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INTRODUCTION
1 Scope

1.1 These requirements cover electric personal grooming appliances intended for use by qualified
personnel in commercial establishments such as beauty parlors, barber shops, or cosmetic studios. These
appliances include hair curlers and dryers, combs, brushes, and similar appliances that are to be
employed in accordance with the National Electrical Code, ANSI/NFPA 70.

1.2 These requirements do not cover therapeutic lamps, diathermy equipment, massage machines,
vibrators, hair cllppers shavers, facial caps masks mitts, or other appllances covered by other

Safety, UL 6
volts.

)601 1. These reqmrements also do not cover ha|r curlers or dryers rated at

2 Units of Measurement

2.1 Values
approximate

2.2 Unless
square (rms)

3 Undated

3.1 Anyun
interpreted a

4 Glossary

4.1 Forthe

4.2 APPLIA
part of a detg

4.3 APPLIA
product appl
cord connect

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

otherwise indicated, all voltage and current values mettioned in this standard a

References

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

purpose of this standard’the following definitions apply.

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

NCE INLET(MOTOR ATTACHMENT PLUG) — A male contact device mount
ance to provide an integral blade configuration for the connection of an applian
or.

!

guirements for

ore than 250

xplanatory or

re root-mean-

dard shall be

xible cord as
nt plug).

ed on an end
ce coupler or

4.4 APPLI

ANCE (FLATIRON) PLUG — An appliance coupler type of device having a corad

slot configuration specified for use with heating or cooking appliances.

guard and a

4.5 AUTOMATIC CONTROL - A device intended for automatic control of operating time, temperature, or
pressure under conditions of intended operation and not for protection against conditions resulting from
abnormal operations.

4.6 AUTOMATICALLY CONTROLLED APPLIANCE — An appliance is considered to be automatically
controlled if it 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 device opens the circuit.

b) During any single preset cycle of operation, the motor is caused to stop and restart.
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c) When the appliance is energized, the initial starting of the motor may be intentionally delayed
beyond intended, conventional starting.

d) For an appliance employing a motor with a separate starting winding, during any single
predetermined cycle of operation automatic changing of the mechanical load reduces the motor
speed sufficiently to re-establish starting-winding connections to the supply circuit.

4.7 BODY-SUPPORTED APPLIANCE — An appliance that is physically supported by any part of the
body, other than the hand of the user, during the performance of its intended electrically operated functions
(such as a shoulder-, body-, or head-supported hair dryer) is to be considered a body-supported
appliance. Reference is to be made to the user manual of the appliance in establishing the intended

electrically operated functions of the appliance.

4.8 CONTIN
normal condif

4.9 CONTR

410 CONT
relied upon a
an efficiency
normal or abr

411 CONT
control.

412 CONT
regulates the
thermal cutoJ
persons, is cq

4,13 CONT
reduce the ris
of the appliar
and abnormg
“limiting contr

Note — During th
of the control.

UOUS-DUTY MOTOR - A motor that can operate unattended and under|lo3
ions of use for 3 hours or more.

ROL, AUXILIARY — A device or assembly of devices that provides a functiona
5 an operational or protective control, and therefore is not relied upon for safety.
control not relied upon to reduce the risk of electric shock, fire, or injury to pg
ormal operation of the end product is considered an‘uxiliary control.

ROL, MANUAL — A device that requires directyhuman interaction to activate

ROL, OPERATING — A device or assembly of devices, the operation of wh
end product during normal operation. For example, a thermostat, the failur
t/limiter or another layer of protection would reduce the risk of electric shock, fir
nsidered an operating contral;

ROL, PROTECTIVE — A'dévice or assembly of devices, the operation of which i
k of electric shock, fire or injury to persons during reasonably anticipated abnorr
ce. For examplesathermal cutout/limiter, or any other control/circuit relied upqg
| conditions, is(considered a protective control. Protective controls are also r
pls” and “safety-controls.”

p testing, of the protective control/circuit, the protective functions are verified under normal and singlg

DA LD A-OTLON

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

d under any

utility, is not
For example,
rsons during

or reset the

ich starts or
e of which a
B, or injury to

s intended to
nal operation
n for normal
pferred to as

-fault conditions

414 CONT

= 4 ! -y n n rd 4 n 41 (R T
VUL, TTFE T ACTIUN = TITIC dClUdluUIlT O diT daUtOITIauc COTTuror 101 WIncCIT Ure 1

anufacturing

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.

4,15 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.

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

4,17 COUNTER-SUPPORTED APPLIANCE — An appliance that is physically supported by a counter,
table, or bench during the performance of its intended electrically operated functions (such as a hair curler
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heater) is considered a counter-supported appliance. Reference is to be made to the user manual of the

appliance in establishing the intended electrically operated functions of the appliance.

4,18 DEAD-METAL PART — A metal or other electrically conductive part, accessible or inaccessible, that

is not conductively connected to a live part.

4.19 DIRECT PLUG-IN APPLIANCE - An appliance, without a power supply cord, that is physically

supported by direct insertion of its integral blades into a receptacle is considered a
appliance.

4.20 DIRECTLY ACCESSIBLE MOTOR — A motor that:

direct plug-in

a) Cap be contacted without opening or removing any part of an enclosure or guard-or

b) Is Ipcated so as to be accessible to contact.

4.21 DUALIVOLTAGE APPLIANCE — An appliance rated for use on a supply“circuit of
different voltages (for example, 120 volts and 240 volts) and usually provided with a means tq
one voltage to the other.

4.22 FIXED APPLIANCE — An appliance intended to be permanently connected electrically

-SUPPORTED APPLIANCE — An appliance that is physically supported by th
the performaince of its intended electrically operated functions*(such as hair dryers with roll-
is considered a floor-supported appliance. Reference is to,be made to the user manual of th
establishing the intended electrically operated functions\of the appliance.

4.24 HAIRLCRIMPING IRON — A hand-supported hair curling appliance having hinged arm
or wavy surfaced electrically heated tongs between which hair is curled. A typical constructiq

Figure 4.1.

either of two
change from

e floor during
about stands)
b appliance in

hs and ridged
n is shown in
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Figure 4.1

Typical hair-crimping iron

HINGE

HAIR
CRIMPING PLATES

33516

4.25 HAIR CURLER HEATER (HAIR SETTER) — A counter-supported appliance having posts or wells
on or in which hair curling devices (rollers,and the like) are heated before being applied to the hair. The
term also applies to a construction that has individual electrical hair curlers (rollers) with byilt-in heating
elements and male electrical fittings which plug into female contacts in the appliance.

4,26 HAIR-$TRAIGHTENING-IRON — An appliance similar to a hair-crimping iron as desdribed in 4.24
except that thie hair-crimping plates are replaced with flat plates.

4.27 HANDHELD, (APPLIANCE, HAND-GUIDED APPLIANCE — A portable appliance| that during
intended usel|is contacted by the hand of the user for purposes of electrical or physical control but not for
complete support,

4,28 HAND-SUPPORTED APPLIANCE — An appliance that is physically supported by the hand of the
user during the performance of its intended functions (such as a curling iron) is considered a hand-
supported appliance. Reference is to be made to the user manual of the appliance in establishing the
intended electrically operated functions of the appliance.

4.29 HEATED-AIR CURLING IRON (or BRUSH) — A curling iron (or brush) in which a fan included in the
appliance blows air over the heating elements and out through openings in the barrel of the appliance.

4.30 HIGH-VOLTAGE CIRCUIT — A circuit involving a potential of more than 600 volts.

4.31 INDIRECTLY ACCESSIBLE MOTOR — A motor that is accessible only by opening or removing a
part of the outer enclosure, such as a guard or panel, that can be opened or removed without using a tool,
or a motor that is located or otherwise guarded or enclosed so that it is unlikely to be contacted.
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4.32 INPUT VOLTAGE SELECTOR - The means provided on an appliance to adjust for the available
input voltage.

4.33 INTERLOCK - A device that automatically de-energizes electrical components or stops moving
parts that become exposed when an enclosure is opened or when a cover is removed.

4.34 ISOLATING TRANSFORMER - A transformer of which one or more output windings is electrically
separated from the input winding.

4.35 LIMIT CONTROL - As applicable to hand-supported hair dryers, a limit control, as shown in note A
of Figure 4.2, is a non-resettable control (a control intended to operate only once; that is, the control is not
intended to he-horcan it he reset aor recaonditioned for rnllen) that r\pnrafn: o npnn all olactr Ca' Circuits to

reduce the rigk of fire or electric shock.
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Figure 4.2
Typical hair dryer circuit

o

SUPPLY
SOURCE

S2934

A — Limit control [a non-reseftable device, as defined in 4.35).
B — Temperature|contral.(a calibrated automatic-reset device, as defined in 4.47). See also 46.1.23 and 46.1.24.

B4, B, — Tempergture control (a calibrated automatic-reset device, as defined in 4.47) shown at two other locations. $ee also 46.1.23
and 46.1.24.

C — Switches.
M — Motor.
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436 LIMITED-ENERGY PRIMARY CIRCUIT — A line-voltage circuit that incorporates a limiting
impedance in series with the supply circuit so that:

a) The circuit potential on the load side of the limiting impedance does not exceed 42.4 volts peak
(30 volts rms), under intended conditions and

b) The maximum energy available at the load side of the limiting impedance circuit is 100 volt-
amperes under any condition, including abnormal operation.

4.37 LINE-VOLTAGE CIRCUIT — A circuit involving a potential of no more than 250 volts and having
circuit characteristics in excess of those of a low-voltage circuit or a limited-energy primary circuit.

4.38 LIVE PART — A part energized with respect to earth or to some other part.

4.39 LOW-NMOLTAGE CIRCUIT — A circuit supplied by a primary battery, by a Class2-tran
a combination of a transformer and fixed impedance that, as a unit, complies, with all
requirementg for Class 2 transformers and that does not involve an open circuitpotential of m
volts peak (3P volts rms).

440 ORDINARY TOOL - A flat blade or Phillips head screwdriver, wrench, pliers, or oth

sformer, or by
performance
ore than 42.4

pr simple tool

that is readily available.

441 PORTABLE APPLIANCE — An appliance capable of being.carried or conveyed.

442 PREHEAT CYCLE - A cycle of operation in which the heating element initially operat
wattage for @ predetermined length of time at the end'of which the wattage drops to a low
operation leyel. The preheat cycle may or may net be repeated during a use of the a
temperature [transient condition associated with the operation of a positive temperature cog
heating element is not considered to be a preheat cycle.

bs at a higher
er continuous
bpliance. The
fficient (PTC)

4.43 REM(
starting devid

TELY-CONTROLLED APRLIANCE — An appliance that is out of view of the o
e.

perator at the

4.44 SAFE
risk of fire, ¢
circuit.

to reduce the
ered a safety

Y CIRCUIT — Any-circuit, either in the primary or secondary, that is relied upon
lectric shock, or,injury to persons; for example, an interlock circuit is consid

445 SECQ
See 36.1.1 —

NDARY.CIRCUITS - Circuits supplied from the secondary windings of isolating|transformers.

446 STATIONARY APPLIANCE — A cord-connected appliance that is intended to be fastened in place or
located in a dedicated space.

447 TEMPERATURE CONTROL — As applicable to hand-supported hair dryers, a temperature control,
as shown in note B of Figure 4.2, is an automatic-reset temperature-sensing control that operates to open
an electrical circuit to limit temperatures during motor slowdown and abnormal operation. A temperature
control is a calibrated control that is intended for at least 6000 cycles of operation and that complies with
all other requirements in the Standard for Limit Controls, UL 353, or in the Standard for Temperature-
Indicating and -Regulating Equipment, UL 873 or in the Standard for Automatic Electrical Controls for
Household and Similar Use, Part 1: General Requirements, UL 60730-1, and the Standard for Automatic
Electrical Controls for Household and Similar Use, Part 2: Particular Requirements for Temperature
Sensing Controls, UL 60730-2-9.
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4.37 TEMPERATURE-LIMITING CONTROL — A control that functions only under conditions that
produce temperatures higher than intended. The breakdown of the control might or might not result in a
risk of fire, electric shock, or injury to persons.

449 TEMPERATURE-REGULATING AND -LIMITING CONTROL — A combination control that functions
to regulate the temperature of the appliance under conditions of intended use, and also serves to reduce
the risk of electric shock or injury to persons that might result from higher than intended temperatures.

450 TEMPERATURE-REGULATING CONTROL - A control that functions only to regulate the
temperature under conditions of intended use. The breakdown of the control would not result in a risk of

fire, electric shock, or injury to persons.

4,51 THERMAL CUTOFF — A temperature or temperature- and current-sensitive device'in
thermal element for protecting a circuit by opening the protected circuit when thecdevic
predeterminefd temperature. It is intended to reduce the risk of fire, electric shock, or injury to
to overheating of an appliance during abnormal operation and to operate only once, that is
reset or recorjditioned for reuse.

4.52 WALLHHUNG APPLIANCE - A cord-connected appliance that,is. provided with co
9.7.2) keyhol
use of tools for removal from the wall. A wall-hung appliance may consist of two intercor
where one is |[ntended to hang on a wall and the other is intended-fo be supported by hand du

453 WALL{MOUNTED APPLIANCE — An appliance thatfis.permanently attached to a wall
connected eléctrically.

454 WIRIN
the field wher

(G TERMINAL — A terminal to which power supply or control connections are t
the appliance is installed.

5 Types of Appliances

5.1 Inthefo
a hand-suppq
the type or ty
the requireme

llowing text, a requirement that applies only to a specific type or types of applian
rted hair dryer and.a'curling iron, is so identified by specific reference in that rg
pes involved. Absence of such specific reference or use of the term "appliance"
nt applies to allappliances covered by this standard.

5.2 An appl
supported pa

ance thatis a combination of two or more types (for example, an appliance hg
rt and-a counter-supported part) or an appliance that fits the definition of two 9
(for example,|an.appliance that can be used while supported by hand or while supported by ¢

corporating a
e reaches a
persons due
it cannot be

hcealed (see

slots, hanger holes, or the like in order to be hung on a-wall and that does n¢t require the

nected units
ing use.

surface, and

b be made in

ces, such as
quirement to
ndicates that

ving a hand-
r more types
ountertop) is

investigated in_accordance with the applicable requirements for the types of appliances in

olved. If two

requirements that address the same condition differ, the appliance is investigated to the
requirement.

CONSTRUCTION
6 Components

6.1 A component of a product covered by this standard shall:

a) Comply with the requirements for that component as indicated in the individu
covering that component;

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

more severe

al section(s)

Se;
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c) Be used within its established use limitations or conditions of acceptability;

d) Additionally 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
product;

b) Is

c)ls
used

Exception N|
standard is a

a) Th
or

b) Th

6.2 Specifig
capabilities.
temperatures

6.3 Acomp

uperseded by a requirement in this standard; or

beparately investigated when forming part of another component, provided the
Wwithin its established ratings and limitations.

b. 2: A component complying with a component standard.other than thosg
cceptable if:

b component also complies with the applicable component-standard indicated in

p component standard:

1) Is compatible with the ampacity and overcurrent protection requirements o
Electrical Code, ANSI/NFPA 70, where appropriate;

2) Considers long-term thermal pteperties of polymeric insulating materials |
with the Standard for Polymeric-Materials — Long Term Property Evaluations, U

3) Any use limitations of the other component standard is identified and
accommodated in the eénd use application. For example, a component used if

standard may assume user expertise not common in household applications.

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

onent that is also intended to perform other functions, such as:

component is

cited in this

this standard

f the National
n accordance
L 746B; and

appropriately
) @ household

application, but intended for industrial use and complying with the relevamt component

performance
h as certain
itions.

a) Overcurrent protection;

b) Ground-fault circuit-interruption;

c) Surge suppression;

d) Any other similar functions; or

e) Any combination thereof

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

6.4 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 6.1 (b) — (e).

6.5 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

7 Stands

7.1 An appliance such as a curling iron that can be placed on combustible material shall be provided with
a stand madg of material resistant to combustion, upon which the curling ironrcan be placed when not in
use.

Exception No| 1: A stand is not required to be provided if the temperature*attained on any exfernal surface
of the applianice that is likely to contact the supporting surface is nothigher than 90°C (194°F)

Exception Noy 2: A hand-supported hair dryer is not required to-be provided with a stand.

7.2 If an appliance as described in 7.1 attains a temperature higher than 100°C (212°F) on an external
surface that ig likely to contact the supporting surface when operated continuously, it shall be provided with
an integral stand. A stand provided for other types;of appliances may be provided either as a separate
device or integral with the appliance.

7.3 With regpect to 7.2, an integral stand-provided with an appliance shall be of such cdnstruction or
shape that any surface of the appliance exceeding 150°C (302°F) does not contact the suppqrting surface
when the appliance is supported by the-stand in the intended manner.

7.4 A polymeric material employed as an integral stand in compliance with the requirements in 7.3 shall
be rated for the temperature to'which it will be subjected during use.

7.5 A heatef-air curling iron or brush, as defined in 4.29, shall comply with the requiremerts applicable
to hand-suppgrted<hair dryers and curling irons.

8 Hair DryerHmmersionProtection

8.1 A hand-supported, hair-drying appliance (such as a hair dryer, blower-styler, styler-dryer, heated-air
comb, heated-air hair curler, curling iron/hair dryer combination, a wall-hung hair dryer or the hand unit of a
wall-mounted hair dryer, or a similar appliance) shall be constructed to reduce the risk of electric shock
when the appliance is energized with its power switch in either the "on" or "off" position and the unit is
immersed in water having an electrically conductive path to ground.

8.2 With reference to 8.1, compliance may be accomplished with the use of an integral ground-fault
circuit interrupter (GFCI) or an integral protective device of another type that de-energizes all current-
carrying parts when the hand-supported, hair-drying appliance is immersed in water having an electrically
conductive path to ground (hereafter referred to as a protective device).
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8.3 When a hand-supported, hair-drying appliance is provided with a GFCI, the GFCI shall comply with
the requirements for Class A cord-connected GFCls in the Standard for Ground-Fault Circuit-Interrupters,
UL 943.

Exception: A GFCI located in the wall unit of a wall-mounted, permanently-connected hair dryer shall
comply with the requirements for Class A, permanently-connected GFCls in UL 943.

8.4 If a hand-supported, hair-drying appliance is provided with a protective device other than a GFCI, the
protective device shall be acceptable for the application. Investigation of the protective device shall include
and is not required to be limited to consideration of:

a) Electrical rating,

b) Operating temperatures,

c) Reliability of operation,

d) Repistance to the effects of abnormal operating conditions,
e) Repistance to mechanical abuse,

f) Registance to electrical transients, and

g) Repistance to moisture.

The combingtion of hair-drying appliance and protective device shall comply with the test described in the
Immersion Pfotection Trip Time Measurement Test, Section 49.

Exception Np. 1: A protective device is deemed acceptable for the application if it complies with the
requirementg for Class A cord-connected GFCIs‘in the Standard for Ground-Fault Circuit-Interrupters, UL
943, except that it is not required to:

a) Haye a grounding conductor;
b) Haye the same type of power supply cord;

c) Comply with the high-fesistance ground faults test under the condition that any power conductor
is opegn-circuited. Or

d) Provide grounded neutral protection by compliance with the high-resistance grouhd faults test,
undef the test condition that the neutral conductor is grounded at a point in the load cifcuit.

Exception No—2—A protective device 15 deermed acceptable for the apptication if 1t complies with the

requirements in the Standard for Appliance Leakage-Current Interrupters, UL 943B. The combination of a
hand-supported, hair-drying appliance and such a protective device is not required to be subjected to the
test described in the Immersion Protection Trip Time Measurement Test, Section 49.

8.5 A GFCI or other protective device shall be integral with the attachment plug of the hand-supported,
hair-drying appliance power supply cord.

Exception No. 1: For a wall-mounted, permanently-connected hair dryer, the GFCI or other protective
device may be located in the wall unit.

Exception No. 2: A GFCI or other protective device may be located in the power supply cord as a through
cord construction or in the hair dryer enclosure after additional investigations with regard to acceptability
after immersion, resistance to mechanical abuse, and the like.
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8.6 A user-resettable protective device shall incorporate a supervisory circuit as described in the
Standard for Ground-Fault Circuit-Interrupters, UL 943, for GFCls.

Exception: A user-resettable protective device may be provided with a reset feature not providing a test

function if:

a) The protective device complies with the Standard for Tests for Safety-Related Controls
Employing Solid-State Devices, UL 991. If the computational investigation is conducted, the
maximum predicted failure rate (Ap) shall not exceed 1.5 failures per million hours predicted. If the
demonstrated method is conducted, the test acceleration multiplier shall be 5763;

b) The instructions provided with the appliance alert the user to the reset feature and how and

when

c) The
should

8.7 A switch
and "Reset" g

8.8 Afterag

9 Frame and Enclosure

9.1 Genera

9.1.1 The fr
likely to be er

total or partia
other conditig

injury to persons.

9.1.2 Amon
a) Phy
b) Reg
¢) Moi

d) Cor

o use I, ana

instructions provided with the appliance alert the user to not reset and retse 1
the protective device trip as a result of immersion.

included for testing a user-resettable protective device shall belpermanently n
n or adjacent to the switch actuators.

rotective device de-energizes current-carrying parts, it shall not automatically re

bme and enclosure of an appliance shall be sufficiently strong and rigid to resis
countered during service. The degrees of resistance inherent in the appliance s
collapse with the attendant reduction of spacings, loosening or displacement
ns which alone or in combination’constitute an increase in the risk of fire, elec

j the factors taken into‘consideration in evaluating an enclosure for acceptability
sical strength;

istance to impact;
sture-absorptive properties;

hbustibility;

he appliance

harked "Test"

set.

t the abuses
hall preclude
of parts, and
tric shock, or

are its:

e) Resistance to corrosion; and

f) Resistance to distortion at temperatures to which the enclosure may be subjected under
conditions of normal or abnormal use.

For a nonmetallic enclosure, all these factors are considered with regard to thermal aging.

9.2 Polyme

9.21

ric enclosures and parts

A polymeric enclosure shall comply with the applicable requirements in the Standard for Polymeric

Materials — Use in Electrical Equipment Evaluations, UL 746C. A direct plug-in appliance shall comply with
the requirements for unattended portable appliances in UL 746C.
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9.2.2 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 requireme

nt.

9.3 Metal enclosures

9.3.1 The minimum thickness of a metal enclosure shall be as indicated in Table 9.1.

Table 9.1
I
At small, flat, unreinforced
surfaces and at surfaces that
are reinforced by curving,
ribbing, and the like (or are At surfaces to which
otherwise of a shape or size) to | a wiring system is'to At relatively large
ensure adequate physical be connected'in,the unreinforced flat
strength, field, surface,
Metal inch (mm) inch (mm) inch (mm)
Die-cast 3/64 (1.2) = - 5/64 (2.0)
Cast maltljable iron 116 (1.6) - - 3/32 (2.4)
Other cagt metal 3/32 (2.4) - - 1/8 3.2)
Uncoated sheet steel 0.026° (0.66) 0.032 (0.81) 0.026 (0.66)
Galvanizgd sheet steel 0.0292 (0.74) 0.034 (0.86) 0.029 (0.74)
Nonferroys sheet metal 0.036° (0.91) 0.045 (1.14) 0.036 (0.91)
2@ Thinner [sheet metal may be used if found to be acceptable when the enclosure is judged under consideratiops such as
those mefptioned in 9.1.2.

9.4 Accessibility of live parts

9.4.1 To reduce the risk of -unintentional contact that may involve a risk of electric shock from an
uninsulated ljve part or film-coated wire, an opening in an enclosure shall comply with either (g) or (b).

a)Fo

an opening-that has a minor dimension (see 9.4.5) less than 1 inch (25.4 mm),

wire ghall not'be‘contacted by the probe illustrated in Figure 9.1.

b) Fo

from the-opening as specified in Table 9.2

such a part or

an‘qpening that has a minor dimension of 1 inch or more, such a part or wire shall be spaced

Exception: A motor other than one used in either a hand-supported appliance or a hand-supported portion
of an appliance is not required to comply with these requirements if it complies with the requirements in

9.4.2.
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Figure 9.1
Articulated probe with web stop
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Table 9.2
Minimum distance from an opening to a part that may involve a risk of electric shock or injury to
persons
Minor dimension®® of opening, Minimum distance from opening to part,®
inches (mm) inches (mm)
3/4° (19.1) 4-1/2 (114.3)
1¢ (25.4) 6-1/2 (165.1)
1-1/4 (31.8) 7-1/2 (190.5)
1-1/2 (38.1) 12-1/2 (317.5)
1.7/8 <A7 R) 15.4/2 (’20’2 Z
2-1/8 (54.0) 17-1/2 (444.5
d d 30 (762.0
2 See 9.4)5.
b Betweel 3/4 inch (19.1 mm) and 2-1/2 inches (63.5 mm), interpolation is to be used to deterfnine a value befween
values spgcified in the table.
¢ Any dimension less than 1 inch (25.4 mm) applies to a motor only.
9 More thgin 2-1/2 inches, but not more than 6 inches (152.4 mm).

9.4.2 Uning

comply with ¢ither (a) or (b).

a) Fo

b) Fof

an opening with a minor dimension (see 9.4:5)'less than 3/4 inch (19.1 mm):

by the probe illustrated in Figure)9.3; and

3) In an indirectly accessible motor (see 4.31), an uninsulated live part
contacted by the probe.illustrated in Figure 9.4.

the opening as specified-in Table 9.2.

9.4.3 Theg

to any depth
through the

Figure 9.1
configuration

that the opening will permit; and shall be rotated or angled before, during, and
pening to any position that is necessary to examine the enclosure. The probe
nd) Figure 9.3 shall be applied in any possible configuration; and, if n

ulated live parts or film-coated wire of a motor as-nentioned in the Exception

1) Film-coated wire shall not be contacted by the probe illustrated in Figure 9.2;

2) In a directly accessible motor+(see 4.20), an uninsulated live part shall not

an opening with.a minor dimension of 3/4 inch or more, a part or wire shall bg

robes mentioned in 9.4.1 and 9.4.2 and illustrated in Figure 9.1 — Figure 9.4 sh

to 9.4.1 shall

be contacted

shall not be

spaced from

all be applied
after insertion
5 illustrated in
cessary, the
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Figure 9.2

Probe for film-coated wire
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Figure 9.4

Probe for uninsulated live parts

~—— ANY CONVENIENT LENGTH

1/2INCHIMA
127mm

3/4 INCH DIA.

(19.1mm)

H \

PA1

9.4.4 The
accessibility
be applied w

9.4.5 With
diameter of

opening.

9.4.6 Durin

94.10r94.2

9/16 INCH(14.3mm)

INCHES
(101.6mmy)

50A

\ 3/16 INC

(4.8mn

robes mentioned in 9.4.4and 9.4.2 shall be used as measuring instruments
provided by an opening,‘and not as instruments to judge the strength of a mate
th the minimum forcé.necessary to determine accessibility.

reference to the requirements in 9.4.1 and 9.4.2, the minor dimension of an g

the largest«cylindrical probe having a hemispherical tip that can be inserteq

j the examination of an appliance to determine whether it complies with the re

to judge the
rial; they shall

pening is the
through the

guirements in

a-part of the enclosure that may be opened or removed by the user without u

5ing a tool (to

attach an accessory, to make an operating adjustment, to replace a fuse, or for other reasons) is to be
opened or removed.

9.4.7 With reference to the requirements in 9.4.1 and 9.4.2, insulated brush caps are not required to be
additionally enclosed.

9.4.8 A live part of a limited-energy primary circuit is considered to require the same degree of protection

against unintentional contact as is required of a live part of a line-voltage circuit.

9.5 Enclos

9.5.1

ure integrity

An area of an enclosure that is provided with a group of openings or with a guarded opening (such

as a grille, louver, or screen) which may affect intended strength of the enclosure is to be subjected to the
test described in 56.1.
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9.5.2 The enclosure of a remotely or automatically controlled appliance shall prevent molten metal,
burning insulation, flaming particles, or similar material from falling on combustible materials, including the

surface upon which the appliance is supported.

9.5.3 The requirement in 9.5.2 requires the use of a barrier of material that is resistant to combustion:

a) Under a motor unless:

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

barrier;

2) The protection provided with the motor is such that no burning insulation or molten

b) Ung

9.54 Therg
and completg
shown that m

4 ralfall 4 +lo o o ot vy Ll L la Llo + +
miatcridr Tdallio tU 1T oultavC at oUppPuUTlto 1S appidaliivc WITCTT UTS TTTULUT 15 TIT1

each of the following fault conditions:
i) Main winding opened;
i) Starting winding opened;

i) Starting switch short-circuited; and

iv) For a permanent split capacitor motor, the €apacitor short—circuiti

circuit is to be applied before the motor is energized, and the rotor is to

or

rgized under

d (the short
e locked);

3) The motor is provided with a thermal moter protector (a protective device that is sensitive

to temperature and current) that will prevent the temperature of the motor W
exceeding 125°C (257°F) under the maximum load under which the motor wi
causing the protector to cycle, and:from exceeding 150°C (302°F) with the roto
locked.

er wiring, unless the wiring is provided with:
1) Flame-retardant rating’VW-1 (FR-1); or

2) Wiring contairniedwithin sleeving rated VW-1.

quirement in.9.5.3 also requires that a switch, relay, solenoid, or similar part b
ly enclosed unless there is no opening in the bottom of the appliance enclosure
alfunction’ of the component would not result in a risk of fire.

rminals of a switch, relay, solenoid, or similar device is not required to be in

indings from
| run without
of the motor

e individually
, or it can be

Exception: Te

ividually and

completely enclosed.

9.5.5 The barrier mentioned in 9.5.3 shall be horizontal, shall be located as indicated in Figure 9.5 and
shall have an area not less than that described in Figure 9.5. An opening for drainage, ventilation, or the
like may be employed in the barrier when such an opening would not permit molten metal, burning
insulation, or similar material to fall on combustible material.
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Figure 9.5

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

B — Projection of outline of component on horizontal plane.

C — Inclined line which traces out minimum area of barrier. The line is always:

a) Tangent to the component,

b) 5 degrees from the vertical, and

c) 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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9.6 Doors and covers

9.6.1

If a door or cover in an outer enclosure gives access to uninsulated live parts in a circuit (other than

a low-voltage circuit), it shall be removable only with the use of tools or shall be provided with an
interlocking mechanism. See 9.6.2, 9.6.6, and 9.6.7.

9.6.2

An interlocking mechanism complies with the requirements in 9.6.1 if it

a) Secures the cover in the closed position when engaged and

b) Must be engaged before parts in the circuit can be energized.

9.6.3 The 4
intended prot
be reset with
enclosing the

9.6.4 Areqy
or cover.

Exception: T
protector, ang

9.6.5 Adoo

a)ltg
which

b) It m
resetti

9.6.6 Areqy
shall be prov
surface of the

9.6.7 Comp

a)A s
the do

ssembly shall be arranged so that an overcurrent protective device such as
ective functioning of which requires renewal, can be replaced and manual-fese
but removal of parts other than the doors or covers and without removal of-the
device.

ired protective device shall be accessible from outside the appliance only by of

he operating handle of a circuit breaker, the operating button of a manus
similar parts may project outside the enclosure.

or cover of an enclosure shall be hinged or attached in an equivalent manner if

ives access to fuses or any motor overlgad protective device, the intended f
requires renewal or

ust be opened in connection with the intended operation of the protective devicg
ng of a manual reset overload protective device.

ired hinged cover shall not\depend solely upon screws or similar means to hold
ded with an automatic latch or the equivalent and shall be tight-fitting or sha
enclosure around the opening.

iance with the requirements of 9.6.6 may be achieved by use of:

pring latehi a magnetic latch, a dimple, or equivalent mechanical arrangement
or in place and that will require some physical effort on the user's part to open o

a fuse, the
devices can
cover or door

ening a door

lly operable

Linctioning of

, such as the

it closed, but
| overlap the

that will hold

e means for

b) A ¢

over interlocking mechanism, as described in 9.6.2 and provided as the so

securing the cover or panel.

9.7 Hanging and mounting means

9.71

A wall-hung or a wall-mounted appliance shall withstand a force as described in 57.1 without

evidence of damage to the mounting surface, to the hanging means, to the mounting means, or to the
appliance that results in the risk of electric shock, fire, or injury to persons.

9.7.2 A cord-connected appliance that is provided with keyhole slots, notches, hanger holes, or the like,
for hanging the appliance on a wall, shall be provided with the necessary hardware for hanging the
appliance in accordance with the installation instructions and constructed in such a manner that the
hanging means (such as screws) shall not be accessible without removing the appliance from the
supporting means.
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9.7.3 When determining compliance with 9.7.2 any part of the enclosure or barriers that can be removed
without the use of tools to gain access to the hanging means is to be removed.

9.7.4 A keyhole slot, notch, or hanger hole shall be located so that the supporting screws or the like
cannot damage any electrical insulation or contact uninsulated current-carrying parts of the appliance.

9.7.5 A permanently installed wall-mounted appliance shall be provided with the necessary hardware for
mounting in accordance with the installation instructions.

Exception: Small parts commonly available for the mounting of the appliance need not be provided if the
installation instructions refer to such parts. See 82.4 for installation instructions.

10 Adhesiyes Used to Secure Parts

10.1  An adhesive that is relied upon to reduce a risk of fire, electric shock, owrinjury to persons shall
comply with the requirements for adhesives in the Standard for Polymeric Materials — Us¢ in Electrical
Equipment Ejvaluations, UL 746C.

10.2 The rgquirement in 10.1 also applies to an adhesive used to secure a conductive part, including a
nameplate, that may, if loosened or dislodged:

a) Engrgize an accessible dead-metal part;
b) Mdke a live part accessible;
¢) Refluce spacings below the minimum acceptable values; or

d) Shprt-circuit live parts.
11 Reduction of Risk of Injury to Persons
11.1 General

11.1.1 Materials employed in-the construction of the appliance that are depended upon fgr reduction of
the risk of injury to persons ;shall have such properties as to meet the demand of intgnded loading
conditions.

11.1.2 Asbestos shall not be used in the airstream of an appliance in such form, manner, of location that
it can be disqipated.outside the appliance.

11.1.3 A moving part that can cause a risk of injury to persons shall be enclosed or provided with other
means to reduce the risk of unintentional contact therewith.

Exception: A part or portion of a part that is necessarily exposed to perform the working function is not
required to be enclosed but, when necessary, guarding shall be provided.

11.1.4 With reference to the requirement in 11.1.3 the general construction and intended use of the
appliance are to be considered in investigating a guard or enclosure. Among the factors to be taken into
consideration in evaluating the acceptability of an exposed moving part are the degree of exposure, the
sharpness of the moving part, and the risk of fingers, arms, hair, or clothing being drawn into the moving
part (such as at points where gears mesh, where belts travel onto a pulley, or where moving parts close in
a pinching or shearing action).
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11.1.5 An appliance or any item furnished with the appliance shall have no sharp edge, burr, point, or
spike inside or outside the appliance that may cause injury to persons during intended use and
maintenance.

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

11.1.6  Whenever referee measurements are necessary to determine that a part as mentioned in 11.1.5
is not sufficiently sharp to constitute a risk of injury to persons, the method described in the Standard for

Tests for Sharpness of Edges on Equipment, UL 1439, is to be used.

11.1.7 A dey

protective de
will not result

A

11.1.8 On 3
securely in pq

securing mea

11.1.9 A hg

nless it can be de

ice, or similar part, shall not be used u monstrated that aute
in a risk of injury to persons. See 79.6.1.

n appliance adjustable for height, means shall be provided for, holding the
sition. Means shall also be provided to prevent the upper part from\descending

nd-supported hair dryer shall have each air intake opening provided with

equivalent mgans so that there are no openings larger than 0.004 square inch (2.58 mm?).

11.2 Appliances with reservoirs

11.21 Ana
11.2.2-11.2.

bpliance in which liquid reaches a temperatire greater than 46°C (115°F) shal
4, 54.2, and the Tip-over Test, Section 55.%. See Figure 55.1.

Exception: A

11.2.2 The
simulating int
openings are

11.23 Ana
shall be provi

11.2.4 If any
improper ass

wax-depilatory appliance is not required to comply with these requirements.

construction of the appliance;shall be such as to reduce the risk of injury und
ended use. Openings through which liquid can be emitted shall not be provided
required to perform an-operating function.

bpliance with a xessel or container that has a capacity of more than 32 fluid our
Hed with a fully inserting or a lock-on lid.

part of an*appliance requires assembly (for example, engagement of a twist-lo
bmblysthat might result in a risk of injury to persons shall be clearly visible to the

set overload-
atic starting

upper parts
rapidly if the

ns, including a hydraulic or a pneumatic device, loosens or fails to operate as intended.

a screen or

comply with

er conditions

unless such

ces (946 ml)

ck part), then
Iiser.

11.3 Wax depitatory appiiances
11.3.1  The maximum temperature of the wax, measured as described in 46.5.1 — 46.5.3, shall not
exceed 75°C (167°F).

11.3.2 The maximum temperature of surfaces that may be contacted by the user shall be as specified in
Table 46.2.

11.3.3 When there are multiple heat settings (for example, a setting for maintaining molten wax at the
intended temperature for application to all of the skin and a higher heat setting for quick melting of solid
wax), the appliance shall comply with all of the following:

a) If the wax is capable of being heated above 75°C (167°F) for quick melting, the reservoir in
which the wax is so heated shall be provided with a nonremovable, self-closing lid or cover.
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b) A visible overheat condition indicator shall be provided. Such an indicator shall indicate when the
wax temperature exceeds 75°C. This indicator shall be separate and independent of any other
temperature indicator (for example, an indicator light whose functioning depends upon the setting
of an adjustable thermostat) which may be provided. See 46.5.3, 81.9(1)(10), and 83.8(e).

c) A marking (such as a number or symbol) shall be provided adjacent to each heat selector
position. A permanent marking shall be provided on the appliance in accordance with 79.14.1(b),
and the Use and Care Instructions shall warn the user against applying wax that has been heated

atas

etting higher than the intended setting. See 81.9(1)(10).

d) A part of a temperature control that is user-operated (an adjustment knob or similar part) shall be
constructed so that deliberate and positive action by the operator is required to select a heat setting

or to
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this rq

11.3.4 With
available to ¢
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he wax, and surfaces of the appliance that are handled or contacted by th
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y an appropriate investigation:xThe investigation shall include consideration of
peratures remain above the specified limits, the thermal inertia of the materials
S.

on of Service Personnel

quirements in this section apply only to appliances of such size and complexity
r service personnel to reach over, under, across, or around uninsulated elec
to performi.service functions while the unit is energized.

Llated” parts that involve a risk of electric shock shall be located or prote
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of the unit.

12.3 Moving parts that can cause injury to persons and that must be in motion during service operations
not involving the moving parts shall be located or protected so that unintentional contact with the moving
parts is not likely.

12.4

If a guard must be removed during servicing of a part involving a risk of electric shock or injury to

persons, the guard shall be constructed and arranged so that it can be removed and replaced with a
minimum of effort.
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13 Mechanical Assembly

13.1 The assembly of an appliance that involves a motor or other vibrating unit shall be such that the
appliance will not be affected adversely by the vibration of intended operation. Brush caps shall be tightly
threaded or otherwise constructed to prevent loosening.

13.2 A switch (other than a through-cord switch), a lampholder, a receptacle, a motor-attachment plug, or
similar component shall be mounted securely and shall be prevented from turning.

Exception No. 1: The requirement that a switch be prevented from turning can be waived if all the
following conditions are met:

a) The switch is of the plunger or other type that does not tend to rotate when opérdted (a toggle
switch is considered to be subject to forces that tend to turn the switch during intendeq operation of
the switch);

b) Thg means of mounting the switch is such that the operation of the switch is unlikdly to result in
the switch becoming loosened;

c) Thg spacings are not reduced below the minimum acceptable values if the switcH does rotate;
and

d) /ntInded operation of the switch is by mechanical/means rather than by diregt contact by
persops.

Exception Ng. 2: A lampholder of the type in which the lamp cannot be replaced (such as a|neon pilot or
indicator lightlin which the lamp is sealed in by a nonremovable jewel) need not be kept from|turning if the
rotation canngt reduce spacings below the minimum-required values.

13.3 The means by which the turning mentioned in 13.2 is prevented shall include more than friction
between surfaces. For example, a lock washer, properly applied, is acceptable as a means to prevent
turning of a d¢vice having a single-hole‘mounting means.

13.4 Positive means shall be provided to keep parts of an appliance from turning with regpect to each
other if such turning would resultin reduction of spacings, twisting of wires, and the like.

Exception: If |such parts.depend upon 3/8 inch (9.5 mm) or larger pipe threads, no additiopal means to
prevent turning need be‘provided.

13.5 An apy Ilance intended for connection to a supply of air, water or the like shaII have provisions for
such connectlons . ! . other alteration
of the appliance. Durlng the makmg of the f|eld connect|ons mternal erlng or electncal components shall
not be subject to mechanical damage or stress.

13.6 An appliance that is shipped from the factory disassembled or unassembled to the degree
necessary to facilitate shipment shall comply with all of the following:

a) All parts shall be furnished by the manufacturer;
b) Electrical continuity shall be maintained between field-assembled parts;

¢) The appliance shall be such that the field assembly can be accomplished without drilling, cutting,
threading, or any alteration other than for permanent connection to the supply source;

d) The assembly arrangement, location, and orientation of the separate parts shall be established
at the time of manufacture and shall not be dependent on the installer.
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13.7 A fastener that secures the insulating tip of a curling iron, a heated brush, or a similar appliance
shall be constructed, fastened, or located so as to prevent the fastener from becoming loosened if such
loosening can result in a risk of fire or electric shock.

13.8 Compliance with the requirement in 13.7 may be accomplished by use of:

a) Staked and upset screws,

b) Screws with properly applied lock washers,

c) Press fitting of the insulating tip into place, or

d) Othet eg ivalent-means-

A polymeric
mechanical
considered W

13.9 Ifany
inside the en|
that electrical

13.10 Com
a) Lo
b) Us
c)Us
d) Us

14 Stability

141 Afloo
tested in acc

Exception: A
persons is nqg

material relied upon to prevent the fasteners from loosening shall\hav,
strength, resistance to heat, and dimensional stability. All of these properti
ith respect to thermal aging.

part of a metal spring of a hair clamp of a curling iron or a similar appliance can
closure of electrical parts as a result of breakage of the spring/ the construction
spacings will not be reduced.

bliance with the requirement in 13.9 may be accomplished by:
tating all parts of the spring outside the enclosire of electrical parts,
ng barriers,

ng physical restraints, or

ng other equivalent means.
/

- or counter-suppofted appliance shall be constructed such that it will not be ovs
brdance with 54-1\

n appliance_ whose overturning during intended use will not present a risk of bur
t required to be tested.

14.2  With
counter-sup

a)
-

acceptable
es are to be

become loose
shall be such

rturned when

ns or injury to

the stability test.

ference to 14.1 a hand-supported hair dryer provided with a stand for conyersion into a
gmmmmm subjected to

14.3 A wax depilatory appliance shall be tested and the results shall be evaluated as described in 54.2,
except that the wax may be in any combination of solid and liquid states anticipated during the intended
operation of the appliance. Any movable parts or covers are to be in the positions that result in the most
adverse conditions of use.

Exception: The test need not be conducted on a construction for which there is no possibility of molten wax
spilling from its container under any condition of use, such as constructions in which the wax material is
contained within completely enclosed wax applicators.
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15 Corrosion Resistance

15.1

Iron and steel parts shall be made corrosion resistant by painting, galvanizing, plating, or other

equivalent means if the malfunction of such unprotected parts would be likely to result in a risk of fire,
electric shock, or injury to persons.

Exception No. 1: In certain instances in which the oxidation of iron or steel due to the exposure of the
metal to air and moisture is not likely to be appreciable, thickness of metal and temperature also being
factors, surfaces of sheet steel and cast-iron parts within an enclosure may not be required to be made

corrosion resi

Exception No
like need not

15.2 A cont

be used in thg container.
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d in accordance with 16.4.1 — 16:4.12 and with an attachment plug for supplj
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shall have a minimum diameter in accordance with Table 16.1.

Table 16.1
Dimensions associated with knockouts for conduit

Unthreaded openings

Minimum diameter of flat surface at
Trade size of conduit, Nominal knockout diameter, knockout,
inch (mm) inches (mm) inches (mm)
12 (12.7) 7/8 (22.2) 1.152 (29.26)
3/4 (19.1) 1-3/32 (27.8) 1.450 (36.83)
1 (25.4) 1-23/64 (34.5) 1.804 (45.82)
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16.2 Field-wiring compartments

16.2.1 A field-wiring compartment in which power supply connections are to be made shall be located so
that, during the making of electrical connections, the internal wiring and electrical components will not be
exposed to mechanical abuse or stress; and, after the appliance has been installed as intended, such
connections will be readily accessible for inspection.

16.2.2 Accessibility of field-installed wiring and inspection of splices is to be judged by:
a) Conducting a trial installation following any instructions provided by the manufacturer or

b) Using any wiring system permitted by the National Electrical Code, ANSI/NFPA 70, if no
instrugctions are provided.

16.2.3 The[minimum usable volume of an outlet box or terminal compartment in"which [field-installed
wiring connegtions to the power supply are to be made shall be as specified in Table\16.2.

Exception: Almotor containing an integral wiring compartment that complies with the Standand for Rotating
Electrical Machines — General Requirements, UL 1004-1, is not required to’¢comply with this requirement.

Table 16.2
Minimum usable volume of terminal compartment
Volume for each field-installed wire originating
outside of the compartment and terminating inside

Size of field-installed conductors, the compartment,?
AWG (mm?) cubic inches (cm®)

14 (2.1) 2.00 (33)

12 (3.3) 2.25 (37)

10 (513) 2.50 (41)

8 (8.4) 3.00 (50)

6 (13.3) 5.00 (82)

2 Includinf a grounding conductor)

16.2.4 Thete shall be sufficient space within the enclosure for the installation of wires and dables likely to
be used whep conngcting the supply circuit to the equipment.

16.2.5 In the.inyestigation of wiring spaces, it is assumed that the size, type, and conductof material of a
wire to be used Tor instalfation of wiring connection shall be in accordance with the National Electrical
Code, ANSI/NFPA 70.

16.2.6 Wire-bending space when the conductor does not enter or leave the enclosure through the wall
opposite its terminal shall be as specified in Table 16.3.
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Table 16.3
Minimum wire-bending space, inches
Wire size, Wires per terminal (pole)
AWG 1 2
14-10 Not specified Not specified
8-6 1-1/2 inches -
NOTES
1 For Sl units: 1 inch = 25.4 millimeters.
2 Wire-bending space at terminals shall be measured in a straight line from the center of the wire opening, in the
direction the wire leaves the terminal, to the wall, barrier or obstruction. (For instructions on measuring, see 16.2.9.)
3 The minfmum wire-bending space required for wire sizes or combinations of wires not covered will be determined by
investigatipn.
16.2.7 Wiretbending space when the conductor enters or leaves the enclosure through the wall opposite

its terminal sh

all be as specified in Table 16.4.

Table 16.4
Minimum wire-bending space, inchés

Wire size, Wires'per terminal (pole)

AWG 1 2

14-10
8
6

Not specified
1-1/2 in¢ches
2 inches

Not specified

NOTES
1ForSlu

2 Wire-be
in a directi

3 The min
investigati

its: 1 inch = 25.4 millimeters.

ding space at terminals shall be measured in a straight line from the edge of the terminal closest to
pn perpendicular to the enclosure wall. (For instructions on measuring, see 16.2.9.)

DN.

Imum wire-bending space required for wire sizes or combinations of wires not covered will be determined by

he wall,

16.2.8 If a

connector, th¢ distance,is'to be measured from the end of the barrier.

16.2.9 Fora
perpendicula

conductor isrestricted by a barrier or other means from being bent where

wirespending space measurement, the lug or connector is to be at the smalles
tosthe box wall that it can assume without defeating any means provided f{

turning (such

t leaves the

angle to the
D prevent its
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and the like).
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However, it is assumed that the connector is not so oriented that the wire will be directed into a corner of
the box to such extent that the transverse wall would necessitate additional bending. If the terminal is
provided with one or more lugs or connectors for the connection of conductors in multiple, the distance is
to be measured from the wire opening closest to the wall of the enclosure. If the connectors for a circuit are
fixed in position (for example, by the wall of a recess) so that they are turned toward each other, the
distance is to be measured at the wire opening nearest to the wall in a direction perpendicular to the wall.
A barrier, shoulder, or the like is to be disregarded when the measurement is being made if it does not
reduce the radius to which the wire must be bent otherwise.

16.2.10 A wiring space in which knockouts are provided shall be of such a width as to accommodate

(with respect

to bending) conductors of the maximum size likely to be used at that knockout.

Exception: The wiring space may be of lesser width when:
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a) Knockouts of required size are provided elsewhere in the equipment;

b) The wiring space at such other point or points is sufficiently wide to accommodate the
conductors in question; and

c) The knockout or knockouts at such other points can be conveniently used in the intended wiring

of the

appliance.

The values of the minimum acceptable width of a wiring space, with respect to conductors entering the
knockout, are the same as the values of minimum bending space given in Table 16.3.

16.2.11

An electrical component shall not be mounted on a part, such as the cover of a wiring-terminal

compartmen

16.2.12 Af
with the appl

16.2.13
in the motor
electric moto

, that must be moved so that field-wiring connections can be made or inspected

eld-wiring compartment intended for connection of a supply raceway and mounted integrally

ance shall be attached so as to be kept from turning with respect to the\applianc

If the constructional features of an appliance are such that field-wiring: connections

terminal compartment, the compartment shall comply with_the”applicable req
[S.

16.3 Wiring terminals and leads

16.3.1 An3
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ampacity acq
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16.3.2 Aw
securely fast

Exception: A
(5.3 mm?) or]
the wire in pd

16.3.3 Upty
mentioned in

16.3.4 A w|
friction betws

ppliance intended for permanent connection to-the power supply shall be provid
cluding an equipment grounding terminaly,for the connection of conducto
eptable for the appliance; or the appliance ‘shall be provided with leads accep

ring terminal shall be provided with a soldering lug or with a pressure termi
ened in place (for example, firmly bolted or held by a screw).

wire-binding screw may.be used at a wiring terminal intended to accommoda
smaller conductor ifupturned lugs or a cupped washer or the equivalent are pr
sition.

rned lugs ora cupped washer or the equivalent shall be capable of retaining
16.3.1 under the head of the screw or the washer.

ring. terminal shall be prevented from turning or shifting in position by mea
pen/surfaces. This may be accomplished by two screws or rivets; by square

e.

can be made
uirements for

ed with wiring
's having an
able for such

hal connector

te a 10 AWG
bvided to hold

he conductor

hs other than
shoulders or

mortices; by a dowel pin, lug or offset; by a connecting strap or clip fitted into an adjacent part; or by an
equivalent means.

16.3.5 Awi

re-binding screw at a wiring terminal shall not be smaller than No. 10 (4.8 mm).

Exception: A No. 8 (4.2 mm) screw may be used at a terminal intended only for the connection of a 14
AWG (2.1 mm?) conductor, and a No. 6 (3.5 mm) screw may be used for the connection of a 16 AWG (1.3
mm?) or 18 AWG (0.82 mm?) control-circuit conductor.

16.3.6 A terminal plate tapped for a wire-binding screw shall be of metal not less than 0.050 inch (1.27
mm) thick. There shall be two or more full threads in the metal, which may be extruded if necessary to
provide the threads.
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Exception: A plate less than 0.050 inch thick, but not less than 0.030 inch (0.762 mm) thick, may be used if
the tapped threads are determined to have equivalent mechanical strength.

16.3.7 A wire-binding screw shall thread into metal.

16.3.8 An appliance intended for connection to a grounded power supply conductor and employing:

a)Ala

b) A si

c) Asin

mpholder of the Edison screw-shell type;
ngle-pole switch; or
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apply.
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bholder and shall have no connection to a single pole switch or single pole”auton

ith respect to connection of a single pole automatic control, the requirements
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ad intended forfield connection shall comply with the following:
lead shalkbe not smaller than 18 AWG (0.82 mm?);
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Table 16.5
Characteristics of leads intended for field connection
Nominal wall thickness of Nominal thickness of braid
Insulation insulation, Braid or jacket or jacket,
inch (mm) required inch (mm)
Thermoplastic or neoprene 1/328 (0.8) No? - -
Rubber 1/32° (0.8) Yes? 1/642 (0.4)
Cross-linked synthetic 1/64 (0.4) No - -
polymer®

mm) and
¢ Syntheti

® For heat

@ The nominal wall thickness may be less than 1/32 inch but not less than 1/64 inch if the wire is provided with a braid or
jacket hay i j

ing a nominal thickness not less than 1/64 inch

Lresistant rubber other than of a silicone type, the nominal wall thickness is to be not less than 3/64.i
ho braid is required.

L compounds other than neoprene or rubber, such as that used on Type XHHW wire.

hch (1.2

16.3.12 Th

shall be read

16.3.13 Th

grounding cg

so identified.

16.3.14 A

have a green-colored head that is hexagonal, or slotted,-or both. A pressure wire connecto
connection 0
or the like on

The wire-bin

during servic

16.4 Cord-

16.4.1

cord) likely t

measured frq

and shall be

16.4.2

An &
attachment
wall-hung af
usage will ng

b exterior surface of a lead intended for field connection shall be'white or grey,
ly distinguishable from other leads.

b exterior surface of an insulated lead intended solely for'the connection of a
nductor shall be green with or without one or more yelloew stripes, and no other

vire-binding screw intended for the connection of an equipment grounding cq
f such a conductor shall be plainly identified by the marking "G," "GR," "GND,'

Hing screw or pressure wire connector shall be so located that it is unlikely tq
ng of the appliance.

connected appliances

ppliance intended fot'cord connection shall be provided with a length of flexibl
lug for connectionto the supply circuit. A coiled cord may be used in a hand
pliance. A cailed cord may also be used in a floor- or counter-supported app|
t result in-a‘condition (for example, the appliance being pulled off a table by th
b presentya risk of burn, electric shock, fire, or injury to persons. The cord lg
m the-point of cord entry into the enclosure, or into the wiring device at the att
Withinthe limits specified in Table 16.6.

and that lead

n equipment-
lead shall be

nductor shall
I intended for
"Grounding,"

or adjacent to the terminal or by a marking on the wiring diagram provided on the appliance.

be removed

e cord and an
rsupported or
iance if such
e force of the
ngth is to be
achment plug

uncoiled position.

If a coiled cord is used, the cord length shall comply with Table 16.6 when the cord is in the
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Table 16.6
Cord lengths for specific conditions

Cord length
Minimum, Maximum,

Type of appliance feet (m) feet (m)
Appliance supported by table or counter top 5 (1.52) 8 (2.44)
Wall-hung appliance with attached appliance 102 (3.05) 122 (3.66)
supported by hand

20 (0.61) 3P (0.91)

Appliance usually supported by hand 9 (2.74) 12 (3.66)
Hair dryer,|floor-supported 3¢ (0.91) 9 (2.74)
All applianfes not covered above 6 (1.83) 8 (2.44)
@ Between|wall unit and hand unit.
b Between|wall unit and receptacle.
°If the cordl entry point is higher than 2 feet (0.61 m) above the floor, one additional foot (0.3 m) is to be added fo the
minimum dord length for each additional foot that the cord entry point is located above the. floor, or fraction thergof, up to
a maximurh cord length of 6 feet (1.83 m).

16.4.3 The

supported ap
appliance. EX

a) An
b) Al

c)Ac

16.4.4 Aco
shall comply

Exception: A
standard and

[

flexible cord may be permanently attached to the~appliance; or, for other t
pliance, in the form of a detachable power supply cord with means for conn
amples of the means for connection are:

bppliance plug;
tiron plug; or

rd connector cooperating with pin or blade terminals on the appliance.

vith the requirements in the'Standard for Cord Sets and Power Supply Cords, U

power supply with-integral swivel assembly complies with the applicable requirg
the following requirements in UL 817:

a) Nofimal Temperature Test, Section 87, with the temperature rise at swivel contact n

30°C;
b) Die

ectric’Voltage Withstand Test, Section 88, with dielectric voltage applied:

han a hand-
ection to the

d set, detatchable power supply cord, and power supply cord with or without infegral fittings,

| 817.

ments in this

ot more than

1) Between two individual conductors of swivel plug and

2) Between conductors of swivel plug and metal foil tightly wrapped onto surface of molded-

on swivel plug (other than fitting face);

¢) Insulation Resistance Test, Section 89; and

d) Accelerated Aging Tests, Section 90.

16.4.5 The ampacity of the cord and of the plug shall be not less than the current rating of the appliance.
Such components shall be rated for use at a voltage equal to the rated voltage of the appliance.

16.4.6 With respect to 16.4.5, the voltage rating of a dual voltage appliance is considered to be that for
which the appliance is set when it is shipped from the factory.
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16.4.7 The flexible cord shall be of a type indicated in Table 16.7 or the equivalent.

Table 16.7
Acceptable types of cords and limitations on their use

Appliance on which cord is to be

Cords acceptable where
temperatures higher than 121°C
(250°F) are attained on any surface

the cord can touch can touch

used

Cords acceptable where 121°C
(250°F) or lower temperatures are
attained on any surface the cord

Floor supported

Hand-supparted hair dryers _heated-

HSJ, HSJO, HS, HSO

HPD _HPN HSJ HSI0 HPD _HPN HSJ HSIO S

HSJ, HSJO, HS, HSO, SJ, SJE, SJO,
SJT, SJTO, S, SE, SO, ST, STO

P-2, SPE-

air curlingtirons and brushes, and 2, SPT-2, SV, SVE, SVO, ST, SVTO,

counter-spipported appliances SJ, SJE, SJO, 8JT, YTO

Facial saynas - SP-2, SPE-2;SPTj2

Combs SP-2, SPE-2, SPT-2, HPN SP-2, SRE-2, SPT-2, HPN

Curling irgns and brushes, hair- TPT?, SP-1, SPE-1, SPT-1, XT®, TPT?, SP-1, SP-2, SPE-1} SPE-2,

crimping @nd hair-straightening irons, HPD, HPN SPT-1, SPT-2, XT®, HPID, HPN

and simii hand-supported

applianc

Manicurefand pedicure sets - SP-2, SPE-2, SPT}2

@ Type THT cord may be used with appliances rated 50 watts or less and weighing 1/2 pound (454 g) or less. Tlhe weight

is to be d¢termined without the power supply cord.

b Minimurh 20 AWG (0.52 mm?) parallel, 2-conductor construction required.
16.4.8 The|attachment plug of a cord-connected appliance and the integral blades of a|direct plug-in
appliance provided with a 15- or 20-ampere, generdl-use receptacle shall be of the 3-wire grpunding type.
The attachment plug and the integral blades of\all other cord-connected and direct plug4{n appliances

provided wit
Edison-base

16.4.9 A pq
Cord Sets a
overcurrent

16.4.10 Att
(flatiron) plu
20.3.15 for s
and between

N either a line-connected, single=pole on-off switch or overcurrent protective
lampholder shall be polarized,or-of the grounding type.

wer supply cord with integral fittings shall comply with the requirements in the
nd Power Supply Cords, UL 817, except that it is not required to be provided
rotection.

hs, shall comply with the Standard for Attachment Plugs and Receptacles,
ngle and/multipole connectors for use in data, signal, control and power appli
electrical equipment.

device, or an

Standard for
with integral

bchment plugs, ‘appliance couplers, appliance inlets (motor attachment plugs), and appliance

UL 498. See
cations within

Exception No. 1: Attachment plugs and appliance couplers integral to cord sets or power supply cords
that are investigated in accordance with the Standard for Cord Sets and Power Supply Cords, UL 817 are
not required to comply with UL 498.

Exception No. 2: A fabricated pin terminal assembly need not comply with UL 498 if it complies with:

a) Me

chanical Assembly, Section 13;

b) Accessibility of live parts; Section 9.4;

¢) Live Parts, Section 17;

d) Pin terminals, Section 16.5;

e) Electrical Insulation, Section 23; and
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f) Spacings, Section 34
of this standard.

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

16.4.12 Connections of the flexible cord conductors to a 2- or 3-wire polarized attachment plug shall be
as illustrated in-Eigure16-4-The pnlarify identification of the floxible cord shall r\nmpl\][ with-Table 16.8.

Figure 16.1

Connection to attachment plug

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

CONDUCTOR WITH INSULATION HAVING A
R GREEN OR GREENJDAND YELLOW STRIPED
OUTER SURFACE\®

CONDUCTOR NOT INTENDED TO BE
GROUNDED (UNIDENTIFIED CONDUCTOR)

CONDUCTOR INTENDED TO BE GROUNDED
(IDENTIFIED CONDUCTOR)P

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

GROUNDED (UNIDENTIFIED CONDUCTOR)

CONDUCTOR INTENDED TO BE GROUNDED
AB100 (IDENTIFIED CONDUCTOR)®

2 In the above illustration, the blade to which the green conductor is connected may have a U-shaped or circular cross section.
b Signifies a conductor identified in accordance with Table 16.8.
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Table 16.8

Polarity identification of flexible cords

identification

grounded?

Method of polarity

Combinations

Wire intended to be

All other wires?®

Colored braid

Tracer in braid

Tracer in braid

Solid white or gray

Solid white or gray braid with no tracer in
braid®

Colored tracer in braid of a color other than
white or gray

Solid color other than white

Solid white or gray braid wit
colored tracer in braid®

No tracer in braid of solid color other

than white or gray

or gray
ha

Colored i:lsulationC

Colored ifsulation®

Colored separator®

Tinned cdnductors'

Solid white or gray
Light blue®

White or gray

Tin or other white metal on all strands of
the conductor

Solid color other than white

Solid color other thamlight 4
white, or gray?

Color other than'white or gr;

No tin or pther white metal
strands of the conductor

or gray

lue,

gy
n the

Surface nparking® One or more stripes, ridges, or grooves, or | —
a combination of these on the exterior
surface of the cord
@ A condugctor having insulation finished to show a green color with or withoutone or more straight or helical unbroken
yellow str|pes or having a green braid with or without one or more yellow {racefs is to be used only as an equigment
grounding conductor. See also 38.1.4 for the description of an equipment grounding conductor and Figure 16.{1 for the
connectign of conductors to attachment plugs.
® Only for|[Types C and PD cords.
¢ Only forfa cord having no braid on any individual conductor.
4 Only for]a cord having a jacket that is not integral with the-circuit conductor insulation.
€ Only for|Types SP-1, SP-2, SPE-1, SPE-2, SPT-1, and*SPT-2 cords.
fOnly for [lypes SPT-1 and SPT-2 cords.
16.4.13 A ¢ord reel shall comply with' "special use cord reel" requirements of the Standglard for Cord
Reels, UL 385. For products provided with cord tag, the cord tag shall not retract into cord reegl.

16.5 Pin tefminals

16.5.1 If an
no live part v

pins in the infended. manner.

appliancé/is'provided with pin terminals, the construction of the appliance shal
vill be €xposed to unintentional contact both during or after the placement of th

be such that
e plug on the

16.5.2 Ifan

appliance is provided with pin terminals, a pin guard is required such that:

a) A straight edge placed in any position, across and in contact with edges of the plug opening
without the plug in place, cannot be made to contact any current-carrying pin.

b) With the plug aligned with the pins and the face of the plug in a plane located perpendicular to
the end or ends of the farthest projecting current-carrying pin, the probe illustrated in Figure 9.1
shall not touch any current-carrying pin while the probe is inserted through any opening with the
appliance in any position.

16.5.3

If the pins on the appliance are of American National Standard configuration, the plug used in

16.5.2(b) shall consist of an appliance plug in accordance with the Standard for Wiring Devices —

Dimensional

Specifications, ANSI/NEMA WD6-1997.
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16.5.4 If the pins on the appliance are not of an American National Standard configuration, the plug used
in 16.5.2(b) is to be the plug supplied with the appliance, 125 volts, 10 amperes, and 250 volts, 5 amperes.

16.5.5 If an appliance employs three or more pin terminals intended for use with a plug that covers all the
pins, the terminals shall be so spaced that they will not mate with a cord connector for which the pins are
not intended, such as a flatiron plug or an appliance plug. The plug these pins will accommodate shall be
that required for the particular application.

16.5.6 A pin terminal shall be securely and rigidly mounted and shall be prevented from shifting in
position by means other than friction between surfaces.

16.5.7 The

given in 34.2
requirement,
tightness.

16.5.8 The

terminals, an
accumulating

16.6 Strain

16.6.1 Strai

nqllirnmnnf in16.56 is-intended primaril\][ io prn\/idn for the maintenance of

and to provide for the maintenance of required spacings between pin terminal
consideration is also to be given to the means for locking terminals in positio

material on which the pin terminals are mounted, the proximity,of any vapor
d the direction of the vapor spray shall be such that water will be prg
at the terminals.

relief

n relief shall be provided in accordance with the, Strain Relief Test, Section

stress on a flgxible cord will not be transmitted to a terminalisplice, or internal wiring in the aj

a fitting.

16.6.2 Insul
UL 635. Tests
to confirm the

16.6.3 Strai
a flexible corg

hting bushings serving as strain relief-shall comply with the Standard for Insulati
specified in this standard (e.g. Strain Relief Test, Section 58) may still need to
combination of the insulating bushing and the supporting part are suitable.

will not be transmitted.to-a terminal, splice, or internal wiring in the appliance or

16.6.4 A metal strain-relief clamp or band may be used with Type SP-2, SPE-2, or lightef

rubber-insula
protection.

Exception: TH

ed cord only if-acceptable auxiliary insulation is provided over the cord fo

e auxiliary insulation may be omitted for Type SV, SVE, SVO, SVEO, or SVOO (

16.6.5 A str

spacings as
5. Under this
h to maintain

outlet to the

vented from

b3, such that

bpliance or in

ng Bushings,
be performed

h relief shall be provided-in.accordance with the Torque Test, Section 59, such that stress on

in a fitting.

general-use
mechanical

ord.

H Lof Al £ £ P | ol 1 H H 4 I | £
mrTeIiet \JIGIII'J Ul ally Trateridr, 1o idln Vr UUNICTwioT, 1o TTUL auucplaulc TUT UoT UTlT

SPT-2, SVT, SVTO, or SVTOO cord.

Type SPT-1,

Exception: A clamp may be used if the cord is protected by varnished-cloth tubing or by means that have
been determined to be the equivalent under the clamp, and the construction complies with the
requirements specified in 58.3.

16.6.6 For thermoplastic-insulated cord heavier than Types SVT, SVTO, and SVTOO, a clamp may be
used, and auxiliary insulation is not required unless it is judged that the clamp is damaging to the cord
insulation.

16.6.7 Means shall be provided to prevent the flexible cord from being pushed into the appliance
enclosure through the cord-entry hole if such displacement might subject the cord to mechanical damage
or to exposure to a temperature higher than that for which the cord is rated, or might reduce spacings
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(such as to a metal strain-relief clamp) below the minimum required values. Such means shall comply with
the Power-Supply Cord Push-Back Relief Test, Section 60.

16.6.8

If a knot in a flexible cord serves as strain relief, the surface against which the knot may bear or

with which it may come in contact shall be free of any projection, sharp edge, burr, fin, or the like that may
cause abrasion of the insulation on the conductors.

16.7 Bushi

16.7.1

ngs

At a point where a flexible cord passes through an opening in a wall, barrier, or enclosing case,

there shall be a bushing or the equivalent that is substantial, reliably secured in place, and that has a

vided if:

smooth, roun

a) Ty
used;

b) Th

ded-surface aninef which-the-cord-can-beat-An ihelllgfihg hllehing shall ha pro

be SP-1, SPE-1, SPT-1, SP-2, SPE-2, SPT-2, or other cord lighter than Jype

b wall or barrier is of metal; and

c) The construction is such that the cord might be subjected to strain‘or motion.

The heat- ar
application.

16.7.2 If th
smooth, rour

d moisture-resistant properties of the bushing material shall be acceptable for

SV or SVE is

the particular

b cord hole is in wood, porcelain, phenolic composition, or other nonconducting material, a

ded surface is considered equivalent to a bushing.

16.7.3 Ceramic materials and some molded compositions are acceptable generally
Icanized fiber may be employed if th&’bushing is no less than 3/64 inch (1.2 mm) thick, and if

bushings. VU
it is so forme

16.7.4 A se6
motor or in th

provided that:

a)Th

b) Th
havin

Exception: A

i and secured in place that it will not'be affected adversely by conditions of ordin

parate soft rubber, neoprene; or polyvinyl chloride bushing may be used in t
e enclosure of a capacitoryphysically attached to a motor (but not elsewhere in

b bushing is not.léss than 3/64 inch (1.2 mm) thick and

for insulating

ary moisture.

ne frame of a
an appliance)

e bushing isdlocated so that it will not be exposed to oil, grease, oily vapor, or other substance

used in conj

n appliance if

g a harmful effect on the bushing material.
bushing of any of the materials mentioned may be employed at any point in a
ynction with a type of cord for which an insulating bushing is not required and i

[ the edges of

the hole in wh

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

16.7.6 Insulating bushings shall comply with the Standard for Insulating Bushings, UL 635.
16.8 Direct plug-in appliances
16.8.1  With respect to Figure 16.2, the maximum acceptable moment, center of gravity, dimensions, and

weight of a direct plug-in appliance shall comply with the requirements specified in (a) — (d). See 16.8.2
and 16.8.3 for symbol definitions and methods of application.
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a) The quotient of WY/Z shall not exceed 48 ounces (1.36 kg).
b) The quotient of WY/S shall not exceed 48 ounces.
¢) The product of WX shall not exceed 80 ounce-inches (0.56 N-m).

d) The weight of an appliance shall not exceed 28 ounces (0.79 kg).

Figure 16.2

Dimensions of a direct plug-in appliance

1

L] 31 ' I

$

X

— 7, - 22 -

FRONT VIEW

SIDE VIEW

C.G. = Center of Gravity

CP100A

16.8.2 Definitions forthe symbols used in 16.8.1 are as follows:

Wis trlue weight of the appliance;

Y is the distance illustrated in Figure 16.2;
Z is the shorter distance, Z1 or Z2, as illustrated in Figure 16.2;
S is the shorter distance, S1 or S2, as illustrated in Figure 16.2; and

Xis the longer distance, X1 or X2, as illustrated in Figure 16.2.

16.8.3 The moment and weight specified in 16.8.1 are to be determined as follows:

a) For an appliance with an attached cord, the cord is to be cut off at the enclosure or at the strain-
relief means if the strain-relief means extends outside the enclosure.

b) For an appliance with a directly mounted accessory, the values are to be measured with the
accessory in place.
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16.8.4 When inserted in a parallel-blade duplex receptacle, any part of an appliance shall not interfere
with full insertion of an attachment plug into the adjacent receptacle. See Figure 16.3 for an illustration of
the duplex receptacle.

Exception: An appliance that renders the adjacent receptacle completely unusable, is acceptable.

Figure 16.3

Parallel receptacle duplex

TAP FOR NO.  —|—
6-32 PLATE SCREW \ F 0.330
0.095

| — ==
T & 1
1.327 MAX. T 0.5b0 - - _l -
= =

| 0.285

| 1.531 0.125 MAX.
0.473 1
TAP FOR NO.6-32 0.463
PLATE SCREW | 0.350
0.212 ~ r 0.330
< 0.205 0 500 NOM.
595
Ny
—\ NT: :l
e || [ ——PD-H) f $
=5 i r:
0.285
0.265
- 0.212
0205 | Loges
0.425 0.075

$2191

16.8.5 Thelenclosure of-a direct plug-in appliance shall have a surface that facilitates gripping between
the thumb apd forefinger or some equivalent finger gripping means to provide for easy finsertion and
withdrawal frpm a_receptacle outlet.

16.8.6 For theZenclaosure of a direct plug-in appliance the perimeter of the face section from which the
blades project shall be not less than 5/16 inch (7.9 mm) from any point on either blade.

17 Live Parts
17.1 A current-carrying part shall be of silver, copper, a copper alloy, or equivalent material.

17.2 Plated iron or steel may be used for a current-carrying part:
a) Whose temperature during intended operation is more than 100°C (212°F);
b) Within a motor or associated governor; or

c) If in accordance with General, Section 2,
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but unplated iron or steel may not be used. Stainless steel and other corrosion-resistant alloys may be
used for current-carrying parts regardless of temperature.

17.3 An uninsulated live part shall be secured to the base or mounting surface so that it will be prevented
from turning or shifting in position if such motion might result in a reduction of spacings below the minimum
required values.

17.4 Friction between surfaces is not acceptable as a means to prevent shifting or turning of an

uninsulated live part, but a lock washer, properly applied, is acceptable.

18 Wetting

of Live Parts

18.1

moving of po

18.2 No ele
wetted during

18.3 An apq
parts being w

19 Liquid-G

19.1 If the g

can result in & risk of fire, electric shock, or injury:to persons, the part shall be resistant to de

the liquid und
Container, Sg

There phall be no wetting of electrical parts that could increase the risk of fire, elee
injury to perspns as a result of any likely condition of normal or abnormal use, such as(oyerfi
Overflow Tegt, Section 53), improper replacement of parts that are moved or,removed
servicing, malfunction of liquid-handling systems (see the Flooding of Live Parts) Test, Sec

able appliances.

ctrical part in an appliance having a reservoir arranged for hand filling by the
any likely filling operation.

liance having a reservoir intended for filling by an dutomatic valve shall not resu
ctted when the valve is held in its open position.

ontaining Parts

eterioration or breakage of any partcthat contains, conducts, or otherwise con

er all conditions of use. The part’shall also comply with the Physical Propertie
al, or Diaphragm Test, Section71.

ric shock, or
ling (see the
during user
lion 52), and

Lser shall be

t in electrical

tacts a liquid

erioration by
s of a Liquid

20 Internal Wiring

20.1 Generpl

20.1.1 Unleps it is torbe judged as an uninsulated live part, insulated internal wiring of an appliance
(including a grounding) conductor) shall consist of wire of a type or types that are acceptable for the

particular app

lication"when considered with respect to:

a)Th

fnmpnrah re and \/nli‘ngn towhich the. \A/iring is Iil(nly to be st |hjnnfnd;

b) Exposure to oil, grease, or other substances likely to have a harmful effect on the insulation;

c) Exposure to moisture; and

d) Oth

er conditions of service to which it is likely to be subjected.

20.1.2 A separate foot switch provided with an appliance shall be connected to the appliance by flexible

cord no lighte

20.1.3

r than Type SJ.

Wiring Material, UL 758.

Internal wiring composed of insulated conductors shall comply with the Standard for Appliance
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Exception No. 1:

following:

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

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

Insulated conductors need not comply with UL 758 if they comply with one of the

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

Exception No. 2:

Insulated conductors for specialty applications (e.g. data p

rocessing or

communications) and located in a low-voltage circuit not involving the risk of fire, electric shock or injury to

LIl ZL0Q

persons nee
20.2 Prote

20.2.1 The
20.4.1—20.4

20.2.2 With
appliance, w
coated wire,
if it is secure

20.2.3 Awi
that might d3

20.24 Anh
enclosure off
rounded surf

rs L N
U 11Ul bUlll'le wiirr L 1 Jo.

ction of wiring

wiring and connections between parts of an appliance shall be protected or ¢
.4 for requirements for interconnecting cords and cables.

reference to exposure of insulated wiring through an%opening in the end
ring is considered to be protected as required in 20.2.1,if, ' When judged as thoud
the wiring would be acceptable according to 9.4.2. Internal wiring not protected
| within the enclosure so that it is unlikely to be subjected to stress or mechanicq

reway shall be smooth and entirely free from.any sharp edge, burr, fin, moving p
mage the insulation on conductors.

ple through which an insulated wire‘or wires pass in a sheet-metal wall with

hces upon which the wires may'bear.

20.3 Splices and connections

20.3.1 Asp

20.3.2 A sq
loosening of

Exception: A
soldering or |

lice or connection-shall be mechanically secure and shall provide reliable electri

Idered connéction shall be made mechanically secure before being soldered
the connection might result in a risk of fire, electric shock, or injury to persons.

cennection is not required to be made mechanically secure before being
brazing material having a softening or melting point greater than 454°C (849°F) i

nclosed. See

losure of an
h it were film-
may be used
| damage.

art, or the like

n the overall

an appliance shall be provided with a smooth, rounded bushing or shall have smooth,

cal contact.

if breaking or

soldered if a
5 used.

20.3.3 With reference to 20.3.2, a lead is considered mechanically secure when one or more of the
following conditions are met:

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

b) The lead has at least one right-angle bend when the lead is passed through an eyelet or

openi

ng.

Exception: On a printed-wiring board that is soldered by a machine process in which the soldering
time and solder temperature are automatically controlled, bending over of a lead after it has been
passed through a hole in the board is not required.

c) The lead is twisted with one or more conductors.
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d) The lead is strapped in place, or the equivalent, adjacent to the soldered connection to hold the
lead end in place.

20.3.4 The placing of a lead along a flat surface and soldering (identified as tack soldering) is not
acceptable unless it can be demonstrated that a risk of fire, electric shock, or injury to persons is not likely
to occur with the lead(s) detached.

20.3.5 Tack soldering of a component is acceptable if, when any one of the component's leads is
unsoldered, and the component and unsoldered lead are moved to any position, the component or
unsoldered lead cannot contact any part involving a risk of fire, electric shock, or injury to persons. If the
tack-soldered component involves a risk of fire, electric shock, or injury to persons, when displaced, it shall
not contact any other conductive part so as to increase the risk

20.3.6 A wite-binding screw or nut shall be provided with a lock washer under the head-of|the screw or
under the nut|to prevent it from becoming loosened due to vibration if such loosening might permit shifting
of parts, thereby reducing spacings or otherwise resulting in a risk of fire, electric shock| or injury to
persons.

20.3.7 An open-end spade lug is not acceptable unless additional means_(such as upturned ends on the
tangs of the Ilig) are provided to hold the lug in place if the wire-binding screw or nut becomes|loosened.

20.3.8 The means of connecting stranded internal wiring to a wire-binding screw shall be such that loose
strands of wife will be prevented from contacting other live parts not always of the same pplarity as the
wire and fromn contacting dead-metal parts. This can bekaccomplished by using a presgure terminal
connector, saldering lug, or crimped eyelet, and by soldefing all strands of the wire together,|or by means
that have begn determined to be the equivalent.

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

20.3.10 Insulation consisting of at least.two layers of thermoplastic tape or one layer of friction tape on
top of one layler of rubber tape is acceptable on a splice if 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 acceptable|, consideration is"torbe given to such factors as dielectric properties, heat- and moisture-
resistant characteristics, and the like. Thermoplastic tape wrapped over a sharp edge shall not be used.

20.3.11 Quigk-connect type wire connectors shall be suitable for the wire size, type (solid pr stranded),
conductor mdterial (copper or aluminum) and the number of conductors terminated. If insulated, they shall
be rated for the voltage and temperature of the intended use. They shall be applied per the installation
instructions of the wire connector manufacturer.

20.3.12 Quick-connect terminals, both connectors and tabs, for use with one or two 22 — 10 AWG copper
conductors, having nominal widths of 2.8, 3.2, 4.8, 5.2, and 6.3 mm (0.110, 0.125, 0.187, 0.205, and 0.250
inch), intended for internal wiring connections in appliances, or for the field termination of conductors to the
appliance, shall comply with the Standard for Electrical Quick-Connect Terminals, UL 310.

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

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

20.3.14 Splicing wire connectors shall comply with the Standard for Splicing Wire Connectors, UL 486C.
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20.3.15 Single and multipole connectors for use in data, signal, control and power applications within
and between electrical equipment, and that are intended for factory assembly to copper or copper alloy
conductors, or for factory assembly to printed wiring boards, shall comply with the Standard for
Component Connectors for Data, Signal, Control and Power Applications, UL 1977.

20.3.16 Multi-pole splicing wire connectors that are intended to facilitate the connection of hard-wired
utilization equipment to the branch-circuit conductors of buildings shall comply with the Standard for
Insulated Multi-Pole Splicing Wire Connectors, UL 2459.

20.3.17 Equipment wiring terminals for use with all alloys of copper, aluminum, or copper-clad aluminum
conductors, shall comply with the Standard for Equipment Wiring Terminals for Use with Aluminum and/or

Copper Con

uctors, Ul 486E

20.3.18 Tegminal blocks shall comply with the Standard for Terminal Blocks, UL 1059, and

be suitably ra

Exception: A

ted for field wiring.

fabricated part performing the function of a terminal block need.net comply wj

if applicable,

th UL 1059 if

the part complies with the requirements of:
a) Pinl Terminals, Section 16.5;
b) Live Parts, Section 17;
¢) Eldctrical Insulation, Section 23; and
d) Spgcings, Section 34.
of this standard. This exception does not apply to protective conductor terminal blocks.
20.4 Interconnecting cord and cable
20.4.1 A flgxible cord or a cable assembly may be used for external interconnections [if flexibility is
essential. A flexible cord or cable assembly used for external connection between sections|of equipment

or between ¢
a) Be

Excef

cord (for example, Type SJT instead of Type ST and Type SVT instead of Type SJT) n

itisp
to be

quipment shall meet.the following conditions:
equivalent to the power-supply cord that would be required in a similar applicatid

ption: A flexible cord or cable assembly one grade less serviceable than the

brtiallysprotected from continuous mechanical abuse because of its short length
ocated on the floor, its location, its routing, and the like.

n.

power supply
hay be used if
hot enabling it

b) Be

provided with bushings and strain relief in accordance with 16.6.1 — 16.7.5.

Exception: Cords or cables in low-voltage circuits or in secondary circuits covered in 36.1.1 —
36.2.2 need not comply with this requirement unless stress on the cord or cable could cause the
internal wiring of the secondary circuits to contact live parts of other circuits that can result in a risk
of electric shock.

204.2

Insertion of a male connector into a female connector other than one intended to receive it,

misalignment of male and female connectors, and other manipulations of parts that are in an operator
access area shall not result in a risk of fire, electric shock, or injury to persons.

204.3

If either end of an external interconnecting cable terminates in a connector having one or more

exposed contacts, risks of electric shock shall not exist between any contacts, or between earth ground
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and any contact that is exposed on either the connector or its receptacle while the connector is out of its
receptacle.

20.4.4 Inclusion of an interlock circuit in the cable to de-energize the exposed contacts whenever an end
of the cable is disconnected constitutes compliance with the requirement in 20.4.3.

20.5 Separation of circuits

20.5.1 Unless provided with insulation rated for the highest voltage involved, insulated conductors of
circuits connected to separate sources of supply shall be separated by barriers or segregated as

described in 20.5.2. Other than as described in 20.5.3, an insulated conductor of one circuit shall be
Separated or ‘ngrngofnrl from any uninsilated live pnrfe of a-different circuit-

20.5.2 Segregation of insulated conductors may be accomplished by clamping, routing; or an equivalent
means which|provides permanent separation from insulated or uninsulated live parts ofia diffgrent circuit.

20.5.3 Fieldrinstalled conductors of any circuit shall be separated by barriers from:

a) Fidld-installed and factory-installed conductors connected ,to._any other circuiff unless the
conduftors of both circuits are or will be insulated for the maximum voltage of either cifcuit and

b) Uninsulated live parts of any other circuit of the appliance, and from any uninsulated live parts
whosg short-circuiting would result in risk of fire or electricshock except that:

1) A construction in which field-installed conductors may make contact with wiring terminals
may be used if Type T, Type TF, or gconductors that have been determin¢d to be the
equivalent are, or will be installed and

2) A construction in which field-installed conductors which do or may have irsulation less
than the types of wire mentionedin (1) may make contact with low-voltage wifing terminals
is acceptable, provided thatithe short-circuiting of such terminals would not resplt in a risk of
fire, electric shock, or injury:to persons.

20.5.4 With|respect to 20.5.3(a),\if the intended uses of an appliance are such that in somq applications
a barrier is reguired, a removablé ‘barrier or one having an opening for the passage of conduftors may be
employed prqgvided instructions for the use of the barrier are a permanent part of the appliange. Complete
instructions irf conjunction-with a wiring diagram may be used instead of a barrier if, upon invgstigation, the
combination ip found tobe adequate.

20.5.5 Segregation of field-installed conductors from other field-installed conductors and from
uninsulated live-pa an applia ) ] ircui 3y be a pli ] by arranging
the location of the openings in the enclosure for the various conductors (with respect to the terminals or
other uninsulated live parts) so that there is no risk of the intermingling of the conductors or parts of
different circuits. If the number of openings in the enclosure does not exceed the minimum required for the
proper wiring of the appliance, and if each opening is located opposite a set of terminals, it is to be
assumed (for the purpose of determining whether the appliance complies with the requirement in 20.5.3)
that the conductors entering each opening will be connected to the terminals opposite the opening. If 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. To
determine whether the appliance complies with the requirement in 20.5.3, it is to be wired as it would be in
service, and in doing so, a reasonable amount of slack is to be left in each conductor, within the enclosure,
and no more than average care is to be exercised in stowing this slack in the wiring compartment.
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20.6 Barriers

20.6.1 If a barrier is used to provide separation between the wiring of different circuits, it shall be of metal
or of insulating material, of adequate mechanical strength if exposed or otherwise likely to be subjected to
mechanical damage, and reliably held in place. Unclosed openings in a barrier for the passage conductors
shall be not larger in diameter than 1/4 inch (6.4 mm) and shall not exceed in number, on the basis of one
opening per conductor, the number of wires that will need to pass through the barrier. The closure for any
other opening shall present a smooth surface wherever an insulated wire may be in contact with it, and the
area of any such opening, with the closure removed, shall be not larger than required for the passage of

the necessary wires.

ickness of the

tal. A barrier of insulating material shall be not less than 0.028 inch (0.71 mm). thick and shall
be thicker if ifs deformation may be readily accomplished so as to defeat its purpose.
20.7 Termipation of aluminum conductors

20.7.1

20.7.2  With

device shall
heat cycling,

21

211

Insu
between cur
acceptable fq

Heating

A heg
mechanical g

ated or uninsulated aluminum conductors used as internal wiring, such as for in
rent-carrying parts or as motor windings, shall be termjnated at each end
r the combination of metals involved at the connection point:

reference to 20.7.1, a wire-binding screw or a pressure-wire connector used as
be acceptable for use with aluminum under the conditions involved (for example
vibration, and the like).

Element

ting element shall be supported in,"an acceptable manner and shall be prot
amage and contact with outside Objects.

terconnection
by a method

a terminating
temperature,

bcted against

21.2 In determining whether a heating-element is supported, consideration is to be giveh to sagging,
loosening, and other adverse conditions of the element resulting from continuous heating.
21.3 An appliance in which.the heating element is designed for operation only in an air stfeam shall be

so wired or ¢

bntrolled that.the-element is operated only when under the cooling effect of the §

tream.

21.4 An open-wirecheating element or the like shall be judged under the applicable requirgments of this
Standard.
21 5 |nSU|a Ud hcat;l Iy VV;IU oha” L;UIII'J:y vv;th thU Stcu |da|d fUI A'J'J“al | \" v \VAVI;I ;I Iy InVAICItUI ;a: I\JI 758

21.6 Thermistor-type heaters (e.g. PTC heaters) shall comply with the Standard for Thermistor-Type

Devices, UL

1434.

22 Sheathed Heating Element

221

1030 or the Standard for Electric Heating Appliances, UL 499.

A sheathed heating element shall comply with the Standard for Sheathed Heating Elements, UL
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23 Electrical Insulation

23.1 General

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

of intended service.

23.1.2

Insulating material used in an appliance is to be judged with respect to its acceptability for the

part|cu|ar aprllnahr\n Materials such -as mica and certain rnfrnr\fnr\/ materials are IIQIIQ"\JI a

use as the so
oxide, may be
the risk of m
investigate a
insulation res
other featureg
conjunction W

23.1.3 Apo
comply with
Equipment E

Exception: M
part does not
test.

23.1.4
be so tight a
should be slig

23.1.5 A sn
rigidity to with

23.1.6 The
unless the i
requirement g

le support of live parts. Other materials not acceptable for general use, suchag
used if used in conjunction with other insulating materials, or if so locatedand g
echanical damage and the absorption of moisture are reduced. When it is
material to determine its acceptability, consideration is to be given taritssmechan
istance, heat-resistant qualities, the degree to which it is enclased”or protec]
S having a bearing on the risk of fire, electric shock, or .injury to persons
ith conditions of service. All these factors are to be considered'with respect to th

ymeric material used for direct or indirect support of a live part or as electrical in
the applicable requirements in the Standard for Polymeric Materials — Use
aluations, UL 746C.

blded phenolic and urea may be used without further investigation if the tempe
exceed 150°C(302°F) and 100°C (212°F),.respectively, as measured during the

In th¢ mounting or supporting of a small fragile insulating part, a screw or other faste

5 to result in cracking or breaking with expansion and contraction. Generally,
htly loose.

all molded part, such.as a brush cap, shall be so constructed that it will have
stand stresses during intended use.

requirements\for supplemental insulation (e.g. tape, sleeving or tubing) are
hsulatiopnor device is required to fulfill the requirements of 23.1.2 or a
f this standard. In such cases:

cceptable for
5 magnesium
rotected that
necessary to
ical strength,
ed, and any

involved in
ermal aging.

sulation shall
in Electrical

rature on the
temperature

ning is not to
such a part

strength and

not specified
performance

and Rubber

a) Insylating tape shall comply with the Standard for Polyvinyl Chloride, Polyethylene

Insulating Tape, UL 510;

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

c) Tub

ing shall comply with the Standard for Extruded Insulating Tubing, UL 224.

23.2 Film-coated wire (magnet wire)

23.21
specified.

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

23.2.2 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.
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23.2.3 Materials used in an insulation system that operates above Class 105 (A) temperatures shall
comply with the requirements specified in the Standard for Systems of Insulating Materials — General, UL
1446.

23.2.4 All insulation systems employing integral ground insulation shall comply with the requirements
specified in the Standard for Systems of Insulating Materials — General, UL 1446.

24 Thermal Insulation

241

Combustible thermal and electrically conductive insulation shall not contact an uninsulated live part.

24.2 Some
Such insulat
electric shoc

24.3 Therm
conditions dsg

25 Overcu

25.1
fuse.

25.2 A prof
a readily acc

25.3 Overc
or fuse in t
appliance, u
less.

254 Theo

screw shell
a plug-type f

255 A fusi

25.6 For ot

If overjcurrent conditions are likely to occur, the appliance shall be provided with a cird

!

t_ypco Uf III;IICIG: VVUU: thclllla: ;llou:at;un bullta;ll CUI |C|qut;vc ;III}JuI;t;UD ;II thc
on shall not be used in contact with any uninsulated live part which may inyolve
, or injury to persons.

al insulation shall be rated for the temperature to which it is exposéd, when tes
scribed in 46.1.1.

rrent Protection

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

urrent protection at not more than 20 @mperes shall be provided by means of a ¢
e appliance for each general use receptacle circuit and each lampholder
less the appliance would be correctly connected to a branch circuit rated at 2

ercurrent protection mentioned in 25.3 shall be of a type rated for branch circuit

holder shall be" censtructed and installed so that no uninsulated live parts 0
r clips will betexposed to contact by a person removing or replacing a fuse. The
seholdersshall be connected toward the load.

rather than r?tationally or horizontally, the up position of the handle shall be the on position.

her than a hand-supported appliance, if the handle of a circuit breaker is oper

form of slag.
a risk of fire,

ted under the

uit breaker or

ng, shall be in

ircuit breaker
circuit in the
0D amperes or
protection.

ther than the

screw shell of

hted vertically

25.7 Fuses shall comply with the Standard for Low-Voltage Fuses — Part 1: General Requirements, UL
248-1; and the applicable UL 248 Part 2 (e.g. 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

25.8 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).

25.9 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.
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25.10 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 493.

251

Electrical Equipment, UL 1077.

26 Thermal

26.1

Cutoffs

appliance overheating during abnormal operation, the thermal cutoff shall comply with:

a) Th

Standard for Thermal-Links — Requirements and Application Guide, UL 60691

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

If a thermal cutoff is employed to reduce the risk of fire, electric shock, or injury to persons due to an

nd

b) The

27 Lamphdlders and Receptacles

27.1 Lamph
Lampholders
copper alloy 3

27.2 The cincuit conductor of a power supply cord or circuit that-is.intended to be grounded s

following con

a) The

b) The
Table 16.8 ide
27.3 An Edi
Exception: A
lampholder a
contact with |
27.4 An Ed

installed that
removing or r

applicable requirements in this standard.

olders and indicating lamps integral with lampholders shall .comply with the
UL 496. A female screw shell used as a holder for a heating.element shall be o
nd shall be plated with nickel or an equivalent oxidation-resistant metal.

hected to it:
screw shell of an Edison-base lampholder and

terminal or lead of a receptacle intended to be grounded.
ntifies the supply cord conductor intended to be grounded.
5on-base lampholder shall-n6t*be used in an appliance rated more than 150 volt

n Edison-base lampholder may be used if the construction is such that live
nd the lamp will nethe exposed to contact by persons when the screw shell of
ve parts of the lampholder or if used on a three-wire Edison system.

son-baselampholder in an appliance rated 150 volts or less shall be so cq
AN uninsulated live part other than the screw shell will not be exposed to contac
Eplacing a lamp during intended service.

Standard for
copper or of

hall have the

parts of the
he lamp is in

nstructed or
[ by a person

Exception: T

is requirement is not applicable to an appliance for which it is necessary to dismantle the

appliance or remove a cover plate or other part by means of a tool to remove or replace a lamp or an
appliance that is permanently and legibly marked to indicate that such relamping is to be done with the
appliance disconnected from the supply source. See 79.1.7 for additional marking information.

27.5 A 15- or 20-ampere attachment plug receptacle intended for general use in an appliance shall be of
the grounding type. The grounding contact of the receptacle shall be electrically connected to dead- metal
that will be grounded when the appliance is in use.

27.6 Attachment plug receptacles shall comply with the Standard for Attachment Plugs and Receptacles,
UL 498.

27.7 The face of a receptacle that is less than 5/8 inch (15.9 mm) wide or 7/8 inch (22.2 mm) long shall
project a minimum of 0.015 inch (0.38 mm) and a maximum of 3/16 inch (4.8 mm) from the part of the
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receptacle-mounting surface that is within a rectangle 5/8 inch wide and 7/8 inch long, the rectangle being
symmetrically located about the receptacle contacts.

27.8 If the mounting surface for the receptacle described in 27.7 is electrically conductive, the face of the
receptacle shall project a minimum of 3/32 inch (2.4 mm).

27.9 An appliance provided with one or more general use receptacles shall not be equipped with a
flexible cord smaller than 16 AWG (1.3 mm?).

27.10 If an appliance includes one or more receptacles intended for general use and if the overcurrent
protection of a branch circuit to which the appliance will correctly be connected will be inadequate for the
receptac'e rnr\npfgnlne, 2 eingln rnr\npfgr\ln shall have avercurrent rr\rnfnr\finn of not ore than 15
amperes prqvided as part of the appliance, and two or more receptacles (including. @ single duplex
receptacle) shall have overcurrent protection of not more than 20 amperes.

28 Light Spurces and Associated Components

28.1 Lighting ballasts shall comply with:
a) The Standard for Fluorescent-Lamp Ballasts, UL 935 or

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

Ballasts forming part of a luminaire that complies with an appropriate luminaire standard are considered to
fulfill this reqliirement.

Exception: Ballasts for other light sources shall comply with the appropriate standard(s) @nd need not
comply with UL 935 or UL 1029.

28.2 Light emitting diode (LED) light seurces shall comply with the Standard for Light Emitting Diode
(LED) Equiprent for Use in Lighting Products, UL 8750. LED light sources forming part of a Juminaire that
complies with an appropriate luminaire_standard are considered to fulfill this requirement.

Exception: Individual LED light~sources intended for indicating purposes only, need not cdmply with UL
8750.

29 Capacitfors

291 A capacitor prowded as a part of a capacﬂor motor and a capa0|tor connected across|the line, such
as a capacito i$ed within an
enclosure or contalner that shall protect the plates agalnst mechamcal damage and prevent the emission
of flame or molten material resulting from malfunction of the capacitor. The container shall be of metal
providing strength and protection not less than that of uncoated steel having a thickness of 0.020 inch
(0.51 mm).

Exception No. 1: A capacitor shall comply with the Standard for Capacitors, UL 810; an electromagnetic
interference filter with an integral enclosure complying with the Standard for Electromagnetic Interference
Filters, UL 1283; and an across the line capacitor shall comply with the requirements in the Standard for
Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed Capacitors for
Electromagnetic Interference Suppression and Connection to the Supply Mains, UL 60384-14, are
considered to be adequately protected.
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Exception No. 2: The individual container of a capacitor may be of sheet metal less than 0.020-inch thick
or may be of material other than metal if the capacitor is mounted in an enclosure that houses other parts
of the appliance and provided that such housing is acceptable for the enclosure of live parts.

29.2 If a capacitor that is not a part of a capacitor motor or a capacitor-start motor is connected in an
appliance that is intended to be automatically or remotely-controlled so that malfunction or breakdown of
the capacitor would result in a risk of fire, electric shock, or injury to persons, thermal or overcurrent
protection shall be provided in the appliance to reduce such a risk.

29.3 A capacitor connected from one side of the line to the frame or enclosure of an appliance shall have
a capacitance rating of not more than 0.10 uF. The capacitor shall comply with the applicable requirements

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

294 The vg
or exceed the
unit at the rat

Itage rating of a capacitor other than a motor-starting or motor-running. capacitd
maximum steady-state potential to which the capacitor is subjected‘during op
ed voltage.

r shall equal
bration of the

29.5 Under
medium mor
protected ag3

Lid dielectric
and shall be

both normal and abnormal conditions of use, a capacitor employing a liq
b combustible than askarel shall not cause a risk_of electric shock or fire
inst expulsion of the dielectric medium.

30 Printed-Wiring Boards

30.1 A printed-wiring board used in a primary circuit\and in a secondary circuit where se

conductor from the base material might result in theseonductor contacting uninsulated parts in
of fire or electric shock shall comply with the Standard for Printed-Wiring Boards, UL 796.

paration of a
volving a risk

30.2 Arresigtor, capacitor, inductor, transfarmer, or other part mounted on a printed-wiring bag
printed-wiring assembly shall be secured.so that it cannot be displaced by any forces exertg
can result in g risk of fire, electric shockyor injury to persons during assembly, operation, or se

30.3 Consideration is to be_given to the mechanical protection and electrical insulation af
part by a partjtion.

30.4 A printed-wiring-board containing circuitry in a line-connected circuit or a safety circuit
with the direct-supporttequirements for insulating materials in the Standard for Polymeric Mg

ard to form a
d on it which
rvicing.

forded to the

shall comply
terials — Use

in Electrical Hquipment Evaluation, UL 746C and have a flammability rating of V-1 or better.

Exception: A printed-wiring board containing Class 2 non-safety circuit only is required to comply with the
Standard for Printed-Wiring Boards, UL 796 with flammability rating of HB or better.

30.5 Unless otherwise specified, the flammability class and temperature rating shall be that specified for
insulating materials in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluation, UL
746C.
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31

31.1

31.1.1

Switches

General

An appliance having any driven moving part, which by function could cause entrapment of hair,

body parts, clothing, or the like, shall be provided with a main on-off switch. Appliances in this group
include, but are not limited to, hair dryers and hair untanglers.

31.1.2 The switch required in 31.1.1 shall be located so that it can be operated by the user to shut off

power to the

unit.

Ul

3113 As
not less than

31.1.4 Man
a) St
b) Stg
c) Stg

d) Ste

Exception: S
transfer swit
another com,

3115 Ad
train, by eleq
shall comply

a) Th
Requ
Simil3

b) Th

31.1.6 Atin
separable co

H laall o taal £ 4l ki | L ' pu | lo 1 4 ol
eI oridailr v TadtCuU 10Ul U1 pdartouial appieauvult drid ol'idir Tiave a CUrrTclit arid

that of the circuit (load) it controls.

ually operated snap-switches shall comply with one of the following, as applicab
ndard for Switches for Appliances — Part 1: General Requirements, UL 61058-1
ndard for Special-Use Switches, UL 1054;

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

ndard for Nonindustrial Photoelectric Switches fordighting Control, UL 773A.

witching devices that comply with the appropriate UL standard for specialty apg
Ch equipment), industrial use (e.g. contactors, relays, auxiliary devices), or g
bonent (e.g. switched lampholder) need.not comply with this requirement.

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

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

p Standard for'Clock-Operated Switches, UL 917.

ner or time switch, incorporating electronic timing circuits or switching circuits,
ntacts; shall comply with the requirements for an operating control with Type 1 a
ration, or as a manual control for 5000 cycles of operation, in accordance with th

oltage rating

lications (e.g.
re integral to

rk, by a gear-
Brrangements

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

busehold and
-2-7 or

ith or without
ction for 6000
e following:

cycles of opsd

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

b) The Standard for Solid-State Controls for Appliances, UL 244A.

31.1.7 A switch required by 31.1.1 shall be able to withstand 30,000 cycles of operation.

31.1.8 With reference to the requirement in 31.1.3 the current rating of a switch that controls an inductive
load, such as a transformer or a fluorescent-lamp ballast, shall be not less than twice the rated full-load
current of the transformer or ballast, unless the switch is known to be rated for the particular application.
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31.1.9 A switch that controls an incandescent lamp or lamps shall be rated for use with tungsten-filament

lamps.

31.1.10 A switch is considered suitable for the control of a tungsten-filament lamp load if:

a) Ithas a"T" or "L" rating and a current rating at least equal to the tungsten-filament lamp load or

b) It has an alternating-current rating at least six times or a direct-current rating at least ten times
that of the tungsten-filament lamp load.

31.1.11

If an appliance provided with a power supply cord and an attachment plug employs a motor rated

more than 1/3 horsepower (250 watts output), a motor controller (a device for starting and stopping the

motor) shall b

31.1.12 An
be connected
identifies the

31113 A s
respect to the

31114 As
during use.

31.1.15 As
a symbol, su

marking need

Exception: A
returns to the

31.1.16 Ah
31.2 Dual v

31.21 The
setting canno

31.2.2 If the

e provided In the appliance.

to the conductor of the power supply cord or circuit intended to be 'grounde
bower supply cord conductor intended to be grounded.

witch that is subjected to a temperature of more than 652C\(149°F) is to beg
temperature limitations of the materials used.

witch shall be so located or protected that it will not)be subjected to mechar
vitch as required in 31.1.1 and 31.1.16 shalbhave a plainly marked "off" positio

h as the symbol O, alone is not acceptable' to denote the "off" position. The sy
not be an integral part of the switch itself.

h appliance that is provided with a momentary-contact, on-off switch that
"off" position when the actuator is released does not need to have a marked "off

bnd-supported hair dryershall be provided with a main on-off switch.
pltage selector

constructionsofithe supply circuit voltage selector shall be such that the supply d
[ be changéed without the use of a tool.

appliance is so constructed that the supply circuit voltage selector setting can

anually operated, line-connected, single-pole switch for appliance on-offjoperation shall not

j. Table 16.8

judged with

ical damage

n. The use of
vitch position

automatically
" position.

ircuit voltage

be changed,
indication.

the action of

hanging the voltage selector setting shall also change the supply circuit voltage

31.2.3 An appliance that can be set to different rated supply circuit voltages shall be provided with the
statement required in 81.9(k)(12).

32 Automatic Controls

321

32.1.1

General

elements it controls from all ungrounded conductors of the supply circuit.

The operation of an automatic control device in an appliance shall disconnect the element or
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Exception: Disconnection of all ungrounded conductors of the supply circuit is not required if there is no
uninsulated live part exposed to unintentional contact when the switch is open, or if the fact that such a
partis live is definitely apparent.

32.1.2 Breakdown of a temperature control in a hand-supported hair dryer shall not result in a risk of fire,
electric shock, or injury to persons; therefore, the appliance is to be tested in accordance with 50.3.12.1 —
50.3.14.3. A limit control in a hand-supported hair dryer that operates to interrupt all heater and motor

circuits and to end the test shall be in accordance with Thermal Cutoffs, Section 26.

32.1.3 Tem

perature-regulating control and temperature-limiting control shall

requirements of the overload test described in 66.1 and the endurance test described in 66.2.

comply with

the

32.1.4 The
and the ass
appliance, o
Controls Tes

3215 Ate
equivalent m
and shall cor
Section 66.

32.1.6 Aux
standard and
specified in t

32.1.7 Ope
standard req
Parameters,

32.1.8 Ope
deviation or
speed contrg

a) Th
the S

b) Th
Requ

overload and endurance tests of a temperature controller consisting of a tempe
bciated control circuit for an appliance having a preheat cycle shall bexcon

under conditions representative of those in the appliance, as described in f
s, Section 66.

Mmperature controller that controls the duration of a preheat cycle by a timing ¢

nply with the overload and endurance requirements specified in the Automatic Q

liary controls shall be evaluated in accordance_with the applicable require
the parameters in Controls — End Product Test Parameters, Section 33, unlg
nis standard. See 32.1.12.

rating (regulating) controls shall be evaluated in accordance with the applicab
uirements specified in 32.2, if applicable, and the parameters in Controls — End
Section 33, unless otherwise specified in this standard. See 32.1.12.

rating controls that rely ugon software for the normal operation of the end p
drift of the control may result in a risk of fire, electric shock, or injury to perso
| unexpectedly changing its output, shall comply with one of the following:

b Standard for Tests for Safety-Related Controls Employing Solid-State Devices
andard for Software in Programmable Components, UL 1998 or

remeénts, UL 60730-1.

rature sensor
Hucted in the
he Automatic

rcuit or by an

pans without using a temperature sensor is considered to be.ajtemperature-reguilating control

ontrols Tests,

ments of this
pss otherwise

e component
Product Test

roduct where
NS, such as a

, UL 991, and

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

See 33.4.

32.1.9 Protective (limiting) controls shall be evaluated in accordance with the applicable component
standard requirements specified in 32.2 and if applicable, the parameters in Controls — End Product Test
Parameters, Section 33, unless otherwise specified in this standard.

32.1.10 Solid-state protective controls that do not rely upon software as a protective component 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 except the Controls Using Software requirements, Clause H 11.12.

See 33.4.
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32.1.11

with one of the following:

Solid-state protective controls that rely upon software as a protective component shall comply

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

32.1.12 An electronic, auxiliary or operating control (e.g. a non-protective control), the failure of which

would not in
comply with
requirements

32.2 Electrs

32.2.1 Aten

a) The
b) The

c) The
Requi
Simila

32.2.2 Ater
compliance W
below its rate
the control, o

3223 In a

calibrated comtrol endurance tested for at least 30,000 cycles of operation and shall comply

requirements
applicable to
Equipment, U
353 or water

s

of this standard
bmechanical and electronic controls

hperature control shall comply with one of the following:
Standard for Temperature-Indicating and -Regulating Equipment, UL 873;
Standard for Limit Controls, UL 353; or

Standard for Automatic Electrical Controls for\Household and Similar Use, P4
ements, UL 60730-1 and the Standard for Automatic Electrical Controls for Hq
r Use, Part 2: Particular Requirements for<lemperature Sensing Controls, UL 60

hperature control, described in 4.47installed in a hand-supported hair dryer tha
ith the requirements in this standard shall operate at not more than 8.3°C (15
d operating temperature, as-detérmined by subjecting the control, a subassen
the complete appliance to.thé appropriate temperatures in an air oven.

wax depilatory applianice, an automatic-reset regulating temperature contrg

applicable to limit controls in the Standard for Limit Controls, UL 353, or the
temperature-limiting controls in the Standard for Temperature-Indicating and
L 873. Theealibration requirements shall be as specified for water-heater limit g

Electrical Co
Standard for

t
T&utomatic Electrical Controls for Household and Similar Use; Part 2: Particular R

heater.temperature-limiting controls in UL 873. Compliance with the Standard f{
rols for Household and Similar Use, Part 1: General Requirements, UL 6073

ease the risk of fire, electric shock, or injury to persons (i.e. burn injury), i1s,ngt required to
€ requirements in 32.1.7 — 32.1.12 and is only required to be subjected(to, the applicable

rt 1: General
usehold and
730-2-9.

t is tested for
°F) above or
bly including

| shall be a
with all other
requirements

-Regulating
ontrols in UL
or Automatic
0-1, and the
equirements

for Temperature Sensing Confrols, UL 60730-2-9, fulfills the UL 873 requirements.

32.2.4 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:

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

b) The Standard for Thermistor-Type Devices, UL 1434.
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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 34 and
Spacings on Printed Wiring Boards, Section 35.

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-controts

33.2.1  Auxfliary controls shall not introduce a risk of electric shock, fire, or personal jnjury.

33.2.2 Auxfliary controls shall comply with the requirements of this standard.

Exception: An auxiliary control that complies with a component standatd(s) specified i 31.2 and is
considered to fulfill this requirement.

33.3 Operdting controls (regulating controls)

33.3.1 The]| following test parameters shall be among‘\ithe items considered when| judging the
acceptability|of an operating control investigated using the ‘Standard for Automatic Electricgl Controls for
Household apd Similar Use, Part 1: General Requiremgnts, UL 60730-1:

a) Coptrol 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
condifions;

c) Ins|

and measurement techniques — Surge immunity test, IEC 61000-4-5

d)Fo
e) Fo

f) For

tallation Class 2 per the-Standard for Electromagnetic compatibility (EMC) — Pa

the applicable Overvoltage Category, see Table 33.1;
the applicable Material Group, see Table 33.2;

the applicable Pollution Degree, see Table 33.3.

t 4-5: Testing

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

e) For the applicable Pollution Degree, see Table 33.3.
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Table 33.1
Overvoltage categories

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.

raple 33.2
Material group

CT

PLC value of insulating materials

Material group

CTI2600 (PLC = 0)

400 < CTI <600 (PLC = 1)

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

lla

100 < CTI < 175 (PLC = 4)

b

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

Table 33.3

Pollution degrees

Ap

bliance control microenvironment

Pollution degree

No pollution or
has no influenc
control without
boards with a p

bnly dry, nonconductive pollution. The pollution
b. Typically hermetically sealed or encapsulated
Contaminating influences, or printed.wiring
otective coating can achieve thisdegree.

Normally, only 1
conductivity ca

onconductive pollution. However, a temporary
sed by condensation may-be expected.

by motors with
outdoor use ap

Typically indool appliances for use inthousehold or commercial 2
clean environmgnts achieve this degree.

Conductive pollution, or dry, neneonductive pollution that

becomes condyctive due to'condensation that is expected.

Typically contrdls located\near and may be adversely affected 3

praphite or graphite composite brushes, or
liahces achieve this degree.

33.4 Protective controls (limiting controls)

33.4.1 An electronic control that performs a protective function shall comply with the applicable
requirements in Automatic Controls, 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) An interlock function to de-energize a motor;

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

d) Other function intended to reduce the risk of electric shock, fire, or injury to persons.
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33.4.2 The following test parameters shall be among the items considered when determining the
acceptability of an electronic protective control investigated using the Standard for Automatic Electrical
Controls for Household and Similar Use, Part 1: General Requirements, UL 60730-1:

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

b) Power Supply Voltage Dips, Variation and Interruptions within a temperature range of 10°C
(18°F) and the maximum ambient temperature determined by conducting the Temperature Test;
Section 46;

¢) Surge Immunity Test — installation Class 3 shall be used;

d) Electrical Fast Transient/Burst Test, a test level 3 shall be used;

e) Elgctrostatic Discharge Test;

f) Radio-Frequency Electromagnetic Field Immunity:
1) Immunity to conducted disturbances — When applicable, test level 3 shall bg used and
2) Immunity to radiated electromagnetic fields; field strength of 3 V/m shall be yised;

g) Thermal Cycling test shall be conducted at ambient températures of 10.0 +2°C (50.0 +3°F) and
the maximum ambient temperature determined by conducting the Temperature Tes}, Section 46.
The test shall be conducted for 14 days;

h) Overload shall be conducted based on the maximum declared ambient temperature (T,,.x) Or as
deterinined by conducting the Temperature Test{Section 46; and

i) If spftware is relied upon as part of the>protective electronic control, it shall be |evaluated as

33.4.3 Theltest parameters and conditions used in the investigation of the circuit covered Hy 33.4.1 shall
be as specified in the Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL

a) With regard to electrical supervision of critical components, for attended appliajces, a motor
opergted system becoming permanently inoperative with respect to movement of an exposed
portion of the appliance meets the criteria for trouble indication. For unattende@ appliances,

c) Th

O PO i a i ar—ahna veh temperature
extremes of 0°C (32°F) and 70°C (158°F);

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

e) A vibration level of 5 g is to be used for the Vibration Test;
f) The Computational Investigation is not applicable to equipment covered by this standard;

g) For the Demonstrated Method Test, the multiplier for the test acceleration factor is to be 576.30
for intermittent use appliances, or 5,763.00 for continuous use appliances. The test acceleration
factor equation is to be based on a 25°C (77°F) use ambient;

h) The Endurance Test is to be conducted concurrently with the Operational Test. The control shall
perform its intended function while being conditioned for 14 days in an ambient air temperature of
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60°C (140°F), or 10°C (18°F) greater than the operating temperature of the control, whichever is
higher. During the test, the control is to be operated in a manner representing normal use;

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

j) Conduct a Failure-Mode and Effect Analysis (FMEA).

k) If software is relied upon as part of the protective electronic control, it shall be evaluated as
software Class 1 in accordance with the Standard for Software in Programmable Components, UL

1998.

33.4.4 Unless otherwise specified in this standard, protective controls shall be evaluated for 100,000

cycles for Ty}. e—2-devices—and-6;660 uyu:ca for Typc +devices-withrrated-—ctrrent—Atso-see—able 66.1 for

required endyrance cycles of temperature control.

34 Spacings

34.1 The sgacings between field-wiring terminals of opposite polarity and the.spacings between a field-
wiring terminal and any other uninsulated metal part (dead or live) not of thesame polarity shall be not less

than indicated in Table 34.1.

Table 34.1

Spacings at field-wiring terminals

Minimum spacings

Between field-wiring®
terminals, through-air.or
over-surface,

Between terminals and other uninsuldted parts
not always of the same polarity

a

Over-surface, Through-air,
Potentjal involved, volts (mm) inch (mm) inch (mm)
P50 or less (6.4) 1/4 (6.4) 1/4 (6.4)

@ Applies tp the sum of the spacings involved'where an isolated dead-metal part is interposed.

34.2 In primary circuits, other'than at field-wiring terminals, the spacings between an uninsulated live
part and any|other uninsulated metal part (dead or live) not of the same polarity shall be npot less than
indicated in Table 34.2. See. also 34.4. If an uninsulated live part is not rigidly fixed in positign, by means
other than fri¢tion between surfaces, or if a movable dead-metal part is in proximity to an un|nsulated live
part, the congtruction._shall be such that at least the minimum required spacing shall be mgintained with

the movable Tart in‘any position.

Table 34.2
Minimum primary-circuit spacings at other than field-wiring terminals or inside motors
Potential involved, Over-surface, ? Through-air,?
volts inch (mm) inch (mm)
125 or less 1116 (1.6) 1/16 (1.6)
126 — 250 3/32° (2.4°) 3/32° (2.4°)

mm) at the heating element.

@ On printed-wiring boards, their connectors and board-mounted electrical components, wired on the load side of line
filters or similar voltage-peak-reduction networks or components, a minimum spacing of 0.023 inch (0.58 mm) plus
0.0002 inch (0.005 mm) per volt peak shall be maintained over-the-surface and through-air between an uninsulated live
part and any other uninsulated conductive part (live or dead) not of the same polarity.

b In appliances employing heaters, such as curling irons, hair dryers, and the like, the spacings may be 1/16 inch (1.6
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34.3 At terminal screws and studs to which connections may be made in the field by means of wire
connectors, eyelets, and the like, spacings shall be not less than those specified in Table 34.1 when such
connectors, eyelets, and the like are in such position that minimum spacings between live parts of
opposite polarity and live parts and dead-metal exist.

34.4 Primary-circuit spacings apply in all secondary circuits that are safety circuits and in all secondary
circuits supplied by a transformer winding of 200 volt-amperes or a higher capacity (maximum available
power) at a potential higher than 100 volts. The spacings in all other secondary circuits that are not safety
circuits are considered on the basis of the dielectric voltage-withstand test described in 47.2.1.

34.5 Film-coated wire is to be considered as if it were an uninsulated live part for the purpose of applying
spacing requirements

34.6 The spacings specified as the minimum acceptable in Table 34.2 do not apply/tg the inherent
spacings of p component of the appliance, such as a snap switch. The acceptability of $pacings of a
component i based on the requirements that cover the component. Some examples of these spacings
are shown in|Figure 34.1. See also General, Section 2, for requirements for components.

Figure 34.1

Spacings of components

SMT00

A — Uninsulated Tive parts of component.

B — Insulating material of component.

C — Mounting screw of component.

D — Dead-metal parts of component.

E — Dead-metal parts of heater.

F — Spacings to which 34.2 applies.

G — Spacings to which 34.2 does not apply.
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34.7 Spacings in a motor shall comply with the spacing requirements in the Standard for Rotating
Electrical Machines — General Requirements , UL 1004-1.

34.8 An insulating liner shall be rated for the purpose. Vulcanized fiber or a similar material used in lieu
of required spacings shall be 1/32 inch (0.8 mm) thick or thicker and shall be so located or of such material
that the material cannot be damaged by arcing. However, 1/64 inch (0.4 mm) or thicker vulcanized fiber
may be used in conjunction with an additional air spacing of 50 percent or more of the spacing for air
alone. Barriers shall be held in place by a means that is more secure than friction between surfaces.

Exception: Thinner insulating material may be used if it is rated for the application.

34.9 If an uyninsulated-live pgrf s not rigirﬂy fixed in pneifinn hy means—other-thanfriction between
surfaces, or if a movable dead-metal part is in proximity to an uninsulated live part, the congtruction shall
be such that the required minimum spacings shall be maintained.
34.10 If anipolated, dead-metal part is interposed between or is in the proximity {0:

a) Live parts of opposite polarity,

b) A liye part and an exposed dead-metal part, or

c) A liye part and a dead-metal part that may be grounded,

the spacing s
the other par
other parts is
dead-metal p

hall not be less than 3/64 inch (1.2 mm) betweenthe isolated dead-metal part ar
s mentioned, provided the total spacing betweén the isolated dead-metal part
not less than the value specified in Tablex34.2. See Figure 34.2 for spacing
arts.

d any one of
and the two
5 for isolated
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Figure 34.2

Spacings for isolated dead-metal parts

CASE 1
LIVE PARTS OF . ISOLATED . LIVE
OPPOSITE .- A—s=] DEAD METAL - 3 — o PART
POLARITY PART
CASE 2
DEAD METAL
PART THAT ISOLATED LIVE
IS EXPOSED ——A*—— DEAD METAL <—B*—— PART
OR MAY BE PART
GROUNDED
SBO8[36
" Spacings A and B shall be at least 3/64 inch (1.2 mm); and §pacing A plus spacing B shall be not less than the
Table 34.2.
34.11 Each uninsulated live part connected to different (line-voltage, low-voltage, limited-er
or secondary) circuits shall be spaced from all others as though it were a part of oppos
accordance yith the requirements.in 34.1 and 34.2, and shall be considered as operating
voltage involyed.
34.12 The gpacing between uninsulated live parts of opposite polarity and between such pa

metal that may be greunded in service is not specified for parts of low-voltage circuits.

34.13 The

specified wh

bN*

Epacing between uninsulated live parts of a limited-energy primary circuit is not

alue indicated in

ergy primary,
te polarity, in
bt the highest

rts and dead-

equired to be

a) The location and relative arrangement of the parts are such that permanent separation is
provided and

b) The limited-energy circuit meets the applicable test requirements in the Abnormal Operation
Test, Section 50.

34.14 At closed-in points only, where contamination is unlikely to occur, such as the screw-and-washer
construction of an insulated terminal mounted in metal, a spacing of 3/64 inch (1.2 mm) may be used.
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35 Spacings On Printed Wiring Boards

35.1

As an alternative to the spacing requirements in Spacings, Section 34, a printed wiring board with

spacings between opposite polarity circuits (other than a low-voltage circuit) less than those required is
acceptable provided that the spacings:

a) Are located on a portion of the printed wiring board provided with a conformal coating that
complies with the requirements in the Standard for Polymeric Materials — Use in Electrical
Equipment Evaluations, UL 746C, and the dielectric voltage-withstand test described in 47.2.1; or

b) Are located on the load side of a resistor such that a short circuit from the load side of the
resistor to the other side of the line does not result in the resistor power dissipation exceeding the

resistqrwattage rating; or

c) Comply with the spacing requirements in the Standard for Solid-State Controls‘fo
UL 244A. Compliance with the Standard for Automatic Electrical Controls for Ho
Similar Use, Part 1. General Requirements, UL 60730-1, and/or the applicable Pa

from t

d) Co
Cleard
of UL

35.2 When
Coordination
following guid

a)Ah
b) The
c) The
d) An
Wiring
and W
detern

35.3 In ords

e UL 60730 series fulfills these requirements; or

mply with the spacing requirements in Standard for Insulation Coordinati
nces and Creepage Distances for Electrical Equipment, UL 840. The spacing
B40 shall not be used for field wiring terminals and spacings to a dead metal enc

conducting evaluations in accordance with the.requirements in the Standard
Including Clearances and Creepage Distances for Electrical Equipment,
elines shall be used:

pusehold appliance is to be categorized.as Overvoltage Category Il, see Table 3
applicable Material Group per Table 33.2;
pollution degree shall be pollution degree 2, see Table 33.3;

printed-wiring board which complies with the requirements in the Standard
Boards, UL 796, shall be determined to provide a Comparative Tracking Index
hen it further complies with the requirements for Direct Support in UL 796 thg
nined to provide a;CTl of 175.

r to apply<€Elearance B (controlled overvoltage) clearances, control of overvol

achieved by

limiting devicT or.system shall comply with the Standard for Surge Protective Devices, UL 144

broviding.an overvoltage device or system as an integral part of the product.

" Appliances,
usehold and
it 2 standard

on Including
requirements
osure.

or Insulation
UL 840, the

B.1;

for Printed-
(CTI) of 100,
bn it shall be

age shall be
This voltage
9.

36 Secondary Circuits

36.1

36.1.1

General

Secondary circuits are to be investigated under the requirements in this standard. See 4.45.

Exception No. 1: The secondary circuits specified in 36.1.2 — 36.2.2 need not be investigated under the

requirements

in this standard.

Exception No. 2: All secondary circuits that are safety circuits are to be investigated under the

requirements

for primary circuits in this standard.

36.1.2 Circuits supplied by a single source consisting of an isolating transformer, or a power supply that
includes an isolating transformer, are acceptable if the open-circuit potential is not more than 42.4 volts
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peak and the energy available to the circuit is limited so that the current under any condition of load
including short circuit is not more than 8 amperes measured after 1 minute of operation.

36.1.3 A Class 2 power supply shall comply with the Standard for Class 2 Power Units, UL 1310.

36.1.4 A Class 2 transformer shall comply with the Standard for Low Voltage Transformers: General
Requirements, UL 5085-1 and the Standard for Low Voltage Transformers: Class 2 and Class 3
Transformers, UL 5085-3.

36.1.5 With reference to the voltage limit specified in 36.1.2 measurement is to be made with the
appliance, the power supply, or the transformer primary connected to the voltage described in 40.2 and all
|oading circuits—disconnected-from-the-transformeror-the power ellpply under-test—Measutament may be
made at the putput terminals of the transformer or power supply. If a tapped transformer_is\used to supply
a full-wave rgctifier, voltage measurements are to be made from each end of the winding\to’the tap.

36.1.6 If the available short-circuit current of the power supply mentioned in"86.1.2 is mot limited by
construction jof the transformer, but the circuit includes either a fixed impedance, a fuse, a nonadjustable
manual-rese}-circuit-protective device, or an acceptable regulating network, the circuits |in which the
current is limjted in accordance with 36.1.7 or 36.1.8 need not be tested,

36.1.7 A sgcondary fuse or circuit protective device used to limifithe current in accordange with 36.1.8
shall be rated or set at not more than the values specified in Table 36.1. Equivalent primary protection may
be provided.

Table:36.1
Rating for fuse or circuit protector
Open-circuit volts peak Amperes
0-21.2 5
21.3-424 3.2

36.1.8 A fixed impedance or regulating network used to limit the current in accordance with 36.1.6 shall
be such thaf{the current undér any condition of load including short circuit does not excegd 8 amperes
measured affer 1 minute of opération.

36.1.9 If a fegulating\network is used to limit the voltage or current in accordance with 36.1.2 and 36.1.6
the performgnce ef:the network shall not be impaired by a malfunction, either by short-cifcuit or open-

circuit, of any single component in the network. The risk of such malfunction occurring shall Qe determined
by investigatlon-of that component

36.1.10 In a circuit of the type described in 36.1.6 the secondary winding of the transformer, the fuse or
circuit-protective device, or the regulating network and all wiring up to the point at which the current and
voltage are limited shall be investigated under the applicable requirements in this standard.

36.1.11  General purpose transformers shall comply with:
a) The Standard for Low Voltage Transformers: General Requirements, UL 5085-1; and
b) The Standard for Low Voltage Transformers: General Purpose Transformers, UL 5085-2; and

c) The Standard for Transformers and Motor Transformers for Use in Audio-, Radio-, and
Television-Type Appliances, UL 1411.
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36.2 Connections to frame

36.2.1 Secondary circuits may be connected to the frame of the appliance.
36.2.2 If the frame is used as a current-carrying part of a secondary circuit, hinges or other movable
parts shall not be used as a current-carrying means.

37 Conformal Coatings

37.1 A conformal coating that is used to cover electrical conductors shall comply with the requirements
for a conformal coating in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations,
UL 746C. If t
(such as a vih

' + o taoal b H N ' o H 1 lo 4l + l 4 alaliti H
re—coatngTS—Stojecteato—voratommMecnamtCarantuse,orthe—equtvarentaaa tional testlng

ration test) may be necessary.
38 Grounding
38.1

General

38.1.1 An 4
become ener

ppliance shall have provision for the grounding of all expesed dead-metal paits that might
jized by a single fault.

Exception: A
Standard for

38.1.2 Ana
shall comply

n appliance may be provided with a system of double insulation in accorda
Double Insulation Systems for Use in Electrical Equipment, UL 1097, in lieu of gn

ppliance marked as double insulated shall not be provided with a means for g
vith the Standard for Double Insulation Systems for Use in Electrical Equipment,

38.1.3 The means for grounding shall be:

a) A

nockout or equivalent opening in the metal enclosure of an appliance int

nce with the
punding.

ounding and
UL 1097.

ended to be

permgnently connected by a metal-enclosed wiring system;

b) An
byan

appliance groundingterminal or lead of an appliance intended to be permanenily connected
bnmetallic-enclosed wiring system (for example, nonmetallic-sheathed cable); of

c) An e¢quipment-grounding conductor in the cord of a cord-connected appliance.

38.1.4 An equipment-grounding conductor of a flexible cord shall be:

a) Finished to show a green color with or without one or more yellow stripes and

b) Connected to the grounding member of an attachment plug having a fixed grounding contact.

Exception: The grounding contact member of a grounding attachment plug used on the power supply cord
of a portable hand-held, hand-guided, or hand-supported appliance may be of the moveable, self-restoring
type on circuits operating at 150 volts or less between any conductor and ground.

38.1.5 The equipment grounding terminal or lead grounding point shall be connected to the frame or
enclosure by a positive means, such as by a bolted or screwed connection. The grounding connection
shall penetrate nonconductive coatings, such as paint or vitreous enamel. The grounding point shall be
located so that it is unlikely that the grounding means will be removed during servicing not involving the
grounding connection.
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38.1.6 The securing means specified in 38.1.5 shall be of corrosion-resistant metal, such as stainless
steel, or shall be protected against corrosion in a manner that will not inhibit electrical conductivity between
the screw and any other conductor. If a screw is used, a lock washer or an equivalent means shall be
employed to prevent the screw from becoming loosened by vibration.

38.2 Bonding for grounding

38.2.1 If two or more appliances are electrically or mechanically connected to one another and one of
them is grounded, each unit of the system that has a separate power-supply cord shall have a grounding
conductor in the cord. If the appliances are interconnected electrically and one of them is grounded, they
shall be bonded together (for example, by means of a discrete conductor included in an interconnecting

cable). The

ize of the grounding conductor shall be at least the size of the supply conductors.

38.22 Ifa
metal parts
become ene

38.2.3  With
likely to beco

a)As

that is:

b) A
varni
1/32i

c)Af
other

d) An
likely

38.24 Alld
at ground po
become ene

grounding means is provided on an appliance, all exposed dead-metal parts
vithin the enclosure that are exposed to contact during user servicing and thg
gized shall be connected to the grounding means.

reference to the requirements in 38.2.2, the following dead-metal parts are n
me energized:

mall metal part (such as an adhesive-attached foil marking, a screw, a handle, g

1) On the exterior of the enclosure and ,separated from all electrical co
grounded metal or

2) Electrically isolated from all electrical components.

anel or a cover that is isolated from all electrical components by a barrier of vu
hed cloth, phenolic composition{or other moisture-resistant insulating material
nch (0.8 mm) thick.

anel or a cover that doésjnot enclose uninsulated live parts and is electrically
electrical components.

isolated dead-metal part (such as a relay or contactor magnet frame and armatt
to come in contact with wiring and uninsulated live parts.

onductive) parts that are accessible to service personnel and that are usually e
ential(resilient rubber-mounted motors, electronic chassis, and similar parts) ar
rgized by a single fault condition from a circuit involving risk of electric sh

and all dead-
t are likely to

bt considered

r similar part)

mponents by

canized fiber,

not less than

isolated from

re) that is not

xpected to be
d are likely to
ock shall be

h-7ZQ.2 4 ball b

connected t

+h N H {PH H = HS
ure yl uuridan IU mredite, Ul A TTIAr g IU mracvouruanrivec vwillt

Adad
ro.J. 1 olfidir v pruviutTu.

38.2.5 Bonding shall be by a positive means such as by clamping, riveting, bolted or screwed
connection, welding, or soldering and brazing materials having a softening or melting point higher than
454°C (850°F). The bonding connection shall penetrate nonconductive coatings such as paint or vitreous
enamel.

38.2.6 If a bonding means depends on screw threads, two or more screws or a single screw that
engages at least two full threads in metal shall be used.

38.3 Bonding conductor

38.3.1 Bonding shall be accomplished by a metal-to-metal contact of parts or by a separate bonding
conductor as specified in 38.3.7 and 38.3.8.
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38.3.2 A bonding conductor shall be copper, copper alloy, aluminum, or other material that has been
investigated for use as an electrical conductor.

38.3.3 Ferrous metal in the grounding path shall be protected against corrosion by enameling,
galvanizing, plating, or other equivalent means.

38.3.4 Metal-to-metal hinge-bearing members for doors or covers are considered to be means for
bonding the door or cover for grounding if a multiple bearing-pin type (piano-type) hinge is used.

38.3.5 A separate bonding conductor:

a) Shall be protected from mechanical damage or located within the outer enclosure and

b) Shg
the bq
intend

A bonding co
38.3.6 Asp

38.3.7 Othe
a cross-sectid

38.3.8 Othe
employed to
circuit overcu
accordance W

Il not be secured by a removable fastener used for a purpose in addition-fo ba
nding conductor is not likely to be omitted if the fastener is removed-and
Pd.

nductor shall be in metal-to-metal contact with the parts to be bonded.
ice shall not be employed in a bonding conductor.

I than as specified in 36.2.1, in a cord-connected appliance, a bonding conduct
nal area not less than that of the grounding conductor of the supply cord.

I than as specified in 38.3.9 in a permanently-connected appliance, the size o
bond an electrical enclosure or a motor‘frame shall be based on the rating g
Frent device to which the equipment will'be connected. The size of the conduct
ith Table 38.1.

nding unless
replaced as

or shall have

a conductor
f the branch
pr shall be in

Table 38.1
Minimum bonding conductor size

Size of grounding/bonding conductor?
Maximum rating or setting'of automatic Copper wire, Aluminum wire,
overcurrent device in circuit, amperes® AWG (mm?) AWG (nm?)
20 12 (3.3) 10 5.3)
60 10 (5.3) 8 8/4)
@ A condudtor'withran equivalent cross-sectional area may be used.
b See 38.3L46-

38.3.9 A bonding conductor for a component or electrical enclosure is not required to be larger than the
conductors supplying power to the component or components within the enclosure.

38.3.10 If more than one size of branch-circuit overcurrent-protective device is used, the size of a
component-bonding conductor is to be based on the rating of an overcurrent-protective device providing
ground-fault protection for that component. For a component individually protected by a branch circuit
overcurrent-protective device rated less than the overcurrent-protective device used in the power-supply
circuit, a bonding conductor is to be sized on the basis of the component overcurrent-protective device
rating.
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39 Motors

39.1

39.1.1
drive without

Construction

introducing a risk of fire, electric shock, or injury to persons.

39.1.2 A motor winding shall be such as to resist the absorption of moisture.

A motor provided as part of an appliance shall be capable of handling the load it is intended to

39.1.3 With reference to the requirement in 39.1.2, film-coated wire is not required to be additionally
treated to prevent absorption of moisture, but fiber slot liners, cloth coil wrap, and similar moisture-

absorptive
absorption.

39.1.4 A br
with a live pg
fastened in
manner.

39.2 Brush

39.21 Ab
capable of p
the degree n

a) Ac

b) Liv

39.2.2  With

to be acceptably retained if:

a) Th
spring
condd

b) Th
free t
parts,

4 H | laall i HP P | Y ' 4l H 4 ‘ol it
1IAtllidio ollall VT PIUvIUTU VIl IIII}JICBIIGLIUII Ul Uaiciwiott ucTdlcu U YITy

Lsh cap accessible from outside the enclosure of a portable appliance that pre
rt at a potential of more than 30 volts (42.4 volts peak) to any other, part or to g
blace so that removal cannot be accomplished by an ordinary.tool used in

wear out

ush-holder assembly shall be constructed so that When a brush is worn o
rforming its function), the brush, spring, and other parts of the assembly will |
pcessary to reduce the risk of:

cessible dead-metal parts becoming energized and

e parts becoming accessible.

reference to the requirement(in 39.2.1, the parts of a brush holder assembly a

b motor is enclosed,«independently of the appliance enclosure, to the degree t
, or other parts-af:the assembly will be contained within the motor enclo
ctive parts of the motor enclosure are accessible to contact; or

e appliange“has spacings such that parts of the brush holder assembly which
b move will'not become live and accessible to contact nor bridge live parts to acq
and the motor enclosure is not accessible to contact; or

erconstructions equivalent to (a) or (b)

ent moisture

vents contact
ound shall be
the intended

ut (no longer
be retained to

re considered

hat the brush,
sure, and no

can become
essible metal

c) Oth

39.3 Overload protection

39.3.1
intended to b

e:

An appliance shall incorporate thermal or overload protection in accordance with 39.3.2 if it is

a) Permanently-connected, continuous-duty, and manually started, employing a motor rated 1

horse

b) Re

power (746 watts output) or less or

motely or automatically controlled.

39.3.2 Motor-overload protection required for an appliance shall consist of one of the following:
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a) Thermal protection complying with the applicable requirements in the Standard for Thermally
Protected Motors, UL 1004-3. Electronically protected motors shall comply with the Standard for
Electronically Protected Motors, UL 1004-7. See 39.3.10.

Exception No. 1: For an appliance that includes a control that positively and reliably limits the
length of time the appliance can operate, the duration of the temperature test and the endurance
test, both under locked-rotor conditions, may be less than that specified but shall be not less than
the time the appliance can operate.

Exception No. 2: A motor intended to move air only by means of an air-moving fan that is integrally
attached, keyed, or otherwise fixed to the motor shaft is not required to have running-overload
protection.

b) Im
Proted
condi]
c) Oth

Excep
proteg

39.3.3 Moto
a) Cor
b) Be
39.34 The

condition that]
with the requi

Exception: M

a) Mo

pedance protection complying with the applicable requirements in Standard'fg
ted Motors, UL 1004-2, when the motor is tested as used in the appliance(unde
ons;

er protection that is shown by test to be equivalent to the protection mentioned in

tion: A motor as described in Exception No. 2 to (a) is not required to have runt
tion.

r-overload protection provided for an appliance not required to have such protec
hply with the requirements in 39.3.2 or

shown by test not to result in a risk of fire, gléctric shock, or injury to persons.

motor of an appliance with load characteristics likely to result in an overlo

rements in 39.3.2.

pfors indicated below are-netrequired to comply with the overload protection req
ors rated less than 1%hofsepower and:
1) Which are manually started;
2) Where'the operator is in attendance during the entire operating cycle; and
3) Where malfunction of the motor is evident.

202 4

r Impedance
stalled-rotor

(@).

ing-overload

tion shall:

ad or stalled

will not be evident to the user shallincorporate thermal or overload protection in accordance

Lirement:

39.3.5 A mut

' Al $ H L Fiad i ik i 1dadl HY
|l|°|JCCU mrotouTr 1 art a'J'Jllall\JU do O'JC\JIIIUU mrIJ.J. T WIiTloliT 19 pIUVIUUu VVIL

N a separate

overload protective device to provide running overload protection shall have the protection at all speeds at
which the motor is intended to operate.

39.3.6 Overload devices employed for running overload protection, other than those that are inherent in
a motor, shall be located in at least one ungrounded conductor of a single-phase supply system and in
each ungrounded conductor of a 3-phase supply system.

39.3.7 If a requirement in this standard refers to the horsepower rating of a motor and the motor is not
rated in horsepower, the appropriate table in the National Electrical Code, ANSI/NFPA 70, is to be used to
determine the relationships between horsepower and full-load currents for motors. For a universal motor,
the table applying to a single-phase, alternating-current motor is to be used if the appliance is marked for
use on alternating current only; otherwise the table applying to direct-current motors is to be used.
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39.3.8 Motor-overload protection in which contacts control a relay coil in a motor starter shall comply with

the requirem

ents of 39.3.1.

39.3.9 Fuses 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.

39.3.10 Electronically protected motor circuits shall comply with one of the following:

a) The Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991.
When the protective electronic circuit is relying upon software as a protective component, it shall
comply with the requirements in the Standard for Software in Programmable Components, UL
1998. If software is relied upon to perform a safety function, it shall be considered software Class 1;

b) Th
Requ
consi

c) St3
—Ele

Exception: @
circuit if ther
electronic cin
required.

394

39.4.1 Clag

insulation materials evaluated and found to operate as intended in its end use. Thermoset

materials in 1

Insul3gtion systems

rements, UL 60730-1. If software is relied upon to perform a safety functig
ered software Class B; or

ndard for Adjustable Speed Electrical Power Drive Systems — Part 5-1: Safety
ttrical, Thermal and Energy, UL 61800-5-1.

ompliance with the above standards is not required forJan electronically prq

b jS no risk of fire, electric shock, or injury to persons-during abnormal testing |
cuit rendered ineffective; compliance with the appliCable requirements of this sta

s A insulation systems shall consist©f a combination of magnet wire and ma;j

[able 39.1 at the thicknesses spegified are permitted to be used without further e

b Standard for Automatic Electrical Controls for Household and Similar Usé) Plart 1: General

n, it shall be

Requirements

tected motor
vith the motor
ndard is then

br component
materials and
valuation.

Table 39.1
Primary Class A insulating materials and minimum thicknesses
Minimum thickness
Material Inch (mm)
Vulcanized fibgr 0.028 (0.71)
Polyethylene tgrephthalate 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)

39.4.2 For Class A insulation systems employing other materials or thinner materials than those
indicated in Table 39.1 or a combination of materials, the materials, whether polymeric or not polymeric
(treated cloth, for example), shall comply with the requirements in 39.4.3.

39.4.3 A polymeric material employed in a Class 105 (A) insulation system that isolates the windings
from dead metal parts shall be:

a) Unfilled or glass-reinforced nylon;
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b) Polycarbonate;

c¢) Polybutylene terephthalate;

d) Polyethylene terephthalate;

e) Phe

f) Acet

nolic; or

al

and shall have a relative or generic thermal index for electrical properties of 105°C (221°F) minimum.
Leads shall be rated 90°C (194°F) minimum.

Exception Ng
the requirems

Exception Ng
circuit, shall d

39.4.4 Mate

comply with the Standard for Systems of Insulating Materials — General{ UL 1446.

39.4.5 Allin
specified in th

Exception: C

shall comply With the applicable requirements in this standard.

PERFORMANCE

40 General

40.1 The tegts described in Sections 42 — 47 are to be conducted in that order, on the same

Exception: S¢me tests on hand=supported hair dryers will require more than one sample, as

description of

40.2 Unless
appliance cor

omply with the applicable requirements in this standard.

. 1. Other polymeric materials used in a Class 105 (A) insulation system shal
nts for thermal aging in 72.4.

. 2: Class (105) A DC motor located in limited energy primary circuit,(See 4.3

rials used in an insulation system that operates above Class 105 (A) tempe

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

ass (105) A DC motor located in limited energy primary circuit (See 4.36) or C

the individual\tests.

otherwise noted in the individual requirements, all tests are to be condug
nected to a supply circuit of rated frequency, and having a potential of:

a)12

b) 240

VOIS, TOI'an appliance ratedfrom 0 votts =120 voits, inciusive;

volts, for an appliance rated from 220 volts — 240 volts, inclusive; and

comply with

6) or Class 2

ratures shall

equirements

ass 2 circuit,

samples.

noted in the

ted with the

¢) The maximum rated voltage of the appliance, for an appliance other than as mentioned in (a) or

(b).

40.3 An appliance having a single frequency rating is to be tested at that frequency. An appliance rated
AC/DC or 60 Hz/DC is to be tested on direct current or 60-Hz alternating current, whichever results in the
most severe condition. An appliance rated 25 — 60 Hz or 50 — 60 Hz is to be tested on 60-Hz alternating

current.

404 A simulated head used for temperature testing is to consist of a foamed plastic wig form,
approximately 21-1/2 inches (546 mm) in circumference, closely wrapped with two layers of cheesecloth.
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Pieces of black (exposed and developed) cellulose acetate, photographic film to represent hair-holding
devices are to be attached to the top and sides.

40.5 Wherever cheesecloth is mentioned in connection with either a temperature test or an abnormal
test, the cloth is to be bleached cheesecloth 36 inches (914 mm) wide, running 14 — 15 yards per pound
mass (approximately 28 — 30 m?/kg mass), and having what is known in the trade as a "count of 32 x 28,"
which means that for any square inch there are 32 threads in one direction and 28 threads in the other
direction (for any square centimeter there are 13 threads in one direction and 11 threads in the other
direction).

40.6 Wherever a hardwood surface is speC|f|ed in connection with a test, the hardwood surface is to
consist of a Ig inch (19.1 mm)
plywood. Th¢ oak ﬂoormg is to be nominally 3/4 inch thick [actual size 3/4 inch by 2-1/4 inch (19.1 mm by
57.2 mm)]. The assembly is to rest on a concrete floor or an equivalent nonresilient floorduring the test.

ing appliances which employ ionization technology shall comply with 40.2 and 40.3.

41.2 The high voltage power supply used in the ionizer shall be evalgated to the applicablg¢ construction
and compongnt requirements for power supplies contained in the-Standard for Electrostatic|Air Cleaners,
UL 867. The [following performance tests of UL 867 shall be considered:

a) Output Test;
b) Tefqnperature Test;

c) Diglectric Voltage Withstand Test — High(Voltage Transformer Core;
d) Diglectric Voltage Withstand Test = Induced Energy, (for linear-type transformer only);

e) Abpormal Operations Test — Component Short- And Open-Circuit Test, and;

f) High Voltage Insulating Materials Arcing Test.
41.3 The high voltage pins’(electrodes) of ionizer shall not be accessible per 9.4.

41.4 A gropming appliahce employing ionization circuitry shall not produce a concentration of ozone
exceeding 0.05 parts.per million by volume when tested as described in 74.2 — 74.7.

42 Leakagg Current Test

42.1 The leakage current of a cord-connected appliance rated for a nominal 250-volt or less supply when
tested in accordance with 42.3 — 42.8 shall be not more than:

a) 0.5 milliampere for an ungrounded 2-wire appliance,
b) 0.5 milliampere for a grounded 3-wire portable appliance, and
c¢) 0.75 milliampere for a grounded 3-wire appliance:
1) Employing a standard attachment plug rated 20 amperes or less and

2) Intended to be fastened in place or located in a dedicated space.
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42.2 Leakage current refers to all currents, including capacitively coupled currents that may be conveyed
between exposed conductive surfaces of an appliance and ground or other exposed conductive surfaces
of an appliance.

42.3 All exposed conductive surfaces are to be tested for leakage current. The leakage currents from
these surfaces are to be measured to the grounded supply conductor individually as well as collectively
where simultaneously accessible. Parts are considered to be exposed surfaces unless guarded by an
enclosure that reduces the risk of electric shock as described in 9.4.1 — 9.4.8. Surfaces are considered to
be simultaneously accessible when they can be readily contacted by one or both hands of a person at the
same time. These measurements do not apply to terminals operating at voltages considered not to

present a risk of electric shock.

424 If a co
leakage curre
the surface.

nductive surface other than metal is used for the enclosure or part of there
nt is to be measured using a metal foil having an area of 10 by 20 centimeters in
Vhere the surface is less than 10 by 20 centimeters, the metal foil is to ‘bethe

the surface. Tlhe metal foil is not to remain in place long enough to affect the temperature of th

425 Them
instrument is
same numeri
not required {

a) The

pasurement circuit for leakage current is to be as shown in Eigure 42.1. The 1
described in (a) — (c). The meter actually used for a measurement need only
cal value for a particular measurement as would the defiped instrument. The n
D have all the attributes of the defined instrument.

meter is to have an input impedance of a 1500-ehm resistor shunted by a c3

0.15 npicrofarad.

b) The
the vo

c) Ov

respoI

1500-

meter is to indicate 1.11 times the average'of the full-wave rectified composite
tage across the resistor or current through-the resistor.

r a frequency range of 0 — 100 kilohertz, the measurement circuitry is to have
se (ratio of indicated-to-actual walue of current) equal to the ratio of the img
bhm resistor shunted by a 0.45 microfarad capacitor to 1500 ohms. At an indicg

nclosure, the

contact with
bame size as
e appliance.

neasurement
indicate the
heter used is

pacitance of

waveform of

a frequency
edance of a
tion of 0.5 or

0.75 npilliampere, the measurement’is to have an error of not more than 5 percent at 60 hertz.
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Figure 42.1

Leakage current measurement circuits

PRODUCT

Z(T
1

INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR
€100

Appliance inten

4

Appliance inten

Appliance inten
A — Probe with g
B — Separated 4

ed for connection to a 120-volt power supply.

=
120V

40V <+——

120V
=

St

INSULATIN
—— TABLE

€

GROUNDED SUPPLY CONDUCTOR
1C200

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

Ipm s

40V S L
| b

—J

INSULATIN

~—— TABLE

GROUNDED:-SUPPLY CONDUCTOR
C300

ed for connection to a 3-wire, grounded-neutral power supply, as illustrated above.
shielded/ead.

nd uséd-as a clip when measuring currents from one part of an appliance to another.
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42.6 Unless the meter is being used to measure leakage from one part of an appliance to another, the
meter is to be connected between an accessible part and the grounded supply conductor.

42.7 A sample of the appliance is to be tested for leakage current starting with the as received condition,
but with its grounding conductor, if any, open at the attachment plug (open at receptacle as shown in
Figure 42.1). The as received condition is without prior energization, other than that which may have
occurred as part of the production-line testing. The supply voltage is to be adjusted to 120 or 240 volts,
depending on the rating. Thermostats are to be closed. The test sequence, with reference to the
measurement circuit (Figure 42.1), is to be as follows:

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

b) Sw
curren
maxim

c) Le
condit
stabili

tch S1 is then to be closed, energizing the appliance, and within 5 seconds,

um heat setting of controls.

bkage current is to be monitored until thermal stabilization ,under the ma
ons occurs. Both positions of switch S2 are to be used. The equivalen
ration is considered to be obtained as in the normal temperature test. If any

regulating thermostat does not cycle at the maximum settingy the setting is to be low

therm

pstat does cycle before the final measurements /at thermal stabilization

Measdrements are to be made with the thermostat, .if any, open and closed. Upon

stabili

d) If th
leakag
is turn

42.8 Norma
42.7, without
test may be ir

ring readings, monitoring periods may be increased.
e appliance employs a single-pole switchior a thermostat with an off position,

ed off. Both positions of switch S2 aréto be used.

interruption for other tests.(With the concurrence of those concerned, the lea
terrupted for the purposé of conducting other nondestructive tests.

43 Operational Test

43.1

Operation of an appliance as described in 43.2, shall not increase the risk of fire, elec

injury to persons.

43.2 With reference to 43.1, an as-received sample of the appliance is to be set up o

accordance

ith the manufacturer's instructions. The sample is to be operated, in accordg

t is to be measured using both positions of switch S2 and with the appliance op

the leakage
erated at the

ximum heat
t of thermal
temperature-
bred until the
are taken.
evidence of

monitoring of

e current is to continue until the leakage current stabilizes or decreases after the appliance

ly a sample will be carried through the complete leakage current test program as covered in

kage current

tric shock, or

I installed in
nce with the

manufacturer’s instructions, with respect to the intended uses of the appliance, including maintenance and
cleaning recommended by the manufacturer and lack of such maintenance and cleaning; and with all
accessories recommended by the manufacturer for use with the appliance. The appliance is to be
manipulated as it would be in actual use, including manipulation of all controls and operation under the
various loading conditions that can be expected. The appliance is to be operated for a sufficient length of
time or through a sufficient number of cycles so that all reasonably foreseeable complications are
revealed.

44 Starting Current Test

441 A motor-operated appliance shall start and continue to operate on a test circuit protected by a
nontime-delay fuse that has a current rating corresponding to that of the branch circuit to which the
appliance is intended to be connected. The performance is unacceptable if the fuse opens the circuit.
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Exception: A

time-delay fuse may be used if all of the following conditions are met:

a) The construction of the product or its intended use is such that it is likely to be used only on the

Ssame

branch circuit after installation;

b) The appliance will start and continue to operate on a circuit protected by a time-delay fuse; and

¢) The appliance is marked in accordance with 79.5.1.

44.2

In a test to determine whether an appliance complies with the requirement in 44.1, the appliance is

to be started three times, with the appliance at room temperature at the beginning of the test. Each start of

the motor is to be
the normal opere

to rest betwe
45 Powerl

451
of 75— 110
shall be withi

45.2 The ¢
operating te
accordance
power input.

Exception: T|
heating elem

46 Temperpature Test

46.1 Gene

46.1.1 Ana
temperature

employed in
in Table 46.1

The clirrent or power input to an appliance rated 50 watts or less shall be within the in

made under conditions representing the beginning of normal operation

n successive starts.

put Test

ercent of that rating. If the marked rating is greater than 50 watts, the current @
h the inclusive range of 90 — 110 percent of the rating.

urrent or power input to the appliance is to be measured with the applianc
mperature under full-load conditions, and whileconnected to a circuit of
ith 40.2. Control switches or the equivalent, if provided, are to be set to give

he current or power input of an appliance ‘that uses a positive temperature cog
ent shall be measured 1 minute after(t,has become energized.

al

ppliance, when tested under the conditions described in 46.1.18 — 46.1.25, sha
at any point suyffieiently high to constitute a risk of fire or to damage any of
the appliance;. or show maximum temperatures at specific points greater than th
and Table46.2.

Exception: A
excess of th

n initial"temperature transient on a cycling, thermostatically-controlled applian
pwvalties shown in Table 46.1 for such materials as molded phenolic, when the

(the beginning of

pwed to come

clusive range
r power input

b at intended
a voltage in
the maximum

fficient (PTC)

Il not attain a
the materials
ose indicated

ce may be in
duration and

extent of the

excursionm do rot.

a) Result in performance that may have a damaging effect and

b) Unduly shorten the life of the appliance.

The maximum temperature transient permitted shall not exceed the temperature that is representative of
the temperature used to investigate the material involved.
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Table 46.1
Maximum temperatures
Materials and component parts °Cc (°F)
A. MOTORS
1. Class 105 insulation system on coil windings of an AC motor having a frame diameter?
of more than 7 inches (178 mm), of a DC motor, and of a universal motor:
a. In an open motor:
Thermocouple method® 90 (194)
Resistance method® 100 (212)
b. In a totally enclosed motor:
Therrhocouple method® 95 (201)
Resigtance method® 105 (221)
2. Class 105 insulation systems on coil windings of an AC motor having a frame diameter®
of more thah 7 inches (178 mm), or less, not including a universal motor:
a. In an ¢pen motor (thermocouple or resistance method)? 100 (212)
b. In a tofally enclosed motor (thermocouple or resistance method)® 105 (221)
3. Class 130 insulation systems on coil windings of an AC motor having a frame diaméter®
of more thap 7 inches (178 mm), of a DC motor, and a universal motor:
a. In an ¢pen motor:
Thermocouple method® 110 (230)
Resisgtance method® 120 (248)
b. In a toally enclosed motor:
Therrhocouple method® 115 (239)
Resigtance method® 125 (257)
4. Class 130 insulation systems on coil windings of amAC motor having a frame diameter?
of 7 inches {178 mm) or less, not including a universal motor:
a. In an ¢pen motor:
Therrocouple or resistance method® 120 (248)
b. In a toally enclosed motor:
Thermocouple or resistapce.method® 125 (257)
B. COMPONENTS
1. Class 130 insulation systems except as indicated in subitems (3) and (4) to item (A)
and subitenp (2) to item (B):
Thermodouple method 110 (230)
Resistarjce.method 120 (248)
2. Class 130 insulation systems on vibrator coils:
Thermocouple or resistance method 120 (248)
3. Class 105 insulation systems on windings of a relay, a solenoid, or a transformer:
Thermocouple method 90 (194)
Resistance method 110 (230)
4. Class 105 insulation systems on vibrator coils:
Thermocouple or resistance method 100 (212)
5. Sealing compounds: c ¢
6. Capacitors:
a. Electrolytic® 65 (149)

Table 46.1 Continued on Next Page
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Table 46.1 Continued

Materials and component parts °C (°F)
b. Other types® 90 (194)
7. Fuses’ 90 (194)
8. Flatiron or appliance plugs’ 200 (392)
9. Black cellulose acetate photographic film (see 40.4) 110 (230)
C. CONDUCTORS
1. Rubber- or thermoplastic-insulated wires and cords’ 60 (140)
2. Type HPN flexible cord 90 (194)
3. Copper $rcopper-base alloy conductors:
a. Tinngd or bare having:
i. A diameter or thickness less than 0.015 inch (0.38 mm) 150 (302)
ii. A fliameter or thickness 0.015 inch (0.38 mm) or more 200 (392)
b. Platef with nickel, silver, gold, or a combination of these metals 258 (482)
D. ELECTRICAL INSULATION — GENERAL
1. Varnishgd cloth insulation 85 (185)
2. Fiber enjployed as electrical insulation 90 (194)
3. Phenoliq composition (other than in a flatiron or appliance plug) employed, as electrical 150 (302)
insulation qr as a part’
4. Glass filjer sleeving:
a. Unimpregnated%" 250 (482)
b. Coatgd%" Not less than it temperature
rating
E. GENERAL
1. Wood orfother combustible material 90 (194)
2. A surfacp supporting a portable appliance 150 (302)
3. A surfacg upon which a stationary or afixed appliance may be placed or mounted in 90 (194)
service, and surfaces that may be adjacent to the appliance when so placed or mounted
4. At any ppint within a terminal bex'or wiring compartment of a permanently-connected 60 (140)
appliance ih which power supply‘conductors are to be connected, including such
conductord themselves, unless.the appliance is marked in accordance with 79.2.1
5. For a dirpct plug-in appliance, surface of receptacle, receptacle coverplate, and 90 (194)
surrounding wall surfacés

b See 46.1.9,

2 This is the diameter.measured in the plane of the laminations of the circle circumscribing the stator frame, excludi
and the like, uged.solely for motor mounting, assembly, or connection.

A1, and 46.1.16.

hg lugs, boxes,

¢ Except in the case of a thermosetting material, the maximum sealing compound temperature, when corrected to a 25°C (77°F)
ambient temperature, is 15°C (27°F) less than the softening point of the compound as determined in the Standard Test Methods
for Softening Point by Ring-and-Ball Apparatus, ASTM E28.

4 For an electrolytic capacitor that is physically integral with or attached to a motor, the maximum temperature on insulating
material integral with the capacitor enclosure may be no more than 90°C (194°F).

¢ A capacitor that operates at a maximum temperature of more than 90°C (194°F) may be judged on the basis of its marked
temperature limit.

fThe limitations do not apply to compounds and components that have been investigated for use at higher temperatures.
9 A higher temperature rise is acceptable provided the appliance complies with the Extended Operation Test, Section 70.
" This requirement does not apply to sleeving installed where it is not folded nor subjected to compression or sharp bends.
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Table 46.2
Maximum temperatures of appliance surfaces that may be contacted by the user

Surface function and material® °C (°F)

1. A part of the appliance that is intended to be grasped for lifting, carrying, or holding the

appliance
A. Metal® 55 (131)
B. Porcelain or vitreous material 65 (149)
C. Molded material — rubber or wood 75 (167)

2. A handle or knob that is contacted but does not involve lifting, carrying, or holding the
appliance and any other surface subject to contact during operation or user maintenance

A. Metal® 60 (140)
B. Porcelaif or vitreous material 70 (158)
C. Molded fnaterial — rubber or wood 85 (185)

3. A surface other than a heating-function surface that is known to be hot due to its proximity to
the heating fungtion surface, and the enclosure surface of a hair dryer spaced more than 1/2
inch (12.7 mm)[from the outermost perimeter of the heated-air outlet

A. Metal 70 (158)

B. Other than metal 95 (203)

@ A handle, knop, or similar part made of a material other than metal that is plated,er¢lad with metal having a thickngss of 0.005
inch (0.127 mm) or less is considered to be and is judged as a nonmetallic part;

action, exceedd the values given, it is to be recessed at least one-half theldiameter of the hole, and the hole shall ngt be larger
than 3/8 inch (945 mm) in diameter.

b If the maximgn temperature on a rivet or screw in a barrier or handle, which'would be touched in an intended gripping or lifting

46.1.2 The ftemperatures specified in Table 46.1and Table 46.2 are based on an assuined ambient
temperature ¢f 25°C (77°F). A test may be conducted at an ambient temperature within the fange of 10 —

46.1.3 During a test conducted at an<ambient temperature of 25°C (77°F), an observed|temperature

46.1.4 If a tgstis conducted at an ambient temperature other than 25°C (77°F), an observed temperature
a corrected
specified in

5 such as the

46.1.6 An observed temperature is to be corrected by addition, if the ambient temperature is lower than
25°C, or be subtraction, if the ambient temperature is higher than 25°C, of the difference between 25°C
(77°F) and the ambient temperature.

46.1.7 If a corrected temperature exceeds the values specified in Table 46.1 or Table 46.2, the test may
be repeated, at the request of the manufacturer, at an ambient temperature closer to 25°C (77°F).

46.1.8 If an appliance is provided with a temperature control that, under intended operating conditions, is
depended upon to maintain temperatures within the limits specified in Table 46.1 and Table 46.2, the
control shall comply with the requirements in 66.2.1 for a combination temperature-limiting and
temperature regulating control.
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46.1.9 The temperature of a coil or winding is to be measured by means of thermocouples mounted on
the outside of the coil wrap. If the coil is inaccessible for mounting thermocouples (for example, a coil
immersed in sealing compound), or the coil wrap includes thermal insulation such as asbestos (or more
than 1/32 inch (0.8 mm) of cotton, paper, rayon, or similar insulation), the change of resistance method is
to be used. For the thermocouple-measured temperature of a coil of an AC motor (other than a universal
motor) having a frame diameter 7 inches (178 mm) or less [subitems (2) and (4) to item A of Table 46.1],
the thermocouple is to be mounted on the integrally applied insulation of the conductor.

46.1.10 In using the resistance method, the windings are to be at room temperature at the start of the
test. The temperature of a winding is to be calculated from the formula:

R
T=—KT0)—F
r

in which:
T is the final temperature, in °C;
R is the resistance of the coil at the end of the test, in ohms;
r is the resistance of the coil at the beginning of the test, in ohms;

k is 284.5 for copper, 225.0 for electrical conductor grade{(EC) aluminum [values of the constant (k)
for other grades must be determined]; and

t is the room temperature at the beginning of theéest, in °C.

46.1.11 At p point on the surface of a coil wherg the temperature is affected by an extefqnal source of
heat, the makimum temperature measured by means of a thermocouple may be higher than the maximum
indicated in Table 46.1 as specified in the following table, when the maximum temperature|of the coil as
measured by| the resistance method is not'more than that specified in Table 46.1.

Maximum temperature,

Reference in Table.46.1 °C (°F)
Subitem (1)(2)to.item (A) 105 (221)
Subitem (2)(2).to item (A) 105 (221)
SubitemA3)(2) to item (A) 130 (325)
Subitem (4)(2) to item (A) 130 (325)

Subitem (2) to item (B) 130 (325)

Subiter-(3)-e-iter(B} 406 224

Subitem (4) to item (A) 105 (221)

46.1.12 With respect to 46.1.11, if the maximum temperature of the coil wrap is not exceeded due to
radiation from an external source of heat, the temperature of the coil may be measured by means of a
thermocouple on the integral insulation of the coil conductors.

46.1.13 If the retention of the asbestos insulation of a heater cord depends upon a fabric braid, the braid
shall not be removed nor subjected to a maximum temperature of more than 90°C (194°F) unless other
means are provided to hold the asbestos in place. The jacket of Type HSJ or Type HSJO cord shall not be
subjected to a maximum temperature of more than 60°C (140°F) if the protection afforded by the jacket is
required.
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46.1.14 Certain special treatments, such as the use of an impregnant, are acceptable for retaining the
asbestos around the conductors of a heater cord at elevated temperatures.

46.1.15 Stainless steel and other corrosion-resistant alloys may be used for current-carrying parts
without temperature restrictions. Plated iron or steel may be used for current carrying parts where the
material is subjected to a maximum temperature of more than 100°C (212°F), but plain (unplated) iron or
steel may not be used, regardless of temperature.

46.1.16 Temperature readings are to be obtained by means of thermocouples consisting of wires not
larger than 24 AWG (0.21 mm?) and not smaller than 30 AWG (0.05 mm?). The temperature is considered
to be constant when three successive readings taken at intervals of 10 percent of the previously elapsed

duration of th

o test, but not less than 5 minute intervals, indicate no change

Exception: A
temperature

thermocouplg
supplementa

46.1.17 Wh
of electrical e

and constant@n wires and a temperature indicating instrument. Thefmocouples consisting of

and constan
whenever ref

46.1.18 To

while connecTed to a supply circuit as described in 40.2¢

46.1.19 For
condition is s
increased, if
rating.

46.1.20 If a
integrally con
from a separa
integrally con

46.1.21 Dun
current load 9
with 79.1.5.

{ coils, the preferred method of measuring temperatures is the thermocol
measurements by either the thermocouple or resistance method may be U

method is not to be employed for a temperature measurement\at any
¥ heat insulation is employed.

en thermocouples are used in the determination of temperatures in connection
uipment, it is common practice to use thermocouples consisting of 30 AWG (0.

an wires and a potentiometer-type temperaturesindicating instrument are
bree temperature measurements by thermocouples‘are required.

etermine whether an appliance complies with the requirement in 46.1.1, it is to

an appliance provided with a heating element, unless a particular voltage
becified in 46.1.1 — 46.1.18 and 46.1.20 — 46.1.25, the test voltage specified in
hecessary, to cause the wattagé input to the appliance to be equal to its ma

h appliance employs.a‘motor in addition to a heating element, the voltage 3
hected motor is to e not higher than the test voltage as specified in 40.2. A m
te circuit is to be operated at a voltage (depending upon the motor rating) as sp|
hected moter.

ng the.test, each general-use receptacle or a general-use receptacle intended
hall.be loaded with a 15-ampere resistive load or with a lesser load if marked ir

ple method;
sed, but the
point where

with heating
05 mm?) iron
30 AWG iron
to be used

be operated

or other test
40.2 is to be
'ked wattage

pplied to an
ptor supplied
ecified for an

for a limited
accordance

Exception: Each outlet of a duplex receptacle shall be loaded with a 10-ampere load.

46.1.22 The appliance is to be mounted or supported as in service and tested under conditions
approximating those of intended operation. Installation against a wall, in a right angle corner of a room, or
in an alcove is to be simulated if the appliance lends itself to such placement and if such placement results
in restricted ventilation. Walls are to be formed by black painted vertical sheets of plywood not less than
3/8 inch (9.53 mm) thick and having such width and height that they extend not less than 2 feet (0.61 m)
beyond the physical limits of the appliance. If a timer switch or the equivalent is provided as part of the
appliance, an appropriate cycle of operation shall be used.

Exception: For requirements regarding hand-supported hair dryers, see 50.3.9.1.
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46.1.23

In an appliance provided with a temperature-limiting control (see Table 66.1) or with a motor

having a thermal protective device, there shall not be operation of that control or protective device during
the temperature test.

46.1.24

temperature test.

46.1.25

set to provide maximum heating.

46.2 Hair dryers

In a hand-supported hair dryer, the motor circuit shall not become de-energized during the

If the appliance includes a means for adjusting the operating temperature, this control is to be

46.2.1 GerJeraI

46.2.1.1 Fd
adjustable tg
control set fo
head under
temperature
continued ur
control is to

r a floor- or table-supported hair dryer having a bonnet or rigid hood and pro
mperature control, temperatures are to be recorded after 15 minutes' of oper
I maximum heating and with the dummy head in the position normally occupied
he dryer. The control is then to be set for the coolest condition that results i
not less than 43°C (109°F) on the top and sides of the dummy head, and ope
til all temperatures have become constant. The dummyhead is then to be

be reset for maximum, and operation is to be contihded until temperatures

constant. A hair dryer that has a flexible air tube that can be separated from the bonnet o

also to be teg

46.2.1.2 Fd
surface will K
the hood tha

46.21.3 A
operated cor

ted under the conditions described in 46.2.2.1.

r a hair dryer that is provided with a rigid heod, the dummy head is to be so Iq
e a minimum of 1 inch (25.4 mm) from,the interior surface of the hood and so
maximum temperatures will result.

tinuously (with the dummy héad in place) until all temperatures have become co

46.2.2 Hand-supported hair dryers

46.2.21 A
for the most
are achieved
most severe
hair dryer is
in place, as i

hand-supported-hair dryer is to be tested with the adjustable temperature cont
severe condition’of use, and the hair dryer operated continuously until stabiliz
. During this:operating time the hair dryer is to be supported in the position re
conditions‘of use, first without any attachment on the heated-air outlet nozzle, a
brovided-with one or more attachments for the heated-air outlet, in turn with eaq
htehded. During each of these tests, the plane of the thermocouple grid specifi
oned 1 inch (25.4 mm) from the plane of the heated-air outlet of:

vided with an
Ation with the
by the human
n an average
ation is to be
removed, the
have become
rigid hood is

cated that its
positioned in

floor-supported hair dryer not:(provided with an adjustable temperature comtrol is to be

nstant.

rol, if any, set
ed conditions
resenting the
nd then, if the
h attachment
bd in 46.2.2.2

is to be posit

a) The dryer nozzle or

b) The attachment nozzle.

The center of the air stream is to be directed at the center of the grid. Temperatures are to be measured
throughout the test. A maximum temperature greater than the limits specified in Table 46.1 and Table 46.2,
or greater than 125°C (257°F) for the average of the five highest thermocouple readings on the grid
described in 46.2.2.2, is not acceptable.

46.2.2.2 The thermocouple grid assembly is to consist of two pieces of 1/16 inch (1.6 mm) thick glass
epoxy board of the configuration and dimensions shown in Figure 46.1. The two boards are to be
separated 1/8 inch (3.2 mm) by one 5 1/4 by 1/4 by 1/8 inch (133.3 by 6.4 by 3.2 mm) wood spacer at top
and bottom edges. Each spacer is to be secured by four 4-40 by 3/8 inch (9.5 mm) countersunk flat head
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machine screws. Each end screw shall be threaded from the face of the assembly into a nut against the
rear epoxy board. Each of the middle screws is to be located approximately 1-1/2 inches (38.1 mm) from
the nearest longer edge of the board and thread from the face into a stand-off leg of a sheet aluminum
back plate. The 5-1/2 by 3-1/4 inch (140 by 82.6 mm) stand-off back plate is to consist of sheet aluminum
with @ minimum thickness of 0.05 inch (1.3 mm) and having a minimum 7/16-inch (11.1-mm) wide, integral
stand-off leg formed at each corner by means of an extension of the metal being bent in two successive
90-degree angles to cause the back plate to stand away from the rear epoxy board a distance of 1/4 inch.
The back is to be secured to the center 5-1/2 by 3-1/4 inch section of the board. The board assembly is to
be provided with fifty-three 30 AWG (0.05 mm?) thermocouples. The thermocouples are to be located on
the grid spaced as shown in Figure 46.1. The thermocouples are to be passed through the two
thicknesses of glass epoxy board, and the thermocouple junction is to be cemented to the face of the
board using epoxy cement, as shown in Figure 46.2.

Figure 46.1
Spacings on thermocouple grid
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Figure 46.2

Installation of thermocouple junction in glass-epoxy board
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* TIPLOF BEAD EXPOSED AT OUTER SURFACE OF BOARD BY
SANDING AWAY EPOXY AFTER ASSEMBLY.
BEAD NOT NECESSARILY CENTERED IN HOLE.

N

SB1752
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46.3 Motor slowdown test method

46.3.1 A hand-supported hair dryer that is to be subjected to the test described in 46.3.3 — 46.4.2 is to
have the heater and motor circuits separated, with leads to the motor brought outside the appliance and
connected to a separate variable supply source so that the motor speed can be varied with negligible
effect on the heater circuit. For an appliance incorporating a motor load connected in the heating element
circuitry, such as a low-voltage direct-current motor, a motor identical to the motor in the appliance

("dummy" motor load) is to be electrically connected to replace the motor in the appliance.

46.3.2
the test.

If the unit is provided with a temperature regulating control, that control is to be shorted out during

46.3.3 The

of the rated a
be adjusted t
alone at rate
adjusted so a
(120 0r 240 v

46.3.4 After]
46.3.1 — 46.3|
rated at 30 vg
temperature ¢
circuits do ng
at the contro
recorded at i
percent of th
reopening. Tk
to be operate
limit control o

Exception Ng.

concerned.

Exception No

in which:

power input to an appliance tested with a dummy motor load is to be adjusted\d
ppliance wattage. The power input to an appliance tested without a dummyimg
b 110 percent of the rated appliance wattage minus the wattage input measured
d motor voltage (120 or 240 volts). The voltage to the internal appliance m
5 to obtain a motor speed equal to that observed with the appliancé 'operated at
blts) and the internal motor electrically connected in the appliance as intended.

110 percent
tor load is to
to the motor
ptor is to be
rated voltage

described in

the appliance reaches constant temperatures under the~Operating conditions
3, the voltage to the internal motor is to be reduced at(a rate of 1 volt per minu

for a motor

Its or less and at a rate of 5 volts per minute on a pegminal 120-volt (or 240-volt){motor until a

ontrol or a limit control operates to open all heater‘and motor circuits. If all hea

r and motor

t open, then the motor speed shall be reduced.in-accordance with 46.3.5. The motor voltage
operation is to be recorded and that value is to be subtracted from the Voltage value

htended motor speed. The motor voltage 'at the control operation is to be inc
s difference unless a larger increasesis required to prevent the temperature
e motor speed at the test voltage is\{¢’be recorded for reference purposes. The
d at this value of voltage applied to the motor until constant temperatures are re
berates, separate samples are necessary.

1: The voltage to the ymotor may be decreased at a different rate if agn

2: The test speed may be determined by recording motor speeds and using th¢

eased by 10
control from
appliance is
corded. If the

peable to all

b formula:

S is the test speed;

S, is the motor speed at intended operation; and

S, is the motor speed that causes a temperature or a limit control to open all heater and motor
circuits.

46.3.5

If all heater and motor circuits are not interrupted by operation of a temperature control, then the

motor speed is to be reduced until the limit control operates or until the motor stops. Temperatures are to
be monitored to determine the speed at which highest temperatures are recorded. The appliance is then to
be operated at that speed until constant temperatures are recorded.
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46.4 Temperature test — motor slowdown

46.4.1

Three previously untested samples of a hand-supported hair dryer, provided with thermocouples,

are each to be operated at maximum permitted wattage (110 percent of rated wattage, in accordance with
45.1), but with the motor speed reduced in accordance with 46.3.1 — 46.3.5. The test is to be conducted
under the conditions (sample position; heat setting; with or without attachments, if provided, on the air
outlet nozzle) that produce the most adverse results.

Exception: If the temperature control operates before 110 percent of rated wattage can be achieved, the
wattage is to be reduced to slightly below the point at which the temperature control functions, but not less
than the rated wattage of the appllance SO that the samp/e WI// be operating at the maximum achievable

46.4.2 A tgmperature on the hair dryer or on the thermocouple grid exceeding the limits

Table 46.1 a

d Table 46.2 and in 46.2.1, or circuit interruption by component burnout is unacq

Exception Ng.
ing below the intended speed.

motor operat

Exception N
acceptable v
creep, or Sif
operated co
temperatures

Exception Ng.
(c) of Table 46.1.

46.5 Waxo¢

46.5.1 The
continuously
set for maxi

11.3.3), it is [to be operated _dt the highest heat setting, as well as at the maximum settin

maintain the

46.5.2 The

surface of thg

reservoir. Th
depilatory ap

0. 2: An additional maximum temperature of 10°C (18°F) on thermoplast,
distortion, flow,
hilar condition that would impair the effectiveness)of the material after the U
ntinuously for 7 hours under the operating conditions that resulted in maxin

1: The motor temperature limits as specified in item (A) of Table.46.1 are not g

hen there is no visible physical change in the matétial such as warping,

on the material.

3: This requirement does not apply to.the temperature limits specified in subit
1

epilatory appliances

appliance is to be loaded.with the maximum recommended amount of wax
until constant temperatures have been reached. An adjustable temperature c
um heating. If the_appliance has several heat settings for different functions

olten wax at the temperature for application to the skin.

wax temperature is to be measured by means of a thermocouple immersed
wax-te-a depth of approximately one-half of the total depth, at the approximatg

wax'is to be sIowa and contmuously stirred while temperatures are being
pliance

specified in
eptable

pplicable to a

c material is

nit has been
um recorded

em (3) to item

and operated
bntrol is to be
(as noted in
g intended to

beneath the
center of the
recorded. For
Ipbles are to be

inserted into the wax appllcators toa depth of approxmately one- half of the total depth of the wax.

46.5.3

In addition to complying with the requirements specified in 11.3.1, 11.3.2, and 46.1.1, the visible

overheat condition indicator, when required as specified in 11.3.3(b), shall function when the wax
temperature exceeds 75°C (167°F).

47 Dielectric Voltage-Withstand Test

47.1

47.1.1

Primary circuits

While at its maximum operating temperature under conditions of intended use, an appliance shall

withstand for 1 minute without breakdown, the application of a 60-Hz, essentially sinusoidal potential:

a) Between live parts and dead-metal parts;
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b) Between circuits that are at different potentials and are not electrically connected (this includes
the primary and secondary circuits of isolating transformers);

c) Between terminals of a capacitor used across the line; and

d) Between terminals of a line-bypass capacitor connected between the line and the enclosure.

47.1.2 The test potential shall be as specified in Table 47.1.

Table 47.1
Dielectric test potential for primary circuits

Appliance Test potential, vplts

An appliar|ce not intended to be applied directly to a person, such as a wig dryer, 1000
hair curlerfheater (hair setter), hand-supported hair dryer, and similar products

An appliar|ce intended to be applied directly to a person but without moisture 1000 + 2V
present, sfich as a dry curling iron

An appliar|ce (or attachment provided with it) intended to be applied in a wet or 2500°
moist condition directly to a person, such as a steam curling iron

An appliar|ce such as a hair dryer-styler or hair untangler having comb or brush 2500°
accessorigs, or both, that may be used for setting or styling of wet or damp hair

2V is the maximum marked voltage but not less than:

1) 120 volts for a nominal 120-volt appliance or

2)) 240 volts for a nominal 240-volt appliance.

b A 2500-Vplt potential is also to be applied to the metal foil-Wrapped handle of a hand-supported appliance, and to
selected spitch areas of any other appliance.

47.1.3 With|respect to 47.1.1, an applidgnce that has no exposed dead-metal parts is [to be tightly
wrapped in metallic foil, and the test potential is to be applied between the foil and all live parts.

47.1.4 If an|autotransformer is.in\the circuit, a 60-Hz essentially sinusoidal potential of 1000 volts plus
twice the ratef voltage shall be applied to all circuits operating at more than 250 volts.

47.1.5 The primary of the autotransformer shall be disconnected and the test potential shall be applied
directly to the|wiring that.involves the higher potentials.

47.1.6 To d¢termine whether an appliance complies with the requirements in 47.1.1 and 471.1.2, the test
is to be condwwmwmws@mmut voltage of

which is essentially sinusoidal and can be regulated. The applied potential is to be increased from zero
until the required value is reached, and is to be held at that value for 1 minute. The increase in the applied
potential is to be at a substantially uniform rate and as rapid as is consistent with its value being correctly
indicated by a voltmeter.

47.1.7 If the current leakage across the line, or from line to earth ground, is sufficiently large so it is not
possible to maintain the required alternating-current test potential, the appliance may be tested as
described in 47.1.8.

47.1.8 The appliance mentioned in 47.1.7 is to be subjected to a direct-current test potential of 1.414
times the appropriate alternating-current voltage. The direct-current test potential is to be maintained for 1
minute without breakdown.
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47.2 Secondary circuits

47.2.1

a) Between primary and secondary circuits;

Secondary circuits of an appliance shall withstand for 1 minute the application of a test potential:

b) Between secondary circuits and grounded metal with all chassis-connected components
disconnected at the chassis; and

c) Between secondary circuits supplied from separate transformer windings with common
connections disconnected.

The applian
shall be as in

€ shall be at Its maximum ntended operating temperature during the test. The
dicated in Table 47.2 and 47.2.3.

Table 47.2
Magnitude of test potential for secondary circuits

test potential

Maxi

mum volts rms (volts peak) in the circuit® Test)potential

30 (42.4)

More thar

More tha

More thar

br less No test

30 (42.4) but not more than 333.3 (471.3) 10 times maximum voltage in the circuit (maxim

1000 V rms)
333.3 (471.3) but not more than 1000 (1414)
1000 (1414)

3 times maximum voltage in the circuit

1750 Viplus 1.25 times the voltage in the circuit

im of

2 If the pe
voltage w|

bk voltage is greater than 120 percent of 1.414 times\the rms voltage, the circuit shall be tested as if
bre peak voltage divided by 1.414.

47.2.2 Whi
breakdown W
furnishes po

Exception: W
winding of a

47.2.3 The

capacity of at least 500/volt-amperes to maintain the potential indicated in Table 47.2. The

source is to [
Hz, essentia

e at its intended operating temperature, each power transformer shall op
hile a potential indicated in Table 47.2 is induced for 1 minute in each secondar;
ver at a higher potential than the primary windings.

indings of transformers-that do not serve a prime power-supply function, such
Constant-voltage transformer, are not required to be subjected to this test.

e continuously variable. A direct-current source is to be used for a direct-curren
ly sinusoidal voltage shall be used for testing an alternating-current circuit.

prate without
y winding that

ns a resonant

test potentialnmentioned in 47.2.1 may be obtained from any convenient source having a

voltage of the
circuit. A 60-

47.2.4 A sinusoidal source is to be used for a transformer, and the frequency of the source is to be in the

range of 180—

1000 Hz when required to avoid saturation of the core.

47.2.5 Primary- and secondary-circuit wiring connected to a transformer is to be disconnected for the
test described in 47.2.2.

47.2.6 Starting at zero, the test potential is to be increased gradually until the voltage indicated in Table
47.2, is reached or until dielectric breakdown occurs. The potential is to be held at that level for 1 minute.

48 Leakage Current Test Following Humidity Conditioning

48.1

An appliance shall comply with the requirements for leakage current in 42.1 following exposure for

48 hours to air having a relative humidity of 88 +2 percent at a temperature of 32 £2°C (90 +4°F).
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48.2 To determine whether an appliance complies with the requirement in 48.1, a sample of the
appliance that has been preheated to a temperature just above 34°C (93°F) is to be contained in a
chamber under the time, humidity, and temperature conditions specified. After the conditioning, while still
in the chamber, the sample is to be tested unenergized as described in 42.7(a). The sample, either in or
immediately after being removed from the chamber, is to be energized and tested as described in 42.7 (b)
and (c). The test is to be discontinued when the leakage current stabilizes or decreases.

49 Immersion Protection Trip Time Measurement Test
49.1 As-received hair dryers

49.1.1 Sam

nles-of hair drvers that are nrovided with an immarsion - nrotection-shall he suh
Lig 1

jected to the

tests describe
flow of currer
range of 6 — 2

in which:
T is th

1is the

49.1.2 Thre
described in

conducted wi
most unfavor
dryer switch

with the appli
reversed.

Exception: Tg
protection ing

49.1.3 Each
convenient si
than 5 inche

J
din 49.1.2 — 49.1.7. The results are acceptable if the immersion protection trips
t to ground to cease within the time interval, T, when the current to ground; I,
64 milliamperes, in accordance with the relationship:

& 1.43

r-12

e interval in seconds and

current to ground in milliamperes rms.

b samples are to be tested individually~while connected to their rated source
40.2 and also at a voltage equal t0<85 percent of the rated voltage. The tes
h the hair dryer samples in various configurations (including the orientation that
hble condition of use) as follows: with the hair dryer switch in the off position,
n the on position, with the_heat/speed switches in the most disadvantageous

sting at 85 percent of rated voltage is not required when the investigation of th
icated it will function as intended at 85 percent of rated voltage.

sample jis to be placed at the bottom of an empty isolated conductive m
ze. The'tub is to be equipped such that it can be filled from beneath at a rate
5. (127 mm) of water per hour. The tub is to be connected to earth grour

, causing the
is within the

of supply as
5ts are to be
results in the
with the hair
settings, and

hnce plug inserted in oné position into the supply circuit receptacle and then with the polarity

e immersion

btal tub of a
bf no greater
d through a

noninductive

O0-ohmrresistor-As the tub s fitted; the teakage currentisto be continuatty e

asured and a

trace of the current flow as a function of time is to be obtained. The water flow is to be stopped when the
leakage current reaches 6 milliamperes or the immersion protection functions, whichever occurs first. One
minute after the immersion protection has tripped and without changing any of the test conditions, a user
resettable immersion protection is to be reset and the current value and tripping time measurements are to
be repeated. The results are acceptable if in each immersion the immersion protection trips at a current
less than 6 milliamperes or greater than 6 milliamperes in a period of time to comply with the time and
current relationship specified in 49.1.1. The period of time is to be measured from the moment the current
flow exceeds 6 milliamperes to the moment the current ceases to flow. When the immersion protection
trips, the flow of current to ground is to cease.

49.1.4 The isolated tub described in 49.1.3 is to be filled with 12 inches (305 mm) of water. Three
samples are to be dropped into the water such that different surfaces of the samples strike the water first.
The leakage current is to be continuously measured and a trace of the current flow as a function of time is
to be obtained.
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49.1.5 The tests specified in 49.1.2 — 49.1.4 are to be conducted two separate times using water with a
resistivity of 200 ohm-cm and 20,000 ohm-cm as described in 49.1.7.

49.1.6 Typical test arrangement for the test described in 49.1.3 is shown in Figure 49.1. In the
arrangement, the pump is connected to a source of supply of variable voltage so that the water flow rate
may be regulated. The tubing that connects the holding tank to the pump and the pump to the conductive
tank is nonmetallic flexible tubing (such as aquarium air hose) and is of such length that it extends to the
bottom of the conductive tub so that the water fills the tub from below.

Figure 49.1

Immer: ent

PLUG WITH
/ INTEGRAL 1DCI
TO VARIABLE VOLTAGE SUPPLI SOURCE

NONMETALLIC
/ FLEXIBLE TUBING

CONDUCTIVE
TuB

HOLDING TANK

HAIR DRYER
UNDER TEST
\ OSCILLATING
PUMP
| e —T_J
| ]
@ \ ISOLATING SURFACE
o ) \ 500 - OHM NONINDUCTIVE RESISTOR
o
DIGITAL
OSCILLOSCOPE £

$3357 0

49.1.7 The|water resistivities specified in 49.1.5 are to be obtained by the addition of sodium chloride
(common taljle'salt) to distilled water or tap water. The water temperature is to be 20 — 40°C (68 — 104°F).

49.2 Conditioned hair dryers

49.2.1 The requirements specified in 49.1.2 — 49.1.7 are to be applied to samples of a hair dryer
provided with an immersion protection that have been subjected to one of the following tests (each test is
to be conducted on separate sample sets):

a) The motor short-circuit test [50.1.4(f)];
b) The drape test (50.3.10.1);
c¢) The blocked fan test (50.3.11.1);

d) The bypassed temperature control test (50.3.12.1 and 50.3.14.3);
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e) The restricted air inlet test (50.3.13.1 — 50.3.13.4);

f) The

restricted air outlet test (50.3.14.1 — 50.3.14.3); and

g) The floor drop test (50.3.15.1 and 50.3.15.2).

The tests on the conditioned samples are to be conducted using the on-off switch position, the heat-speed
selector switch(es) position(s), the supply circuit voltage and polarity, the water resistivity, and the like as
specified in 49.1.2 and 49.1.5, that resulted in the highest leakage current and longest immersion
protection trip time determined in accordance with 49.1.3. The results are acceptable if the immersion
protection trips at a current less than 6 milliamperes or greater than 6 milliamperes in a period of time to
comply with the t|me and current relatlonshlp speC|f|ed in 49 1. 1 The perlod of tlme is to be measured

from the mo
the immersio

50 Abnorm

50.1 Gener,

50.1.1

50.1.2

50.1.3 With
any of the foll

a) Glg
50.2.2;

b) Opgning of the 3-ampere fuse'specified in 50.2.3;

c)Em

d) De
electri

e) Los
displa
direct

An a
conditions th4

If the
for specific af

protect|on trips, the flow of current to ground is to cease.

fal Operation Test

Al

t are likely to occur during intended use.

re is a conflict between the test conditions described in 50.2.1 — 50.2.13 and tho

reference to the requirement in 50.1.1, axrisk of fire or electric shock is conside
bwing occur:

wing, charring, or flaming of the cheesecloth or tissue paper as specified i

ssion of flame, sparKs, or molten metal from the appliance enclosure;

elopment of an opening in the overall enclosure that exposes live parts invol
C shock to cohtact by persons (see 9.4.1 — 9.4.8); or

s of stfuctural integrity to a degree where the appliance collapses or expe
cementof parts that may lead to short-circuiting or grounding of live parts, orin
plug=in appliance, the appliance cannot be removed from a receptacle immedig

ppliance shall not present a risk of fire or electric shockiwhen operated ung

o flow. When

er abnormal

se described

pliances in 50.3.2.1— 50.3.18.2, the test conditions for specific appliances shall apply.

red to exist if

50.2.1 and

ing a risk of

fiences such
the case of a
tely after the

test wih

+ Ao 41 thaot 4 ol £ ] et =N ]
uioututcivrtiauuiT iuiat ifiay prootiit d TToN UT TITUUTL STTUUN.

50.1.4 Malfunction of components and likely misuses of the appliance that could result in a risk of fire or
electric shock are to be simulated during abnormal tests mentioned in 50.1.1. Examples are as follows:

a) Belt breakage of a fan or blower assembly that ventilates a heater or a similar source of heat.

b) Malfunction of an automatic-reset thermostat, a timer switch, or a similar device that could result
in continuous energization of a heat source.

c) Stal

led rotor of a drive motor, fan motor, or similar part.

d) Blockage in the de-energized position of the armature or plunger of an open-coil electromagnetic
relay or solenoid.
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e) Operation of an appliance without fluid or liquid. An appliance in which a liquid is heated is to be
operated dry and, other than as noted in 50.1.5, with all automatic-reset thermostats shunted out of
the circuit.

f) Short-circuiting of a motor in a limited-energy primary circuit unless the motor is provided with an
insulation system and spacings acceptable for the line-voltage involved.

g) Malfunction of electronic components.

h) Continuous operation of an appliance with the secondary of a transformer or the output of power
supply that limits the current to 8 amperes or less as described in 36.1.2 and 36.1.8 at applicable
overload conditions including short-circuit.

i) Cor
any c

50.1.5 A sy
rugged, relia
such a comp
considered t
load. The 10
the electrical
are required

50.1.6 With
between any
component i
time. For a n
may be useq
appliance to
appliance.

Exception N|
circuited:

a)Al
b) Ad

c)Ad
occur

nection of an interconnecting cord or cable by interchanging or misaligning the
bmbination permitted by the construction.

itch mechanism or a thermostat as mentioned in 50.1.4 (b) — (e) that has beer

onent is not to be simulated during the abnormal operation test. A switch or a
b be rugged and reliable if it has been subjected to a 100,000-cycle enduran
D,000-cycle endurance test is to cover the mechanical parts.that actuate the swi
parts. A switch or a thermostat is considered to be unlikely to be defeated by th
fo gain access to it, or a positive stop is incorporatedon the device.

respect to the malfunction of electronic components as mentioned in 50.1.4
two terminals of a device such as a rectifier;,a transistor, a capacitor, a resistd
5 to be opened or shorted. Only one of the\simulated fault conditions is to be in
hulti-terminal device, only two terminalsishall be short-circuited at a time. Sim
, but if the tests performed on simulated circuits indicate likely damage to othe
the extent that the safety of the appliance may be affected, the test shall be rg

b. 1. A component located in the following circuits is not required to be of

bw-voltage circuit;

ircuit that has\been investigated for reliability; or

connector in

shown to be

ble, and unlikely to be defeated by the user is to be assumed acgeptable, and alfunction of

thermostat is
ce test under
tch as well as
e user if tools

g), the circuit
r, or a similar
posed at one
ilated circuits
r parts of the
peated in the

en- or short-

ircuit that'would not involve a risk of fire or electric shock if a component malfumction were to

Exception No. 2: A wire-wound resistor is not required to be short-circuited.

Exception No. 3: A resistor that has been shown by an investigation to be reliable is not required to be
open- or short-circuited.

50.1.7 When abnormal operation tests are conducted, the intended usage of the appliance is to be taken
into account. For example, if the appliance is provided with a momentary contact switch having no
provisions for being locked in the on position and if there is indication of malfunction (abnormal operation
of the appliance, emission of smoke, failure of the appliance to operate in the intended manner, or other
similar indication), the test is to be discontinued when the malfunction becomes evident. Otherwise, the
test is to be continued until ultimate results occur.
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50.2 General test conditions

50.2.1

Abnormal operation tests are to be made with the appliance supported in its intended operation

position. A cord-connected appliance is to be placed on a pine board covered with white tissue paper.

50.2.2 During the tests, the appliance is to be draped with a double layer of cheesecloth conforming to
the outline of the appliance.

50.2.3 During each test, exposed dead-metal parts of the appliance are to be connected to earth ground
through a 3-ampere, nontime-delay fuse.

50.2.4 The

42.2. The suf
would be sd
ANSI/NFPA 7
the position th

50.2.5 Aus
fuse that is s
and marked i

replacement may be left in the circuit.

50.2.6 Only

50.2.7 EacH
more than on

50.2.8 Apa
a)ltis
b) Itis
c)ltis
50.2.9 Ifan

the maximumn
settings.

50.2.10 The

}J}J:;Gllbc ;O tU bU bUIIIIUUth tU d oupp:y QUUTUT Uf thc vu:tayc OIICII flcqucllu)
ply circuit is to have the maximum-sized overcurrent protective device that~in\i
lected for branch-circuit protection in accordance with the National \Ele
0. Temperature control adjustments or other user-adjustable controlsif any, ar
at will result in the most severe test.

br-serviceable fuse is to be effectively defeated unless markediin.accordance w
bldered in place, or is located such that it is accessible only.to qualified servig
h accordance with 50.2.13, and any other overcurrent protective device not sU

one abnormal condition is to be simulated at one.time.

test is to be conducted on a separate samplé unless it is agreeable to those ca
b test may be conducted on the same sample.

t of an appliance that may be removed during user servicing may be omitted if:
not required for the functioning-of the appliance;
not exposed to view during intended operation; and

not captivated.

appliance is ‘provided with means for controlling speed, the test is to be cond
and minimum speed settings of the control, and may be conducted at interm

abhormal operation test is to be conducted for 7 hours or until one or more of

specified in
ntended use,
trical Code,
b to be setin

th 50.2.13. A
e personnel,
bject to user

ncerned that

icted at both
bdiate speed

the following

results are ob

served:

a) A risk of fire or electric shock develops. See 50.1.3.

b) The branch-circuit fuse opens.

c) The appliance protective device opens.

d) Any other circuit component opens.

e) A minimum of one hour has elapsed, circuit conditions have stabilized, and there is no further
evidence of overheating of parts.
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50.2.11

The overheating of parts referred to in 50.2.1

0(e), may be detected by such an indicator as odor,

smoke, discoloration, cracking of materials, charring, flaming, glowing, arcing, changes in circuit current
through the applied fault, or any similar phenomenon.

50.2.12

test is to be repeated two more times using new components for each test.

If a fault condition is terminated by opening of a circuit component as specified in 50.2.10(d), the

50.2.13 A fuse that is relied upon during these tests (see 50.2.5) is to be marked in accordance with

79.4.1.

50.3 Specific test conditions

50.3.1 GerJeraI

50.3.1.1 Fa
50.3.2.1 — §

r most of the common types of appliances, standardized abnormal.conditions

50.3.18.2 m4g
50.3.2 Dra

50.3.21 A
two layers ¢
cheesecloth.

50.3.3 Blog

50.3.3.1 A
a solution of

0.3.18.2.Appliances having features not contemplated in test procedures
y be tested as necessary to take such features into account.

pe test for curling irons

curling iron is to be operated without any separable stand on a softwood surfacg
f white tissue paper. The curling iron is to bef.covered loosely with a doj

tked steam outlet test for steam-type curling irons

steam-type curling iron is to be energized at rated wattage, and the water reser
hard water (1/2 gram of calcium sulfate, CaSO, * 2H,0, per liter of distilled

are given in
n 50.3.2.1 -

covered with
uble layer of

voir filled with
water) in an

amount equal to the capacity of the reservoir’ With the steam outlet opening blocked, a sfeam actuator

control is to
exhausted o
most unfavg
continuously
42.1. Immed
withstand teg

be operated at the fastest possible rate that produces steam, until the w3
for 15 minutes, whicheyeroccurs first. During this test, the sample is to be pos
rable position with respect to internal components, and the leakage curi
monitored. The result-is acceptable if the leakage current does not exceed th
iately following.-the test, the sample shall be subjected to a 2500-volt dielg
t as described in47.1.1 —47.1.8. The result is acceptable if there is no dielectric

50.3.4 Oveffill testfor steam-type curling irons

50.3.4.1 A

ter supply is
sitioned in the
ent is to be
t specified in
ctric voltage-
breakdown.

consisting of-p

>team type curllng iron havmg an integral Ilqwd reserv0|r shaII be subjected to 3

n overfill test
e amount of

solution shall be 200 percent of the capacﬂy of the reservoir. Durlng the test, the apphance is to be held in
its "fill" position and the leakage current continuously monitored. The result is acceptable if the leakage
current does not exceed that specified in 42.1. Immediately following the test, the sample shall be
subjected to a 2500-volt dielectric voltage-withstand test as described in 47.1.1— 47.1.8. The result shall
be no dielectric breakdown.

50.3.5 Water droplets test for steam-type curling irons

50.3.5.1 To determine if a steam-type curling iron having an integral liquid reservoir will need to have the
wording specified in 81.9(g)(14), the appliance shall be subjected to a water droplet test consisting of
pouring a solution of hard water, as described in 50.3.3.1, into the reservoir. The amount of solution shall
be the specified capacity of the reservoir. During the test, the appliance is to be operated at rated wattage.
Commencing with the appliance cold, and ending beyond the point when the appliance becomes fully
heated, the appliance steam control system is to be actuated continuously. If no water droplets are emitted
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from the steam vents at any time during the test, the appliance Important Safety Instructions is not
required to include the information described in 81.9(g)(14).

50.3.6 Overfill test for mist-type hair dryers

50.3.6.1 A mist-type hair dryer having an integral liquid reservoir shall be subjected to an overfill test
consisting of pouring a solution of hard water as described in 50.3.3.1 into the reservoir. The amount of
solution shall be 200 percent of the capacity of the reservoir. During the test, the appliance is to be held in
its "fill" position and the leakage current continuously monitored. The result is acceptable if the leakage
current does not exceed that specified in 43.1. Immediately following the test, the sample shall be
subjected to a 2500-volt dielectric voltage-withstand test as described in 47.1.1 — 47.1.8. The result is
acceptable if there is no dielectric breakdown

50.3.7 Drape test for hair dryers other than hand-supported types
50.3.7.1 A
head, until a
double layer
area of the a
cause an ove|

air dryer (both heating element and blower) is to be operated, without the usg of a dummy
| temperatures stabilize. The hair dryer, while still operating, is.then to be draped with a
bf cheesecloth in such manner as to retard the air flow effectively and to cover the hottest
bpliance. However, the cheesecloth is not to be manipulated_deliberately in anl endeavor to
rly restricted air flow.

50.3.8 Blocked fan test for hair dryers other than hand-supported type

50.3.8.1 A
control, if any

air dryer is to be subjected to a test with the rotor of the blower blocked and the
set in the position that will result in the mostsevere test.

temperature

50.3.9 Softwood surface temperature test for hand-supported hair dryers

ered with two
. During this

50.3.9.1 A Hand-supported hair dryer is to be-laid on a flat, horizontal, softwood surface cov
layers of white tissue paper, and operated:-until constant temperatures have been attained

test, both the
such that (co
the paper-co
(302°F).

50.3.10 Drape test for hand-supported hair dryers

50.3.10.1 A
still operating

heating element and the-blower are to be operating, and the position of the hair
hsidering the possibilities“of actual service) the maximum temperature will be
bered supporting surface. The maximum acceptable temperature on the pa

hand=supported hair dryer is to be positioned as described in 50.3.9.1. The hai
is\then to be draped with a double layer of cheesecloth in such manner as to

flow effective

dryer is to be
produced on
ber is 150°C

r dryer, while
retard the air

\ and to cover the hottest area of the npplinnnn I—lr\\/\/ta\/r:n‘7 the cheesecloth

is not to be

manipulated deliberately in an endeavor to cause an overly restricted air flow.

50.3.11 Blocked fan test for hand-supported hair dryers

50.3.11.1

A hand-supported hair dryer is to be subjected to a test with the rotor of the blower blocked and

the temperature control, if any, set in the position that will result in the most severe test. During the test, a
single layer of cheesecloth is to be loosely draped over the hair dryer.

50.3.12 Bypassed temperature control test for hand-supported hair dryers

50.3.12.1

operation test in accordance with 46.4.1, except that:

a) All temperature controls are to be simultaneously bypassed;

Three samples of a hand-supported hair dryer shall each be subjected to an abnormal
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b) A 3-ampere fuse is to be connected between exposed dead-metal and ground; and

¢) The motor speed is to be further reduced at a rate of 1 volt per minute for a motor rated at 30
volts or less and at a rate of 5 volts per minute on a nominal 120-volt (240-volt) motor until all
heater and motor circuits are interrupted by operation of a limit control, or the motor speed is to be
reduced to a stop condition until ultimate results are obtained.

50.3.12.2 In addition to the conditions specified in 50.1.1, the results are not acceptable if a sample after
being subjected to the test specified in 50.3.12.1:

a) Permits the accessibility probe as illustrated in Figure 9.1 to enter the enclosure and to contact
an uninsulated live part;

b) Is ynable to comply with the dielectric voltage-withstand test specified in 47.1.1;
c) Experiences circuit interruption other than by operation of a limit control;
d) Hap caused the 3-ampere fuse to ground to open; or

e) If still in an operating condition, exceeds the temperature limits specified in Table 46.1 and Table
46.2, when tested as described in 46.4.1 and 46.4.2.

50.3.13 Regptricted air inlet test for hand-supported hair dryers

50.3.13.1 Tlhree samples of a hand-supported hair dryer,shall each be subjected to a restficted air inlet
condition in [which the unit is oriented in the most adverse operating condition and opgrated at the
maximum pgrmitted wattage (110 percent of rated wattage in accordance with 45.1) and at the highest
heat and mojor speed settings. The air inlet opening-shall be gradually obstructed until the operation of all
circuits is inferrupted by the functioning of a limitior a temperature control, or until ultimate results are
otherwise objained (see 50.3.13.2). If the highest heat and motor speed settings do not resylt in the most
adverse conglition, the restricted air inlet procedure is to be repeated under conditions thaf produce the
most advers¢ results. In addition to meeting the requirements specified in 50.1.1, there shall be no circuit
interruption gther than by operation of a limit control.

50.3.13.2 The air intake openings are to be gradually obstructed by using layers of terrycloth, as defined
in 50.3.13.3,sized at least 2 ‘inches (50.8 mm) greater than the dimension of the intake opening, to be

50.3.13.3 Fabric used in the test described in 50.3.13.2 shall be white, 100 percent untreated cotton
terrycloth having a pile weave and a nominal weight of 8 ounces per square yard (271 g/m?).

50.3.13.4 The same test conditions specified in 50.3.13.1 and 50.3.13.2 shall be applied, but with all
temperature controls simultaneously bypassed and with no additional layers of terrycloth added after the
limit control operates. When the limit control operates, the test shall be stopped.

50.3.14 Restricted air outlet test for hand-supported hair dryers

50.3.14.1 When tested as described in 50.3.14.2 and 50.3.14.3, a hand-supported hair dryer shall
comply with the requirements specified in 50.1.1, and there shall be no circuit interruption other than by
operation of a limit control.
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50.3.14.2 Three samples of a hand-supported hair dryer shall each be tested. Each sample is to be
oriented in the most adverse operating condition and operated at the maximum wattage (110 percent of
rated wattage in accordance with 45.1) and at the highest heat and motor speed settings. The air outlet is
to be gradually obstructed using masking tape such that approximately 50, 75, 90, and 100 percent of the
outlet opening area is progressively blocked for 3 minutes at each of the four positions. For each of three
samples, the location at which the blocking begins (the top, a side, or bottom) is to progress in the same
direction in which it was started and is to be such that the limit control will remain in the air flow for the
longest possible time as blocking progresses. If temperatures cause degradation of the tape, or if the use
of tape would cause deformation of an outlet nozzle, a metal plate or other material resistant to
combustion may be used to block the outlet opening. If the final 100 percent blockage test does not result
in interruption of all heater and motor circuits by a limit control, the test is to be continued, at 100 percent
blockage, for 7-1/2 hours, at which time ultimate results are considered to be achieved.

50.3.143 T
controls simu

ne same test conditions specified in 50.3.14.2 shall be applied, but with|all
taneously bypassed. When the limit control operates, the test shall be stopped.

temperature

50.3.15 Flopr drop test for hand-supported hair dryers

50.3.15.1 Epch of three samples (without thermocouples) shall be operated at rated wa
maximum int¢nded speed. While operating, they shall be dropped three-times from a height ¢f 3 feet (914
mm) onto a hardwood surface so that the point of impact is differentfor €ach of the three drogs. After each
drop, complignce with 50.3.12.2 (a), (c), and (d) shall be determined. After the third drop of @ach sample,
compliance w(ith 50.3.12.2 (b) and (e) shall be determined.

ttage and at

Exception: It
consistently:

is acceptable for a heating element to break if tests show after this occurs the appliance

a) Cof

b) Has

50.3.15.2 If
indicated for
recorded. In 3
the thermoco
the motor spe
percent, the t

nplies with the requirements in 50.1:3and 50.1.3 and

no spacing reduced below theminimum required value.

a hand-supported hair dryer appears operable following the three drops, it is to
the full motor speed test, 46.2.2.1, and temperatures on the thermocouple g
ddition, current inputito the unit and motor speed are to be recorded. If the tem
Liple grid do not-exceed the limits specified in 46.2.2.1 and if the current input tq
ed do not differfrom the values obtained in the initial full motor speed test by m
bst results,areconsidered acceptable and the test is to be discontinued.

be set up as
rid are to be
peratures on
the unit and
ore than £10

50.3.16 Brgken heating element test for hand-supported hair dryers

50.3.16.1 The hcatilly etementin-ahand cuppui’tcd hait dlycl shalt-be-constructed-so-that if the wire is
cut at any point, there shall be no reduction of electrical spacings below the limits specified in this
standard. After being cut, no portion of the heating element wire shall be accessible to contact by the
accessibility probe, as illustrated in Figure 9.1, through any opening in the enclosure while the hair dryer is
rotated and moved as intended during use without intentional jerking or shaking. The test shall be
conducted on an as-received sample or on a sample that has been conditioned by 1 hour of continuous,
intended operation with heat selectors set for maximum heat. In the event that unacceptable results are
obtained on an as-received sample, a referee test shall be conducted on a conditioned sample.

50.3.17 Hair curler heater test for hair curler heaters (hairsetters)

50.3.17.1 If a hair curler heater employs one or more automatic-reset thermostats, the thermostats are to
be short-circuited and the appliance is to be operated under the conditions described in 50.3.17.2. Six
samples of the appliance are to be tested.
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50.3.17.2 Three samples of the hair curler heater are to be tested with the curlers in place, and three
samples are to be tested without the curlers. The samples are to be arranged for operation under the most
adverse condition, including with the cover closed if the appliance can be so operated.

50.3.17.3 A manually reset protector or a thermal cutoff used to provide compliance with the requirement

in 50.3.17.1 shall not function during the normal temperature test.

50.3.18 Ha

50.3.18.1

ir entanglement test for bonnet-type hair dryers

shall be subjected to the test described in 50.3.18.2.

A bonnet- or helmet-type hair dryer with the heater and blower integral with the headpiece

50.3.18.2
specified in
head equipp
measured a
measured by
0.14 inch of
gauge.

Exception: N
not likely to @

50.3.19 Widx depilatory appliances

50.3.19.1 |
controls are
50.3.19.2 an

dO.Z. The hair dryer bonnet is to be installed in the intended operating position‘ov

sample of the hair dryer is to be mounted on a stand and connected to a\Su

ed with orifices, pivot tubes, and interconnecting tubing such that air pres
various points on the head. While the hair dryer is operating, (air* pressurn
means of an air pressure gage having a scale of minus 0.10 inchrof\water (0.02
water (0.035 kPa). Results are acceptable if no negative pressures are reg

egative air pressure may be acceptable if an investigation shows that hair en
ccur.

a wax depilatory appliance uses one or more automatic reset temperature con
to be short-circuited and the appliance'is to be operated under the conditions
1 50.3.19.3.

Exception: A

50.3.19.2 The appliance is to be operated empty and also with the maximum recommend

wax. A mova
self-closing @

50.3.19.3 (
a white, tissu
with a doub

cceptable limit controls tested-for 100,000 cycles of operation are not to be shorf

ble part or cover is:ta*be in the intended position resulting in the most adverse
over (as described.in 11.3.4) is to remain in its closed position.

ne sample,is*to be tested under each condition in 50.3.19.2. Each sample is to
e-paper-covered soft pine wood surface in a draft-free location. The sample is
e layer.of cheesecloth and connected to a circuit of the voltage as specifie

mperature controls are to be set for maximum heatlng Exposed dead-meta

bply circuit as
er a "dummy"
sure can be
es are to be
b kPa) to plus
orded on the

fanglement is

trols, all such
described in

-circuited.

ed amount of
conditions. A

be placed on
to be draped
d in 46.1.19.
| parts of the

sration is to be

continued in thls manner for 7 1/2 hours or untll a manual reset I|m|t control or thermal cutoff opens the
circuit. If a limit control can be manually reset without disassembling the appliance, the control is to be held
in the on position until 7-1/2 hours of operation elapse or the ultimate results are obtained. If a manually-
reset limit control cannot automatically reset when the reset means is held in the "on" position, the control
is to be reset as quickly as possible after each tripping for a total of four times or for the number of cycles
for which it can be reset during the 7-1/2-hour period, whichever is less. The maximum temperature of the
wax, as specified in 46.5.3, shall be recorded during wax heating. The maximum temperatures of the
interior surface(s) of the wax reservoir(s) shall be recorded during wax heating and empty operation.

50.3.19.4 The results are acceptable if:

a) There is no glowing of the supporting surface, flaming of the cheesecloth, or similar
manifestation of a risk of fire;
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b) There is no degradation of the enclosure material exposing uninsulated current-carrying parts to
contact;

¢) The fuse in the grounding connection does not rupture; and

d) The maximum wax and empty reservoir temperatures do not exceed the flash point temperature
of the wax, as determined by the Standard Test Methods for Flash Point by Pensky-Martens
Closed Cup Tester, ASTM D93.

50.3.19.5 An abnormal test is also to be conducted by operating the appliance under the conditions of
intended use, as described in 46.5.1 and 46.5.2, but defeating the temperature control that operates to
keep the wax temperature at or below 75°C (167°F). The visible overheat condition indicator specified in

11.3.5 shall fynction when the wax temperature exceeds 75 C.

51 Exposufre to Moisture Test

51.1 Anapq
brush access
a hair untang

liance that may alternately be used wet and dry (such as a hair dryer-styler havi
pries that may be used for setting or styling of wet or damp hair and then used
er) shall be tested as described in 51.2 — 51.6.

51.2 One sample is to be subjected to this test in an unenergized condition. Any attachr
oriented to repult in the most unfavorable condition of use.

51.3 Each sample is to be oriented above a standard test\solution (consisting of 1/2 gra
sulfate per liter of water) so that the comb teeth or the center row (or rows) of brush bristles
vertically downward. While held in this position, and without axial rotation, jerking or shaking,
to be lowered so that the teeth or bristles enter the test solution. The depth of insertion is to
the exposed bases of the teeth or bristles are at the surface of the water. The sample is to b
position for 2 seconds, removed from the water*without changing the angle of the applian
tilted to a verlical position with the accessory‘end up. This position is to be held for 5 second
the original pg@sition is to be resumed andthé sample again dipped into the water as before. T
is to be repeated without interruption atotal of ten times at the nominal rate of six times per mi

51.4 Follow|ng the dipping cycles, and while being held in its final, vertical position, the sa
completely and closely wrapped’in metal foil which contacts all exposed accessible dead-n
any. The sample is then to.be-oriented in the most unfavorable position with regard to comp|

as switches, and the like)'and subjected to the dielectric withstand-voltage test described in 51.5

ults<are acceptable if the appliance in an unenergized condition withstands
without breakdown’a 60-hertz essentially sinusoidal potential of 2500 volts applied between |

ng comb and
bs a dryer, or

nent is to be

M of calcium
are pointing
he sample is
be such that
e held in this
ce, and then
5, after which
his operation
nute.

mple is to be
netal parts, if
pnents (such
5.

for 1 minute
ve parts and

metal foil Wrapp;ny as-deserbedin4—~+4 4748

=T.T1T.1 =1.1.0,

51.6
to be conducted using each accessory. Samples of the appliance are to be in the intend
condition for this test.

52 Flooding of Live Parts Test

52.1 To determine whether malfunction or breakdown of a timer switch, float- or press

If the appliance is supplied with one or more accessory attachments, the complete moisture test is

ed operating

ure-operated

switch, or the like will result in a risk of electric shock, an appliance that employs water or another
electrically conductive liquid during its operation shall be conditioned as described in 52.2. The results are

acceptable if:

a) During and after the conditioning:
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1) There is no obvious wetting, as described in 52.4, of any electrical compone

2) For a portable or stationary appliance, when investigated as described
leakage current does not exceed 5.0 milliamperes; and

b) After the conditioning, the appliance:

52.2 To de
connected tq
operated swi
appliance st
overflow of th
In one test, t
terminates th
the timer op
conditioning,
for complian

52.3 A port
however, wit

52.4 Obvio
component t
wetting by ra

53 Overflo

arted. The fill is to be continued for an additional 15 minutes following the firg
e reservoir. If both a timer switch and a fill switch are provided, two tests are to e conducted.

1) Complies with the dielectric withstand requirements in 47.1.1 and

nt and

in 52.3, the

2) For a permanently-connected appliance, the insulation resistance between current-

carrying parts and exposed dead-metal parts is more than 50,000 ohms.

a source of intended liquid. If only a timer switch or only a fill switch (a floa
ch which prevents over filling) is provided, the timer or the fill switch is to be def

ne timer switch is to be defeated and the fill is to be continued until\actuation of
e fill (which will also terminate the test). In a second test, the fill switch is to be
erating until the fill is terminated (which also terminates thetest). Both dun
the appliance is to be tested for compliance with 52.1(a);-after conditioning, it i
e with 52.1(b).

h the concurrence of those concerned, the duration of the test may be shortened

Is wetting is considered to be wetting“by a stream, spray, or dripping of
hat obviously will be repeated during-gach flooding test. Obvious wetting doe
hdom drops of water that may wet the"component by chance.

w Test

53.1 Ifan

storage chamber that is likely to be overfilled during intended use and if overfilling can res
fire, electric ghock, or injury to persons, the appliance shall comply with the following requ
being tested ps described in(53.2.

a) T

Sectipn 47;

b) Fol a‘cofd-connected appliance rated nominal 250 volts or less, the leakage curre

ppliance other than those-mentioned in 50.3.4.1 — 50.3.6.1 incorporates a rese

appliance-'shall comply with the requirements for the Dielectric-Voltage-W

4

jance is to be
-Or pressure-
pated and the
t evidence of

the fill switch
defeated with
ng and after
5 to be tested

able or stationary appliance is to be investigated.using the method described i 42.2 — 42.8;

water on the
s not include

Fvoir or liquid-
it in a risk of
rements after

thstand Test,

nt shall be as

specitietHn42

T

c) For an appliance other than as mentioned in (b), the insulation resistance between current-
carrying parts and exposed dead-metal parts (or for an appliance with an outer enclosure of
insulating material, metal foil wrapped tightly around the enclosure) shall be at least 50,000 ohms;

and

d) There shall be no wetting of uninsulated live parts or film-coated wires or electrical insulation that
is likely to be adversely affected by the liquid usually used in the reservoir or chamber, as
determined by visual inspection.

53.2 A solution of hard water, as described in 50.3.3.1, is to be used for the test and is to be poured into
the reservoir through an orifice 3/8 inch (9.5 mm) in diameter. The reservoir is to be filled to the level
recommended by the manufacturer if such level is plainly marked; otherwise, the reservoir is to be filled to
maximum capacity. Additional test solution, equal to 50 percent of the prescribed fill volume but not more
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than 1 pint (470 ml), is then to be poured into the reservoir. Upon completion of the above procedure, the
appliance is to be tested and visually inspected for compliance with 53.1 (a) — (d).

54 Stability Test

54.1 In accordance with 14.1, a floor- or counter-supported appliance is to be placed on a tilted
supporting surface that is inclined at a 10 degree angle from the horizontal, and is to be turned to the
position most likely to cause tipping. Any adjustable or movable part that will affect the location of the
center of gravity of the appliance is to be placed in the position most likely to contribute to tipping. Blocks
are to be used to prevent the appliance from moving down the incline. The results should show that the

appliance remains stable on the tilted surface.

54.2 An apq
degrees to th
separable co

liance of the type mentioned in 11.2.1 shall be placed on a plane inclined ata
e horizontal. The appliance shall be positioned and loaded with whatevercg
mponents (strainers, cups, and the like) and liquid that results in the maximum

overturn under conditions of intended use. Blocks are to be used to prevent theyappliance

down the incl
55 Tip-Ove

55.1 Three
tested three t
of laminated
is likely to oc
and liquid tha

Exception: A
these require

ne. The appliance shall not overturn as a result of this test.
r Test

samples of an appliance as described in 11.2.1 are to(be tested and each sa
mes. See Figure 55.1. Each sample of the appliance.is to be placed on a horiz
hermosetting counter-top-type material. The appliances are to be oriented in a
cur during intended use, and are to contain whatever combination of separable

I results in the most adverse condition for this’test.

1 appliance with a maximum capacity~of 17.5 fluid ounces (517 ml) need nof
ments.

n angle of 15
mbination of
tendency to
from moving

mple is to be
pntal surface
position that
components

comply with
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Figure 55.1

Flow diagram for appliances with reservoirs

Appliance

Liquid
Temperature
>115°F

Yes

Stability Test Acceptable
1 Sample
Par. 52.2

Yes

Appliance Stable

Capacity
>17.5 Fl. Oz,

| Not Acceptable
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Capacity
>32 Fl. Oz.

Tip—Over Test Tip—Over Test
3 Samples, Each 3 Times 3 Samples, Each 3 Times
Pars. 53.1 and 53.3 Pars. 53.1 and 53.2

Critical
Lid Dislodged

Not Acceptable Acceptable Acceptable

Lid Provided

<5 Fl Oz.
Emitted In First
5 Secs.

Lid

Remained In

Place and <5 Fl. Oz.
E

itted—In- First

~N7 5 Seconds
Not Acceptable Acceptable

Not Acceptable Acceptable

Yes

SB3136A
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55.2 For an appliance with a capacity of more than 17.5 fluid ounces (517 ml) but 32 fluid ounces (945
ml) or less, the sample is to be tilted to determine its critical angle of balance (the angle at which the
sample will tip over due only to the force of gravity). The results are acceptable if one of the following
occurs:

a) The critical angle of balance from the horizontal is 45 degrees or greater or

b) A lid, if provided, remains in place and the liquid emitted during the first 5 seconds from the
appliance during any tip over is no more than 5 fluid ounces (148 ml).

55.3 For an appliance with a capacity of greater than 32 fluid ounces (945 ml), the sample is to be tilted
until it tips over due only to the force of gravity. The results are acceptable if the lid remains in place.

56 Strengtll of Enclosure Test

56.1 A 5-pound force (22.2-N) is to be applied by means of the flat end of a circular steel rpd that is 1/4
inch (6.4 mm|) in diameter and 5 inches (127 mm) long for 1 minute to any part of the area|described in
9.5.1. The rod is to be vertical, and the appliance may be oriented in any position relative to the rod before
the force is applied. The results are acceptable if:

a) Durjng the test, the rod does not contact an uninsulated live part and

b) Aftgr the test, the construction is in compliance with 9.4)1\~+9.4.3, and 34.2.

56.2 With rgference to 56.1, the test is to be conducted on-a guard such as a screen, which is located
under an opehing in an enclosure, through the opening.in‘the enclosure only if the following conditions are
met:

a) Thg guard is:

1) Metal or other electrically_ conductive material,

2) Accessible to user contact as determined in accordance with 9.4.3, and
3) Accessible to the'rod; or

b) Thqg guard is:

1) Electrically nonconductive material,

2) Accessible to user contact as determined in accordance with 9.4.3,

'%) Accessible to the r'r\r'{7 and

4) Required for compliance with the accessibility requirements in 9.4.1.
57 Mounting Means Strength Test

57.1 To determine whether an appliance complies with the requirement in 9.7.1, it is to be mounted in
accordance with the installation instructions provided by the manufacturer on a surface of the construction
specified using the parts provided. If no surface construction is specified, nominal 3/8 inch (5.3 mm) thick
plasterboard (drywall) on nominal 2 by 4 (50.8 by 101.6 mm) inch wood studs spaced on 16 inch (406 mm)
centers is to be used as the supporting surface. The mounting parts are to be used as specified in the
instructions; and, if not otherwise indicated, the securing screws are to be located between the studs and
secured in the plasterboard. An adjustable appliance is to be adjusted to the position that will give the
maximum projection from the wall. The force is to be applied through a 3-inch (76-mm) wide strap at the
dimensional center of the appliance) and is to be increased during a 5- to 10-second interval, until a load
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equal to the weight of the appliance plus a force of three times the weight of the appliance, but not less
than 10 pounds (44.5 N), is applied to the mounting system. The load is to be maintained for 1 minute. The
appliance and mounting system are to remain in place with no breakage or rupturing of the support
system.

58 Strain Relief Test

58.1 The strain relief means provided on an attached flexible cord or cable, when tested in accordance
with 58.2, shall withstand, for 1 minute, a pull of 35 pounds (156 N) applied to the cord.

Exception No. 1: In the case of a partially protected interconnecting cord or cable [see Exception to
20.4.1(a)], the-pul-applied-to-the-cord shall be 20

Exception Np. 2: In the case of a hand-supported appliance weighing no more than. 1/2 gound (227 g)
exclusive of the cord, the pull applied to the cord shall be 20 pounds.

58.2 The connections of the cord inside the appliance are to be disconnected. at the termingls or splices.
The specified force is to be applied to the cord and so supported by thesappliance that the strain relief
means will be stressed from any angle that the construction of the appliance permits. The ptrain relief is
not acceptaljle if, at the point of disconnection of the conductors, thereis sufficient movemgnt of the cord
to indicate thpt stress on the connections would have resulted.

58.3 For the construction mentioned in 16.6.4, six samples.ef the clamp that have been secured to the
cord in the intended manner are to be used. Three unconditioned samples are to be subjected to the
dielectric voltage-withstand test specified in 47.1.1 and’47.1.2 by applying the test potepntial between
conductors, pnd if the clamp is metal, the potential®is also to be applied between the ¢lamp and all
conductors gonnected together, and shall then be-subjected to the strain relief test specified in 58.1 and
58.2. The refnaining three samples shall be tested as described in 58.1 and 58.2 after being subjected to
the following|procedures:

a) The samples are to be placed-for'168 hours in a forced-draft, air-circulating oven miintained at a
temperature of 70°C (158°F)(on10°C (18°F) higher than the temperature recorded [on the clamp
during the Temperature Test, Section 46, whichever is greater.

b) While still in the heated condition, the samples are then to be subjected to the diel¢ctric voltage-
withsiand test specified in 47.1.1 and 47.1.2. The potential is to be applied betweeh conductors,

and if the clampnis;metal, the potential is also to be applied between the clamp and all conductors
conngcted together.

c) ThT conditioned samples then are to be cooled to room temperature.

58.4 With reference to 58.3, in no case shall there be any dielectric breakdown or arc-over, and the strain
relief means shall prevent any movement of the cord that could strain the connections. Prior to testing of
the oven-conditioned samples, a visual examination shall show no evidence of damage to cord insulation.

59 Torque Test

59.1 A power-supply cord shall withstand for at least 1 minute, a minimum torque of 50 ounce-inches
(0.3 N-m) applied about the axis of the cord and at 1 inch (25.4 mm) from the strain relief without damage
to the cord and without transmitting the torque to the terminations.
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60 Power-Supply Cord Push-Back Relief Test

60.1 To determine whether means provided to prevent the power-supply cord from being pushed inside
the enclosure as described in 16.6.7 is acceptable, the appliance shall be tested as described in 60.2. The
construction is not acceptable if any of the following occurs:

a) The cord insulation is subjected to temperatures above its assigned ratings.

b) The cord can come in contact with sharp edges or with moving parts that can damage the
conductor insulation.

c) The cord displaces parts resulting in a reduction of required spacings.

d) Theg cord places stress on internal connections.

60.2 The pgwer-supply cord is to be hand held by the fingers 1 inch (25.4 mm) from the pojnt where the
cord emergeg from the appliance. Then the cord is to be pushed back with casualforce. Seq Figure 60.1.
The force is t¢ be applied until the cord is buckled; however, the force is not to exceed 6 pounds (27 N).

Figure 60.1

Power-supply cord push-back investigation
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61 Cord Flexing Test

61.1 Each of six samples of a hand-supported hair dryer, comb, curling iron, untangler, hair-crimping
iron, hair-straightening iron, or similar hand-supported appliance shall be subjected to a cord flexing test
as described in 61.2.
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61.2 The sample is to be mounted in a guide with a 1/4 pound (113 g) weight attached to the cord 8
inches (203 mm) from the cord entry hole so that the unit can be rotated 540 degrees about the axial
center of the cord. A typical arrangement is shown in Figure 61.1. The rate of flexing is to be 10 cycles per
minute, where 1 cycle is equivalent to three complete revolutions as defined in footnote a to Table 61.1,
resulting in a rotational speed of 30 revolutions per minute. During the test, the supply cord conductors of
the sample are to carry current equal to the current rating of the appliance at rated voltage. The samples
are to be subjected to the number of cycles of flexing specified in Table 61.1.

Exception No. 1: If agreeable to all concerned, the attached weight may be other than 1/4 pound, adjusted
such that the cord is held taut and the intended flexing action is produced.

Exception No._2: If agreeable to all concerned, the rate of rotation or cycle rate or both may be greater
than specifief.

Figure 61.1

Cord flexing test apparatus
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Table 61.1
Number of cycles of operation for cord flexing test

Type of appliance Cycles required

Hand-supported appliances with or without swivel 16,000
assemblies

NOTE — A "cycle" consists of 540 degrees of rotation in one direction plus 540 degrees in the reverse direction back to
the starting point.

61.3 For an appliance employing a cord swivel construction, the test described in 61.2 is to be conducted
with the swivel locked in place.
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Exception: An appliance employing a cord swivel construction may be tested with the swivel operating
when it complies with 61.5.

61.4 Testre

sults are acceptable if:

a) There is no breakage of the cord or exposure of an uninsulated conductor strand;

b) Each sample is subjected to and complies with a dielectric voltage-withstand test (at a voltage in
accordance with the requirements in Table 47.2) between the individual conductors of the flexible
cord with the internal connections to the unit severed and insulated; and

c) For an appliance using a 3-conductor, grounding-type cord, the conditions of the ground

contin

61.5 An appliance employing a cord-swivel construction and tested with the swivel\opera

tested with a
hanging freel

and shall comply with the requirements in 61.4. A functional swivel serves to keep the cord

past the horiz
62 Test for

62.1 The s
described in §
force applied
rated wattag
evidence of i
requirements

Exception: TH
is to be 20 po|

62.2 With r
temperature
normal temps
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described in ¢
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y during the test. The swivel shall remain functional during and after,completiq

ontal plane through the axis of rotation.
Security of Swivel Assembly

ipply swivel assembly on one as-received sample” and three conditioned
2.2) are each to be subjected to a direct pull for¢e.of 35 pounds (156 N) for 1 m
at any angle the construction of the appliance*will permit. The appliance is to b

during this test. The result is acceptable.if there is no displacement of the
termittent contact in the electrical circuit, and if the appliance complies with the
in 9.4.1 during the test.

e direct pull force for an appliance weighing 1/2 pound (227 g) or less (exclusiv
Linds (89 N).

bspect to 62.1, samples” are to be conditioned by being maintained for 7
pf 10°C (18°F) higher than the temperature measured on the swivel assemb
rature test, but nat less than 70°C (158°F).

ndurance-sTest

pliance-provided with a cord swivel shall be subjected to the cord-swivel en
3.2,~63.6.

ting is to be
with the cord
n of the test
from rotating

samples (as
nute with the
b operated at
cord and no
accessibility

b of the cord)

hours at a

y during the

durance test

63.2

If a hand-supported comb, curling iron, hair untangler, or similar hand-supported appliance is

provided with a cord swivel, each of the same six samples subjected to the Cord Flexing Test, Section 61,
under the condition of the swivel operating shall be subjected to the tests described in 63.3 and 63.5. For a
hand-supported hair dryer provided with a cord swivel, six new samples are to be tested as described in
the Exception to 63.3 and in 63.5.

63.3 The cord flexing test as described in 61.2 is to be continued and the swivel is to be cycled for the
number of cycles required to accumulate a total of 100,000 cycles. (A cycle consists of 540 degrees in one
direction plus 540 degrees in the reverse direction back to the starting point.)

Exception: The cord swivel of a hand-supported hair dryer is to be cycled for a total of 100,000 cycles. A
cycle is to consist of 100 degrees in one direction, back to the starting point, then 100 degrees in the
reverse direction and back to the starting point. Other test conditions are specified in 61.2.


https://ulnorm.com/api/?name=UL 1727 2021.pdf

JUNE 24, 2021 UL 1727 113

63.4 A hand-supported hair dryer that can be converted into a curling iron (for example, by use of a hair-
curling attachment) and used as a curling iron is to be cycled in accordance with 63.3 with the appliance in
the curling iron configuration, and in accordance with the Exception to 63.3, with the appliance in the hair
dryer configuration. A separate set of six samples is to be used for testing in each configuration.

63.5 At the conclusion of the cycling in 63.3, a dielectric voltage-withstand test (at a voltage in
accordance with the requirements in Table 47.1) is to be performed, as described in 47.1.1 — 47.1.8,

between live

parts and exposed surfaces of the swivel assembly.

63.6 Testresults are acceptable if:

a) There is no breakage of the cord, or cord swivel, or exposure of an uninsulated conductor

strang);

b) Ea

c) Ea
in 63,

d) Fag
contin
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rfaces of the

64.4 The samples shall complete the required number of cycles without electrical or mechanical failure

that would re

nder the appliance inoperable.

a) There shall not be exposure of an uninsulated live part or a normally enclosed insulated wire and

b) Each sample shall comply with the requirements described in the Dielectric Voltage-Withstand

Tests,

Section 47.

65 Overload Test of Switches and Controls

65.1

A motor control device supplied as a part of an appliance and not having a horsepower rating

equivalent to the motor it controls shall be capable of performing acceptably when subjected to an
overload test consisting of 50 cycles of operation, making and breaking the stalled rotor current of the


https://ulnorm.com/api/?name=UL 1727 2021.pdf

UL 1727 JUNE 24, 2021

114

motor. Electrical or mechanical breakdown of the device or undue pitting or burning of the contacts is
unacceptable.

65.2 To determine whether a motor control device complies with the requirement in 65.1, it is to be tested
with the appliance connected to a supply circuit of rated frequency, with a voltage in accordance with 40.2,
and with the rotor of the motor locked in position. During the test, the frame or enclosure of the appliance is
to be connected to ground through a 3-ampere plug fuse, and the electrical connections are to be such
that any single-pole, current-rupturing device will be located in an ungrounded conductor of the supply
circuit. If the appliance is intended for use on direct current, the exposed dead-metal parts of the appliance
are to be so connected as to be positive with respect to a single-pole, current-rupturing device. The
performance is acceptable if the fuse in the grounding connection does not open.

66 Automatic Controls Tests

66.1 Overlqgad test
ng or limiting
nnected to a
acceptable if

5e, or undue

66.1.1 Ana
shall be capa
circuit having
there is no d
burning, pittin

Litomatic temperature control provided on an appliance for temperature regulati
ble of operating successfully for 50 cycles of operation when the appliance is cq
a voltage of 120 percent of the voltage in accordance with 40.2. The results are
electric or mechanical breakdown of the control, opening of the 3-ampere fu
g, or welding of the contacts.

66.1.2 In a test to determine whether an automatic control cemplies with the requirement in ¢

a) The
b) The

c) The
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66.2 Endur,

66.2.1 Unle

provided on g
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Ance test

5S it has been.shown by previous testing to be acceptable, an automatic tempe
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hdicated in' Table 66.1, when connected as described in 66.1.2. If it is indicate
5 1o be“made under load, the thermostat shall make and break, at a voltage in

with 40.2, th¢

appliance. T

maximum rated current that it carries under any condition of intended op¢g

d

nt; otherwise,

ature control
ber of cycles
J in the table

accordance
ration of the

opening of the 3-ampere fuse, or undue burning, pitting, or welding of the contacts.

e thermostat,
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Table 66.1

Number of cycles of operation for endurance test

Type of control

Automatically-reset control

Manually-reset control

Temperature-regulating

Temperature-limiting

A number of cycles equivalent to 1000 hours
of intended operation, but not less than
30,000 cycles. However, the test may be
omitted if, with the control short-circuited, no
temperature rises greater than the values
given in Table 46.1 are attained during the
temperature test of the appliance.

A number of cycles equivalent to 100 hours
of operation of the appliance under any

To be made the subject of an appropriate
investigation.?

1000 cycles under load and 5000 cycles
without load. However, the test may be

Combination tg
and -regulating

Temperature c|
supported hair|

bntrol for hand-
dryers

mperature-limiting

condition that causes the control to function,
or 100,000 cycles, whichever is greater.
However, the test may be omitted if, with the
control short-circuited, there is no evidence
of arisk of fire as described in 50.1.1 during
continuous abnormal operation of the
appliance.

100,000 cycles if, with the control short-
circuited, there is evidence of a risk of fire as
described in 50.1.1. If there is no such
evidence, the control is to be tested as
described for a temperature regulating
control.

6000 cycles. See also 4.47.

omitted if, with the control shdrt-circuited,
there is no evidence of a-fisk ¢f fire as
described in 50.1.1 during/Comtinuous
abnormal operation‘of the appliance.

To be miade the subject of an pppropriate
investigation.®

2 |f the operatid
will involve the|

n of the control involves physical movement of a part ofdhe appliance, the test is to be so arranged that each cycle
complete intended operation of the appliance.

67 Grounding Continuity Test

67.1 The rg
38.1.1) and
the groundin

67.2 With

sistance of the grounding.path between any metal part that is required to be grounded (see
he equipment grounding-terminal or lead, or the point of attachment of the wiring system, or
j blade of an attachment plug, shall be no more than 0.1 ohm.

reference to 671/ the resistance may be determined by any convenienpt method. If

unacceptablg results are recorded, either a direct or alternating current at a potential of not more than 12

volts, and eq

a)Th

b equipment grounding terminal, or

ual to the~current rating of the maximum-current-rated branch circuit overcurrent protective
device that may be employed with the appliance, is to be passed from:

b) The point of attachment of the wiring system, or

¢) The grounding blade of the attachment plug to the dead-metal part.

The resulting drop in potential is to be measured between these two points. The resistance in ohms is to
be determined by dividing the drop in potential in volts by the current in amperes passing between the two

points.
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68 Test for Permanence of Cord Tag for Hand-Supported, Hair-Drying Appliances

68.1

68.1.1

General

To determine compliance with the permanence requirements of 79.9.2 and 79.9.4, representative

samples that have been subjected to the tests described in 68.2.1 — 68.3.1 shall meet the following
requirements:

a) The tag shall resist tearing for longer than 1/16 inch (1.6 mm) at any point;

b) The tag shall not separate from the power-supply cord;

c) Th
mm);

d) The
rende

e) Ov
remai

Exception: A
Labeling Sys
the intended
not required t

68.2 Testc

68.2.1 Fors
power-supply
be conducted

68.2.2 Thre
68.2.3 Thre
23 +2°C (73.4
at 60 £1°C (1

68.2.4 Thre
percent at 32

ag shall not slip or move along the iengtn or the power-supply cord maore than

re shall be no permanent shrinkage, deformation, cracking, or any other’ cond
the marking on the tag illegible; and

rlamination shall remain in place and not be torn or otherwise damaged. The
legible.

cord tag that complies with the applicable requireménts in the Standard for
ems — Flag Labels, Flag Tags, Wrap-Around Labels\ahd Related Products, UL
cord surfaces, temperature, specific environmental\conditions and limited slipp
b comply with this requirement.

bnditions

/2 inch (12.7

ition that will

printing shall

Marking and
969A, under
hge rating, is

ach type of conditioning mentioned.in 68.2.2 — 68.2.4, three samples of the tag applied to the

cord in the intended manner aré_to be used. If tags are applied by an adhesive
no sooner than 24 hours aftet-application of the tag.

b samples are to be tested’as received.

e samples are to be tested at the end of 30 minutes of conditioning at a room te
+3.6°F) and,50-+5 percent relative humidity, following conditioning in an air-cir
10 +1.8°F)for'240 hours.

b samples are to be tested within 1 minute after exposure for 72 hours to a hum
+2°CA(89.6 £3.6°F).

, tests are to

mperature of
culating oven

idity of 85 +5

68.3 Test method

68.3.1

Each sample is to consist of a length of power-supply cord to which the tag has been applied. The

power-supply cord, with the attachment plug pointing up, is to be held tautly in a vertical plane. A force of 5
pounds (22.2 N) is to be applied to the uppermost corner of the tag farthest from the power-supply cord,
within 1/4 inch (6.4 mm) of the vertical edge of the tag. The force is to be applied for 1 minute vertically
downward in a direction parallel to the major axis of the cord. In determining compliance with 68.1.1(d),
manipulation is permissible, such as straightening of the tag by hand. To determine compliance with
68.1.1 (e), each sample is to be scraped 10 times across printed areas and edges, with a force of
approximately 2 pounds (8.9 N), using the edge of a 5/64 inch (2.0 mm) thick steel blade held at a right
angle to the test surface.
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69 Permanence of Marking Test

69.1

Unless known to be acceptable for the application, a pressure-sensitive label that is required to be

permanent (see Markings, Details, Section 79), shall comply with the applicable requirements in the

Standard for

Marking and Labeling Systems, UL 969.

70 Extended Operation Test

70.1

To determine if a higher temperature than that specified in Table 46.1 is acceptable for a fiberglass

sleeving (see footnote g of Table 46.1), three samples of the appliance are to be tested as described in

70.2-70.6.

70.2 Each
is to be incr
wattage ratin
provided. Ad
an automatio
consist of e
condition, th
jets at the af
that the tota
cycles of op
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Exception: T
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sample is to be operated continuously for 1000 hours. The test voltage (as-spe
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g. Each sample is to be placed on a thermal insulating surface and supperted
ustable temperature controls are to be adjusted for maximum heating: Each s
ally controlled preheat cycle is to be subjected to 30,000 cycles of operation. E3
hergizing the appliance from room temperature to the maximum stabilized
bn de-energizing and cooling to room temperature. Forced“cooling, such as b
pliance, may be used to reduce the cooling time. The "on™time of each cycle
"on" time will be no less than 1000 hours. After thé/successful completion
eration or the 1000-hour continuous operation, and’ after being allowed to
each sample is to be tested for compliance with.the:Leakage Current Test, Sect

he appliance is not required to be subjectedo the 30,000 cycles of operation if
mperature equal to the maximum temperature during the preheat cycle.

sample, while at room temperature,\is'then to be subjected to impacts as descr|

70.6. After each drop for a hand-supported appliance and the one impact for other types of a

leakage curr
Dielectric Vo
withstand tes

70.4 Each

strike a hard
to be as des
strikes the sy
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pnt test is to be repeated. After the leakage current test, each sample is to be su
Itage-Withstand Test, Section 47. For a hand-supported appliance, the diele
t is to be conducted after.the final leakage current test.

bf three samples ©fya hand-supported portable appliance is to be dropped 3 fe
wood surface in the position most likely to produce adverse results. The hardwqd
cribed in 40.6>Each sample is to be dropped three times so that, in each dro
rface in a\position different from those in the other two drops.

cified in 40.2)
to its marked
Dy its stand, if
ample having
ich cycle is to

temperature
y directing air
is to be such
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cool to room
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hged for 1000

bed in 70.4 —
bpliances, the
bjected to the
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et (0.91 m) to
od surface is
D, the sample

escribed in 70.6.

nary, fixed, counter-supported, or floor-supported appliances are to be subject|ed to the ball
impact testd

70.6 Each of three samples of the appliance is to be subjected to a single impact of the value specified in
Table 70.1 for the applicable appliance type, on any surface that can be exposed to a blow during normal
use. This impact is to be produced by dropping a steel sphere, 2 inches (50.8 mm) in diameter and
weighing 1.18 pounds (0.535 kilogram mass) from a height necessary to produce the specified impact as
shown in Figure 70.1. For surfaces other than the top of an enclosure, the steel sphere is to be suspended
by a cord and swung as a pendulum, dropping through the vertical distance necessary to cause it to strike
the surface with the specified impact as shown in Figure 70.1.

70.7 The results are acceptable if all samples comply with the Leakage Current and Dielectric Voltage-
Withstand Tests, Sections 42 and 47, respectively.
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Table 70.1
Ball impact requirements for appliances

Portable
Counter-supported, Floor-supported, Stationary or fixed,
foot-pounds (joules) foot-pounds (joules) foot-pounds (joules)
0.75 (1.02) 5.0 (6.8) 5.0 (6.8)
Figure 70.1
Ball impact test
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