part of a motor that com

in9.10r9.2,
(to attach an
d.

ving any part
motor that is
service door,
r is otherwise

hnection of a

m, such as a
commodate a

ernal Class 2
duit fitting to
field.

plies with the

requirements

for field M/iring in the Standard for Pnl‘nﬁng Electrical Machines — General an

lirements, UL

1004-1, and is marked "Acceptable for Field Wiring" or the equivalent, is considered to comply with the
requirements for a terminal compartment specified in 10.2.1 - 10.2.6.

10.1.2 The following shall be considered in determining the acceptability of a power supply cord for

equipment:

a) The cord connection of the equipment facilitates frequent replacement;

b) Reduction of the transmission of noise or vibration is accomplished; and

c¢) The fastening means or mechanical connections are intended to permit removal for maintenance
and repair.
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10.2 Equipment permanently connected electrically

10.2.1
terminals. No ventilation opening shall be located in the field wiring compartment.

If a terminal compartment is provided, it shall be complete and shall enclose al

| field wiring

10.2.2 A terminal compartment shall be located so that when conduit connections are made, internal
wiring and electrical components shall not be exposed to mechanical abuse and strain. After the unit has
been installed as intended, supply connections shall be accessible for inspection without exposing internal

wiring and electrical components to mechanical abuse or strain.

10.2.3 Electrical components shall not be mounted on the terminal compartment cover unless the

internal wiring-s—

10.2.4 Exc
at more than pne point to reduce the likelihood of the terminal compartment turning.

10.2.5 Compartments, raceways, and the like, for routing and stowage of conductors con
field shall not|contain rough, sharp, or moving parts that may damage conductor insulation.

10.2.6 A terfminal box shall be provided with wiring terminals or leads‘for the connection of
conductors. I{ is assumed that the supply conductors will be of the-smallest size having an a
least 125 pergent of the test current for motor loads, continuous@uty loads, and combination
least 100 percent for other loads. Wire size is to be determined in accordance with Table 3
National Elecfrical Code, ANSI/NFPA 70.

10.2.7 The free length of a lead inside the terminal,compartment shall be at least 6 incheg
the lead is infended for field connection to an external circuit. The leads provided for conn
branch-circuif supply shall have an ampacity rating*no less than that of a conductor of the nex
than that accegptable for the rating of the produict.

Exception: Fq
overcurrent p

r equipment intended to-be connected to a branch circuit protected by a 15 4
rotective device, the lead'shall not be smaller in size then 18 AWG (0.8 mm?).

10.2.8 A 14
and thus is th

AWG (2.1 mm?).wire is the smallest conductor that may be used for branch
b smallest conductor that may be anticipated for connection of a power supply ¢

1029 Aw
screw.

ring terminpal shall be provided with a pressure wire connector, firmly bolted

......

ed to the unit

hected in the

bower supply
mpacity of at
oads, and at
10-16 of the

(152 mm) if
ection to the
smaller size

mpere rated

Circuit wiring,

bnductor.

or held by a

Exception: A

0 AWG (5.3

mm?) or smaller conductor if upturned lugs or the equivalent are provided to hold the wire in position.

10.2.10 Pressure terminal connectors shall comply with the Standard for Wire Connecto
486B.

10.2.11
diameter).

Exception: A 8 AWG (4.22 mm diameter) screw may be used at a terminal intended
connection of a 14 AWG (2.1 mm?) conductor.

rs, UL 486A-

A wire binding screw shall thread into metal and shall be no smaller than 10 AWG (4.8 mm

only for the
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10.2.12 A terminal plate tapped for a wire binding screw shall be of metal no less than 0.030 inch (0.76
mm) thick. There shall be no fewer than two full threads in the metal, which may be extruded if necessary
to provide the threads.

10.2.13 A terminal for connection of a grounded power supply conductor shall be of, or plated with, metal
that is substantially white in color and shall be readily distinguishable from the other terminals; or proper
identification of the terminal for the connection of the grounded conductor shall be clearly shown in some
other manner, such as on an attached wiring diagram.

10.2.14 A lead for connection of a grounded power supply conductor shall be finished to show a white,
silver, or gray color and shall be readily distinguishable from the other leads.

ads, General
0. 0.5, or the

10.2.15 THe threads of a conduit entry shall comply with the Standard for Pipe Thre
Purpose (Indh), ASME B1.20.1; the Standard for Threaded Conduit Entries, , CSA C22.2'N
Standard for|Unified Screw Threads — Specifications, ANCE NMX-H-146-SCFI.

10.3 Equipment cord connected
10.3.1 A cq

rd-connected unit shall be provided with a flexible cord having a length of at Igast 18 inches

(0.46 m) but
supply. The g

a) Be

b) Ing

10.3.1.1  TH
Supply Cord
comply with §

10.3.2 The
type designal

10.3.3 The

no longer than 10 feet (3.05 m), and an attachment plugfor connection to the
ord shall:

Type S, SE, SJ, SJE, SJO, SJOO, SJT, SJTO, SJTOO, SO, SOO, ST, STO, or §

ude an equipment grounding conductor.

e flexible cord specified in 10.3.1 shall:comply with the Standard for Cord Set
5, UL 817, and the Standard for Flexible Cords and Cables, UL 62. Attachme
he Standard for Attachment Plugs and Receptacles, UL 498.

cord on outdoor equipment.shall be marked "W," "W-A," or "outdoor" in conng
fion.

cord shall have anampacity no less than the ampere rating of the equipment.

10.3.4 An attachment plug shall be of a grounding type acceptable for use with a current

125 percent
equipment.

10.3.5 A3-

of the rated current of the equipment, and at a voltage equal to the rated v

branch-circuit

5TOO; and

5 and Power-
nt plugs shall

ction with the

not less than
oltage of the

o~2'wire, grounding-type adapter shall not be provided.

10.4 Strain relief

10.4.1

from the cord to terminals, splices, or wiring within the unit.

A flexible cord shall be provided with means to reduce transmittal of tensional or rotational force

10.4.2 Means such as a metal strain relief clamp or bushing shall be provided to reduce the likelihood of
a flexible cord being pushed into an enclosure through the cord-entry hole, if such displacement can result
in mechanical damage to the cord, exposure of the cord to a temperature higher than its rated
temperature, or can reduce spacings below the minimum acceptable values.

10.4.3 The strain relief means shall be tested as described in Strain Relief Test, Section 48.

10.4.4 A knot in the flexible cord shall not be used to provide strain relief.
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10.5 Bushing
10.5.1 At a point where a flexible cord passes through an opening in a wall, a barrier, or an enclosure,

there shall be an acceptable bushing, or the equivalent, that shall be secured in place and have a smooth,
rounded surface against which the cord can bear.

11 Adhesives Used to Secure Parts

11.1

An adhesive that is relied upon to reduce a risk of fire, electric shock, or injury to persons shall

comply with the requirements for adhesives in the Standard for Polymeric Materials — Use in Electrical
Equipment Evaluations, UL 746C.

11.2 The rq
nameplate, th

a) Ene
b) Ma
c) Reg
d) Shq
11.3  Wheth
both a part in
the device is
12 Mechan

12.1  EquipH

quirement in 11.1 applies to an adhesive used to secure a conductive part
at may, if loosened or dislodged:

rgize an accessible dead metal part;
e a live part accessible;
uce spacings below the minimum acceptable values; or

rt-circuit live parts.

er the conditions mentioned in 11.2 (a) — (d) can~occur is to be considered w
side the device, and a part on the outside of the device that may affect equipn
o be installed.

cal Assembly

hent shall be assembled so that-it will not be adversely affected by the vibrati

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

122 A sw

tch, a lampholder, an  attachment-plug receptacle, a motor-attachment plu

component shall be securely motinted and shall be prevented from turning. See 12.4.

Exception Noj

a) Th
switch
the sw

1: A switch'need not be prevented from turning provided:

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

L including a

th respect to
nent in which

on of normal

y, or similar

fed. A toggle
operation of

b) The means for mounting the switch makes it unlikely that operation of the switch will loosen it;

c) The spacings are not reduced below the minimum required values if the switch rotates; and

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

Exception No. 2: A lampholder of the type in which the lamp cannot be replaced, such as a neon pilot or
indicator light in which the lamp is sealed in a nonremovable jewel, need not be prevented from turning if
rotation cannot reduce spacings below the minimum required values.

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

the minimum

acceptable values.
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12.4 The means for preventing the turning or shifting mentioned in 12.2 and 12.3 is to consist of more
than friction between surfaces — for example, a properly applied lock washer is acceptable as the means
for preventing a small stem-mounted switch or other device having a single-hole mounting means from
turning.

13 Current-Carrying Parts

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

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

Exception: Qrdinary iron or steel provided with a corrosion-resistant coating may be used|for a current-
carrying part|if:

a) Acgeptable in accordance with General, Section5.1; or
b) Within a motor or associated governor.

14 Insulating Material

14.1  Matenal for mounting an uninsulated live part shall be porcelain, phenolic composi|tion, or other
equivalent mpterial.

14.2 Ordinary vulcanized fiber may be used for insulatihg bushings, washers, separators,[and barriers,
but not as the sole support for uninsulated live parts ‘where shrinkage, current leakage, or warpage may
introduce a risk of fire or electric shock.

14.3 A thermoplastic or thermoset insulating material shall comply with the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, UL 746C.

14.4 A small molded part, such as a-brush cap, shall be constructed to have the necessafy mechanical
strength andjrigidity to withstand the stresses of actual service. A brush cap shall be secured or located so
that it is protgcted from mechanical damage that may result during intended use.

15 Internal Wiring

15.1 Mechanical protection

15.1.1 Wiri hg and-connections between parts of the r=Yal lilr_\mnn’r shallbe prnfnnfnd orencloskd.

Exception: A length of flexible cord may be employed for external connections if flexibility is essential.
Flexible cord shall be of the types included in 10.3.1.

15.1.2 A flexible cord used for external interconnection as mentioned in 15.1.1 shall be provided with
strain relief and bushings in accordance with the requirements in 10.4.1 — 10.5.1, unless the construction
is such that the cord will be protected from stress and motion.

15.1.3 Wires within an enclosure, a compartment, a raceway, or the like shall be routed or otherwise
protected so that damage to conductor insulation cannot result from contact with any rough, sharp, or
moving parts.
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15.1.4 A hole through which insulated wires pass in a sheet-metal wall within the overall enclosure of an
appliance shall be provided with a smooth, rounded bushing or shall have smooth, rounded surfaces upon
which the wires may bear.

15.1.5 Insulated wires may be bunched and passed through a single opening in a metal wall within the
enclosure of equipment.

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

subjected.

15.1.7 With
of such wiring
the wiring wo
if it is secured

15.1.8  Wiri

mechanical ¢
raceway, or b

15.2 Splice

15.2.1
contact. A sol

15.22 Asp
spacing betw

15.2.3 Alun

reference to exposure of insulated wiring through an opening in the enclosuré,
required by 15.1.1 is considered to exist if, when judged as though it were, film
Lld be acceptable according to 9.1 and 9.2. Internal wiring not so protected may
within the enclosure so that it is unlikely to be subjected to stress or¢mechanica

ng that may be located in proximity to combustible material or may be

he protection
-coated wire,
be accepted
damage.

subjected to

amage shall be in armored cable, rigid metal conduit, electrical metallic fubing, metal

b otherwise equivalently protected.

5 and connections

Each splice and connection shall be mechanically-secure and shall provide relig

dered connection shall be mechanically secured before being soldered.

ice shall be provided with insulation equivalent to that of the wires involved if pg
ben the splice and other metal partsimay not be maintained.

ninum conductors, insulated~or uninsulated, used as internal wiring, such a

connection, letween current-carrying-parts or as motor windings, shall be terminated |

acceptable fo

15.2.4 With
device for alu

15.2.5 Insul
of friction tap
than 250 volt

I the combination of metals involved at the point of connection.

reference to the.requirements in 15.2.3, if a pressure wire connector is used as
minum, refer 10°4.0.2.9.

ation consisting of two layers of friction tape, two layers of thermoplastic tape, o
b on top of one layer of rubber tape, is acceptable on a splice if the voltage in
5. In'determining if splice insulation consisting of coated-fabric, thermoplastic or

ble electrical

rmanence of

5 for internal
y a method

A terminating

- of one layer
olved is less
other type of

tubing is acc

pfnhln, consideration is to he gi\/nn to such factors as its dielectric prnpnrﬁne, H

eat-resistant

and moisture-resistant characteristics, and the like. Thermoplastic tape wrapped over a sharp edge is not

acceptable.

15.2.6

If stranded internal wiring is connected to a wire-binding screw, loose strands of wire shall be

prevented from contacting other uninsulated live parts that are not always of the same polarity as the wire
and from contacting dead metal parts. This may be accomplished by use of pressure terminal connectors,
soldering lugs, crimped eyelets, soldering all strands of the wire together, or other reliable means.

16 Separation of Circuits

16.1

16.1.1

General

Insulated conductors shall be segregated or separated by barriers from:


https://ulnorm.com/api/?name=UL 1951 2020.pdf

JUNE 27, 2020

UL 1951

41

a) Each other if used in different internal wiring circuits; and

b) Uninsulated live parts connected to different circuits.

Exception: Conductors provided with insulation acceptable for the highest voltage involved need not be

separated or

segregated.

16.1.2 Segregation of insulated conductors may be accomplished by clamping, routing, or an equivalent
means that provides permanent separation from insulated or uninsulated live parts of a different circuit.

16.1.3
provision for
conductors,

arrangemen
maintained

17 Groun

171 Gene

17.1.1  All 6
contact durin
to the means

171.2 To g
proximity of

a barrier shall be provided to separate the conductors of the different(ci
of the compartment shall be such that a minimum spacing of 1/4 inch-(6:4
tween the conductors of the different circuits including the conductors t6 be fiel

ing and Bonding
al

xposed dead metal parts and all dead metal parts within the enclosure that a
g any user servicing operation and are likely to become energized shall be relia
for grounding.

etermine whether a part is likely to becomeésenergized, such factors as constrd
viring are to be evaluated.

17.2 Grounding means

17.21 An
enclosure by

17.2.2 Agr
enamel.

17.2.3 Agn
during norma

equipment-grounding terminal~or lead-grounding point shall be connected to
a positive means, such as‘by a bolted or screwed connection.

bunding connection:shall reliably penetrate a nonconductive coating, such as pa

punding point'shall be located so that it is unlikely that the grounding means wi
| servicing:

In a compartment that is intended for the field installation of conductors, and that contains

ighting circuit
rcuits, or the
mm) can be
H installed.

e exposed to
bly connected

ction and the

the frame or

int or vitreous

| be removed

17.3 Termirnals and leads

17.3.1 A terminal or lead intended for connection of an equipment-grounding conductor shall be
constructed as specified in 10.2.7 — 10.2.12 to accommodate a conductor sized in accordance with the
National Electrical Code, ANSI/NFPA 70.

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

17.3.3 A multiple-conductor cord with a grounding conductor connected to the frame or enclosure is an
acceptable grounding means for all cord-connected equipment.
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17.3.4 The grounding conductor of a power-supply cord shall be attached to the grounding blade of an
attachment plug and shall be connected within the frame or enclosure by means of a screw not likely to be
removed during ordinary servicing not involving the power-supply cord.

17.3.5 The grounded-circuit conductor shall not be grounded at or in conjunction with the equipment.
17.4 Grounding identification

17.4.1 The surface of the insulation of a grounding conductor of a flexible cord or a lead intended solely
for the connection of an equipment-grounding conductor shall be green with or without one or more yellow
stripes, and no other lead shall be so identified.

17.4.2 A wine-binding screw intended for the connection of an equipment-grounding condudtor shall have
a green-colorgd head that is hexagonal or slotted, or both.

17.4.3 A pressure wire connector intended for connection of an equipment-grounding condiictor shall be
identified by:

a) Beipg marked "G," "GR," "GND," "Ground," "Grounding," or the like;
b) A marking on a wiring diagram provided on the product; or.
c) Thg symbol shown in Figure 17.1 (IEC Publication 41% Symbol No. 5019) on or adjacent to the

connegtor or on a wiring diagram provided on the product. See 17.4.4.

Figure 17.1
Grounding symbol
(IEC Publication 417, Symbol No. 5019)

17.4.4 If the symbol shown in Figure 17.1 is used in accordance with 17.4.3 (c), the installation
instructions provided with the product shall define the symbol.

Exception: If the symbol in Fiqure 17.1 is used with one of the other means of identification specified in
17.4.3 (a) and (b), the definition need not be provided.
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17.5 Bonding

17.5.1 A noncurrent-carrying metal part shall be bonded to the point of connection of the grounding
conductor.

17.5.2 Means for accomplishing bonding shall penetrate all nonconductive coatings such as paint.

17.5.3 A bolted or screwed connection that incorporates a star washer under a screw head, a serrated
screw head, or the equivalent is acceptable for penetrating nonconductive coatings as required by 17.5.2.

17.5.4 If the bonding means depends upon screw threads, there shall be two or more screws, or two full

threads of a st |9:c screw,engagmg metat:

18 Lamph¢lders

18.1 The s
equipped wit
connected to

18.2 Alam
will not be ex

Exception: T
cover plate o

crew shell of an Edison-base lampholder in permanently connected equipment
h a polarized attachment plug shall be connected to the terminal or.lead that is i
the grounded conductor of the power-supply circuit.

bholder shall be constructed or installed so that uninsulated'live parts other than
posed to contact by persons removing or replacing lamps in intended service.

his requirement does not apply if it is necessary to dismantle the equipment
I other part by means of a tool in order to remove or replace a lamp.

or equipment
htended to be

a screw shell

or remove a

19 Motors
19.1  An electric motor shall comply with the Standard for Rotating Electrical Machings — General
Requirements, UL 1004-1, except as noted below:
a) The current and horsepower relation, cord-connected motors, factory wiring terminfals and leads
and npn-metallic functional parts requirements in UL 1004-1 are not applicable.

b) A g
244A
Comy
Part

6073

c) Se¢

olid-state control(that complies with the Standard for Solid-State Controls for A
is considered ‘to’comply with the motors provided with controls requirements
liance withsthe Standard for Automatic Electrical Controls for Household and
. GenerallRequirements, UL 60730-1, and/or the applicable Part 2 standard
series.eomplies with the requirements in UL 244A.

e. 6.6 of this end product standard for the applicability of the frame a

bpliances, UL
pf UL 1004-1.
Similar Use,
from the UL

hd enclosure

(nonmetallic) requirements of UL 1004-1.

d) Metal enclosure requirements of UL 1004-1 are superseded by the requirements in Frame and

Enclo

sure, Section 6 of this end product standard.

e) Grounding requirements of UL 1004-1 are superseded by the requirements in Grounding and

Bondi

ng, Section 17 of this end product standard.

f) The Ventilation Opening requirements of UL 1004-1 are only applicable where the openings are
on surfaces considered to be the appliance enclosure (see 6.1.1 of this end product standard).

g) The accessibility of uninsulated live parts, film-coated wire, and moving parts requirements in UL
1004-1 is superseded by the requirements in Accessibility of Uninsulated Live Parts, Film-Coated

Wire,

and Moving Parts, Section 9 of this end-product standard.
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h) The protection against corrosion requirements in UL 1004-1 are superseded by the
requirements in Protection Against Corrosion, Section 8 of this end product standard.

i) The available fault current ratings for motor start and running capacitors specified in UL 1004-1
are not applicable to cord and plug connected pumps.

j) The

switches section of UL 1004-1 is not applicable to centrifugal starting switches.

k) With the exception of the Resilient Mounting and Electrolytic Capacitor Tests, the performance
tests of UL 1004-1 are not applicable.

) The

19.2 A motd

Exception NQ.

attached, key/

Exception Ng
currents and
have accepta

19.3 Thepr
a) Th
Overh
1004-

b) Img

m

peres and horsepower at each speed.
r shall incorporate overload protection against running-overload anddocked-rotg

1: A motor intended to move air only by means of an air-moving fan tha
ed, or otherwise fixed to the motor shaft is not required to have)running-overload

. 2: A shaded-pole motor with a 2:1 or smaller rati0 between locked-rotor
b 1-ampere or smaller difference between no-load.and’locked-rotor currents is g
ble overcurrent resistance when it is made resistant'to locked-rotor conditions of

btection required by 19.2 shall consist of ang«f the following:

ermal protection that complies withthe applicable requirements in the
pating Protection for Motors, UL 214% or the Standard for Thermally Protecte
B.

edance protection complying*with the Standard for Overheating Protection fo

2111 ¢r the Standard for Impédance Protected Motors, UL 1004-2, when the motor

used i

c) Elg
Proted

20 Overcurn

n the equipment.

ctronic protection Jcomplying with the requirements in the Standard for
ted Motors, UL\1004-7.

rent- orOverload-Protective Devices

20.1 Generlal

arking requirements of UL 1004-1 are not applicable except for the manufact
ication; ; . and a multi-

urer’s name

marked with

r conditions.

is integrally
protection.

and no-load

etermined to
nly.

Standard for
i Motors, UL

I Motors, UL
is tested as

Electronically

20.1.1

Type S or Edison-base with a factory-installed nonremovable Type S adapter.

20.1.2 The screw shell of a plug-type fuseholder shall be connected toward the load.

A fuseholder or circuit breaker shall be acceptable for the application. A plug fuseholder shall be

20.1.3 A protective device, such as a fuse, the normal functioning of which requires renewal or
replacement shall be in a readily accessible location.

20.1.4 A fuseholder shall be designed and installed so that no uninsulated live part other than the screw
shell, terminals, clips, or center contact of a plug fuseholder will be exposed to contact by a person
removing or replacing a fuse.
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20.1.5 The operating handle of a circuit breaker, and the like shall be accessible for servicing without the
necessity for exposing normally protected or enclosed live parts.

21 Capacitors

21.1 A capacitor provided to operate a motor and a capacitor connected across the line (such as a
capacitor for radio-interference elimination or power factor correction) shall be housed within an enclosure
or container so as not to be subjected to mechanical damage and to reduce the risk of emission of flame or
molten material resulting from capacitor malfunction. The container shall be of metal providing strength

equivalent to

Exceptlon Ne—1—The-containerof-a r\::p::r\lfnr may he of thinner sheet metal or may he of

that of uncoated steel having an average thickness of 0.020 inch (0.51 mm).

material other

than metal p
a) Th

b) Th

Exception Ng
risk of mech
The containe
the requirem

21.2 Ifacg

malfunction ¢f the capacitor may result in a risk of fire or-electric shock, thermal or overcurr

shall be prov|

21.3 Unde
electric shoc

21.4  Threg
manner and
overvoltage
ignite during

22 Switchgs and Controls

221 A swi
circuit (load)

ovided that:
b capacitor is mounted in an enclosure that houses other parts of the unit; land

b enclosure complies with the requirements for enclosures of current-earrying p4

. 2: The container of an electrolytic capacitor with means for veriting is required
anical damage only, and the requirement for minimum enclosure thickness dd
r of an electrolytic capacitor that is not provided with means for venting need nd
ent for enclosure thickness if the enclosure complieswith the test in 21.4.

pacitor that is not a part of a capacitor motor.ora capacitor-start motor is conr

ded in the unit to reduce such a risk.

both normal and abnormal conditions of use, a capacitor shall not result in a
when tested in accordance with-the applicable performance tests in this standa

samples of the capacitor.described in Exception No. 2 of 21.1, mounted in
with cotton placed aréumnd openings in the enclosure, are each to be sul
0 cause the capaciter to cease to function. The results are acceptable if the cg
the test.

ch or-other control device shall have current and voltage ratings no less thar
that it'controls.

rts.

to reduce the
es not apply.
t comply with

ected so that
ent protection

risk of fire or
rd.

the intended
bjected to an
tton does not

those of the

22.2 A solid-state circuit relied upon to comply with one or more requirements in this standard shall
acceptably complete a reliability evaluation of electronic components.

22.3

switch shall be located or guarded so that such operation is unlikely.

If unintentional operation of a switch can result in a risk of injury to persons, the actuator of the

22.4 A switch with a marked "off" position shall open all ungrounded conductors. If the product 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 product.

22,5 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.
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22.6 A switch that controls a lampholder for an incandescent lamp other than a 15-watt or smaller pilot or

indicating lam

p shall be of a type that is acceptable for use with tungsten-filament lamps.

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

22.8 A switch or other device not having a rating as specified in 22.7 shall be subjected to the overload
test described in Overload Test on Switches and Controls, Section 50.

23 Controls — End Product Test Parameters

23.1 Gener

23.1.1  Whe
declaration of

23.2 Auxiliary controls

23.21 Auxil

23.2.2 Auxil

Exception: Af
5.5 complies

23.3 Opera

23.3.1  The
acceptability
Controls — P3

a) Cor

b) Unl
tested
condit]

c) Insfallation elass 2 in accordance with the Standard for Electromagnetic Compatik
5: Jesting and Measurement Techniques — Surge Immunity Test, IEC 61000-4-3.

Part 4

re reference is made to declared deviation and drift, this indicates-the"m
the control’s tolerance before and after certain conditioning tests.

ary controls shall not introduce a risk of electric shock, fireforpersonal injury ha
ary controls shall comply with the requirements of this'end product standard.

) auxiliary control that complies with a component standard(s) specified in Con
With this requirement.

ling controls (regulating controls)

following test parameters shall be among the items considered when
bf an operating control investigated in accordance with the Standard for Autom
rt 1: General Requirements, (UL 60730-1:

trol action Type 2.

bss otherwise specified in this end product standard, manual and automatic con
for 6,000 cycles-with under maximum normal load conditions, and 50 cycles un
ons. See Overload Test on Switches and Controls, Section 50.

anufacturer’s

zard.

trols, Section

judging the
htic Electrical

trols shall be
der overload

ility (EMC) —

d) For

e) For

the applicable Overvoltage Category, see Table 26A.1.

the applicable Material Group, see Table 26A.2.

f) For the applicable Pollution Degree, see Table 26A.3.
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Table 23.1
Overvoltage categories

Table 23.1 relocated to Table 26A.1.

Table 23.2
Material group

Table 23.2 relocated to Table 26A.2.

23.4 Prote

2341 An
Controls, Se
are: a contrg

Table 23.3
Pollution degrees

Table 23.3 relocated to Table 26A.3.

Ctive controls (limiting controls)

Blectronic control that performs a protective function shall comply with the re
ction 5.5 while tested using the parameters in thisisection. Examples of prote
| used to sense abnormal temperatures of components within the appliance

uirements in
ctive controls
- an interlock

function to d¢-energize a motor; temperature protection of.the motor due to locked rotor, runfing overload,

loss of phasq

23.4.2
acceptability
Electrical Co

a) Fa

b) Po
the m

c) Su
d) Elg

e) Ele

The following test parameters shallxbé among the items considered when

; or other function intended to reduce the:risk of electric shock, fire, or injury to p

of an electronic protective controkinvestigated in accordance with the Standard
htrols for Household and SimilarUse, Part 1: General Requirements, UL 60730-

lure-Mode and Effect Analysis (FMEA) or equivalent risk analysis method.

wer supply voltage.dips, variation and interruptions within a temperature rangs
aximum ambient temperature determined by conducting the Temperature Test,

ge immunity.test — installation class 3 shall be used.
ctrical.fast transient/burst test, a test level 3 shall be used.

ctrostatic Discharge Test.

ersons.

judging the
for Automatic
1:

of 10°C and
bection 43.

f) Radio-frequency electromagnetic field immunity:

1) Immunity to conducted disturbances, when applicable, test level 3 shall be used; and

2) Immunity to radiated electromagnetic fields; field strength of 3 V/m shall be used.

g) Thermal Cycling Test in UL 60730-1 shall be conducted at ambient temperatures of 10.0 +2°C
and the maximum ambient temperature determined by conducting the Temperature Test, Section
45. The test shall be conducted for 14 days.

h) Overload shall be conducted based on the maximum declared ambient temperature (Tmax) or
as determined by conducting the Temperature Test, Section 45.
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23.4.3 The test parameters and conditions used in the investigation of the circuit specified in 23.4.1 shall
be as specified in the Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL

991, in accordance with the following test parameters:

a) With regard to electrical supervision of critical components, for attended appliances, a motor
operated system becoming permanently inoperative with respect to movement of an exposed
portion of the appliance complies with the requirements for trouble indication. For unattended
appliances, electrical supervision of critical components may not rely on trouble indication.

b) A field strength of 3 V per meter is to be used for the Radiated EMI Test.

c) The Composite Operational and Cycling Test is to be conducted for 14 days at temperature

o o o o
extremesof0°C(32°F} and 70°C (158°F).

d) The
Humid

e)Av

f) Wh
hours
compd
contro

g) Wh
is to b
accels

h) The
perfor|
60°C

higher

Humidity Class is to be based on the appliance’s intended end use and is-ta.bd
ity Test.

bration level of 5 g is to be used for the Vibration Test.

en a computational investigation is conducted, A, shall not-be-greater than
for the entire system as specified in Table 23.4. For contrals*not specified in T3
site system failure shall be determined based on evaldation of the risks inv
| failure. The Operational Test is to be conducted for 14days.

en the Demonstrated Method Test is conducted;.the multiplier for the test accel
e 576.30 for intermittent use appliances, or 5763.00 for continuous use applian
ration factor equation is to be based on a 252C use ambient.

Endurance Test is to be conducted concurrently with the Operational Test. The
m its intended function while being conditioned for 14 days in an ambient air te
140°F), or 10°C (18°F) greater than the operating temperature of the control,
During the test, the control is to-be operated in a manner representing normal y

i) For {he Electrical Fast Transient.Burst Test, test level 1 is to be used.

j) Con

Huct a failure-mode.and effect analysis (FMEA).

Table 23.4
Compgsite system failure rate A, for solid-state protective controls

used for the

failures/108
ble 23.4, the
plved due to

bration factor
ces. The test

control shall

mperature of
whichever is
se.

Control Function Ay

16

Scalding P

ptection Water Temperature Limiting Control

23.4.4 Unless otherwise specified in this end product standard, protective controls shall be evaluated for
100,000 cycles for automatic action devices, and 6,000 cycles for manual action devices, with rated

current.

23.5 Controls using a temperature sensing device

23.5.1

A temperature sensing positive temperature coefficient (PTC) or negative temperature coefficient

(NTC) thermistor, that performs the same function as an operating or protective control, shall be tested
using the following number of cycles when testing a sensing device in accordance with the endurance test:

a) For

b) For

a device employed as a operating device — 6000 cycles;

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

24 Electronic Circuits

241

24.1.1
Electronic Ci

General

rcuits Evaluated to the UL 60335-1 Based Requirements.

Circuits on the line side of isolation components shall comply with the requirements in 24.2 for

24.1.2 All secondary circuits shall be judged under the requirements for primary circuits unless they

comply with 24.1.3 — 24.1.5 or the requirements in 24.2 for Electronic Circuits Evaluated to the UL 60335-1

Based Requi

2413 EXW

provided wit
internal wirin

2414 Ina
Class 2 trang
less, and th

a
that limits th

side of the i
In such a ca{
and the wirin

2415 Afu
more than 3,
5.0 amperes
to limit the c|

24.2 Electionic circuits evaluatedto.UL 60335-1 based requirements

24.21 |Iden

24.2.1.1 General

242111
control is ne
(SCF) if failu

4
CITITTIlO.

rnal wires and cables that are part of the secondary circuits covered\in” 24
strain relief in accordance with 10.4.2 — 10.5.1 if stresses on wire or.cable co
y of the circuits to contact uninsulated live parts of other circuits.

circuit that is supplied from an isolating transformer that does-not meet the requ
former but does have an open-circuit sinusoidal potential of 30 volts rms (42.4
includes reliable fixed impedance, a fuse, or a nonadjustable manually reset ci
power available to the levels for Class 2 transformers, the portion of the circ
pedance, fuse, or protector is to be treated as if itwere supplied from a Class !
e, the secondary winding of the transformer, either the impedance, the fuse, or
j between the two are to be judged as if they were part of a line-voltage circuit.

5e or circuit protector used to limit the power as specified in 24.1.4 is to be rate

for a 0 — 20 volt rms sinusoidal cireuit. If an impedance is used to limit the curre
rrent under short-circuit conditions to not more than 8.0 amperes measured afte

tification of Safety-Critical Circuit Functions

Flectronic) circuits or parts of circuits shall be analyzed to determine if the fi
bessary“for compliance with this standard. A function is considered a Safety Cr
e (loss or malfunction) of its functionality would result in the risk of fire, electric §

.1.2 shall be
uld cause the

rements for a
volts peak) or
rcuit protector
it on the load
P transformer.
the protector,

d or set at not

P amperes for a circuit operating between 20 and 30 volts rms sinusoidal and pot more than

nt, its value is
I 1 minute.

nction of the
tical Function
hock or injury

to persons u

H o L
L} Ig uanrc GVVIICII LAY v

24.2.1.1.2 Safety Critical Functions shall be identified as either Protective Electronic Circuits as detailed
in 24.2.2 or as those of operating circuits that mitigate Dangerous Malfunctions as detailed in 24.2.3.

242113

the Normal Temperature Test shall be simultaneously short-circuited.

24.2.1.1.4 See 5A.3 and Table 5A.1 for common Safety Critical Functions.

24.2.2 Protective electronic circuits

24221
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
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Exception: Electrical components may be connected across the contacts provided that any single
component fault does not result in a loss of protective function.

24.2.3 Operating circuits that mitigate a dangerous malfunction of the appliance

24.2.31

The suitability of stand-by or electronic disconnect circuits shall be as specified in this standard.

24.2.3.2 An electronic disconnection circuit whose failure could result in a Dangerous Malfunction shall
have at least two components whose combined operation provides the load disconnection.

24.2.4 Evaluation of the different types of electronic circuits

24241 Al

242411 A
functions not

242412 A

242413
time they sha

a) The

b) The

242414 7
in Low-Power

types of circuits

\Il circuit functions mandated by this standard shall be validated. This “includ
Hesignated as Safety Critical Functions.

Il circuits shall be evaluated to determine the effects of electronic’ circuit faults.

Vhen the applicable component/hardware faults specified“in 53.4.5.10 are impg
I not result in:

appliance presenting a risk of fire, electric shock-or mechanical hazard, or

loss of any Safety Critical Function either, in‘that circuit or others.

he risk of electrically generated fire.from the faults of 53.4.5.10 is considered to
Circuits.

24.2.5 Circuits that provide Safety Critical Functions

24251 In
incorporate n

24252 Th
Standard for
60335-1, Edit

24253 Cin

addition to the requirements of 24.2.4, circuits that provide Safety Critical FU
easures to control the‘fault/error conditions that would impair the safety function

e evaluation of the programmable component shall be in accordance with An
Safety of Heusehold and Similar Electrical Appliances, Part 1: General Requ
on 5.

cuitsithat provide Safety Critical Functions that rely upon a programmable comp

es operating

sed one at a

be mitigated

nctions shall
5.

nex R of the
rements, UL

bnent for one

4+

or more of it

fotv f 'H ball k. ki o ¢ +h + £ 4 [») [N|
odITLly TUtivtiviio ofidil VT oUUJTULITU TU T TToU UT TIT T TUYrarnimavic CUTNTTpyuUl

1ent reduced

supply voltage test, 53.4.6, unless restarting at any point in the operating cycle after interruption of
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.

24.2.5.4 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, 53.4.7.

24255 The tests of 53.4.7 are carried out with surge protective devices disconnected, unless they
incorporate spark gaps.
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25 Diaphragms, Gaskets, and Seals

251 If the deterioration or breakage of a diaphragm, gasket, or seal could increase the risk of electric
shock, the diaphragm, gasket, or seal shall be tested as specified in Accelerated Aging Test, Section 49.

26 Spacings

26.1 Other than at wiring terminals, the spacings between uninsulated live parts of opposite polarity and
between an uninsulated live part and a dead metal part that is exposed to contact by persons or that may
be grounded shall not be less than the value specified in Table 26.1.

H 1 4 Tl oo 4 H £ 4 £ 4l H s L. H
EXCGptlon No—t+—Fheintrerent SpacgSoracompotrent- orineeqtpmetit,Sucirasa-Strap-Sv itch or mOtOI’,

are judged oh the basis of the requirements for the component in question.

Exception N¢. 2: This requirement does not apply if a spacing complies with the requirements in 26.3.

Table 26.1
Spacings at other than field-wiring terminals

Potential inyolved, Over surface Through air
Volts Inch (mm) Inch (mm)
0-12p 116 (1.6) 1/16 (1.6)
126 — 250 3/32 (2.4) 3/32 (2.4)
251 -600 12 (12:%7) 3/8 (9.5)

26.2 If an |uninsulated live part is not rigidly\fixed in position by means other than frigtion between
surfaces, or |f a movable dead metal part is<in)proximity to an uninsulated live part, the consgtruction shall
be such that the required minimum spacing-will be maintained.

26.3 If an igolated dead metal partisinterposed between or is in close proximity to:
a) Live parts of opposité polarity;
b) A live part and.an.exposed dead metal part; or
c) A live part @and a dead metal part that may be grounded,;

the spacing rrpay be not less than 3/64 inch (1.2 mm) between the isolated dead metal part ahd any one of
the other parts previously mentioned, provided the total spacing between the isolated dead metal part and

the two other parts is not less than the value specified in Table 26.1.

26.4 An insulating lining or barrier employed where spacing would otherwise be insufficient shall comply
with the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

26.5 All uninsulated live parts connected to different circuits — line- or low-voltage — shall be spaced from
one another as though they were parts of opposite polarity, in accordance with the requirements in 26.1
and 26.6 and shall be judged on the basis of the highest voltage involved.

26.6 The spacing between wiring terminals of opposite polarity, and between a wiring terminal and any
other uninsulated metal part — dead or live — not of the same polarity, shall not be less than that specified
in Table 26.2.
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Table 26.2
Spacings at wiring terminals

Minimum spacings, inch (mm)

Between terminals and other uninsulated metal parts not always of
.. . the same polarity?
Between wiring terminals,
Potential through air or over surface Over surface Through air
involved, volts inch (mm) inch (mm) inch (mm)
250 or less 1/4 (6.4) 1/4 (6.4) 1/4 (6.4)
More than 250 1/2 (12.7)° 1/2 (12.7)° 3/8 (9.5)

@ Applies to the

sum of the spacings involved where an isolated dead metal part is interposed.

b A spacing of
terminal box if {|

ot less than 3/8 inch, through air and over surface, is acceptable at wiring terminals in a wiring comp
he compartment or box is integral with a motor.

artment or

26A Cleara

26A.1 As a
other than a
accordance V
Creepage Dig

26A.2 Clea
for conduit o
physical mea

26A.3 The
requirements

26A.4 In cq
Coordination
guidelines sh

a) For|

hce and creepage distances

N alternative approach to the spacing requirements specifieduin, Spacings, Se
5 noted in 26.7.2 and 26.7.3, clearances and creepage distances may be
vith the requirements in the Standard for Insulation Coardination Including Cl
tances for Electrical Equipment, UL 840, as describedid 26.7.4.

ances between an uninsulated live part and thewalls of a metal enclosure, inc
armored cable, shall be as noted in Table 26!1. The clearances shall be ds
surement.

Clearance and creepage distance at-field wiring terminals shall be in accorda
in Table 26.2.

nducting evaluations in accardance with the requirements in the Standard 1
ncluding Clearance and-Creepage Distances for Electrical Equipment, UL 840,
bll be used:

evaluating clearances:

Overvoltage Category II;

2) The Phase-to-Ground Rated System Voltage used in the determination g
shall’'be the equipment rated supply voltage rounded to the next higher value.

ction 26, and
evaluated in
earance and

uding fittings
ptermined by

nce with the

or Insulation
the following

1) Appliances-intended to be permanently wired to their supply shall be ¢valuated for

f clearances

b) For

3) To determine equivalence with current through air spacings requirements an impulse test

potential having a value as determined in UL 840 is to be applied.
evaluation of creepages:

1) Any printed wiring board which complies with the requirements for Direct S

upport in the

Standard for Printed-Wiring Boards, UL 796, provides a Comparative Tracking Index (CTI)

of 100;

2) Printed wiring boards are evaluated as Pollution Degree 2 when adjacent conductive
material is covered by any coating, such as a solder mask, which provides an uninterrupted
covering over at least one side and the complete distance up to the other side of conductive

material;
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3) Printed-wiring boards shall be evaluated as Pollution Degree 1 under one of the following
conditions:

i) A coating which complies with the requirements for Conformal Coatings in the
Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL
746C, or

ii) At a specific printed wiring board location by application of at least a 1/32 inch
(0.79 mm) thick layer of silicone rubber or through potting, without air bubbles, in
epoxy or potting material.

Table 26A.1
Overvoltage categories

Appliance Overvoltage cat¢gory

Control locateq in low-voltage circuit |

Load Level. Agpliances and portable equipment connected to the distribution level, I
Category Il

Distribution Le}el. Fixed wiring and associated equipment (not electrical loads) ]
connected to the primary supply level.

NOTE - Applidable to low-voltage circuits if a short circuit between the parts involvedimay result in operation of the|controlled
equipment thaj would increase the risk of fire or electric shock.

Table 26A:2
Material‘group

CTJl PLC value of insulating materials Material group
CTI 2600 (PLC = 0) I
400< CTI<600 (PLC =1) Il
175 < CTI <400 (PLC =2 or3) Illa
100 < CTl < 175 (PLCy= 4) Ilb

NOTE — PLC stands for Performance Level Category, and CTI stands for Comparative Tracking Index as specified [in the Standard
for Polymeric Naterials — Short Term,Property Evaluations, UL 746A.

Table 26A.3
Pollution degrees

Appliance control microenvironment Pollution degree

No pollution or only dry, nonconductive pollution. The pollution has no influence. 1
Typically hermetically sealed or encapsulated control without contaminating
influences, or printed wiring boards with a protective coating can achieve this
degree.

Normally, only nonconductive pollution. However, a temporary conductivity caused 2
by condensation may be expected. Typically indoor appliances for use in household
or commercial clean environments achieve this degree.

Conductive pollution, or dry, nonconductive pollution that becomes conductive due 3
to condensation that is expected. Typically controls located near and may be
adversely affected by motors with graphite or graphite composite brushes, or
outdoor use appliances achieve this degree.
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26B Switch Mode Power Supplies
26B.1 Bridging components — switch mode power supplies

26B.1.1  Components connected between the primary and secondary circuits of an isolating device such
as a switching transformer or between primary and secondary earth reference points shall be evaluated to
provide the specified level of isolation for the application under normal and abnormal (single component
fault) conditions.

26B.1.2 An optical isolator that is relied upon to provide feedback between primary and secondary

circuits of a switch mode power supply shall comply with the Standard for Optical Isolators, UL 1577. It
shall have a minimum-isolation \lnlfngn of 1500\,

26B.1.3 A ¢apacitor connected between primary and accessible secondary circuits, shalll comply with
Capacitors, $ection 21. This shall consist of a single Class Y1 capacitor or two Class Y2 capacitors
connected in peries.

26B.2 Transformer insulation system

26B.2.1 Ingulation used within a transformer of switch mode power supply shall conjply with the
Standard for $ystems of Insulating Materials, UL 14486, for the spegified temperature class of the insulation
system or the| Standard for Single- and Multi-Layer Insulated Wirnding Wire, UL 2353.

PROTECTION AGAINST INJURY TO PERSONS
27 General

27.1 If the gperation and maintenance of an appliance by the user involves the risk of injury to persons,
protection shall be provided to reduce the risk.

27.2 With respect to the requirementyin 27.1, consideration shall be given to reasonably| foreseeable
misuse of the|appliance.

27.3 A functional attachment-that is made available or recommended by the manufacturer for use with
the basic appliance shalltbe”included in the investigation of the appliance. Unless the manufacturer
recommends[the use of two or more attachments at the same time, only one attachment at g/ time is to be
investigated with the @ppliance.

27.4 Whether a“guard, a release, an interlock, or the like is required and whether such a device is
adequate shatt—be determined from an _nvestigation of the complete appliiance, its operating
characteristics, and the likelihood of a risk of injury to persons resulting from a cause other than gross
negligence. The investigation shall include consideration of the results of breakdown or malfunction of any
one component, but not more than one component at a time, unless one event contributes to another. If
the investigation shows that breakdown or malfunction of a particular component can result in a risk of
injury to persons, that component shall be investigated for reliability.

28 Sharp Edges

28.1 An enclosure, a frame, a guard, a handle, or the like shall not be sufficiently sharp to constitute a
risk of injury to persons in normal maintenance and use.

Exception: This requirement does not apply to a part or portion of a part needed to perform a working
function.
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29 Enclosures and Guards

29.1 The rotor of a motor, a pulley, a belt, a gear, a fan, or other moving part that could cause injury to
persons shall be enclosed or provided with means to reduce the likelihood of unintentional contact
therewith, and such a part shall not be contacted by the probe illustrated in Figure 9.1.

Exception No. 1: An opening in the integral enclosure of a motor that is not used in either a hand-held
appliance or a hand-supported portion of an appliance is acceptable if a moving part cannot be contacted
by the probe illustrated in Figure 9.2.

Exception No. 2: A part or portion of a part that is necessarily exposed to perform the work function need
not be enclosed-but-when-necessari-auarding-shallbe-provided-See-29.4
7 77T 7 r - - =r

29.2 During the examination of an appliance to determine whether it complies with the’refuirements in
29.1, a part pf the enclosure that may be removed without the use of a tool (to attach an [accessory, to
make an operating adjustment, or for other reasons) is to be opened or removed.

Exception: Al part need not be opened or removed provided the appliance.is marked in ac¢ordance with
36.8.

29.3 Among the factors to be considered in judging the acceptability of an exposed moving part are:
a) The degree of exposure necessary to perform the intended function;
b) The sharpness of the moving part;
c¢) The likelihood of unintentional contact therewith;
d) The speed of the moving part; and

e) The likelihood that a part of thexbody would be endangered or that clothing would|be entangled
by thg moving part, resulting in-a¥isk of injury to persons.

These factor are to be considered with respect to both intended operation of the appliance and any
reasonably foreseeable misuse.

29.4 Some|guards are“required to be self-restoring. Other features of guards that are to e considered
include:

a) Removability without the use of a tool;

b) Removability for servicing;
c¢) Strength and rigidity;
d) Completeness;

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

f) Usage — household or commercial.

29.5 An enclosure or guard over a rotating part shall retain a part that, because of breakage or other
reasons, may become loose or may separate from a rotating part, and retain a foreign object that may be
struck and propelled by the rotating part.
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296

utility of an appliance,

a) A control, such as a momentary contact switch, shall be provided; and

If complete guarding of a moving part that could obviously cause injury to persons would defeat the

b) An appropriate marking shall be provided in the instruction manual warning the user of the
potential risk.

30 Materials

30.1

The material of a part — such as an enclosure, a frame, a guard, or the like — the breakage or

deterioration of which may result in a risk of injury to persons shall have such properties as to meet the

demand of ex

30.2 There
involve a risk

31 Rotating

31.1 Arotat
shall be provi

31.2 A rotd
constructed f]
become a ris}

pected loading conditions.

uirement in 30.1 applies to those portions of a part adjacent to a moving part g
of injury to persons.

or Moving Members

ng or moving part that, if it should become disengaged, may. create a risk of inju
Hed with a means to retain the part in place under conditions of use.

ting member, the breakage of which may create a risk of injury to persd
p reduce the likelihood of its breakage, or the)release or loosening of a pg
of injury to persons.

31.3 To detg¢rmine whether an appliance employingta series motor complies with the require

it shall be teg
loose.

31.4 For theg
at the no-loa

ted as described in 31.4. A part that“can become a risk of injury to persons s

test required by 31.3, an-appliance employing a series motor is to be operated
d speed resulting from ‘application of 1.3 times rated voltage. An appliance

rotating load may be varied is to be.tested for each condition of loading that can occur.

32 Parts Su

321 Apres
more than 15
Vessel Inspe
symbol of the

bject to Pressure

sure vessel having an inside diameter more than 6 inches (152 mm), subjected
psig (+02 kPa), and eligible to be covered by the National Board of Boiler z
ctors shall be marked in accordance with the appropriate boiler and pressure

onsidered to

ry to persons

ns, shall be
rt that could

ment in 31.2,
hall not work

for 1 minute
in which the

0 a pressure
nd Pressure
vessel code
less than the

American Society of Mechanical Engineers (ASME) for a working pressure not

pressure determined in accordance with 32.3.

32.2 A pressure vessel, because of its application, not covered by the scope of the inspection procedure
of the ASME code shall be constructed so that it will comply with the requirements in 32.3.

32.3 A part or an assembly that is subject to air or vapor pressure, including the vapor pressure in a
vessel containing only a superheated fluid, during normal or abnormal operation shall withstand a
pressure equal to the highest of the following that is applicable.

a) Five times the pressure corresponding to the maximum setting of a pressure-reducing valve
provided as part of the assembly, but not more than five times the marked maximum supply
pressure from an external source and not more than five times the pressure setting of a pressure-
relief device provided as a part of the assembly.
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b) Five times the marked maximum supply pressure from an external source, unless the pressure
is limited by a pressure-relief device in accordance with 32.3(a).

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

d) Five times the maximum pressure that can be developed by an air compressor that is part of the
assembly unless the pressure is limited by a pressure-relief device in accordance with 32.3(a).

e) Five times the working pressure marked on the part.

Exception No. 1:
continuous tubing o

the wall thick

Exception N¢.

symbol — ot
less than tha

324
samples of {
water so as
gradually to
acceptable if

Exception: L|
acceptable if
presenting a

32.5 A par
pressure los
maximum pr

If a t¢

This requirement does not apply to a section of a pressure system c

. 2: This requirement does not apply to a pressure vessel bearing the ASME cd
er than the UM symbol — provided the vessel is marked with a value ef working

to which it is subjected during normal or abnormal operation.

st is necessary to determine whether a part complies withthe requirements
he part are to be subjected to a hydrostatic pressure test. Each sample is to
to exclude air, and is to be connected to a hydraulic pump. The pressure is
the specified test value, and is to be held at that value for 1 minute. The rg
either sample bursts or leaks.

repeated tests conducted with the mediathey are intended to contain show n
risk of injury to persons or an electric shock.

I supported or actuated hydraulically that could result in a risk of injury to pd
5 shall comply with the requirement in 32.4 when tested at a pressure equal to
pssure capable of being developed in the system.

onstructed of

de inspection
pressure not

in 32.3, two
be filled with
to be raised
sults are not

pakage or rupture of a nonmetallic fluid transfer line and its connections, or at a gasket is

D evidence of

rsons due to
five times the

Table 32.1
Wall thickness for copper and steel tubing
Minimum wall Maximum pressure to which tubing is subjected, P§IG (MPa)

Outside diameter, thickness, Seamless copper Butt-welded steel Seamless steel

Inch (mm) Inch (mm) Inch (mm) Inch (mm) Inch (mm)
3/8 or

smaller (9-8) 0016 (041) 500 (345) 800 (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 (19.0) 0.025 (0.64) 420 (2.90) 504 (3.48) 840 (5.80)
1 (25.4) 0.021 (0.53) 260 (1.79) 312 (2.15) 520 (3.59)
1 (25.4) 0.025 (0.64) 320 (2.21) 384 (2.65) 640 (4.42)

33 Pressure-Relief Devices

33.1
an external s

ource of heat.

A means for relieving pressure shall be provided for a part in which pressure might be generated by
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33.2 A pressure-relief device, a fusible plug, a soldered joint, nonmetallic tubing, or other equivalent
pressure-relief means may be employed to comply with the requirement in 33.1.

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

33.4 There shall be no shut-off valve between the pressure-relief means and the parts that it is intended
to protect.

33.5 A vessel having an inside diameter of more than 3 inches (76 mm) and subject to air or steam

pressure generated or stored within the appliance shall be provided with a pressure-relief device.

33.6 The sfart-to-discharge pressure setting of a pressure-relief device shall not be-higher than the
working presgure marked on the vessel. The discharge rate of the device shall be adequate fo relieve the
pressure.
33.7 A pressure-relief device shall:
a) Be ponnected as close as possible to the pressure vessel or paft of the system thatl|it is intended
to profect;
b) Belinstalled so that it is readily accessible for inspection and repair, and cannpt be readily
rendefed inoperative so that it will not perform its intendedfunction; and
¢) Have its discharge opening located and directed.so that:
1) Operation of the device will not deposit moisture on bare live parts or on|insulation or

33.8 Apres
unless the ad

339 Thec
perform unde
exceed 90 pe

33.10 Apre

components detrimentally affected. by moisture; and

2) There is little likelihood of scalding persons.

sure-relief device having.ansadjustable setting is judged on the basis of the max
usting means is reliably sealed at a lower setting.

pntrol that limits (the' pressure in a vessel required to have a pressure-relief
I rated load for\100,000 cycles of operation, and shall operate so that the press
rcent of thesrelief-device setting under any condition of normal operation.

5sure=relief device shall comply with the requirements specified as follows:

imum setting

device shall
ure does not

ASME Boiler

a) The

Standard for Relief Valves for Hot Water Supply Systems, ANSI Z21.22 or the

and Pressure Vessel Code — Rules for Construction of Power Boilers, BPVC-1 or ASME Boiler and
Pressure Vessel Code — Rules for Construction of Heating Boilers, BPVC-IV. Its marked output
capacity rating shall be at least 3.5 Ibs. of steam per hour per kilowatt of heating element rating.

b) Requirements for pressure-limit controls in the Standard for Limit Controls, UL 353.

¢) Requirements for refrigeration pressure-limiting controls in the Standard for Temperature-
Indicating and -Regulating Equipment, UL 873, or the Standard for Automatic Electrical Controls for
Household and Similar Use, Part 1: General Requirements, UL 60730-1 and the Standard for
Automatic Electrical Controls for Household and Similar Use; Part 2: Particular Requirements for
Automatic Electrical Pressure Sensing Controls Including Mechanical Requirements, UL 60730-2-
6, with the parameters specified in Table 33.1.

d) Construction that provides equivalent protection as that specified in Items (a), (b), or (c).
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Table 33.1

Pressure-relief device parameters

UL 60730-2-6, Table 7.2DV item

Information Control requirement
number
6 Purpose of control Protective control
7 Type of load controlled Pilot duty (electric valve)
27 Number of automatic cycles (A) 100,000
29 Type of disconnection or interruption Full-disconnection
36 Limits of activating quantity Factory pressure setting
39 Type 1 or Type 2 action Type 2
40 Additional features Manual reset, Type (2)D,J action
The operating pressure ofla pressure
41 Manufacturing Deviation, maximum control shall be within plug or minus 5
percent of its Set point pressure
The operating pressure shall not vary
42 Drift from the operating pressufe initially
n determined by more than p percent of the
maximum set point pressyre.
49 Pollution degree Table 23.3
The minimum parameters of any heat
dissipater (heat sink) not provided with i
52 an electronic control but essential to its Must be specified
correct operation
53 Output waveform if other than sinusoidal | Must be specified
Required protection/immunity from mains
58a borne perturbations;magnetic and Required?
electromagnetic\disturbances
The Standard for Electrompagnetic
compatibility (EMC) — Par} 4-5: Testing
60 Surg€ immunity and Measurement Technifjues — Surge
Immunity Test, IEC 61000r-4-5 installation
Class 3, Overvoltage category IlI
69 Software class B
74 External load and emission control Intended electri |
measures to be used for test purposes ntended electric valve

b) Overvoltage Category II; and

@ For the purpdse of the tests'specified in Annex H, in the Standard for Automatic Electrical Controls for Householdjand Similar
Use, Part 1: Géneral Requirements, UL 60730-1, the products covered by this end product standard should be conpidered as:

a) Insfallation Class 3 (See the Annex for Explanatory Notes for Surge Immunity Test in UL 60730-1);

c) Test Level 3.

34 Switches, Controls, and Interlocks

34.1

capable of causing injury to persons.

An appliance shall be constructed so as to reduce the likelihood of unexpected operation of any part

34.2 Each function of a multiple-function appliance is to be taken into consideration in determining
whether the appliance complies with the requirements in 34.1.

34.3

If, when energized, an appliance has a moving part that may cause injury to persons, a motor

control switch, other than a momentary-contact switch, shall be provided on the appliance. See 36.5.
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34.4 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.

34.5 The actuator of a switch may be guarded by recessing, ribs, barriers, or the like.
34.6 The actuator of an interlock switch shall be located so that unintentional operation is unlikely.

34.7 Operation of an interlock in normal use shall not inconvenience the operator so as to encourage
deliberate defeat of the interlock.

34.8 An interlock shall not be capable of being defeated by materials such as wood or metal chips that
could accumy

Lot H l
Al Imrrioririal UuotT.

34.9 Anintdrlock shall be such that it cannot be defeated readily:

a) Without damaging the appliance,
b) Without making wiring connections or alterations;

c) By lising materials that are readily available.

34.10 If an ipterlock is actuated by movement of a guard, the arrangement shall be such tha
in place when the interlock is in the position that permits operation of the parts being guard
guard removad, the interlock shall comply with the requirements’in 34.6.

t the guard is
ed. With the

34.11 A dev
protective de
will not result

ice that automatically starts an appliance,\such as a timer, an automatically reget overload-
ice, or the like, shall not be employed. unless it can be demonstrated that autofnatic starting
in a risk of injury to persons.
35 Printed-Wiring Boards

JL 796. The
| for Tests for

35.1 A printed-wiring board shall comply with the Standard for Printed-Wiring Boards,

printed-wiring
Flammability
rating not less

Exception: A

board shall have a minimum V-2 flammability rating as specified in the Standarg
of Plastic Materials\for Parts in Devices and Appliances, UL 94, and have a
than the températlres attained in accordance with Temperature Test, Section 4

printed-wiring board in a Class 2 circuit having a minimum HB flammab

temperature
5.

lity rating in

accordance with UL\94/meets the intent of this requirement.

36 Marking

36.1 An appliance having a hidden or unexpected risk of injury to persons shall be marked to inform the
user of the risk.

36.2 A cautionary marking shall be permanent and legible and shall be located on a permanent part of
the appliance. See Permanence of Marking, Section 37.

36.3 A cautionary marking intended to instruct the operator shall be legible and visible from the position
normally assumed by the operator when starting the appliance or from the position normally assumed for
the specific operation involved. Other such markings for servicing or making settings and adjustments
shall be legible and visible to the individual when such work is being accomplished.
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36.4 A marking intended to inform the user of a risk of injury to persons shall be prefixed by a signal word
"CAUTION," "WARNING," or "DANGER." The marking shall be in letters not less than 3/32 inches (2.4
mm) high. The signal word shall be more prominent than any other required marking on the appliance.

36.5 If, when energized, an appliance has a moving part that may cause injury to persons, a switch that
controls the motor that drives the part shall have a plainly marked "off" position.

Exception: A momentary-contact switch need not comply with this requirement.

36.6 The literature accompanying a package containing a basic appliance and attachments intended to
be marketed as a complete unit shall indicate what attachments are intended for use with the basic
appliance if

seofsuch attachments mav exnose the userto a risk of iniury
J Lad J J*

A

[«

36.7 An

recommendsd
appliance w

ttachment that is packaged and marketed separately from the basic” a
d by the manufacturer for use on the basic appliance shall be marked 16 ider]
th which it is intended to be used. The identification shall appearyin at lea

following locations:

a) On
b) On

the attachment;

the package housing the attachment;

¢) In the instruction book for the basic appliance; or

d)Ini

36.8 Anap
indicate that

hformation furnished with the attachment.

pliance having a part of an enclosure as described in the Exception to 29.2 shall
such servicing is to be done with the appliance disconnected from the supply cir

37 Permanence of Marking

371 A ma

'king required to be permanent shall be molded, die-stamped, paint-stenciled

etched on metal, or indelibly stamped on a pressure-sensitive label secured by adhesi

investigation
shall be cong

37.2 Unles
label or a la
requirements

is found to be aceeptable. Ordinary usage, handling, storage, and the like,
idered in determination of the permanence of a marking.

5 it has beeniinvestigated and found to be acceptable for the application, a pres
pel secured by cement or adhesive that is required to be permanent shall co
in the-Standard for Marking and Labeling Systems, UL 969.

37.3 Thec

pbpliance and
tify the basic
5t one of the

be marked to
Cuit.

stamped, or
e that, upon
of equipment

sure-sensitive
mply with the

41 les H +P~0= B O A a9 4 4 [ idad i th o £ £
ULIUIIGIy mial I\IIIE’D OPUUIIIUU mryu. = difu U, 1.1 Illay |vAv] PIUVIUUU mrurc T1urtmm Ul

flag-type tag

with an adhesive back. The tag is to be wrapped around and adhered to the cord, and the ends of the tag
are to adhere to each other and project as a flag. The tag shall be tear-resistant and permanently affixed to
the cord set. The leading edge of the tag shall be located within 18 inches (46 cm) of the point where the
cord enters the body of the attachment plug. The marking itself shall be indelible.

37.4 To determine compliance with 37.3 representative tags that have been subjected to the tests
described in 37.5 — 37.13 shall meet the following requirements:

a) The tag shall resist tearing for longer than 1/16 inch (1.6 mm) at any point;
b) The tag shall not separate from the cord;

¢) The tag shall not slip or move along the length of the cord set more than 1/2 inch (13 mm) and
there shall not be any visible damage to the cord;
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d) There shall not be any permanent shrinkage, deformation, cracking, or any other condition that
will render the marking on the tag illegible; and

e) Overlamination, if provided, shall remain in place and shall not be torn or otherwise damaged.
The printing shall remain legible.

37.5 For each type of conditioning mentioned in 37.6 — 37.9, three tags applied to the cord sets in the
intended manner are to be used. Tests are to be conducted no sooner than 24 hours after application of

the tag.

37.6 Each of three tags is to be tested as received.

37.7 Eachd
50 +5 percen|
(140 £1.8°F).

37.8 Each
humidity of 85

37.9 Ifthet
37.10 — 37.12
+3.6°F) and §

1/8 inch (3.2 mm) in demineralized water at a temperature of 23°C (73.4°F).

37.10 Each
1+3.6°F) and §
temperature ¢

37.11 Each
+3.6°F) and §
of -10 £2°C (1

37.12 Each
1+3.6°F) and §
ultraviolet ligh

a) AT
Practi
Mater
ultravi

f three tags is to be tested after 30 minutes of conditioning at 23.0 £2.0°C (734
t relative humidity, following 240 hours of conditioning in an air-circulating.ave

bf three tags is to be tested within 1 minute after being exposed‘for 72 hours
15 percent at a temperature of 32.0 £2.0°C (89.6 £3.6°F).

By is intended to be applied to an outdoor cord (W), it is to"be conditioned as f
. Each of three tags is to be tested after 24 hours of exposure conditioning at 2
0 15 percent relative humidity, followed by 48 hours'of immersion to a depth of

of three tags is to be tested after 24 hours’of exposure conditioning at 23.0
0 +5 percent relative humidity, followed by.10 days of exposure in an air-circulat
f 60°C (140°F).

of three tags is to be tested after 24 hours of exposure conditioning at 23.0
0 +5 percent relative humidity,followed by 7 hours of exposure in a cold box at g
4.0 £3.6°F).

of three tags is to_be tested after 24 hours of exposure conditioning at 23.0

t by using either of the following apparatus:

win-Enclgsed Carbon-Arc Weatherometer, (Type D or DH), as described in
ce for.Qperating Open Flame Carbon Arc Light Apparatus for Exposure of
als, ASTM G 152 and ASTM G 153. Each of the tags is to be exposed to
pletylight and water spray with ultraviolet light. The operating cycle is to be 20

+3.6°F) and
h at 60 +1°C

to a relative

pllows and in
3 +2°C (73.4
not less than

+2.0°C (73.4
ing oven at a

+2.0°C (73.4
temperature

+2.0°C (73.4

0 15 percent relative humidity, followed by exposure to ultraviolet light and water spray with

he Standard
Nonmetallic
¥20 hours of
minutes; 17

minut

s of ultraviolet tight onty and-3 minutes of water spray and uttraviotet tight; or

b) A Xenon-Arc Weatherometer, (Type B or similar apparatus), as described in the Standard
Practice for Operating Xenon Arc Light Apparatus for Exposure of Non-Metallic Materials, ASTM G
155. Each of the tags is to be exposed to 1000 hours of ultraviolet light and water spray with
ultraviolet light. The exposure shall be in accordance with Method A, with continuous exposure to
ultraviolet light and intermittent water spray with ultraviolet light, using a programmed cycle of 120
minutes (102 minute ultraviolet light exposures and an 18 minute exposure to water spray with
ultraviolet light). The apparatus shall include a 6500 W, water-cooled xenon-arc lamp, borosilicate
glass inner and outer optical filters, a spectral irradiance of 0.35 W/m? at 340 nm and a black-panel

tempe

rature of 63.0 £3.0°C (145.0 £5.4°F).

37.13 Each test is to be performed on a length of cord to which the tag has been applied. The cord set,
with the attachment plug pointing up, is to be held taught in a vertical plane. A force of 5 pounds force
(22.2 N), which includes the weight of the clamp, is to be applied for 1 minute to the uppermost corner of
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the tag farthest from the cord set, within 1/4 inch (6.4 mm) of the vertical edge of the tag. The force is to be
applied by affixing a C-clamp with a pad diameter of 3/8 inch (9.5 mm) to the tag and securing the weight
to the C-clamp. The force is to be applied vertically downward in a direction parallel to the major axis of the
cord. To determine compliance with 37.4(d), manipulation is permissible, such as straightening of the tag
by hand. To determine compliance with 37.4 (e), each tag is to be scraped 10 times vertically across
printed areas and edges, with a force of approximately 2 pounds force (9 N), using the edge of a 5/64 inch
(2.0 mm) thick steel blade held at a right angle to the test surface. The edges of the steel blade are to be

just rounded
PERFORMA

38 Genera

so as not to be sharp.

NCE

38.1 Other

The tests shall be conducted at rated frequency and at the test potential specified in Table 38

than as noted in 38.2, equipment shall comply with the tests described in~Sec

Table 38.1
Test voltages

ions 39 — 52.
1.

V(g

Itage rating of test product, volts? Test potential, volts
110-120 120
200 - 208 208
220 - 240 240
254 - 277 277
440 -480 480
550 — 600 600

2 |f a single vol
rated voltage.
product is to bg
If a range of vq
at the highest
unless it can b

f a range of voltages is specified and one or more of the values fall within one of the indicated voltag
tested at the test potential specified for the indicated range or the highest value of the rating, which
Itages is specified and none of the yalues fall within any of the indicated voltage ranges, the product
alue in the specified range. For-aproduct with a dual rating, the product is to be tested based on bof
b shown that testing based on one rating would represent testing based on the other rating.

age rating of a product does not fall within any*of the indicated voltage ranges, the product is to be tg¢sted at its

E ranges, the
pver is greater.
shall be tested
h ratings

38.2 A sed
Voltage Tran
Transformery
powered by
Sections 39 -

ondary circuit powered by a Class 2 transformer that complies with the Star
sformers — Rart“1: General Requirements — UL 5085-1 and the Standard for
— Part 3.€lass 2 and Class 3 Transformers — UL 5085-3, a low-voltage circuit,
A battery\in accordance with 4.12 is not required to be subjected to the tests
- 52.

39 Powerl

39.1

dard for Low
Low Voltage
or equipment
described in

s
L

npttTes

The power input to the equipment shall not exceed the marked rating by more than 10 percent

when it is operated under the conditions of normal use while connected to a supply circuit as specified in

Table 38.1.

40 Leakage Current Test

401
volt supply w

hen tested in accordance with 40.3 — 40.8 shall not be more than:

a) 0.5 mA for an ungrounded 2-wire appliance;

b) 0.5 mA for a grounded 3-wire portable appliance; and

The leakage current of cord-and-plug-connected equipment rated for a nominal 120-, 208-, or 240-
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¢) 0.75 mA for a grounded 3-wire stationary or fixed-in-place appliance;
1) Employing a standard attachment plug rated 20 A or less; and
2) Intended to be fastened in place or located in a dedicated space.
40.2 Leakage current refers to all currents, including capacitively coupled currents, that may be

conveyed between exposed conductive surfaces of the equipment and ground or other exposed surfaces

of the equipm

ent.

40.3 All exposed conductive surfaces are to be tested for leakage currents. Leakage currents from these
surfaces are to be measured to the grounded supply conductor individually as well as collectively if

simultaneous
considered tg
risk of electri
contacted by
terminals ope
surfaces are
leakage curre

40.4 If a cg
leakage currg

y accessible, and from one surface to another If simultaneously accessib
be exposed unless it is guarded by an enclosure that is acceptable for protéectio
c shock. Surfaces are considered to be simultaneously accessible if they c3
one or both hands of a person at the same time. These measurements do

bonded together and connected to the grounding conductor of the power-sup
nt can be measured between the grounding conductor and the'grounded supply|

nductive surface other than metal is used for the enclosure, or part of the e
nt is to be measured using a metal foil with an area‘*of 10 by 20 centimeter

e. A part is
n against the
n be readily
not apply to

rating at voltages that are not considered to involve a risk of electric.shock. If all accessible

ply cord, the
conductor.

hclosure, the
5 (3.9 by 7.8

inches) in comtact with the surface. If the surface is less than 10/by 20 centimeters, the metal foil is to be

the same sizdg
of the equipm

405 Them
instrument is
indicate the s
not have all th

a) The

0.15 npicrofarad.

b) The
voltag

c) Ov
respo
ofa1

;

as the surface. The metal foil is not to remain in\place long enough to affect the
ent.

basurement circuit for leakage current is\tobe as illustrated in Figure 40.1. The 1
defined in 40.5 (a) — (c). The meter,that is actually used for a measureme
ame numerical value for a particutar measurement as would the defined instru
e attributes of the defined instrument.

meter is to have an inputiimpedance of 1500 ohms resistive shunted by a c3

meter is to indicatex1.11 times the average of the full-wave rectified composite
b across the resistor or current through the resistor.

r a frequency range of 0 — 100 kilohertz, the measurement circuitry is to have
se — ralio of indicated to actual value of current — that is equal to the ratio of th
b00-6hm resistor shunted by a 0.15-microfarad capacitor to 1500 ohms. At an

temperature

neasurement
nt need only
ment; it need

pacitance of

waveform of

a frequency
e impedance
indication of

0.75 nluilliampere, the measurement is to have an error of not more than 5 percent of G(P hertz.
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Figure 40.1

Leakage current measurement circuit

PRODUCT

SINERS

GR

S1 q INSULATING
— TABLE
GROUNDED SUPPLY CONDUCTOR B
Product intended for connection to a 120-volt power supply, as illustrated above.
- S92 PRODUCT METER
P 2oy LoD A
2407 = 89 ==
& 120V L
= GR
S1 > % INSULATING
TABLE
GROUNDED SUPPLY CONDUCTOR B
Product intended for connection to a 3-wire, grounded neutral power supply, as illustrated above.
——h S2 GR
- KP % / PRODUCT METER
? 120V A
240V <—1 st o) g e B St
‘ 120V —|_o_|_o/o_| —
=~
= = | |NsutaTing
TABLE
GROUNDED SUPPLY CONDUCTOR B

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

LC300J

NOTES -

A — Probe with shielded lead.
B — Separated and used as clip when measuring currents from one part of product to another.


https://ulnorm.com/api/?name=UL 1951 2020.pdf

66 UL 1951 JUNE 27, 2020

40.6 Unless the meter is being used to measure leakage from one part of the equipment to another, the
meter is to be connected between the accessible parts and the grounded supply conductor.

40.7 A sample of the equipment is to be tested for leakage current starting with the as-received condition
— the as-received condition being without prior energization except as may occur as part of the production-
line testing. The grounding conductor is to be open at the attachment plug. The supply voltage is to be in
accordance with Table 38.1. The test sequence, with reference to the measuring circuit, Figure 40.1, is to
be as follows:

a) With switch S1 open, the equipment is to be connected to the measuring circuit. Leakage current
is to be measured using both positions of switch S2, and with the equipment switching devices in
all their normal operating positions.

b) Swi
curren
devicsd

the leakage
ent switching

tch S1 is then to be closed energizing the appliance and within 5 seconds
t is to be measured using both positions of switch S2, and with the gquipm¢
s in all their normal operating positions.

witch S2 are
operation as
Section 45,

c) Theg leakage current is to be monitored until thermal stabilization. Both positions of §
to be ysed in determining this measurement. Thermal stabilization is{o be obtained by
in the| normal temperature test. The appliance shall be operated)as described in
Tempgrature Test.

e conducted
kage current

lly the complete leakage-current-test program as)‘described in 40.7 is to b
ption for other tests. However, with the concurrence of those concerned, the leg
terrupted to conduct other nondestructive tests:

40.8 NormI
without interr
test may be in

40.9 The te
plumbing line

st sample is to be installed in a manner-so that all parallel ground paths, such as through

5, will be eliminated.
K|

Leakageg Current Following Humidity Conditioning Test

41.1 Cord-3
with the requi
relative humig

shall comply
b air having a

nd-plug-connected equipment rated for a nominal 120-, 208-, or 240-volt supply
rements for Leakage Current Test, Section 40, following exposure for 48 hours t
ity of 88+2 percent.at\a room temperature of 32.0+2.0°C (89.6+3.6°F).

41.2 To det
is to be hea
moisture duri

rmine whether'equipment complies with the requirement in 41.1, a sample of th
d to a temperature just above 34°C (93°F) to reduce the likelihood of cor

e equipment
densation of
is to remain

ng conditioning. The heated sample is to be placed in the humidity chamber ang

for 48 hours ynder.the-Conditions specified in 41.1.

41.3 Follow 10.7 (a). The
sample is then to be energized and tested as described in 40.7 (b) and (c). The test is to be discontinued
when the leakage current stabilizes or decreases.

'ng the Pnndifir\ning, the cnmpln is to be tested ||nnnnrgi7nr‘l as described in

42 Insulation Resistance Following Humidity Conditioning Test

42.1 Equipment intended to be permanently connected electrically shall have an insulation resistance of
at least 50,000 ohms between current-carrying parts and noncurrent-carrying parts after humidity
conditioning as specified in 41.1 and 41.2.

42.2 Insulation resistance to be measured by applying a direct-current potential of 250 volts between live
parts and the enclosure and other exposed dead metal parts, using two voltmeters — one voltmeter being
connected across the supply line and the other connected in series with one of the leads to the equipment
being tested. Designating the reading of the line voltage as V,, the reading of the other voltmeter as V5,
and the resistance of the latter as R, the insulation resistance is to be calculated by the formula:


https://ulnorm.com/api/?name=UL 1951 2020.pdf

JUNE 27, 2020

UL 1951

67

(- KR

Insulation Resistance = %
2

Exception: Means providing equivalent results, such as a megohmmeter, can be used for conducting the
insulation-resistance test.

43 Continuity of Grounding Circuit Test

43.1

a)F
the p

b) Fo
cord i

43.2 Wheth
instrument. |
supply of nof
means to th
between the
volts by the
supply cord i

44 Starting

441 Equip
44.2 on a brd
correspondin

Exception: T

a) Th
be us|

b) Th

c)Th

o .

(twer-supply system will be connected.

f the results are unacceptable, an alternating current of at.least 20 amperes

- cord-connected equipment, the point to which the grounding conductof of'the
5 connected.

er equipment complies with the requirements in 43.1 may be_determined by a

more than 12 volts is to be passed from the point of connéction of the equipm
b metal part in the grounding circuit, and the resulting, drop in potential is to
two points. The resistance in ohms is to be determined by dividing the drop
current in amperes passing between the two points. The grounding conducto
5 not to be included in this measurement.

-Current Test

ment shall be capable of starting and<@perating as intended according to the re
nch circuit protected by a fuse which is other than a time-delay type that has a
g to that of the branch circuit to which the equipment is intended to be connecte

his requirement does not.apply if each of the following conditions is satisfied:

b construction of the-equipment or the nature of its use is such that the equipm
ed on the same-branch circuit after installation;

b equipmentwill start and operate normally on a circuit protected by a time-delay

b equipment is marked in accordance with 57.5.

The resistance shall be not more than 0.1 ohm between any point required to be grounded and:

sure at which

power-supply

ny acceptable
from a power
bnt grounding
be measured
n potential in
r of a power-

quirements in
current rating
.

ent is likely to

fuse; and

442 Inate

stto determine whether equipment complies with the requirement in 44 1, the equipment is to

be started three times from standstill without opening the fuse. The equipment is to be at room
temperature at the beginning of the test. The test is to be conducted at the voltage specified in Table 38.1
and at rated frequency. Each start is to be made under conditions representing the beginning of the
intended operation (the beginning of the intended operating cycle in the case of automatic equipment),
and any motor is to be allowed to come to rest between successive starts. Tripping of an overload
protector provided as part of the equipment or opening of the fuse constitutes an unacceptable condition.

45 Temperature Test

45.1 Equipment, when operated under conditions of intended load and while connected to a supply
circuit as described in 39.1, and while the unit is handling water at its maximum rated temperature and
pressure shall not attain a temperature at any point higher than the temperatures specified in Table 45.1.
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Table 45.1
Maximum temperatures

Materials and components °C °F
A. MOTORS AND TRANSFORMERS

1. Class 105 insulation systems on coil windings of an a-c motor having a diameter of 7 inches
(178 mm) or less, not including a universal motor, and of a vibrator coil®

a. In an open motor:
Thermocouple or 100 212

resistance method
b. In a totally enclosed motor:

Thefmocouple or 105 221

resigtance method

2. Class 10% insulation systems on coil windings of an a-c motor having a diameter of more than 7
inches, of a|d-c motor, and of a universal motor®

a. In anjopen motor:

Thefmocouple method 90 194

Resistance method 100 212
b. In a tptally enclosed motor:

Thefmocouple method 95 203

Res|stance method 105 221

3. Class 130 insulation systems on coil windings of an a-c motor having.a-diameter of 7 inches or
less, not indluding a universal motor®

a. In anjopen motor:
Thefmocouple or 120 248
resigtance method

b. In a tptally enclosed motor:
Thefmocouple or 125 257
resigtance method

4. Class 130 insulation systems on coil windings of an a-c motor having a diameter of more than 7
inches, of aJd-c motor, and of a univérsal motor®

a. In anjopen motor:

Thefmocouple method 110 230

Resfstance method 120 248
b. In a tptally enclosed motor:

Thefmoeouple method 115 239

Resistance method 25 257

5. Coil windings of transformers

a. Class 105 insulation systems:

Thermocouple method 90 194

Resistance method 100 212
b. Class 130 insulation systems:

Thermocouple method 110 230

Resistance method 120 248

B. COMPONENTS
1. Capacitors

Table 45.1 Continued on Next Page
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Table 45.1 Continued

Materials and components °C °F
a. Electrolytic® 65 149
b. Other types® 90 194
2. Fuses
Classes G, J, L, T, and CC:
Tube 125 257
Ferrule or blade 110 230
Others 90 194
3. Relay, s id_and cails (except mators and transformers) with

a. Clasp 105 insulation systems:

Thgrmocouple method 90 194
Registance method 110 230
b. Clasp 130 insulation systems:
Thgdrmocouple method 110 230
Registance method 130 266
4. Printed-yviring boards d d
C. CONDUCTORS
1. Rubber-|or thermoplastic-insulated wires and cords® 60 140

2. Copper ¢onductors

a. A digmeter less than 0.015 inch (0.38 mm) 150 302
b. A digmeter of 0.015 inch or more 300 392
c. Platdd with nickel, gold, silver, or a combination of these 250 482
D. ELECTRIJAL INSULATION — GENERAL
1. Fiber usgd as electrical insulation 90 194

2. Phenoliq composition used as electrical insutation

a. Lam|nated 125 257
b. Molded 150 302
3. Varnishgd-cloth insulation 85 185
E. SURFACEP
1. A surfacp upon which a.unitis placed or mounted in service, and surfaces that are adjacent to 90 194

the unit when it is so placed, or mounted

2. Any poirlt within a'terminal box or wiring compartment of a permanently connected appliance in 60 140
which power supplytonductors are to be connected, including such conductors themselves,
unless the pppliante is marked in accordance with 57.6

3. Wood or othercombustibte Tatertat, nctuding the nstde surface of the testenciosure andthe 65 17

surface supporting the appliance

@ 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 more than the temperature specified by:

1. 5°C (9°F) for Part 1a of item A,

2. 15°C (27°F) for Part 2a of item A,

3. 10°C (18°F) for Part 3a of item A, and
4.20°C (36°F) for Part 4a of item A.

complies with the requirement where the temperature measured by the resistance method is not more than that specified in the
table.

® For an electrolytic capacitor that is physically integral with or attached to a motor, the maximum temperature on insulating
material integral with the capacitor enclosure shall not be more than 90°C (194°F).

Table 45.1 Continued on Next Page
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Table 45.1 Continued

Materials and components °C

°F

¢ A component that has a higher temperature rating, and is found to function without a risk of fire or electric shock at a higher
temperature meets the intent of the requirement.

4 The temperature of a printed-wiring board shall not exceed the maximum operating temperature rating of the board.

452 The temperatures specified in Table 45.1 are based on an assumed ambient temperature of 25°C
(77°F). However, the test may be conducted within the range of 20 — 30°C (68 — 86°F) if the temperature is
corrected to 25°C.

453 Anob
25°C (77°F)]
25°C and the

454 If ac
manufacturer

45.5 A protd

45.6 Perma
wiring terming

45.7 Doors
test.

458 Ina't
mounted or s
Temperatures
at other point

459 Wall m
vertical surfag
than 2 feet (0
to the sides o

maximum heating will occur on the alcove walls and internal components of the equipment.

EETVEd temperature 1S to be corrected by addition {if theambienttemperature
or subtraction (if the ambient temperature is higher than 25°C) of the differe
ambient temperature.

brrected temperature exceeds the values specified in Table 45-4/)at the re
the test may be repeated at an ambient temperature closer to 25°C(77°F).

ctive device shall not open or cycle during the temperatureitest.

hently connected equipment is to be tested with 4 feet'(1.22 m) of wire attached
I. The wire is to be sized in accordance with 10.2.6.

and covers that may be closed during operation of the equipment are to be clos

bst to determine if an appliance cemplies with the temperature requirement
Lipported as in actual service and.under conditions approximating those of norm
are to be measured on nearby surfaces on the supporting surface, at points of
5 as may be necessary.

ounted equipment is,to be placed in a wall angle of 90 degrees formed by two b
es of 3/8 inch (9.5.mm) thick plywood having such width and height that they ex
6 m) beyond the physical limits of the equipment. The equipment is to be locat
F the wall angle as its construction will permit and it is to be so placed relative to

4510 Equig

painted, 3/8 ir||ch (9.5 mm) thick plywood as the construction will permit.

ment;. other than as specified in 45.9, shall be located as close to a vertical

s lower than
nhce between

quest of the

to each field-

ed during the

5, it is to be
al operation.

support, and

lack-painted,
tend not less
ed as closely
he walls that

vall of black-

45.11 The temperature test is to be continued until thermal equilibrium is attained. Thermal equilibrium is
considered to exist when three successive readings taken at intervals of 10 percent of the previously
elapsed duration of the test, but not less than 5 minute intervals, indicate no change.

Exception: If the equipment is obviously not intended for continuous operation, the temperature test may
be conducted so that probable intermittent or short-time operation is considered.

4512 Coil winding temperatures are to be measured by thermocouples or by using the change-of-
resistance method. For a coil of an alternating-current motor, other than a universal motor, the
thermocouple is to be mounted on the integrally applied insulation on the conductor. For any other motor,
the thermocouple may be applied on the outer surface of a wrap that is no more than 1/32 inch (0.8 mm)
thick and consists of cotton, paper, or rayon.
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45.13 Temperatures, other than as noted in 45.12, are to be measured by thermocouples consisting of
wires no larger than 24 AWG (0.21 mm?) and no smaller than 30 AWG (0.05 mm?). When thermocouples
are used in determining temperatures in electrical equipment, it is standard practice to use thermocouples
consisting of 30 AWG iron and constantan wire and a potentiometer type instrument. This equipment shall
be used whenever referee temperature measurements by thermocouples are necessary. The
thermocouples and related instruments are to be accurate and calibrated. The thermocouple wire is to
conform with the requirements given in Initial Calibration Tolerances for Thermocouples table in
Temperature Measurement Thermocouples, ANSI/ISA MC96.1. The thermocouples are to be waterproof if
immersed in water during testing.

45.14 When using the resistance method, the windings are to be at room temperature at the start of the
test, and the temperature of a winding is to be calculated using the formula:

R
T=——(k+1)—k

in which:

k is 234.5 for copper and 225.0 for electrical conductor grade~(EC) aluminum; Values of the
constant for other conductors are to be determined;

R is the resistance of the coil in ohms at the end of the test;
r is the resistance of the coil in ohms at the beginning of the test;
T is the final temperature in °C;

t; is the temperature of the coil in °C at the time resistance r is being measured.
46 Dielectric Voltage-Withstand Test

46.1 When| tested as described in 46:2 and 46.3, equipment shall withstand without bregkdown a test
potential of:

a) 1000 volts for equipment rated 250 volts or less; and

b) 1000 volts plus.fwice the rated voltage for equipment rated more than 250 volts.

46.2 The tpst is to-be conducted when the equipment is at the temperature attained quring normal
operating canditions as described in Temperature Test, Section 45. The voltage is to he a 60-hertz
essentially sintsoidal potential applied between live parts and exposed dead metal parts.

46.3 The equipment is to be tested by means of a 500-volt-ampere or larger capacity transformer the
output voltage of which is essentially sinusoidal and can be varied. The applied potential is to be increased
from zero until the required test level is reached, and is to be held at that level for 1 minute. The increase in
the applied potential is to be at a substantially uniform rate as rapid as is consistent with correct indication
of its value by a voltmeter.

47 Rain Test
47.1 Equipment intended for outdoor use shall be tested as described in 47.2 — 47.5.

47.2 The equipment is to be mounted as in actual service. Unspecified lengths of conduit are to be
attached with normal torque and without a pipe thread compound. At each unthreaded wiring opening, a
locknut and bushing are to be used. The unattached end of each conduit is to be covered to prevent entry
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