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INTRODUCTION

1 Scope

1.1 These requirements cover household, industrial, and commercial sealing, wrapping, and marking
equipment rated at 600 volts or less for use in unclassified locations in accordance with the National
Electrical Code, NFPA 70, such as laminators, label makers/applicators, stamping machines, taping
machines, wrapping machines, shrink tunnels, bag sealers, bag tying machines, heat sealing irons, and
vacuum packaging machines.

1.2 These requirements also cover cord-connected units with an integral cigarette lighter connector
assembly, or a direct current (DC) input jack for being powered from a separate Vehicle Battery Adapter.

1.3 These rq
requirements
photographic

quirements do not cover appliances and equipment that are covered
that are separate from this standard, such as soldering irons, (ink-jg
ilm printers.

1.4 These requirements do not cover appliances and equipment that are intended for us

aircraft.
2 Units of Mg

2.1 Values st
approximate i

2.2 Unless (¢

asurement

pted without parentheses are the requirement. Vfalues in parentheses are
hformation.

therwise indicated, all voltage and curfent values mentioned in this

root-mean-sqyare (rms), and all pressures are calculated in per square inch (psi).

3 Undated Ré¢ferences

3.1 Any undal
interpreted as

4 Glossary
4.1 Forthep

4.2 APPLIAN
part of a deta

4.3 APPLIAN

ted reference to a code or standard appearing in the requirements of this stal
referring to the latest edition of that code or standard.

irpose of this standard the following definitions apply.

CE COUPRLER — A single-outlet, female contact device for attachment to a fl

by individual
t printers, or

e in marine or

bxplanatory or

standard are

ndard shall be

exible cord as

chablespower-supply cord to be connected to an appliance inlet (motor attaclment plug).

CEJNLET (MOTOR ATTACHMENT PLUG) — A male contact device mounied on an end

product appliance to provide an integral blade configuration for the connection of an appliance coupler or
cord connector.

4.4 APPLIANCE (FLATIRON) PLUG — An appliance coupler type of device having a cord guard and a
slot configuration specified for use with heating or cooking appliances.
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4.5 AUTOMATICALLY CONTROLLED APPLIANCE — An appliance that complies with one or more of the
following conditions:

a) The repeated starting of the appliance is independent of any manual control if, after one
complete cycle of operation, a limit device or similar component opens the circuit;

b) During any single preset cycle of operation, the motor is caused to stop and restart;

c) When the appliance is energized, the initial starting of the motor may be intentionally
delayed beyond intended, conventional starting; and

d) For an appliance using a motor with a separate starting winding, during any single

prede
speed

4.6 AUXILIAR
regulation ung
conditions res

4.7 BRANCH
on the powe
connected un

4.8 CABINET
to persons as
a part that inv

4.9 CIGARET
Adapter for in

4.10 CONTR
4.11 CONTR
relied upon 4
example, an g
during normal

4.12 CONTR

4.13 CONTR

H Al 1 £ ' oot ™ H £ 4+l L H 11 <l <l
CTTTIMTICTU Ly LI UT UPTTAUUTT, auturiiauc viiariygiity vr e rrcuridarnear ivau 1o Uy

Y CONTROL — A control that is intended primarily for time, temperaturg
er conditions of intended operation, and not for protection against-overloag
Lulting from abnormal operation.

-distribution panel protecting the circuit to the field-wiring terminals in
t or to the receptacle outlet for cord-connected units:.

a result of hazardous moving parts or hot parts. The use of a cabinet to pre
plves a risk of fire, electrical energy — highcurrent levels, or electric shock ig

TE LIGHTER CONNECTOR - Thegmale connector provided as part of a
Sertion into a cigarette lighter receptacle.

DL, AUTOMATIC ACTION —=A-control in which at least one aspect is non-m

DL, MANUAL — A device that requires direct human interaction to activate or r¢

DL~ OPERATING — A device or assembly of devices, the operation of w

regulates the

sufficiently to re-establish starting-winding connections to the supply circuit;

CIRCUIT — That portion of the building wiring system beyond the final over

g

— Refers to a housing of a unit that prevents acgess to a part that involves

or abnormal operation of the end product is considered an auxiliary control.

end product during normal operation. For example, a thermostat, the failu

es the motor

, Or pressure
or excessive

current device

permanently

B risk of injury

ent access to
permitted.

ehicle Battery

anual.

DL, AUXILIARY — A deviee or assembly of devices that provides a functional utility, is not
s an operational or\protective control, and therefore is not relied upon f
fficiency control ot relied upon to reduce the risk of electric shock, fire, or inj

br safety. For
Lry to persons

pst the control.

hich starts or
e of which, a

thermal cutout/limiter or another layer of protection would reduce the risk of electric shock, fire, or injury

to persons, is

considered an operating control.

4.14 CONTROL, PROTECTIVE — A device or assembly of devices, the operation of which is intended to
reduce the risk of electric shock, fire or injury to persons during reasonably anticipated abnormal operation
of the appliance.
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4.15 CONTROL, TYPE 1 ACTION — The actuation of an automatic control for which the manufacturing
deviation and the drift (tolerance before and after certain conditions) of its operating value, operating time,
or operating sequence has not been declared and tested under this standard.

4,16 CONTROL, TYPE 2 ACTION — The actuation of an automatic control for which the manufacturing
deviation and the drift (tolerance before and after certain conditions) of its operating value, operating time,
or operating sequence have been declared and tested under this standard.

4.17 CORD-CONNECTED UNIT — A unit intended for connection to the branch-circuit power line by
means of a power-supply cord. By the nature of its construction, such a unit is intended to be removed for
reasons of interchange or realignment of the unit of a system.

OMNMNECOTAOD
JINTNLL O T UTN

xtension from
ance coupler,

4.18 CORD C A fCIIIa:U CUI Ita\.’t dCVI\;C VV;IUd \J] ﬂCI\Ib:C buld fUI Uotl Ao Aarl
an outlet to make a detachable electrical connection to an attachment plug or, as an appl

to an equipmgnt inlet.

plves a risk of
revent access
ts or hot parts

4.19 ENCLOS
fire, electrical
to a part that i
is permitted.

BURE — Refers to a housing of a unit that prevents access to a _part'that invj
energy at high current levels, or electric shock. The use of an enclosure to p
nvolves a risk of injury to persons which is present from hazardets moving pa

4.20 FIELD-V
installer in the
loop, crimped

IRING TERMINAL — Any terminal to which a supply ar other wire is to be co
field, unless the wire is provided as part of the unitand a connector, solderin
eyelet, pressure terminal, or other means for making the connection is fact

!

nnected by an
lug, soldered
ry-assembled

to the wire.

4.21 FIXED BQUIPMENT — Units that are:

a) Intended for permanent connection teithe branch circuit,

b) Mgchanically secured to the surface on which they are intended to be mounted, and

c) Nejther intended by the manufacturer nor constructed for easy removal by service personnel
from their intended location.for maintenance and repair.
4.22 FLAMM d for Tests for

Comparative

ABLE LIQUID -+ Any liquid having a flash point in accordance with the Standa
Flammability-af Liquids, UL 340.

4.23 FLASH
which a liquid
above the sur|

POINT\~-The minimum temperature, corrected to a pressure of 101.3 kPa [14.69 psi), at
gives off vapor within a test vessel in enough quantity to form an ignitable nixture with air
ace of the liquid. nl‘

4.24 GUARD - Refers to a part inside or outside of the enclosure which prevents access to a component
that involves a risk of injury to persons.

4.25 IGNITION TEMPERATURE — The minimum temperature to which any part of an air-vapor mixture
must be raised by application of heat to produce self-sustained (autogenous) combustion, as indicated by
the appearance of flame.
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4.26 INTERNAL BARRIER — Refers to a part inside an enclosure which prevents access to a part that
involves a risk of electric shock or injury to persons.

4.27 LINE-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 600 volts and having
circuit characteristics in excess of those of a low-voltage circuit. See 4.28.

4.28 LOW-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 30 volts (42.4 volts peak)
and supplied by:

a) A battery,

b) A standard Class 2 transformer, or

c) A tlransformer with:

1) A fixed impedance,

2) A fuse,

3) A non-adjustable manual-reset circuit-protective device; or

4) A regulating network

'mer. A circuit
eries with the
yoltage circuit.

hit, complies with all of the performance requitements of a Class 2 transfo
h source of supply classified as a line-voltage~circuit and a resistance in s
hs a means of limiting the voltage and cugrent is not determined to be a low-

which, as a u
derived from
supply circuit

4.29 LOWER
of flame does
terms of percq

4.30 OPERA]
being entered
whether or no

4.31 OPERA]
other than thg

a) Th
of oth

FLAMMABLE LIMIT — The minimumz¢oncentration of vapor in air below whig
not occur on contact with a souree"of ignition. The lower flammable limit is
ntage by volume of gas or vaporin air based on atmospheric temperatures a

OR ACCESSIBLE AREA--All external surface areas, all internal areas that
without the use of tools;-and all areas that the operator is instructed to ente
f tools are required.fo.gain access.

fOR SERVICING — Any form of servicing that is capable of being performeg
se who arestrained to maintain the unit. Some examples of operator servicin

e installation of accessories by means of attachment plugs and receptacles
br separable connectors.

h propagation
expressed in
\nd pressures.

are capable of
regardless of
by personnel

[y are:

br by means

b) Replacement of lamps and fuses and resetting of circuit breakers located in an operator-
accessible area, unless the lamps, fuses, or circuit breakers are marked to indicate replacement
or resetting only by qualified service personnel.

c) The making of routine operating adjustments required to adapt the unit for its different

intend

d) Ro

ed functions.

utine cleaning or servicing.
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4.32 PRESSURE-RELIEF DEVICE — A pressure-actuated valve or rupture member intended to relieve
excessive pressures automatically.

4.33 PRIMARY CIRCUIT — Wiring and components that are electrically connected to a branch-circuit or
an alternating-current or direct-current motor/generator set installed separately from or included as a part
of a unit or system.

4.34 RISK OF ELECTRIC SHOCK - A risk of electric shock is determined to occur at any part when the
potential between the part and earth ground or any other accessible part is more than 42.4 volts peak or
the continuous current flow through a 1500-ohm resistor connected across the potential exceeds 5
milliamperes.

| i el N Y
I LAY ™

4.35 RISK O

rs unless the

.\ l £ £ H dait H ot ot 4 1l + al Al +.
AACTION UT TITT 1o UTTITTITITICTU TU TATOU Al All CUTTTPUTITTIIO Alfu LUTTUuU LU

components g

4.36 RISK O
more of the fa

a) Md
capahb

b) Sh
use o

c) Th

d) Md
endar

e) Pa
intent

4.37 SAFETY
electric shock

4.38 SAFETY
relied upon to

4.39 SAFETY
electric shock

nd conductors are within a circuit which complies with the criteria for Class?

- INJURY TO PERSONS — A risk of injury to persons is determined te exis
llowing conditions occur:

ving parts such as gears and linkages are accessible during\intended opera
le of resulting in a cut, crush, or laceration.

arp edges, burrs, or projections are present that are capable of resulting in i
operator servicing.

b stability of a unit is such that it is capable of\resulting in injury to persons.

gered or that clothing becomes entangled by the moving part, resulting in ar
rts maintaining an elevated temperature that are subject to contact by perso
onal or casual fashion and capable of causing a burn.

injury to persons,.onelectrical energy at high current levels.

CRITICAL FUNCTION — Control, protection and monitoring functions wh
reduce the«riskK of fire, electric shock or casualty hazards.

INTERLOCK — A means relied upon to prevent access to an area that inv
electrical energy at high current levels, or injury to persons until the risk has

or to remove galtomatically the risk when access is gained.

circuits.

I when one or

fion and are

hjury during

ving parts are present for which there is a risk that a part of the body beconpes

injury.

ns by either

CIRCUIT — Any primary~or secondary circuit that is relied upon to reduce the risk of fire,

ich are being

blves a risk of
een removed,

4.40 SECONDARY CIRCUIT — A circuit supplied from the secondary winding of an isolation transformer
and that has no direct connection to the primary circuit (other than through the grounding means). Any
circuit that has a direct connection to the line-connected circuit is evaluated as a primary circuit. A
secondary circuit is capable of being a low-voltage circuit.
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4.41 SUPPLY CORD - A separable cord set or a length of flexible cord, with one end connected to the
primary-circuit wiring of the unit and the other end connected to the attachment plug for connection to
branch-circuit power.

4.42 TEMPERATURE-LIMITING CONTROL — A control that functions only under conditions that produce
abnormal temperatures. The malfunction of such a thermostat is capable of resulting in a risk of fire.

4.43 TEMPERATURE-REGULATING CONTROL — A control that functions only to regulate the
temperature of the product under intended conditions of use, and whose malfunction does not result in a
risk of fire.

4.44 TEMPERATURE-REGULATING AND -LIMITING CONTROL COMBINATION — A combination

L

temperature-r
intended con(
abnormal ope

4.45 THERM
by an electric
Positive Tem

4.46 TOOL —
latch, bolt, or

5 Safety Criti
5.1 Any funct
wrapping and
unacceptable
Function.

5.2 Electronid

a) Re
comp

b) Nd
envirg

5.3 Electronid

a) Reg

Lots PN H + Liloot £ ' + lodta tl o o na 4 £ 4
FYUTALITTY Aaltu —irmianTy CUTTIUUT uiat TuUricuurnio tu T yuidic it ey raturc ur e

itions of use, and also serves to reduce the risk of fire that results from
ration.

STOR DEVICE — A thermally sensitive semiconductor resistor that-is‘intende
current and shows a sharp resistance increase over a small temperature
erature Coefficients (PTC’s) and Negative Temperature Caefficients (NTC's)

A screwdriver, wrench, or any other object that is capahle-of being used to op
Similar fastening means.

cal Functions
on involved in the control, protection, and-monitoring of safety-related attribu
marking equipment whereby a loss/malfunction of its functionality would
risk of fire, electric shock, or casualty hazards would be considered a
circuits that manage a Safety-Critical Function (SCF) shall be:

liable as defined as being able to maintain the SCF in the event of single deg

bnent faults and

nments of the appliance.

circuits-managing Safety Critical Functions shall comply with:

product under
conditions of

J to be heated
ange such as

erate a screw,

tes of sealing,
represent an
Safety Critical

fined

t susceptible ta_electromagnetic environmental stresses encountered in the anticipated

duirements for the Evaluation of Electronic Circuits, Supplement SA or

b) The Standard for Automatic Electrical Controls for Household and Similar Use, Part 1:
General Requirements, UL 60730-1 and it's Part 2’'s as specified in this standard. The function
shall be considered Class B.
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5.4 Functions specified in Safety Critical Functions, Table 5.1 represent the common safety critical circuit
functions of microwave ovens. It is not intended to represent all possible safety critical functions.

Table 5.1
Safety critical functions

Function (see 5.1)

Hazard

Location of parameters and tests

Temperature co

Loss of phase

Motor running overload protection
Motor locked rotor protection
Motor short circuit protection

Interlock function to de-energize a motor

Risk of fire or electric shock Overload protect
Overload protect
Overload protecti

25.2

Risk of fire or electric shock

Risk of fire or electric shock

Risk of fire or electric shock
Risk of personal injury

ntrol

Electronic protective controls (limiting

ion, 22.2
ion, 22.2
ion, 22.2

COntrols), s
Risk of electric shock

Electronic protective'cq

B.4

ntrols (limiting
B.4

controls), 3
CONSTRUCT|ION
6 General
6.1 Only materials that have been evaluated for the particular use shall be used in theg

product shall

be made and finished with the degree of uniformityand grade of workmans

in a well-equipped factory.

6.2 When thsg
other gas, risK
immersed ele
The product d
regard to any

7 Component

operation of a product involves the generation’and confining under pressu

trodes, where the electrolysis of water results in the accumulation of oxygen
bes not comply with the intent of this standard unless its strength has been in
risk of explosion that is capable of'occurring.

[

7.1 A component of a product covered-by this standard shall:

a) Co
cover

b) Be

c) Be

mply with the reguirements for that component as indicated in the individual
ng that compofent;

used in_aeeordance with its rating(s) established for the intended conditions

used'within its established use limitations or conditions of acceptability;

of explosion incident to such operation shall be evaluated. For example, a j

e products. A
nip practicable

e of steam or
roduct having
and hydrogen.
estigated with

section(s)

of use;

d) A

ditionally comply with the applicable requirements of this standard; and

e) Not contain mercury, unless used within a fluorescent, high intensity discharge, or neon
lamp bulb.

Exception No. 1: A component of a product covered by this standard is not required to comply with a
specific component requirement that:

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

produ

ct;

b) Is superseded by a requirement in this standard; or
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c) Is separately investigated when forming part of another component, provided the component
is used within its established ratings and limitations.

Exception No. 2: A component complying with a component standard other than those cited in this
standard is acceptable if:

a) The component also complies with the applicable component standard indicated in this
standard or

b) The component standard:

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

ANaotional -] ot | ay=V=| AMNCI/ANICDA 70 15 = ratanr
rvatioriar ..retricar Lol AINOIIINT T/ 7V, VWITCTC AUJITUUITTAatc,

2) Considers long-term thermal properties of polymeric insulating materials in
accordance with the Standard for Polymeric Materials — Long Term Propelty
Evaluations, UL 746B; and
3) Any use limitations of the other component standard isNdéntified and appropriately
accommodated in the end use application. For examplé, a component used in a
household application, but intended for industrial use and complying with the relevant
component standard may assume user expertisenot common in househoid
applications.

7.2 Specific gomponents are incomplete in construction features or restricted in performange capabilities.
Such compongnts are intended for use only under limited conditions, such as certain temperatures not
exceeding spécified limits, and shall be used only under those specific conditions.
7.3 A compoment that is also intended to perform other functions, such as:

a) Ouercurrent protection;

b) Grpund-fault circuit-interruption;

C) Sufge suppression;

d) Any other similarfunctions; or

e) Any combination thereof

shall comply additionally with the requirements of the applicable UL standard(s) that covar devices that
provide those functions.

Exception: Where these other functions are not required for the application and not identified as part of
markings, instructions, or packaging for the appliance, the additional component standard(s) need not be
applied.
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7.4 A component not anticipated by the requirements of this standard, not specifically covered by the
component standards noted in this Standard, and that involves a risk of fire, electric shock, or injury to
persons, shall be additionally investigated in accordance with the applicable UL standard, and shall
comply with 7.1 (b) — (e).

7.5 With regard to a component being additionally investigated, reference to construction and
performance requirements in another UL end product standard is suitable where that standard anticipates

normal and abnormal use conditions consistent with the application of this standard.

8 Frame and

8.1 General

Enclosure

8.1.1 The fra

me and enclosure of a product shall resist the abuses to be encounteredd

use. The degree of resistance shall reduce the possibility of a condition that results_jiohan i

risk of fire, ele

8.1.2 The str
— 67.4, as ap

8.1.3 A prodd
capable for us
a recessed of
shock or injuf
installation an
in the intende

8.1.4 When V|
they do not v
spaces in the
8.1.5 Among
a) Ph
b) Re
c) Mg

d) Cd

}

ctric shock, or injury to persons.

ngth and rigidity of the frame and enclosure shall comply with ‘the tests des
licable.

ct shall be provided with an enclosure made of material'that has been det

lring intended
ncrease in the

cribed in 67.1

ermined to be

e in this application. The enclosure shall house all eléctrical parts, except a slipply cord and

en-wire-element unit as specified in 19.5, that are’capable of resulting in a
y to persons under any condition of use. When a product is constructed

H connection to the power supply, the enclosure shall be provided with mean
1 manner and shall be furnished with anyréquired fittings, such as brackets
Entilation openings are provided in the enclosure of a product, they shall be |
PNt into concealed spaces of a building structure, such as a false-ceiling sy
wall when the product is instalied.

the factors to be determined when evaluating an enclosure are its:

ysical strength,

sistance to impagct,

isture-absorptive properties,

mbustibility,

risk of electric
or permanent
5 for mounting
or hangers.

pcated so that
ace or hollow

e) Resistance to corrosion, and

f) Resistance to distortion at temperatures to which the enclosure is capable of being subjected

under

conditions of use.

Except for (e), all of the preceding factors shall be used to determine the suitability of a nonmetallic
enclosure. A sheet-metal enclosure shall be evaluated with regard to its size, shape, the thickness of
metal, and the intended use of the product.
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8.1.6 Cast and sheet-metal portions of the enclosure shall not have a thickness less than that indicated

in Table 8.1 unless the enclosure complies with 8.1.5.

Table 8.1
Minimum thickness of metal enclosure

At small, flat, unreinforced At surfaces to which a wiring At large, unreinforced flat
surfaces, and at surfaces that are system is to be connected in the surfaces,
reinforced by curving, ribbing, field,
and similar methods (or are
otherwise of a shape and/or size
to provide physical strength),

Metal inch (mm) inch (mm) inch (mm)
Die-cast 3/64 (1.2) - - 5/64 2)
Cast-malleable 1/16 (1.6) - - 3/32 (2.4)
iron
Other cast meta| 3/32 (2.4) - - 1/8 3.2)
Uncoated sheet 0.0262 (0.669) 0.032 (0.81) 0.026 (0.66)
steel
Galvanized 0.0292 (0.743) 0.034 (0.86) 0.029 (0.74)
sheet steel
Nonferrous 0.0362 (0.913) 0.045 (114) 0.036 (0.91)
sheet metal

enclosure is evajuated under considerations such as those specified in 8,14

a Thinner sheet metal is not prohibited from being used when it has been determined to be suitable for its intengled use when the

8.1.7 Electrical parts of a product shall be located ;o enclosed so as to provide protgction against

unintentional ¢gontact with uninsulated live parts.

8.1.8 The englosure shall be constructed such that molten metal, burning insulation, or flgming particles

are not capaljle of falling on combustible materials, including the surface upon which th

b enclosure is

supported. ThHe product shall be providedtwith a barrier of metal, phenolic, urea, ceramic, or similar

material locat¢d:
a) Under a motor unless;

1) The structural parts of either the motor or the product are determined t
equivalent-of such a barrier;

under each of the following fault conditions:

b be the

2) JThe’protection provided with the motor is such that no burning insulatign or molten
material falls to the surface that supports the product when the motor is errergized

i) Open main winding,
ii) Open starting winding, and

iii) Short-circuited starting switch;

3) The motor is provided with a thermal motor protector that limits the motor winding
temperature to maximum 125°C (257°F) under the maximum load under which the

motor runs without causing the protector to cycle, and to maximum 150°C
the rotor locked; and

(302°F) with
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4) The motor complies with the Standard for Thermally Protected Motors, UL 1004-3.

b) Under wiring, unless the wiring complies with the VW-1 flame test in the Standard for
Thermoplastic-Insulated Wires and Cables, UL 83.

8.1.9 The barrier specified in 8.1.8 shall be horizontal and shall be located and sized as indicated in
Figure 8.1. Openings for drainage or ventilation are not prohibited as long as molten metal, burning
insulation, or flaming particles are not capable of falling through the opening onto combustible material.



https://ulnorm.com/api/?name=UL 963 2016.pdf

18 SEALING, WRAPPING, AND MARKING EQUIPMENT - UL 963 FEBRUARY 26, 2016

Figure 8.1
Location and extent of barrier

e /A\\ |\\\
[ .~ S|
\ RN |;> )
~
D_/)\\\ \\V/J’l S
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~ J
-
~ —

SA0604 <1

A — Region to be [shielded by barrier. This consists of the entire component when it is not otherwise shielded and is to consist of the

unshielded portioh of a component that is partially shielded by the component enclosure or part that has been [determined to be
equivalent.

B — Projection of 'etthne-of-componentonhorizontatptane:

C — Inclined line that traces out minimum area of barrier. The line is always:
1) Tangent to the component,
2) Five (5) degrees from the vertical, and

3) Oriented so that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is that included inside the line of intersection traced out by the
inclined line C and the horizontal plane of the barrier.
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8.1.10 A component such as a switch, transformer, relay, solenoid, or similar components shall be
individually and completely enclosed unless it is determined that malfunction of the component does not
result in a fire, electric shock, or risk of injury to persons, or unless there are no openings in the bottom
of the enclosure. An opening in the bottom of the enclosure does not comply with the intent of this
requirement when it is located directly below field or factory-made splices or overload or overcurrent
protective devices.

8.2 Accessibility
8.2.1 To reduce the risk of unintentional contact of uninsulated live parts or film-coated wire that is

capable of involving a risk of electric shock or injury to persons, an opening in an enclosure shall comply
with either of the following items:

a) Fo’t an opening that has a minor dimension less than 1 inch (25.4 mm), such(|part or wire
shall mpot be contacted by the articulate probe illustrated in Figure 8.2 or

b) Fof an opening that has a minor dimension of 1 inch or more, such(@,part or wjre shall be
spaced from the opening as specified in Table 8.2.

See 8.2.3 for p definition of the minor dimension of an opening.



https://ulnorm.com/api/?name=UL 963 2016.pdf

20

SEALING, WRAPPING, AND MARKING EQUIPMENT - UL 963 FEBRUARY 26, 2016

Figure 7.2
Articulate probe with web stop
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Table 7.2
Minimum distance from an opening to a part that involves a risk of electric shock or injury to
persons
Minor dimension of opening, 2 Minimum distance from opening to part,
inches P (mm)P inches (mm)
1 (25.4) 6-1/2 (165)
1-1/4 (31.8) 7-1/2 (190)
1-1/2 (38.1) 12-1/2 (318)
1-7/8 (47.6) 15-1/2 (394)
2-1/8 (54.0) 17-1/2 (444)
6° (152.09 30 (762)
a See 8.2.3.
b Between 1 apd 2-1/8 inches, interpolation is to be used to determine a value between values specifigd\in thg table.
¢ More than 2-[L/8 inches, but not more than 6 inches (152 mm).

8.2.2 Unless
opening perm
any position
configuration;

btherwise specified, the probe illustrated in Figure 8.2 shall be applied to any
ts, and shall be rotated or angled before, during, and after insertion through
hat is required to examine the enclosure. The probe shall be applied in
and, when required, the configuration shall be changed after insertion throug

8.2.3 The mi

hemisphericalftip that is capable of being inserted through thetopening.

8.2.4 The pr
accessibility
shall be appli

be illustrated in Figure 8.2 shall be used’as a measuring instrument to
ovided by an opening, and not as an instrument to evaluate the strength o
d with the minimum force required, to:determine accessibility.

8.2.5 During the examination of the product.for compliance with the requirements in this

of the outer gnclosure that is capable of\being removed by the user without the use of
disregarded, that is, it is not to be assumed that the part in question affords protection agal
electric shock| A warning marking, sueb’ as that specified in 75.2, is not determined to elin
of electric shock.

8.2.6 A marking shall not draw the user’s attention to an opening in the enclosure for the
a component |or control when a 1/16 inch (1.6 mm) diameter rod is capable of contactin
uninsulated liye parts.

8.2.7 Moving |parts'shall be enclosed or guarded to reduce the risk of injury to persons.
protection required” of the enclosure depends upon the general construction and intend

depth that the
he opening to
any possible
n the opening.

nor dimension of an opening is the diameter aof)the largest cylindrical probe having a

evaluate the
f a material; it

section, a part
tools is to be
nst the risk of
hinate this risk

adjustment of
j insulation or

The degree of
ed use of the

product. The factors to be taken Into consideration In evaluating the acceptability of exposed moving parts

are:
a) The degree of exposure;
b) The sharpness of the moving parts;
¢) The risk of unintentional contact with the moving parts;

d) The speed of movement of those parts; and
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e) The risk of fingers, arms, or clothing being drawn into the moving parts, such as at points
where gears mesh, where belts travel onto a pulley, or where moving parts close in a pinching
or shearing action.

8.2.8 The door or cover of an enclosure shall be provided with a means for securing it in place in the
closed position. The door or cover of an enclosure shall be hinged or otherwise attached in a manner that
has been determined to be equivalent when it gives access to any overload protective device whose
functioning requires renewal, or when it is required to open the cover in connection with the operation of
the protective device. Such a door or cover shall be provided with a latch or device that has been
determined to be equivalent, and shall be tight-fitting or shall overlap the surface of the enclosure around

the opening.

accessible to
tools (those n
adjusted or psq

8.2.10 When

a) Th
requir

b) A
with a
in pla

8.2.11 The b
damage of th

8.2.12 A cord
on a wall shal
shall not be a

8.2.13 When
being remove
conducting an

8.2.14 An opé¢ning in_ avproduct provided for mounting shall be located or guarded so that

a) Dd

he user as possible. The component shall be readily accessible without the
bt available to other than service personnel) when it is intended to be manua

riodically serviced.

a product is intended primarily for use in public places, such as‘grocery stor

£ construction is such that special tools are required to gain access to comp
b inspection, replacement, cleaning, adjustment, or other-servicing and

loor or cover giving access to an overload protective device is not required t

hinge, latch, or part that has been determined-to be equivalent when the co

Le to perform its function.

Ib and capillary tube of a thermostat shall be protected from physical dama|
tube or bulb is capable of resultinggn*a risk of fire.

be constructed in such a manner that the mounting means (screws, bolts, an

ccessible without removing.the product from the wall.

determining compliance with 8.2.12, any part of the enclosure or barrier tha

examination.

es nopdisplace a part that creates a risk of fire or electric shock and

) shall be as
use of special
ly operated or

ps or theaters:

bnents that

o be provided
ver must be

ge when such

-connected product that is provided with slots, notches, or holes for mounting the product

I similar parts)

is capable of

H without the use” of*tools to gain access to the mounting means is to be refmoved prior to

A nail or hook:

b) Does not contact uninsulated live parts, magnet wire, internal wiring, moving parts, or other
parts that create a risk of fire or electric shock.

8.2.15 A enclosure or part relied upon for compliance with this standard, when fabricated from polymeric
materials, shall have clear traceability as to composition, ingredients, and processing for the fabricated
part to the extent that the composition, ingredients, or process impacts the compliance of the product.
Fabricated parts complying with the Standard for Polymeric Materials — Fabricated Parts, UL 746D meets
this requirement.
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8.3 External materials

8.3.1 Material such as steel, aluminum, glass, plastic, or other similar materials are not prohibited from
being used for the enclosure, guard, or cabinet of a unit. Glass shall be heat-resistant, tempered, wired,
or laminated.

8.3.2 Plastic materials used for part or all of an enclosure shall comply with the requirements in this
section and with the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL
746C. In applying the requirements in UL 746C, movable units having a mass less than 40 Ibs (18.1 kg)
shall be treated as portable equipment; other movable units shall be treated as stationary equipment.

8.3.3 Plastic materials used for a cabinet, a part of a cabinet, and for other external parts which do not
serve as an grelestreguard—orbarrershat-havea—mintmum—fame—ratrgof-HB—Smathexternal parts
that contributg a negligible amount of fuel to a fire are not required to be investigated.

rnal surface of combustible material having an exposed area greaterithan 10 square feet
single dimension larger than 6 feet (1.83 m) shall have a flame spread rating|of 200 or less
accordance with one of the following:

a) The Standard for Tests for Surface Burning Characteristics 6f Building Materials, UL 723, or

b) The requirements of the radiant panel flame spread testyin the Standard for Tests for
Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94.

8.3.5 The dimension limits specified in 8.3.4 refer to the exposed surface area of a sipgle unbroken
section. Wher] two sides of a single unbroken section ate.exposed, only the larger side is t¢ be evaluated
in computing the area.

8.3.6 Conducfive coatings applied to surfaces such as the inside surface of a cover or gnclosure shall
comply with the requirements for Metallized Parts described in the Standard for Polymeric Materials — Use
in Electrical Equipment Evaluations, UL 746€, unless it is determined that flaking or peeling| of the coating
is not capablg of resulting in the reduction of spacings or the bridging of live parts that|is capable of
presenting a rjsk of electric shock or. fire.

8.4 Internal njaterials

8.4.1 All compustible materials used within an enclosure shall have a minimum flame rgting of V-2 or
HF-2.

Exception No| 1:-The following materials may have a minimum flame rating of HB:

a) Electrical components within Class 2 circuits, other than printed-wiring boards employing
only Class 2 circuits;

b) Tubing for air or fluid systems and containers for powders; and

¢) The combustible material is completely enclosed within enclosure of portable attended
household equipment.

Exception No. 2: Foamed plastics are not prohibited from having a minimum flame rating of HBF.

Exception No. 3: The following materials are not required to have an established flame rating:
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a) Meter faces and cases (of the type required for mounting live parts) and indicator lamps and
lenses;

b) Components within a unit that has a volume of not more than 2 cubic feet (0.57 m®) when
they are totally enclosed in metal and have no ventilation openings;

¢) Components within a sealed unit containing an inert gas;

d) Integrated circuit packages, transistor packages, opto-isolator packages, capacitors, and
other parts of similar size when the parts are mounted on a material rated minimum V-1;

e) Components isolated from uninsulated electrical parts that involve a risk of fire by either:

f) Ge
fuel; &

9) Mg
electr

8.4.2 Barriers
and Operator-

8.5 Handles

8.5.1 A handl
Section 65.

8.6 Mounting

8.6.1 A suppq

Test, Section

1) Atleast 0.5 inch (12.7 mm) of air, or

2) A solid partition of material rated minimum V-1;

nd

Accessible Barriers, Section 67.

b or handles intended for lifting or carrying a unit shall comply with the Handle

means

rt bracket or hangeriof ‘a wall-mounted product shall comply with the Streng
G6.

ars, cams, belts, bearings, strain-relief bushings, and other partsthat contrib

tors, relays, capacitors, transformers, switches, insulating’ tubing or tape, an
cal components when they comply with the requireiients applicable to the ¢

used in an operator accessible area shall comply with the Tests for Guard

ite negligible

o other
bmponent.

5, Enclosures,

Strength Test,

h of Mounting



https://ulnorm.com/api/?name=UL 963 2016.pdf

FEBRUARY 26, 2016

SEALING, WRAPPING, AND MARKING EQUIPMENT - UL 963

25

8.7 Stability
8.7.1 A non-h

9 Assembly

and-held product shall comply with the Physical Stability Tests, Section 64.

9.1 A product, such as a sealing iron, that is intended to be placed on combustible material, or against
which combustible material is capable of being laid, shall be provided with a stand, guard, or both, of

noncombustib

le material upon which it shall be placed when not in use.

Exception: A stand or guard is not required for a product that complies with the surface temperature
requirements of 48.22.

9.2 Uninsulat

when such mgtion is capable of resulting in a reduction of spacings below the minimum va

in Table 17.2.

9.3 Friction &
parts. A tooth
turning of live

9.4 A product
Brush caps sH
loosening pre|
direction of ro

Exception: A
determined to

9.5 A switch,
prohibited fror

a) Th
toggle

b) Th

c) Th
rotate

bd live parts shall be secured so that they are prevented from turning or shifl

one between surfaces shall not be used as a means to prevent'shifting or
ed lock washer or similar device is not prohibited from being/used to prey
parts.

shall be assembled so that it is not adversely affected by the vibration of nor
all be tightly threaded or otherwise constructed to\prevent loosening. A rotati
Sents a risk of fire, electric shock, or injury towpersons shall be assemble
ation tends to tighten the means that hold the.rotating part in place.

keyed part, a press fit, a part locked in place with a pin, or a method
be equivalent is not prohibited from¢being used to hold a rotating part in pla

fuseholder, pilot-light, receptaclé, motor-attachment plug, or other similar corn
h rotating when all the following conditions are met:

e component is of a plunger or other type that does not tend to rotate when
switch is determinethto be subject to forces that tend to turn the switch,

P component mounting means is not subject to loosening as the result of op

spacings are not reduced below the values specified in Table 17.2 when th
and

E
SY

d) Th

ing in position
llues specified

turning of live
ent shifting or

mal operation.
ng part that by
d so that the

that has been
ce.
nponent is not

operated. A

Eration,

e component

tact by

£ operation of the component is by mechanical means rather than direct con

persons.
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10 Protection Against Corrosion

10.1 Except as noted in 10.2, iron and steel parts shall be protected against corrosion by enameling,
galvanizing, plating, or other means, when the deterioration of such unprotected parts results in a risk of
fire, electric shock, explosion, or injury to persons.

10.2 In equipment where the oxidation of steel is not accelerated due to the exposure of metal to air and
moisture or other oxidizing influence (thickness of metal and temperature also being factors) surfaces of
sheet steel within an enclosure are not be required to be protected against corrosion. A sheath used on
a heating element operating in air and terminal parts attached directly to the heating element are not
required to be protected against corrosion. Bearings, laminations, and minor parts of iron or steel, such

as washers and screws, that are not relied upon for grounding are not required to be protected.

11 Supply Cdq
11.1 Permang
11.1.1 Gener

11.1.1.1 Apr
for connectior

National Electfical Code, ANSI/NFPA 70.

11.1.1.2 Whe|
the terminal ¢
the Standard

11.1.1.3 Ate
located such
intended.

11.1.1.4 A teqminal compartment intended for the connection of a supply raceway shall be

product so thg

11.1.1.5 An ¢
compartment,

Exception: A

nnections

ently-connected products

pduct intended for permanent electrical connection to the power supply shall
of one of the wiring systems that are intended for the-product, in accord

h supply connections are intended to be made-directly to a motor provided
bmpartment on the motor shall comply with_the“requirements for terminal co
or Rotating Electrical Machines — GenerabRequirements, UL 1004-1.

minal box or compartment intended for' permanent connection to the power s
hat the connections are capable of\being readily inspected after the product

t it does not turn with regard to the product.

lectrical componént shall not be mounted on a part, such as the cover of a
that must be removed for the purpose of making or inspecting field-wiring cq

single eleCtrical device (switch, pilot light, etc.) is not prohibited from being

wiring comp

antm
a) T/]e component connecting leads are of such length that they are not capable

entcever as long as:

have provision
ance with the

vith a product,
mpartments in

upply shall be
is installed as

secured to the
iring-terminal

nnections.

mounted on a

bf being

moved aside and do not obstruct the making, and examination, of field-wiring connections;

b) None of the component connections are to be field wired;

c) Strain relief is provided to prevent stress of wire movement from being transmitted to the
component wiring terminations, and it complies with the Strain Relief Test, Section 62;

d) Th

e minimum size of the component leads is 18 AWG (0.82 mm?);
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e) Wiring terminations on the component are recessed or protected by barriers made from
insulating material or material that has been determined to be equivalent that provides
protection from either contact with wiring installed in the box or unintentional contact by persons
during installation or inspection of field wiring; and

f) The component is located in a Class 2 circuit.

11.1.2 Wiring

terminals

11.1.2.1 A product intended for permanent connection to the power supply shall be provided with wiring
terminals or leads for the connection of conductors having an ampere rating of not less than 125 percent
of the current rating of the product when the load is continuous (3 hours or more) and not less than the

current rating

£+l al + L o ] Ao it I Hat PN YS +
T UIC PJTouutcU vWiitTT it Tuau 1o tU T HITTILCTTTIC .

11.1.2.2 For the purpose of these requirements, wiring terminals are determined to be\terminals to which

power-supply
60°C (140°F)

a) A

b) An
Wire rated for
Exception: V|
with the Norm

indicate the w

11123 A w
securely fastq

prohibited from being employed at a wiring-terminal intended to accommodate a 10 AW({

smaller condu
to hold the wi

11.1.2.4 A wi
shoulders, by
other method
wiring terminal
turning or shif

11.1.2.5 A wi

pr control connections are made in the field when the product is installed. It ig
Wwire is to be used for connections to:

continuous-load type of appliance rated at 80 amperes or less and
intermittent-load type of appliance rated at 100 amperes-or less.
75°C (167°F) is assumed to be used with products rated in excess of these

hen temperatures at the points described in 74.9 exceed 60°C when tested
al Temperature Test, Section 48, the praedict shall be marked in accordand
re size and temperature rating that shall'be used for the supply connections

ring terminal shall be provided with a soldering lug or with a pressure-v
ned in place (i.e. bolted or héld by a screw) except that a wire-binding

ctor when upturned lugs-ot-parts that have been determined to be equivalen
e in position.

[ing terminal shall mot turn or shift in position. The use of two screws or riv
a dowel pin, lug, or offset, by a connecting strap or clip fitted into an adjacent
that has been~determined to be equivalent is not prohibited from being use
from turhing or shifting. Friction between surfaces shall not be used as a me

ing.

assumed that

values.

in accordance
e with 75.9 to

ire connector
screw is not
(5.3 mm?) or
t are provided

bts, by square
part, or some
i to prevent a
ans to prevent

e-binding screw at a wiring terminal shall not be smaller than No. 10.

Exception No. 1: A No. 8 screw is not prohibited from being used at a terminal intended only for the

connection of

a 14 AWG (2.1 mm?) or smaller conductor.

Exception No. 2: A No. 6 screw is not prohibited from being used for the connection of a 16 or 18 AWG
(1.3 or 0.82 mm?) control-circuit conductor.
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11.1.2.6 A terminal plate tapped for a wire-binding screw shall be of metal not less than 0.050 inch (1.3
mm) thick, except that a plate not less than 0.03 inch (0.8 mm) thick shall be used when the tapped
threads have reliable mechanical strength. Terminal plates that are not less than 0.03 inch thick shall
comply with the requirements of the Torque Test, Section 69. There shall be two or more full threads in
the metal, which is not prohibited from being extruded when required to provide the threads.

11.1.2.7 Upturned lugs or a cupped washer shall be capable of retaining a conductor under the washer
or the head of the screw.

11.1.2.8 A wire-binding screw shall not thread into surfaces other than metal.

11.1.2.9 A product intended for connection to a grounded power supply shall have one terminal or lead
identified for g : he-grotnded-cond ctor—ot-th ph—eieritas—fotoms:

a) The terminal shall be made of or plated with a metal white in color;

b) Th
shall

terminal shall have the word "white" or "neutral” located adjacentto the tefminal and
be readily distinguishable from the other terminals; or

c) Proper identification of that terminal shall be clearly shown if some other manner, such as
on a Wiring diagram provided with the product.

A lead shall be finished to show a white or gray color and shallbe distinguishable from tHe other leads.
11.1.2.10 The free length of a lead inside an outlet box or wiring compartment shall be 6 inghes (152 mm)
or more when|the lead is intended for field connection toan external circuit. However, a lejad that is less
than 6 incheslin length is not prohibited when it is evident that the use of a longer lead r¢sults in a risk
of fire or electric shock.

11.2 Cord-connected products

11.2.1 Generfl

11.2.1.1 A cqrd-connected product shall be provided with a power-supply cord for conpection to the
supply circuit.|The length of theé power-supply cord shall be as specified in Table 11.1. The power-supply
cord shall be|of a type specified in Table 11.2 and shall comply with the Standard for Cord Sets and
Power-Supply| Cords, UL<817.
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Table 11.1
Lengths of supply cord

Minimum length, 2 Maximum length, &
Type of product feet (m) feet (m)
Counter-top, bench-top, 2.0° (0.6%) 7.0 (2.1)
or table-top products
intended for household
use
All other products 6.0 (1.8) - -
2 Measured external to the product and including the fittings and excluding the blades of the attachment plug.
b See 74.11 when cord length is less than 4.5 feet (1.4 m).
Table 11.2
Types of cord and applicable limitations on their use
Type of product Cords where temperatures exceed Cords where-temperaturep are 121°C
121°C (250°F) on any surface that (250°%F) or less on any sprface that
the cord touches when the product the.cord touches when the product
is used as intended is used as intended
Household, infoor use only HPD, HPN, HSJ, or HSJO HPD, HPN, HSJ, HSJO, $P-2, SPE-2,
SPT-2, SV, SVO, SVE, SYOO, SVT,
SVTO, SJ, SJO, SJE, SJPO, SJT,
SJTO, SVTOO, or SJTO(
Commercial of industrial, indoor-use HSJ or HSJO HSJ, HSJO, SJ, SJE, SJQO, SJT, SJO,
only SJTO, SJTOO, S, SO, SH, SO0, ST,
STO, or STOO
Heat-sealing ifons HPD, HPN, HSJ, or HSJO HPD, HPN, HSJ, HSJO, §J, SJE, SJO,
SJOO, SJT, SJTO, or SJTOO

11.2.1.2 For & cord-connected appliance, thewrating (both current and voltage) of the cord @nd the fittings

shall be no les
of the attachni

Exception: T
1500 watts at
heater rated 4

11.2.1.3 Addi
outside the pr
shall not adve

s than that of the product..When the load is continuous (3 hours or more), the
ent plug shall be no lesS than 125 percent of the current rating of the produ

he use of a 15-ampere attachment plug is acceptable for a product rated at
120 volts, or 3000.watts at 240 volts, and a 20-ampere attachment plug is ac
t not more than-2000 watts at 120 volts or 4000 watts at 240 volts.

ional insulation, when used on a flexible cord, shall not extend more than 1/2
pduct-unless provided with additional mechanical protection, shall not fray g
rsely.affect the strain relief means.

current rating
Ct.

not more than

rceptable for a

inch (13 mm)
r unravel, and

11.2.1.4 When the power source for a product is electrically separable from the product, both the power
source and the product shall be marked in accordance with 74.14. The power source shall comply with
the applicable requirements for that power equipment.

11.2.1.5 The attachment plug of a product intended to be connected to a nominal 120-volt circuit, and
employing devices required to be connected to a specific supply conductor as specified in 24.5, 26.1,
26.2, 30.2, 31.3, 32.2, and 32.3 shall be a polarized type (2-blade polarized or 3-wire grounding). The
connections to the attachment plug shall be in accordance with Figure 11.1. The polarity identification of
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the supply cord shall be in accordance with Table 11.3. When a two-blade plug is used, the instruction
manual shall include the warning marking described in 76.3. When a three-wire grounding-type plug is

used, the product shall be marked

in accordance with 75.3.

Figure 10.1

Connections to attachment plugs

CONNECTIONS OF CORD CONDUCTORS TO GROUNDING - TYPE
ATTACHMENT PLUG (FACE OF PLUG REPRESENTED)

OUTER SURFACE ©
CONDUCTOR NOT INTENDED TO BE

CONDUCTOR WITH INSULATION HAVING A
GREEN OR GREEN AND YELLOW STRIPED

GROUNDED (UNIDENTIFIED CONDUCTOR)

2 |n the above illl
not prohibited.

b Signifies a cond

Pa

AB100

(IDENTIFIED CONDUCTOR)®

CONNECTIONS OF CORD CONDUCTORS TO POLARIZED
ATTACHMENT PLUG (FACE OF PLUG REPRESENTED)

CONDUCTOR NOT INTENDED TO BE

GROUNDED (UNIDENTIFIED CONDUCTORY),

CONDUCTOR INTENDED TO BE ‘GROUNDED

(IDENTIFIED CONDUCTOR)?

stration, a U-shape instead of a circular cross-sectionfor the blade to which the green conduct|

uctor identified in accordance with Table 11.3.

Table 11.3
|arity identification of flexible cords

¥ CONDUCTOR INTENDED TO BE GROUNDED

br is connected is

Combinations

a

Methofl of identification Wire intended to be grounded a All other wireg|
Color of braidp on individdal-conductors Solid white or gray, without tracer Solid color other than white or gray,
without tracey
Color other than white or gray, with Solid color other than white or gray,
tracer without tracef
Color of insulatieh-en-individual Solid-whiteor grayd Solid-color-otherthanwhite or gray
conductors

Light blue®

Solid color other than light blue, white,
or gray

Color of separators

White or gray®

Color other than white or gray

Other means

Tin or other white metal on all strands
of the conductors?
A stripe, ridge, or groove on the
exterior surface of the cordd

No tin or other white metal on the
strands of the conductors

¢ For jacketed cords.

a A wire finished to show a green color with or without one or more yellow stripes or tracers is to be used only as an
equipment-grounding conductor. See 18.8 and Figure 11.1.
b Only for cords, other than Types SP-2, SPT-2, or HPN, having no braid on any individual conductor.

Table 11.3 Continued on Next Page
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Table 11.3 Continued

Method of identification

Combinations

Wire intended to be grounded a | All other wires

a

d Only for Types SP-2, SPT-2, and HPN cords.

11.2.1.6 A product that is capable of being adapted for use on two or more different voltage ratings by
field alteration of internal connections shall be provided with an attachment plug that has been determined
to be capable for use at the voltage for which the product is connected when shipped from the factory.

The product s

hall be marked in accordance with 74.5.

11.2.1.7 Products that are mechanically connected to the surface on which they are mounted, and are

neither inten
maintenance

11.2.1.8 Attag
(flatiron) plugs
for single ang

between electrical equipment.

Exception: A
investigated i
required to co

11.2.1.9 Fem
used, to interr
type of load,

can be used t
with its mating

11.2.1.10 A g

Reels, UL 358.

11.2.2 Strain

11.2.2.1 A stifain relief means/shall be provided to restrict the transmission of mechanical

power-supply
Test, Section

11.2.2.2 Insu

tnd repair, are not determined to be cord-connected products.

hment plugs, appliance couplers, appliance inlets (motor attachment plugs),
, shall comply with the Standard for Attachment Plugs and Receptacles, UL 4
multipole connectors for use in data, signal, control and power applicatid

[tachment plugs and appliance couplers integral to cort sets or power supply|
1 accordance with the Standard for Cord Sets and. Bower Supply Cords, U
mply with UL 498.

hle devices (such as appliance couplers, and connectors) that are intended,
upt current in the end product, shall be suitably rated for current interruption

vhen evaluated with its mating plug oriconnector. For example, an appliang
D interrupt the current of a motor load;shall have a suitable horsepower ratin

plug.

ord reel shall comply with *Special use cord reel” requirements of the Star
relief
cord to terminals, splices, or internal wiring. The means shall comply with th

2.

ating,'bushings serving as strain relief shall comply with the Standard

personnel for

and appliance
D8. See 16.3.2
ns within and

cords that are
L 817 are not

br that may be
of the specific
e coupler that
g when tested

dard for Cord

stress from a

b Strain Relief

for Insulating

Bushings, UL

635. Tests specified in this standard (e.q. Strain Relief Test, Section 62) m4

ly still need to

be performed to confirm the combination of the insulating bushing and the supporting part are suitable.

11.2.2.3 When wood, pressboard, or other fibrous material is used to secure the strain-relief assembly,
the fibrous material shall be secured to the product by a pin, set-screw, or other positive means.
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11.2.2.4 Means shall be provided to restrict a power-supply cord from being pushed into a product
enclosure through the cord-entry hole when such displacement subjects the cord:

a) To

b) To

mechanical damage,

a temperature higher than that for which it is rated, or

¢) To a reduction in spacings, such as to a metal strain-relief clamp, below the minimum values

descri

bed in Table 17.2.

11.2.2.5 When a knot in a supply cord serves as strain relief, any surface with which the knot is capable
of coming into contact shall be free from projections, sharp edges, burrs, or fins that result in abrasion of

+lo P2 4
i CUTTUuULiuUT oO.

the insulation
11.2.2.6 A n
rubber-insulat
The auxiliary

11.2.2.7 A cl

etal strain-relief clamp or band used with Type SP-2, SPE-2, or (ighte
bd cord shall be provided with auxiliary insulation over the cord for,mechani
nsulation is not required for Type SV, SVE, SVO, or SVOO cord.

imp made of any material (metal or otherwise) is not requiredvto be used on

SVT, SVTO, ¢r SVTOO cord unless the combination has been investigated and found to

being used fo

11.2.2.8 A cle
on thermoplas
that the clamg

11.2.3 Bushir

11.2.3.1 Abu
a flexible corg
secured in pl3
bearing. The N
has been detg

11.2.3.2 Abu
HSJ is employ
capable of be

11.2.3.3 Ani

this application.

r general-use
cal protection.

Type SPT-2,
be capable of

mp without an elastic wrap or similar type of auxiliary insulation is not requied to be used

tic-insulated cord heavier than Type SPT-2, SVI,"SVTO, or SVTOO, unless it
is capable of damaging the cord insulation,

gs

shing, or part that has been determined to be equivalent, shall be provided at

passes through an opening in-a wall, barrier, or enclosing case. The bu
ice, and shall have a smooth;- well-rounded surface against which the cord
eat- and moisture-resistant\properties of the bushing material shall be such th
rmined to be capable of-being used for the particular application.

5hing shall be an(ingulating bushing when Type SP-2, SPT-2, or other cord lig
ed, when the wall or barrier is of metal, and when the construction is such t
ng subjected\to strain or motion.

insulating mar

the grommet

sulatedumetal grommet is capable of being used in place of an insulating bus
rial Used is not less than 1/32 inch (0.8 mm) thick, and completely fills the S
ndthe metal on which it is mounted.

is determined

a point where
hing shall be
is capable of
at the bushing

hter than Type
hat the cord is

hing when the
pace between

11.2.3.4 An opening in porcelain, phenolic, or other nonconducting material has been determined to be
equivalent to a bushing when it provides a smooth and well-rounded surface.

11.2.3.5 Ceramic materials and some molded compositions are permissible for use as insulating
bushings. However, a separate bushing made of wood, hot-molded shellac and tar compaosition, or rubber
material (other than in a motor) shall not be used. Vulcanized fiber is not prohibited from being employed
when the bushing is not less than 3/64 inch (1.2 mm) thick, and when it is so formed and secured in place
that it is not adversely affected by moist conditions.


https://ulnorm.com/api/?name=UL 963 2016.pdf

FEBRUARY 26, 2016 SEALING, WRAPPING, AND MARKING EQUIPMENT - UL 963 33

11.2.3.6 A separate soft-rubber, neoprene, or polyvinyl chloride bushing is not prohibited from being
employed in the frame of a motor or in the enclosure of a capacitor physically attached to a motor (and
not elsewhere in an appliance, except as indicated in 11.2.3.7) as long as:

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

b) The bushing is located so that it is not exposed to oil, grease, oily vapor, or other substance
that is capable of contributing to the deterioration of the material used for the bushing.

11.2.3.7 A bushing made of any of the materials specified in 11.2.3.6 is not prohibited from being used
at any point in a product when used in conjunction with a type of cord for which an insulating bushing is
not required, and when the edges of the hole in which the bushing is mounted are smooth and free from
burrs and fins

11.2.3.8 A bushing is not prohibited from being used at any point in a product as long,as:

a) Th harder-

Servic

e bushing is made of the same material as the insulation of a Type,-SP-2 or
e supply cord,

b) The part is molded integrally with a Type SP-2 or harder-sefvice supply cord, and
c) Th
wherg

b built-up section of the bushing is no less than 1/167inch (1.6 mm) thick at t
the cord passes through the enclosure.

he point

11.2.3.9 Insulating bushings shall comply with the Standard-for Insulating Bushings, UL 635.

11.3 DC inpu

11.3.1 A Veh
Standard for

11.3.2 A unit
Standard for

units

ehicle Battery Adapters, UL 2089.

employing an integral ,€igarette lighter connector assembly shall also co
ehicle Battery Adapters;-UL 2089.

12 Separation of Circuits

12.1 General

12.1.1 Insulaed and. uninsulated conductors of circuits operating at different potentials sh{

a) Pr

pvided with insulation that has been determined to be capable for use at the

cle Battery Adapter connected to~-DC input jack of the equipment, shall cq

mply with the

mply with the

ll be:

highest

potential involved,

b) Se

parated by a required barrier, or

c) Segregated by clamping, routing, or other means that has been determined to be equivalent
and permanent.
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12.1.2 A barrier used to provide separation between the wiring of different circuits shall be of metal or of
insulating material, of adequate mechanical strength when exposed or otherwise subjected to mechanical
damage, and reliably held in place. Unclosed openings in a barrier intended for the passage of conductors
shall be no larger than 1/4 inch (6.4 mm) in diameter and shall not exceed in number, on the basis of one
opening per conductor, the number of wires that are required to pass through the barrier. The closure for
any other opening shall present a smooth surface wherever an insulated wire is capable of coming into
contact with it, and the area of any such opening, with the closure removed, shall not be larger than
required for the passage of the required wires.

12.1.3 A metal barrier shall have a thickness at least as great as the minimum thickness of metal
enclosures described in Table 8.1 unless it complies with the requirements of 8.1.5. A barrier made of

12.2 Field witfing

12.2.1 When g compartment is intended for the field installation of conductors and-Containg provisions for
the connectiop of Class 2 and Class 3 circuit conductors, and either Class 1,) power, or [lighting circuit
conductors, thhe Class 2 or Class 3 conductors shall be separated from\Class 1, power, or lighting
conductors byl a barrier or a minimum through-air or over-surface spacing of 1/4 inch (6.4 mm).

12.2.2 Field-ipstalled conductors of any circuit shall be segregated\by barriers from:

a) Figld-installation and factory-installed conductors ¢onnected to any other circuit} unless the
condyctors of both circuits are or shall be insulated“for the maximum voltage of either circuit
and

b) Unfinsulated live parts of any other circuit of the product, and from any uninsulgted live parts
whoseg short-circuiting results in a risk of-fire or electric shock, except:

1) A construction in which-field-installed conductors are capable of making contact with
wiring terminals is not-prehibited from being used, as long as Type T, TF, jor conductors
that have been determined to be equivalent are or shall be installed and

2) A construction‘in which field-installed conductors that do have or are capable of
having insulation less than the types of wire specified in (b)(1) are capablg of making
contact with low-voltage wiring terminals (see 12.2.4) is not prohibited from being used,
as long\as the short-circuiting of such terminals does not result in a risk off fire or
electric/shock.

12.2.3 With r¢gard to 12.2.2(a), when the intended uses of a product are such that in some applications
a barrier is required, a removable barrier or one having opening for the passage of conductors is not
prohibited from being employed, when instructions for the use of the barrier are a permanent part of the
product. A complete set of instructions in conjunction with a wiring diagram, instead of a barrier, is not
prohibited from being provided with the product when, upon investigation, the combination is found to
comply with the requirements.
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12.2.4 Segregation of field-installation conductors from other field-installation conductors and from
uninsulated live parts of a product connected to different circuits is not prohibited from being accomplished
by arranging the location of the openings in the enclosure for the various conductors (with regard to
terminals or other uninsulated live parts) so that there is no risk of the intermingling of the conductors or
parts of different circuits. When the number of openings in the enclosure does not exceed the minimum
required for the proper wiring of the product, and when each opening is located opposite a set of
terminals, it is to be assumed (for the purpose of determining whether the product complies with the
requirement in 12.2.2) that the conductors entering each opening are to be connected to the terminals
opposite the opening. When more than the minimum number of openings are provided, the possibility of
conductors entering at points other than opposite the terminals to which they are intended to be connected
and contacting insulated conductors or uninsulated current-carrying parts connected to a different circuit
is to be investigated.

oduct is to be
be left in each
g this slack in

12.2.5 To determine whether the product complies with the requirement in 12.2.2, the\pn
wired as intenjded during service. During this process, a reasonable amount of slack(s to
conductor within the enclosure, and no more than average care is to be exercised, inistowin

the wiring co
13 Battery Ci

13.1 The ava
secondary cir

partment.
cuits

lable power from a battery at the point where the battery circuit is intercor
Cuit shall not exceed the power available from the™transformer supplying

circuit. This shall be accomplished by:

a) Usg

b) Ug
transf

Exception: T
from the trang

13.2 When a
in 13.1, the p|
comply with tH

ng batteries that are inherently limited in capability or

ng an overcurrent protective device in_the battery circuit of the same rating
Drmer circuit.

he power available from the balttéery circuit is not prohibited from exceeding
former circuit when this doestnot result in a risk of fire or electric shock.

battery circuit is provided-with overcurrent protection to limit the power availab
prtion of the battery\circuit located on the supply side of the overcurrent p
e requirements foryprimary circuit wire and spacings.

13.3 A comp

rtment contaihing either:

a) Vented rechargeable batteries that emit explosive gases under normal charging

nected with a

he secondary

hs that of the

that available

e as specified

rotection shall

conditions or

b) Cdmpletely sealed batteries which occasionally emit explosive gases under abformal

conditions

shall be ventilated to prevent the accumulation of an explosive atmosphere within the compartment.

13.4 A lithium ion (Li-On) single cell battery shall comply with the requirements for secondary lithium cells
in the Standard for Lithium Batteries, UL 1642.
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13.5 Rechargeable nickel cadmium (Ni-Cad) cells and battery packs shall comply with the applicable
construction and performance requirements of this Standard.

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

13.7 Primary batteries (non-rechargeable) that comply with the relevant UL standards and 7.4 are

considered to

fulfill the requirements of this Standard.

13.8 A Class 2 battery charger shall comply with the Standard for Class 2 Power Units, UL 1310.

14 Secondary

14.1 Secondd
is used as 4
current-carryin

14.2 A secon
Controls for A
Standard for A

ot 'S
TITCUtS

ry circuits are not prohibited from being connected to the frame of a utit. 'W|
current-carrying part, hinges or other movable parts shall naot be’ relig
g means.

fary circuit may be evaluated to the applicable requirements ‘efthe Standard
\ppliances, UL 244A, or the Standard for Industrial Control Equipment, U
utomatic Electrical Controls for Household and Similar Use, Part 1: General

hen the frame
d upon as a

for Solid-State
L 508 or the
Requirements,

UL 60730-1 and the Standard for Automatic Electrical Controls for,Household and Simildr Use; Part 2:

Particular Red
14.3 A Class

14.4 A Class
General Requ
Class 3 Trang

14.5 A circuit
be investigate
that are requi
electric shock

Exception No.
to persons, sl

Exception No

uirements for Temperature Sensing Controls, UL‘60730-2-9.
2 power supply shall comply with the Standardfor Class 2 Power Units, UL

2 transformer shall comply with the _Standard for Low Voltage Transforn
rements, UL 5085-1 and the Standard for Low Voltage Transformers — Part
formers, UL 5085-3.

d. However, printed-wiring-boards and insulated wire used in such circuits
fed for the application, and isolation from circuitry that is capable of prese
shall be investigated\when the circuit is accessible.

1: A component) the failure of which is capable of resulting in a risk of fire, §
all be judged.by the requirements for primary circuits.

1310.

ers — Part 1:
B: Class 2 and

with Class 2 performance characteristics (i.e. low-voltage circuit in 4.28) is Mot required to

shall be types
nting a risk of

hock, or injury

2: Allksafety circuits shall be evaluated by the requirements for primary circuyits.

14.6 With reg

ardto 14.5, circuits supplied from a power supply that is limited to the availab

le short-circuit

current by either a fixed impedance, a fuse, a non-adjustable manual-reset circuit-protective device, or a
regulating network, is not required to be investigated. A fuse or circuit-protective device used to limit
current shall be rated or set at not more than the values specified in Table 14.1.
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Table 14.1
Ratings for secondary fuse or circuit protector

Open-circuit volts (peak) Amperes
0-212 5.0
21.3-42.4 3.2

14.7 With regard to 14.5, the measurements to determine the maximum output voltage and maximum
output current of a Class 2 circuit are to be made in accordance with the requirements of the Standard for
Class 2 Power Units, UL 1310, or 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.

14.8 With refi
protective dey|
are limited sh

14.9 General
1: General Re
Purpose Tran

Exception: A
Use in Audio-
audio or vided

15 Current-Carrying Parts

15.1 All curre
the particular
steel) are not
and steel sha

a) Te
b) P&

c) Pal
used

brence to the requirements of this section, the complete transformer, the
ce, or the regulating network, and all wiring up to the point at which the\curre
bll be evaluated under the requirements in this standard or other standards,

purpose transformers shall comply with the Standard for Low Voltage Trans
quirements, UL 5085-1; and the Standard for Low VoltageJransformers — B
sformers, UL 5085-2.

transformer that complies with the Standard for Transformers and Motor Tr.
Radio-, and Television-Type Appliances, UL 141% and that is used in a circt
component, meets the intent of this requirement.

ht-carrying parts shall be made of metal that has been determined to be cap
hpplication. Current-carrying parts made of corrosion-resistant alloys (for exar
prohibited from being used regardless of temperature. Current-carrying parts
| not be used unless they aretrendered corrosion-resistant by a coating and

rminals and other parts of a motor and its controller (when applicable),
rts whose normal operating temperature is higher than 100°C (212°F), or

Fts of a component that have been investigated and determined to be capab
vith coated iron and steel parts.

fuse or circuit
nt and voltage
as applicable.

ormers — Part
art 2. General

ansformers for
it involving an

Able for use in
nple, stainless
5 made of iron
are used as:

e of being



https://ulnorm.com/api/?name=UL 963 2016.pdf

38

SEALING, WRAPPING, AND MARKING EQUIPMENT - UL 963 FE

BRUARY 26, 2016

16 Internal Wiring

16.1 General

16.1.1 The internal wiring of a product shall consist of wires of a size and type or types that have been
investigated and determined to be capable of being used for the particular application with regard to:

a) Th

b) Its

e temperature and voltage to which the wiring is to be subjected,;

exposure to oil or grease; and

c) Other conditions of service, such as flexing, to which it is to be subjected.

16.1.2 Therm
wire, fixture w
being used fo
moisture, inclu
a heating eler

16.1.3 Intern
Wiring Materia

Exception No
following:

a) Th
b) Th

c) Th
Wiring

Exception No,
and located i
not comply wi

pplastic-insulated wire used for the internal wiring of a product shall be, sta
re, or appliance-wiring material that has been investigated and determifned'to
[ the application. Type AF wire shall not be used in a product when, the wire
ding any condensation resulting from operation of the appliance ugless the pr
hent, and the wire is subjected to a temperature exceeding 80°CZ(176°F).

al wiring composed of insulated conductors shall complyxwith the Standard
l, UL 758.

1: Insulated conductors need not comply with\UL 758 if they comply w|

e Standard for Thermoset-Insulated Wires~and Cables, UL 44;
e Standard for Thermoplastic-Insulated Wires and Cables, UL 83;

e applicable UL standard(s) forather insulated conductor types specified in (
| Methods and Materials, of the National Electrical Code, ANSI/NFPA 70.

2: Insulated conductors*for specialty applications (e.g. data processing or co
a low-voltage circuit.not involving the risk of fire, electric shock or injury to
th UL 758.

ndard building
be capable of
is exposed to
bduct includes

for Appliance

ith one of the

Chapter 3,

mmunications)
persons need
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16.2 Protection of wiring

16.2.1 The wiring and connection between parts of a product shall be protected or enclosed. A length of
flexible cord is not prohibited from being used for external connections, or for internal connections that are
capable of being exposed during servicing, when flexibility of the wiring is essential. A bare conductor
shall not be used outside an enclosure.

16.2.2 Internal wiring which is exposed through an opening in the enclosure of a product is determined
to be protected if, when evaluated as film-coated wire, the wiring complies with the requirements of Frame
and Enclosure, Section 8. Even when it is capable of being touched with the applicable probe illustrated
in Figure 8.2, internal wiring is not prohibited from being used within an enclosure when it is protected or
guarded such that it is not capable of being grasped or hooked.

16.2.3 Wiring| located in proximity to combustible material or that is capable of beiag subjected to
mechanical damage shall be armored cable or in rigid metal conduit, electrical metallic| tubing, metal
raceway, or shall otherwise be protected.

16.2.4 All wirjng shall be located or protected to prevent damage to the conductor insulgtion resulting
from contact With any rough, sharp, or moving part.

16.2.5 An opgening in a sheet-metal panel within the overall enclosure of a product, fhrough which
insulated wirgs pass, shall be provided with a smooth, well-roinded bushing or shall [have smooth,
well-rounded $urfaces upon which the wires rest, so as not to abrade the insulation. A flexjble cord used
for external interconnection as specified in 16.2.1 shall be provided with a strain relief and bushings in
accordance wjith the requirements for cord-connected products described in 11.2.1.1 — 11.2.3.8, unless
the constructipn is such that the cord is protected from\stfess or motion.

16.3 Splices

16.3.1 All splices and connections shall be‘mechanically secure and shall provide religble electrical
contact. A solflered connection shall be magde mechanically secure before being soldered Wwhen breaking
or loosening qf the connection is capabte of resulting in a risk of fire or electric shock.

16.3.2 Wire-binding screws and. nuts shall be prevented from becoming loosened dueg to excessive
vibration withip a product. The (use of lock washers or similar parts are not prohibited from(being used to
prevent such loosening.

16.3.3 Insulated or unifisulated aluminum conductors used as internal wiring, such gs for internal
connection befween‘current-carrying parts or as motor windings, shall be terminated by a method that has
been determined-to be reliable for the combination of metals involved at the point of conngction.

16.3.4 With reference to 16.3.3, a wire-binding screw or a pressure-wire connector used as a terminating
device shall be investigated and determined to be reliable for use with aluminum under conditions to which
they are capable of being exposed, such as temperature, heat cycling, or vibration.

16.3.5 A splice shall be provided with insulation that has been determined to be equivalent to that of the
wires involved when permanence of spacing between the splice and other metal parts of the product is
not reliably maintained.
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16.3.6 Insulation consisting of two layers of friction tape, two layers of thermoplastic tape, or one layer of
friction tape on top of one layer of rubber tape, is not prohibited from being used on a splice when the
voltage involved is not more than 250 volts. In determining whether splice insulation consisting of coated
fabric, thermoplastic, or other type of tubing is capable of being used, consideration is to be given to such
factors as its dielectric properties and heat-resistant and moisture-resistant characteristics. Thermoplastic
tape wrapped over a sharp edge shall not be used.

16.3.7 Where stranded internal wiring is connected to a wire-binding screw, loose strands of wire shall
not contact any other uninsulated live part that is not always of the same polarity as the wire, and shall
not contact any dead metal part. This shall be accomplished by the use of pressure terminal connectors,

soldering lugs, crimped eyelets, soldering all strands of the wire together, or other reliable means.

16.3.8 Quick-
conductor ma
be rated for t
instructions of]

16.3.9 Quick-

conductors, having nominal widths of 2.8, 3.2, 4.8, 5.2, and 6.3 mm (0.110, 0:425, 0.187, 0.2

inch), intende
the appliance

Exception: (
insertion-withd

16.3.10 Wire
16.3.11 Splic
16.3.12 Singl
between elec
conductors, d

Component C

16.3.13 Multi;
utilization eqy

Insulated Mulfi-Pole Splicing: Wire Connectors , UL 2459.

erial (copper or aIumlnum) and the number of conductors termlnated If insul
e voltage and temperature of the intended use. They shall be applied per
the wire connector manufacturer.

connect terminals, both connectors and tabs, for use with one oridwo 22 — 1(

| for internal wiring connections in appliances, or for the field termination of
shall comply with the Standard for Electrical Quick-Connéect Terminals, UL J

ther sizes of quick-connect terminals shall be investigated with respect to
rawal, temperature rise, and all tests shall be ecenducted in accordance with

connectors shall comply with the Standard\for Wire Connectors, UL 486A-4§
ng wire connectors shall comply withzthe Standard for Splicing Wire Connect
b and multipole connectors for uSe in data, signal, control and power applicati
rical equipment, and that are intended for factory assembly to copper o
r for factory assembly-~to-printed wiring boards, shall comply with the

pnnectors for Use in Data, Signal, Control and Power Applications, UL 1977

pole splicing wiré ‘connectors that are intended to facilitate the connection
ipment to the ‘branch-circuit conductors of buildings shall comply with the

16.3.14 Equi
conductors, s
Copper Cond

1

ment wiring terminals for use with all alloys of copper, aluminum, or copper-
all.<comply with the Standard for Equipment Wiring Terminals for Use with Aly
Ctors, UL 486E.

or stranded),
ted, they shall
he installation

AWG copper
05, and 0.250
conductors to
10.

crimp pull out,
UL 310.

6B.
ors, UL 486C.
bns within and

copper alloy
Standard for

of hard-wired
Standard for

tlad aluminum
minum and/or

16.3.15 Terminal blocks shall comply with the Standard for Terminal Blocks, UL 1059, and, if applicable,
be suitably rated for field wiring.

Exception: A fabricated part performing the function of a terminal block need not comply with UL 1059
if the part complies with the requirements of:

a) Current-Carrying Parts, Section 15;

b) Spacings, Section 17; and

¢) Electrical Insulation, Section 20.
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This exception does not apply to protective conductor terminal blocks.

17 Spacings

17.1 Line-voltage circuits

17.1.1 General

17.1.1.1 The spacings in a product shall be in accordance with Tables 17.1 and 17.2. The spacings
specified in Tables 17.1 and 17.2 do not apply to the inherent spacings of a component; such spacings
are evaluated under the requirements for the component.

Talkl 124

TAVIC L7 .1

Minimum spacings at field-wiring terminals

Potential involved, Through-air, Over-surface,

Parts involved volts inch (mm) ineh (mm)
Between live pafts of 0 - 250 1/4 (6.4) 3/8 (9.5)
opposite polarity and 251 — 600 3/8 (9.5) 1/22 (12.72)
between a live dart and a
dead-metal part) other
than the enclosyre, which
is capable of belng
grounded betwepn a live
part and the endlosure
Between a live part and 0 - 600 1/2 (12.7) 1/2 (12.7)
the enclosure

NOTES

1 These spacing
evaluated using

2 These spacing

Table 17.2.

s apply to the sum of the spacings, involved where an isolated dead part is interposed.

s do not apply to connecting straps or bussés-extending away from wiring terminals. Such spagings are to be

a A spacing of n
wiring compartn

bt less than 3/8 inch (9.5 mm), through-air and over-surface, is capable of being used at wiring
lent or terminal box when the ‘cofmpartment or box is integral with a motor.

terminals in a

Table 17.2
Minimum dpacings through-air or over-surface at other than field-wiring terminals or insjde
motors
Partg involved Potential involved, volts Inch mm)
Between uninsplated live metal 0 - 250 1/162b (1.62b)
parts of oppositevpolarity; and el eon 1 6.4)

between a rigidly mounted
uninsulated live metal part and a
dead-metal part that is either
exposed for persons to contact or is
capable of being grounded

NOTE — When an uninsulated live part is not rigidly supported, or when a movable dead-metal part is in proximity to an
uninsulated live part, the construction shall be such that at least the minimum spacing of 1/16 inch (1.6 mm) is maintained
under all operating conditions and under all normal conditions of handling.

held in place o

n a motor coil.

a Enamel-insulated wire is determined to be an uninsulated live part. However, a spacing of not less than 3/32 inch (2.4 mm)
(over-surface and through-air) is not prohibited between a dead-metal part and enamel-insulated wire rigidly supported and

b A spacing of 1/16 inch (1.6 mm) is permissible at the heating element only, in a heater rated for 300 volts or less.
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17.1.1.2 As an alternative to the spacing requirements of Tables 17.1 and 17.2, as appropriate, the
spacing requirements in the Standard for Insulation Coordination Including Clearances and Creepage
Distances for Electrical Equipment, UL 840, are not prohibited from being used. The spacing requirements
of UL 840 shall not be used for wiring terminals and spacings to dead-metal parts.

17.1.1.3 The spacings within a motor shall comply with the requirements in the Standard for Rotating
Electrical Machines — General Requirements, UL 1004-1.

17.1.1.4 At closed-in points only, such as the screw-and-washer construction of an insulated terminal
mounted in metal, a spacing of 3/64 inch (1.2 mm) is not prohibited from being provided in a product rated
at 250 volts or less. Within a thermostat, except at contacts, the spacings between uninsulated live parts
on opposite sides of the contacts shall be not less than 1/32 inch (ﬂ 8 mm) throu |gh_:\ir and-3/64 inch over
the surface of insulating material, and the construction is to be such that the spacings-gre maintained
permanently.

17.1.1.5 On grinted-wiring boards having a flammability classification of V-0 and.constructgd from a base
material having a minimum Comparative Tracking Index (CTI) rating of 100 ‘volts, spacings (other than
spacings to grpund, between primary and secondary circuits, or located in safety circuits) arg not specified
between tracgs of different potential connected in the same circuit when:;

a) The spacing provided between traces withstands the appropriate Dielectric Volfage-
Withstand Test, Section 49, or

b) Nd risk of fire or electric shock results from short:€ircuiting the spacings betwegn traces as
speciffed in the abnormal operation test for printed’ wiring boards described in 59.3.1.

17.1.1.6 A printed wiring board with spacings between opposite polarity circuits (other tharn a low-voltage
circuit) less than those required in Table 17.2 is.acceptable provided that the spacings:

a) Cdmply with the spacing requiréments in the Standard for Solid-State Controls [for
Applignces, UL 244A. Compliance“with the Standard for Automatic Electrical Contiols for
Housg¢hold and Similar Use, Part 1: General Requirements, UL 60730-1, and/or the applicable
Part 4 standard from the WL 60730 series fulfills these requirements; or

b) Cdmply with the $pacing requirements in Standard for Insulation Coordination Ipcluding
Clear@nces and Creepage Distances for Electrical Equipment, UL 840. The spacing
requirements of UL 840 shall not be used for field wiring terminals and spacings tg a dead
metal[enclosure.

17.1.1.7 Whepconducting evaluations in accordance with the requirements in the Standardl for Insulation
Coordination Tncluding Clearances and Creepage Distances for Electrical Equipment, UL 840, the
following guidelines shall be used:

a) The applicable Overvoltage Category per Table 33.1;
b) The applicable Material Group per Table 33.2;

c) The pollution degree shall be Pollution Degree 2. See Table 33.3;
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d) Any printed-wiring board which complies with the requirements in the Standard for Printed-
Wiring Boards, UL 796, shall be determined to provide a Comparative Tracking Index (CTI) of
100, and when it further complies with the requirements for Direct Support in UL 796 then it
shall be determined to provide a CTI of 175.

17.1.1.8 In order to apply Clearance B (controlled overvoltage) clearances, control of overvoltage shall be
achieved by providing an overvoltage device or system as an integral part of the product. This voltage
limiting device or system shall comply with the requirements of the Standard for Surge Protective Devices,

UL 1449.

17.1.2 Barriers

17.1.2.1 An i

comply with tH
be located in
arcing, excep
conjunction wi
an insulating 1
been determir

17.1.2.2 A b3

mechanical alpuse during assembly and operation of the product.

17.2 Low-volt

17.2.1 In a ci

opposite polafity and between such parts and dead metal that is capable of being grounds

not specified.
Exception: T|
18 Grounding

18.1 A perma
is rated over ]

Exception: H
Equipment, U,

lod: L L H <l £ £l HEo | raatarial al L
oulatty nricT Ul vartict 1miautc  UT 1ToTcT Ut olfrimmdar  THattriar uotu vwiTttTT o

e intent of 17.1.1.1 shall be no less than 1/32 inch (0.8 mm) thick. The linefr
b position within the product, or made of a material that is not capable ©f, bei
that fiber not less than 1/64 inch (0.4 mm) thick is not prohibited \from
th an air spacing of not less than 50 percent of the spacing requiréd-for air al
haterial having a thickness less than specified is not prohibited fram being us

ed to be equivalent in appropriate properties.

rrier of mica shall be minimum 0.010 inch (0.25 mm)“thick unless it is

age circuits

Fcuit determined to be a low-voltage circuit~the spacing between uninsulate

he spacings in any safety circuitshall comply with the requirements for line-v

nently-connected praduct shall have provision for grounding. A cord-connectg
50 volts or that iS stationary shall have provision for grounding.

roducts that.comply with the Standard for Double Insulation Systems for Us
| 1097, shall not be provided with additional grounding means. Also see 74.

18.2 The gro

product by me¢ans of a screw that is not to be removed during any servicing operation no|

nding-conductor of a power-supply cord shall be secured to the frame or er

acings do not
Dr barrier shall
ng affected by
being used in
bne. However,
bd when it has

rotected from

d live parts of

d in service is

pltage circuits.

d product that

e in Electrical
[7.

closure of the
t involving the

power-supply cord, or by other methods that have been determined to be equivalent. Solder alone shall
not be used for securing the grounding conductor. Servicing as specified in this paragraph includes repair
of the product by qualified service personnel.

18.3 The grounding conductor of a cord-connected product shall be connected to the grounding terminal
of an attachment plug. The grounding terminal shall be fixed.
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18.4 A separable connection, such as that provided by an attachment plug and a mating connector or
receptacle, shall be such that the equipment-grounding connection is made before connection to and
broken after disconnection from the supply conductors.

Exception: This requirement does not apply to interlocked plugs, receptacles, and connectors that are
not energized when the equipment-grounding connection is made or broken.

18.5 When a product is provided with means for separate connection to more than one power supply,
each separate connection shall be provided with a means for grounding.

18.6 A terminal provided solely for the connection of an equipment-grounding conductor shall be capable
of securing a conductor of the size required for the application. A connection device that depends on

solder alone S

18.7 A wire|
equipment-grd
servicing of th

18.8 The surf
one or more

18.9 A wire-b
green-colored
of such a co
"Grounding,”

pressure wire
of the product

I + Lo acl £ ' +ho PTET +. P2 H Al 4
Al Tt v JTuUvIUT U TUT CUTITTITULTTY T TYUUTPTTITTIUTTYTUUTIiuITTy  CUTTUuCiuUT.

-binding screw or pressure-wire connector intended for the (Conn
unding conductor shall be located so that it is not capable of being-removed
e product.

ace of the insulation of a grounding conductor shall be greenand provided
ellow stripes. No other lead shall be so identified.

head that is hexagonal, slotted, or both. A pressute wire connector intended
nductor shall be plainly identified, such as by-being marked "G,” "GR,"
br by a marking on a wiring diagram provided~on the product. The wire-bin
connector shall be located so that it is pet‘eapable of being removed during

18.10 Permamently-connected products shall be-provided with instructions in accordance

18.11 A termi
securing a cd
Electrical Cod

19 Heating E
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Table 19.1.
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nductor of the size required for the particular product, in accordance with the National

at specified in
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Table 19.1
Heating element ratings

Nominal voltage of circuit Minimum rating of heating elements, volts
120 110
208 208
240 220
277 277
480 430
Greater than 480 Rating of circuit

19.2 A heatin

requirements

19.3 In determining whether a heating element is supported as described in 19.2, €onsidg

given to sagq
heating.

19.4 A heatin

19.5 A produ

controlled so that the element is capable of being operated only while under the cooling effe

A product in w
or controlled 9

19.6 Sheathe
1030 or the S

19.7 Thermis
Devices, UL ]

19.8 Insulat
Material, UL

19.9 A flexibl
Heating Pads

%
58.

n 19.3.

ing, loosening, and other adverse conditions of the element reSulting frg

g element shall be protected against mechanical damage and contact with o
Lt in which the heating element is constructed for us€wonly in an air blast sh

hich the cooling effect of the motion of a part isrequired to limit temperatures
o that the element is not capable of being operated without such motion.

0 type heating elements shall comply with the Standard for Sheathed Heating
andard for Electric Heating Appliances;»UL 499.

or-type heaters (e.g. PTC heaters) shall comply with the Standard for THh
434,

heating wire shall comply with the requirements of the Standard for Ap

e heating deviee-shall comply with applicable requirements in the Standal
UL 130.

element shall be supported in a manner that has been investigated and complies with the

ration is to be

m continuous

Litside objects.

hll be wired or
ct of the blast.

shall be wired

Elements, UL

ermistor-Type

bliance Wiring

rd for Electric


https://ulnorm.com/api/?name=UL 963 2016.pdf

46 SEALING, WRAPPING, AND MARKING EQUIPMENT - UL 963 FEBRUARY 26, 2016

20 Electrical Insulation
20.1 General

20.1.1 Insulating washers and bushings that are integral parts of a product and bases or supports for the
mounting of current-carrying parts shall be of a moisture-resistant material that is not capable of being
damaged by the temperatures to which they are intended to be subjected under conditions of actual use.
Molded parts shall be constructed so that they have the mechanical strength and rigidity required to
withstand the stresses of actual service.

20.1.2 Insulating material used in a product is to be evaluated with regard to its acceptability for its
particular application. Material for mounting an uninsulated live part shall be porcelain, phenolic

+lo wma-atarial—tkhat 1= Aatarnaiaad o L PTRTTUPN PN S W i | H
rULunicetT mrateTiar it 11ido JTTTT UTielimmricu v UTvarcrit. vuiearita

fiber is not

composition,
prohibited frg
vulcanized fib
some molded
capable of bg
determined to
when employ
protected so
moisture.

20.1.3 When
intended app
insulation res
other features
of actual serv

20.1.4 Therm
of uninsulated|
to have the re
dielectric-voltd
Materials — U

20.1.5 Inthe
be so tight as
shall be slight|

20.1.6 The rg
unless the ing

ne—eq
m being used for insulating bushings, washers, separators, and ba¥fie
br shall not be used as the sole support for uninsulated live parts. Matérials,
compounds, and certain refractory materials have been investigated ang
ing used as the sole support of live parts. Some other matefials that h
be capable for general use, such as magnesium oxide, are not prohibited frg
bd in conjunction with other less hygroscopic insulating matetials, or whe
that they are not subject to mechanical damage and are Tesistant to the

t is required to investigate a material to determinéavhether it is capable of be
ication, consideration is to be given to its mechanical strength, dielect
stance, heat-resistant qualities, the degree_to.which it is enclosed or prote
having a bearing on the risk of fire or elegtric shock involved, in conjunction
ce. All of these factors are evaluated with regard to thermal aging.

pplastic material is not usually detexmined to be capable of being used for th
live parts. However, such matefial is not prohibited from being employed wh
uired mechanical strength and rigidity, resistance to heat, resistance to flam
ge withstand, and other-appropriate properties as indicated in the Standard
e in Electrical Equipment’Evaluations, UL 746C.

mounting or supporting of small, fragile insulating parts, screws or other faste
y loose.

quirements for supplemental insulation (e.g. tape, sleeving or tubing) are
ulation or device is required to fulfill the requirements of Protection of wiring

rs. However,
such as mica,
| found to be
ave not been
m being used
n located and
absorption of

ing used in its
ic properties,
cted, and any
vith conditions

e sole support
en determined
b propagation,
for Polymeric

nings shall not

to result in cracking or breaking of these parts with expansion and contractipn. Such parts

not specified
, Section 16.2

or a performa

hcerequirement of this standard. In such cases:

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;

¢) Tubing shall comply with the Standard for Extruded Insulating Tubing, UL 224.
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20.2 Film-coated wire (magnet wire)

20.2.1 The component requirements for film-coated wire and Class 105 (A) insulation systems are not
specified.

20.2.2 Film coated wire in intimate combination with one or more insulators, incorporated with an
insulation system rated Class 120 (E) or higher, shall comply with the magnet wire requirements in the
Standard for Systems of Insulating Materials — General, UL 1446 and shall have a suitable temperature

class.

21 Thermal Insulation

21.1 Thermal

such that it is

21.2 Thermal
material used

used for the t¢mperature to which it is capable of being subjected.
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ble or electrically conductive thermalinsulation shall not make contact with u
Huct.

shall not be used as thermal insulation when it is in contact with uninsulated
Conditioning Test, Seetion 52.

hinsulated live

form of slag.
ive parts. See
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22 Motors

22.1 Construction

22.1.1 A motor shall comply with the requirements in the Standard for Rotating Electrical Machines —

General Requ

Exception:

irements, UL 1004-1.

personal injury in accordance with the applicable requirements of this Standard.

Motors located in a low voltage circuit (See 4.28) are evaluated for the risk of fire and

22.1.2 A motor shall be investigated and found to be capable of being used for the particular application.
The motor shall be capable of handling its maximum intended load without risk of fire, electric shock, or

injury to persq

22.1.3 A mot
workmanlike

absorption of
be provided w

22.1.4 Abrug
of performing
necessary to

a) Ac

b) Liy

10,

br winding shall resist the absorption of moisture and shall be formed.@nd a
manner. However, film-coated wire is not required to be additionally tre
moisture. Fiber slot liners, cloth coil wrap, and similar moisture-abserptive m
ith impregnation or otherwise treated to resist moisture absorption.

h-holder assembly shall be constructed so that when a brushis worn out (no |
ts function), the brush, spring, and other parts of the assembly will be retaineg
educe the likelihood of:

cessible dead-metal parts becoming energized-and

e parts becoming accessible.

22.1.5 With rg¢ference to the requirement in 22.1.4;the parts of a brush holder assembly 3

to be accepta

a) Th
brush
no co

b) Th
free tq
and th

c) Ot

Dly retained if:

£ motor is enclosed, independently of the appliance enclosure, to the degree
spring, or other parts of-the assembly will be contained within the motor en
hductive parts of the moter enclosure are accessible.

e appliance has §pacings such that parts of the brush holder assembly whic
move will not\become live and accessible, nor bridge live parts to accessib
e motor eneglosure is not accessible; or

ner constructions equivalent to (a) or (b).

ssembled in a
ated to resist
aterials are to

pnger capable
to the degree

ire considered

that the
closure, and

h can become
e metal parts,
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22.2 Overload protection

22.2.1 Except as noted in 22.2.2 — 22.2.8, a motor shall be provided with overload protection that

complies with

one of the following:

a) Thermal protection (both running-overload and locked-rotor) complying with the requirements
in the Standard for Overheating Protection for Motors, UL 2111 or with the Standard for
Thermally Protected Motors, UL 1004-3.

b) Impedance protection complying with the Standard for Impedance Protected Motors, UL
1004-2, when tested as used in the application.

c) A g
overh
Prote
when
safety
Electr
Evalu

d) Se
in acg

22.2.2 Motors
22.2.1:

a) Md

b) Md

c) Md

such @s steppermotors.

H H H Y S-S 4 P2 H 4 £ +lo + + + VRS
CTHonTy Lirvunt tiat oTTVE o tU UToLUTITITULU PUVWTT TTUTTT UTC TTTULTUT TU JTULT UL TL Ay

pating using the temperature criteria in UL 2111 or with the Standard for,The
ted Motors, UL 1004-3. This sensing circuit shall be the one used to_shut dq
it does not perform its intended function. The sensing circuit is to be evaluat]
circuit and shall be investigated with motor combination complying,with the
bnically Protected Motors, UL 1004-7, or the requirements in theZRequireme
btion of Electronic Circuits, Supplement SA.

ordance with Secondary circuit motors, 59.2.

indicated below are not required to comply with the overload protection

tors that are supplied by Class 2 circuits.
tors rated less than 1 horsepower-and:
1) Which are manually stafted,
2) Where the operator-is in attendance during the entire operating cycle,
3) Where malfunction of the motor is evident.

tors which,<by~their intrinsic operation, normally operate under locked-rotor G

22.2.3 Runnirrg overload protection is not required for the following constructions:

jainst

rmally

wn the motor
ed as a
Standard for
hts for the

condary circuit motors rated less than 100 volts or less than 200 volt-amperégs and tested

equirement in

and

onditions,

a) A motor that is used for air-handling only when the blower or fan impeller is coupled directly

to the

motor shaft or

b) A shaded-pole motor with a 2:1 or smaller ratio between locked-rotor and no-load currents

and a

1 ampere or smaller difference between no-load and locked-rotor currents.
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22.2.4 An overload-protective device that complies with the National Electrical Code (NEC), ANSI/NFPA
70, is determined to comply with 22.2.1. This overload-protective device shall be responsive to motor
current and rated or set as specified in Column A of Table 430-72(b) of the NEC. When the rating of the
motor-running overload protection determined in accordance with the foregoing does notcorrespond to a
standard size or rating of a fuse, nonadjustable circuit breaker, thermal cutout, thermal relay, or heating
element of a thermal-trip motor switch, the next higher size, rating, or setting is not prohibited from being
used, and shall not be more than that specified in Column B of Table 430-72(b) of the NEC. For a
multi-speed motor, each winding connection is to be evaluated separately.

22.2.5 The functioning of an overload protective device, whether or not such a device is required, shall
not result in a risk of fire, electric shock, or injury to persons. Overload devices used for running overload
protection, other than those that are inherent in a motor, shall be located in each ungrounded conductor
of a supply syster:

22.2.6 Motor-pverload protection in which contacts control a relay coil in a motor starter shall comply with
the requirements of 22.2.1.

22.2.7 Fuseg used in motor-overload-protective devices shall be configured so that| the motor is
investigated with the largest size of fuse that is capable of being inserted,in the fuseholder unless the
product is mafked in accordance with 75.6.

22.2.8 When |a motor is constructed so that only a portion of its winding is energized during any portion
of the start or|run cycle, the overcurrent (overload) protection fér'the motor shall also be gffective during
those parts of|the cycle.

22.3 Insulation systems
22.3.1 Class JA insulation systems shall consist of>a' combination of magnet wire and major component
insulation materials evaluated and found to operate as intended in its end use. Thermoset|materials and

materials in Table 22.1 at the thicknesses specified are permitted to be used without furthgr evaluation.

Table 22.1
Primary Class A insulating materials and minimum thicknesses

Material Minimum thickness
Inch (mm)
Vulcanized fiber 0.028 (0.71)
Polyethylene terpphthalate=film 0.007 (0.018)
Cambric 0.028 (0.71)
Treated cloth 0.028 (0.71)
Electrical grade paper 0.028 (0.71)
Mica 0.006 (0.15)
Aramid paper 0.010 (0.25)

22.3.2 For Class A insulation systems employing other materials or thinner materials than those indicated
in Table 22.1 or a combination of materials, the materials, whether polymeric or not polymeric (treated
cloth, for example), shall comply with the requirements in 22.3.3.
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22.3.3 A polymeric material employed in a Class 105 (A) insulation system that isolates the windings from
dead metal parts shall be:

a) Un

b) Po

filled or glass-reinforced nylon;

lycarbonate;

c) Polybutylene terephthalate;

d) Po

e) Ph

lyethylene terephthalate;

enolic; or

f) Acd

and shall hav
Leads shall bg

Exception: (
requirements

22.3.4 Materi
comply with th

22.3.5 All ing|
specified in th

23 Capacitorg

23.1 A motor

An electromdgnetic interference filter with- an integral enclosure complying with the

Electromagne

23.2 When a

an appliance that is intended t@ bé automatically or remotely controlled so that malfunction

of the capaci
protection shg

tal

b a relative or generic thermal index for electrical properties of 105°C (221
e rated 90°C (194°F) minimum.

ther polymeric materials used in a Class 105 (A) insulatior\system shall c(
for thermal aging in Section 70.4.

bls used in an insulation system that operates ahove Class 105 (A) temp
e Standard for Systems of Insulating Materials —General, UL 1446.

Llation systems employing integral ground _insulation shall comply with the
e Standard for Systems of Insulating Materials — General, UL 1446.

or power-factor correction capagitor shall comply with the Standard for Capa
ic Interference Filters, UL\1283.
capacitor that is nofia part of a capacitor motor or a capacitor-start motor ig

or results in a_risk of fire, electric shock, or injury to persons, thermal
Il be providedih the appliance to prevent such a condition.

23.3 Capaci
Standard for

t
Capacitors fi

ixed €apacitors for Use in Electronic Equipment — Part 14: Sectional Spec

°F) minimum.

bmply with the

eratures shall

requirements

citors, UL 810.

Standard for

connected in
or breakdown
Dr overcurrent

rs, connected line-to-line or line-to-ground, shall comply with the requir¢gments in the

fication: Fixed

Electromagnetic Interference Suppression and Connection to the Supq

ly Mains, UL

60384-14. A capacitor connected from one side of the line to the frame or enclosure of an appliance shall

have a capaci

tance rating of not more than 0.10 pF.

23.4 A product that is intended to be controlled by or operated in conjunction with a capacitor or a
capacitor/transformer unit shall be supplied with such a capacitor or capacitor/transformer capacitor unit.
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23.5 Under both normal and abnormal conditions of use, a capacitor using a dielectric medium more
combustible than askarel shall not result in a risk of electric shock or fire and shall be protected against
expulsion of the dielectric medium.

24 Overcurrent Protection

24.1 Each bus bar and insulated wire, including those in heater, motor, and control circuits, in a product
rated at more than 40 amperes shall be protected by an overcurrent protective device provided as a part
of the product. When the product is intended for connection to more than one branch circuit, each section
of the product intended for connection to a different branch circuit is to be evaluated individually in
applying the foregoing requirement. The rating of the overcurrent protective device shall be in accordance
with Table 24.1.

Table 24.1
Maximum protective device ratings

Conductor protected within the product, AWG

Type of conductor Copper Aluminum Current rating of largest
acceptable overcurrent
protective devic¢, amperes

18 - 14 12 50

12 & 60

- 10 80

Vires 10 8 90
8 6 125

6 4 175

4 3 200

Copper Low enough to limjt the current

density in the bushar to 3000
Alinch? (4.650 A/mim?) of busbar
cross-section
ars, solid Electrical-conductor (EC) grade of aluminum Low enough to limjt the current
(conductivity is 61 percent) density in the bushar to 2000
Alinch? (3.100 A/mm?) of busbar
cross-section
Aluminum having a conductivity of 55 percent of Low enough to limjt the current
International Annealed Copper Standard (IACS) density in the bushar to 1776
Alinch? (2.753 A/mim?) of busbar
cross-section

Bu

%)

24.2 The reqlrirement in 24.1 does not apply to a conductor that:

a) Is not longer than 10 feet (3.05 m),

b) Is completely within the enclosure of the product,

c) Terminates at its load end in one or more overcurrent protective devices, and

d) Has an ampere rating according to the 60°C (140°F) tables in the National Electrical Code,

ANSI/NFPA 70, not less than 80 percent of the combined ratings of the one or more
overcurrent protective devices supplied by the conductor.
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24.3 The rating of the branch-circuit overcurrent protective device shall be 150 percent of the rating of the
product unless the product is marked to specify the use of a protective device having a lower rating.
Standard ampere ratings for overcurrent protective devices are 15, 20, 25, 30, 35, 40, 45, 50, 60, 70,80,
90, 100, 110, 125, 150, 175, and 200 amps. When 150 percent of the rating of the product does not equal
one of the standard overcurrent-protective-device ratings specified above, the next lower rating or setting
of overcurrent protective device shall be employed.

24.4 The overcurrent protection shall be of a type intended for branch-circuit protection such as a Class
CC, G, H, J, K, R, or T cartridge fuse or a Type S plug fuse. A plug-fuseholder shall be of Type S
construction or shall be of the Edison-base type with a factory-installed nonremovable adapter of Type S
construction.

ice, other than
nection to an

O O cl OV 10

bntrol, shall be electrically connected to a terminal or lead intended for, €0
pbnductor of the supply circuit.

24.5 In a prog
an auxiliary ¢

ungrounded ¢

nts shall have
and shall be

24.6 A produgt rated more than 48 amperes and that uses resistance-type heating eleme

the heating €
protected by §

Exception N9
appliances sh

Exception No,
exceeding 50

24.7 With refg¢rence to 24.6, the overcurrent protective devices shall be provided either as g

of the product
for use with th

24.8 An over

load it control$

24.9 When th
the product fe
electric heatin
or leads, the
protection.

Exception: A

lements subdivided. Each subdivided load shall not exceed 48 amperes
n overcurrent protective device rated no greater than 60 anips«

1: Open coil or exposed sheathed-coil types of surface elements in cg
Al be protected by overcurrent protective devices rated no greater than 50 a

2: Infrared lamp commercial and industrial appliances shall have overcurrent
amps.

or shall be provided by the manufacturer as a separate assembly for indepen
e product and marked in accordance with 74.15.

oad or thermal-protective dgviece shall have a current and voltage rating not

p.

e current rating of a ‘product is more than 40 amps, and there are subdivided
ding two or moré power-consuming components, such as motors, motor-con
g elements, connected in parallel with each other across any pair of main-su
conductors..0f  each terminal circuit of the product shall be provided wif

dditiohal overcurrent protection is not required as a part of the product for the

the subdivided ‘eircuits described below:

mmercial-type
Imps.

protection not

n integral part
dent mounting

less than the

circuits within
trol circuits, or
pply terminals
h overcurrent

conductors of

a) For each separate motor or heating-element circuit supplied by insulated conductors having
an ampere rating at least one-third that of the protective device in the branch circuit to which
the appliance is to be connected.

b) For each separate motor-control circuit supplied by insulated conductors having an ampere
rating at least one-fifth that of the protective device in the branch circuit to which the appliance
is to be connected.
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24.10 A protective device that requires resetting or replacement after it opens shall be readily accessible.

Exception: The protective device is not required to be readily accessible when:

a) The product, with the protective device shunted out of the circuit, complies with all applicable
requirements in this standard and

b) The presence of the protective device is unknown to the user of the product because of its
location and the omission of reference to the device in the operating instructions or circuit
diagrams for the appliance.

24.11 A protective device shall be wholly inaccessible from outside the product without opening a door or

cover.

Exception: T
protector, and

24.12 A fuseh
shell or clips i

Exception: T
the user of tf
operating inst

24.13 The sc
of a fuseholdg

24.14 A moto
circuits and
accordance W

he operating handle of a circuit breaker, the operating button of a mantally ¢
similar parts are not prohibited from protruding outside of the productienclos

perable motor
bure.

older shall be constructed and installed so that an uninsulated live)part other than the screw

5 not exposed to contact by persons removing or replacing, fuses.

his requirement does not apply when the presence of the protective device
e appliance because of its location and the omisSion of reference to the
uctions or circuit diagrams for the appliance.

ew shell of a plug-type fuseholder shall be connected toward the load. A remd
r in a household product shall not be aceessible from the outside of the prog

I or transformer in a product rated atgnore than 16 amperes shall be protecte
jrounding by an overcurrent pretective device having a maximum am
ith the National Electrical Code, ANSI/NFPA 70. Such overcurrent prote

provided as @ part of the product unless-it is determined that equivalent overcurrent

incorporated 4

been investigated and determined ta be capable of being used for branch-circuit protection.

24.15 Overcu
circuit breaker
circuit indeper
to a branch ci

s the branch-circuit protective device. The overcurrent protection shall be of 3

rrent protection forya product rated 20 amperes or less shall be provided k
or fuse as a part of a product for each general-use receptacle circuit, and ea
dent of a heating element included in the product, unless the product is prop
cuit rated\at-20 amperes or less. The overcurrent protection shall be of a type

investigated and determined to be capable of being used for branch-circuit protection.

24.16 Fuses

:

is unknown to
device in the

vable end cap
uct.

against short
ere rating in
ction shall be
protection is
L type that has

y means of a
ch lampholder
erly connected
that has been

uirements, UL

shall comply with the Standard for Low-Voltage Fuses — Part 1. General Req

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

24.17 Fuseholders shall comply with the Standard for Fuseholders — Part 1: General Requirements, UL
4248-1, and the applicable Part 2 (e.g. the Standard for Fuseholders — Part 9: Class K, UL 4248-9).
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24.18 When provided, circuit breakers shall comply with the Standard for Molded-Case Circuit Breakers,
Molded-Case Switches and Circuit-Breaker Enclosures, UL 489.

Exception: Circuit breakers used in telecommunications circuitry that comply with the Standard for Circuit
Breakers For Use in Communications Equipment, UL 489A need not comply with UL 489.

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

24.20 Supplementary protectors shall comply with the Standard for Supplementary Protectors for Use in

Electrical Equi

pment, UL 1077.

25 Temperatyre-Controts

25.1 A tempsq
operation sha

a) Th

b) Th
Gene

c) Th
Partic

See 32.8.
Exception: T]
limits of the Ni

Operation Tes

25.2 A temp¢g
shall comply |

a) Th
b) Th

c) Th
Gene

brature-regulating control used to regulate the temperature of a heater
| comply with:

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

E Standard for Automatic Electrical Controls for Household and Similar Use,
al Requirements, UL 60730-1; and

b Standard for Automatic Electrical Controls for Household and Similar Use;
Lilar Requirements for Temperature Sensing Cantrols, UL 60730-2-9.

his requirement does not apply to prodtcts that do not attain temperatures ir}
prmal Temperature Test, Section 48, when the control is short-circuited during
t, Section 59.

rature-limiting control used\to limit the temperature of a heater during abno
vith:

e Standard for Témperature-Indicating and -Regulating Equipment, UL 873,
P Standard«for Limit Controls, UL 353;

b Standard for Automatic Electrical Controls for Household and Similar Use,
al Reguirements, UL 60730-1; and

juring normal

pr

Part 1:

Part 2:

excess of the
the Abnormal

mal operation

Part 1:

d) The Standard for Automatic Electrical Controls for Household and Similar Use; Part 2:

Particu

lar Requirements for Temperature Sensing Controls, UL 60730-2-9.

e) The circuits requirements in the Requirements for the Evaluation of Electronic Circuits,
Supplement SA.

See 32.11.

Exception:

defeated during the Abnormal Operation Test, Section 59.

This requirement does not apply to products that do not result in a fire when the control is
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25.3 Thermal cutoffs shall comply with the requirements in the Standard for Thermal-Links —
Requirements and Application Guide, UL 60691.

25.4 A thermal cutoff shall be reliably secured in place. A field-replaceable thermal cutoff shall be used
only in a commercial or industrial product. The thermal cutoff shall be located so that it is accessible for
replacement without damaging other connections or internal wiring. The product shall be marked in
accordance with 75.2.

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

Part 1:
trols for
5ing Controls,

a) The Standa

rd for Automatic Electrical Controls for Household and Similar Use,

hold and Similar Use, Part 2: Particular Requirements for Temperature Senj
730-2-9 with Annex J; or

b) The Standard for Thermistor-Type Devices, UL 1434.

25.6 Temperature-regulating control and temperature-limiting control shall\cemply with thg
of the Overlogd test described in 60.1 and the Endurance test described in 60.2.

requirements

26 Receptaclgs

26.1 A 15-am
permanently \
of the ground
metal that is t

26.2 A gene
grounded su
otherwise ma

26.3 Each cir
more than 20
circuit to whi

overcurrent protection provided shall be of the time-delay type.

26.4 The facq

a) Be

r
;Iply conductor shall be connected to the terminal that is substantially wh
ked to indicate that it is intehded for connection to the grounded supply conductor.

p or 20-amp general-use receptacle in a product provided with a means fo
ired product or a cord-connected product with-a grounding conductor in the
ng type. The grounding contact of the recéptacle shall be electrically conn
b be grounded when the product is in use:

I-use receptacle rated for use on ainominal 120-volt circuit shall be of a polan

Cuit having a receptacle intended for general use shall have overcurrent protg
amperes provided.as. a part of the product when the overcurrent protection
h the product i$ t0 be connected exceeds the current rating for the reg

of a receptacle shall:

flush with or project beyond a nonconductive surrounding surface or

r grounding (a
cord) shall be
ected to dead

ized type. The
te in color or

ction rated no
of the branch
eptacles. The

b) Project at least 0.015 inch (0.38 mm) beyond a conductive surrounding surface.

26.5 Attachment plug receptacles shall comply with the Standard for Attachment Plugs and Receptacles,

UL 498.
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27 Adhesives

27.1 An adhesive that is relied upon to reduce a risk of fire, electric shock, or injury to persons shall
comply with the requirements for adhesives in the Standard for Polymeric Materials — Use in Electrical
Equipment Evaluations, UL 746C.

27.2 An adhesive that is relied upon to secure a conductive part shall comply with the requirements for
adhesives in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C,

so that, when

loosened or dislodged, it is capable of:

ergizing an accessible dead metal part,

a) En
b) Mat
c) Re
d) Sh
The possibility
a part on the
installed.
28 Air Filters

28.1 Air filterq
Units, UL 900

Exception: T
external to th
closed systent
outside the er

29 Printed-W
29.1 A printe
secondary cir
contact with u
Standard for H

Exception: A

H L 'S el
I’\IIIU a1ve PO.IL ALLLT OOTUIC,
ducing spacings below the minimum values described in Table 17.2, of
ort-circuiting live parts.

of these occurrences is to be evaluated with regard to bath\a’part inside th
outside of the device that is capable of affecting equipment in which the d

for use in cooling systems shall comply withthe requirements in the Standa
or shall be constructed of materials with@minimum flame rating of V-2 or |

his requirement does not apply to_ @ir filters in closed systems and to air
o enclosure and constructed of materials with a minimum flame rating of
is defined as that which, althodgh not required to be air-tight, is not intende
closure.

ring Boards

-wiring board used*in a primary circuit, in a non-low-voltage secondary ci
Luit where separation of the bond between the conductor and the base mat
hinsulated parts that represent a risk of electric shock or a risk of fire, shall ¢
Printed-Wiring Boards, UL 796 with a flammability rating of V-1 or better.

printed-wiring board in a Class 2 non-safety circuit is not required to cg

bonding requ

e device, and
evice is to be

d for Air Filter
HF-2.

filters located
HB or HBF. A
0 to be vented

cuit, and in a
erial results in
bmply with the

mply with the

rements in the Standard for Printed-Wiring Boards, UL 796 if the board is S

eparated 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.

29.2 With reference to 29.1, the printed-wiring board shall be capable of being used for its intended
application with regard to flammability rating, operating temperatures, direct support of live parts, and
soldering times.
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29.3 Circuit components mounted on a printed-wiring board to form a printed-wiring assembly shall be
secured so that the assembly is not capable of being displaced by any force exerted on it which is capable
of resulting in a risk of fire, electric shock, injury to persons, or electrical energy at high current levels
during assembly of the unit, during intended operation, or during operator or other servicing.

29.4 Consideration is to be given to the mechanical protection and electrical insulation provided to the
printed-wiring board by a partition.

29.5 A printed-wiring board containing circuitry in a line-connected circuit or a safety circuit shall comply
with the direct-support requirements for insulating materials in the Standard for Polymeric Materials — Use

in Electrical E

29.6 Unless gthermt

insulating mat]
746C.

30 Lamphold

30.1 A lamph
winding of a n

30.2 The scre
equipped with
be connected

30.3 A lampt
screw-shell a

prohibited frof being exposed to contact when,.irv,order to remove or replace a lamp, it

dismantle the
75.2.

30.4 A mediy
element rated
is not prohibit

30.5 A femald

alloy and shall be plated\with nickel or oxidation-resistant metal that has been detg

equivalent.

30.6 Lampho
Lampholders,

quipment Evaluation, UL 746C.

rials in the Standard for Polymeric Materials — Use in Electrical Equipmenti

Er'S

plder for a low-voltage lamp, such as a 6-volt lamp, shall not.bé tapped acrc
notor when the motor is rated for more than 230 volts.

w-shell of an Edison-base lampholder in a permanently-connected product ¢
a polarized attachment plug shall be connected fe the terminal or lead that
to the grounded conductor of the power-supply.cCircuit.

older shall be constructed and installednso that uninsulated live parts g
e not exposed to contact by persons, removing or replacing lamps. Live

product by means of tools. In this case, the product shall also be marked in ag
m-base lampholder or seréw-shell receptacle shall not be used as a holde
at more than 6 amperes-or 660 watts, except that a screw-shell with a left-

bd from being used with a heating element rated at not more than 10 amps.

screw-shell used as a holder for a heating element shall be of copper or of

ders and indicating lamps integral with lampholders shall comply with thg
UL496.

rat specified for

Fvaluation, UL

ss a part of a

rin a product
is intended to

ther than the
parts are not
is required to
cordance with

for a heating
handed thread

h copper-base
rmined to be

Standard for
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31 Switches

31.1 A switch or other control device provided as a part of a product shall be of a type intended for the
particular application and shall have a current and voltage rating not less than that of the circuit (load) that
it controls. All switches shall be of an indicating type. A switch shall be located or protected so that it is
not capable of being subjected to mechanical damage during use.

31.2 With reference to the requirement in 31.1, the current rating of a switch that controls an inductive
load other than a motor, such as a transformer or an electric-discharge-lamp ballast, shall be not less than
twice the rated full-load current of the transformer or ballast, unless the switch has been investigated and
found to be capable of being used for the application.

vith—a marked "off”
n ungrounded

VO O v o0

31.3 In a progtd 1 - e v
position shall joe electrically connected to a terminal or lead intended for connection to(a

conductor of the supply circuit.

31.4 A manual motor-control switch or motor control shall be provided in a corfdseonnected product that
uses a motor fated more than 1/3 horsepower (250 watts output).

Exception: hen the switch is not accessible and the product is marked in accordance With 74.19, the
manual motortcontrol switch or motor control is not required to be provided.

31.5 A switchion a cord-connected product incorporating a heating element construction shall be of such
a type and connected so that it disconnects the element or elements that it controls from jall conductors
of the supply gircuit. This requirement applies to a switch_inthe off position or any other sgtting in which
the element i4 not heated.
Exception: e switch need not disconnect the .open-wire heating element from all condugtors if:

a) The construction is such that thesgpen-wire element cannot be made to contacf user
accedsible metal under normal conditions;

b) Inlthe event of a breakage“of the element, no part of the open-wire element is gble to
contagt user accessible metal parts; and
c) The open-wire element is secured in place by reliable means.
31.6 A switchj or othef\device controlling one or more elements of a product intended for permanent
connection to [the power supply shall be arranged so that the opening of the switch disconfgects all of the

ungrounded donductors of the supply circuit, unless there are no live parts exposed tq unintentional
contact when [the switch is open or unless the fact that such parts are live is definitely appprent.

31.7 A switch or other means of control intended to provide for the use of a limited number of elements
at one time shall be so located or of such a type that the user is not capable of changing the connections
to energize more elements than intended.
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31.8 A switch controlling a lampholder is to have been previously evaluated for use with tungsten-filament

lamps.

31.9 A switch shall not be incorporated in a handle made of wood or other combustible material unless
the device is enclosed in metal or insulating material.

31.10 Manually operated snap-switches shall comply with one of the following, as applicable:

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

b) Standard for General-Use Snap Switches, UL 20; or

Exception:
(e.g. transfer
to another co

31.11 A cloc
gear-train, by
arrangements

a) Th
Gene
Houss
60730

b) Th

31.12 A timef
separable cor
6000 cycles d
following:

a) Th
Gene
Housé
60730

b) Th

witching devices that comply with the appropriate UL standard for special
switch equipment), industrial use (e.g. contactors, relays, auxiliary devices),
nponent (e.g. switched lampholder) need not comply with this requirement.

-operated switch, in which the switching contacts are actuated by a clo
electrically-wound spring motors, by electric clockstype motors, or
shall comply with one of the following:

e Standard for Automatic Electrical Controls for Household and Similar Use;
al Requirements, UL 60730-1 and the Standard\for Automatic Electrical Con
hold and Similar Use; Part 2: Particular Reguirements for Timers and Time
-2-7 or

e Standard for Clock-Operated Switehes, UL 917.

or time switch, incorporating electronic timing circuits or switching circuits,
tacts, shall comply with thexrequirements for an operating control with Typ
f operation, or as a manual” control for 5000 cycles of operation, in accorg

e Standard for Attomatic Electrical Controls for Household and Similar Use;
al Requiremenits) UL 60730-1 and the Standard for Automatic Electrical Con
hold and Similar Use; Part 2: Particular Requirements for Timers and Time

-2-7; or,

e Standard for Solid-State Controls for Appliances, UL 244A.

y applications
or are integral

Ck-work, by a
Dy equivalent

Part 1:
trols for
Switches, UL

vith or without
e 1 action for
ance with the

Part 1:
trols for
Switches, UL
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32 Controls and Control Circuits
32.1 A control circuit shall comply with the requirements in Separation of Circuits, Section 12.

32.2 The operation of an auxiliary control device in a product shall disconnect the element or elements
that it controls from all ungrounded conductors of the supply circuit, unless it is determined that live parts
are not exposed to unintentional contact when the device is open, or unless it is readily apparent that such
parts are live.

32.3 A device intended to reduce the risk of fire or electric shock shall be operative whenever the product
is connected to its power supply. Except for the inherent thermal protector of a motor, the control of a
product intended to be permanently connected electrically and that is provided with exposed live parts

1™

shall disconng
The operation
comply with th

32.4 The terr
product in sud

32.5 A contro
as a means o

32.6 A contd
manufacturer
addition, the g

32.7 Auxiliary

and the paranpeters in Controls — End Product TestParameters, Section 33 unless otherwi

this standard.

32.8 Operatin
standard reqy
Product Test

32.9 Electron
where deviati
as loss of an

of the followin

a) Th
and th

ol lona 4 1 to it +. laf U dacl PA| 4 £ 4
CLUUTC TITTITCTIU UT TITTITITTIO TU CUTTUUTO TTUTTT Al UTTyruurniutTu CUTTUULIUT o UT UNTe

of such a control shall comply with the requirements in 32.2. A controlled
e endurance requirement for a limiting control when it is a part of the limiting

ninals of a device specified in 32.3 shall either be further encloSed or locg
h a manner as to prevent unintentional short-circuiting and damage.

device shall not be constructed to deliberately overload the branch-circuit prg
disconnecting the product from the supply.

ctor or similar device required for use with a\dimit control shall be prg
roduct shall be marked in accordance with 74:15.
controls shall be evaluated in accordance with the applicable requirements 0
See 32.14.
g (regulating) controls shall\be evaluated in accordance with the applical
irements specified in 25:1>and 25.2, if applicable, and the parameters in G
Parameters, Section 33, unless otherwise specified in this standard. See 32.
¢ operating contfols that rely upon software for the normal operation of th

n or drift of thé_control may result in a risk of fire, electric shock, or injury to
DFF controleara speed control unexpectedly changing its output, etc., shall ca

0.

e Standard for Tests for Safety-Related Controls Employing Solid-State Devi

supply circuit.
ontactor shall
control circuit.

ted within the

tective device

vided by the

of the product. However, the device is not required to be mounted on the product. In

f this standard
e specified in

le component
ontrols — End
14,

e end product

persons, such
mply with one

ces, UL 991,

eStandard for Software in Programmable Components, UL 1998; or

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

See 33.4.
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32.10 If a single malfunction or breakdown of an electronic component, located in electronic operating
control, results in increased risk of injury to persons, such as a loss of OFF control or unexpected
operation, this control shall comply with one of the following:

a) The Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991;

or

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

See 33.4.

32.11 Protectg

standard requ
Product Test

32.12 Electro
comply with o

a) Th
or

b) Th

Gene

H11.1
See 33.4.

32.13 Electro
one of the foll

a) Th
and th

b) Th
Gene

See 33.4.

32.14 An eled
not increase t

irements specified in 25.1 and 25.2 and if applicable, the parameters in
Parameters, Section 33, unless otherwise specified in this standard.

nic protective controls that do not rely upon software as a protective co
ne of the following:

P Standard for Tests for Safety-Related Controls Employing Solid-State Devi
e Standard for Automatic Electrical Controls for Household and Similar Use;

al Requirements, UL 60730-1, except the Conttals Using Software requirem
2.

nic protective controls that rely upen’software as a protective component sha
bwing:

e Standard for Tests for,Safety-Related Controls Employing Solid-State Devi
e Standard for Software-in Programmable Components, UL 1998; or

e Standard for AGtomatic Electrical Controls for Household and Similar Use;
al Requiremenits) UL 60730-1.

tronicauxiliary or operating control (e.g. a non-protective control), the failure
heuisk of fire, electric shock, or injury to persons, need only be subjected to

le component
ontrols — End

mponent shall

ces, UL 991

Part 1:

bnts, Clause

|l comply with

ces, UL 991

Part 1:

bf which would
the applicable

requirements of this standard.

32.15 Any control or circuit function whereby a loss/malfunction of its functionality would represent an
unacceptable risk of fire, electric shock, or casualty hazards would be considered a Safety Critical
Function. See Safety Critical Functions, Section 5 for the most common Safety Critical Functions
anticipated by this standard. An electronic circuit that complies with the Requirements for the Evaluation
of Electronic Circuits, Supplement SA is considered to fulfill the requirements of a control.
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33 Controls — End Product Test Parameters

33.1 General

33.1.1 Spacings of controls shall comply with the electrical spacing, or clearances and clearance distance
requirements of the applicable control standard as determined in Spacings, Section 17.

33.1.2 Where reference is made to declared deviation and drift, this indicates the manufacturer's

declaration of

the control’s tolerance before and after certain conditioning tests.

33.2 Auxiliary controls

33.2.1 Auxili

33.2.2 Auxilig

Exception: A
considered to

33.3 Electron
33.3.1 The fo
of an operatin
and Similar U
a) Cd
b) un
for 6,

condi

c) Ing
Testin

d) Fo
e) Fo
f) For

33.3.2 The fo

+. 1 Lall U Y ) ol | £ 1 oot L [ £ | N
_y CUTIUUTS oTfTAIT TTUL T UUU LT A TToN UT TITUUTC OTTUCUK, TITC, UT pCIOUI QAT |||ju|_y
ry controls shall comply with the requirements of this standard.

n auxiliary control that complies with a component standard(s) spéeified in 24
fulfill this requirement.

c operating controls (regulating controls)

lowing test parameters shall be among the items cansidered when judging th
g control investigated using the Standard for Autematic Electrical Controls
e, Part 1: General Requirements, UL 60730-1:

ntrol action Types 1 or 2;

less otherwise specified in this standard, manual and automatic controls sha
00 cycles with under maximum netmal load conditions, and 50 cycles undef

ions;

tallation Class 2 per the-Standard for Electromagnetic compatibility (EMC) —
g and measurement techniques — Surge immunity test, IEC 61000-4-5;

I the applicable ©vervoltage Category, see Table 33.1;
I the applicable” Material Group, see Table 33.2;
the applicable Pollution Degree, see Table 33.3.

lowing test parameters shall be among the items considered when judging th

b.1 and 25.2 is

e acceptability
for Household

Il be tested
overload

Part 4-5:

e acceptability

of an operating control investigated using other than the Standard for Automatic Electrical Controls for
Household and Similar Use, Part 1. General Requirements, UL 60730-1:

a) Control action Types 1 or 2;

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) For the applicable Overvoltage Category, see Table 33.1;

d) For the applicable Material Group, see Table 33.2;
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e) For the applicable Pollution Degree, see Table 33.3.

Overvoltage categories

Table 33.1

Appliance

Overvoltage category

Intended for fixed wiring connection
Portable and stationary cord-connected
Control located in low-voltage circuit

NOTE — Applicable to low-voltage circuits if a short circuit between the parts involved may result in operation of the controlled

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

Takl 2.9

TAVIC JJ. o

Material group

CT

PLC value of insulating materials

Material group

CTI = 600 (PLC = 0)
400 < CTI < 600 (PLC = 1)
75 < CTI < 400 (PLC = 2 or 3)
100 < CTI < 175 (PLC = 4)

|

I
llla
1llb

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

Table 33.3
Pollution degrees

Appliance control microenvironment

Pollution degree

No pollution or gnly dry, nonconductive pollution. The pollutiaf
has no influencq. Typically hermetically sealed or encapsufated
control without dontaminating influences, or printed wiring
boards with a prptective coating can achieve this degree.

Normally, only npnconductive pollution. However,‘\a-temporary
conductivity cauped by condensation may be expected.
Typically indoor fppliances for use in household or commercial

clean environmgnts achieve this degrees

Conductive polldtion, or dry, nonconductive pollution that
becomes condugtive due to condensation that is expected.
Typically controlp located nearand ‘may be adversely affected
by motors with draphite or graphite composite brushes, or

outdoor use appjiances achieve this degree.
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33.4 Electron

ic protective controls (limiting controls)

33.4.1 An electronic control that performs a protective function shall comply with the applicable
requirements in Temperature Controls, Section 25 and Controls and Control Circuits, Section 32, while
tested using the parameters in this Section. Examples of protective controls are:

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

b) A safety interlock function to de-energize a motor etc.;

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

d) Ot
perso

Exception: A
shock, or inju

33.4.2 The following test parameters shall be among the items considefed when ddg

acceptability ¢
Controls for H

a) Fal
b) Po
(18°F
Temp
c) Su
d) Ele

e) Elé

f) Ra

faoit Lalc £ 'H HY dadl t Al +h ol £ ol facs L le £
ICT oAlTly UT TITTIN TUTTLCUUTTITIICTTUT U TU TCUULT UITC TIoN UT TITUUTG OTTULR, TITT,

NS.

1 electronic protective control, the failure of which would not increase the risk
[y to persons, is not required to comply the requirements in this Section.

ousehold and Similar Use, Part 1: General Requirements; UL 60730-1:
lure-Mode and Effect Analysis (FMEA) or equivalent’Risk Analysis method;
wer Supply Voltage Dips, Variation and Interruptions within a temperature r
and the maximum ambient temperaturesdetermined by conducting the Nor
brature Test, Section 48;

Fge Immunity Test — Installation Class 3 shall be used;

ctrical Fast Transient/Burst Test, a test level 3 shall be used;

ctrostatic Discharge Test;

lio-Frequency Eléctromagnetic Field Immunity:

1) Immunity~to conducted disturbances — When applicable, test level 3 sh
and

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

r injury to

of fire, electric

termining the

f an electronic protective control investigated using the Standard for Automatic Electrical

ge of 10°C

all be used

| be used;

g) Thermal Cycling test shall be conducted at ambient temperatures of 10.0+2°C (50.0 +3°F)
and the maximum ambient temperature determined by conducting the Normal Temperature
Test, Section 48. The test shall be conducted for 14 days;

h) Overload shall be conducted based on the maximum declared ambient temperature (T,ay) OF
as determined by conducting the Normal Temperature Test, Section 48; and

i) If software is relied upon as part of the protective electronic control, it shall be evaluated as
software Class B.
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33.4.3 The test parameters and conditions used in the investigation of the circuit covered by 33.4.1 shall
be as specified in the Standard for Tests 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
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/m is to be used for the Radiated EMI Test;

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

extre

d) Th
for the

e) A

f) The Computational Investigation is not applicable to equipmeént Covered by this

g) Fo
576.3
accelg

h) Th

shall perform its intended function while being conditioned for 14 days in an ambig

tempe
contrg
repreg

i) For

£ OO (DO dZ000 (AL Qo

ICo Ur'v U iva T ) Al 7V o (1LJU 1T/,

e Humidity Class is to be based on the appliance’s intended end use and is
Humidity Test;

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

I the Demonstrated Method Test, the multiplier for the test acceleration facto
D for intermittent use appliances, or 5,763.00 for éentinuous use appliances.
ration factor equation is to be based on a 25°C\77°F) use ambient;

e Endurance Test is to be conducted concurrently with the Operational Test.
rature of 60°C (140°F), or 10°C (18%F) greater than the operating temperatu
I, whichever is higher. During the test, the control is to be operated in a mar

enting normal use;

the Electrical Fast Transient Burst Test, test level 1 is to be used; and

j) Co

k) If qoftware is relied upon as part of the protective electronic control, it shall be ¢
software Class l<nyaccordance with the Standard for Software in Programmable (
UL 1998.

33.4.4 Unlesg otherwise specified in this standard, protective controls shall be evaluate

cycles for Ty,

duct a Failure-Moderand Effect Analysis (FMEA).

2)devices and 6,000 cycles for Type 1 devices with rated current. Also seq

to be used

standard;

r is to be
The test

The control
nt air

re of the
ner

bvaluated as
omponents,

d for 100,000
Table 60.1.
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34 Lasers

34.1 A product employing a laser shall comply with the Code of Federal Regulations, Performance

Standards for

Light-Emitting Products, Title 21 CFR 1040.

34.2 With reference to 34.1, compliance of laser products with the Code of Federal Regulations (CFR),
Title 21 Part 1040, shall be determined by:

a) Determining the Class of laser (as defined in the CFR) from the manufacturer’s required
documentation, such as the Center for Devices and Radiological Health (CDRH) report,
markings and labels, or similar documentation;

35 Liquid Hanpdling Systems

35.1 Containg
leak due to w
be used in thq

Exception:
requirements

35.2 Seals, b
liquid, as det¢

Exception No,
described in 5

Exception No.
accordance w

35.3 The spil

This requirement does not apply .to,liquid containers and hoses that co

rs such as reservoirs, hoses, and storage chambers that are used to store li
rpage of the vessel or otherwise be adversely affected by the liquids that a
se containers.

in the leakage test described in 56.2.1.

bots, diaphragms, and gaskets-in contact with a liquid shall not be adversely 3
rmined by compliance with:the Standard for Gaskets and Seals, UL 157.

1: Parts that flex during normal operation shall comply with the component
6.4.1.

2: Parts that\do not flex during normal operation are not prohibited from bein
ith the camponent malfunction test described in 56.4.1.

age. from containers described in 35.1 of any liquid, powder, or other materis

replenished, T

emoved, or replaced shall not result in risk of fire, electric shock, or injury

pecified in the

using,

rements of

uids shall not

re intended to

mply with the

hffected by the

alfunction test

g evaluated in

| that must be
to persons as

determined by the overflow test described in 56.3.1.

Exception: A reservoir or liquid storage chamber that must be removed for filling is not required to comply

with 35.3.
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35.4 Liquid-handling systems such as reservoirs and hoses shall:

a) Be routed and positioned so there is no possibility of mechanical damage,

b) Not transfer more liquid than a reservoir or container is capable of containing, and

c¢) Incorporate (for a manual-fill system) a visual or audible means of indicating when the

reservoir or container is full.
35.5 A reservoir or liquid storage chamber shall be marked to indicate the intended liquid.

36 Flammable Liquids

36.1 Equipment using a flammable liquid shall be marked as indicated in 75.4 and shall©
requirements |n this section. The flammable liquid shall comply with the requirements in th
Tests for Comparative Flammability of Liquids, UL 340.

Exception: e requirement does not apply to bearing and gear lubricants, to*hydraulic oil4
inks with a tofal volume less than 4 fluid ounces (118 mil).

36.2 Fluids intended for use in a unit for cooling purposes or for use in’ a hydraulic syster
flash point of 148.9°C (300°F) or higher, and the container in which'the fluid is located shall |
so it is completely sealed. The liquid-handling system shall have’provision for expansion d
shall incorporate means for automatic pressure relief.

36.3 Flammaple liquids intended for use within the equipthent shall be contained only in a
container.

36.4 The maj{imum capacities of a separate storage container and a liquid handling system|
liquids within the equipment shall comply with'\Table 36.1.

Table 36.1
Maximum capaeity of a flammable liquid in equipment

bmply with the
b Standard for

5, or to printing

n shall have a
be constructed
f the fluid and

tlosed storage

for flammable

Liquid Closed storage container Liquid h

andling system,

including processing

containgr and reservoir
Flash point, Boiling point, °F (°C) Material Size, Size,
°F (°C)
gallon (L) quart (L)
Below 73 Below 100 (37.8) Shall not be used Shall not be used
(22.8)
Below 73 Above 100 (37.8) Glass 0.25 (0.95) 1.25 (1.18)
(22.8)
Metal or 5.0 (18.9) 1.25 (1.18)
plastic
At or above 73 - - Glass 1.0 (3.79) 5.0 (4.69)
(22.8) and
below 140 (60)
Metal or 5.0 (18.9) 5.0 (4.69)
plastic
At or above - - Glass 5.0 (18.9) 5.0 (4.69)
140 (60)

Table 36.1 Continued on Next Page
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Table 36.1 Continued

Liquid

Closed storage container

Liquid handling system,
including processing
container and reservoir

Flash point, Boiling point, °F (°C) Material Size, Size,
°F (°C)
gallon (L) quart (L)
Metal or 5.0 (18.9) 5.0 (4.69)
plastic

NOTE — The maximum total quantity of flammable liquid stored in a unit shall not be greater than 10 gallons (37.8 L) or the
amount required for one 8-hour operation, whichever is greater.

36.5 Under ifitended operating conditions, equipment using a flammable Tiquid shall-npt generate a

vapor-air mixt

a) Tw

and

b) Eig

Exception: T
not under end

ire that exceeds:

b

36.6 With ref

a) A

ignition temperature of the vapor-air mixture.

b) A

rence to 36.5, an ignition source is determined to be:

enty-five percent of the lower flammable limit in air when in proximity to an ignition source

hty percent of the lower flammable limit in air when in areas not in proximity| to an ignition
source.

his requirement does not apply to liquids having a flash point of 60°C (140°F) or higher and
ugh pressure to result in the atomization of theliquid.

surface which, under intended operating conditions, has a temperature that exceeds the

area where an ignition-capable’electric arc is capable of occurring due to gwitching
devicgs, commutators, and similar parts.

36.7 Compliahce with 36.6 is not prohibited from being determined by measuring the vapor| concentration
areas with the 'equipment operating under the conditions described fgr the Normal
Temperature [Test, Section 48._Measurements are to be taken using an instrument or|methods that

in the affect

provide a 5 pgrcent or better‘accuracy.

36.8 When operation-ofithe equipment is possible with any of its fans not functioning, the ftest described
e repeated with one or all of its fans disconnected.

in 36.7 shall
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PROTECTION AGAINST INJURY TO PERSONS
37 General

37.1 When the operation and maintenance of a product by the user involves the risk of injury to persons,
such as fire or electric shock, protection shall be provided to reduce the risk. When evaluating a product
consideration shall be given to foreseeable misuse.

37.2 A functional attachment that is provided with the basic product or specified by the manufacturer for
use with the basic product shall be included in the investigation of the product. Unless the manufacturer
specifies the use of two or more attachments at the same time, only one attachment at a time is to be

investigated with the product.

37.3 Whether
purpose shall
and the risk of
include consiq
than one com
breakdown or
that compone

37.4 Specific
Specific featu

38 Pressure

38.1 A press
pressure of m
Pressure-Ves
code symbol
working press

38.2 Pressuré
68.

Exception No
continuous tu
wall thickness

Exception No

a guard, release, or interlock is required and whether such a device serve
be determined from an investigation of the complete product, its operating g
injury to persons resulting from a result other than gross negligence, The invg
eration of the results of breakdown or malfunction of any one component,
honent at a time, unless one event contributes to another. When the investigat
malfunction of a particular component is capable of resulting,im a risk of injy
ht shall be investigated for reliability.

constructions, tests, markings, and guards are detailed for some common
es and products not covered herein are to be given appropriate consideratig

essels and Parts Subject to Pressure

ire vessel having an inside diameter of ‘more than 6 inches (152 mm) an
ore than 15 Ibf/iinches? (103 kN/m?)cshall be certified by the National Board
bel Inspectors, and marked in accerdance with the appropriate boiler and p
("H,” "M,” "S," or "U") of thexAmerican Society of Mechanical Engineers
Lre not less than that to which-it is subject to during normal or abnormal ope

b vessels that do not comply with 38.1 shall comply with Hydrostatic Pressure
1: This requitement does not apply to a section of a pressure system
bing or of leagths of tubing connected by hard-soldered, brazed, or welded jg

of tubingis-not less than the value specified in Table 38.1.

2::This requirement does not apply when study and analysis of the materia

the pressure

5 the intended
haracteristics,
pstigation shall
and not more
on shows that
ry to persons,

constructions.
n.

1 subject to a

of Boiler and
essure vessel
(ASME) for a
ration.

Test, Section

constructed of
ints, when the

used to make
ended for the

vessel and of its dimensions concludes that the part has the strength ing

application (for example, copper or steel pipe of standard size and provided with standard fittings is

determined to

have the strength for the application).
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Table 38.1
Wall thickness for copper and steel tubing
Maximum pressure to which tubing is subjected
Outside diameter, Minimum wall Seamless copper, Butt-welded steel, Seamless steel,
thickness,
inch (mm) inch (mm) Psi (MPa) Psi (MPa) Psi (MPa)
3/8 or (9.5) 0.016 (0.41) 500 (3.45) 600 (4.14) 1000 (6.90)
smaller
1/2 (12.7) 0.016 (0.41) 400 (2.76) 480 (3.31) 800 (5.52)
5/8 (15.9) 0.016 (0.41) 320 (2.21) 384 (2.65) 640 (4.42)
5/8 15.9) 0.021 (0.53) 420 (2.90) 504 (3.48) 840 (5.80)
3/4 18.0) 0.021 (0.53) 360 (2.48) 432 (2.98) 720 (4.97)
3/4 18.0) 0.025 (0.64) 420 (2.90) 504 (3.48) 840 (5.80)
1 25.4) 0.021 (0.53) 260 (1.79) 312 (2.15) 520 (3.59)
1 25.4) 0.025 (0.64) 320 (2.21) 384 (2.65) &40 (4.42)
38.3 A part spipported or actuated hydraulically that results in a risk of injury t0 persons djie to pressure

loss shall con
maximum pre

38.4 Pressurg
joints, nonmet
are not prohib

38.5 A mean;
generated by

38.6 There s
intended to pn

38.7 A vesse
pressure gene

38.8 The stal
working press
pressure.

ply with the requirements in 38.1 or 38.2 with regard to a pressure equal to
Esure capable of being developed in the system.

-relief devices provided with the features described'i’38.9, such as fusible p
allic tubing, and other pressure-relief means that have been determined to
ited from being used to comply with the requirements in 38.3.

for relieving pressure shall be provided<for all parts in which pressure is ca
an external source of heat, including fire.

hall be no shut-off valve between the pressure-relief means and the parts
ptect.

having an inside diameter of more than 3 inches (76.2 mm) and subject t
rated or stored within the product, shall be protected by a pressure-relief de

t-to-discharge pressure setting of the pressure-relief device shall be no h
Lire marked op the vessel. The discharge rate of the device shall be capable

38.9 A pressure-relief device shall:

five times the

lugs, soldered
be equivalent,

pable of being

that they are

D air or steam

vice.

gher than the
bf relieving the

connactad Ac ~lac r narvte ~f th aovcta
T

n that it is

a) Be
intend

o a o a
CTOTMTTCTtTCTOT™ S~ C1ooST O pParto- o tric oy otet

ed to protect,

b) Be installed so that it is readily accessible for inspection and repair and is not capable of

being

readily rendered inoperative,

c) Have its discharge opening located and directed so that the risk of scalding is reduced to a

minim

um, and

d) Have its discharge opening located and directed so that operation of the device does not
deposit moisture on bare live parts or on insulation or components affected by moisture.
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38.10 A pressure-relief device having an adjustable setting is to be evaluated on the basis of its maximum
setting unless the adjusting means is sealed at a lower setting. A pressure-relief device shall be certified
by the American Society of Mechanical Engineers (ASME) or otherwise investigated for suitability.

38.11 A pressure-relief device is determined to be a pressure-actuated valve or rupture member
constructed to relieve excessive pressures automatically.

38.12 Where a pressure relief device is required, the control responsible for limiting the pressure in the
vessel shall be capable of performing under rated load for 100,000 cycles of operation and the control
shall limit the pressure so that it does not exceed 90 percent of the relief device setting under any

condition of in

tended operation.

39 Sharp Edg

39.1 An encl
persons in ng
working functi

39.2 A produ
spikes inside
intended use,

40 Enclosure

40.1 The rota
injury to pers
contact. The 1

Exception No
product or a
moving part ig

Exception No
not required t

40.2 A part d
accessory, to
product is ma

Co

psure, frame, guard, or handle shall not be so sharp as to constitute™a ri
rmal maintenance and use unless the part or portion of a part is, required
pbn within the product.

Ct, or any item furnished with the product, shall not have any\sharp edges, b
pr outside the product that are capable of presenting a risk™of injury to perg
servicing, and cleaning operations.

5 and Guards

r of a motor, pulley, belt, gear, fan, or other moving part that is capable of
bns shall be enclosed or provided withsother means to reduce the risk o
noving part shall not be contacted by the ‘probe illustrated in Figure 8.2.

1: An opening in the integral enclosure of a motor that is not used in eithd
hand-supported portion of a préduct complies with the intent of this require
not capable of being contatted by the probe illustrated in Figure 8.2.

2: A part or portion of. a-part that is necessarily exposed to perform its inten
b be enclosed. Howeéver, when required, guarding shall be provided for the p

f the enclosure_that is capable of being removed without the use of a tog
Imake an operating adjustment, or for other reasons is to be opened or remo
ked in aceordance with 75.2.

5k of injury to
to perform a

Irrs, points, or
ons during its

resulting in an
unintentional

br a hand-held
ement when a

Hed function is
art.

| to attach an
ed unless the

bving part are:

40.3 Among flhe factors to be evaluated in determining the acceptability of an exposed m

a) The degree of exposure required to perform the intended function,

b) The sharpness of the moving part,

c) The risk of unintentional contact therewith,

d) The speed of the moving part, and
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e) The risk that a part of the body becomes endangered or that clothing becomes entangled by
the moving part, resulting in a risk of injury to persons.

These factors are to be evaluated with regard to both the intended operation of the product and any

foreseeable m

isuse.

40.4 Features of guards that are to be evaluated include:

a) Re

moval without the use of a tool;

b) Servicing;

C) Stl Ilyth alld Iluldlt_y,
d) Cgmpleteness;

e) The creation of a risk of injury to persons such as a pinch point, and-the neces|

additi
remoy

f) Usage of the product (household or commercial); and

g) Se

40.5 An enclg
breakage or g
retains a forei

40.6 When ¢
utility of a pro

a) A

b) An
risk.

40.7 Afeedin
of or the nec
persons. A hq
(one-half the

nal handling because of the increased requirement for servicingy’such as fo
ing obstructions;

If-restoring.
sure or guard over a rotating part shall be constructed so it retains a part th

DN object that is capable of being struck and propelled by the rotating part.

Huct:

control, such as a momentaty contact switch, shall be provided with the prod
appropriate marking:shall be provided in the instruction manual warning the
j mechanismy €ither manual or automatic, shall be constructed or guarded to
bssity of-the operator’s fingers being in an area that is capable of resulti

sum_of the maximum and minimum dimensions) of not more than 2-1/2 in

sity for
- cleaning or

at, because of

ther reasons, is capable of loosening orsis\eapable of separating from a rotating part, and

pmplete guarding of a moving partithat obviously results in injury to persoms defeats the

uct and

user of the

educe the risk
g in injury to

pper er-tubular feed opening for manual feeding with an average inside throat diameter

ches (64 mm)
f the opening.

complies with

the intent of this requirement when the cutters are recessed below the plane ¢

40.8 A cutting or slicing mechanism shall be guarded unless the exposure of the blade or part that has
been determined to be equivalent is required for proper operation of the product.
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41 Materials

41.1 The material used for a part, such as an enclosure, frame, or guard, shall have such properties as
to meet the demands of expected loading conditions when the breakage or deterioration of the part is
capable of resulting in a risk of injury to persons. The properties for which these parts shall be evaluated
include mechanical, thermal, and flammability.

41.2 The requirement in 41.1 applies to those portions of a part adjacent to a moving part determined to
involve a risk of injury to persons.

41.3 Materials used in the construction of the product that reduces the risk of injury to persons shall be

investigated a

nd determined to be capable of being used for the particular use.

42 Rotating 0

42.1 A rotatin
to persons, sh

42.2 A rotatin|
constructed td
of injury to pe
requirement, i

43 Switches,

43.1 A produ
of causing inju
in determining

43.2 In situat
motor control

43.3 The acty
when such op
by recessing,

43.4 The acty
43.5 Operatig

encourage dg
materials such

r Moving Members

g or moving part that, when it becomes disengaged, is capable of-creating
all be provided with a means to retain the part in place under conditions of U

0 member, the breakage of which is capable of creating a risk ef injury to pe
reduce the risk of its breakage, or the release or loosening of a part that b
'sons. To determine whether a product using a series-or-dniversal motor cor
shall be tested as described in the Overvoltage Test, Section 51.

Controls, and Interlocks
't shall be constructed so as to reduce the-fisk of unexpected operation of an
ry to persons. Each function of a multiple=function product is to be taken intg

compliance with these requirements:

ons where a product has a meving part that is capable of resulting in injury|
switch other than a momentary-contact switch shall be provided on the produ

ator of a switch shall be-located or guarded so that unintentional operation g
Eration is capable of\resulting in a risk of injury to persons. Guarding shall be
ribs, barriers, or Similar means.

ator of an_intérlock switch shall be located so that unintentional operation d

n of an-interlock during its intended use shall not inconvenience the ope
liberate defeat of the interlock. An interlock shall not be capable of bein

A risk of injury
se.

sons, shall be
ecomes a risk
hplies with the

y part capable
consideration

to persons, a
ct. See 74.12.
oes not occur
accomplished
bes not occur.
rator so as to

) defeated by
shall be such

as)wood or metal chips that accumulate during its intended use. An interlock

that it is not capable of being readily defeated:

a) Without damaging the product,

b) Without making wiring connections or alterations, or

c) By

using materials that are readily available.
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43.6 When an interlock is energized by movement of a guard, the arrangement shall be such that the
guard is in place when the interlock is in the position that enables operation of the parts being guarded.
With the guard removed, the interlock shall comply with the requirements in 43.4.

43.7 A floor or ground-supported product that is capable of traveling or rotating to an extent that results
in injury to persons when left unattended shall be provided with a momentary contact switch that is not
capable of being locked in the "on" position.

43.8 A device that automatically starts a product, such as a timer or automatically reset
overload-protective device, shall not be used unless it is demonstrated that automatic starting does not

result in a risk of injury to persons.

43.9 An inter

electrical ene
and all ungrod

Exception: A
is intended to|

protected area are still capable of carrying current.

43.10 A safet]
Safety-Relate
this requireme
Similar Use,
Controls for
Controls, UL §

43.11 Additio

from a study ¢f the entire unit, its construction, eperating characteristics, intended function

misuse. An in
involved. This
endurance teq
involving an o

PERFORMAN
44 General
44.1 The pe

representativg
conducted in

Ub:’\ PIUVIdUd fUI thC HUIPUQU Uf PIUtC\.’t;IIH pCIOUIIIIC: aya;llot IIO:’\ Uf C:C
gy at high current levels, shall open all current-carrying conductors of cord<c
nded conductors of permanently-connected units.

N interlock switch that opens all current-carrying conductors in the @rea in whic
provide protection is not prohibited from being used, even thotigh conductd

| Controls Employing Solid-State Devices, UL 991.¢Solid state control(s) of
nt if they comply with the Standard for Automatic Electrical Controls for H
Part 1. General Requirements, UL 60730-1 and the Standard for Autom

0730-2-9.

nal requirements for a safety interlock system are not specified and are to
estigation of the system is to inglude the frequency of operation and the natt
investigation shall include™an endurance test based on these factors. |

t for interlocks involving ehly service personnel is 6000 operations and the teg

perator is 100,000 operations.

CE

ctric shock or
bnnected units

h the interlock
rs outside the

y interlock system that uses solid state devices shall comply with the Standard for Tests for

b system fulfill
ousehold and
atic Electrical

Household and Similar Use; Part 2: Particular Requirements for Tempergature Sensing

be determined
, and possible
re of the risks

general, the
t for interlocks

formanece of a product shall be investigated by subjecting the requis

the Jorder in which they are presented here. Products employed for leakag

preducts to all of the following applicable tests. Insofar as practicable, the|tests shall be

-current tests

Ie number of

shall be tested for leakage prior to using the products for other tests.

44.2 Cheesecloth required for use during any of the following tests is to be bleached, weighing 14 — 15
yds/lb (28 — 30 m/kg) and having a count of 32 x 28, that is, for any square inch, 32 threads in one
direction and 28 threads in the other direction (for the square centimeter, 13 threads in one direction and
11 threads in the other direction).
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44.3 Equipment with one frequency rating is to be tested at that frequency. Equipment with a dual
frequency rating or frequency range is to be tested at the frequency which is determined to represent the
worst case (i.e. highest current input, highest temperatures, etc.).

44.4 Unless otherwise specified, the voltage of the test circuit is to be the highest voltage of the
applicable range of voltages when the marked voltage is within one of the voltage ranges indicated: 100
— 120, 220 — 240, 254 — 277, 440 — 480, 550 — 600. At any other voltage rating, the equipment is to be
tested at its marked voltage rating. When agreeable with all parties concerned, a different voltage is not
prohibited from being used. Equipment that is rated for use at more than one voltage or for a range of
voltages, and contains a means of being adapted to different supply voltages, is to be tested while
connected in accordance with the manufacturer’s instructions.

rotected by a

evice with a rating corresponding to that of the branch-circdif to which the

Sts are to be
he marked DC voltage. The test supply of rated voltage shall have a minimfyim capacity of

44.6 For proglucts with DC input unit described in DC input units, Section (113, all te
conducted at
30 A.

45 Starting C

45.1 A produ
current rating
shall not open
Exception: A

a) Th
contirl

b) Th
fuse,

c) Th

45.2 The prodluct is to be:started three times at room temperature at the beginning of the t

is to be made

normal operafing cyele/ in the case of an automatic product. A motor is to be allowed td

between succ

Lirrent Test

[t shall start and operate normally on a circuit protected by a non-time-delay
corresponding to that of the branch circuit to whieh the product is to be conne
, and an overload protector provided as part of the product shall not trip.

time-delay fuse is not prohibited from being used when:

e construction of the product or theshature of its usage is such that it is to be
ually on the same branch circuit-after installation,

e product is intended to,start and operate normally on a circuit protected by
and

e product is marKed"'in accordance with 74.23.

under conditions representing the beginning of normal operation, or the be

Pssive starts.

fuse having a

cted. The fuse

b used

a time-delay

bst. Each start

ginning of the
come to rest
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46 Input Test

46.1 The normal measured input current, power, or both of a product shall be not more than 105 percent
of its marked current or power rating.

46.2 The input current, power, or both, is to be measured with the product at normal operating
temperature under full-load conditions, and while connected to a supply circuit as specified in
Performance, General, Section 44. When a product uses a honmetallic heating element, such as carbon,

the input rating is to be determined with a new element.

47 Leakage Current Test

47.1 Cord-co

47.1.1 Thele
shall not be n

a) 0.9
b) 0.5

c) 0.7
a ded

Exception: [
Appliances, A
prohibited frof
during a perio
milliamp, as a
milliamp or 0.

47.1.2 Leaka
being convey
conductive su

47.1.3 All exy
these surface
where simultg
Parts are detg
capable of s
simultaneousl!

tacl Al 4
meLitu pruvuutcilo

bkage current of a cord-connected product rated for a nominal 120-, 208-)\0r 2
ore than:

milliamp for an ungrounded (2-wire) product,
milliamp for a grounded (3-wire) portable product, and

5 milliamp for a grounded (3-wire) product intendedto be fastened in place
cated space and using a standard attachment plég rated 20 amperes or less

uring heat-up and cool-down, as defined in Table 1 of the Standard for Le
INSI C101.1, the leakage current of a pradtict using a sheath-type heating
N exceeding 0.5 milliamp or 0.75 milliamp; as applicable, and shall not excee
[l of 5 minutes beginning with the manjént the leakage current exceeds 0.5 m
pplicable. At the end of the 5-minute’period, the leakage current shall not be
Y5 milliamp, as applicable.

e current refers to all cufrents, including capacitively coupled currents, that
ed between exposed. conductive surfaces of a product and ground or @
rfaces of a product.

osed conductive jsurfaces are to be tested for leakage currents. The leakage
5 are to be«measured to the grounded supply conductor individually as well
neously-accessible, and from one surface to another where simultaneous
rminedo’ be exposed surfaces unless guarded by an enclosure that has beg
brvingras protection against a risk of electric shock. Surfaces are dete

40-volt supply

Dr located in

D.

hkage Current
plement is not
d 2.5 milliamp
illiamp or 0.75
more than 0.5

are capable of
ther exposed

currents from
as collectively
ly accessible.
en found to be
rmined to be
of a person at

‘accessible when they are capable of being contacted by one or both hands

the same time. These measurements do not apply to terminals operating at voltage levels that do not
involve a risk of electric shock.

47.1.4 When a conductive surface other than metal is used for the enclosure or part of the enclosure, the
leakage current is to be measured using a metal foil with an area of 4 by 8 inches (10 by 20 cm) in contact
with the surface. Where the surface is less than 4 by 8 inches, the metal foil is to be the same size as the
surface. The metal foil is not to remain in place long enough to affect the temperature of the product.
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47.1.5 The leakage current test is to be conducted without interruption for other tests. However, with the
concurrence of those concerned, the leakage-current tests is not prohibited from being interrupted for the
purpose of conducting other nondestructive tests.

47.1.6 A heated surface of insulating material is to be investigated with regard to the leakage current
available from the use of metal utensils.

47.1.7 The measurement circuit for leakage current is to be as shown in Figure 47.1. The ideal
measurement instrument is defined in (a) — (d). The meter which is actually used for a measurement is
only required to indicate the same numerical value for a particular measurement in the same manner as
the ideal instrument. The meter used is not required to have all the attributes of the ideal instrument.

4 ot =Y H t oo P2 £ 100 oo it 2N ol Lo+l i
a.) Th I io tu Tiave arr mipgut mptuarnivtc Ul Aa LIUVUTUTITTT TCOTotUT oTTutititu Uy Ul Capacltance

of a 0] 15uF capacitor.

b) The meter is to indicate 1.11 times the average of the full-wave rectified eompqgsite
wavefprm of voltage across the resistor or current through the resistor,

c) Ower a frequency range of 0 — 100 kilohertz, the measurement cirCuitry is to have a
frequency response (ratio indicated to actual value of current) that'is equal to the ffatio of the
impedance of a 1500-ohm resistor shunted by a 0.15 uF capaecitor to 1500 ohms. At an
indication of 0.5 or 0.75 milliamp, the measurement is to fiave an error of not mor¢ than 5
percept at 60 hertz.

d) Unlless the meter is being used to measure leakage from one part of a product|to another,
the meter is to be connected between the accessible parts and the grounded supgly conductor.
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Figure 47.1

Leakage-current measurement circuit

LC100

Product intended

(Continued)

PRODUCT

GROUNDED SUPPLY CONDUCTOR

for connection to a 120-volt power supply.

<3
t 120V

240V <3
‘ 120V

7

LC200

S1

PRODUCT

INSULATING

—— TABLE

METER

e

INSULATING

GROUNDERN\SUPPLY CONDUCTOR

TABLE

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

(Continued)
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PRODUCT

VA

GROUNDED SUPPLY CONDUCTOR

LC300

3-wire product infended for connection to a 4-wire, grounded neutral power supply, as illustrated above.

A — Probe with shjielded lead.

B — Separated ar]

47.1.8 A repr|
with all its swi
attachment pl
reference to t

a) Wi
currer

b) Sw

leakage current is to be measured using both positions of switch S2, and with the

opera

c) Le
reach

d used as clip when measuring currents from one part of product to another.

bsentative product is to be tested for.leakage current starting in an as-rece
ches and thermostats closed, and with its grounding conductor, when providg
g. The supply voltage is to be 120, 208, or 240 volts, as applicable. The test s
e measuring circuit, Figure 47.%, is to be as follows:

th switch S1 open, the product is to be connected to the measuring circuit. L
t is to be measured.using both positions of switch S2.

itch S1 is thensto-be closed, energizing the product, and within a period of 5
ed at thesmaximum speed and heat setting of controls.

hkage-current is to be monitored from the time the product is energized until
bs ‘thermal stabilization. Both positions of switch S2 are to be used. Thermal

INSULATING
— TABLE

ived condition
d, open at the
equence, with

eakage

seconds, the
product

the product
stabilization

hrrvinad +a ha achinvad vwhan Altainad n thi cama mannay ac that dacariiha

d in 48.6.

is det
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When a thermostat does not cycle at the maximum heat setting, it is to be adjusted until it
cycles before the final measurements are taken. Measurements are to be made with the
thermostat, when provided, open and closed. Upon evidence of stabilizing readings, intervals

betwe

en measurements are not prohibited from being increased.

d) Leakage current is to be monitored until the leakage current stabilizes or decreases after the
product is turned off.
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47.2 Permanently-connected products

47.2.1 A permanently-connected liquid-product of the electrode type, and the type in which live parts of
the heating element are in contact with the liquid, shall not have a leakage current to ground in excess of
0.5 ampere with current flowing through the element or with one side of the line open as described in
47.2.2.

47.2.2 To determine whether a liquid-protection complies with the requirement in 47.2.1, the product is to
be connected to a grounded supply circuit having full rated voltage between the ungrounded side of the
line and ground. The case is to be mounted so that it is insulated from ground, and the liquid is to be
supplied by means of a rubber tube. A hard-water solution of 0.018 ounces (0.5 g) of calcium sulfate
(CaS0O, - 2H,0) per liter of distilled water is to be used for the testing of a water heater constructed for
general Use. T aIIImCtUI ;-D t\.l bU plabcd thVVCUII thU }JIPC b\JIIIICbt;UIIO Ul thU hCatCl Al Id he Wa.ter plpe
or other ground, and leakage readings are to be observed under all conditions representifig an open fuse
or fuses, excqpt that in the case of a heater constructed and marked for use with a_solid (not fused) and
grounded neutral, the grounded conductor is not required to be disconnected.

47.2.3 The nmjaximum leakage current is usually noted with the maximum“water temperature that is
capable of be|ng obtained by reducing the flow of water to a minimum.

48 Normal Tdmperature Test

48.1 A produgt, when tested under the conditions described inhis section, shall comply|with all of the
following conditions:

a) The product shall not attain a temperature at-any point that constitutes a risk of fire or
damage to any materials used in the product:

b) Atlany time during the test, other than as indicated in 48.2, temperature rises at specific
pointq shall not be greater than indicated in Table 48.1.

c) The product shall comply withixthe enclosure requirements in 8.1.1 — 8.1.10.

d) The product shall comply with the surface temperature requirements in 48.23. $ee Table
48.2.

e) A thermal or everload-protective device shall not operate.
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Table 48.1

Maximum temperature rises

Materials and component parts °C (°F)
1. Any point within a terminal box or wiring compartment of a 35 (63)
permanently-connected product in which field-installed conductors are
to be connected (including such conductors themselves) unless the
product is marked in accordance with 74.9
2. Capacitor:
Electrolytic® 40 (72)
Other types® 65 (117)
3. Any point on a surface adjacent to a product that is permanently- 65 (117)
connected elegtricaly-ercort-comectedanantended-to-betastenedi
place or locatg¢d in a dedicated space (including the surface in which
the product is|mounted, and specified points on test surfaces and
enclosures at [designated clearances from the product).
4. Fuses 65 117)
5. Fiber used ps electrical insulation or as cord bushings 65 117)
6. Wood or otper combustible material which is part of a product. 65 117)
7. Cotton or rgyon braid of a flexible cord 65 117)
8. Class A insulation systems on winding of relays or solenoids, and
similar compopents:
Thermocouple method 65 117)
Resistance method 85 153)
9. Class A insulation systems on coil windings of AC motors having a
frame diametdr of more than 7 inches (178 mm) and of DC and
universal motgrs¢d
a) In open motors:
Thermocouple method 65 117)
Resistance [method 75 135)
b) In totally gnclosed motors:
Thermocouple method 70 126)
Resistance |method 80 144)
10. Class A insulation systems on coil windings of AC motors (not
including universal motors) having a frame diameter of 7 inches (178
mm) or less ahd on vibrator coils (thermocouple or resistance
method®.d)
a) In open motors and on vihrator coils 75 135)
b) In totally gnclosed maotors 80 144)
11. Class B insulation systems on winding of relays, solenoids, and
similar compopents:
Thermocouple method® 85 153)
Resistance rhethod 105 189)
12. Class B insulation systems on coil windings of AC motors having a
frame diameter of more than 7 inches (178 mm) and of DC and
universal motors®d
a) In open motors:
Thermocouple method 85 (153)
Resistance method 95 (171)
b) In totally enclosed motors:
Thermocouple method 20 (162)
Resistance method 100 (180)
13. Class B insulation systems on coil windings of AC motors (not
including universal motors) having a frame diameter of 7 inches (178
mm) or less and in vibrator coils (thermocouple or resistance method®d)

Table 48.1 Continued on Next Page
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Table 48.1 Continued

Materials and component parts °C (°F)
a) In open motors and on vibrator coils 95 (171)
b) In totally enclosed motors 100 (180)
14. Class F insulation systems on coil windings of AC motors (not
including universal motors) having a frame diameter of 7 inches (178
mm) or less and in vibrator coils (thermocouple or resistance method®d)
a) In open motors and on vibrator coils 120 (216)
b) In totally enclosed motors 125 (225)
15. Flatiron or product plug 175 (315)

16. Insulated wire or cord

25°C (77°F) less than

its temperature rating®

17. Sealing cgmpound f f
18. Copper cqnductors, bare or insulated, without nickel coating or 125 225)
other protectign
19. Terminatign of copper conductor and pressure terminal connector 125 225)
without being phickel-coated or otherwise protected
20. Varnishedtcloth insulation 60 108)
21. Phenolic Jomposition used as electrical insulation or where 125 225)
deterioration results in risk of fire, electric shock, or injury to persons?
22. Points on purface supporting a cord-connected heater 125 225)
23. Class A insulation systems on transformers:
Thermocouple method 65 117)
Resistance method 75 135)

2 The temperg
integral with o
b A capacitor
its marked tery
¢ See 48.9.

d The frame d
excluding lugq

€ Inside a progluct, the temperature rise on a wire.or cord that is greater than the specified maximum rise con

intent of this r
as braid, wrag
fUnless a the
temperature, i
Apparatus, A§
9 The limitatio
have special

ture rise on insulating material integral with the enclosure of an electrolytic capacitor that is phy
attached to a motor is to be not more than 65°C (X17°F).

hat operates at a temperature rise of more than 65°C is not prohibited from being evaluated on|

hperature limit.

ameter is the diameter measured in the(plane of the laminations of the circle circumscribing thqg
, boxes, and similar parts used solely for motor mounting, assembly, or connection.

equirement when the insulation on each individual conductor is protected by supplementary insy
, tape, or close-fitting tubing) which is appropriate for the temperature and the type of insulation
mosetting material, thesmaximum sealing compound temperature, when corrected to a 25°C (7,
5 15°C (27°F) less than)the softening point of the compound as determined by the Standard forj
TM E28-67.

h on phenolic €omposition does not apply to a compound which has been investigated and detd
eat-resistant/properties.

sically

the basis of

stator frame,

plies with the
lation (such
involved.
7°F) ambient
Ball and Ring

rmined to



https://ulnorm.com/api/?name=UL 963 2016.pdf

84

SEALING, WRAPPING, AND MARKING EQUIPMENT - UL 963

FEBRUARY 26, 2016

Table 48.2
Maximum surface temperatures

Composition of surface 2

Location Metal Nonmetallic

Handles or kn

Handles or kn

Surfaces othe

lifting, carrying, or holding

and do not involve lifting, carrying, or
holding; and other surfaces subject to
contact and user maintenance

surface and known to be hot due to

obs that are grasped for 55°C (131°F)

obs that are contacted 60°C (140°F)

r than a heating function 70°C (158°F)

75°C (167°F)

85°C (185°F)

95°C (203°F)

proximity to th

e heating function surface

NOTE — Whe

a A handle, ki
0.005 inch (0.

that temperatyre.

h the test is conducted at a room temperature of other than 25°C (77°F), the results are tolhe-¢

ob, or similar item made of material other than metal, that is plated or clad with metal having a
127 mm) or less is determined to be, and is evaluated as, a nonmetallic part.

brrected to

thickness of

48.2 Initial te
48.1, when th
not unduly sh

48.3 All valug
however, a te
— 40°C (50 -
the temperaty
does not com

48.4 A produ

48.5 Temperatures are to be measured by-thermocouples consisting of wires not larger

(0.21 mm?) an
being determ
thermocouple
standard pra
potentiometer
measurement
specified in

Standardized
to be accuratd

mperature transients are not prohibited from being in excess of the value s
b duration and extent of the excursion do not result in a riskef fire or electric
prten the life of the product.

s in Table 48.1 are based on an assumed roem ‘ambient temperature of
5t is not prohibited from being conducted at any:ambient temperature within t
104°F). However, when the operation of an automatic thermal control during
res under observation, a temperature higher than 25°C plus the specified

bly with the intent of this requirement.

Lt shall not subject a stored or vaporized chemical to temperatures that resul

d not smaller than 30 AWG\(0.05 mm?), except that a coil temperature is not f
ned by the change-ofsresistance method when the coil is inaccessible
5. When thermocouples' are used in determining temperatures in electrical e
Ctice to use thermocouples consisting of 30 AWG iron and constanta
-type instrumént,” and such equipment is to be used whenever refereq
5 by thermaocouples are required. The thermocouple wire is to comply with the

Thermocouples, ANSI/ASTM E230/E230M. The thermocouples and related ir]
and ealibrated in accordance with established laboratory practice.

hown in Table
shock and do

25°C (77°F),
he range of 10
the test limits
maximum rise

t in ignition.

than 24 AWG
rohibited from
for mounting
guipment, it is
h wire and a
temperature
requirements

he Standard Specification and Temperature-Electromotive Force (emf) Tables for

struments are

48.6 Thermal equimbrium 1S determined 10 exiSt when three SUCCeSSIVE readings, taken after three
consecutive equal intervals of time, indicate no change. The duration of each interval shall either be five
minutes or ten percent of the total test time elapsed prior to the start of the first interval, whichever is

longer.

48.7 A thermocouple junction and adjacent thermocouple lead wire are to be securely held in reliable
thermal contact with the surface of the material whose temperature is being measured. In most cases,
reliable thermal contact results from securely taping or cementing the thermocouple in place. However,
when a metal surface is involved, alternate methods of securing the thermocouple to the surface, such as
brazing or soldering, are not prohibited from being used.
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48.8 The temperature of a coil or winding is to be measured by means of thermocouples mounted on the
outside of the coil wrap. When the coil is inaccessible for mounting thermocouples (i.e. a coil immersed
in sealing compound) or when the coil wrap includes thermal insulation of more than 1/32 inch (0.8 mm)
of cotton, paper, rayon, or similar material, the change-of-resistance method is to be used. For the
thermocouple-measured temperature of a coil of an alternating-current motor, other than a universal
motor, having a frame diameter of 7 inches (178 mm) or less, the thermocouple is to be mounted on the
integrally applied insulation of the conductor.

48.9 The temperature rise at a point on the surface of a coil that is affected by an external source of heat
is not prohibited from exceeding the maximum value indicated in Table 48.1 by the amount listed in Table
48.3, when the temperature rise measured by the change-of-resistance method does not exceed the
values indicated in Table 48.1. When the temperature rise on the coil wrap does not exceed its
temperature li not prohibited
from being mg ductors.

P~ I PR £ +. 1 +lo tana + £l H
TAatvuinT Uy TAauiativim ImurTT alt TALTTTIAr oUuUTuT, I 1CITipgtrdiurc Ut it LUl 1o

basured by means of a thermocouple on the integral insulation of the coil, cOx

Table 48.3
Additional temperature rises

Additional temperature rise,
Item in Table 48.1 °C (°F)
Item 8 and paft a of item 9 15 (27)
Part a of item|10 5 9)
Part a of item|12 20 (36)
Part a of item|13 10 (18)

48.10 Except| for the products noted in 48.11, to determine whether a product complies with the

requirements
specified in 44

48.11 Cord ¢
Each cycle ig

preformed bag recommended in the ifstruction manual, whichever is less. For 1-gallon pr

each bag shal
2.4 inch (60 1
loaded with a
by 1.2 inches

Exception No
cycle is to c(
recommende(

n 48.1, the product is to be operated-gontinuously at maximum normal load
.4 until thermal equilibrium has beeri-reached. See 48.6.

bnnected vacuum sealers intended only for household use shall be operated
to consist of vacuuming.@nd sealing a 1-gallon preformed bag or the 1

| be loaded with a salid block of any material measuring approximately 2.4 in

solid block of any-material measuring approximately 1.2 inch (30 mm) by 1.2
(30 mm). Replacement of bags between each cycle should be within 10 sec

1: If the“product is provided with options to make the bag or to use perfum
nsistsof preparing and loading, vacuuming and sealing bag, whichever d
operations results in highest temperatures.

at the voltage

for 30 cycles.
paximum size
pformed bags,
ch (60 mm) by

hm) by 2.4 inches{60 mm). For preformed bags less than one gallon, each bag shall be

inch (30 mm)
pnds.

ed bags, each
ombination of

Exception No. 2: Replacement of bags between each cycle is allowed to be more than 10 seconds, when

the product is

provided with one of the following features:

a) An operating control as described in 4.13 with a built-in duty cycle that prevents the duty

cycle

for bag replacement to be preformed in less that 10 seconds or

b) Permanently and prominently marked with a duty cycle with a minimum letter height of 3/32
inch (2.4 mm) with or without visual indicator.
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48.12 When a product uses a motor in addition to a heating element, the voltage applied to an integrally
connected motor is to be the same test voltage as described in 44.4. A motor supplied from a separate
circuit is to be connected to the test voltage derived from its marked rated voltage.

48.13 In conducting a test to determine whether a product complies with the temperature requirements,
it is to be mounted or supported as in service and tested under conditions approximating those of normal
operation, except as otherwise noted. Temperatures are to be observed on nearby surfaces, on the
supporting surface, at points of support, on attachment plugs, and at other points as required, including
building wiring that is located adjacent to or behind a permanently installed product.

48.14 A product intended to be permanently-connected to the power supply or a product that is
cord-connected and that is intended to be fastened in place or located in a dedicated space is to be

supported in t hick and is to
ainted vertical
P feet (61 cm)
5 of the corner
heating of the
limit the wall
i in 74.10.

be located in
sheets of 3/8
beyond the pH
as its constru
walls occurs,
temperatures

48.15 Unless
tissue paper @

48.16 An aufomatic temperature-regulating control, temperature-limiting control, or ot

device isto b
60.1, to be ru
be not capabl
is incorporate

48.17 When the heating of a liquid is a determining factor in the temperatures attained, the

of a product ig
types of produ
product comp
to be used. U

a) When the product.ig controlled by an adjustable thermostat, the thermostat is t

give n

b) When thelproduct is controlled by a nonadjustable thermostat, it is to operate 3

tempe

< ;Iltclldcd rarmreT Uitt b:a\.’:\ pallltcd VV\.I\.ICII IIUt :COQ thall 3[’8 ;Ilbll (9.5 mlll)
a corner, with vertical walls meeting at a right angle, formed by two blackep
inch plywood having such width and height that they extend not less than

ysical limits of the product. The product is to be located as close to. both wall
Ction tolerates, and it is to be so placed relative to the walls that/maximum
except that it is not prohibited from being spaced away from-the walls to
from rising more than 65°C (117°F) when the product is marked as describe

otherwise indicated, a cord-connected product is to_be“supported on two |
n a softwood surface.

b shunted out of the circuit, unless the controlhas been shown, in accordar
hged, reliable, and not capable of being defeated by the user. The control is
b of being defeated when tools are requiréd to gain access to the control, or
 in the control.

to be evaluated. Regular gperating conditions cannot be obtained, however
cts are operated continueuisly and in a dry condition. Accordingly, in determi
ies with the requirements-in 48.1, actual service conditions or an approximati
nless otherwise specifically indicated below:

haximum temperatures and

raturerthe thermostat permits.

hyers of white

her protective
ce with Table
determined to
h positive stop

intended duty
| when certain
ing whether a
on thereof are

b be set to

t whatever

In each case, operation is to be continued until temperatures are stabilized.

48.18 A product that is capable of being either open or closed in actual service, such as a heat transfer
press, is to be tested both open and closed to determine which condition produces the higher operating
temperatures. In the case of an open-front tabletop product, where some heating operation is capable of
being performed without a tray in place, temperatures are to be measured on the horizontal supporting
surface in front of the open face of the product.
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48.19 External thermal insulation, such as woven glass fiber or mineral wool, is to be removed before a
product is installed in the test enclosure unless the material is bonded or permanently attached to the
product. Rubber or other material similarly subject to deterioration is to be removed from feet or other
supports when the removal of the material results in higher temperatures being attained on the product.

48.20 When a product incorporates a reel for the power-supply cord, one-third of the length of the cord
is to be left unreeled.

48.21 Maximum normal load is determined to be the load that simulates as closely as possible the most
severe conditions of intended use as defined by the manufacturer. It is not a deliberate overload except
as the conditions of actual use are somewhat more severe than the maximum load conditions that are
specified by the manufacturer of the product.

48.22 A prod
which combug
being laid. Th

Exception: T
guard, or both

ict shall not attain a temperature of more than 125°C (257°F) on any exter
tible material is capable of being laid, or against which combustible materia|
bre shall be no emission of smoke or molten material.

his requirement does not apply to a product that is provided witha non-com
as indicated in 9.1.

48.23 The temperature of a surface that is intended to be contacted“by the user shall n

value specifie
prohibited fror
with 75.9.

49 Dielectric

49.1 Primary

d in Table 48.2. However, accessible surfaces, ¢ther than handles or k
N having temperatures that exceed those shown ifTable 48.2 when marked

/oltage-Withstand Test

circuits

jor surface on
is capable of

bustible stand,

ot exceed the
hobs, are not
in accordance

reakdown the
uring this test,

49.1.1 Excep
application of
the product sk

as noted in this section, a product or system shall withstand without b
p primarily sinusoidal potential-at a frequency of 40 — 70 hertz for 1 minute. D
all be in a well-heated cendition. The potential is to be applied between:
a) Ea all other
prima

ch different type of primary circuit and earth ground (dead-metal parts), with
y circuits connected to the earth ground,

b) An brmer and

each

y live or current-carrying part of the primary circuit of an isolating-type transf
Eecondaryicircuit of that transformer; and

c) Tefminals of opposite polarity on capacitors that are connected across-the-line.

49.1.2 The test potential is to be:

a) 1000 volts for a product employing a motor rated 1/2 horsepower (373 watts output) or less
and 250 volts or less or

b) 1000 volts plus twice the rated voltage for a product employing a motor rated more than 1/2
horsepower or more than 250 volts.
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49.1.3 When an auto-transformer is in the circuit, a potential of 1250 volts plus twice the rated voltage is
to be applied directly to all wiring involving more than 250 volts while the primary of the auto-transformer
is disconnected.

49.1.4 The test potential specified in 49.1.2 is to be obtained from any convenient source having a
capacity of at least 500 volt-amperes. The capacity is not prohibited from being lower when the meter is
located in the output circuit in order to maintain the potential at the required level except in case of
breakdown. The voltage of the source is to be continuously adjustable.

49.1.5 When the leakage current across the line, or from line to earth ground, is so large it is impossible
to maintain the required AC test potential, the unit is not prohibited from being tested using a DC potential

of 1.414 times the appropriate AC voltage.

49.1.6 In the
to be raised a
whether a bre
the cover is in

49.1.7 An im
withstanding
connections u

49.2 Secondd
49.2.1 A prog
potential at a
during the tes
a) Pr
b) Se

c) Se
groun

d) Isd
49.2.2 The te

test voltage fq
accordance w

!

case of a product in which wiring passes through a hinged member or sprin
nd lowered three or more times while the test potential is being applied.if*orde
bkdown is capable of occurring as a result from damaged insulation on the co
various positions.

ersion-type heater in which the electrodes make contact with-a liquid shall
potential of 150 percent of the maximum rated voltage ‘of the product acrg
hder any condition of intended operation of the produet.

ry circuits

uct or system shall withstand without breakdewn the application of a prima
frequency of 40 — 70 hertz for 1 minute,~The product is to be in a well-he
. The potential is to be applied between:

mary and secondary circuits,

condary circuits and grounded-metal with any grounding connections discon

 connections are disconnected, and
lated secondary windings of transformers.
5t potential’is to be as indicated in Table 49.1. The maximum voltage used to

r the dielectric voltage-withstand potentials specified in Table 49.1 is to be
th.49,2.3 — 49.2.8.

j, the cover is
r to determine
nductors while

be capable of
ss the supply

rily sinusoidal
ated condition

hected,

condary circuit current-carrying parts that are isolated from each other after all common

determine the
determined in
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Table 49.1
Magnitude of test potential for secondary circuits

Maximum voltage (rms) in the circuit

a Test potential

peak)

(1414 peak)

30 or less (42.2 peak)
More than 30 (42.4 peak) and not more than 333.3 (471.3

More than 333.3 (471.3 peak) and not more than 1000

More than 1000 (1414 peak)

500 volts

Ten times the maximum voltage in circuit (max
1000 volts rms)

Three times the maximum voltage in circuit

1750 volts plus 1.25 times voltage in circuit

imum of

a Where the peak voltage is greater than 120 percent of 1.414 times the rms voltage, the circuit is to be tested as though
the voltage were peak voltage divided by 1.414.

49.2.3 The teg
voltage indica
to be monitore
until the requi
source with a

49.2.4 Voltag
case, all oper|
voltage.

49.2.5 An auf
is determined
is to take into

product and the possibility of the device being disconnected when it is not permanently co

circuit.

49.2.6 A conmector or comparable part that is"capable of being disconnected during inten

or operator se
is capable of

49.2.7 When

49.2.8 When

of the transforqmer core.

5t potential is to be obtained from any convenient source having a capadity-t
ed in Table 49.1, except in case of breakdown. The output voltage ofthe teg
d. Starting at zero, the applied potential is to be increased at a raterof 200 vo
ed test value is reached and is to be held at that value for 1 minute A DC s0
peak value equal to the DC value is not prohibited from being used for testin

bs are to be measured with and without any accessories provided with the pr

ating controls and all user-servicing controls are to he adjusted to produce

omatic voltage-regulating device is to be rendered inoperative unless, upon i
that it is capable of being relied upon to prevent an increase in voltage. Th
consideration any likely malfunctions or‘breakdown of either the regulating

rvicing is to be both connected and disconnected during the test so the ma
heing obtained.

a complex voltagesisipresent, the peak value of the voltage is to be measurg

required, the.frequency of the source is to be varied up to 1000 hertz to pre

D maintain the
t apparatus is
Its per second
urce or an AC
y a DC circuit.

pduct. In each

the maximum

nvestigation, it
b investigation
device or the
nnected in the

ded operation
imum voltage

d.

ent saturation
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50 Insulation Resistance Test

50.1 A permanently-connected product or a cord-connected product, other than as described in 47.1.1,
shall have an insulation resistance of not less than 50,000 ohms between live parts and interconnected
dead-metal parts.

50.2 The insulation resistance is to be measured by one of the following methods:

a) A magnetic megohmmeter that has an open circuit output of 500 volts,

b) A voltmeter having an internal resistance of at least 30,000 ohms and using a 250-volt DC
circuit, or

c) Equipment that has been determined to be equivalent.
51 Overvoltage Test

51.1 For the fest required by 42.2, a product using a motor is to be operated*for 1 minute |at the no-load
speed resultirjg from application of 1.3 times the rated voltage. A productin which the rptating load is
capable of bejng varied is to be tested for each condition of loading that iS capable of ocgurring. A part
that is capablé of presenting a risk of injury to persons shall not wogk leose at the conclusipn of this test.

52 Humidity Conditioning Test

52.1 A produgt using insulation material that is expected t0 be adversely affected by moisture under
conditions of intended use shall be conditioned for 48 _hoetrs in moist air having a relative humidity of 88
+2 percent at fa temperature of 32.0 +2.0°C (89.6 +3.6°F).

52.2 Followinfy the conditioning described in 52:1,"the product is to be subjected to a repepted Dielectric
Voltage-Withstand Test, Section 49, and Leakage Current Test, Section 47, or Insulation Rgsistance Test,
Section 50, ag applicable.

52.3 Regarding the Leakage Current Fest noted in 52.2, the test is to be discontinued when the leakage
current of the |product stabilizes.
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53 Immersion Test

53.1 A product that is capable of being immersed in water for cleaning shall be conditioned as described
in this section.

Exception: The test does not apply to a product marked in accordance with 75.5.

53.2 Following the conditioning described in 53.3 — 53.6, the product is to be subjected to a repeated

Dielectric Voltage-Withstand Test, Section 49, at a test value of 1000 volts and Leakage Current Test,
Section 47, with a maximum leakage current of 0.5 milliamp. Also, there shall be no entrance of water into

the interior of the product.

to remove all

urface moisture, and tested for leakage current as indicated’in 53.2.

Righest setting,

— 25°C (50—
s intended for
to the extent
ith a soft cloth

53.5 The entife procedure of immersion and leakage-current measurement is to be perfomed a total of

five times. Immediately following the fifth leakage current measurement, each sample is td
dielectric bregkdown as indicated in 53.2. Afterwards, the samples are to be inspected fo
of water.

53.6 When the samples rely on a gasket to prevent the entrance of water into the enclosurg
is to be opergqted dry for 240 hours. After cooling’to room temperature, each sample is
according to [53.3, immersed according to 53:4, and then tested for leakage current
breakdown ard examined for any sign of water in the interior of the product. These sam
subjected to gnly one immersion cycle.

53.7 As a result of the accelerated thermal aging described in 53.6, the gasket shall not bg
brittle, shall ngt crack, and shall shew no other signs of deterioration.

be tested for
any entrance

, each sample
to be heated
and dielectric
bles are to be

pcome hard or
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54 Grounding

Continuity Test

54.1 A product shall have a maximum resistance of 0.1 ohm between any part required to be grounded

and:

a) For permanently-connected products, the point on the product at which the power-supply
system is to be connected and

b) For cord-connected products, the point to which the grounding conductor of the power-
supply cord is connected.

54.2 The resistance is to be measured using a typical ohmmeter.

54.3 When a||1 ohmmeter yields results that do not comply with the intent of 54.1, the resis

re-measured

recorded. The
device that is
the voltage dr|

55 Mechanicy

55.1 When th

shall be capalple of operating for 6000 cycles in the intended manner while connected to a
h Performance, General, Section 44. When the normal cleaning of a product results in

as indicated i
movement of
connected to
electrical or m
Section 49.

55.2 Any me
minute. That
travel in both
for a hinged @
the wide-open

Dy passing an AC or DC current between the two points at which the meal
current is to be equal to the maximum-current-rated branch-circuit overcur
capable of being employed with the product. The resistance is to(be’calculat
Dp between the two points by the current.

| Endurance Test

e intended operation of a product results in movement of the internal wirin

the internal wiring, the movable part shall be~capable of operating for 60
A power source, in the intended manner~At the conclusion of the test, the
echanical malfunction, and the product shall comply with Dielectric Voltage-W

hanical arrangement shall be wsed to operate the movable part at a rate of
bart is to be operated in a manner that results in the part reaching the max
directions during each cycle: In the case of a product that has two different
over, 1000 cycles out,of-the total of 6000 cycles are to be made with the ¢
position.

tance is to be
surement was
rent-protective
ed by dividing

g, the product
supply source

DO cycles, not
re shall be no
ithstand Test,

12 cycles per
mum limits of
stop positions
bver moved to
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56 Flooding Tests

56.1 General

56.1.1 As a result of each of the tests described in this section:

a) There shall be no wetting of live parts, film-coated wire, or insulation that is expected to be
adversely affected by the liquid involved,;

b) No liquid shall enter a compartment housing field-installed wiring;

c) The product shall comply with a repeated Dielectric Voltage-Withstand Test, Section 49; and

d) The product shall comply with either the Leakage Current Test, Section 47, 6f
Resisfance Test, Section 50.

56.1.2 For ed
such as ignitig

56.2 Leakagdq test

56.2.1 A resqrvoir or tank assembly, including attached tubing, is"to be drilled with a 1/4

diameter hole
percent of its

During this tes

most adverse

Exception: W

is to be equa

in the most adverse location. The hole is to be pligged and the tank or reser
capacity. The plug is then to be removed so the entire contents flow from

position that is capable of occurring during‘normal operation.

to the inside diameter of the tubing.

56.3 Overflow test

56.3.1 A reseyvoir or tank assembly.that is expected to be overfilled during its intended us

lhe Insulation

ch test, the liquid provided with the product is to be used, unless the-liquid pgses a hazard,
n, flammability, or hazardous vapors. In that case, a substitute liquid is to beg used.

inch (6.4 mm)
oir filled to 50
the container.

t, the reservoir is to be in its intended position\n the product and the product|is to be in the

'hen a hole is to be drilled in tubing that is less than 1/4 inch inside diametel, the hole size

b is to be filled

to the level specified by the manufacturer, when such a level is plainly marked; otherwise, the reservoir

is to be filled fo its maximum capgcity. Additional liquid equal to 10 percent of the capacity,

and not more

than 1 gt. (940 ml), is then to'be poured into the reservoir through an orifice 3/8 inch (9.5 mm) in diameter.

During this tegt, the productys to be in the normal position for filling the reservoir.

Exception: This test:does not apply to a reservoir that must be removed from the product for filling.
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56.4 Compon

ent malfunction test

56.4.1 A product is to be operated through one complete cycle of normal operation under the following

conditions, on

e malfunction at a time:

a) A timer switch or float- or pressure-operated switch is to be operated with the switch
defeated in the most adverse position and

b) A boot, diaphragm, liquid seal, or gasket used in a liquid handling product is to be removed.

Exception: A boot, diaphragm, liquid seal, or gasket that does not flex shall instead comply with the
requirements in the Standard for Gaskets and Seals, UL 157. Infrequent motion of small amplitude, such

as that experi
determined to

57 Continuou

57.1 A produ

section. At the¢ conclusion of the test, neither the cheesecloth nor the tissue’paper shall

3-amp ground

57.2 The progluct is to be placed on a softwood surface covered«with white tissue paper 4

draped with a|
each opening
Performance,
be attached tq
48. The expos
fuse.

57.3 The prodluct is to be operated continuously at no load until temperatures stabilize or b

58 Operationgl Test

58.1 The ope
or injury to pe

58.2 An as-i
manufacturer
instructions, i
maintenance

“ ol HY . maanl oo fica b ~H L . Y i
LTI CU uurirty riorTriiar U Tativir Uy d uraprirayrinr CUVETITTY a DTCooUTC oTTIONIv

constitute flexing.
5 Operation Test
Ct that is not provided with a momentary contact switch is to be‘tested as de

fuse shall not open.

double layer of cheesecloth. The cheesecloth isto be located within 1/8 ing
in the enclosure. The product is to be connected to the supply sourc
General, Section 44, in series with a 20-amp:\time-delay plug fuse. Thermo
the product in the same manner as thatwequired in the Normal Temperaturg
ed dead-metal parts are to be connected to earth ground by a 3-amp non-ti

Fation of a product intended for household use shall not result in a risk of fire,
Fsons.

eceived sample of the product is to be set up or installed in accorda
S instructions. The sample is to be operated in accordance with the n
ncluding-maintenance and cleaning as specified by the manufacturer and
and, cleaning; and with all accessories specified by the manufacturer for

product. The

product is to be operated as intended, including manipulation of all controls

switch, is not

scribed in this
gnite, and the

nd completely
h (3.2 mm) of
b indicated in
couples are to
Test, Section
me-delay plug

Lrnout occurs.

electric shock,

ince with the
hanufacturer’s
lack of such
use with the
and operation

under the vari

ous loading conditions that is to be expected. The product is to be operated

for a suitable

length of time or through a suitable number of cycles to determine that all logically foreseeable

complications

are revealed.
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59 Abnormal Operation Test
59.1 General

59.1.1 A unit or system is to be operated continuously under abnormal conditions until ultimate results
described in 59.1.2 have been observed. Only one abnormal condition is to be simulated at a time.

59.1.2 Unless otherwise stated in this section, following each abnormal condition:
a) The product shall comply with a repeated Dielectric Voltage-Withstand Test, Section 49;

b) The current between accessible parts and ground through a 500-ohm resistor shall not

EXCG"’“' 5 III;”;QI TotT €S

¢) There shall be no emission of flame or molten metal, other than drops of Mmeltefl solder, from
the prpduct; and

d) There shall be no glowing or flaming of combustible material upon*which the product is
capaljle of being placed or, in the case of a permanently-installed ‘praduct, is capaple of being
in prokimity to the product as installed.

59.1.3 Unlesg otherwise indicated, the product is to be placed in"the same position as dgscribed in the
Normal Tempegrature Test, Section 48. A single layer of cheesecleth’is to be loosely draped pver the entire
unit and a 3-gmp non-time-delay fuse is to be connected between dead metal parts and e@arth ground. A
counter-suppqrted product is to be placed on a softwood surface covered with a layer gf white tissue
paper.

59.1.4 Unlesg ultimate results, such as a open _cifcuit, are obtained in less time, the tgsts are to be
continued for [at least 1 hour, or for the maximdm setting of any timer or control, whichgver is longer.
When, during|that time period, there is an indication of a possible impending condition of[fire or electric
shock, such smoke or deterioration of insulation, the test is to be continued until ultimgte results are
achieved, and|no longer than 7 or 8 haurs:Th most cases, continuous operation for 7 to 8 hours is required
to determine the ultimate result.

59.1.5 Examples of component halfunctions and probable misuses of the equipment that are capable of
presenting conditions that do.not comply with the intent of 59.1.2 are as follows:

a) An obstructiefithat stalls or overloads a drive motor;

b) A blocked solenoid or motor;

¢) Unintended connection or internal adjustment of equipment that is rated for use at more than
one voltage or for a range of voltages and contains a tapped transformer or other means of
being adapted to different supply voltages;

Exception: This test is not required to be conducted when internal adjustments are intended to
be made only by qualified service personnel, or when all of the following conditions are met:

a) A clear, permanent marking located adjacent to the cord or supply compartment
shall warn the user that internal adjustments are required to be made when the
equipment is installed or moved;
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b) Detailed instructions, clearly showing the adjustments that are required

to be made

for various voltages, are to be permanently attached to the equipment. These
instructions shall be on the outside or inside of the overall enclosure of a unit where
visible at the point at which adjustments for supply voltages are to be made; and

c) The means provided for adjusting for different voltages are to comply with the

requirements for wiring terminals described in Section 11.1.2.

d) When supplied with an operator-accessible selecting means, the unit is not prohibited from
being tested at the worst case(s) of voltage applied and voltage setting means combination(s);

e) Malfunction of a fan or a blower relied upon to remove heat produced by heaters. The fan or

blowe

f) Ma
energ

g) Aj
exces

h) O
wiring

i) For
that ig

j) Mal

59.1.6 The t€

equipment with DC input unit described in D€\ihput units, Section 11.3, as applicable:

a) Re
b) Sin

59.1.7 A com
being used in

during the abmormal gperation tests. The 100,000-cycle endurance test represents the me

that actuate th

Bt ol P2 H tacl +lo +h talladl £ tlio 4
MMULUTO ATT TU UJU UToLUTITITCULTU TAUNTTT TIAalnT otalinfcu TUT Uiio e ot,

function of a timer switch or a temperature-regulating thermostat which_is ca
zing a heating element continuously;

am or malfunction of a drive system that holds the load under a-heat source
Sive length of time;

erloading of power supplies through operator-accessible*eonnectors or unus
board receptacles in operator-accessible card cages; or both;

in parallel with the motor is to be open-circuited; and

function of a temperature control device.

Sts specified in Sections 59.1 — 59.3; are to be repeated under the following

verse polarity for Vehicle'Battery Adapter; and

hultaneous AC and.DC operation.

its intended.application. As such, the malfunction of the component is not tq

e switch-as well as the electrical parts.

pable of

for an

bd printed-

a motor connected across a portion of a resistance element, the portion of the element

conditions for

ponent that has_been subjected to a 100,000-cycle endurance test under loadl is capable of

be simulated
chanical parts

59.1.8 When

overloading low-voltage connectors, printed-wiring board receptacles, or both, these parts

are to be connected to a resistive load which draws the maximum available output current. The maximum

available outp

a) Th

ut current is to be determined to be the lower of:

e short-circuit current,

b) That current that is just below the trip point of any overcurrent or over-temperature protective
device, or
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c) That current that is just below the point at which the power supply circuitry limits the output
current.

The trip point of overcurrent-protective devices is to be determined to be 110 percent of their current
rating.

59.1.9 Circuit diagrams and component specifications are to be examined to determine which electronic
component fault conditions are capable of occurring. Examples are short circuits and open circuits of
transistors, rectifiers, diodes, and capacitors, particularly electrolytic capacitors, faults causing continuous
dissipation in resistors designed for intermittent dissipation, and internal faults in integrated circuits

causing excessive dissipation.

59.1.10 With
rectifying dioc
evaluated. Th
that such mal

59.1.11 The {

applied only Ipetween two terminals of a multi-terminal device at one time<s Simulated ¢

prohibited fron
from being us

circuits indicale damage to other parts of the equipment to the extent that the safety of thd

capable of be
introduced wh
accomplished
are capable o

59.1.12 Whe
using new co

59.2 Second4

59.2.1 Motors

with the test if 59.2.2 unless they ‘are used as follows:

a) Md

b) Md

b

les, and electrolytic capacitors connected across a secondary supply\©
b malfunction of other electronic components is also to be evaluated when it

unction is capable of resulting in the risk of a fire or electric shock,

psts specified in 59.1.9 and 59.1.10 are to be applied one at a time. Short cir

N being used for secondary circuit abnormal tests. Simulated Circuits are also
ed for primary circuit abnormal tests. However, when the tests performed

ng affected, the tests are to be repeated in the equipment. The abnormal co

ile the equipment is operating under intended canditions. This is not prohibi
by jumper leads and remote switches with corsideration given to the effect
having on the test.

the circuit is interrupted by the opening of a component, the test is to be rg
ponents as required.

ry circuit motors

rated less than 100 volts’or less than 200 volt-amperes in secondary circuit

tors that are supplied by Class 2 circuits,
tors thatiare rated less than 1 horsepower and

1). Are manually started,

f

idge rectifiers,

rcuit is to be
is determined

cuits are to be
rcuits are not
not prohibited
on simulated
equipment is
dition is to be
d from being
these devices

bpeated twice,

5 shall comply

2) Where the operator is in attendance during the entire operating cycle, and

3) Where malfunction of the motor is evident.

¢) Motors which, by their intrinsic operation, normally operate under locked-rotor conditions
such as stepper motors.
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59.2.2 The motor, or the unit in which the motor is installed, is to be placed on a wooden board that is
covered with a single layer of tissue paper. The motor, or the unit in which the motor is installed, is to be
covered with a single layer of bleached cotton cheesecloth of 40 g/cm2. The motor is to be operated at its
working voltage with the rotor locked for 7 hours, or until steady-state conditions are established,
whichever is longer. At the conclusion of the test, there shall be no ignition of the tissue paper or
cheesecloth.

59.3 Printed-wiring boards

59.3.1 When spacings on printed-wiring boards are investigated in accordance with 17.1.1.5,
printed-wiring board traces of different potentials are to be short-circuited. The overcurrent protection
provided with the branch circuit to which the unit is connected shall not open as a result of these tests.
Additionally,

H ool HH I ot hall 4 P2 H +ho 4 +
WITC UT A PTITIICUTVVITITTY DuAaru iracvc orair Tt UPTTT UuTriniy it ot it olo.

59.4 Productg with breakable surfaces
59.4.1 A product that has an exterior surface of glass, ceramic, or comparably-brittle material in or on
which a heatipg element is mounted, or that is an essential part of the enclosure of live parts, shall be
capable of withstanding the stresses that are expected to be encountered‘invactual servicq.

59.4.2 With the product in a fully heated condition, the surface under consideration shall withstand,

without cracki
described in 4

59.4.3 The s
2-inch (50.8-
Four impacts

59.5 Liquid h

59.5.1 Aliqui
protective deyf

59.6 Products

59.6.1 The product is to be operated without any temperature regulation.

Ng or breaking, the application of a cloth that is fully saturated with the hard-
7.2.2 at room temperature. The quantity of water involved shall completely w

rface under consideration shall withstand, without cracking or breaking, th
m) diameter, 1.18-lb (0.535-kg) steel ball;@ropped from a height of 40.5 in
bre to be made at different places on the ‘surface.

paters

I heater is to be operated in~a-dry condition and with all automatic temperat
ices shunted out of the gircuit.

with a heated chamber

water solution
bt the surface.

e impact of a
hes (1.03 m).

ire controls or
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59.7 Capacitors

59.7.1 The short-circuiting of either the rectifier or the capacitor of a combination consisting of a rectifier
and an electrolytic capacitor shall not result in a risk of fire, electric shock, or injury to persons.

59.8 Thermal cutoffs
59.8.1 When the product is connected to a supply source as specified in Performance, General, Section

44, and is placed in its intended operating position and energized in a manner that results in abnormal
heating, a thermal cutoff shall be capable of opening the circuit in the intended manner without causing

the short-circuiting of live parts and without causing live parts to become grounded to the enclosure.

59.8.2 Any of
shall perform
fuse to a supy

60 Switches §nd Control Devices Tests

60.1 Overloadl

60.1.1 Switch
overload test
rate of operati
prohibited fror

be no electricql or mechanical malfunction or breakdown of thie device, no undue burning g

contacts, and

Exception: T]
this applicatio

60.1.2 Expos
fuse. The con
ungrounded ¢
on both direc
connected so

60.1.3 When
connected to
the device is 1

60.1.4 When

as described in 59.8.1. During the test, the enclosure is to be connected_ thy
ly conductor not containing the thermal cutoff.

es and control devices shall perform as intended by the manufacturer when s
Consisting of 50 cycles of operation under the conditions specified in 60.1.2
bn is to be no greater than 10 cycles per minute, éxcept that a faster rate of 0
n being used when agreeable to those concernéd: At the conclusion of this tg

the fuse in the grounding connection shallnot open.

his requirement does not apply to a device that has been successfully evalu
h, or to a device interlocked so that.it does not break the motor locked-rotor

bd dead-metal parts of the preduct are to be connected to ground through
hection is to be such that'any single-pole, current-interrupting device is to be

current and alterpating current, the exposed dead-metal parts of the prog

as to be positive(wjth regard to a single-pole, current-interrupting control dey

h supply-Cifcuit at rated frequency and 110 percent of maximum rated voltags
0 be_the-same as that which it is intended to control in normal service.

d. Each cutoff
pugh a 3-amp

ubjected to an
—60.1.6. The
peration is not
bst, there shall
r pitting of the

ated for use in
current.

a 3-amp plug
located in the

pbnductor of the supply.circuit. When the product is intended to operate on diect current, or

uct are to be
ice.

testing a switch or other device that controls a solenoid or relay coil, the product is to be

£, The load on

s to be locked

testing a switch or other device that controls a motor, the rotor of the motor |

and the produ

ct is to be connected to a supply circuit of maximum rated voltage.

60.1.5 When testing an automatic control for temperature-regulating or temperature-limiting functions, the
product is to be connected to a supply circuit having a potential of 120 percent of the voltage specified in
44.4.
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60.1.6 Additionally, a DC-rated automatic control constructed such that the starting handle does not stay
latched with the timing knob in all of its position settings, thereby resulting in a slow break of the switch
contacts upon release of the handle, is to be operated for 50 additional cycles at normal load by releasing
the handle slowly. The 3-amp fuse shall not open as a result of the test. This test is to be conducted after
the overload test and preceding the endurance test on the control device.

60.2 Endurance

60.2.1 A thermostat is to be operated for the number of cycles indicated in Table 60.1. Unless specified
that the test be conducted without load, the thermostat shall make and break the rated current of the
product while connected to a circuit of rated voltage. At the conclusion of this test, there shall be no
electrical or mechanical malfunction of the thermostat, or undue burning, pitting, or welding of the
contacts.

Table 60.1
Number of cycles of operation for endurance test

Typg of thermostat Automatically reset thermostat hostat

A number of cycles equivalent to 1000
hours of normal operation of the heater,
and not less than 6000 cycles when it
is a household heating product, or
30,000 cycles when it is a commercial
product. However, the test is not
required when, with the thermostat
short-circuited, no temperatures higher
than the limits given in<JFable 48.1 are
attained during the Normal
Temperature Test,-Section 48

Manually reset ther

To be made the subjeqt of special

Temperature regulating considerationp

A number of cyeles equivalent to 100
hours of operation of the product under
any conditiefr'which causes the
thermostat to function, or 100,000

1000 cycles under load af
cycles without load. Howel
is not required when, with
thermostat short-circuited,

d 5000

Vver, this test
the

there is no

Ten|perature-limiting cyclesy whichever is greater. However, |evidence of risk of fire duijing the
the.test is not required when, with the | Abnormal Operation Test,|Section 59.
thermostat short-circuited, there is of no
evidence of risk of fire during the
Abnormal Operation Test, Section 59
Following Abnormal Operation Test:

Combinatiof temperaturetregulating 1. When a ”S.k Of fire exists, test as a To be made the subjeqt of special
L temperature-limiting thermostat. . I
and -limiting . . . considerationf.
2. When no risk of fire exists, test as a
temperature-regulating thermostat.
a8 When the opération of the thermostat controls the physical movement of a part of the product, the test is to|be arranged

so that each cycle Involves the complefe normal operafion of the product.
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60.3 Limited short circuit

60.3.1 Motor thermal protectors, such as automatic reset, manual reset, or thermal cutoffs, shall comply
with the limited short circuit test in the Standard for Overheating Protection for Motors, UL 2111.

61 Resistance to Impact Test

61.1 A unit shall comply with the applicable resistance to impact test in the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, UL 746C. Following the test, each product:

a) Sh

all comply with Dielectric Voltage-Withstand Test, Section 49;

61.2 When, 4
compliance W
whichever ocq

62 Strain Rel

62.1 The str
without displ
disconnected.

Exception: T
shall withstan

62.2 The stra|
withstand for
termination di

62.3 With reg
supported sud

Il comply with the accessibility requirements of Frame and Enclosure}/Secti

all be constructed so that when, for a heating element in a hand=supported f

art or wire is broken at any point there is no reduction of spacings below the
$ described in Spacings, Section 17.

t the conclusion of the test described in 61.1, it isTpot determined that thg
th 61.1, each sample is to be energized for 1 fiour, or until ultimate resu
urs first. After the test, each sample shall comply with 61.1 (a) — (d).

ef Test

Tn-relief means provided on a non-detachable flexible cord shall withstand

tion of a one-
bn 8; and
roduct, the
minimum

e sample is in

Its are noted,

for 1 minute,

cement, a 35 Ibf (156 N) applied to the cord with connections withif the product

he cord of a hand-held preduct weighing less than 1/2 Ib (0.227 kg), exclusi
| the application of a foree of 20 Ibs (89 N).

n-relief means pfovided on leads as specified in item (c) of the Exception to
L minute, without displacement, a 5 Ibf (22 N) applied to the leads with conn
Econnected:s

e of the cord,

11.1.1.5 shall
ections at the

ard t0.62.1 and 62.2, the force is to be applied to the cord or leads

h that'the strain-relief means is stressed from any angle that the construction|of the product

tolerates. The

strain relief does not comply with the intent of 62.1 and 62.2 when,

wia]|h the product

the point of

disconnection of the conductors, there is enough movement of the cord or leads to constitute evidence of
stress on the connections.
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63 Printed-Wiring Board Ground Continuity Test

63.1 The ground trace of a printed-wiring board shall not open when carrying a current equal to twice the
current rating of the overcurrent device which the board is relied upon for 2 minutes. Any primary circuit
overcurrent protection is not prohibited from being relied upon during this test. Secondary circuit
overcurrent protection is not prohibited from being relied upon when it is the first component in the

secondary circuit.

64 Physical Stability Tests

64.1 General

64.1.1 A fully
injury to opera

64.1.2 In con

their most unfa

used only to t
to be used in

64.1.3 A free
to other units,

64.1.4 A stab
drawers are (
associated with operator use. For service personnel, where'it is not automatic in operation,

marking shall |oe provided to caution the personnel on its use. See 75.7.
64.2 Tip-over|test
64.2.1 A unit|shall not tip over when tiltedN20 degrees from its intended upright position v

covers, gates

64.3 Horizonf]

64.3.1 A free
exceeding 39-
tip over when

maximum mo
closed. It has

to be stepped|on or sat upon.

ors or service personnel under all conditions of servicing and intended usg'\af

Hucting the stability tests described in this section, all casters and jacks’are t
vorable position, and wheels are to be locked or blocked. However;when cag
ansport the unit and jacks are lowered after installation, the jacks) and not th
fhe most unfavorable position for the test, consistent with reasenable levelin

standing unit is defined as one that is placed on the fleor-and is not intended
to the floor, or to other parts of the building.

ilizing means is not prohibited from being used-\to improve stability when dq
pened. The stabilizing means shall either bevautomatic in operation or inte

and drawers are in place~and closed.
al surface loading test

standing unit that has an external surface, such as a work top or ledge, §
3/8 inches (1\m) from the floor and that is expected to be stepped on or sat
a contingous downward force of 180 Ibf (800 N) is applied to that surface
ent. Forthis test all doors, covers, gates, drawers, and similar parts are to b

sents a risk of
er installation.

0 be placed in
ters are being
e casters, are
y of the unit.

to be secured

ors, gates, or
brlocked when
n conspicuous

hile all doors,

t a height not
upon shall not
At the point of
e in place and

not expected

T;)een determined that delicate parts such as keyboards or control panels are
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64.4 Push-over test

64.4.1 A free-standing unit more than 39-3/8 inches (1 m) high and weighing more than 55.1 lbs (25 kg)
shall not tip over when a force equal to one-fifth the weight of the unit, and not more than 56.2 Ibf (250
N), is applied to the product in any direction, except upward, at a height not exceeding 78-3/4 inches (2
m) from the floor. For this test all doors, drawers, and frames that are capable of being opened for
operator or service personnel servicing are to be opened and in the most unfavorable position. Separate
tests are not prohibited from being performed when operator and service extensions are different or when
stabilizers are used.

65 Handle Strength Test

65.1 A handle—

weight of the
shall not weal

65.2 The forg
length at the
seconds to th

65.3 When m
unit weight su
less than 55 |
only one of th
of the unit.

66 Strength g

66.1 The mouinting means of a product intended\ for mounting to a wall shall withstand a

four times the
the means are

66.2 The corf
manufacturer’

66.3 The ford
at zero, the fg
maintained fo

66.4 When n
described dog

init. The handle, its securing means, or the part of the unit to which the hang
en, crack, or break.

e is to be applied uniformly in the intended carrying direction over,-a 2-5/16
center of the handle. Starting at zero, the force is to be gradually increased
b required test value and then maintained for 1 minute.

ore than one handle is provided, the test force is to berdetermined by the per|

stained by each handle with the unit in the intended<arrying position. When &
Ds (25 kg) is provided with more than one handletand is capable of being ca

f Mounting Test
weight of the unit. The mounting-means, its securing means, or the part of th
e attached shall not weaken,~¢rack, or break.

hplete product is to be~mounted to a smooth vertical surface in accord
5 instructions using.the brackets or hangers that are shipped with the unit.

e is to be applied to the center of the unit so as to result in the greatest mo
rce is to bexgradually increased within 5 to 10 seconds to the required test \
1 minutéx

b wall» construction is specified in the installation instructions, or when th

ile is attached

Hinch (75-mm)
within 5 to 10

centage of the
unit weighing
rried by using

e handles, each handle is to be capable of withstanding a force based on the total weight

force equal to
b unit to which

ance with the

ment. Starting
alue and then

P construction

s\not represent expected wall constructions, the test is to be conducted wi

h each of the

following wall constraints:

a) 3/8-inch thick trade size gypsum dry wall fastened to trade size 2- by 4-inch wood studs
spaced 16-inch (40.6-cm) centers are to be used as the support surface. The hardware is to be
applied as specified in the installation instructions, and the mounting screws (or other fasteners)
are to be positioned between the studs and secured into the gypsum dry wall. An adjustable
product is to be adjusted to the position that maximizes the projection from the wall. When the
installation instructions indicate that the mounting screws are to be secured into wood studs:

1) A product less than 32 inches (81.3 cm) wide is to be mounted on one side to a
wood stud and on the other side to the dry wall, even when the instructions specify
securement to two studs.
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2) A product at least 32 inches (81.3 cm) wide is to be mounted to a wood stud on

each side.

b) 1/2-inch thick trade size gypsum dry wall fastened to trade size 2- by 4-inch wood studs
spaced 24-inch (61.0-cm) centers are to be used as the support surface. The hardware is to be
applied as specified in the instruction, and the mounting screws (or other fasteners) are to be
positioned between the studs and secured into the gypsum dry wall. An adjustable product is to
be adjusted to the position that maximizes the projection from the wall. When the installation
instructions indicate the mounting screws are to be secured into wood studs, the unit is to be
mounted on the lightest side to a wood stud and on the other side to the dry wall even when
the instructions specify securement to two studs.

67 TeStS for ,;uuldo, EII\;:UOUIUO, Al Id CpUIatUI AUbCOOIb:U BGII;CIO
67.1 A polymieric part, such as an enclosure or barrier, shall comply, as required,(Wwith

resistance to
Evaluations, U

67.2 A metal
enclosure or ¢
test, there shd

a) Nd

b) Nd
and H

c) No

67.3 With reg
in diameter. T

(50.8 mm) in gliameter and having 1.18-b-(0.54-kg) mass. The sphere is to fall freely from

vertical distan
products.

67.4 A nonmetallic enclosuré or guard and all operator-accessible barriers shall withstand 3

6.75 Ibf (30 N
this test, therg

a) Nd

impact tests in the Standard for Polymeric Materials — Use in Electrig
L 746C.

enclosure or guard shall withstand a static force of 25 Ibs (2¥1 N) for 1 m
uard shall also withstand an impact of 5 ft-lbs (6.8 J) for 1‘minute. At the cong
Il be:

reduction of spacings below the minimum values.described in Spacings, Se

development of openings that do not comply*with the accessibility requirem
nclosure, Section 8; or

transient distortion that results in contact with live parts.

ard to 67.2, the 25-Ibf (111-N) is'to be applied by means of a hemisphere 1/2 i

ce of 51 inches (1.30.m). Each test is not prohibited from being conducte

applied by-means of a hemisphere 1/2 inch (12.7 mm) in diameter. At the|
shall be:

reduction of spacings below the minimum values described in Spacings, Se

the applicable
al Equipment

nute. A metal
lusion of each

ction 17;

Pnts in Frame

hch (12.7 mm)

he 5 ft-Ibf (6.8 J) impact is torbe applied by means of a smooth, solid, steel sphere 2 inches

rest through a
0 on separate

L push force of
conclusion of

ction 17;

b) No development of openings that do not comply with the accessibility requirements in Frame

and E

c) No

nclosure, Section 8; or

transient distortion that results in contact with live parts.
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