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INTRODUCTION
1 Scope

1.1 These requirements cover nonducted, stationary or fixed heat recovery ventilators for household,
commercial, or industrial use and intended to be employed in accordance with the National Electrical
Code, ANSI/NFPA 70.

1.2 These requirements cover heat recovery ventilators rated 600 volts or less.

1.3 These requirements cover heat recovery ventilators that may be mounted through a wall or ceiling, or

in a window.

1.4 These fequirements cover heat recovery ventilators that may employ short ducts.intend

to and from
intended to s
building; sug
Ventilators,
exchange sy

2 Undated

21 Anyun
interpreted a

3 Units of Measurement

3.1 Values
approximate

4 Glossary
4.1 Forthe
411 CAPA

of the capac
Examples w

he equipment. These requirements do not cover heat recovery ventilators em
upply conditioned air for environmental heating and/or cooling or distribute air
h units are judged under the requirements in the Standard /for’ Ducted H
JL 1812. These requirements do not preclude a preheater_provided as p
stem.

References

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

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

purpose of this standard the following definitions apply.

CITOR, CLASS X — Capacitor or RC unit of a type suitable for use in situations
tor or RC_unit would not lead to danger of electrical shock but could result in
uld be_units connected phase to phase or phase to neutral.

Note 1: X1 capd

a separate surgé

Note 2: X2 capa

citors ‘are

ed to bring air
ploying ducts
throughout a
bat Recovery
brt of the air

dard shall be

xplanatory or

where failure
a risk of fire.

b is provided with

citors are generally used in circuits of cord-connected appliances.

4.1.2 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.

Note 1: 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.

Note 2: 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.
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Note 3: 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.

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

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

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

45 CONTR
regulates the
thermal cutoy
operating con

46 CONTR
reduce the r

OL, OPERATING — A device or assembly of devices, the operation of wh
end product during normal operation. For example, a thermostat, thefailur
t/limiter or another layer of protection would mitigate the potential hazard,"is ¢
trol. Operating controls are also referred to as “regulating controls”.

OL, PROTECTIVE — A device or assembly of devices, the operation of which i
sk of electric shock, fire or injury to persons during normal“and reasonabl

abnormal opgration of the appliance. For example, a thermal cutout/limiter, or any other

relied upon fq
also referred

4.7 CONTR
and the drift
operating seq

4.8 CONTR
and the drift
operating seq

4.8.1 DANGQ
Operating Cqg
Safety Critica

Note: Control fun

a) Une
of injury

b) Ung

r normal and abnormal conditions, is considered a pratective control. Protectivg
0 as “limiting controls” and “safety controls”.

OL, TYPE 1 — The actuation of an automatic.control for which the manufactur
(tolerance before and after certain conditions) of its operating value, opera
uence has not been declared and tested under this standard.

OL, TYPE 2 — The actuation of an\automatic control for which the manufactur
(tolerance before and after certain conditions) of its operating value, opera
uence have been declared and tested under this standard.

EROUS MALFUNCTION.~ Unintended operation of the appliance that may i
ntrol functions whose_failure would result in a Dangerous Malfunction would b
Functions. See 4:15.3.

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

pected gperation of the appliance where the operation would result in risk of electric shock, fire or

ttended energization of a heating appliance where the user has placed flammable materials ne

ich starts or
b of which a
bnsidered an

5 intended to
y anticipated
control/circuit

controls are

ing deviation
ting time, or

ing deviation
ting time, or

mpair safety.
e considered

mechanical risk

hr the appliance

based O

bl " 4o L 1ol ; £
e asSumptonm e appance-wothia e aiT Ot

Adapted by UL from IEC 60335-1 Ed. 5.1 b: 2013 with permission of the American National Standards Institute (ANSI) on behalf of

the International

Electrotechnical Commission. All rights reserved.

4.9 DUCT FAN — A straight-through ventilator provided with flanges for connection to a duct and which
may be used with heated air.

4.91

an electronic device of a circuit with no air gap.

ELECTRONIC DISCONNECTION — The de-energizing of the functional load of the appliance by

4,10 ENCLOSURE - That part of a unit which by itself or in conjunction with barriers reduces the risk of
contacting all or any parts of the unit that may otherwise present a risk of electric shock or injury to persons
and/or prevents propagation of flame initiated by electrical disturbances occurring within.
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411 FIELD WIRING TERMINAL — A terminal to which a wire may be connected in the field, unless the
wire and a means of making the connection — such as a pressure terminal connector, soldering lug,
soldered loop, or crimped eyelet — that is factory assembled to the wire are provided as part of the heat
recovery ventilator.

4.12 FUNCTIONAL PART — A part other than an enclosure or structural part that is necessary for the
intended operation of a unit.

4.13 HEAT RECOVERY VENTILATOR — A product intended to remove air from a building, replace it with
air outside the building and in the process transfer heat from the warmer to the colder air.

4.13.1 INTENTHONA NEAK PAR A part-intended—torupture—under conditions, of abnormal
operation to prevent the occurrence of a condition which could impair compliance with this standard.

4.13.2 LOW-POWER CIRCUIT — A circuit or parts of circuits farther from the supply/sourge than a low-
power point.

4.13.3 LOW-POWER POINT — A point closest to the supply source in.an, electronic cirquit where the
maximum avfilable power to an external load at the end of 5 seconds dees.not exceed 15 wdftts.

414 MOTQRS:

a) OHEN MOTOR — A motor having ventilating openings that permit passage of exterpal cooling air
over and around the windings of the motor.

b) TO
airb

ALLY ENCLOSED MOTOR — A motor that'is enclosed so as to prevent the fre¢ exchange of
ween the inside and outside of the case‘but not sufficiently enclosed to be termgd airtight.

ALLY ENCLOSED FAN-COOLED"MOTOR - A totally enclosed motor with external cooling
n or fans integral with the motorbut external to the enclosing parts.

415 POW
axial, or prop

R VENTILATOR - A ventilator that consists of an impeller — which may be of the centrifugal,
ller type — and an integral driver. A power ventilator is:

a) Ingtalled in a weather-resisting base intended to fit, usually by a curb, over g wall or roof

4.15.1 PRQTEECFIVE ELECTRONIC CIRCUIT (PEC) — An electronic circuit that preventy a hazardous
situation under-a i iti inction of a Protective Electronic Cirtuit would be

Adapted by UL from IEC 60335-1 Ed. 5.1 b: 2013 with permission of the American National Standards Institute (ANSI) on behalf of
the International Electrotechnical Commission. All rights reserved.

4.15.2 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 isolating source
such that:

a) The voltage does not exceed 30 V rms;
b) The voltage does not exceed 42.4 V peak;

c¢) The voltage does not exceed 60 V dc continuous; or
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d) The voltage does not exceed 24.8 V peak for DC interrupted at a rate of 200 Hz or less with
approximately 50 percent duty cycle.

e) When protective impedance is used, the current available through a 1500 ohm resistor between
the part or parts and either pole of the supply source does not exceed 0.7 mA peak or 2 mA DC.

4.15.3 RISK OF FIRE - A risk of fire is considered to exist at any two points in a circuit where a power of
more than 15 watts can be delivered into an external resistor connected between the two points.

4.15.4 SAFETY CRITICAL FUNCTION — Control, protection and monitoring functions which are being
relied upon to reduce the risk of fire, electric shock or casualty hazards.

Adapted by UL fi
the International

416 STRU
electric shock

417 USER
exchange me
the appliance
CONSTRUCT

5 General

5.1 An appl

om IEC 60335-1 Ed. 5.1 b: 2013 with permission of the American National Standards Institute (AN
Flectrotechnical Commission. All rights reserved.

CTURAL PART — A part used in such a manner that failure of the part-may pre
or injury to persons.

SERVICING — Any form of servicing, such as routine cleaning; changing a fi

dium, and the like, that might be performed by personnel other than those traine

[ION

ance shall employ materials that are acceptable for the particular use.

6 Compongnt

6.1 Acomp
a) Co
b) Be
c) Be
d) Ada

€) Not

bnent of a product covered.by’this standard shall:

mply with the requirements for that component;

ised in accordance’with its rating(s) established for the intended conditions of us
ised withipsits*established use limitations or conditions of acceptability;
itionally-comply with the applicable requirements of this end product standard; a

centain mercury.

Sl) on behalf of

sent a risk of

ter or a heat
d to maintain

€,

Exception No. 1:

A component of a product covered by this standard is not required to c

specific component requirement that:

omply with a

a) Involves a feature or characteristic not required in the application of the component in the
product;

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

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

Exception No. 2: A component complying with a UL component standard other than those cited in this
standard is acceptable if:
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a) The component also complies with the applicable component standard; or

b) The component standard:

1) Is compatible with the ampacity and overcurrent protection requirements in the National
Electrical Code, 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 standard is identified and appropriately
accommodated in the end use application. For example, a component used in a household

application, but intended for industrial use and complying with the releva

t component

6.2 Specifig
capabilities.
temperatureg

6.3 A com
ground-fault
thereof, shal
that provide {

Exception: U
markings, in
applied.

6.4 A comp
electric shoc
UL standard,

6.5 With r¢gard to a component-being additionally investigated, reference to con

performance
anticipates n

7 Frame and Enclosure

7.1

Generdl

standard may assume user expertise not common in household applications:

components are incomplete in construction features or restricted in
Such components are intended for use only under limited conditions, sud
not exceeding specified limits, and shall be used only under thosespecific cong

ponent that is also intended to perform other functions,, such as over curre
circuit-interruption, surge suppression, any other similar functions, or any
comply additionally with the requirements of the applicable UL standard(s) that
hose functions.

here these other functions are not required for'the application and not identif
btructions, or packaging for the appliance, the additional component standard(s

onent not anticipated by the requirements of this standard and that involves a p

performance
h as certain
itions.

nt protection,
combination
cover devices

fed as part of
need not be

ptential risk of

K, fire, or personal injury, shall béyadditionally investigated in accordance with the applicable

and shall comply with 6.1 (b).+.(d).

requirements in afother UL end product standard is appropriate where
brmal and abnormal‘use conditions consistent with the application of this standa

struction and
hat standard
rd.

711 Ana

plinnr\n shall be formed and assembled so that it will have the ernngfh and rigir

ity necessary

to resist the abuses to which it may be subjected, without resulting in a risk of fire, electrical shock, or
injury to persons due to total or partial collapse with a resulting reduction of spacings, loosening or
displacement of parts, or other serious defects.

7.1.2 A cast- or sheet-metal section of the enclosure shall not be thinner than the applicable value
specified in Table 7.1.

Exception No. 1: A small area or surface that is curved or otherwise reinforced to provide equivalent
mechanical strength need not comply with the specifications in the first column of thicknesses in Table 7.1.

Exception No. 2: A section of the enclosure made of uncoated or galvanized sheet steel or cast malleable
iron may be thinner than the specifications in the first column of thicknesses in Table 7.1 if such factors as

the following

are considered acceptable:
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a) Mechanical strength and impact resistance with regard to intended use and location of the
appliance;

b) Resistance to corrosion;
¢) Size and shape; and

d) Location on the appliance.

Table 7.1
Minimum acceptable thicknesses of enclosure metal
At small, flat, unreinforced
surfaces and at surfaces of a At surfaces to which a
shape or size to provide wiring system is to be
adequate mechanical strength, connected in the field, At large, unrginforced, flat
Metal inch (mm) inch (mm)? surfaces,|inch (mm)
Die-cast metal 3/64 (1.2) - 5/64 (2.0)
Cast malleableJron 1/16 (1.6) - 3/32 (2.4)
Other cast metgl 3/32 (2.4) - 1/8 (3.2)
Uncoated sheej steel 0.026 (0.66) 0.032 (0.81) 0.026 (0.66)
Galvanized shéet steel 0.029 (0.74) 0.034 (0.86) 0.029 (0.74)
Nonferrous sheet metal 0.036 (0.91) 0.045 (1.14) 0.036 (0.91)
@ A sheet-metallwall of thickness less than that specified is acceptable if it is hot less than 0.026 inch (0.66 mm) and|the area
surrounding thg knockout has a thickness not less than 0.053 inch (1,38mm).

7.1.3 Among the factors to be considered when judging a nonmetallic enclosure, inclyiding one of
polymeric maferial, or a magnesium enclosure are:

a) Meg¢hanical strength;

b) Registance to impact;

¢) Moisture-absorptive properties;
d) Combustibility;

e) Registanceto arcing;

f) Registance to distortion at temperatures to which the enclosure may be subjected under
conditlons of normal or abnormal use; and

g) For a polymeric enclosure, thermal aging.

7.1.4 For a polymeric enclosure all of the factors in 7.1.3 are considered with respect to aging. See
Nonmetallic enclosure parts, Section 7.2; and Polymeric and Other Nonmetallic Materials, Section 34.

7.1.5 An overall enclosure for electrical components of an appliance intended for outdoor exposure shall
have provision for drainage. See 20.1.1.12.

7.1.6 An appliance shall have provision for condensate drainage that shall be located below the lowest
electrical part when installed as intended. The smallest dimension of the hole shall be at least 1/2 inch
(12.7 mm).
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7.2 Nonmetallic enclosure parts

7.2.1 Polymeric material or other material having a flame-spread rating greater than zero in accordance
with the Standard for Tests for Surface Burning Characteristics of Building Materials, UL 723, shall not be
employed as an enclosure or a skirt or other part of a venturi system of an appliance that is intended to be:

a) Permanently connected electrically and

b) Installed within a building structure so that the portion of the appliance enclosed within the wall is
not visible to the user.

7.2.2 Unless otherwise specified in this end product standard, polymeric electrical insulating materials

and enclosu
Use in Electr]

7.2.3 Metal
of the Stand4

Exception: T]
provided tha
propagate ex

7.24 A fan
(25.4 mm) off

Exception: A

a) Th
Flam

b) Th
mm)
Evalu

¢) No
an ar
provig

d) In @ skeleton)or open frame type motor,

es shall comply with the applicable requirements of the Standard for Polymer
cal Equipment Evaluations, UL 746C.

ized or painted polymeric parts or enclosures shall comply with the applicable
rd for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

his requirement is not applicable to exterior surfaces of polymeéric enclosure maf
{ the metallized coating or paint does not offer a contintious path for an inte
ternally.

blade (air impeller) of polymeric material outside ‘a motor shall not be located
an opening in the motor housing.

fan blade may be within 1 inch of an opening in the motor housing if:

e material is classed as V-2, V-1,:V<0, or V in accordance with the Standard
mability of Plastic Materials for Parts‘in Devices and Appliances, UL 94, or

e material complies with the-requirements for enclosure flammability using a 3
lame, in accordance with-the Standard for Polymeric Materials — Use in Electrid
ations, UL 746C, or

motor opening within 1 inch of the blade has a dimension more than 17/64 inch
ea more than (0,055 square inch (35.5 mm?), and no more than six such
fed, or

T\\The fan blade is of material classed HB or less flammable in accorda

¢ Materials —

requirements

erials or parts

rnal flame to

within 1 inch

for Tests for

4-inch (19.1-
al Equipment

(6.75 mm) or
openings are

nce with the

Staomadora for Toota for Clopmapmanhility, ~f D] $in AMoftariala far Dorta i Moyl
QAriudru 1vr 1Coto 1Ur'i1 Iall”l’aul”Ly Urrn 1aouv widliTridro 191 1 dito 11 o vivCo dri

UL 94,

Appliances,

2) The coil is completely wrapped with insulation at least 1/32 inch (0.8 mm) thick, and

3) The space between the coil wrap and bobbin does not exceed 1/32 inch, or

e) The material has a hot wire ignition rating of at least 7 seconds as described in the Standard
Test Method for Ignition of Materials by Hot Wire Sources, ASTM D3874, or

f) The fan employs a thermally protected motor to drive the blade and complies with the test
requirements in the Blade Ignition Test, Section 55.
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7.3 Accessibility of live parts

7.3.1 To reduce the likelihood of unintentional contact that may involve a risk of electric shock from
uninsulated live parts and film-coated wire, an opening in an enclosure of an appliance or in a motor shall
be investigated as described in (a) or (b):

a) For an opening that has a minor dimension (see 7.3.5) less than 1 inch (25.4 mm), such a part
and film-coated wire shall not be contacted by the probe illustrated in Figure 7.1.

b) For an opening that has a minor dimension of 1 inch or more, neither an uninsulated live part nor
film-coated wire shall be within X inches of the perimeter of the opening or within the volume
generated by projecting the perimeter X inches normal to its plane. X equals five times the minor
dimenfton of the opening, but not Iess than 6- 1716 Mches (154 mm). See Figure 7.2,

Exception: A motor need not comply with these requirements if it complies with the requirements in 7.3.2.
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Figure 7.1
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Figure 7.2
Opening in enclosure
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7.3.2 With respect to a part or wire as mentioned in 7.3.1, in a motor as mentioned in the|exception to
7.3.1:

a) An ppening that has a minor dimension (see 7.3.5) less than 3/4 inch (19.1 mm) is dcceptable if:
1) Film-coated wire‘cannot be contacted by the probe illustrated in Figure 7.4;

2) In a directly ‘accessible motor (see 7.3.6), an uninsulated live part cannot be|contacted by
the probédllustrated in Figure 7.5; or

3).Irvan indirectly accessible motor (see 7.3.6), an uninsulated live part cannot pe contacted
by\the probe illustrated in Figure 7.3.

b) An opening that has a minor dimension of 3/4 inch or more is acceptable if an uninsulated live
part or film-coated wire is not within X inches of the perimeter of the opening or within the volume
generated by projecting the perimeter X inches normal to its plane. X equals five times the minor
dimension of the opening, but not less than 3-5/32 inches (80 mm) for contact with an uninsulated
live part through an opening in the enclosure of a directly accessible motor and 4 inches (102 mm)
for all other openings. See Figure 7.2.
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Figure 7.3

Probe for uninsulated live parts
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Figure 7.4

Probe for film-coated wire
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7.3.3 The probes mentioned in 7.3.1 and 7.3.2 and illustrated in Figure 7.1 and Figure 7.3 — Figure 7.5
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 appliance or
motor. The probes illustrated in Figure 7.1 and Figure 7.5 shall be applied in any possible configuration;
and, if necessary, the configuration shall be changed after insertion through the opening.

7.3.4 The probes mentioned in 7.3.1 and 7.3.2 and illustrated in Figure 7.1 and Figure 7.3 — Figure 7.5
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.

7.3.5 With reference to the requirements specified in 7.3.1 and 7.3.2, the minor dimepsion
is the diamefer of the largest cylindrical probe having a hemispherical tip that can be’inserte
opening pergendicular to the plane of the opening.

of an opening
d through the

7.3.6 With reference to the requirements specified in 7.3.2, an indirectly accessible motor i a motor:

a) That is accessible only by removing a part of the outer enclosure; such as a guard|or panel, that
can be removed without using a tool, or
b) That is located at such a height above the floor or is 6therwise guarded or enclosed so that it is
unlikgly to be contacted.
A directly acgessible motor is a motor that can be contacted without removing any part, or that is located
so as to be apcessible to contact.

7.3.7 During the examination of a product to-determine whether it complies with the requirements in

7.3.1 and 7.3
to make an o

7.3.8 With
even if it is
exposure of

7.3.9 With

requiredto b

7.3.10 Ifa
receptacle pre

.2, a part of the enclosure that'may be removed without using a tool (to attach
perating adjustment or for other reasons) is to be removed.

eference to 7.3.7, afilter(S) or exchange medium intended to be removed is to
Iecessary to use teols to do so — when the appliance is being examined with

ninsulated live parts.
reference 4o the requirements specified in 7.3.1 and 7.3.2, insulated brush
b additiohally enclosed.

AN accessory,

be removed —
reference to

caps are not

otor employs leads that termlnate in an attachment plug that is mtended to be

blugged into a
be located or

protected, as judged in accordance with 7 3.1 - 7.34, to reduce the risk of unmtentlonal contact by
persons with, or damage to such parts during any cleaning operation.

7.3.11
to provide th

e required protection.

8 Attachment Plugs, Receptacles, Connectors, and Terminals

8.1

With reference to 7.3.10, a layer of tape, at least 1/32 inch (0.8 mm) thick, on a coil is considered

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

appliance (flatiron) plugs, shall comply with the Standard for Attachment Plugs and Receptacles, UL 498.
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Exception: Attachment plugs and appliance couplers integral to cord sets or power supply cords are
covered under the requirements of Standard for Cord Sets and Power-Supply Cords, UL 817 and need not
comply with Standard for Attachment Plugs and Receptacles, UL 498.

8.1A The attachment plug of the power supply cord of an appliance provided with a 15- or 20-ampere
general-use convenience receptacle shall be of the 3-wire grounding type. The attachment plug of the
power supply cord of all other appliances not required to be grounded shall be polarized or of the
grounding type.

8.2 Quick-connect terminals, both connectors and tabs, for use with one or two 22 — 10 AWG copper
conductors, having nominal widths of 0.110, 0.125, 0.187, 0.205, and 0.250 inch (2.8, 3.2, 4.8, 5.2, and 6.3
mm), intende uctors to the
appliance, sh

dfor internal \Anrunn connections-in annluonr\ac orforthe fisld termination of con
PP

Bl comply with the Standard for Electrical chk-Connect Terminals, UL 310.

Exception: O
insertion-with

Electrical Quick-Connect Terminals, UL 310.
8.3 Single gnd multipole connectors for use in data, signal, control and-power applicatior
between elegtrical equipment, and that are intended for factory assembly to copper or

conductors,
Component C

8.4 Wire co
8.5 Splicing
8.6 Equipm
conductors, s

Copper Cond

8.7 Termina
wiring conneq

8.8 Female
may be used
type of load, |

9 Controls
9.1

9.11

ther sizes of quick-connect terminals shall be investigated with respect’to ci
drawal, temperature rise, and all tests shall be conducted in accordance with

br for factory assembly to printed wiring boards,shall comply with the
onnectors for Data, Signal, Control and Power Applications, UL 1977.

hnectors shall comply with the Standard for Wire-Connectors, UL 486A-486B.
wire connectors shall comply with the Standard for Splicing Wire Connectors, U

ent wiring terminals for use with all ‘alloys of copper, aluminum, or copper-cl
hall comply with the Standard fer-Equipment Wiring Terminals for Use with Alun
uctors, UL 486E.

blocks shall comply with the Standard for Terminal Blocks, UL 1059, and, if
tion they shall be rated for field wiring.

devices (such as’receptacles, appliance couplers, and connectors) that are inte
to interrupticurrent in the end product, shall be rated for current interruption o
vhen evaluated with its mating plug or connector.

imp pull out,
Standard for

s within and
copper alloy
Standard for

| 486C.
ad aluminum
hinum and/or

ised for field

nded, or that
f the specific

General

and the parameters in Controls — End Product Test Parameters, Section 37.

Auxiliary controls shall be evaluated using the applicable requirements of this end product standard

Exception: This requirement does not apply to circuits that comply with the requirements in Sections 37A —
37K.

9.1.2 Operating (regulating) controls shall be evaluated using the applicable component standard
requirements specified in 9.2 — 9.4, and if applicable, the parameters in Controls — End Product Test
Parameters, Section 37, unless otherwise specified in this end product standard.
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Exception: This requirement does not apply to circuits that comply with the requirements in Sections 37A —
37K.

9.1.3 Operating controls that rely upon software for the normal operation of the end product where
deviation or drift of the control may result in a risk of safety, such as a speed control unexpectedly

changing its output, shall comply with the:

a) Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991; and
Standard for Software in Programmable Components, UL 1998;

b) Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1; or

c) Cir

9.1.4 Prote
requirements
Parameters,

Exception: T
37K.

9.1.5 Solid;
comply with §

a) St

b) Stq
Claus

c) Cir

Prote|

a) Standard for Tests for Safety-Related Controls Employing Solid-State Devices,

Stana
b) Ste
c) Cir

itatlo ot 1 whlatlo H 4 H o 'H Q7 A
LUTLO thiat uunlpl_y WILT UTC TCYUITTITICTIO 1T OCTULUUNTS 9T A

ctive  (limiting) controls shall be evaluated using the applicable compon
specified in 9.2 — 9.4, and if applicable, the parameters in Controls < End
Section 37, unless otherwise specified in this end product standard.

his requirement does not apply to circuits that comply with thesrequirements in §

state protective controls that do not rely upon software as a protective con
he:

ndard for Tests for Safety-Related Controls Employing Solid-State Devices, UL

ndard for Automatic Electrical Controls —Part 1: General Requirements, UL 60
e H.11.12 (Controls using software); or

cuits that comply with the requirements in Sections 37A — 37K.

ctive controls that rely upon software as a protective component shall comply wif

ard for Software in‘Programmable Components, UL 1998;
ndard for Automatic Electrical Controls — Part 1: General Requirements, UL 607

cuits that.eOmply with the requirements in Sections 37A — 37K.

9.2 Electrc1mechanical and electronic controls

ent standard
Product Test

ections 37A —

hponent shall

DO1;

730-1, except

h the:

UL 991; and

30-1; or

9.21 Acon

trol, other than as specified in 9.3 — 9.4, shall comply with the:

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

b) Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1;

c) Standard for Programmable Controllers — Part 2: Equipment Requirements and Tests, UL
61131-2; or

d) Circuits that comply with the requirements in Sections 37A — 37K.

9.3 Motor and speed control

9.3.1

A control used to start, stop, regulate or control the speed of a motor shall comply with the:
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a) Deleted

b) Standard for Industrial Control Equipment, UL 508;

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

d) Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1; or

e) Circuits that comply with the requirements in Sections 37A — 37K.

9.4 Temperature controls

941 Atem
a) Del
b) Sta

c) Sta
Stand

Sensipg Controls, UL 60730-2-9; or

d) Cirg

94.2 Atem
(NTC) thermi
the Standard

9.4.3 A ther
Guide, UL 60

10 Light sources and associated components

10.1  Lamph

Exception: L3
1598, are cor

10.2 Lightin

berature control shall comply with the:
pted
hdard for Industrial Control Equipment, UL 508;

hdard for Automatic Electrical Controls — Part 1: General Requirements, UL 607
ard for Automatic Electrical Controls — Part 2-9: Particular Requirements for

uits that comply with the requirements in Sections 37 A'— 37K.

perature sensing positive temperature coefficient (PTC) or negative temperatu
stor, that performs the same function as an.6perating or protective control shal
for Thermistor-Type Devices, UL 1434.

mal cutoff shall comply with the Standard for Thermal-Links — Requirements an
591.

olders and indicatingJyamps shall comply with the Standard for Lampholders, UL

mpholders forming part of a luminaire that complies with the Standard for Lu
sidered to’fulfill this requirement.
O ballasts shall comply with the:

A _f, .. $.1

B0-1; and the
Temperature

re coefficient
comply with

d Application

496.

iminaires, UL

a) Sta

Ao =l Paoll £
uara1torti |=f<11] L

toreseehtr-ampoanasts; o

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

Exception No. 1: Ballasts forming part of a luminaire that complies with the Standard for Luminaires, UL
1698, are considered to fulfill this requirement.

10.3 Light emitting diode (LED) light sources shall comply with the Standard for Light Emitting Diode
(LED) Equipment for Use in Lighting Products, UL 8750.

1"

11.1

Cords, Cables, and Internal Wiring

Cords, UL 817.

A cord set or power supply cord shall comply with the Standard for Cord Sets and Power-Supply
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11.2 Flexible cords and cables shall comply with the Standard for Flexible Cords and Cables, UL 62.

11.3 Internal wiring composed of insulated conductors shall comply with the Standard for Appliance
Wiring Material, UL 758.

Exception No. 1: Insulated conductors need not comply with the Standard for Appliance Wiring Material,
UL 758, if they comply with the:

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

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

c) Stgndara for Fixtare Wire, UL 66.

Exception N¢. 2: Insulated conductors for specialty applications (e.g. data processingyor’communications)
and located in a low-voltage circuit not involving the risk of fire or personal injury néed'not camply with the
Standard forlAppliance Wiring Material, UL 758.

12 Power $upplies

12.1 A Clags 2 power supply shall comply with the:
a) Stgndard for Class 2 Power Units, UL 1310;

b) Standard for Information Technology Equipment«~/Safety — Part 1: General Reqyirements, UL
60950-1, with an output marked "Class 2";

c) Standard for Information Technology Equipment — Safety — Part 1: General Reqyirements, UL
60950-1, with an output that complies with’ the limited power source (LPS) requirdments and is
marked "LPS"; or

d) The requirements in Sections 37A — 37K.

12.2 A noniClass 2 power supply shall comply with the:
a) Stgndard for Power Units Other Than Class 2, UL 1012; or

b) Standard for Ihformation Technology Equipment — Safety — Part 1: General Reqyirements, UL
60950-1.

13 Printed|Wiring Boards

13.1  Printed-wiring boards, including the coatings, shall comply with the Standard for Printed-Wiring
Boards, UL 796.

Exception No. 1: A printed-wiring board in a Class 2 nonsafety circuit is not required to comply with the
bonding requirements in the Standard for Printed-Wiring Boards, UL 796, if the board is separated from
parts of other circuits such that loosening of the bond between the foil conductor and the base material will
not result in the foil conductors or components coming in contact with parts of other circuits of the control
or of the end-use product.

Exception No. 2: Wiring boards that comply with the requirements in Sections 37A — 37K.
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14 Supplemental Insulation, Insulating Bushings, and Assembly Aids

14.1 The requirements for supplemental insulation (e.g. tape, sleeving or tubing) are not specified unless
the insulation or device is required to fulfill 22.14 or a performance requirement of this standard.

14.2 In accordance with 14.1, the supplemental insulation shall comply with the following:

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

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

¢) Tubimg

d) Eleftrical insulation systems shall comply with the Standard for Systems of Insulating Materials
— Gengral, UL 1446.

14.3 Insulatjng bushings that comply with Components, Section 6, of this end.product stanglard, and the
Standard for |[Insulating Bushings, UL 635, are considered to fulfill the construction requirements of this
Standard. Tepts specified in this Standard (e.g. Strain Relief Test) may.still need to be performed to
confirm the cpmbination of the insulating bushing and the supporting parts comply with the |performance
requirements

15 Valves (Electrically Operated) and Solenoids

15.1 Electrigally operated valves shall comply with the;
a) Stapdard for Electrically Operated Valves;UL 429;

b) Stanhdard for Automatic Electrical Cantrols — Part 1: General Requirements, UL 60780-1; and the
Standard for Automatic Electrical. Controls for Household and Similar Use; Part [2: Particular
Requifements for Electrically Operated Water Valves, Including Mechanical Requirements, UL
60730-2-8; or

c) Cirguits that comply withithe requirements in Sections 37A — 37K.

16 Transformers

1: General Requirements, UL 5085-1; and the Standard for Low Voltage Transformers — Part 2: General

16.1 General-purpgse transformers shall comply with the Standard for Low Voltage Transfqrmers — Part
r};formers, UL 5085-2.

Purpose Tra

Exception No. 1: A transformer that is completely enclosed within the end product enclosure, and that
meets the applicable construction and performance requirements of this end product standard meets the
intent of this requirement.

Exception No. 2: A transformer that complies with the Standard for Transformers and Motor Transformers
for Use in Audio-, Radio-, and Television-Type Appliances, UL 1411, and that is used in a circuit involving
an audio or video component, meets the intent of this requirement.

16.2 Class 2 and Class 3 transformers shall comply with the Standard for Low Voltage Transformers —
Part 1: General Requirements, UL 5085-1; and the Standard for Low Voltage Transformers — Part 3: Class
2 and Class 3 Transformers, UL 5085-3.
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Exception No. 1: Transformers located in a low voltage circuit, and that do not involve a risk of fire or
personal injury, need not comply with this requirement.

Exception No. 2: This requirement does not apply to transformers that comply with the requirements in
Sections 37A — 37K.

17 Protection Against Corrosion
17.1 Metal shall be used in combinations that are galvanically compatible.

17.2 Aniron or steel part shall be protected against corrosion by enameling, galvanizing, plating, or other
equivalent means:

Exception: The following parts need not be protected against corrosion:
a) A ghaft, bearing, lamination, or minor part, such as a washer, screw, and-the like.
b) A dast-metal part that derives inherent protection by virtue of its thickness.
¢) A dart, such as a decorative grille, that is not required to form a.part of an enclosure.

d) A part whose corrosion is not likely to result in a risk of fire,"electric shock, or injury {o persons.
17.3 Hingep and other attachments shall be resistant to corrosion.
17.4 A shegt steel enclosure shall be protected against'corrosion as specified in Table 17.1

Exception: An enclosure of a product not intended<for outdoor exposure shall comply with the requirement
in17.2.

Table 17.1
Protection against corrosion
Thickness of sheet steel and reference in standard for type of
protection required
Enclosure:use 0.053 inch (1.35 mm) or more Less than 0J053 inch
Outer enclosurle protectingymotors, wiring, or enclosed 6.80r6.9 6.8
live parts
Outer enclosurrE thatis the sole enclosure of live parts 6.8
Outer enclosu ctricatparts 580769 5.80r6.9
Interior enclosure protecting live parts other than 6.8 0r6.9 6.8
motors

17.5 Aluminum, brass, copper, or stainless steel may be used without additional protection against
corrosion.

17.6 A nonmetallic enclosure intended to be used outdoors shall be judged on the basis of the effect of
exposure to ultraviolet light and water.

17.7 An enclosure of cast iron at least 1/8 inch (3.2 mm) thick is considered to be protected by one coat
of an organic finish of the epoxy or alkyd-resin type or other outdoor paint on each surface. The
acceptability of the paint may be determined by consideration of its composition or by corrosion tests if
such tests are considered necessary.
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17.8 To comply with Table 17.1, one of the following coatings shall be used:

a) Hot-dipped mill-galvanized sheet steel conforming with the Coating Designation G90 in Table | of
the Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-lIron Alloy-Coated
(Galvannealed) by the Hot-Dip Process, ASTM A653/A653M, with not less than 40 percent of the
zinc on any side, based on the minimum single-spot test requirement in this ASTM specification.
The weight of zinc coating may be determined by any acceptable method; however, in case of
question, the weight of coating shall be established in accordance with the Standard Test Method
for Weight (Mass) of Coating on Iron and Steel Articles with Zinc or Zinc-Alloy Coatings, ASTM
A90/A90M.

b) A zinc coatlng, other than that prowded on hot-dlpped mill- galvanlzed sheet steel uniformly

applie o-a

metallic coating th|ckness test descrlbed in Section 51. An annealed(coati
with 17.12.

compl

¢) A z|nc coating conforming with 17.9 (a) or (b) with one coat of an organic finish of
alkyd-fesin type or other outdoor paint on each surface applied after forming. The ag
the pgint may be determined by consideration of its composition or by corrosion testg
are considered necessary.

d) A cadmium coating not less than 0.001 inch (0.025 mm)thick on both surfaces. The
coatinf shall be established in accordance with the metallic-coating-thickness test as
Section 51.

speciflcation. The-weight of zinc coating may be determined by any acceptable meth
in casg of question, the weight of coating shall be established in accordance with the
Method far Weight (Mass) of Coating on Iron and Steel Articles with Zinc or Zinc-Al
ASTM A90/A90M.

surface with a
b established
ng shall also

the epoxy or
ceptability of
if such tests

thickness of
described in

vith one coat
oth surfaces

ating shall be
ign 51 and the

360 or AGO in
inc-lron Alloy-
gn 40 percent

this ASTM
od; however,
tandard Test
oy Coatings,

b) A zinc coating, other than that provided on hot-dipped mill-galvanized sheet steel, uniformly
applied to an average thickness of not less than 0.00041 inch (0.010 mm) on each surface with a
minimum thickness at least 0.00034 inch (0.009 mm). The thickness of the coating shall be
established by the metallic-coating-thickness test described in Section 51.

c) Two coats of an organic finish of the epoxy or alkyd-resin type or other outdoor paint on each
surface. The acceptability of the paint is to be determined by consideration of its composition or by
corrosion tests if such tests are considered necessary.

17.10 With reference to 17.8 and 17.9, other finishes, including paints, metallic finishes, and
combinations of the two may be accepted if comparative tests with galvanized sheet steel — without
annealing, wiping or other surface treatment — conforming with 17.8(a) or 17.9(a), as applicable, indicate
they provide equivalent protection. Among the factors that are to be taken into consideration when judging
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the suitability of such coating systems are exposure to salt spray, moist carbon dioxide-sulphur dioxide-air
mixtures, moist hydrogen sulphide-air mixtures, ultraviolet light, and water.

17.11 If tests are required, test specimens of a finish as described in 17.7 or 17.10 or 17.8(c) or 17.9(c),
are to be consistent with the finish that is to be used in production with respect to the base metal, cleaning
or pretreatment method, application method, number of coats, curing method, thickness, and the like.

17.12 A hot-dipped mill-galvanized A60 (alloyed) coating or an annealed zinc coating that is bent or
similarly formed after annealing and that is not otherwise required to be painted shall be painted in the
bent or formed area if the bending or forming process damages the zinc coating, except that such areas
on the inside surface of an enclosure that is not exposed to water during the water spray test need not be
painted. The zinc coating is considered to be damaged if flaking or cracking of the zinc coating at the
outside radids of the bent or formed section is visible at 25 power magnification. Simple sheared or cut
edges and plinched holes are not considered to be formed.

18 Protectjon Against Risk of Fire

18.1 The enclosure of an appliance shall prevent molten metal, burning insulation, flaming [particles, and
the like from [falling onto flammable materials, including the surface upon‘which the appliancg is supported
if the appliange is:

a) Installed in a remote location;
b) Thérmostatically or automatically controlled; or

c¢) Intgnded to be operated unattended.

18.2 The rgquirements in 18.1 will necessitate thg,use of a barrier or material having a zero|flame spread
rating when [tested in accordance with the Standard for Tests for Surface Burning Characteristics of
Building Matgrials, UL 723:

a) Under a motor unless:

1) The structural parts of the motor or of the appliance provide the equivalent of such a
barrier, or

2) The protection provided with the motor is such that no burning insulation or molten
materialfalls to the surface that supports the appliance or into the wiring compprtment when
the motor is energized under each of the following fault conditions:

i) Open main winding,

i) Open auxiliary winding,
iii) Starting switch short-circuited, and

iv) Capacitor of a permanent-split, capacitor motor short-circuited and the rotor
locked — the short-circuit is to be applied before the motor is energized, or

3) The motor is provided with a thermal motor protector that will prevent the temperature of
the motor windings from exceeding 125 °C (257 °F) under the maximum load under which
the motor will run without causing the protector to cycle and from exceeding 150 °C (302 °F)
with the rotor of the motor locked, or

Exception: Direct drive fan motors need only be subjected to the locked rotor test.
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4) The motor complies with the requirements for impedance-protected motors in the
Standard for Overheating Protection for Motors, UL 2111, or the Standard for Rotating
Electrical Machines — General Requirements, UL 1004-1, and the Standard for Thermally
Protected Motors, UL 1004-3, and the temperature of the motor winding does not exceed
150 °C during the first 72 hours of operation with the rotor of the motor locked.

b) Under wire, unless the wire
1) Is neoprene or thermoplastic insulated, such as wire marked VW-1, or

2) Has at least equivalent characteristics as determined in the flame tests specified in the
Standard for Thermoplastic-Insulated Wires and Cables, UL 83.

¢) Under a switch, relay, solenoid, or the like unless:
1) A short circuit or overload in the component would not result in a risk@©f fire, ¢r

2) There are no openings in the enclosure through which molten-metal, burnipg insulation,
flaming particles, or the like can fall.

Exception: A terminal need not have a barrier.

18.3 The barrier specified in 18.2 shall be horizontal, shall be loeated as illustrated in Figdre 18.1, and
shall have an|area in accordance with the illustration. Openingsd{ordrainage, ventilation, and|the like, may
be employed|in the barrier provided such openings would not:permit molten metal, burning jnsulation, or
the like, to fal| onto flammable material.
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Figure 18.1
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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 portions of a component that is partially shielded by the component enclosure or equivalent.

B — Projection of outline of component on horizontal plane.

C — Inclined line that traces out minimum area of barrier. The line is always (1) tangent to the component, (2) 5 degrees from the
vertical, and (3) 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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18.4 A ventilating opening provided in:
a) The enclosure of an appliance or

b) An externally mounted component of an appliance,

and that is intended to be recessed into a wall or false ceiling shall not vent into a concealed space where
the spread of a fire might occur undetected.

19 Mechanical Assembly

19.1  An appliance shall be assembled so that its intended performance will not be impaired by the
vibration of normal operation. Brush caps shall be tightly threaded or otherwise designed to prevent
loosening.

19.2 A swifch, a lampholder, an attachment-plug receptacle, a motor-attachment plug, or similar
component shall be mounted securely, and shall be prevented from turning or shifting. See 19.3.

Exception No| 1: A switch need not be prevented from turning if the following Ctonditions are met:

a) The¢ switch is a plunger or other type that does not tend to-rotate when operatgd — a toggle
switch is considered to be subject to such forces;

b) Thg means for mounting the switch makes it unlikely-that operation of the switch wil| loosen it;
¢) Spgcings are not reduced below the minimum aceeptable values if the switch is rotated; and

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

Exception Ng. 2: A lampholder of the type inwhich the lamp cannot be replaced, such as a|neon pilot or
indicator lamp in which the lamp is sealed-in_.by a nonremovable jewel, need not be prevented from turning
if rotation cannot reduce spacings below:the minimum acceptable values.

19.3 The means for preventing furning, as required by 19.2, shall consist of more than friction between
surfaces — for example, a toothed lock washer that provides spring take-up, applied as intended, is an
acceptable njeans for preventing a small stem-mounted switch or other device having @ single-hole
mounting means from turning.

19.4 A hougeholdappliance shall be completely assembled when it is shipped from the fdctory, except
that shipment partially disassembled to facilitate packaging or installation is acceptablg if intended
assembly car] bereadily accomplished without resulting in a risk of fire, electric shock, or injuny to persons.
If mismatching of components of an appliance shipped disassembled could result in a risk of fire, electric
shock, or injury to persons, the parts shall be marked as specified in 72.1.5.

19.5 A commercial or industrial appliance shall be completely assembled when shipped from the factory.

Exception: A commercial or industrial appliance marked in accordance with 72.2.5 need not be completely
assembled when shipped from the factory.

19.6 If a part is shipped disassembled from an appliance and if it is necessary to make field connections
to that part:

a) The appliance shall be constructed so that it can be permanently connected to one of the wiring
systems that would be acceptable for the appliance;


https://ulnorm.com/api/?name=UL 1815 2024.pdf

JANUARY 5, 2024

UL 1815

31

b) Wiring terminals or leads to which the field connections are to be made shall comply with the
requirements for field-wiring terminals, including those for spacings;

¢) The marking information required by 73.7 shall be provided; and

d) Means for mounting a disconnect switch assembly that is part of the appliance shall be provided.

19.7 Adisc

onnect switch assembly that is shipped mounted on the appliance:

a) Shall be factory-wired to the remainder of the appliance; or

b) Shall comply with the requirements in 19.6 (a), (b), and (c) and those in 72.2.5.

19.8 Intern
partially disa
be made in {
partially disa
connection.

19.9 Unles
partially disa

A

[«

19.10 An
accordance

19.11 Unin
parts or parts

19.12 A md

Exception: R

bl connections that must be made in the field in a cord-connected appliance th
5sembled shall be made by plug and receptacle connections. Internal connhecti
he field in an appliance intended for permanent connection to the power supply
5sembled shall be made in accordance with 20.1.1.1 and 20.1.1.6 or. by plug a

5 the intended method of assembly is obvious, an appliance\that is shipped frg
5sembled shall be provided with clear and detailed assembly instructions.

ppliance that is shipped from the factory partially”disassembled and is n
vith 72.1.5 shall be shipped in a single shipping container.

bulated live parts of a thermostat provided-with a welded stop shall not conta
of opposite polarity if breakage of the welded stop would permit the thermostat

unting bracket necessary for installation shall be furnished. See 72.2.7.

or an appliance that is acgeptable for use with any of a number of mountin

assemblies

rovided separately, a bracket or assembly need not be provided if appropriatg

such deviceq are included in the installation instructions.

20 Power $upply Connections

20.1

2011 Ge

Permanently connected appliances

ral

at is shipped
bns that must
and shipped
nd receptacle

m the factory

bt marked in

tt dead metal
o rotate.

g brackets or
> reference to

20.1.11

An appliance intended for permanent connection to the power supply shall be constructed so

that it may be permanently connected electrically to one of the wiring systems that would be acceptable for
the appliance in accordance with the National Electrical Code, ANSI/NFPA 70.

20.1.1.2 A knockout in a sheet-metal enclosure provided for connection of the appliance to a wiring
system installed in accordance with the National Electrical Code, ANSI/NFPA 70, shall be securely
attached and removable without deformation that would impair the intended performance of the enclosure.

20.1.1.3 A flat surface shall surround a knockout and shall be of sufficient area to permit the attachment
of a length of standard rigid metallic conduit of a size corresponding to the size of the knockout. The flat
area shall have a minimum diameter in accordance with Table 20.1.
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Table 20.1
Dimensions associated with openings for conduit

Unthreaded openings Threaded openings
Trade size Minimum diameter of Throat diameter, inches (mm)
of conduit, Nominal knockout flat surface at knockout,
inches diameter, inches (mm) inches (mm) Minimum Maximum
12 7/8 (22.2) 1.152 (29.26) 0.591 (15.01) 0.622 (15.80)
3/4 1-3/32 (27.8) 1.450 (36.83) 0.783 (19.89) 0.824 (20.93)
1 1-23/64 (34.5) 1.804 (45.82) 0.997 (25.32) 1.049 (26.64)
1-1/4 1-23/32 (43.7) 2.309 (58.65) 1.311 (33.3) 1.380 (35.05)
20.1.1.4 The diameter of a knockout shall accommodate conduit of the trade size for whieh the knockout

is intended ag

20.1.1.5 With reference to the requirement specified in 20.1.1.1, an appliancedintended fq
b a building structure or a duct-connected appliance shall.be provided wit

attachment t
permanent el

Exception: A

specified in Table 20.1.

pctrical connection to the power supply.

provided with|a power-supply cord that:
a) Is af least 18 inches (0.5 m) and not more than 10.feet (3 m) long,
b) Hag three conductors, one being an equipmentgrounding conductor,
c¢)Is Type S, SJ, SJO, SJT, SO, SP-3, SPT-3,0r ST,
d) Is permanently attached to the appliance, and
e) Complies with the requirements.in 20.2.1.2 and 20.2.2.1 — 20.2.2.5.

20.1.1.6 Af
so that the co

20.1.1.7 Ac
a) A tr

b) Us

hnections may bereadily inspected after the appliance is installed as intended.

Cessibility offield installed wiring and inspection of splices is to be judged by:

al installation following any instructions provided by the manufacturer or

ng\any wiring system permitted by the National Electrical Code, ANSI/NF

n appliance need not be provided with a means for_permanent electrical conn

r permanent
n means for

ection if it is

eld-wiring compartment in which power-supply connections are to be made shall be located

PA 70, if no

instructionsareprovided:

20.1.1.8 The minimum usable volume of an outlet box or terminal compartment in which field-installed
wiring connections to the power supply are to be made shall be as specified in Table 20.2.

Exception: A motor containing an integral wiring compartment that complies with the Standard for Rotating
Electrical Machines — General Requirements, UL 1004-1, need not comply with this requirement.
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Table 20.2
Minimum usable volume of terminal compartment

Volume for each field-installed wire originating outside of
the compartment and terminating inside the compartment?®
Size of field-installed conductors, AWG (mm?) Cubic inches (cm?®)
14 (2.1) 2.00 (33)
12 (3.3) 2.25 (37)
10 (5.3) 2.50 41)
8 (8.4) 3.00 (50)
6 (13.3) 5.00 (82)
2 Including a gfounding conductor.

20.1.1.9 A electrical component shall not be mounted on a part, such as the cover of a wiring-terminal
compartment, that must be removed to permit field-wiring connections to be made, or inspected.

20.1.1.10 A terminal compartment intended for the connection of a“pewer-supply rageway that is
mounted to the appliance shall be attached so as to be prevented from turning with respect thereto.

20.1.1.11  Ifithe constructional features of an appliance permit field-wiring connections to be made in the
motor terminal compartment, the compartment shall comply*with the applicable requirgments in the
Standard for|Rotating Electrical Machines — General Requirements, UL 1004-1.

20.1.1.12 With reference to 7.1.5, a conduit opening:in*an outer enclosure for power-supply or external-
control-circuit connection shall be threaded. The metal at a threaded opening for conduit shall not be less
than 1/4 inch{ (6.4 mm) thick.

Exception N¢. 1: A conduit opening need not comply if it is on a duct fan that is not intended for outdoor
exposure.

Exception Ng. 2: A conduit opening need not comply if it is located wholly below the lowest uninsulated
live part within the enclosure or-ifits location prevents drainage into the enclosure.

20.1.1.13 An outer cover.or panel that must be removed in order to inspect field-wiring conrjections to:
a) An|appliance to be exposed to the weather or outside or

b) A Wwallmounted appliance shall be constructed so that it may be removed with an|ordinary tool,

SUCh he A cnrcapdeininr Ar Al rFo
oo SCrewaTv e O piCrs:

20.1.1.14 1t shall not be necessary to dismount an electrical component or disconnect a duct to gain
access to a wiring compartment to inspect field-wiring connections.

20.1.1.15 If threads for the connection of conduit in the exterior of the enclosure are tapped all the way
through the hole in a wall of a box or if an equivalent construction is employed, there shall not be less than
3-1/2 nor more than five threads in the metal, and the construction shall be such that a conduit bushing
can be properly attached. If threads for the connection of conduit are not tapped all the way through a hole
in a wall of a box, conduit hub, or the like, there shall not be less than five full threads in the metal and
there shall be a smooth, rounded inlet hole for the conductors that provides protection for the conductors
equivalent to that provided by a standard conduit bushing. The opening shall have an internal diameter in
accordance with Table 20.1.
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20.1.1.16 A terminal compartment of a duct fan that is exposed to the main air stream shall not have any
open holes.

20.1.1.17 The overall enclosure of an appliance to be exposed to the weather or outside or a wall-
mounted appliance may serve as the compartment for field-wiring terminals if:

a) No part that requires service access — an oil hole, belt, or the like — is located in that
compartment; and

b) The total area of openings in the enclosure is not more than 2-1/4 square inches (14.5 mm?) and
no slot is wider than 1/32 inch (0.8 mm).

20.1.2 Field-wiring terminals and leads

20.1.2.1 An|appliance that is intended to be permanently connected electrically shall~be provided with
wiring terminals, including an equipment-grounding terminal, for the connection of/conductgrs having an
ampacity acceptable for the appliance; or the appliance shall be provided withy-pigtail lead$ not smaller
than 18 AWG|(0.82 mm?) acceptable for such connection.

20.1.2.2 A fleld-wiring terminal shall be provided with a pressure terminal connector securely fastened in
place — for example, firmly bolted or held by a screw.

Exception: A wire-binding screw may be employed at a wiring terminal intended for connectiop of a 8 AWG
or smaller copductor if upturned lugs or the equivalent are provided to hold the wire in positiorl.

20.1.2.3 A wiring terminal shall be prevented from turning or shifting in position.
20.1.2.4 A wire-binding screw at a field-wiring terminal shall not be smaller than No. 10.

Exception Na. 1: A No. 8 screw may be used at a terminal intended only for the connection pf a 14 AWG
or smaller copductor.

Exception Ng. 2: A No. 6 screw. may be used at a terminal provided with a 16 or 18| AWG pigtail
conductor.

20.1.2.5 It ghould be neted that, 14 AWG is the smallest conductor that may be used for Branch-circuit
wiring, and thuus is the-stnallest conductor that may be anticipated at a terminal for connectiop of a power-
supply wire.

20.1.2.6 terminal plate tapped for a wire-binding screw shall be of metal not less than 0.050 inch (1.25
mm) thick. There shall be two or more full threads in the metal, which may be extruded if necessary to
provide the threads.

Exception: A plate not less than 0.030 inch (0.76 mm) thick is acceptable if the tapped threads have
adequate strength.

20.1.2.7 Upturned lugs, a cupped washer, or the equivalent shall retain a conductor of the size specified
in 20.1.2.1 under the head of a screw or washer.

20.1.2.8 The free length of a lead inside an outlet box or wiring compartment shall be 6 inches (152 mm)
or more if the lead is intended for field connection to an external circuit.

Exception: A lead may be less than 6 inches long if it is evident that use of a longer lead might result in a
risk of fire, electric shock, or injury to persons.
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20.1.3 Identification

20.1.3.1 A permanently connected appliance rated 125 or 125/250 volts (3-wire) or less, and employing
a lamp- or element-holder of the Edison screw-shell type, or a single-pole switch or overcurrent-protective
device other than an automatic control without a marked off position shall have one terminal or lead
identified for the connection of the grounded conductor of the supply circuit. The terminal or lead so
identified shall be the one that is electrically connected to screw shells of a lamp- or element-holder, and
shall not be connected to a single-pole switch or single-pole overcurrent-protective device, other than an
automatic control without a marked off position.

20.1.3.2 With reference to 20.1.3.1, if leads from the motor or other component terminate in an
attachment plug intended for insertion in a receptacle that is:

a) Prqvided as part of the appliance, and

b) Int¢nded for connection of the branch-circuit power-supply conductors,

the plug an
connected in

I receptacle shall be polarized if a single-pole switch or an '‘Edison-base |
the load side of these devices.

ampholder is

e made of or
her terminals;
an attached

20.1.3.3 A ferminal intended for connection of a grounded power<supply conductor shall &
plated with njetal substantially white in color and shall be readilydistinguishable from the ot
or identificaton of that terminal shall be clearly shown in some other manner, such as or
wiring diagram.

20.1.3.4 Tnh
have a white

20.1.3.5 TH
green with of

e surface of a lead intended for the connéction of a grounded power-supply cq
or gray color and shall be readily distinguishable from the other leads.

e surface of a lead intended for-connection of an equipment-grounding cond
without one or more yellow stripes. No other lead shall be so identified.

nductor shall

ictor shall be

20.2 Cord-connected appliances

20.2.1 Cords and plugs

20.2.1.1 The length of eord external to the appliance shall be 5 — 10 feet (1.5 — 3.0 m) meagured from the

face of the aftachmentiplug to the point of attachment to or entry into the enclosure.

20212 A
appliance, af

flexible cord shall be rated for use at a voltage not less than the rated Vv
dishall have an ampacity not less than the current rating of the appliance.

oltage of the

20.2.1.3 An attachment plug shall be rated for the current and voltage ratings of the appliance. If an
appliance can be adapted for use on two or more different values of voltage by field alteration of internal
connections, the attachment plug shall be rated for the voltage for which the appliance is connected when
shipped from the factory. See 72.1.3.

20.2.2 Strain relief

20.2.21 Strain relief shall be provided so that the mechanical stress on the flexible cord is not
transmitted to terminals, splices, or internal wiring. See 56.1.

20.2.2.2 A metal strain-relief clamp or band is acceptable without supplementary protection on a Type
SJ, SJO, SJT, SJTO, S, SO, ST, STO, SV, or SVO cord.
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20.2.2.3 A strain-relief clamp or band of metal shall not be used on Type SP-2 or lighter rubber-insulated
cord or on Type SPT-1, SPT-2, SVT, or SVTO cord unless such a cord is protected by varnished cloth
tubing or the equivalent under the clamp, and the construction complies with the requirements specified in
56.4.

20.2.2.4 Means shall be provided to prevent the flexible cord from being pushed into the appliance
enclosure through the cord-entry hole if such displacement might subject the cord to mechanical damage
or to exposure to a temperature higher than that for which the cord is suitable, or might reduce spacings,

such as to a metal strain-relief clamp, below the minimum acceptable values.

20.2.2.5
be free from y

rojections, sharp edges, burrs, fins, or the like that may damage the conductors

If a knot in a flexible cord serves as the strain relief, the surfaces that the knot may touch shall

20.2.3 Bushings

20.2.3.1 AR
opening in a
have a smoo
provided if:
a) The
b) The

c) The

Exception: Fq

ushing or the equivalent shall be provided at a point where a flexible’cord passe
vall, barrier, or enclosing case. The bushing shall be substantial,;seé¢ured in pl3g
th, well-rounded surface against which the cord may bear. An insulating bus
cord is Type S, SJ, SJO, SJT, SO, SP-3, SPT-3, ST, SP-1, or heavier cord,

wall or barrier is of metal, and

construction is such that the cord may be subjected to stress or motion.

r a cord hole in wood, porcelain, phenelic composition, or other acceptable n

material, a snmpoothly rounded surface is consideredito be the equivalent of a bushing.

20.2.3.2 Ce

20.2.3.3 Vu
formed and s

20234 A
the frame of &

a) Not

b) Lod

ramic materials and some molded’‘compositions are acceptable for insulating bu

canized fiber may be eniployed if the bushing is not less than 3/64 inch (1.2 mm
bcured in place so that it will not be damaged by conditions of ordinary moisture.

eparate soft-rubber, neoprene, or polyvinyl chloride bushing may be employed
motor if the bushing is:

less tham3/64 inch (1.2 mm) thick.

ated_so that it will not be exposed to oil, grease, oily vapor, or other substan

s through an
ce, and shall
ning shall be

bnconductive

shings.

) thick, and if

in a fan or in

ces that may

deteriorate the compound emploved

20.2.3.5 A bushing of a material specified in 20.2.3.4 may be employed at any point in an appliance only
if used in conjunction with a type of cord for which an insulating bushing is not required.

20.2.3.6

shall be smooth and free from sharp edges.

If a bushing of a material specified in 20.2.3.4 is used, the hole in which the bushing is mounted

20.2.3.7 A bushing of the same material as, and molded integrally with the supply cord is acceptable on
Type S, SJ, SJO, SJT, SO, SP-3, SPT-3, ST, SP-1, or heavier cord, if the built-up section is not less than
1/16 inch (1.6 mm) thick at the point where the cord passes through the enclosure.

20.2.3.8 An insulated metal grommet is acceptable in place of an insulating bushing, if the insulating
material is not less than 1/32 inch (0.8 mm) thick and completely fills the space between the grommet and
the metal in which it is mounted.
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21

21.1
application.

Live Parts

A current-carrying part shall be silver, copper, a copper alloy, or other material acceptable for the

21.2 Ordinary iron or steel, if provided with a suitable corrosion-resistant coating, may be used for a

current-carry

a)lfa

ing part:

cceptable in accordance with Glossary, Section 4, or

b) Within a motor or associated governor,

but the use

21.3 An uninsulated live part shall be secured to the surface on which it is mounted, a
insulating materials shall be secured in place, so that the part will be prevented from turning

position if sp

21.4 Frictio
but a tootheg

22 Interna

221 Thein
enclosed.

Exception: A
essential, an

22.2 Intern

considered t¢ be acceptably protected.if;

a) Wi
with 7

b) Ev
not lik
subje

ordinary iron or steel for current-carrying parts elsewhere in the appliance is ng

hcings would be reduced below the minimum values specified in Spacings, Sect

h between surfaces is not acceptable as a means to prevent shifting or turning
lock washer with spring take-up, applied as intended, is acceptable.

Wiring

ternal wiring and connections between parts of'an appliance shall be adequatel

suitable length of flexible cord may be employed for external interconnection
 the flexible cord complies with 20.1>1.5 (a) — (e).

bl wiring, consisting of individual insulated conductors either separate or in

en judged as though. it were film-coated wire, the wiring would be acceptable i
.3.1, or

bn though it ceuld be touched by the probe specified in 7.3.1, the wiring is secur
ely to be grasped or hooked in such manner that it or related electrical connect
cted to Gndue stress.

A grille, louv

r, orthe like, regardless of how secured in place, is not to be removed when th

t acceptable.

hd supporting
or shifting in
on 32.

of a live part,

y protected or

if flexibility is

A harness, is

h accordance

bd so that it is
ions could be

e exposure of

internal wiring 7S being judged:

22.3 The internal wiring and connections of an appliance shall consist of components of a type or types
that are acceptable for the particular application, when considered with respect to:

a) The temperature and voltage to which they are likely to be subjected,

b) Exposure to oil, grease, or moisture, and

c) To other conditions of service to which they are likely to be subjected.

22.4 Wiring shall be protected from sharp edges including male screw threads, burrs, moving parts, and

other agents

that may abrade the insulation on conductors or otherwise damage wires.
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22.5 Aflexible cord used for external interconnection as specified in 22.1 shall be provided with bushings

and strain reli

226

ef that comply with the strain relief requirements, Section 56.

inch (1.07 mm) thick shall be:

a) Securely held away from the edges of the opening;

b) Protected by a bushing, metal grommet, eyelet, or the equivalent; or

c) Protected by rolling the edge of the metal opening at least 120 degrees.

Insulated conductors that pass through an opening in a sheet-metal wall that is not more than 0.042

22.7 Anon
a) Be

b) Ha

22.8 The ed
prevent abras

22.9 Insulat
enclosure.

22.10 All sq
contact.

2211 A sol
loosening of t

22.12 With
following are

a) Atl
b) The

c) The

22.13 A spl
permanence

etalfic bushing as mentioned M 22.6(b) shair:
ecurely held in place and

e a wall thickness not less than 3/64 inch (1.2 mm).

ges of an opening in sheet metal more than 0.042 inch (1.0Z mm) thick shall
ion of the insulation by removal of burrs, fins, and sharp edges)

ed wires may be bunched and passed through a single opening in a metal W

lices and connections shall be mechanically<secured and shall provide relia

lered connection shall be made mechanically secure before being soldered i
he connection may result in a risk ofifire, electric shock, or injury to persons.

eference to 22.11, a lead is.considered to be mechanically secure when one o
brovided:

past one full wrap around a terminal.
lead is passedthrough an eyelet or opening.

lead is twisted together with another conductor.

ce shall be provided with adequate insulation equivalent to that on the wire
pf.spacing between the splice and other metal parts may not be maintained.

be treated to

all within the

ble electrical

[ breaking or

I more of the

s involved if

22.14

Insulation consisting of two layers of friction tape, two layers of thermoplastic tape, or of one layer

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

acceptable.

22.15 The means of connecting stranded internal wiring to a wire-binding screw shall be such that loose
strands of wire will be prevented from contacting other live parts not always of the same polarity as the
wire and from contacting dead metal parts. This may be accomplished by using pressure terminal

connectors, ¢

rimped eyelets, soldering all strands of the wire together, or equivalent means.
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22.16 Type SE, SJE, SJT, SJO, SJOO, SJTO, SJTOO, SO, SO0, ST, STO, STOO cord or internal wiring
material of equivalent construction may be used in a wall-mounted appliance or an appliance to be
exposed to the weather or outside, without protection other than that provided by the outer enclosure.

2217

Internal wiring consisting of wire or cord other than that specified in 22.16 shall be enclosed in

metal, such as conduit, metal-clad cable, or the like. The assembly shall be mechanically secure and shall

provide an el

22.18

ectrical bond between parts.

Internal wiring in a duct-type appliance shall not be exposed to the main air stream, and shall be

installed in accordance with the requirements for wiring in ducts in the National Electrical Code,
ANSI/NFPA 70.

22.19 Inter
assembled s

22.20 Inter
will not be im

23 Heating

23.1 In add
with the requ

23.2 Ahea

23.3 Anap
wired or con

nal wiring of an appliance to be exposed to the weather or outside shall be_ ofg
D as to reduce the risk of electric shock resulting from exposure to the weather o

hal wiring of an appliance to be exposed to the weather or outside shall be loc
mersed in water as a result of exposure to the weather or outside;

Elements

ition to the requirements specified in this standard, a-sheathed heating elemen
rements in the Standard for Sheathed Heating Elements, UL 1030.

ing element shall be supported in a substantiahand acceptable manner.

bliance in which the heating element is designed for operation only in an air st
rolled so that the element can be operated only when under the cooling effect

An appliancg in which the cooling effect of the motion of a part is necessary to prev

temperature
such motion.

23.4 Them
in which the

Exception N
specified in 1

Exception N(
applied volta

shall be wired or controlled so that the heating element cannot be operated in t

arked voltage rating of-a heating element shall not be less than the voltage ratin
neating element is eonnected.

D. 1: A heating”element having a marked voltage within an applicable rang
1.4 is acceptable if the voltage rating of the appliance is within that range.

pe.

uch type and
routside.

ated so that it

shall comply

ream shall be
pf the stream.
nt excessive
e absence of

y of the circuit

e of voltages

. 2: The marked voltage of an element that is connected in series is to be compared with the

24

241

Insulating Material

Material for the mounting of uninsulated live parts shall be porcelain, phenolic composition, or other

material acceptable for the particular application. Polymeric materials shall comply with the Standard for
Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

24.2 Vulcanized fiber may be used for an insulating bushing, washer, separator, or barrier but not as the
direct support for uninsulated live parts.

24.3 A molded part shall have adequate mechanical strength and rigidity to withstand the stresses of
intended service. Brush caps shall be secured or located so as to be protected from mechanical damage
that might occur during intended use.
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25 Lampholders
25.1 An Edison-base lampholder of an appliance equipped with a polarized attachment plug shall be

wired so that the screw shell will be connected to the terminal or lead that is intended to be connected to

the grounded

252

conductor of the power-supply circuit.

comply with the requirements in the Standard for Lampholders, UL 496.

26 Recepta

26.1 A15-

with means

grounding copductor in the cord — shall be of the grounding type. The grounding contact\of tk
shall be electfically connected to dead metal that will be grounded when the appliance is’in us|
27 Motors

271 Generpl

27.1.1 A mator shall be acceptable for the particular application;-and shall handle the max

load of the ap
27.1.2 Amd

27.1.3 With
required to b
exposed to th
usually neces

2714 A br
capable of pg
degree neces

G

cles

D o=amperé—a OO0 SPTaCre AT USE Tappita

for grounding — a permanently wired appliance or a cord-connected appl

pliance without resulting in a risk of fire, electric shéck; or injury to persons.
tor winding shall resist the absorption of moisture.

reference to 27.1.2, film-coated wire_and wire employing cotton over film co
b additionally treated to prevent abs@pption of moisture in an appliance not in
e weather or outside — see the Water Spray Test, Section 50. A treatment of t
sary if the appliance is to comply:with the requirements in Section 50.

Ish holder assembly shall*be constructed so that when a brush is worn out
rforming its function — the brush, spring, and other parts of the assembly are rg
sary to keep:

essible dead metal parts from becoming energized and

e part from becoming accessible.

tion

In addition to the requirements specified in this standard, lampholders with an edison-base shall

fance provided

ance with a
e receptacle
e.

mum normal

ating are not
tended to be
he winding is

— no longer
tained to the

a) Acd

b) Al
27.2 Proted
27.2.1

Motor-overload protection for the motor of an appliance shall consist of one of the following:

a) Thermal protection complying with the applicable requirements in the Standard for Rotating
Electrical Machines — General Requirements, UL 1004-1 and the Standard for Thermally Protected
Motors, UL 1004-3.

b) Impedance protection complying with the Standard for Rotating Electrical Machines — General
Requirements, UL 1004-1 and the Standard for Impedance Protected Motors, UL 1004-2.

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

Exception No. 1: With reference to (a), if a fan blade or blower wheel is attached directly to the motor shaft
and there is no other load, the motor need not comply with the running protection requirements of the
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Standard for Rotating Electrical Machines — General Requirements, UL 1004-1 and the Standard for
Thermally Protected Motors, UL 1004-3.

Exception No. 2: A commercial or industrial appliance that complies with 27.1.1.

Exception No. 3: This requirement does not apply to motor controls that comply with UL 1004-3 or with the

requirements in Sections 37A — 37K.

27.2.2
protection sh

27.2.3
requirementsg,
function to

setting shall

2724 A
accordance
integral solid
in the Abnor

27.2.5 Eleg
Controls Em
protective cq
Programmab
considered s

Exception: d
circuit if:

a) Th
electn

b) It g
UL 6
Requ
relyin
H.11.
softw.

If a

all accomplish the intended result at each setting of the speed-control device.

and if the protectlon with which the appllance would be prowded upon installafi
rotect the motor for one or more settings of the speed-control device,(prote|
pe provided as part of the appliance.

otor in an appliance that is marked for use with a separate solid-state spe
ith 72.1.17 and 72.1.18, and a motor in a residential appliance that is pro
state speed control, shall employ overload protection that cemplies with the te
al Operation Test, Section 58.

ronically protected motor circuits shall comply with the Standard for Tests for §
bloying Solid State Devices, UL 991. When the electronic circuit is relying on

bmponent, it shall comply with all of the reguirements in the Standard fo
le Components, UL 1998. If software is relied upon to perform a safety functi
pftware class 1.

ompliance with UL 991 and UL 1998 is not required for an electronically prq

bre is no risk of fire, electric-8hock or casualty noted during Abnormal testing v
pnic circuit rendered ineffective (open or short circuited),

omplies with the Standard for Automatic Electrical Controls — Part 1: General R
0730-1, and (he” Standard for Automatic Electrical Controls — Part 2
rements for \lemperature Sensing Controls, UL 60730-2-9. When the electr
j on software as a protective component, it shall comply with all of the requirem

hre class B, or

If a multispeed motor is provided with protection in accordance with these requirements the

ion would not
ction at each

ed control in
ided with an
sts described

afety-Related
software as a

Software in
bn, it shall be

btected motor

vith the motor

equirements,
9: Particular
bnic circuit is
ents in clause

12 of UL 60730-1, if software is relied upon to perform a safety function, it shall e considered

c) It

T nnul/nr conversion controller lnr‘nrnnr::flnn overcLrrent nrnfnr'hnn f‘ﬂmh

lying with the

Standard for Adjustable Speed Electrical Power Dr/ve Systems — Part 5-1: Safety Reqwrements -
Electrical, Thermal and Energy, UL 61800-5-1 and is rated or set to trip at not more than the 115
percent of the motor nameplate full-load current rating.

27.2.6 The requirements in Table 27.1 are among the factors to be used in evaluating the protective

circuit.
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Table 27.1
Application of UL 991 and UL 1998 or UL 60730-1 and UL 60730-2-9
Application of UL 991 and UL 1998 Application of UL 60730-1, and UL 60730-2-9

1) Conduct a failure-mode and effect analysis (FMEA) — for Conduct a failure-mode and effect analysis (FMEA) — for
the protective circuit identified in 27.2.5. the protective circuit identified in 27.2.5.

2) A control becoming permanently inoperative and A control becoming permanently inoperative and
disconnecting power meets the criteria for electrical disconnecting power meets the criteria for electrical
supervision of critical components and trouble indication. supervision of critical components and trouble indication.

3) Assumed temperature ranges are as follows: Assumed temperature ranges are as follows:

a) Indoor Use: 0.0 +2°C (32.0 £3.6°F) and 40.0 +2°C (104 | a) Indoor Use: 0.0 +2°C (32.0 +3.6°F) and 40.0 +2°C (104
+3.6°F), +3.6°F),
b) Oufdoor Use: -35.0 +2°C (-31.0 £3.6°F). b) Outdoor Use: -35.0 +2°C (-31.0 £3.6°F);

4) Cycling test duration shall be 14 days. Cycling test duration shall be 14 days.

5) Endugance test duration shall be 100,000 cycles. Endurance test duration shall b€-<100,000 cyfcles.

6) Radid-frequency electromagnetic field immunity: Radio-frequency electromagnetic field immynity:

a) Iminunity to conducted disturbances — Test level 3 shall | a) Immunity to conducted disturbances — Tept level 3 shall
be usgd, be used,

b) Iminunity to radiated electromagnetic fields — field b) Immunity to radiated electromagnetic fields — field
strength of 3 V/m shall be used. strength of 3\//m-shall be used.

7) For exposure to humidity, the following conditions shall For exposure to humidity, the following condjtions shall
apply apply:

a) Indpor Use: 21.1 t0 26.7°C (70 to 80°F) and minimum a) Indoor Use: 21.1 to 26.7°C (70 to 80°F) apd minimum
50 pefcent relative humidity, 50"percent relative humidity,
b) Oufdoor Use: minimum 98 percent relative humidity. b) Outdoor Use: minimum 98 percent relative humidity.

8) Surge immunity test — Test with installation ¢lass 3 used
for other than outdoor use protective device$. Class 4 shall
be used for protective devices intended for qutdoor use.

9) Electijical fast transient/burst immunity such that a test Electrical fast transient/burst immunity such|that a test
level 3 shall be used for all equipment otherthan outdoor level 3 shall be used for all equipment otherthan outdoor
use efjuipment. Test level 4 shall be used for outdoor use use equipment. Test level 4 shall be used fof outdoor use
equipment. equipment.

10) Electrostatic Discharge Test with a Severity | evel of 3
having Contact Discharge at 6 kV for accesgible metal
parts and air discharge at 8 kV for accessiblg parts of
insulating material.

27.3 Comnlercial-orindustrial appliances
27.3.1 An appliance that is exposed to the weather or outside, or a wall-mounted appliance|motor that is

exposed to th

e main air stream shall be totally enclosed.

Exception: An appliance that is exposed to the weather or outside or a wall-mounted appliance that is
marked in accordance with 72.2.6 may employ a motor of other than the totally enclosed type if the motor
is provided with inherent overtemperature protection complying with the requirements for running and
locked-rotor protection.

27.3.2 A duct-fan motor that is exposed to the main air stream shall be totally enclosed. See 22.18.

27.3.3 An appliance employing a motor that must be cooled by the main air stream to prevent
overheating when operating continuously — an air-over motor — shall incorporate automatically reset
inherent overtemperature protection.
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28 Thermo

28.1 A man

a) Fro

stats

ually reset thermostat shall be located so that it can be reset:

m outside the appliance, or

b) After opening a hinged door or the equivalent that does not give access to uninsulated live parts.

Exception: If

marked in accordance with 72.1.13.

28.2 The reset button of a manually reset thermostat shall be protected from mechanical abuse.

28.3 A thermostat with either a marked or an implied off position (see 28.5 and 28.6), while
or implied off| position:

a) Shall open all ungrounded conductors of the circuit; and

b) Shall either:

Exception N
injury to pers

Exception N¢. 2: If unintentional energization of a product will not result in a risk of electric s

result in a rig
de-energize

28.4 If a cq
controls may

28.5 A confrol as mentioned(in)28.3 is considered to have an implied off position if:

a) Th
mean

1) Be provided with a positive mechanical means such ‘that the control c3
automatically, or

2) Not reclose (remain open) when cooled to a temperature of minus 35°C (mi

. 1: If unintentional energization of a productwill not result in a risk of fire, ele
ons, the control need not comply with these fequirements.

k of fire or injury to persons, the caontrol need only open a sufficient number of
he circuit.

ntrol as mentioned in 28:3\is used in combination with another control, the ¢
be used to comply with the requirements in 28.3.

b control is marked with a word or phrase, such as "cold" or "no heat," that conv
ing as the.word off; or

b) Th

markrfd on’position.

b control may be placed in an unmarked off position that is implied by the fact

n the marked

nnot function

hus 31°F).

btric shock, or

hock, but may
conductors to

bmbination of

eys the same

hat there is a

28.6 With reference to 28.5, a single-pole thermostat marked with "Lo-Normal-Hi," with a temperature
scale such as "40 — 80 F," or with a numerical scale that does not include the numeral 0 such as "1 — 5" is
not considered to have an implied off position.

29 Limiting Controls

29.1 Ather

mal cutoff shall be acceptably secured in place.

29.2 A thermal cutoff that is depended upon to reduce the risk of overheating of an appliance during
abnormal operation shall comply with the requirements in the Standard for Themal-Links — Requirements
and Application Guide, UL 60691, in addition to the requirements specified in this standard. The operation
of a thermal cutoff shall not result in a risk of fire or electric shock as described in 59.3 and 59.4.
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293

If malfunction of a combination temperature-regulating and -limiting control for a heating element

could result in a risk of fire or electric shock — as described in 59.3 and 59.4 — due to overheating of the
appliance, a back-up protective device shall be provided to limit temperature.

30 Grounding

30.1

Electrical continuity shall be provided between all exposed dead metal parts and all dead metal

parts within the enclosure that are exposed to contact during any user-servicing operation and that can
become energized and:

a) The equipment-grounding terminal or lead, and to the metal surrounding the knockout, hole, or
bushing provided for field power-supply connection for an appliance intended for permanent

electri

b) The
applia

30.2 With rqg
considered to
at points of bq

30.3 A pow
volts to groun

cal connection; or

point of connection of the equipment-grounding conductor of the power=suppl
hce equipped with a power-supply cord of the grounding type. See 303-

be adequately bonded together unless measures are taken to penetrate the en
nding.

pr-supply cord of an appliance for use on a circuit opéerating at a potential of m
d shall include an equipment-grounding conductor.

Exception: Appliances with no parts requiring electrical continuity in accordance with 30.1, a

dead metal f
provided with

arts likely to become energized which.are in contact with water, are not re
an equipment grounding conductor.

30.3A A cord-connected appliance provided-with double insulation in accordance with the

Double Insulz
equipment-gr,

30.4 Anequ
a) Fini
b) Cor

c) Cor
likely 1

tion Systems for Use in Electrical Equipment, UL 1097, is not required to be pro
bunding conductor. Also se€.8.1A.

ipment-grounding conductor of a flexible cord shall be:
shed to show a(green color with or without one or more yellow stripes;
nected ta'the grounding member of an attachment plug of the grounding type; a

nected:o the dead metal parts mentioned in 30.1 by a screw or other acceptab,
o _beremoved during servicing. Solder alone is not acceptable for making this cg

y cord for an

ference to the requirement in 30.1, two pieces of enameled or painted sheet fnetal are not

amel or paint

ore than 150

nd having no
quired to be

Standard for
vided with an

nd

€ means not
nnection.

30.5 The screw mentioned in 30.4(c) shall be of corrosion-resistant metal, or shall be adequately
protected against corrosion. A lock washer or equivalent means shall be employed to prevent the screw
from becoming loosened by vibration. The screw shall have a green-colored head that is hexagonal,
slotted, or both, and shall be located so that it is not likely to be removed during intended servicing of the
appliance.

30.6 A pressure wire connector intended solely for the connection of an equipment-grounding conductor
shall be identified by being colored green, marked "G," "GR," "Ground," "Grounding," by the symbol in
Figure 30.1 or the like, or by a marking on a wiring diagram provided on the appliance. The pressure wire
connector shall be located so that it is unlikely to be removed during intended servicing of the appliance.
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Figure 30.1

Grounding symbol

30.7 Other
an enclosure
carry current

30.8 Aneq
in accordanc

30.9 Acon
486A-486B.
equivalent to

31

311 Acap
radio-interfer
container thg
molten mate
and protectid
Sheet metal

Capacitors

than during an electrical fault, an equipment-grounding connection, a groundi
. a frame, a component-mounting panel, or any othef. part connected to earth gr

Lipment-grounding terminal shall secure a gonductor of a size acceptable for t
e with the National Electrical Code, ANSI/NFPA 70.

nector shall comply with the applicablé’requirements in the Standard for Wire C
A connector not covered by UL-486A-486B shall exhibit, upon investigation,
that specified in the standard.

hcitor of a capacitorymotor and a capacitor connected across the line — such as 3
ence eliminationy or power-factor correction — shall be housed within an
t will protect the plates against mechanical damage and that will prevent emissi
ial resulting-from malfunction of the capacitor. The container shall be metal prov
n not.ess than that of uncoated sheet steel having a thickness of 0.020 ing
having.a thickness less than 0.026 inch (0.66 mm) shall not be used.

hg conductor,
bund shall not

ne application

bnnectors, UL
performance

capacitor for
enclosure or
bn of flame or
ding strength
h (0.51 mm).

Exception: T

he container of a capacitor may be of sheet metal thinner than 0.026 inch,

or may be of

acceptable material other than metal, if the capacitor is mounted in an enclosure that houses other parts of
the appliance, and if such box, case, and the like is acceptable for the enclosure of live parts.

31.2

requirements in the Standard for Capacitors, UL 810.

In addition to the requirements specified in this Standard, capacitors shall comply with the

31.3 Under both normal and abnormal conditions of use, a capacitor employing a liquid dielectric
medium more combustible than askarel shall not result in a risk of fire or electric shock; and shall be

constructed t

o reduce the risk of expelling the dielectric medium. See 32.1.7.

31.4 A capacitor complying with the requirements for protected oil-filled capacitors, Sections 17 — 20 of
the requirements for the Standard for Capacitors, UL 810, is considered to be constructed to reduce the

risk of expelli

ng the dielectric medium.
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32 Spacings
321 General

32.1.1 The spacings between field-wiring terminals of opposite polarity, and between a wiring terminal
and any other uninsulated metal part (dead or alive) not of the same polarity, shall not be less than that
specified in Table 32.1.

Exception No. 1: The spacing requirements in Table 32.1 do not apply to the inherent spacings of a
component of an appliance, such as a switch. Such spacings are to comply with the requirements for the
component in question.

Exception Nq. 2: Spacings on printed wiring board assemblies may comply with the~requirements in
32.1.8 and T4gble 32.3.

Table 32.1
Minimum acceptable spacings at field-wiring terminals

Minimum spacings, inch (mm)

Between field-wiring tetminals and other uninsulateqd metal parts
Potential Between field-wiring terminals, not always of the same polarity”
involved volts through air or over surface Over suiface ThrougH air
250 or less 1/4 (6.4) 1/4 (6.4) 1/4 (6.4)
More than 250 12 (12.7)° 12 (12.7)° 3/8 (9.5)

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

b A spacing of ot less than 3/8 inch (9.5 mm), through air arid‘over surface, is acceptable at wiring terminals in a wifing
compartment of terminal box if the compartment or box is integral with a motor.

32.1.2 Spadings, other than at field-wiring terminals, between uninsulated live parts of oppgpsite polarity,
and between|an uninsulated live part.and a dead metal part, shall not be less than the apglicable value
specified in Table 32.2. If an uninsulated live part is not rigidly fixed in position by means other than friction
between surfaces, or if a movable dead metal part is in proximity to an uninsulated ljve part, the
construction ghall be such that the minimum acceptable spacing will be maintained.

Exception: The spacingequirements in Table 32.2 do not apply to the inherent spacings of @ component
of an appliange, such_as a switch. Such spacings are to comply with the requirements for the component
in question.

32.1.3 In the application of 32.1.2 and 49.1 and Table 32.2 to an appliance employing a motor not rated
in horsepower, the appropriate table of the National Electrical Code, ANSI/NFPA 70, is to be used to
determine the relationships between horsepower and full-load current for motors.

32.1.4 At terminal screws and studs to which connections may be made in the field by wire connectors,
eyelets, or the like described in 4.11, spacings shall not be less than those specified in Table 32.2 with the
connectors, eyelets, or the like, in such position that minimum spacings — opposite polarity and to dead
metal — exist.
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Table 32.2
Minimum acceptable spacings at other than field-wiring terminals

Minimum spacings, inch (mm)
An appliance employing a motor having a An appliance employing a motor having a
i diameter of 7 inches (180 mm) or less diameter of more than 7 inches (180 mm)?
Potential
involved, volts Over surface Through air Over surface Through air
0-50 1/16 (1.6) 1/16 (1.6) 1/4° (6.4) 1/8° 3.2)
51-125 3/32° (2.4) 3/32° (2.4) 1/4¢ (6.4) 1/8° (3.2)
126 — 250 3/32 (2.4) 3/32 (2.4) 1/4°¢ (6.4) 1/4°¢ (6.4)
251 -600 1/2° (12.7) 3/8° (9.5) 1/2° (12.7) 3/8° (9.5)
2 This is the diameter, measured in the plane of the laminations, of the circle circumscribing the stator frame, excluding lugs, fins,
boxes, and the like, used solely for the motor mounting, cooling, assembly, or connection.
® For an appliahce employing only motors rated 1/3 horsepower or less, these spacings may be not less than 1/16 ihch.
¢ Film-coated wire is considered to be an uninsulated live part. However, a spacing of not less than 3/32-inch over surface and
through air betveen film-coated wire, rigidly supported and held in place on a coil and a dead metaipart is acceptable.

shall comply w

® A coating is N}

¢ For peak volt

@ Low-voltage limited energy as described in 32.24.

Table 32.3
Minimum acceptable spacings on printed wiring board assemblies
Voltage avajlable® Minimum Spacings
(volts| Energy available inch mm Confdrmal coating
0-60p Unlimited 1/32 0.8 Skction 64
0-50 Unlimited 1/32 0.8 Skction 64
0-30 Limited® 1/64 0.4 Skction 64
NOTE - The njinimum spacings are required between live parts of opposite polarity. Spacings between live parts apd dead metal

th Table 32.1.

ot required if the board assembly/is in compliance with the exception to 32.1.8.

hges and battery voltages 'multiply applicable rms voltage by 2.

32.1.5 A barrier or linertof.Vulcanized fiber or similar material employed in lieu of spacin

material accs

Exception N
through air,

ptable forthe application and shall not be less than 1/32 inch (0.8 mm) thick.

p. 1. “A barrier or liner used in conjunction with not less than one-half the req
may) be not less than 1/64 inch (0.4 mm), provided that the barrier or liner is

gs shall be of

Lired spacing
pf acceptable

insu/ating material, reSIistant to moisture, or adequate rmecnanical Strengtrr I exposed or ot

rwise likely to

be subjected to mechanical damage, secured in place, and located so that it will not be damaged by
operation of the appliance in service — particularly arcing.

Exception No. 2: Insulating material having a thickness less than that specified may be used if, upon

investigation,

it is found to be acceptable for the particular application.

32.1.6 Motor spacings shall comply with the spacing requirements in the Standard for Rotating Electrical
Machines — General Requirements, UL 1004-1.

32.1.7 Electrical spacings for a capacitor employing a dielectric medium more combustible than askarel
shall not be less than the sum of the following values:

a) 1/2 inch (12.7 mm) for capacitor expansion under fault conditions, and
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b) An additional clearance of 1/16 inch (1.6 mm) for circuits not exceeding 300 volts and 1/8 inch
(3.2 mm) for circuits of 301 — 600 volts.

32.1.8 Spacings on a printed wiring board assembly may be less than indicated in Table 32.2 provided a

coating and s

pacings are utilized as specified in Table 32.3.

Exception: A coating is not required if the available rms voltage is 50 volts or less and the board is located
in such a manner that it is not readily subject to contamination by dust or electrolyte.

32.2 Low-v

oltage, power-limited circuits

3221 Alo
transformer, i

a) The

b) The

overcyrrent protective device rated at not more than 3.2 amperes is connected in s¢

secon

A fixed serieg
such case, th
part of the lin
as described

32.2.2 The
a) Not
b) Be

c) Not

32.2.3 The
follows. The {
appliance, an
fixed series i
during the tes
secondary wi
winding is tes
secondary is

Iy L el H H H +h Laeal £ + lataal <l
VUILOHC, LRI, bl v | Iclyy CITUUTIU 1o a LCITUUTL SUPPITICU 1ITUTTT AT ToUTatTUu o TUUI lualy

the open-circuit secondary voltage is 30 volts rms (42.4 volts peak) or less,and
secondary short-circuit current is 8 amperes or less, after 1 minute, or,

volt-ampere output capacity of the secondary winding is 250 volt-amperes of
Hary circuit.

impedance in the secondary circuit may be used to limit the output of the transf
e secondary winding of the transformer and the fixed series impedance are to
e-voltage circuit. The maximum output capacity of'the secondary circuit is to b
n32.2.4.

pvercurrent protective device specified in'32.2.1 shall:
be of the automatic reset type,
rip-free from the reclosing mechanism if of the manual reset type, and

be interchangeable with one-of a larger current rating if it is a renewable device.

rimary winding of the transformer, at room temperature, is to be connected as ir
d the secondary)winding in question is to be connected to a variable-resistarn
mpedance _is-relied upon to limit the output, that impedance is to be included
t. A multiple-winding transformer is to have one secondary winding tested with

winding of a
either:

less and an
ries with the

brmer and, in
be judged as
e determined

maximum volt-ampete output capacity of the secondary winding is to be d¢termined as

tended in an
ce load. If a
in the circuit
all the other

ndings open-circuited, and is to be allowed to cool to room temperature again

b
ted. The primary winding is to be connected to a source of rated voltage. Th§
0'be varied in approximately ten increments from open-circuit to short-circuit cgnditions in 2-

fore another
load on the

1/2 minutes. For each step or increment in the resistance, the product of the output voltage and current are
to be recorded, plotted, and drawn as a smooth curve. The peak value obtained from this graph shall not
exceed 250 volt-amperes and, if two or more secondary windings supply interconnected circuits, the sum
of the outputs of the windings in question shall not exceed 250 volt-amperes.

32.2.4 The maximum volt-amperes output capacity of the circuit is to be determined as follows. The
circuit is to be connected as intended in the equipment and the circuit in question is to be connected to a
variable-resistance load. If a fixed series impedance is relied upon to limit the output, that impedance is to
be included in the circuit during the test. The load on the circuit is to be varied in approximately ten
increments from open- to short-circuit conditions in 2-1/2 minutes. For each step or increment in the
resistance, the product of the output voltage and current are to be recorded, plotted, and drawn as a
smooth curve. The maximum value obtained from this graph shall not exceed 250 volt-amperes.
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32A Clearance and Creepage Distances

32A.1 As an alternative approach to the spacing requirements specified in Spacings, Section 32, and
other than as noted in 32A.3, clearances and creepage distances may be evaluated in accordance with
the requirements in the Standard for Insulation Coordination Including Clearance and Creepage Distances
for Electrical Equipment, UL 840, as described in 32A.3.

32A.2 The clearance and creepage distance at field wiring terminals shall be in accordance with the

requirements in Spacings, Section 32.

32A.3
Coordination,
guidelines in

Table 37.1- Table 37 3 shaII be used

33 Filters 3nd Heat Transfer Media

33.1 Filters

33.2 Heatt
index shall n
Characteristi

Exception N
with 72.1.19
indicated in
Standard for

Exception N
Filter Units,
required to b

Exception N
compartmen
shall comply|
with the Star
94.

shall comply with the requirements for air filters in the Standard for Air Filter Uni

ransfer media shall have a flame spread index not greater.than 25 and its smo
ot be over 50 when tested in accordance with the Stahdard for Test for Su
Cs of Building Materials, UL 723.

p. 1: Heat transfer media in units for residentiakinstallation only and marked i
shall have a flammability classification of 5V;" V-0, V-1, V-2, HF-1, HF-2, H|

[fable 33.1 or have a flame-spread index.n6t over 200 when tested in accord,

Test for Surface Burning Characteristics,of Building Materials, UL 723.

[JL 900. When the Flame-Expoesure Test is conducted, only two samples of t
b tested.

b. 3: Heat transfer media in such quantities that their total exposed surface a
does not exceed 40t (0.93 m?) shall have a flame-spread index of not mo
with the requirements of the vertical burning test for classifying materials 5V i
dard for Tests for Flammability of Plastic Materials for Parts in Devices and A

Table 33.1
Acceptable uses of materials based on flammability classifications

In conductmg evaluations in accordance W|th the requwements |n the Standard for Insulation
0, the following

is, UL 900.

ke developed
face Burning

n accordance
BF, or HB as
ance with the

D. 2: Heat transfer media that complies with the test requirements for the Standard for Air

he media are

rea within the
le than 25, or
n accordance
bpliances, UL

T f ial
Degree of exposure to ype of materia
ignition source HB or HBF HF-1 HF-2 V-2 V-0 or V-1 5V
Not Exposed Yes Yes Yes Yes Yes Yes
Exposed, but isolated as No No® No®° Yes? Yes Yes
shown in Figure 33.1
Exposed No Nob*¢ Nob*¢ Nob*¢ No®¢ Yes

NOTE - The flammability classifications are in accordance with the Standard for Tests for Flammability of Plastic Materials for
Parts in Devices and Appliances, UL 94.

@ May not be used in space A illustrated in Figure 33.1 if there are openings in the enclosure bottom in that space.

Table 33.1 Continued on Next Page
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Table 33.1 Continued

Type of material

Degree of exposure to
ignition source HB or HBF HF-1 HF-2 V-2 V-0 or V-1 5V

b Vertically oriented material, when laminated between two metal surfaces each no less than 0.010-inch (0.25 mm) thick, may
have an exposed vertical surface no more than 3/8-inch (9.5-mm) wide. such as Type SO, ST, SPT-3, SJO, or SJT, or single or
multiple conductor appliance wiring material having an insulation wall thickness not less than 1/16 inch (1.6 mm) for 18 or 16 AWG
(0.82 or 1.3 mm?) or 5/64 inch (2.0 mm) for 14 — 10 AWG (2.1 — 5.3 mm?) and is rated for refrigeration or air conditioning use, it
need not be so enclosed.
¢ May be used if the only ignition sources are flexible cord such as Type SO, ST, SPT-3, SJO, or SJT or appliance wiring material
such as single or multiple conductor appliance wiring material having an insulation wall thickness not less than 1/16 inch (1.6 mm)
for 18 or 16 AWG (0.82 or 1.3 mm?) or 5/64 inch (2.0 mm) for 14 — 10 AWG (2.1 — 5.3 mm?) and is rated for refrigeration or air
conditioning use, it need not be so enclosed.
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Figure 33.1

Exposure to ignition source
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Minimurr} Distance \ Y
Between| Ignition \\
Source pnd Material

as Meaqs
End of
X +Y
(102 mi

EB151

Minimum Straight —
4 inches (102 mm)

Source and Material,

ured Around ,
Borrie-r = / Polymeric 7~
= 4 inches Material
m).
Ignition
Source \\
Barrier \\
| |
) "'\ L
II \ Line Distance of
| g
Polymeric , SPOCG/" Between Ignition
Material A \

except that this
distance may be no
less than 2 inches
(51 mm) if the only
ignition source is
wiring.
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34 Polymeric and Other Nonmetallic Materials
34.1 General

34.1.1 This section specifies the construction requirements applicable to polymeric and other
nonmetallic materials used in a unit. Details of the performance requirements are specified in Tests for
Polymeric Materials, Section 67.

34.1.2 These requirements apply to a unit intended for indoor use only, having a maximum normal
operating temperature on the material that does not exceed 100°C (212°F). See Temperature test, Section
47.

34.1.3 The acceptability of polymeric material for use in a unit shall be determined for eaeh application.
See Table 34]1 for properties to be evaluated depending on use of the material.

Table 34.1
Evaluation of properties of polymeric materials
Thermal and
acoustical Functional
Charagteristics to be evaluated Enclosures Structural parts insulation parts

Flammability®

Source of ifgnition

External Yes Yes

Internal Yes Yes Yes Yes
Heat deflection Yes Yes Yes
Water absorptign Yes Yes®
Environmental gxposure Yes Yes
Air oven aging Yes Yes
Tensile and flequral strength Yes Yes
I1zod or tensile impact strength Yes Yes
Impact Yes Yes
Volume resistivjty Yes® Yes® Yes® Yes®

@ A material ha{ing a flame“spread rating of no more than 25 when tested in accordance with the Standard for Test fpr Surface
Burning Charadteristics, of Building Materials, UL 723, is acceptable from a flammability standpoint.

b When applicaple.

¢ When applicabley.see 34.1.4.

34.1.4 For the purpose of evaluating electrical spacings between an uninsulated live part and a
polymeric material, the material shall be treated as a metal part unless it complies with the requirements of
the Volume resistivity test, 67.11.1 and 67.11.2.

34.1.5 Consideration shall be given to the possibility of external ignition of a nonmetallic outer enclosure
and of a structural part.

34.2 Material classification

34.2.1 A polymeric material or other nonmetallic material used in a unit shall have flammability
classification of 5V, V-0, V-1, V-2, HF-1, HF-2, HBF, or HB as indicated in Table 33.1.
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34.3

34.3.1

Ignition sources

With reference to 34.4.3, Figure 33.1, and Table 33.1, possible ignition sources within the unit are

considered to be wiring in a high-voltage circuit, and any other electrical component such as a switch,

relay, transfo
a) Me

b) 5V

rmer, or motor winding not completely enclosed in:
tal not less than 0.010 inch (0.25 mm) thick, or

polymeric material.

Exception: Wiring need not be isolated as indicated in 34.4.1 — 34.4.4 if it complies with the VW-1 flame
test or the vertical flame test described in the Reference Standard for Electrical Wires, Cables, and

Flexible Cord
34.4 Mater
34.41

34.42 Abg
secured in pl

3443 The
passage of g
one surface,
shall not exc

cm?) if a bafrier of metal or 5V polymeric material is.seécured in place and interposed bet

sources and
surface shall

34.4.4 With

openings thgt expose the wire to combustible materials. In judging the need for a barrier, co
grouped openings that have an aggregated area exceeding 0.25 inch? (1.61 cnj?).

to be given tq

35 Overlogd-Protective Deyices

35.1 A prot
a readily acc

Mat¢rial employed for sole or partial support of live parts shall be classéd,5V.

s, UL 1581.

al applications

rrier as illustrated in Figure 33.1 shall be of metal or of 5V material, and shall be
hce.

acceptability of an opening in a control compartment, other than that of minimu
control shaft or rod, shall be judged on the basis of the necessity for its exist

bed 0.25 inch? (1.61 cm?) except that this may, be increased to a maximum of 1.

combustible material. In any case, thesmaximum aggregate area of all openin
not exceed 1.0 inch? (6.45 cm?).

reference to 34.4.3, wiring(in“the control compartment is to be routed av

ective device, the intended functioning of which requires replacement or resetti
bssible location.

35.2 A pro
cover.

lective device shall be inaccessible from outside the appliance without open

mechanically

m size for the
ence. On any

the minor dimension of an opening shall not exeeed 3/8 inch (9.5 mm) and the maximum area

DO inch? (6.45
ween ignition
js in any one

ay from any

nsideration is

ng, shall be in

ng a door or

Exception: The operating handle of a circuit breaker, the operating button of a manually operable motor
protector, and similar parts may project outside the enclosure.

35.3

In addition to the requirements specified in this Standard, fuseholders shall comply with the

requirements in the Standard for Fuseholders — Part 1: General Requirements, UL 4248-1 and

a) The Standard for Fuseholders — Part 4: Class CC, UL 4248-4;

b) The Standard for Fuseholders — Part 5: Class G, UL 4248-5;

c) The Standard for Fuseholders — Part 6: Class H, UL 4248-6;

d) The Standard for Fuseholders — Part 8: Class J, UL 4248-8;


https://ulnorm.com/api/?name=UL 1815 2024.pdf

54

UL 1815

JANUARY 5, 2024

e) The Standard for Fuseholders — Part 9: Class K, UL 4248-9;

f) The Standard for Fuseholders — Part 11: Type C (Edison Base) and Type S Plug Fuse, UL 4248-

1;

g) The Standard for Fuseholders — Part 12: Class R, UL 4248-12; or

h) The Standard for Fuseholders — Part 15: Class T, UL 4248-15.

35.4 A fuseholder shall be constructed and installed so that no uninsulated live part other than the screw
shell or clips will be exposed to contact by a person removing or replacing a fuse. The screw shell of a
plug-type fuseholder shall be connected toward the load.

35.5 A doof
access to an
necessary to

35.6 Means|
shall fit tightly,

or cover of an enclosure shall be hinged or attached in an equivalent mani
y overload-protective device, the intended functioning of which requires\rene

shall be provided for holding closed a door or cover over a fuseholder, and the

bpen the cover in connection with the intended operation of the protective'devica.

er if it gives
val, or if it is

Hoor or cover

35.7 A thermal protective device shall not open the circuit during infended operation of the appliance.
35.8 In an automatic appliance, if breakdown of a capacitor that'is not part of a permanent-gplit-capacitor
motor or a gart of a capacitor-start motor would result in<a“risk of fire or electric shock, thermal or
overcurrent pfotection shall be provided in the appliance to,prevent the establishment of suchfa condition.
35.9 In addition to the requirements specified in this\Standard, supplemental fuses shall comply with the
requirements|in the Standard for Low-Voltage Fuses — Part 1: General Requirements, UL 248-1 and the
Standard for Low-Voltage Fuses — Part 14: Supplemental Fuses, UL 248-14.
36 Switchep, Including Motor Controliers
36.1 A switgh or other control device shall:

a) Be acceptable for the.application,

b) Haye a current'and voltage rating not less than that of the load that it controls, and

c) Be|located-within the confines of the frame or enclosure of the appliance or bg additionally

protegtedssqas to reduce the likelihood of contact by external objects.

Exception: With reference to (c), the actuating part of a switch need not be located within the confines of
the frame or enclosure.

36.2 With reference to the requirement in 36.1, the current rating of a switch that controls an inductive
load, such as a transformer or a fluorescent-lamp ballast, shall not be less than twice the rated full-load
current of the transformer or ballast, unless the switch is acceptable for the particular application.

36.3 A switch that controls a medium-base lampholder shall be acceptable for use with tungsten-filament
lamps.

36.4 If an appliance provided with a power-supply cord and an attachment plug employs a motor rated
more than 1/3 horsepower (250 W output), a motor controller — a device for starting and stopping the
motor — shall be provided in the appliance.
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36.5 An acceptable speed-control switch shall be provided with an appliance that employs a multispeed

motor —a mo

tor with a winding capable of various pole groupings.

36.6 A solid-state speed control shall comply with the applicable requirements in the supplement for
solid-state fan speed controls in the requirements for Industrial Control Equipment, UL 508.

36.7

requirements in the:

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

b) Standard for Enclosed and Dead-Front Switches, UL 98;

c) Stg
d) De
e) Ste

36.8 Inadd
with the requ

a) St3

b) Stg
—Ele

c) Sta
Switc

37 Control
371

Gene

3711 Spa

distance requirements of the-applicable control standard as determined in Controls, Section 9.

37.1.2 Whd
declaration o

s — End Product Test Parameters

ndard for General-Use Snap Switches, UL 20;
eted

ndard for Switches for Appliances — Part 1: General Requirements;(UL 61058-1

ition to the requirements specified in this Standard, Switchgear and Controlgea
rements in the:

ndard for Low-Voltage Switchgear and Controlgear.< Part 1: General Rules, UL

ndard for Low-Voltage Switchgear and Controlgear — Part 4-1: Contactors and N
ttromechanical Contactors and Motor-Starters, UL 60947-4-1; or

ndard for Low-Voltage Switchgear and,Controlgear — Part 5-2: Control Circuit
hing Elements — Proximity Switches, UL*60947-5-2.

al

cings of controls_shall comply with the electrical spacing, or clearances 4

re reference ' is made to declared deviation and drift, this indicates the m
f the contnol’s tolerance before and after certain conditioning tests.

In addition to the requirements specified in this Standard, switches shall comply with the

F shall comply

60947-1;

flotor-Starters

Devices and

nd clearance

anufacturer’s

37.2 Auxili|ary controls
37.2.1 Auxiliary controls shall not introduce a risk of electric shock, fire, or personal injury.
37.2.2 Auxiliary controls shall comply with the requirements of this end product standard.

37.3 Operating controls (regulating controls)

37.3.1

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

acceptability of an operating control investigated using the Standard for Automatic Electrical Controls —
Part 1: General Requirements, UL 60730-1. Appendix A provides more examples of controls intended to

be used as o

a) Co

perating controls:

ntrol Types 1 or 2;
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b) Unless otherwise specified in this standard, manual and automatic controls shall be tested for
6,000 cycles with under maximum normal load conditions, and 50 cycles under overload

conditions;

c) Installation class 2 per Electromagnetic compatibility (EMC) — Part 4-5: Testing and
measurement techniques — Surge immunity test, IEC 61000-4-5;

d) For the applicable Overvoltage Category, see Table 37.1;

e) For the applicable Material Group, see Table 37.2; and

f) For the applicable Pollution Degree, see Table 37.3.

Table 37.1
Overvoltage categories

Appliance

Overvoltage'category

Intended for fix¢d wiring connection

Portable and sthtionary cord-connected

Control located|in low-voltage circuit

equipment that would increase the risk of fire or electric shock.

NOTE — Applicgble to low-voltage circuits if a short circuit between the parts involved'may result in operation of the ¢ontrolled

Table 37.2
Material group

CTIPLC value of insulating materials

Material group

CTI2600 (PLC}= 0)
CTI2400 < 600 (PLC = 1)
CTI2 175 < 400 (PLC = 3)
CTI=100 < 17§ (PLC = 4)

|

Il
Ila
Ilb

for Polymeric Materials — Short Tefm Property Evaluations, UL 746A.

NOTE — PLC stands for Performance Level Category, and CTI stands for Comparative Tracking Index as specified in the Standard

Table 37.3
Pollution degree

Appliance control microenvironment

Pollution degree

wiring boards with a protective coating can achieve this degree.

commercial clean environments achieve this degree.

this degree.

No pollution or only dry, nonconductive pollution. The pollution has no influence. Typically
hermetically sealed or encapsulated controls without contaminating influences, or printed

Normally, only nonconductive pollution. However, a temporary conductivity caused by
condensation may be expected. Typically indoor appliances for use in household or

Conductive pollution, or dry, nonconductive pollution that becomes conductive due 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
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37.4 Protective controls (limiting controls)

37.4.1 An electronic control that performs a protective function shall comply with the requirements in
9.1.4, while tested using the parameters in this section. Examples of protective controls are a control used
to sense abnormal temperatures of components within the appliance; temperature protection of the motor
due to locked rotor, running overload, loss of phase; or other function intended to reduce the risk of electric
shock, fire, or injury to persons. During the evaluation of the protective control/circuit, the protective
functions are verified under normal and single-fault conditions of the control/circuit.

37.4.2 The following test parameters shall be among the items considered when judging the
acceptability of an electronic protective control investigated using the Standard for Automatic Electrical
Controls — Part 1: General Requirements, Ul 60730-1. Appendix A provides more examples of controls
intended to be used as protective controls:

a) Faflure-Mode and Effect Analysis (FMEA) or equivalent Risk Analysis method;

b) Pgwer Supply Voltage Dips, Variation and Interruptions within a temperature range of 10°C
(50°H) and the maximum ambient temperature determined by conducting the Temperature Test.
See Temperature Test, Section 47;

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

d) Elgctrical fast transient/burst test, a test level 3 shall beused;
e) Eldctrostatic Discharge Test;

f) Radio-frequency electromagnetic field immunity:

1) Immunity to conducted disturbances — When applicable, test level 3 shall bg used; and
2) Immunity to radiated electromagnetic fields; field strength of 3 V/m shall be Uised;

g) Thermal Cycling test of clausesH.17.1.4.2 shall be conducted at ambient tempgratures of 10
+2°C|(50 +4°F) and the maximum ambient temperature determined by conducting thg Temperature
Test; [The test shall be conducted for 14 days;

h) Overload shall be eonducted based on the maximum declared ambient temperatune (T,,.«) Or as
determined by conducting the Temperature Test;

i) If spftwaresis<relied upon as part of the protective electronic control, it shall be [evaluated as
software classB;

j) Thegrmal Cycling test of clause H.17.1.4.2 shall be conducted at ambient temperatures of 10 +2°C
(50 +4°F) and the maximum ambient temperature determined by conducting the Temperature Test.
See Temperature Test, Section 47. The test shall be conducted for 14 days;

k) Overload shall be conducted based on the maximum declared ambient temperature (T,,.x) Or as
determined by conducting the Temperature Test; and

) If software is relied upon as part of the protective electronic control, it shall be evaluated as
software class B.

37.4.3 The test parameters and conditions used in the investigation of the circuit covered by 37.4.1 shall
be as specified in the Standard for Test for Safety-Related Controls Employing Solid-State Devices, UL
991, using 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
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portion of the appliance meets the criteria for trouble indication. For unattended appliances,

electri

cal 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;

¢) The Composite Operational and Cycling Test is to be conducted for 14 days at temperature
extremes of 0°C (32°F) and 70°C (158°F);

d) The Humidity Class is to be based on the appliance’s intended end use and is to be used for the
Humidity Test;

e)Avi

f) Wh
hours

g) Wh
is to b|
accelq

h) The
perfor|
60°C

higher

i) For fhe Electrical Fast Transient Burst Test, test level)t is to be used;

j) Con
k) If s

softws
1998.

37.4.4 Unle

protective comtrols shall be evaluated for 100,000 cycles for Type 2 devices, and 6,000 cycl

devices, with

37.5 Contrgls using a temperature sensing device

37.5.1 Atern
(NTC) thermi
using the follg

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

for the entire system. The Operational Test is to be conducted for 14 days;

en the Demonstrated Method Test is conducted, the multiplier for the test’accel
e 576.30 for intermittent use appliances, or 5763.00 for continuoug,use applian
ration factor equation is to be based on a 25°C (77°F) 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 (50°F) greater than the operating temperature of the control,

During the test, the control is to be operated in a manner representing normal y

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

pftware is relied upon as part of the’protective electronic control, it shall be

5s otherwise specified in~the Standard for Nonducted Heat Recovery Ventilato

rated current.

nperature)sensing positive temperature coefficient (PTC) or negative temperatu
stor, that performs the same function as an operating or protective control, sh
wing-humber of cycles when testing a sensing device in accordance with the en

en a Computational Investigation is conducted, |, shall not be greater than 6 failures/10°

eration factor
ces. The test

control shall

mperature of
whichever is
se;

bvaluated as

re class 1 in accordance with the Standard for Software in Programmable Components, UL

rs, UL 1815,
s for Type 1

re coefficient
all be tested
Jurance test:

a) For

b) For

a device employed as a operating device — 6000 cycles,

a device employed as a protective device — 100,000 cycles, or

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

UL 60335-1 BASED REQUIREMENTS FOR THE EVALUATION OF ELECTRONIC CIRCUITS

The requirements in this part have been adapted by UL from IEC 60335-1 Ed.5.1 b:2013 with permission
of the American National Standards Institute (ANSI) on behalf of the International Electrotechnical

Commission.

All rights reserved.
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37A General

37A.1  These requirements provide an alternate path for the investigation of electronic controls and other
circuits used in appliances covered by this standard.

37A.2 Thermal motor protectors in direct contact with motor windings and intended for direct control of
the motor supply are outside the scope of this Standard even if they incorporate one or more electronic
components.

37A.3 The requirements in Sections 37A — 37K are intended to apply to the electronic circuit and how it
is integrated in the appliance. The overall appliance construction, performance testing and marking

requirements

are annlicahlo as snacified inthis standard excent as cited-in-the followina reqau
L o4 1 1 |

rements.

37B Compponents

37B.1

37B.1.1 A
conductor an
primary circy
the subclass
Specification
Supply Main

Note: Details fo
Sectional specifi
4.1; Consolidatg

37B.2

37B.2.1 An
or between
Standard for
ac dielectric
circuits.

37B.22 A
be construct
The dielectri
2500 volts ag

Capacitors

Isolation devices

capacitor connected between two line conductors in a primary,circuit, or bety
d the neutral conductor or between primary and accessible.secondary circuits o
it and protective earth (equipment grounding conductor connection) shall comp
bs of the Standard for Fixed Capacitors for Use in Electronic Equipment — Part

Fixed Capacitors for Electromagnetic Interferefice” Suppression and Conn
5, UL 60384-14 and shall be used in accordance:with its rating.

damp heat, steady state test can be found in 4.12 of/Fixed capacitors for use in electronic equi
cation — Fixed capacitors for electromagnetic interférence suppression and connection to the suppl
d Reprint, IEC 60384-14.

optical isolator that is relied‘upon to provide isolation between primary and secq
other circuits as required by this standard shall be constructed in accord3
Optical Isolators, UL«1577, and shall be able to withstand for 1 minute, without bj
voltage withstand-potential of 2500 volts as specified in 35.1 between the inp|

ower switehing semiconductor device that is relied upon to provide isolation tg
d in accordance with the Standard for Electrically Isolated Semiconductor Devi
C voltage withstand tests required by UL 1557 shall be conducted at a dielectr
specified in 35.1 for 1 minute.

een one line
Ir between the
ly with one of
14: Sectional
ection to the

bment — Part 14:
mains — Edition

ndary circuits
nce with the
reakdown, an
ut and output

ground shall
ces, UL 1557.
¢ potential of

37B.2.3 A power switching semiconductor device that is relied upon to provide isolation between primary
and secondary circuits or between other circuits shall be a device (such as a solid state motor controller)
that complies with the Standard for Industrial Control Equipment, UL 508.

Exception: A power switching semiconductor device located within a component that has been separately
evaluated to the requirements for that component is not required to be further evaluated, provided the
component is used within its established ratings and limitations.

37B.2.4 A relay that is relied upon to provide isolation between primary and secondary circuits shall
comply with the Standard for Industrial Control Equipment, UL 508.
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37B.3 Printed-wiring boards

37B.3.1 Printed wiring boards shall comply with the Standard for Printed Wiring Boards, UL 796, and
shall have a flammability rating and other characteristics as specified in this standard.

Exception: A printed circuit board solely in a Low-Power Circuit and whose failure would not constitute a
risk of electric shock is not permitted to comply with UL 796.

37B.3.2 Any printed-wiring board that complies with the requirements for Direct Support in the Standard
for Printed-Wiring Boards, UL 796, is considered to provide an insulating base with a Comparative

Tracking Index (CTI) of minimum 100.

37B.4 BridJ;ing components — switch mode power supplies

37B.4.1 Co
as a switchin
provide the s
fault) conditio]

37B.4.2 A d
Capacitors, 3|
in series.

37B.5 Swits

37B.5.1 Ins
Standard for
the insulation

37C Identif|

37C1

37C.1.1 Ele
is necessary
failure (loss ¢
Risk of injury

ponents connected between the primary and secondary circuits of an.isolating

transformer or between primary and secondary earth reference points’shall be
becified level of isolation for the application under normal and abnermal (singl
ns.

apacitor connected between primary and accessible secondary circuits shall
7B.1. This shall consist of a single Class Y1 capacitor.or two Class Y2 capacito

th mode power supply insulation system

ilation used within a transformer of .switch mode power supply shall com
Systems of Insulating Materials — General, UL 1446, for the specified tempera
system or the Standard for Single--and Multi-Layer Insulated Winding Wire, UL

cation of Safety Critical Circuit Functions

General

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

or compliance with this standard. A function is considered a Safety Critical Fun
r malfunection) of its functionality would result in the risk of fire, electric shock
pr a Dangerous Malfunction.

37C.1.3

ety Critical Functions shall be identified as either Protective Electronic Circuits

device such
evaluated to
e component

comply with
I's connected

ply with the
ture class of
P353.

bf the control
ction (SCF) if
, mechanical

the Normal Temperature Test shall be simultaneously short-circuited.

37C.2 Protective electronic circuits

37C.21
Circuit.

hs detailed in
C.3.

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

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

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

37C.2.2 Protective Electronic Circuit functions are as specified in Appendix A.
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37C.3 Operating circuits that mitigate a dangerous malfunction of the appliance
37C.3.1 The suitability of stand-by or electronic disconnect circuits shall be as specified in this standard.

37C.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.

37C.3.3 Operating circuits whose functions are relied upon to mitigate Dangerous Malfunctions of the
appliance are as specified in Appendix A.

37D Evaluation of the Different Types of Electronic Circuits

37D.1 All gircuit functions mandated by this standard shall be validated. This includes operating
functions not/designated as Safety Critical Functions.

37D.2 All cjrcuits shall be evaluated to determine the effects of electronic circuit faults.

37D.3 When the applicable component/hardware faults specified in 37H.40 are imposed pne at a time
they shall nof result in:

a) The appliance presenting a risk of fire, electric shock or mechanical hazard; or

b) The loss of any Safety Critical Function either in that\circuit or others.

37D.4 Thelrisk of electrically generated fire from the faults of the Abnormal Operation anfl Fault Tests,
Section 37H |s considered to be mitigated in Low-Power Circuits.

37E Circuits that Provide Safety Critical Functions

37E.1 In addition to the requirements of-the Evaluation of the Different Types of Electfonic Circuits,
Section 37D), circuits that provide Safety Critical Functions shall incorporate measures fo control the
fault/error copditions that would impairthe safety functions.

37E.2 The |evaluation of the_programmable component shall be in accordance with Annex R of the
Standard for| Safety of Household and Similar Electrical Appliances, Part 1: General Requirements, UL
60335-1, Edifion 5.

37E.3 Circuits thatsprovide Safety Critical Functions that rely upon a programmable comppnent for one
or more of itp_safety funct|ons shall be subjected to the test of the Programmable Compor ent Reduced
Supply VoltageTes nterruption of
operation due to a supply voItage dlp WI|| not result ina hazard The test is carrled 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.

37E.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, Section 37J.

37E.5 The tests of Electromagnetic Compatibility (EMC) Requirements — Immunity, Section 37J are
carried out with surge protective devices disconnected, unless they incorporate spark gaps.
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37F General Conditions for the Tests

37F.1 Details
37F.1.1 An electronic control shall be tested in the appliance under the Performance test conditions and
order of tests specified in this standard.

Exception: Except as noted elsewhere in this Supplement, upon the agreement of the manufacturer and
with due consideration of the relevant compliance criteria, an electronic control may be tested outside of
the appliance.

37F1.2 Cu
be necessary

37F.1.3 Usq
37F.2 Inten
37F.2.1 If 4

appliance is g
met:

a) The
Annex
Requi

b) Any
betwe

c) The

Exception: TH

Test of (a) if the base material has.a flammability rating of V-0 and a CTI of minimum 100.

37F.3 Test1

37F.3.1 If ¢
operation of
breaker shall

[P 4 [TH £ H 4 4 1 4 H H itosatalo
rduvc olIcoo IUDUILIIIH IMUTTT SULUULTCOOIVT ITOLO UIT TITUUUTIIU UITOUIS 1o TU VT Aav

to replace components or to use additional samples.
r adjustable electronic controls shall be adjusted to their most unfavorable’settin
lionally weak parts

conductor of a printed circuit board or other component’becomes open-
onsidered to have withstood the particular test, provided both of the following ¢

base material of the printed circuit board withstands the test of Needle-Flame
E of the Standard for Safety of Household and Similar Electrical Appliances, P43
ements, UL 60335-1, and

loosened conductor does not reduce €lectrical spacings (clearances or creepa
Bn live parts and accessible metal parts below the values specified in this stand3

same result is obtained when, thetest is run three times.

e base material of the printed-wiring board is not permitted to comply with the N

esults determined by overcurrent protection operation

pmpliancé/with these requirements under any of the fault conditions dep

comply with the requirements for that component.

ided. It may

tircuited, the
onditions are

Test (NFT) of
rt 1: General

je distances)
rd.

eedle-Flame

ends on the

an over-current device incorporated within the electronic control, the fuse @nd/or circuit

37F.3.2

If compliance with the requirements of this standard depends upon the operation of a miniature

fuse-link complying with Miniature Fuses — Part 1 Definitions, IEC 60127-1 for miniature fuses and general
requirements for miniature fuse-links, during any of the fault conditions specified in 37H.11, the test is
repeated but with the miniature fuse-link replaced by an ammeter. If the current measured:

a) Does not exceed 2.1 times the rated current of the fuse-link, the circuit is not considered to be

adequ

ately protected and the test is carried out with the fuse-link short-circuited;

b) Is at least 2.75 times the rated current of the fuse-link, the circuit is considered to be adequately
protected;

c) Is between 2.1 times and 2.75 times the rated current of the fuse-link, the fuse link is short-
circuited and the test is carried out:
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1) For the relevant period or for 30 minutes, whichever is the shorter, for quick acting
fuselinks;

2) For the relevant period or for 2 minutes, whichever is the shorter, for time lag fuse-links.

37F.3.3 In case of doubt, the maximum resistance of the fuse-link has to be taken into account when
determining the current.

37F.3.4 The verification whether the fuse-link acts as a protective device is based on the fusing
characteristics specified in IEC 60127-1, which also gives the information necessary to calculate the
maximum resistance of the fuse-link.

37F.3.5 Fusges other than as noted in 37F.3.2 are considered to be Intentionally (Weak Parts in
accordance ith 37F.2.

37G Low-Rower Circuits

37G.1 Thelappliance shall be supplied at rated voltage and a variable resistor, adjusted tg its maximum
resistance, i connected between the point to be investigated and the opposite pole of the supply source.
The resistanfe is then decreased until the power consumed by the resistor reaches a maximum. Points
closest to the supply source at which the maximum power delivered o this resistor does notlexceed 15 W
at the end of|5 seconds are called Low-Power Points. The part of'the circuit farther from the $upply source
than a low-pgwer point is considered to be a Low-Power Circuit. See Figure 37G.1.

Figure 37G:1

Example of an electronic circuit with low-power points

O

su0085

37G.2 The measurements shall be made from only one pole of the supply source, preferably the one that
gives the fewest low-power points.

37G.3 When determining the low-power points, measurements shall start with points close to the supply
source.

37G.4 The power delivered to the variable resistor shall be measured by a wattmeter.

37G.5 |If power is interrupted to parts of circuits by Intentionally Weak Parts, the test shall be repeated
two more times to confirm a consistent result.
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37H Abnormal Operation and Fault Tests

37H.1 Electronic controls shall be constructed so that the compliance criteria for risk of fire, electric
shock and injury to persons as a result of abnormal operating conditions of the appliance specified in this
standard are fulfilled.

37H.2 Unless otherwise specified, the tests are continued until a non-self-resetting thermal cutout
operates or until steady conditions are established. If an intentionally weak part becomes permanently
open-circuited, the relevant test is repeated on two additional samples.

37H.3 Unless otherwise specified, only one abnormal condition is simulated at any one time. If more

than one of {

the appliance

37H.4 Fault
assessed by

37H.5 For 4
the Normal Te

he tests is annlicable to the same annliance these tests are carried out cons
PP Lt 7

has cooled down to room temperature.

condition 37H.10 is applied to encapsulated and similar components,if the circ
bther methods.

pplication of the fault conditions, the appliance is operated under the condition
mperature Test, Section 47 of this standard.

37H.6  When any of the fault conditions are simulated, the duratienf the test is until ultima

known but ng
each case, th

37H.7 If an

maximum pe
Protective Ele

37H.8 The ¢

longer than as specified for the Normal Temperature Test, Section 47 of this
b test is ended if a non-self-resetting interruptionof the supply occurs within the

electronic timer or programmer must operate to ensure compliance with the tg
riod under the conditions of the test is reached, it shall be additionally inves
ctronic Circuit.

ontacts of relays, contactors or«other devices that cycle during the Normal Temp

Section 47, shall be short-circuited.

37H.9 Unle
Temperature
appliance inc

37H.10 Eleq
shall be appli

a) Shq

5s otherwise specified, any electronic control that limits the temperature durin
Test, Section 47 ef\this standard is short-circuited for abnormal operation
brporates more than one control, they are short-circuited, or rendered inoperativ

tronic circuitfaults as specified in (a) — (g) shall be considered. If considered ng
bd one ata-time.

rt circuit of spacings if clearances or creepage distances are less than the requi

cutively after

Lit cannot be

5 specified in

e results are
standard. In
Appliance.

st before the
tigated as a

erature Test,

) the Normal
tests. If the
B, in turn.

cessary they

ed values;

b) Open circuit at the terminals of any component;

¢) Short circuit of capacitors, unless they comply with 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;

d) Short circuit of any two terminals of an electronic component, other than an integrated circuit.
This fault condition is not applied between the two circuits of an optocoupler that complies with
Standard for Optical Isolators, UL 1577;

e) Fail

ure of triacs in the diode mode;

f) Failure of microprocessors and integrated circuits except components such as thyristors and
triacs. All possible output signals are considered for faults occurring within the component. If it can
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be shown that a particular output signal is unlikely to occur, then the relevant fault is not

consi

dered; and

g) Failure of an electronic power switching device in a partial turn-on mode with loss of gate (base)
control.

Exception No. 1: Positive temperature coefficient thermistors are not short-circuited if they are used within
the manufacturer's specification and comply with the Standard for Thermistor-Type Devices, UL 1434, or
Annex J of the Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1.
However, PTC-S thermistors are short-circuited unless they comply with Clause 14.6 of the Standard for
Audio, Video and Similar Electronic Apparatus — Safety Requirements, UL 60065.

Exception N

Safety Criticd

37H.11

37H.12

37H.13 Ea
shorted or lo
determinatio

371 Progra
371.1 The
approximate
to respond

whichever o
voltage and

% less than {
to rated volts
V/s. The app

which the vo

371.2 This
appropriatel

The
supply side @

If th

with Clause
to (f) of Claus

)Ierepresent the control environment within the appliance.

p. 2: Components in Low-Power Circuits whose failure also does not resultyin
| Function.

fault conditions of 37H.10 (a) — (g) shall be applied, one at a time to'the comp
f the Low-Power Points determined in 37G.1. The control shall notbecome a HF

e appliance incorporates a Protective Electronic Circuit which'operates to ensu
7.4.2, the relevant test is repeated with a single fault simulated in the PEC, as i
e37.4.2

th Low-Power Point identified by the test of 3ZHX shall be individually teste
bded to the maximum available between the peint and the supply return used f
n. The control shall not become a Hazard of l{self.

mmable Component Reduced Supply Voltage Test

appliance is supplied at rated) voltage and operated under normal op
y 60 seconds, the power supply voltage is reduced to a level such that the app
0 user inputs, or parts controlled by the programmable component ceass
curs first. This value of\supply voltage is recorded. The appliance is then sup
bperated under normal operation. The voltage is then reduced to a value of app
he recorded voltage: it is held at this value for approximately 60 seconds and t
ge. The rate of decrease and increase of the power supply voltage is to be app

tage decréase occurred or a manual operation shall be required to restart it.

stimay be performed on a control outside the appliance provided that the con

the loss of a

bnents on the
zard of Itself.

e compliance
dicated in (a)

d. It shall be
br the 15 watt

pration.  After
iance ceases
e to operate,
plied at rated
roximately 10
en increased
roximately 10

liance shall_centinue to either operate normally from the same point in its operating cycle at

ditions of test

37J Electromagnetic Compatibility (EMC) Requirements — Immunity

37J.1

Protective Electronic Controls and control with functions necessary to prevent Dangerous

Malfunctions shall continue to provide their desired safety function when subjected to the EMC related

stresses spe

cified in (a) — (g), applied one at a time.

a) The appliance is subjected to electrostatic discharges in accordance with the Standard for
Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement techniques -
Electrostatic discharge immunity test, IEC 61000-4-2 test level 4 being applicable. Ten discharges
having a positive polarity and ten discharges having a negative polarity are applied at each
preselected point.

b) The appliance is subjected to radiated fields in accordance with the Standard for
Electromagnetic compatibility (EMC) — Part 4-3: Testing and measurement techniques — Radiated,
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radio-frequency, electromagnetic field immunity test, IEC 61000-4-3, test level 3 being applicable.
The dwell time for each frequency is to be sufficient to observe a possible malfunction of the
protective electronic circuit.

c) The appliance is subjected to fast transient bursts in accordance with the Standard for
Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement techniques — Electrical
fast transient/burst immunity test, IEC 61000-4-4. Test level 3 is applicable for signal and control
lines. Test level 4 is applicable for the power supply lines. The bursts are applied for 2 minutes with
a positive polarity and for 2 minutes with a negative polarity.

d) The power supply terminals of the appliance are subjected to voltage surges in accordance with
the Standard for Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement

OO __o4d4000 A4 L

techni
impuls
mode,
line-to
additiq

e) Th
Electr
to con
applic
time f
Electr

f) The
Stand
techni
11. Th
the su

g) Th
Electr
Harmd

immunity tests, IEC 61000-4-13, test level class 2 being applicable.

.|uca - Sulyc ;unnun;ty tcot, 1 ﬂVC PUO;{;VG ;III}Ju:OCD Olll:lI

es being applied at the selected points. Test level 3 is applicable for the line-to
a generator having a source impedance of 2 Q being used. Test level 4.is appl
tearth coupling mode, a generator having a source impedance of, 12/Q bsg

n:

LU UTUUUTR"J,

i) Grounded heating element sheaths in grounded appliances are disconnecte
test.

ii) For appliances having surge arresters incorporating,spark gaps, the test is
level that is 95 % of the flashover voltage.

e appliance is subjected to injected currents. in accordance with the

bmagnetic compatibility (EMC) — Part 4-6: Testing and measurement technique
ducted disturbances, induced by radiofrequéncy fields, IEC 61000-4-6, test |
bble. During the test, all frequencies between 0.15 MHz to 80 MHz are covere
br each frequency is to be sufficientto observe a possible malfunction of th
bnic Circuit.

appliance is subjected to thelclass 3 voltage dips and interruptions in accorda
brd for Electromagnetic «compatibility (EMC) — Part 4-11: Testing and 1
nues — Voltage dips, shortinterruptions and voltage variations immunity tests, |
e values specified invTable 1 and Table 2 of IEC 61000-4-11, are applied at zer
pply voltage.

[«

e appliancey iS” subjected to mains signals in accordance with the 3
bmagnetie.compatibility (EMC) — Part 4-13: Testing and measurement t

nics and) interharmonics including mains signaling at a.c. power port, Ig

ive negative
line coupling
cable for the
ing used. In

d during this

epeated at a

Standard  for
s — Immunity
evel 3 being
d. The dwell
e Protective

nce with the
heasurement
EC 61000-4-
o crossing of

btandard  for
bchniques —
w frequency

37J.2 Thet

oSt are carried out with the apptiance supplied at Tated vottage, the device be

off position or in the stand-by mode.

ng set in the

37J.3 The tests of 37J.1 are carried out after the Protective Electronic Circuit has operated during the
relevant abnormal operation tests of this standard. However, appliances that are attended during use are

not subjected

to the tests for electromagnetic phenomena.

37K Manufacturing and Production and Line Testing

37K.1

In addition to the regular production and manufacturing tests of this standard, the manufacturer

shall verify the correct function of circuits that are considered to provide Safety Critical Functions.
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PROTECTION AGAINST INJURY TO PERSONS
38 General

38.1 Sections 38 — 42 specify the requirements for construction and performance of appliances the
operation of which may result in risk of injury to persons.

38.2 During examination of an appliance with respect to a risk of injury to persons, the general
requirements for such features as materials, enclosures, guards, and the like, will be applied along with
appropriate requirements for tests, construction, marking, guards, and the like, that apply to that type of

appliance. Other than as specifically noted herein, specific features that are not contemplated by these
requirement‘_ willbhe gi\lnn consideration-

39 Accesspries

39.1 Use of an accessory that may be furnished with an appliance shall not result in a risk o¢f fire, electric
shock, or injyry to persons.

40 Switches and Controls

40.1 A device that automatically starts an appliance, such as actimer, or a temperature deyice, shall not
be employed unless it can be demonstrated that automatic restarting will not result in a rigk of injury to
persons. Seq 72.1.10.

40.2 Automatic restarting of an appliance provided~with an automatically reset thermpally-actuated
device, suchl as a room thermostat or a motor thermal protector, shall not result in a rigk of injury to
persons. Seqg 72.1.10.

40.3 A confrol (thermostat or limiting) shall'eomply with the requirements in the:
a) Defeted

b) Standard for Automatic:Electrical Controls — Part 1: General Requirements, UL B0730-1; and
Standard for Automatic Electrical Controls — Part 2-9: Particular Requirements for| Temperature
Sensing Controls, UL 60730-2-9.

40.4 A motpr controlshall comply with the requirements in the:

a) Stgndard\for Industrial Control Equipment, UL 508;

b) Standardfor Adjustabie-Speed Etectricatr Power Drive Systems — Part5-tSafety Requirements
— Electrical, Thermal and Energy, UL 61800-5-1; or

c) Standard for Automatic Electrical Controls — Part 1. General Requirements, UL 60730-1 and
Standard for Automatic Electrical Controls — Part 2-9: Particular Requirements for Temperature
Sensing Controls, UL 60730-2-9.

41 Enclosures and Guards

41.1 General

41.1.1 A fan shall be guarded or enclosed so that any moving parts, other than blades, that involve a risk
of injury to persons cannot be contacted by the probe illustrated in Figure 41.1.
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Figure 41.1

Probe for moving parts

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

1 inch (25.4mm)

— — ) diameter
\

.~ 4 inches —— == 1/2 inch (12.7fhm)
(101.6mm) rodiys

S2140

41.1.2 Conyentional designs of fan blades are considered acceptably guarded if:

a) Thd relationship between weight (W) in pounds, radius{r)’in inches, and speed (N) in revolutions
per minute is such that K in the equation:

K=6x10"(Wr N)

is lesslthan 100, and

b) Thg guarding is such that the probe-illustrated in Figure 41.2 cannot touch the ledding edge of
the blade and hub when inserted_as\described in 41.1.3. For a reversible fan, both edges are
considered leading edges.
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Figure 41.2

Probe for fan blades

Any Convenient Length —e-

1/8"R (3.2 mm)

—
s

¢n

41.1.3 The|portion of a blade of a fan or a blower wheel that can cause a risk of injury to pe
guarded so that the probe illustrated in, Figure 41.2 cannot touch the part when inserted wit

"
1/2" Dia. (12.7 mm)
I

2777~

T

al— i
=
e
~—r

1-4

3-1/2" (88.9 mm)——==

PA 160

pound (4.4 N) through any opening inthe*guard.

41.1.4 If a part used to comply:with the requirement in 41.1.3 is made of a polymeric mate]
is to be expoped for 7 hours to.air at 70°C (158°F). While in the oven the part is to be assemt
and the fan is to be in its\intended operating position. After the sample has cooled to room
the part is agceptable if{he probe illustrated in Figure 41.2 cannot be made to touch a portion
blower whee] that can~Cause a risk of injury to persons when inserted through any opening in

41.1.5 A gyardemployed to comply with the requirement in 41.1.3 shall be attached to thg

'sons shall be
h a force of 1

rial, a sample
led to the fan
temperature,
of a blade or
the guard.

fan in any of

the followinglways:

a) Permanently;

b) By means requiring the use of a tool or tools for removal; or

¢) By means not requiring the use of a tool or tools for removal provided that:

2) A force of 5 pounds (22.2 N) is required to disengage the securing means.

1) Two separate motions, for example push and turn, or

41.1.6 The removal force specified in 41.1.5(c)(2) is to be measured after conditioning the holding

means by removing and replacing the guard ten times in the intended manner.
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41.1.7 An enclosure, a frame, a guard, a handle, or the like that is exposed to contact during intended
operation shall not be sufficiently sharp to constitute a risk of injury to persons.
41.2 Impact test

41.2.1 A component, the malfunction of which might result in a risk of injury to persons and that is subject
to impact, shall withstand the impact test described in 41.2.2 and 41.2.3.

41.2.2 An appliance is to be subjected to an impact of 1.5 foot-pounds (6.7 N) on any surface that is
exposed to a blow during intended use. Only one impact is to be applied at a given point. The impact is to
be produced by dropping a steel sphere 2 |nches (50.8 mm) in diameter and weighing apprOX|mater 1.18
pounds (0.5 kg enclosure, the

steel sphere

vertical distapce of 15 inches. For the test on a freestanding appliance, the appliance\is’t

intended ope

41.2.3 Follg
portionof a b

4124 The
less than 1 in
such a part is

Exception: A
illustrated in F

is to be suspended by a cord and aIIowed to swing as a pendulum droppl

ating position without restraint.

wing the impact test, the probe illustrated in Figure 41.2 is to be useéd to determi
ade or blower wheel that can cause risk of injury to persons is exposed.

Linobstructed distance to a moving part that involves a risk of injury to persons
ch (25.4 mm) for an opening on the outside of an appliance. If the unobstructe
1 inch or more, the requirements of Table 41.1 apply.

part may be less than 1 inch from the opehing if it cannot be contacted |
Figure 41.1.

Table 41.1
Distance from opening to part capable of causing injury to persons

g through a
b stand in its

ne whether a

shall not be
d distance to

by the probe

Maximum diameter of opening, inches (mm)

Minimum acceptable distance to moving part, inche

5 (mm)

L§
1-1

Greater thar

ss than 1-1/2 (38.1) 1 (25.4)
/2103 (38.1t0 76.2) 4 (102)
3 (76.2) but less than.4/(102) 6 (152)

41.3 Duct-g

4131 Agu
outside duct.

onnectedappliances

ard-need not be provided on the discharge side of an appliance intended for con

nection to an

42 Temperature

421

During the temperature test, the temperature rise on a surface of an appliance that may be

contacted by the user with the appliance operating as intended shall not be more than the value specified

in Table 42.1.
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Table 42.1
Minimum acceptable temperature rise on surfaces subject to contact

Degrees
Surface area c F
A. Handles or knobs that are grasped for lifting, carrying, or holding:
Metallic 25 45
Nonmetallic 35 63
B. Handles or knobs that may be contacted but do not involve lifting, carrying, or holding
when heated; and other surfaces that may be contacted during intended operation:
Metallic 35 63
Nonmgtallic 60 108
NOTE - Baseq on a 25°C (77°F) ambient temperature.
PERFORMANCE
43 Genera
43.1 An appliance and any intended accessory shall not cause adrisk of fire, electric shodk, or injury to
persons whgn installed in accordance with the instructions previded by the manufacturer jand tested in
accordance vith the performance requirements of this standard.
44 Starting Current Test
44.1 When|operated as described in 44.3, an appliance shall start and operate normally without:
a) Tripping an overload protector proyvided as part of the appliance; or
b) Opening the fuse, when connected to a circuit protected by a fuse as described in 44.2.
44.2 The fyse specified in 44.1(b) is to be other than a time-delay type. The current rating of the fuse is to
be equal to the current rating of.\the supply circuit of the lowest rating to which the appliance |is intended to
be connectedl.
Exception: Altime-deldy fuse may be employed, provided that the appliance is marked in ac¢gordance with
72.1.7 and:
a) The.caenstruction of the appliance or the nature of its usage is such that it is likdly to be used
conti ual’l’y onthe—same—branch—circuit-after-instattatronr—for L-;Aaulpl'b', a—wirctowheat recovery

ventilator, an attic heat recovery ventilator, or the like; or

b) The appliance is of the household type that would normally be used on a 15- or 20-ampere
branch circuit.

44.3 To determine whether an appliance complies with the requirements in 44.1, the appliance is to be
connected to a power-supply circuit protected by a fuse as specified in 44.2 or in the exception to 44.2,
whichever applies. The appliance is to be at room temperature at the beginning of the test. The appliance
is to be started three times without tripping an overload protector provided as part of the unit, or opening
the fuse protecting the supply circuit. Each start of the appliance is to be made under conditions
representing the beginning of normal operation — the beginning of the normal operating cycle in the case
of an automatic appliance. The motor of the appliance is to be allowed to come to full speed after each
start, and to come to rest between successive starts.
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45 Leakage Current Test

451
accordance with 45.3 — 45.6. The leakage current shall not exceed:

a) 0.5 milliampere for an ungrounded 2-wire product,
b) 0.5 milliampere for a grounded, 3-wire, portable product, and
c) 0.75 milliampere for a grounded, 3-wire, product:

1) Employing a standard attachment plug rated 20 amperes or less and

A cord-connected appliance rated for a nominal 240-volt or less supply shall be tested in

2) Intended to be fastened in place or located in a dedicated space.

Exception: THe leakage current shall be no more than 3.5 mA under the following conditions:

a) Thg product is rated 20 A or less,

b) Th
reguld

e product requires electromagnetic field suppression filtering for complian
tions; and

¢) Thg product is equipped with a grounding-type power supply cord and plug.

ce with EMI

452 Leakage current refers to all currents, including capacitively coupled currents, that may be

conveyed between exposed conductive surfaces of an appliance and ground or other expose
surfaces of ap appliance.

45.3 All exposed conductive surfaces are to be_tested for leakage currents. The leakage

454 If a conductive~surface other than metal is used for the enclosure or part of the e
leakage curr:
the surface. If the.surface has an area of less than 10 by 20 centimeters, the metal foil is to

d conductive

currents from
s collectively
arded by an
ordance with
contacted by
als operating
5 are bonded

hclosure, the
contact with
be the same

size as the surfa
appliance.

rature of the

45.5 The measurement circuit for leakage current is to be as illustrated in Figure 45.1. The measurement
instrument is defined in (a) — (d). The meter that is actually used for a measurement need only indicate the
same numerical value for a particular measurement as would the defined instrument. The meter used

need not have all the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a capacitance of

0.15 microfarad.

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite
the voltage across the resistor or current through the resistor.

waveform of

c) Over a frequency range of 0 — 100 kilohertz, the measurement circuitry is to have a frequency
response — ratio of indicated to actual value of current — equal to the ratio of the impedance of a
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1500-ohm resistor shunted by a 0.15-microfarad capacitor to 1500 ohms. At an indication of 0.5
milliampere, the measurement is not to have an error of more than 5 percent at 60 hertz.

d) Unless the meter is being used to measure leakage from one part of an appliance to another, the
meter is to be connected between the accessible parts and the grounded supply conductor.
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Figure 45.1

Leakage current measurement circuits

Product intend

PRODUCT

INSULATING

—— TABLE

GROUNDED SUPPLY CONDUCTOR B

3
t 120V
240V <2
‘ 120V
3

Product intend

S1

d for connection to a 120-volt power supply, os illustrated above.

PRODYET

METER

NSULATING

GROUNDED SUPPLY CONDUCTOR B

? 120V
o
24i>v ZOV 1 :_S})h

bd for connection to a 3—wire, grounded neutral power supply, os illustrated above.

PRODUCT

TABLE

METER

L_4d

NSULATING

GROUNDED SUPPLY CONDUCTOR B

TABLE

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 a clip when measuring current from one part of a product to another.


https://ulnorm.com/api/?name=UL 1815 2024.pdf

JANUARY 5, 2024

UL 1815

75

45.6 A sample of the appliance is to be tested for leakage current in the as-received condition, without
prior energization except as may occur as part of the production-line testing, but with the grounding
conductor, if any, open at the attachment plug. The supply voltage is to be adjusted to the applicable
values specified in 47.1.6. The test sequence, with reference to the measuring circuit, Figure 45.1, is to be

as follows:

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

b) Switch S1 is then to be closed, energizing the appliance, and within 5 seconds, the leakage
current is to be measured using both positions of switch S2 and with the unit switching devices in

all th

c) Th
to be
in the

45.7 Norm
interruption

F
may be interfupted to conduct other nondestructive tests.

46
46.1 Thec
appliance is

of maximum

46.2 Thetg

Input Test

. 1 m ™
1 TorTrdr upciratil Iy MUSIUUITOS.

b leakage current is to be monitored until thermal stabilization. Both positians.of
used in determining this measurement. Thermal stabilization is to be obtained by
normal temperature test.

ly the complete leakage current test, as described in 45.6, is to be cond
r other tests. However, with the concurrence of those concerned, the leakag

irrent input to an appliance shall be not morecthan 110 percent of the rated va
pperated under conditions of intended servi¢e, and when connected to a power
rated voltage and rated frequency.

st voltage for an appliance is to be-as'specified in Table 46.1.

Table 46.1
Values of test voltages

switch S2 are
operation as

Licted without

e current test

lue when the
supply circuit

Rated voltage (Volts) Test voltage (volts)
100 — 120 120
121=190 Rated voltage
191 -208 208
210-240 240
241 - 253 Rated voltage
254 - 277 277
278 — 439 Rated voltage
440 - 480 480
481 -525 Rated voltage
550 — 600 600

46.3 The input is considered to be the maximum input measured while restricting the air-system inlet to
not more than one-half the unrestricted cross-sectional area of the ventilator inlet.
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47 Temperature Test
471 General

47.1.1 When tested as described in 47.1.3 —47.1.17, an appliance shall not:
a) Attain a temperature at any point sufficiently high to result in a risk of fire,
b) Cause deterioration of any materials employed in the appliance, or

c) Exceed the temperature rises specified in Table 47.1.

Table 47.1
Maximum acceptable temperature rise
Degrees
Materials and components C F
A.  Motors
1. Clpss A insulation systems on coil windings of an ac motor having a diameter.of
7 inches (178 mm) or less (not including a universal motor)
a.| Inanopen motor
Thermocouple or
resistance method 75° 1352
b.| Ina totally enclosed motor
Thermocouple or 80 144
resistance method
2. Clpss A insulation systems on coil windings of an ac motor having a diameter of more
than 7 inches (178 mm), of a dc motor.and a universal motor, and on a reactor
a.| Inan open motor
Thermocouple method 652 1178
Resistance method 75 135
b.| In a totally enclosed-motor
Thermocouplesmethod 70 126
Resistaneé method 80 144
3. Clpss B insulation systems on coil windings of an ac motor having a diameter of
7 inches (178 mm) or less (not including a universal motor) and on a vibrator coil
a. In an open motor and on a vibrator coil
Thermocouple or 952 1712
resistance method
b.  Ina totally enclosed motor
Thermocouple or 100 180
resistance method
4. Class B insulation systems on coil windings of an ac motor having a diameter of more
than 7 inches (178 mm), and of a dc motor or a universal motor
a. Inanopen motor
Thermocouple method 852 1532
Resistance method 95 171

Table 47.1 Continued on Next Pade
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Table 47.1 Continued

Degrees
Materials and components C F
b.  Inatotally enclosed motor
Thermocouple method 90 162
Resistance method 100 180
B.  Other Electrical Components
1. Relay, solenoid, and other coils with:
a. Class 105 insulated winding
Thermocouple method 652 1172
Resistance method 85 153
b Class 130 insulated winding
Thermocouple method 85° 1532
Resistance method 105 189
2 Saling compound 40°C (74°F) less than
melting point
3 Fuses 65 17
4 Capacitors 40° 72¢
Electrolytic 40° 72°
Other types 65' 17f
5. Any point on or within a terminal box of a stationary appliance 65 117
C. Electrical Insulation
1. Flber employed as electrical insulation 65 117
2. Phenolic composition employed as electri¢al insulation or as a part of the deterioration 125°
of which would result in a risk of fire, electric shock, or injury to persons 225P
3. Rubber- or thermoplastic-insulated.Wwires and cords 35bcd g5bed
4. Vprnished-cloth insulation 60 108
D. General
1. Alsurface upon which a'stationary appliance may be mounted in service, and surfaces 65 117
tjat may be adjacent'to the appliance when so mounted
2. Wood and other.combustible material 65 117
@ On the surfade of an insulated coil where the temperature is affected by an external source of heat, the temperature rise
measured by g thermi@couple may be higher than the specified maximum, if the temperature rise of the coil measurged by the
;(;Zics:it;lggzg_elhod is.,not more than that specified in the table. The additional acceptable temperature rises above the values

ltem
A.2.a

Ala
B.1.a
Ad.a
A3.a
B.1.b

Temperature
15°C (27°F)
5°C (9°F)
15°C (27°F)
20°C (36°F)
10°C (18°F)
20°C (36°F)

® The temperature limitations on phenolic composition and on rubber and thermoplastic insulation do not apply to a compound that
has been investigated and found to have acceptable heat-resistant properties.

Table 47.1 Continued on Next Page
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Table 47.1 Continued

Materials and components C

Degrees

F

upon that portio

¢ Rubber-insulated conductors within a Class A insulated motor and rubber-insulated motor leads, and a rubber-insulated flexible
cord entering a motor may be subjected to a temperature rise of more than 35°C (63°F), provided that an acceptable braid is
employed on the conductors of other than a flexible cord. This does not apply to thermoplastic-insulated wires or cords.

4 A short length of rubber- or thermoplastic-insulated flexible cord exposed to a temperature of more than 60°C (140°F), such as at
terminals, is acceptable if supplementary heat-resistant insulation of acceptable dielectric strength is employed on the individual
conductors of the cord to reduce the risk of deterioration of the conductor insulation, and if the strain-relief means does not depend

n of the insulation subjected to the excessive temperature.

¢ For an electrolytic capacitor that is integral with or attached to a motor, the temperature rise on insulating material integral with

the capacitor e

closure-shallnot be more than B65°C. (11°|:)

f A capacitor that operates at a temperature rise of more than 65°C (117°F) may be judged on the basis of its marked temperature
limit.
47.1.2 A thgrmal cutoff shall not operate during the temperature test. See 35.7,
47.1.3 Coil [and winding temperatures are to be measured by thermdcouples located |on exposed
surfaces, except the change-in-resistance method may be used for a coil that is inaccessible|for mounting
of thermocouples, such as a coil:
a) Immersed in sealing compound,
b) Wrapped with thermal insulation, or
c) Wrapped with more than two layers of material such as cotton, paper, or rayon Having a total
thickngss of more than 1/32 inch (0.8 mm).
In an alternat|ng-current motor having a frame-diameter of 7 inches (178 mm) or less, the thermocouple is
to be mountedl on the integrally-applied insulation of the windings.
47.1.4 If thg change-in-resistance method is used, determination of the temperature rise of a winding is

to be calculat

in which:

ed by the following formula:

At = %(K+rl) C (K + 1)
1

At is the\temperature rise in degrees C,

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,

t1 isth

t,is th

e ambient temperature in degrees C at the beginning of the test,

e ambient temperature in degrees C at the end of the test, and

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.

47.1.5 If necessary, the value of R at shutdown may be determined by taking several resistance
measurements at short intervals, beginning as quickly as possible after shutdown. A curve of the
resistance values and the time is to be plotted and extrapolated to give the value of R at shutdown.
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47.1.6 For the temperature test, the voltage of a direct-current supply circuit is to be 115 or 230 volts, and
that of an alternating-current supply circuit is to be 120 or 240 volts, for an appliance having a nominal
voltage rating of 115 or 230 volts. If the unit has a single frequency rating, the test is to be conducted at
that frequency. An appliance rated 25 — 50 or 50 — 60 hertz is to be tested using a 60-hertz supply.

47.1.7 The appliance is to be operated under each condition of normal service. For a multispeed
appliance, this includes operation at each speed and, for a reversible appliance, it includes operation in
each direction of rotation. If a reversible appliance continues to rotate in the same direction, but at a slower
speed, when the reversing switch is thrown, the requirement applies at the lower speed as well as at the
normal speed. The test is to be continued until temperatures have become constant.

47.1.8 In additi
control is to he operated under each of the following conditions:

id-state speed

a) At the speed and, if applicable, the rotation direction resulting in maximummetor {emperatures.
During this test the appliance is to be connected to the load side of a, triac. The [triac is to be
provided with associated circuitry allowing it to be triggered during each half-cycle of the ac input to
the appliance. Speed control is to be accomplished by varying the trigger points.

b) Connected and tested as described in (a) with a 2 volt dc offset'potential applied {
voltage by a suitable method. The 2 volt dc offset potential may be obtained by usi

D the ac input
ng a modified
adjustment of
b be adjusted
bias may be
120 hertz.

t. The supply
at maximum

ontrol setting
shaft will not
the supply is
5 in a manner
shall also be

ng in maximum motor temperatures. This test may be omitted if the motor
continue to rotate in a manner cansidered to be a possible normal condition after
switched from full- to half-wave.operation. If the motor shaft does not rotate or rotate
not cpnsidered to be a possible normal mode of operation, the test of 47.1.9
conducted.

47.1.9 With
wave output

respect to 47(1.8(c), the motor is to be tested with the supply modified to produce a half-
f any of the following conditions exist:

a) The fan motor shaft does not rotate,
b) The fan,motor rotates in a manner not considered to be a possible normal modg¢ of operation
whenltested with the half-wave noly as described in 4 8 2

c) The motor will not restart when operated from a half-wave source after the motor is de-
energized.

47.1.10 During the test described in 47.1.9 the motor shall comply with the following:

a) An impedance-protected motor shall comply with the Standard for Rotating Electrical Machines
— General Requirements, UL 1004-1, and the Standard for Impedance Protected Motors, UL 1004-
2, and

b) A thermally protected motor shall comply with Section 14, Locked Rotor Temperature Test
requirements in the Standard for Overheating Protection for Motors, UL 2111, or the Standard for
Rotating Electrical Machines — General Requirements, UL 1004-1, and the Standard for Thermally
Protected Motors, UL 1004-3.
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47.1.11 For the temperature test, a separate controller — that is, a controller that is not a physical part of
the appliance — that is intended for installation in a wall is to be mounted as follows. The controller is to be
secured inside its own enclosure, if provided; otherwise it is to be installed inside the smallest standard
flush-type outlet box that will accommodate it, and the box is to be mounted in a simulated wall section as
illustrated in Figure 47.1.

Figure 47.1

Method of mounting outlet box

| ——————— -
|

1 —OUTLET BOX

18"
(457MN)

16”
(406MM)

FT———————
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I

|
I
I
I
I
I
I
I
-

WOIOBREN (2X4) FRAME
SB0713

2 6vPSUM BOARD

0
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47.1.12 Temperatures are to be measured by thermocouples consisting of wires not larger than 24 AWG
(0.21 mm?) and not smaller than 30 AWG (0.05 mm?), except that a coil temperature may be determined
by the change-of-resistance method under the conditions described in 47.1.3. Whenever referee
temperature measurements by thermocouples are necessary, thermocouples consisting of 30 AWG iron
and constantan wire and a potentiometer-type instrument are to be used.

47.1.13 A temperature is considered to be constant 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.

47.1.14 All values for temperature rises in Table 47.1 are based on an assumed ambient temperature of
25°C (77°F). However, tests may be conducted at any ambient temperature within the range of 10 — 40°C
(50 — 104°F)

47115 Ag
heated to th
appliance inl
72.2.1.

47.1.16 With reference to the requirements in 47.1.15, the temperature at the inlet is to be ¢

a thermocou
the collar of
length conne
located as il

uct appliance for moving heated air is to be tested with a heat source capable o
b temperature for which the appliance is intended to be used. Thentemperatu
bt is not to be less than the temperature for which the appliance is niarked in ac

ble grid positioned in a plane perpendicular to the air flow and located 6 inches (
he duct heat recovery ventilator. The grid is to be eonstructed of thermocouple
cted in parallel. The duct is to be divided into.equal areas and thermocoup
istrated in Figure 47.2. The thermocouples are to be iron-constantan wire not |

supplying air
e at the duct
cordance with

etermined by
50 mm) from
5 of the same
es are to be
arger than 24

AWG (0.21 mm?).

Figure 47.2

Thermocouple location in test duct
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H

Duct divided into nine equal areas as illustrated with a thermocouple located in center of each of the resulting nine areas.

Duct divided radially into eight equal areas with thermocouples located as illustrated in each of the eight areas and at the center of
the duct.
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47.1.17 A thermocouple junction and adjacent thermocouple lead wire are to be securely held in good
thermal contact with the surface of the material being measured. In most cases, adequate thermal contact
will result by securely taping or cementing the thermocouple in place; but if a metal surface is involved,
brazing or soldering the thermocouple to the metal may be necessary.

48 Undervoltage Test

48.1 Unless a thermally responsive inherent motor protector opens the circuit, the appliance shall start
and operate continually under the conditions described in 46.3 that produce maximum motor loading, but
with the voltage reduced to 85 percent of the rated voltage of the motor.

49 Dielectric\Voltage-Withstand Test

49.1 An appliance shall withstand for 1 minute without breakdown the application of a(D€ pptential or an
AC 60-hertz potential between live parts and dead metal parts and between live parts iof opgosite polarity
of a capacitof used for power-factor correction or for radio-interference elimination,-with the|appliance at
the maximum| operating temperature reached in intended use. The test potential is'to be as shown in Table
49.1:

Table 49.1
Dielectric Voltage Withstand Voltages

Unit under test Test potential Test potential
VAC vV DC

Low-voltage cirfuit 500 y00
Motors rated at|not more than 1/2 horsepower (373 W output) and\not 1000 1400
more than 250 yolts.
Secondary circyit of a transformer or autotransformer that operates at 1000 1400
250 volts or les$
Secondary circiiit of a transformer or autotransformer.that operates at 1000 + 2V 1404 + 2.8\
251 - 600 volts
Other than notgd in the previous lines 1000 + 2V 1404 + 2.8\
@ Maximum maiked voltage.
See 32.1.3.

49.2 To determine whether an appliance complies with the requirements in 49.1, it is to be t¢sted using a
500-volt-ampegre or larger capacity transformer, the output voltage of which can be varied.| The applied
potential is to|be ingteased from zero to the required test value, and is to be held at that level|for 1 minute.
The increase| innapplied potential is to be at a substantially uniform rate as rapid as is cdnsistent with
correct indication’af its value by a voltmeter

50 Water Spray Test
50.1 Permanently connected appliance

50.1.1 When tested as described in 50.3 and 50.4, a permanently connected appliance intended for
outdoor exposure shall:

a) Have an insulation resistance of 50,000 ohms or more between live parts and interconnected
dead metal parts, and

b) Comply with the requirements for the Dielectric Voltage-Withstand Test, Section 49, both upon
cessation of the water spray and 1/2 hour later. After exposure to the water spray and for an
additional 1/2 hour there shall be no water:
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1) At any point that may be contacted by a splice in field-installed wiring, and

2) On uninsulated live parts or on film-coated wire other than motor windings.

50.1.2 An appliance intended for outside exposure is to be mounted as in actual service, and is to be
subjected to a water spray as described in 50.4.1 for 4 hours. The appliance is not to be operating, unless
it is intended to draw air in rather than to expel it, or has louvers that open only when the motor is running.
The insulation-resistance and dielectric voltage-withstand tests are to be conducted immediately upon
conclusion of exposure to the water spray and are to be repeated 1/2 hour later.

50.2 Cord-connected appliances

50.2.1 Whgn tested as described in 50.2.2, the leakage current of a cord-connected appIiJance shall not
exceed:

a) 0.9 milliampere under the condition noted in 50.2.2(g), or

b) 2.9 milliamperes under the conditions noted in 50.2.2 (e) and (f).

Both upon ¢essation of the water spray and 1/2 hour later, the ‘appliance shall comply with the
requirementg for the Dielectric voltage-Withstand Test, Section 49.

50.2.2 Theltest specified in 50.2.1 is to be as follows:

a) The appliance is to be mounted as intended with*the switch in the on position. Forla multispeed
applignce the on position of the switch is to be theldow-speed setting.

b) The leakage current is to be measured using the test methods and equipment desgribed in 45.2
— 45.p, except that the circuit shown in\Figure 50.1 is to be used. The leakage current is to be
measpred with switches S1 and S2 in all possible positions.

c) The appliance is to be turned.off. by opening switch S1 unless the appliance:
1) Is intended to draw air in rather than expel it or
2) Has louvers.that open only when the appliance is operating.

d) Thie appliance:is'to be subjected to water spray for 4 hours in accordance with 50.3.1 and
50.4.1.

e) During exposure to the water spray, the leakage current is to be measured using both positions
of switch S2. The leakage current shall not exceed 2.5 milliamperes.

f) Immediately upon cessation of the water spray, the appliance is to be turned off by opening
switch S1 unless it was in the open position during exposure to the water, and the leakage current
is to be monitored for 30 minutes. The leakage current shall not exceed 2.5 milliamperes.

g) After the 30-minute monitoring period mentioned in (f), the leakage current is to be measured
with switch S1 open, and in both positions of switch S2. The leakage current shall not exceed 0.5
milliampere.

h) Within 1 minute following the leakage current measurements, after the cessation of the water
spray, and 1/2 hour later, the dielectric voltage-withstand test described in Section 49 is to be
conducted except that the duration of the dielectric voltage-withstand test conducted within 1
minute after cessation of the water spray is to be 15 seconds.
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Figure 50.1
Leakage current measurement circuit for water spray test
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