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Thermal Cutoffs for Use in Electrical Appliances and Components, with reference to UL 60691,

the Standard for Thermal-Links — Requirements and Application Guide. UL 1020 was withdrawn

and superseded by UL 60691.
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The revisions dated April 25, 2006 include a reprinted title page (pagel) for this Standard.
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As indicated on the title page (page 1), this UL Standard for Safety is an American National Standard.
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UL’s Standards for Safety are copyrighted by UL. Neither a printed copy of a Standard, nor the distribution
diskette for a Standard-on-Diskette and the file for the Standard on the distribution diskette should be
altered in any way. All of UL's Standards and all copyrights, ownerships, and rights regarding those
Standards shall remain the sole and exclusive property of UL.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form by any means, electronic, mechanical photocopying, recording, or otherwise
without prior permission of UL.

Revisions of UL Standards for Safety are issued from time to time. A UL Standard for Safety is current
only if it incorporates the most recently adopted revisions.

UL provides this Standard "as is" without warranty of any kind, either expressed or implied, including but
not limited to, the implied warranties of merchantability or fitness for any purpose.

In no event will UL be liable for any special, incidental, consequential, indirect or similar damages,
including loss of profits, lost savings, loss of data, or any other damages arising out of the use of or the
inability to use this Standard, even if UL or an authorized UL representative has been advised of the
possibility of such damage. In no event shall UL’s liability for any damage ever exceed the price paid for
this Standard, regardless of the form of the claim.

UL will attempt to answer support requests concerning electronic versions of its Standards. However, this
support service is offered on a reasonable efforts basis only, and UL may not be able to resolve every
support request. UL supports the electronic versions of its Standards only if they are used under the
conditions and operating systems for which it is intended. UL’'s support policies may change from
time-to-time without notification.

UL reserves the right to change the format, presentation, file types and formats, delivery methods and
formats, and the like of both its printed and electronic Standards without prior notice.

Purchasers of the electronic versions of UL's Standards for Safety agree to defend, indemnify, and hold
UL harmless from and against any loss, expense, liability, damage, claim, or judgement (including
reasonable attorney’s fees) resulting from any error or deviation introduced while purchaser is storing an
electronic Standard on the purchaser’'s computer system.

If a single-user version electronic Standard was purchased, one copy of this Standard may be stored on

device of a multiple-user computer in such a manner that this Standard may only be accessed by one«u§
at a time and for which there is no possibility of multiple concurrent access. (‘\

s>
If a multiple-user version electronic Standard was purchased, one copy of the Standar?q@ﬁy %e ed on
a single LAN file-server, or on the permanent storage device of a multiple-user com @n%;h ntranet

server. The number of concurrent users shall not exceed the number of user@é@thor;e@ X\r
SO \\, W
Electronic Standards are intended for on-line use, such as for V|ew @%he I %ment & Standard,

conducting a word search, and the like. Only one copy of ; \ § ay b m@ited from each
single-user version of an electronic Standard. Only one/c No th dard e printed for each
authorized user of a multiple-user version of an el %ard e of differences in the

computer/software/printer setup used by UL an @se 0 (%@ct?omc §é rds purchasers, the printed
copy obtained by a purchaser may not look %@‘éctly I|Ke on- Imo’% en view or the printed Standard.

///\:\F\U /x\\Q
An employee of an organization pu 1ng a UL Stan%@/ (één make a copy of the page or pages being
viewed for their own fair and/or gractical internal usez\.
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The requirements in this Standard are now in effect, except for those paragraphs, sections, tables, figures,
and/or other elements of the Standard having future effective dates as indicated in the note following the
affected item. The prior text for requirements that have been revised and that have a future effective date
are located after the Standard, and are preceded by a "SUPERSEDED REQUIREMENTS" notice.

New product submittals made prior to a specified future effective date will be judged under all of the
requirements in this Standard including those requirements with a specified future effective date, unless
the applicant specifically requests that the product be judged under the current requirements. However, if
the applicant elects this option, it should be noted that compliance with all the requirements in this
Standard will be required as a condition of continued Listing, Recognition, and Follow-Up Services after
the effective date, and understanding of this should be signified in writing.

Copyright © 2006 Underwriters Laboratories Inc.

This Standard consists of pages dated as shown in the following checklist:

Page Date
L April 25, 2006
2-80 December 23, 2004
AL A April 25, 2006
CRGI-CRG .. o e e December 23, 2004
SRS R . i December 23, 2004
ﬂ
<
@
N
SO
@j\\}
% 2
s>
2 Q)
[e) U@j 9 @{
@ W
oY . &
QN > Cf\iﬂ N N\>
C<J),,f % R b\
o F P g
KQQ]\‘ Qﬁ\ = o
@@ g mﬂ
A 0> @ °
ARV



tr4

APRIL 25, 2006 - UL 73

No Text on This Page

S
@@@@
oo
@ L ©
ORI Eg\ﬁ
&Y ¥ :
@@Qﬂ @@ ﬂ o
) SN )
@@@ @@ ﬁ\@®
Q © °

O



Iy pwerican Nam,,,al %
O

& %,

C4

DECEMBER 23, 2004
(Title Page Reprinted: April 25, 2006)

1 ANSI/UL 73-2004

UL 73

Standard for Motor-Operated Appliances

First Edition — April, 1937
Second Edition — April, 1958
Third Edition — December, 1960
Fourth Edition — February, 1967
Fifth Edition — January, 1972
Sixth Edition — August, 1978
Seventh Edition — September, 1986
Eighth Edition — April, 1993

Ninth Edition
December 23, 2004

The most recent designation of ANSI/UL 73 as an American National Standard
(ANSI) occurred on November 16, 2004. The ANSI approval for this standard
does not include the Cover Page, Transmittal Pages, Title Page, or the CRG.

This ANSI/UL Standard for Safety, which consists of the Ninth Edition with
revisions through April 25, 2006, is under continuous maintenance, whereby each
revision is ANSI approved upon publication. Comments or proposals for revisions
on any part of the Standard may be submitted to UL at any time. Proposals
should be submitted via a Proposal Request in UL's On-Line Collaborative
Standards Development System (CSDS) at http://csds.ul.com.

An effective date included as a note immediately following certain requirements
is one established by Underwriters Laboratories Inc.

The Department of Defense (DoD) has adopted UL 73 on May 11, 1976. The
publication of revised pages or a new edition of this Standard will not invalidate
the DoD adoption.
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INTRODUCTION
1 Scope

1.1 These requirements cover motor-operated appliances to be employed in accordance with the
National Electrical Code, NFPA 70.

1.2 These requirements also cover small utilization appliances, such as vibrators in which motion of an
operating part is produced by electrical means.

1.3 These requirements do not cover appliances rated more than 600 V; nor do they cover appliances
involving universal motors rated more than 250 V.

1.4 These requirements do not cover equipment intended particularly for the control of electric motors;
separator motors; nor electric clocks, fans, clothes dryers, washing machines, hair dryers, tools, waste
disposers, dishwashers, office appliances and business equipment, refrigerators, air conditioners, vending
and amusement machines, hair clippers and shavers, snow movers, automotive and garage equipment,
or other motor-operated appliances that are covered by individual requirements.

1.5 An appliance that utilizes some other source of energy, such as gas or steam, in addition to electric
energy will be investigated under these requirements and under such additional requirements as are
applicable to the appliance under consideration.

2 Glossary
2.1 For the purpose of this standard the following definitions apply.

2.2 AUTOMATICALLY CONTROLLED APPLIANCE — An appliance is considered to be automatically
controlled if:

a) The repeated starting of the appliance, beyond one complete predetermined cycle of
operation to the point where some form of limit switch opens the circuit, is independent of any
manual control;

b) During any single predetermined cycle of operation, the motor is caused to stop and restart
one or more times;

c) Upon energizing the appliance, the initial starting of the motor may be intentionally del%e@®\
beyond normal, conventional starting; or
(\\\’\\*

d) During any single predetermined cycle of operation, automatic changing %i mec <i@al
load may reduce the motor speed sufficiently to reestablish starting- Wlndln@c ne@léhs to the

supply circuit.
pply ;\@} <\9

@) \ 2 \\\’V
2.3 FIXED APPLIANCE — Any equipment or appliance that is mtend@@t% b @\%ﬁanen}i@oﬁ cted
electrically to the wiring system. ﬁ/\ %

ﬁ\
2.4 LINE-VOLTAGE CIRCUIT — A circuit involving a t@ual ,  hhore ;@@@oo V and having circuit
characteristics in excess of those of a low- voltag@éf@wt g\,m
’

e®
{\@ <§ )&
O™ V
@@ AP

3
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2.5 LOW-VOLTAGE CIRCUIT — A circuit involving a peak open-circuit potential of not more than 42.4 V
supplied by a primary battery, by a Class 2 transformer, or by a combination of a transformer and a
fixed impedance that as a unit, complies with all performance requirements for a Class 2 transformer. A
circuit derived from a line-voltage circuit by connecting a resistance in series with the supply circuit as a
means of limiting the voltage and current, is not considered to be a low voltage circuit.

2.6 PORTABLE APPLIANCE — An appliance that is easily carried or conveyed by hand, and is
provided with a power-supply cord for connection to the supply circuit.

2.7 REMOTELY CONTROLLED APPLIANCE — An appliance that is out of sight of the operator who is
at the starting device.

2.8 STATIONARY APPLIANCE — An appliance that is intended to be fastened in place or located in a
dedicated space, and is provided with a power-supply cord for connection to the supply circuit.

3 Components

3.1 Except as indicated in 3.2, a component of an appliance covered by this standard shall comply with
the requirements for that component. See Appendix A for a list of standards covering components
generally used in the appliances covered by this standard.

3.2 A component need not comply with a specific requirement that:

a) Involves a feature or characteristic not needed in the application of the component in the
appliance covered by this standard, or

b) Is superseded by a requirement in this standard.

3.3 A component shall be used in accordance with its recognized rating established for the intended
conditions of use.

3.4 Specific components are recognized as being incomplete in construction features or restricted in
performance capabilities. Such components are intended for use only under limited conditions, such as
certain temperatures not exceeding specified limits, and shall be used only under those specific conditions
for which they have been recognized.
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4 Units of Measurement

4.1 If a value for measurement is followed by a value in other units in parentheses, the second value may
be only approximate. The first stated value is the requirement.

5 References

5.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be
interpreted as referring to the latest edition of that code or standard.

CONSTRUCTION

6 General

6.1 An appliance shall employ materials that are acceptable for the application.
7 Frame and Enclosure

7.1 An appliance shall be formed and assembled so that it will have the strength and rigidity necessary
to resist the abuses to which it is likely to be subjected, without increasing the risk of fire, electric shock
or injury to persons due to total or partial collapse with resulting reduction of spacings, loosening or
displacement of parts, or other serious defects.

7.2 For unreinforced, flat surfaces in general, cast metal shall not be less than 1/8 in (3.2 mm) thick,
except that malleable iron may be not less than 3/32 in (2.4 mm) and die cast metal may be not less than
5/64 in (2.0 mm) thick. Corresponding thicknesses of not less than 3/32, 1/16 (1.6 mm), and 3/64 in (1.2
mm), respectively, may be acceptable if the surface under consideration is curved, ribbed, or otherwise
reinforced, or if the shape or size, or both, of the surface is such that the necessary mechanical strength
is provided.

7.3 An enclosure of sheet metal shall be judged with respect to its size, shape, thickness of metal, and
its application, considering the intended use of the complete appliance. The use of sheet steel having a
thickness of less than 0.026 in (0.66 mm) if uncoated or 0.029 in (0.74 mm) if galvanized or of nonferrous
sheet metal having a thickness of less than 0.036 in (0.91 mm) is not recommended, except for relatively
small areas or for surfaces that are curved or otherwise reinforced.

7.4 Sheet metal to which a wiring system is to be connected in the field shall have a thickness not les
than 0.032 in (0.81 mm) if uncoated steel, not less than 0.034 in (0.86 mm) if galvanized steel, ang«@
less than 0.045 in (1.14 mm) if nonferrous. ﬁ

(\\\’\\*
7.5 Among the factors that shall be taken into consideration when judging a nonmetagy@enc 0s ran
enclosure of magnesium are resistance to: {k\ e
2 ©
a) Mechanical damage, ((\@} NG NS N\\
o082
AC @ ﬂ@ %@
b) Impact, m@\\ @@ %
. . oS &
c) Moisture-absorption, e © oofﬂ Q®
- Y\ 6\@@7 - . %\WM >
d) Combustion, and {\‘ﬁ ot @ OF § @\
AN

e) Distortion at temperatur WhICh the mat%@\mfy be subjected under conditions of
normal or abnormal usesL)

A
<

~
. /ﬂ\&\)/
({xﬁ\

i@”’ |
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7.6 The enclosure of a remotely or automatically controlled appliance shall reduce the risk of molten
metal, burning insulation, flaming particles, or the like from falling on combustible materials, including the
surface upon which the appliance is supported.

7.7 The requirement in 7.6 will necessitate that a switch, a relay, a solenoid, or the like be individually
and completely enclosed, except for terminals, unless it can be shown that malfunction of the component
would not result in a risk of fire, or there are no openings in the bottom of the appliance enclosure. It will
also necessitate the use of a barrier of noncombustible material:

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
material falls to the surface that supports the appliance when the motor is energized
under each of the following fault conditions:

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

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

3) The motor is provided with a thermal motor protector — a protective device that is
sensitive to temperature and current — that will reduce the risk of the temperature of the
motor windings from exceeding 125°C (257°F) under the maximum load under which
the motor will run without causing the protector to cycle and from exceeding 150°C
(302°F) with the rotor of the motor locked; or

4) The motor complies with the requirements in the Standard for Overheating 74\@
Protection for Motors, UL 2111, and the temperature of the motor winding will not “i\»@ﬁ\\ '
exceed 150°C during the first 72 h of operation with the rotor of the motor locked. ?@\2@\\*'
\«f\%*\" B
b) Under wiring, unless it is neoprene, cross-linked polyethylene, or thermoplastic ins/\uI% @},\}

7.8 The barrier mentioned in 7.7 shall be horizontal, shall be located as illustrated in Oliié@;e fl, Dshall
not have an area less than that described in that illustration. Openings for drainage,> /éntilation, 'and the
like may be employed in the barrier, provided such openings would not p%@i molte etal, burning

insulation, or the like to fall on combustible material. \@\@@,, @@ B;gyr\
/\@(@S ) . Kﬂ\@ (@}@

9« ¢

?\@) ’ @)k‘ &/\/
@ (% 6\@5&} W%V\\
RS D
6 S 2O
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Figure 7.1
Location and extent of barrier

[ < e ~ 4 | \
\ S | 1: > )
~ J
D _/)\ S iy - | /
> ~ P
~ -
~ _— @
3
SA0B604—1 5
«<<®\
o S
NOTES — @;\fx\i\
@ Y

A — Region to be shielded by barrier. This will consist of the entire component if it is not otherwise sh@@gand@”%sm of the
unshielded portion of a component that is partially shielded by the component enclosure or equi t.

A % \ v \\
B — Projection of outline of component on horizontal plane. @L@/ <\\(\\\ %@
A<® < L/\;i Q
C — Inclined line that traces out minimum area of barrier. The line is alﬂ%@ﬁit) tang he cor@.%onent (2) 5¢ from the vertical,
and (3) oriented so that the area traced out on a horizontal plane |s(%1a imum. <oﬁ>§‘ ' Q\/
(\&\ﬂ - V\@\
D — Location (horizontal) and minimum area for barrler d area |§r tﬁg |nc|uded @id the line of intersection traced out by the
inclined line C and the horizontal plane of the barr,»e\f\\U /}\L - p(>
' f\ oY

o N
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7.9 A door or a cover of an enclosure that provides access to any overload protective device that requires
resetting or renewal shall be hinged or otherwise attached in an equivalent manner.

7.10 Means shall be provided for holding the door or cover over a fuseholder in a closed position, and
the door or cover shall be tight-fitting.

7.11 A cord-connected appliance that is provided with keyhole slots, notches, hanger holes, or the like,
for hanging on a wall shall be constructed in such a manner that the hanging means is not accessible
without removing the appliance from the supporting means.

7.12 To determine whether a product complies with the requirement in 7.11, any part of the enclosure or
barrier that can be removed without the use of tools to gain access to the hanging means is to be
removed.

7.13 An opening in the appliance provided for hanging shall be located or guarded so that a nail, hook,
or the like does not displace a part that would create a risk of fire or electric shock, and does not contact
one of the following:

a) An uninsulated live part.

b) Magnet wire.

c) Internal wiring.

d) Moving parts.

e) Any other part likely to create a risk of fire or electric shock.

7.14 An enclosure of polymeric material shall comply with the Standard for Polymeric Materials — Use in
Electrical Equipment Evaluations, UL 746C. The polymeric enclosure material of an appliance for
outdoor-use shall be subjected to the Ultraviolet Light Exposure Test and the Cold Impact Test.

Exception: For an outdoor use appliance marked in accordance with 56.8.2, the Ultraviolet Light
Exposure Test is not applicable and the conditioning for the Cold Impact Test is conducted at 0 + 2°C.

Added 7.14 effective December 21, 2006

7.15 An appliance intended for outdoor use shall comply with Water Spray Test, Section 44.1. ?N
(\i\
Exception: This requirement is not applicable if the appliance is marked in accordance with 56 8@
Added 7.15 effective December 21, 2006 (o)\\\ {@
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8 Adhesives Used to Secure Parts

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

8.2 The requirement in 8.1 also applies to an adhesive used to secure a conductive part, including a
nameplate, that may, if loosened or dislodged:

a) Energize an accessible dead metal part,
b) Make a live part accessible,
¢) Reduce spacings below the minimum acceptable values, or
d) Short-circuit live parts.
8.3 Whether the conditions mentioned in 8.2(a) — (d) can occur is to be considered with respect to both:
a) A part inside the device, and

b) A part on the outside of the device that may affect equipment in which the device is to be
installed.

9 Mechanical Assembly

9.1 An appliance shall be assembled so that it will not be adversely affected by the vibration of normal
operation. Brush caps shall be tightly threaded or otherwise constructed to reduce the risk of loosening.

9.2 A switch other than a through-cord switch, a lampholder, an attachment-plug receptacle, a
motor-attachment plug, or similar component shall be securely mounted and shall be prevented from
turning. See 9.4.

Exception No. 1: A switch need not be prevented from turning provided:

a) The switch is of a plunger or other type that does not tend to rotate when operated. A toggle

switch is considered to be subject to forces that tend to turn the switch during normal operation r\g\@

of the switch; ﬁ §®
b) The means for mounting the switch makes it unlikely that operation of the SWIIC@@}\/OOSGH

: Q) >
it G@ iu@<

¢) The spacings are not reduced below the minimum required valuefgﬁghe SWI otates, and

A((X ~ \L\,v
d) The normal operation of the switch is by mechanical me@g@ atheirﬂqﬁh by d(z(%t &}\(l‘act by

ersons. \
P m@ﬂ{\ ﬁ&ﬁ B> N
Exception No. 2: A lampholder of the type in which the ﬁp ca be re @@ such as a neon pilot or
indicator light in which the lamp is sealed in a no. ﬁ%va le e wel, need be prevented from turning if
rotation cannot reduce spacings below the um r@q red valu@\ -

o O o
¥ oP
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9.3 Uninsulated live parts shall be secured to the base or mounting surface so that they will be prevented
from turning or shifting in position, if such motion may result in a reduction of spacings below the minimum
acceptable values.

9.4 The means for preventing the turning or shifting mentioned in 9.2 and 9.3 is to consist of more than
friction between surfaces — for example, a properly applied lock washer is acceptable as the means for
preventing a small stem-mounted switch or other device having a single-hole mounting means from
turning.

10 Protection Against Corrosion

10.1 Iron and steel parts shall be protected against corrosion by enameling, galvanizing, plating, or other
equivalent means, if corrosion of such unprotected parts would be likely to result in a risk of fire, electric
shock, or injury to persons.

Exception No. 1: Surfaces of sheet-steel and cast-iron parts within an enclosure may not be required to
be protected against corrosion if the oxidation of the metal due to the exposure to air and moisture is not
likely to be appreciable. The thickness of metal and temperature are also to be considered.

Exception No. 2: This requirement does not apply to bearings, laminations, or minor parts of iron or steel,
such as washers, screws, and the like.

10.2 If deterioration of a liquid container provided as a part of an appliance would result in a risk of fire
or electric shock, the container shall be of a material that is resistant to corrosion by the liquid intended
to be used therein.

11 Accessibility of Uninsulated Live Parts and Film-Coated Wire

11.1 To reduce the likelihood of unintentional contact that may involve a risk of electric shock from an
uninsulated live part or film-coated wire, an opening in an enclosure shall comply with either item (a) or

(b).

a) For an opening that has a minor dimension (see 11.5) less than 1 in (25.4 mm), such a part
or wire shall not be contacted by the probe illustrated in Figure 11.1.

b) For an opening that has a minor dimension of 1 in or more, such a part or wire shall be
spaced from the opening as specified in Table 11.1. N
<<®\
Exception: A motor other than one used in either a hand-held appliance or a hand- supported o@@‘n of
an appliance need not comply with these requirements if it complies with the requirements @\@
G@( /3 <>
@“ W

NG . @\/
NG e®© I
WO g
& aof °
QO <\X . a®
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Figure 11.1
Articulate probe with web stop
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Table 11.1
Minimum acceptable distance from an opening to a part that may involve a risk of electric shock

Minimum dimension 2 of opening, in (mm) ° Minimum distance from opening to part, in (mm)
3/4¢ (19.1) 4-1/2 (114)
1° (25.4) 6-1/2 (165)
1-1/4 (31.8) 7-1/2 (190)
1-1/2 (38.1) 12-1/2 (318)
1-7/8 (47.6) 15-1/2 (394)
2-1/8 (54.0) 17-1/2 (444)
d 30 (762)
a See 11.5.
b Between 3/4 and 2-1/8 in, interpolation is to be used to determine a value between values specified in the table.
¢ Any dimension less than 1 in applies to a motor only.
d More than 2-1/8 in, but not more than 6 in (152 mm).

11.2 With respect to a part or wire as mentioned in 11.1, in an integral enclosure of a motor as mentioned
in the Exception to 11.1:

a) An opening that has a minor dimension (see 11.5) less than 3/4 in (19.1 mm) is acceptable
if:

1) Film-coated wire cannot be contacted by the probe illustrated in Figure 11.3;

2) In a directly accessible motor (see 11.6), an uninsulated live part cannot be
contacted by the probe illustrated in Figure 11.4; and

3) In an indirectly accessible motor (see 11.6), an uninsulated live part cannot be
contacted by the probe illustrated in Figure 11.2.

b) An opening that has a minor dimension of 3/4 in or more is acceptable if a part or wire is
spaced from the opening as specified in Table 11.1.

11.3 The probes mentioned in 11.1 and 11.2 and illustrated in Figures 11.1 — 11.4 shall be applied to any
depth that the opening will permit, and shall be rotated or angled before, during, and after insertion
through the opening to any position that is necessary to examine the enclosure. The probe illustrated in \@‘
Figures 11.1 and 11.4 shall be applied in any possible configuration; and, if necessary, the conflgura@ﬁl\
shall be changed after insertion through the opening. o e
(\\\’\\*

11.4 The probes mentioned in 11.3 and 11.5 shall be used as measuring mstrume@s ‘f6 yigg the
accessibility provided by an opening, and not as instruments to judge the strength %@gﬁaterlaﬁﬁ shall
be applied with the minimum force necessary to determine accessibility. (\@;ﬂ

o
SO o) RS
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Figure 11.2
Straight probe
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Figure 11.4
International Electrotechnical Commission (IEC)
Articulate accessibility probe with stop plate
All dimensions in millimeters
Courtesy of IEC
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11.5 With reference to the requirements in 11.1 and 11.2, the minor dimension of an opening is the
diameter of the largest cylindrical probe having a hemispherical tip that can be inserted through the
opening.

11.6 With reference to the requirements in 11.2, an indirectly accessible motor is a motor that is
accessible only by opening or removing a part of the outer enclosure, such as a guard or panel, than can
be opened or removed without using a tool, or that is located at such a height or is otherwise guarded or
enclosed so that it is unlikely to be contacted. A directly accessible motor is a motor that can be contacted
without opening or removing any part or that is located so as to be accessible to contact.

11.7 During the examination of an appliance to determine whether it complies with the reqmrement f@\@
11.1 or 11.2, a part of the enclosure that may be opened or removed by the user without a tool (t
an accessory, to make an operating adjustment, or for other reasons) is to be opened or reggm{e

11.8 With reference to the requirements in 11.1 and 11.2, insulated brush caps %gg\@éf rquﬁg o be
additionally enclosed.
Af%‘ Cf}ﬁ <
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12 Supply Connections
12.1 Cord-connected appliances
12.1.1 Carbonators

12.1.1.1 A carbonator that is connected to the electrical supply by a flexible cord shall comply with the
following:

a) All waterline connections shall be by means of flexible hose or equivalent;

b) The flexible cord shall be of Type SJT or of a Type equally serviceable, shall not be longer
than 10 ft (3.05 m), and shall have a grounding conductor and a grounding type attachment
plug; and

¢) In addition to complying with the other applicable requirements in the standard, the wiring
compartment shall be constructed and the cord attached so a permanent connection is able to
be made to the power supply. The construction shall comply with the following conditions:

1) The cord shall enter the wiring compartment through a 7/8-in (22.2-mm) diameter
hole that, after the cord and any bushing or fitting provided have been removed,
provides an opening for attachment of a wiring system that is intended for the
appliance; and

2) The power-supply cord is connected to the internal wiring by a device such as a
terminal block, pressure cable connector, or a similar device, that accommodates
permanent wiring having an ampacity rated for the appliance, and that complies with
12.2.2 -12.2.4.

12.1.2 Cords and plugs

12.1.2.1 An appliance intended to be connected to the power-supply circuit by means of a flexible cord
shall be provided with a flexible cord and an attachment plug for connection to the supply circuit.

12.1.2.2 The attachment plug of an appliance intended to be connected to a nominal 120 V circuit, and 74\@
employing devices required to be connected to a specific supply conductor as specified in 20.2, 23.2, and ‘/x@\\ '
24.3 shall be a polarized type. The connections to the attachment plug shall be in accordance with Figur i@"\”

12.1. The polarity identification of the supply cord shall be in accordance with Table 12.1. See 59;1 <§®N

12.1.2.3 An appliance that is required to employ a polarized attachment plug as specified in @&Q? 2, and
that is provided with a separate or detachable cord set as specified in Exception No, @@f 12. q@@ and

12.1.2.8 shall also employ an appliance connector of the polarized type. @ s
{Sﬁ < G
o\ \
(\ %@L N\’

NG . @\/
NG e®© I
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Table 12.1

Polarity identification of flexible cords

Method of identification

Acceptable combinations

Conductor intended to be grounded & b

All other conductors 2

Color of braids on individual conductors

Solid white or gray — without tracer

Solid color other than white or gray —
without tracer

Color other than white or gray — with
tracer in braid

Solid color other than white or gray —
without tracer

Color of insulation on individual
conductors

Solid white or gray®

Solid color other than white or gray

Solid light blued

Solid color other than light blue, white or
gray

Color of separators

Solid white or gray®

Solid color other than white, or gray

Other means

Tin or other white metallic coating on all
strands of the conductor®

No tin or other white metallic coating on
the strands of the conductor

A stripe, ridge, or groove on the exterior
surface of the cord®

d For jacketed cords.

cords.

a A conductor finished to show a green color with or without one or more yellow stripes or tracers is to be used only as an
equipment-grounding conductor. See 18.2.1 and Figure 12.1.

b The grounded (identified) conductor is the neutral supply conductor.
¢ Only for cords — other than Types SP-2, SPE-2, and SPT-2 — having no braid on any individual conductor.

€ Only for cords having insulation on the individual conductors integral with the jacket, such as Types SP-2, SPE-2, and SPT-2

NOTES —

Figure 12.1
Connections to attachment plugs

CONNECTIONS OF CORD CONDUCTORS TO GROUNDING — TYPE

ATTACHMENT PLUG (FACE OF PLUG REPRESENTED)

CONDUCTOR WITH INSULATION HAVING A
GREEN OR GREEN AND YELLOW STRIPED

OUTER SURFACE @

CONDUCTOR NOT INTENDED TO BE

GROUNDED (UNIDENTIFIED CONDUCTOR)

CONDUCTOR INTENDED TO BE GROUNDED

(IDENTIFIED CONDUCTOR)

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

CONDUCTOR NOT INTENDED TO BE

GROUNDED (UNIDENTIFIED CONDUCTOR)

CONDUCTOR INTENDED TO BE GROUNDED

AB100 (IDENTIFIED CONDUCTOR)b

(80‘

x@“‘

"\

QY ﬁ@\w

2 In the above illustration, the blade to which the green conductor is conpgg@@ @Lo\ U-shape, w&t’ead of a circular cross

section.

b Signifies a conductor identified in accordance with Ta &%Z\J:N
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12.1.2.4 The flexible cord shall have a voltage rating not less than the rated voltage of the appliance, and
shall have an ampacity that is not less than the current rating of the appliance.

12.1.2.5 Type SJ, SJE, SJO, SJOO, SJT, SJTO, or SJTOO cord is required when the appliance is
intended for commercial or industrial use, and Type SP-2, SPE-2, or SPT-2 when the appliance is
intended for household use.

12.1.2.6 The flexible cord shall not be less than 6 ft (1.83 m) long and shall be attached to the appliance.

Exception No. 1: An appliance that is not required to be provided with a grounding conductor may be
provided with a separate cord set having means for connection to the appliance and a length of not less
than 6 ft.

Exception No. 2: A cord-connected appliance that is required to be equipped with a grounding conductor
may be provided with not more than 18 in (457 mm) of permanently attached flexible cord or with a
connector base If:

a) For an outdoor use appliance, the appliance is marked in accordance with 56.3.5 and is
provided with installation instructions in accordance with 59.9.

b) For other than an outdoor use appliance:

1) Usage of the appliance is such that it is necessary to connect the appliance by
means of an extension cord during normal operation; the manufacturer makes
extension cords available; and a statement indicating the availability of such extension
cords is marked on the appliance or is included in an instruction book or the like that is
regularly furnished with the appliance; or

2) The manufacturer furnishes a detachable cord set, 6 ft or more long, with the
appliance.

Exception No. 3: This requirement does not apply to a cord as described in 12.1.1.1 (b).
Exception No. 4: A hand-supported engraver, intended for marking or etching materials, may be provided

with not less than 5 ft (1.52 m) of attached flexible cord.
Revised 12.1.2.6 effective December 21, 2006

12.1.2.7 The length of an attached flexible cord includes the attachment plug. The length of a comj(@@J
includes the fittings. N S*
S
12.1.2.8 A household appliance intended for use with a detachable cord set shall n%@e prov@@{@ with
JJ

terminal pins that will accommodate a standard flatiron or appliance plug. @

O/
12.1.2.9 The attachment plug shall have an ampere rating not less th @5% gt@x%\ted Lﬁ@%t of an

appliance, or, when the appliance is not provided with a current rati mg@%w?ed in rrent under
maximum normal load conditions, and a voltage rating equal tg@%é%t l age of Hé\%ppllance If an

appliance can be adapted for use on two or more different »@fﬁ?es of ge by fiefd alteratlon of internal
connections, the attachment plug provided with the ap aﬁbe sh@; e acce for the voltage for which
the appliance is connected when shipped from%l@gﬁ‘ Tor%/s(%@e 56.1 >
\
& . @b
U Q¥
@/\{\ < @Q
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@(@\J «@Q

3



DECEMBER 23, 2004 MOTOR-OPERATED APPLIANCES - UL 73 21

Exception: A stationary appliance, marked in accordance with 56.3.3, shall employ an attachment plug
rated not less than the current rating of the appliance or, when the appliance is not provided with a current
rating, the measured input current under maximum normal load conditions.

Revised 12.1.2.9 effective December 21, 2006
12.1.2.10 A three- to two-wire, grounding-type adapter shall not be provided with an appliance if:

a) Usage of the appliance is such that it is necessary to connect it by means of an extension
cord during normal operation,

b) The manufacturer makes extension cords available, and

c) A statement indicating the availability of such extension cords is marked on the appliance or
is included in an instruction book or the like that is regularly furnished with the appliance.

12.1.2.11 If an appliance incorporates a disconnecting means, such as a cord connector in the supply
cord between the handle and the motor, the arrangement shall be such that no live parts will be exposed
under any normal conditions.

12.1.2.12 A flexible cord provided with an appliance intended to be used outdoors shall be rated for
outdoor use. Such cords are identified by the letter "W" following the cord type designation marked on the
jacket.

Added 12.1.2.12 effective December 21, 2006
12.1.3 Strain relief

12.1.3.1 Strain relief shall be provided so that mechanical stress on a flexible cord will not be transmitted
to terminals, splices, or interior wiring.

12.1.3.2 A metal strain-relief clamp or band used with Type SP-2, SPE-2, or lighter general-use
rubber-insulated cord shall be provided with auxiliary insulation over the cord for mechanical protection.

Exception: The auxiliary insulation may be omitted for Type SV, SVE, SVO, or SVOO cord.

12.1.3.3 A clamp of any material — metal or otherwise — is not acceptable for use on Type SPT-2, SVT,
SVTO, or SVTOO cord.

P
Exception No. 1: A metal clamp is acceptable for strain relief on Types SPT-2, SVT, SVTO and S @8\
flexible cords protected by varnished-cloth tubing, phenolic, vulcanized fiber, or the equa/eﬂ betiween
the clamp and the cord, if the combination clamp and cord protection installed as intended @sﬁplles with

46.3. Thermoplastic tubing is not acceptable over thermoplastic cords. G@( i
Exception No. 2: A non-metallic clamp is acceptable on Types SPT-2, SVT@@T TOQ flexible
cords without tubing, fiber, or equivalent cord protection between the{@@p a/;d@e ‘cord, /@@% clamp
complies with 46.3. S 30 ﬂ\ﬁ‘\“
Revised 12.1.3.3 effective Decembeﬁ@}\ZOO% [9> ﬂ&%@
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12.1.3.4 For types of thermoplastic-insulated cord, heavier than Type SPT-2, SVT, SVTO, or SVTOO, a
clamp may be employed and the auxiliary insulation is not required unless it is judged that the clamp may
damage the cord insulation.

12.1.3.5 Means shall be provided to reduce the risk of a flexible cord from being pushed into an appliance
through a cord-entry hole if such displacement may subject the cord to mechanical damage or to exposure
to a temperature higher than that for which the cord is acceptable, or may reduce a spacing, such as to
a metal strain-relief clamp, below the minimum acceptable value.

12.1.3.6 If a knot in a flexible cord serves as strain relief, a surface that the knot may contact shall be
free from projections, sharp edges, burrs, fins, and the like that may cause abrasion of the insulation on
the conductors.

12.1.4 Bushings

12.1.4.1 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 shall be reliably secured in place, and shall have a smooth,
rounded surface against which the cord may bear.

12.1.4.2 An insulating bushing shall be provided if:
a) Type SP-2, SPE-2, SPT-2, or other cord lighter than Type SV or SVE is employed,
b) The wall or barrier is of metal, or
c) The construction is such that the cord may be subjected to strain or motion.

Exception: An insulated metal grommet having insulating material that is not less than 1/32 in (0.8 mm)
thick and fills completely the space between the grommet and the metal in which it is mounted may be
used instead of an insulating bushing.

12.1.4.3 A cord hole in wood, porcelain, phenolic composition, or other nonconducting material and
having a smooth, rounded surface is considered to be equivalent to a bushing.

12.1.4.4 Ceramic materials and some molded compositions are generally acceptable for insulating
bushings.

12.1.4.5 A separate bushing shall not be made of wood or of hot-molded shellac-and-tar composggg@@r\&
NSe

9 2
12.1.4.6 A vulcanized fiber bushing shall not be less than 3/64 in (1.2 mm) thick and formed@f\@\secured

in place so that it will not be adversely affected by conditions of ordinary moisture. F@ @{@
SO\

Q

12.1.4.7 A separate soft-rubber, neoprene, or polyvinyl chloride bushing sr@ﬁ}mf be loyed in the
appliance QY o A;\r\\
. i (pv NS N -
‘5@\’@ g \\@@ 2 g
0> ) -
Exception No. 1: A separate soft-rubber, neoprene, or polyvinyl@@@/de %gﬁhg ma&be@mployed in the
frame of a motor or in the enclosure of a capacitor attach a motar. rov:de% that the bushing is:
@K/ /\ﬂ > @
" B oo
(A@7 ) ‘\@
-\
b) Located so that it will not bg@@é@s’ed tq‘x@‘\ grqu%) oily vapor, or other substances having a
deleterious effect on the c%@?ﬁﬂhd employed. @%3 ‘
O >

Sr S

NS
a) Not less than 3/64 in (1.2 mm) thick; @?ﬁi
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Exception No. 2: A bushing of any of the materials mentioned above may be employed at any point in an
appliance if used in conjunction with a type of cord for which an insulating bushing is not required. If a
bushing of one or these materials is used anywhere in the appliance, the edges of the hole in which the
bushing is mounted shall be smooth and free from burrs, fins, and the like.

12.1.4.8 At any point in an appliance, a bushing of the same material as, and molded integrally with, the
supply cord is acceptable on a Type SP-2 or harder-service cord if the built-up section is not less than
1/16 in (1.6 mm) thick at the point where the cord passes through the enclosure.

12.2 Permanently connected appliances
12.2.1 General

12.2.1.1 Except as noted in 12.2.1.2, an appliance intended for permanent connection to the power
supply shall have provision for connection of one of the wiring systems that would be acceptable for the
appliance.

12.2.1.2 A stationary appliance may be provided with not more than 8 ft (2.44 m) of Type S, SE, SO,
SOO, ST, STO, or STOO cord and an attachment plug for supply connection. The investigation of such
a feature will include consideration of the utility of the appliance and the necessity of having it readily
detachable from its source of supply by means of a plug.

12.2.2 Terminal compartment

12.2.2.1 A terminal box or compartment in which power-supply connections to a permanently connected
appliance are to be made shall be located so that the connections may be readily inspected after the
appliance is installed as intended.

12.2.2.2 A terminal compartment intended for connection of a supply raceway shall be attached to the
appliance so as to be prevented from turning.

12.2.2.3 If it is intended that supply connections be made directly to a motor, the terminal compartment
on the motor shall comply with the requirements for terminal compartments in the Standard for Electric
Motors, UL 1004.
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12.2.3 Wiring terminals and leads

12.2.3.1 A permanently connected appliance shall be provided with wiring terminals for the connection of
conductors having an ampacity acceptable for the appliance; or the appliance shall be provided with leads
for such connection.

12.2.3.2 A field-wiring terminal is considered to be a terminal to which a wire may be connected in the
field, unless the wire and, a means of making the connection — a pressure terminal connector, soldering
lug, soldered loop, crimped eyelet, or the like, factory-assembled to the wire — are provided as a part of
the appliance.

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

Exception No. 1: A soldering lug may be used.

Exception No. 2: A 10 AWG (4.8 mm diameter) or larger wire-binding screw or stud-and-nut combination
may be employed at a wiring terminal intended to accommodate a 10 AWG (5.3 mn¥) or smaller
conductor if upturned Ilugs or the equivalent are provided to hold the wire in place.

12.2.3.4 A wiring terminal shall be prevented from turning.

12.2.3.5 The free length of a lead inside an outlet box or wiring compartment shall be 6 in (150 mm) or
more if the lead is intended for field connection to an external circuit.

Exception: The lead may be less than 6 in long if it is evident that the use of a longer lead might result
in a risk of fire or electric shock.

12.2.3.6 A wire-binding screw or stud-and-nut combination at a wiring terminal shall not be smaller than
10 AWG (4.8 mm diameter).

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

Exception No. 2: A 6 AWG (3.5 mm diameter) screw may be used for the connection of a 16 or 18 AWG
(1.3 or 0.8 mm?) conductor in a low-voltage circuit.
<<®\

12.2.3.7 According to the National Electrical Code, ANSI/NFPA 70, 14 AWG (2.1 mm?) is the, sﬁaﬁest
conductor that may be used for branch-circuit wiring, and therefore is the smallest conducto@@t\may be

anticipated at a terminal for connection of a power-supply wire. . F@ @{)
D W
12.2.3.8 A wire-binding screw shall thread into metal. @} ii @@
O \\\;V\ g\\
12.2.3.9 A terminal plate tapped for a wire-binding screw shall be Qé @etal M\T@ss thgr@ in (1.27
mm) thick and shall not have less than two full threads in the r%%& @ %

Exception: An alloy plate may be not less than 0. 03%1@’}) 76@@)§h/ck /,ﬁ@ﬂapped threads have the
necessary mechanical strength. N q @ Q)U i \
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12.2.3.10 A terminal plate formed from stock having the thickness specified in 12.2.3.9 may have the
metal extruded at the tapped hole to provide two full threads for the binding screw.

12.2.3.11 Upturned lugs or a cupped washer shall be capable of retaining a supply conductor of the size
specified in 12.2.3.1 under the head of the screw or washer.

12.2.4 Identified terminals and leads

12.2.4.1 A permanently connected appliance rated 125 or 125/250 V (3-wire) or less and employing a
lampholder of the Edison-screw-shell type, or a single-pole switch or overcurrent-protective device other
than an automatic control without a marked off position, shall have one terminal or lead identified for the
connection of the grounded conductor of the supply circuit.

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

12.2.4.3 A lead intended for the connection of a grounded power-supply conductor shall be finished white
or gray color and shall be readily distinguishable from the other leads.

13 Current-Carrying Parts

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

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

Exception: Ordinary iron or steel provided with a corrosion-resistant coating may be used for a
current-carrying part if acceptable in accordance with 3.1 or within a motor or associated governor.

14 Insulating Material

14.1 Material for mounting an uninsulated live part shall be porcelain, phenolic composition, or other
equivalent material.

P

14.2 Ordinary vulcanized fiber may be used for insulating bushings, washers, separators, and barriers, g\@

but not as the sole support for uninsulated live parts where shrinkage, current leakage, or warpag%e«r@@J

introduce a risk of fire or electric shock.

(\\\’\\*
14.3 A thermoplastic material generally is not considered acceptable for the sole sup @1 ofju @)ated
live parts, but may be employed if found to have the necessary mechanical gt aM rigidity,
resistance to heat, resistance to flame propagation, dielectric voltage Wlths and @@ approprlate

properties. C\@ @ @ > L N\/
14.4 A small molded part, such as a brush cap, shall be consgﬁg{; \the n e;é?ary mechanical
strength and rigidity to withstand the stresses of actual s %é cap shall be“secured or located
so that it is protected from mechanical damage that m@/ sult ng mtev@@ se.
e®
< CQ i a8 © °

G =
@(@\J «@Q

3

~



26 MOTOR-OPERATED APPLIANCES - UL 73 DECEMBER 23, 2004

15 Internal Wiring

15.1 Mechanical protection

15.1.1 Wiring and connections between parts of an appliance shall be protected or enclosed.
Exception: A length of flexible cord may be employed for external connections if flexibility is essential.

15.1.2 Wires within an enclosure, a compartment, a raceway, or the like shall be routed or otherwise
protected so that damage to conductor insulation cannot result from contact with any rough, sharp, or
moving part.

15.1.3 A hole through which insulated wires pass in a sheet-metal wall within the overall enclosure of an
appliance shall be provided with a smooth, rounded bushing or shall have smooth, rounded surfaces upon
which the wires may bear. A flexible cord used for external interconnection as mentioned in 15.1.1 shall
be provided with strain relief and bushings in accordance with the requirements in 12.1.3.1 — 12.1.4.8, and
Section 46, Strain-Relief Test, unless the construction is such that the cord will be protected from stress
and motion.

15.1.4 Insulated wires may be bunched and passed through a single opening in a metal wall within the
enclosure of an appliance.

15.1.5 A conductor utilizing beads for insulation shall not be employed outside an enclosure.

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

15.1.7 Thermoplastic-insulated wire employed for internal wiring shall be standard building wire or
appliance wiring material acceptable for the purpose.

15.1.8 With reference to exposure of insulated wiring through an opening in the enclosure of an
appliance, the protection of such wiring required by 15.1.1 is considered to exist if, when judged as though
it were film-coated wire, the wiring would be acceptable according to 11.1 and 11.2. Internal wiring not so
protected may be accepted if it is secured within the enclosure so that it is unlikely to be subjected to
stress or mechanical damage.

@A\
S
15.1.9 Wiring that may be located in proximity to combustible material or may be subjected to mecha@@&i@

damage shall be in armored cable, rigid metal conduit, electrical metallic tubing, metal racew&y@%‘\'be

otherwise equivalently protected. @‘/\’\\
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15.2 Splices and connections

15.2.1 Each splice and connection shall be mechanically secure and shall provide reliable electrical
contact. A soldered connection shall be mechanically secured before being soldered if breaking or
loosening of the connection may result in a risk of fire or electric shock.

15.2.2 For an appliance in which excessive vibration is likely to occur — such as a bin vibrator — the
requirement in 15.2.1 will necessitate the use of lock washers or other equivalent means to reduce the
risk of wire-binding screws and nuts from becoming loosened.

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

15.2.4 Aluminum conductors, insulated or uninsulated, used as internal wiring, such as for internal
connection between current-carrying parts or as motor windings, shall be terminated by a method
acceptable for the combination of metals involved at the point of connection.

15.2.5 With reference to the requirements in 15.2.4, a wire-binding screw or a pressure wire connector
used as a terminating device shall be acceptable for use with aluminum under the conditions involved —
for example, temperature, heat cycling, vibration, and the like.

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

15.2.7 If stranded internal wiring is connected to a wire-binding screw, loose strands of wire shall be
prevented from contacting other uninsulated live parts that are not always of the same polarity as the wire
and from contacting dead metal parts. This may be accomplished by use of pressure terminal connectors,
soldering lugs, crimped eyelets, soldering all strands of the wire together, or other reliable means.

16 Separation of Circuits

16.1 Conductors of circuits operating at different potentials shall be reliable separated from each other

unless they are each provided with insulation acceptable for the highest potential involved. r\g\?

16.2 An insulated conductor shall be reliable retained so that it cannot contact an unmsulated li e%\}ﬁ't of
a circuit operating at a different potential. (o)‘\\
@ <V
16.3 In a compartment that is intended for the field installation of conductors, and @@p rfsf rovision
for connection of Class 2 or Class 3 circuit conductors, and Class 1, power htlngc it conductors,
a barrier shall be provided to separate the conductors of the different g\ éfrange It of the
compartment shall be such that a minimum spacing of 1/4 in (6. 4 \??falntalge@ efween the
conductors of the different circuits including the conductors to lg%\ {gt
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17 Capacitors

17.1 A capacitor provided as a part of a capacitor motor and a capacitor connected across the line, such
as a capacitor for radio-interference elimination or power-factor correction, shall be housed within an
enclosure or container that will protect the plates against mechanical damage and that will reduce the risk
of the emission of flame or molten material resulting from malfunction or breakdown 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 in (0.51 mm). Sheet metal having a thickness less than 0.026 in (0.66 mm) is not
recommended.

Exception: The individual container of a capacitor may be of sheet metal less than 0.020 in 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.

17.2 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 the risk of such a condition.

17.3 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 pF. See 36.2.

17.4 An appliance that is intended to be controlled by or operated in conjunction with a capacitor or a
capacitor/transformer unit shall be supplied with such capacitor or unit.

17.5 Under both normal and abnormal conditions of use, a capacitor employing a dielectric medium more
combustible than askarel shall not cause a risk of electric shock or fire and shall be protected against
expulsion of the dielectric medium.

18 Grounding

18.1 General

18.1.1 An appliance of one or more of the following types shall have provision for grounding.

a) An appliance for use in damp or wet locations and intended to be used in other than
residential occupancies.

\

<§®
b) An appliance intended to be used on a circuit operating at more than 150 V to grou%@@ﬁee
18.1.2. (o)‘\\

@@"‘ @<>
¢) An upholstery shampooer. @ Vi
N o (O
d) An insecticide sprayer. \0(6\ %QL N\\
. . ’\80 ﬂﬁ\\ﬁ (}@

e) An appliance intended to be used outdoors. \ @ @

Exception: An appliance may be provided with a Aoﬁt\)/e /n@{]&t/on S)@@% that complies with the
Standard for Double Insulation Systems for Use @.%th g@é@ &N@flOQ? in place of a provision
for grounding.
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18.1.2 With reference to 18.1.1(b), a two-wire appliance intended to operate at any potential higher than
150 V to ground, shall be provided with means for grounding in accordance with 18.1.5 and 18.1.6 unless
the marked rating on the appliance is 120/240 V or the appliance is otherwise marked to indicate that it
is to be connected to a circuit operating at 150 V or less to ground.

18.1.3 An appliance marked as being provided with double insulation shall not be provided with a means
for grounding.

18.1.4 If a grounding means is provided, whether required or not, it shall be in accordance with 18.1.5
and, if the appliance is cord-connected, shall comply with the requirements in 18.1.6. All exposed dead
metal parts and all dead metal parts within the enclosure that are exposed to contact during any user
servicing operation and are likely to become energized shall be reliably connected to the means for
grounding.

18.1.5 The following are acceptable means for grounding:

a) In an appliance intended to be permanently connected by a metal-enclosed wiring system, a
knockout or equivalent opening in the metal enclosure of the appliance.

b) In an appliance intended to be permanently connected by a nonmetal-enclosed wiring
system, such as nonmetallic-sheathed cable, an equipment grounding terminal or lead. See
18.1.10 and 56.2.3.

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

18.1.6 The grounding conductor of a supply cord shall be secured to the frame or enclosure of the
appliance by means of a screw that is not likely to be removed during any servicing operation not involving
the power-supply cord, or by other equivalent means. Solder alone shall not be used for securing the
grounding conductor. Servicing includes repair of the appliance by qualified service personnel.

18.1.7 The grounding conductor of a cord-connected appliance shall be connected to the grounding
member of an attachment plug. The grounding member shall be fixed.

Exception: The grounding member of the attachment plug on a portable hand-guided or hand-supported
appliance may be of the movable, self-restoring type.

P

18.1.8 A separable connection, such as that provided by an attachment plug and a mating connector or, g\@

receptacle, shall be such that the equipment-grounding connection is made before connection t%

broken after disconnection from the supply conductors. ”)
@;\’\\“
Exception: Interlocked plugs, receptacles, and connectors that are not ene(g@zed the
equipment-grounding connection is made or broken are acceptable. @ o \Vis
S
18.1.9 If an appliance is intended to be grounded and is provided Wlth&g@é}as for \fate o ction to
more than one power supply, each such connection shall be prowdgg e@aﬁs for(gr@J |n
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18.1.10 A terminal solely for the connection of an equipment-grounding conductor shall be capable of
securing a conductor of the size necessary for the application. A connection device that depends on
solder alone shall not be provided for connecting the equipment-grounding conductor.

18.1.11 A wire-binding screw or pressure wire connector intended for the connection of an
equipment-grounding conductor shall be located so that it is unlikely to be removed during normal
servicing of the appliance.

18.2 Grounding identification

18.2.1 The surface of the insulation of a grounding conductor of a flexible cord shall be green with or
without one or more yellow stripes.

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

18.2.3 A wire-binding screw intended for the connection of an equipment-grounding conductor shall have
a green-colored head that is hexagonal or slotted, or both. A pressure wire connector intended for
connection of such a conductor shall be plainly identified, such as by being marked "G,"” "GR,"” "Ground,”
"Grounding,” or the like, or by a marking on a wiring diagram provided on the appliance.

19 Heating Elements

19.1 The voltage rating of a heating element employed in an appliance shall not be less than that
specified in Table 19.1.

Table 19.1
Rating of heating element

Nominal voltage of circuit Minimum rating of heating element, V
120 110
208 208
240 220
277 277
480 430
More than 480 Rating of circuit \ﬁ
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20 Lampholders

20.1 A lampholder for a low-voltage lamp — for example, a 6-V lamp — shall not be tapped across a part
of a winding of a motor if the motor is rated more than 230 V.

20.2 The screw shall of an Edison-base lampholder in a permanently connected appliance, or an
appliance equipped with a polarized attachment plug shall be connected to the terminal or lead that is
intended to be connected to the grounded conductor of the power-supply circuit.

21 Motors
21.1 Construction

21.1.1 A motor shall be acceptable for the application, and shall be capable of handling the maximum
normal load of the appliance as described in 40.2.1.1 — 40.2.3.1 without creating a risk of fire, electric
shock, or injury to persons.

21.1.2 A motor winding shall resist the absorption of moisture.

21.1.3 With reference to the requirement in 21.1.2, film-coated wire is not required to be additionally
treated to resist absorption of moisture, but fiber slot liners, cloth coil wrap, and similar
moisture-absorptive materials are to be provided with impregnation or otherwise treated to resist moisture
absorption.

21.1.4 The diameter of a motor is the diameter of the circle circumscribing the stator frame measured in
the plane of the laminations, excluding lugs, fins, boxes, and the like, used solely for motor mounting,
cooling, assembly, or connection.

21.2 Brush wear out

21.2.1 A brush-holder assembly shall be constructed so that when a brush is worn out — no longer
capable of performing its function — the brush, spring, and other parts of the assembly shall be retained
to the degree necessary not to cause accessible dead metal parts to become energized, and live parts to
become accessible.
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21.3 Overload protection

21.3.1 An appliance shall incorporate thermal or overload protection in accordance with 21.3.2 if it is
intended to be permanently connected, continuous-duty, and manually started, employing a motor rated
1 hp (746 W output) or less, or remotely or automatically controlled.

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

a) Thermal protection complying with the applicable requirements in the Standard for
Overheating Protection for Motors, UL 2111.

Exception No. 1: The duration of the temperature test and endurance test, both under locked-rotor
conditions, is not required to comply with UL 2111 when:

i) The appliance includes a control that positively and reliably limits the length of time
the appliance operates; and

i) The total duration of the test is not less than the operating time of the control
employed in the appliance.

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

Exception No. 3: A shaded-pole motor with a 2:1 or smaller ratio between locked-rotor and
no-load currents and a 1-A or smaller difference between no-load and locked-rotor currents is
considered to have acceptable overload protection if it is protected against locked-rotor conditions
only.

b) Impedance protection complying with the requirements in the Standard for Overheating
Protection for Motors, UL 2111, when the motor is tested as used in the appliance under
locked-rotor conditions.

c) Other protection that is shown by test to be equivalent to the protection mentioned in item

(a).
Exception: A motor as described in Exception No. 2 to item (a) is not required to havi
running-overload protection. ﬁ §®

21.3.3 If a requirement in this standard refers to the horsepower rating of a motor and th ’\}\or is not
rated in horsepower, use is to be made of the appropriate table of the Natongg@lectn @ode

ANSI/NFPA 70, that gives the relationships between horsepower and full-load cur tors. For a
universal motor, the table applying to a single-phase, alternating- current r'is  taChe used if the
appliance is marked for use on alternating current only; otherwise the4 ey@@g to di@r&urrent
motors is to be used. 80* ﬂﬁ\“ é@
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21.3.4 For a multispeed motor of any of the types mentioned in 21.3.1 that employs a separate overload
protective device to provide running overload protection, the requirement applies at all speeds at which
the motor is intended to operate.

21.3.5 The motor of an appliance with load characteristics likely to result in an overload or stalled
condition that will not be evident to the user shall incorporate thermal or overload protection in accordance
with the requirements in 21.3.2.

21.3.6 The functioning of a motor-protective device provided as part of an appliance, whether such a
device is required or not, shall not result in a risk of fire, electric shock, or injury to persons.

21.3.7 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.

21.3.8 Fuses employed for motor-running overload protection shall be located in each ungrounded
conductor; and in each of the phases of a 3-phase, 3-wire, alternating-current motor.

21.3.9 With reference to 21.3.2(c), an overload-protective device conforming with the National Electrical
Code, ANSI/NFPA 70, is equivalent to an overload device that is responsive to motor current and is rated
or set as specified in column A of Table 21.1. When the rating of the motor-running overload protection
determined in accordance with the foregoing does not correspond to a standard size or rating of a fuse,
nonadjustable circuit breaker, thermal cutout, thermal relay, or heating element of a thermal-trip motor
switch, the next higher size, rating, or setting shall be used, and shall not be more than that specified in
column B of Table 21.1. For a multispeed motor, each winding connection is to be considered separately.

Table 21.1
Maximum rating or setting of overload-protective device

Ampere rating of device as a percentage of motor full-load
current rating
Type of motor A B
Motor with marked service factor of 1.15 or more 125 140
Motor with marked temperature rise of 40°C or less 125 140
Any other motor 115 130

21.3.10 Motor-overload protection in which contacts control a relay coil in a motor starter shall comp%@\
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with the requirements in 21.3.2. SO
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22 Overload- or Thermal-Protective Devices

22.1 An overload- or thermal-protective device shall have a current and voltage rating not less than the
load that it controls.

22.2 If the current rating of an appliance is more than 40 A, and there are subdivided circuits within the
appliance feeding two or more power-consuming components — motors, motor-control circuits, electric
heating elements — connected in parallel with each other across any pair of main-supply terminals or
leads, overcurrent protection shall be provided as a part of the appliance for the conductors of each
terminal circuit.

Exception: Additional overcurrent protection is not required as a part of the appliance for the conductors
of the subdivided circuits described below:

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

b) For each separate motor-control circuit supplied by insulated conductors having an ampacity
at least one-fifth that of the protective device in the branch circuit to which the appliance will
properly be connected.

22.3 A protective device that requires resetting or replacement after it opens shall be readily accessible.
Exception: The protective device need not be readily accessible provided:

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

b) The presence of the protective device would ordinarily be unknown to the user of the
appliance because of its location and the omission of reference to the device in the operating
instructions, circuit diagrams, and the like for the appliance.

22.4 A protective device shall be wholly inaccessible from outside the appliance without opening a door
or cover.

Exception: The operating handle of a circuit breaker, the operating button of a manually operable motor g\@
protector, and similar parts may project outside the appliance enclosure. &5 §®

o O
22.5 A fuseholder shall be constructed and installed so that no uninsulated live part other tl'(gj\ e screw
shell or clips will be exposed to contact by persons removing or replacing fuses. F@{ /{)
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Exception: The requirement does not apply if the presence of the protectivi vice w ordinarily be
unknown to the user of the appliance because of its location and the omés@p of r@fér)ence ta g&\dewce
in the operating instructions, circuit diagrams, and the like for the a @\M
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22.6 The screw shell of a plug-type fuseholder shall be connected toward the load.
23 Receptacles

23.1 A 15- or 20-A general-use attachment-plug receptacle in an appliance provided with a means for
grounding — a permanently wired appliance or a cord-connected appliance with a grounding conductor in
the cord — 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.

23.2 A general purpose receptacle rated for use on a nominal 120 V circuit shall be of a polarized type.
The grounded supply conductor shall be connected to the terminal that is substantially white in color or
otherwise marked to indicate that it is intended for connection to the grounded supply conductor.

23.3 Each circuit having an attachment-plug receptacle intended for general use shall have overcurrent
protection of not more than 20 A provided as a part of the appliance if the overcurrent protection of the
branch circuit to which the appliance will properly be connected exceeds that acceptable for the
receptacles. The overcurrent protection provided shall be of the time-delay type.

23.4 A 120-V, single-phase, 15- or 20-A receptacle outlet installed in an appliance intended for outdoor
use shall have ground-fault circuit protection.

Exception: A cord-connected portable appliance need not comply with this requirement.

23.5 A fuseholder provided in accordance with 23.3 shall be of Type S construction or shall be of the
Edison-base type with a factory-installed nonremovable adapter of Type S construction.

23.6 The face of a receptacle shall:

a) Be flush with or project beyond a nonconductive surrounding surface, or

b) Project at least 0.015 in (0.38 mm) beyond a conductive surrounding surface.
24 Switches and Controls

24.1 A switch or other control device shall have a current and voltage rating not less than that of the load
that it controls.

24.2 With reference to the requirement in 24.1, the current rating of a switch that controls an ind

load other than a motor, such as a transformer or an electric-discharge-lamp ballast, shall not be e%*[\han
twice the rated full-load current of the transformer or ballast unless the switch has been mv@@ ted and
found acceptable for the application. F@{ @{)
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24.3 In an appliance rated 125 or 125/250 V (3-wire) or less, a switch or an o;?@urrent- ctive device
of the single pole type other than an automatic control without a marked.« shall be_eléctrically
connected to a terminal or lead intended for connection to an ungro e\g)co r of t(h%ubply circuit.
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24.4 A manually operated motor-control switch shall be provided in a cord-connected appliance that
employs a motor rated more than 1/3 hp (250 W output).

Exception: If the appliance is marked in accordance with 56.3.1, the manually operated motor-control
switch need not be provided in an appliance where the switch would be inaccessible.

24.5 A switch that controls a medium-base lampholder of other than a pilot or indicating light shall be
acceptable for use with tungsten-filament lamps.

25 Spacings
25.1 Other than at wiring terminals, the spacing between uninsulated live parts of opposite polarity and
between an uninsulated live part and a dead metal part that is exposed to contact by persons or that may

be grounded shall not be less than the value specified in Table 25.1.

Exception No. 1: The inherent spacings of a component of the appliance, such as a snap switch, are
investigated on the basis of the requirements for the component in question.

Exception No. 2: This requirement does not apply if a spacing complies with the requirements in 25.5.

Table 25.1
Spacings at other than field-wiring terminals

Diameter of motor used in appliance
7 in (178 mm) or less 2 More than 7 in (178 mm) &°¢

Potential involved, V Over surface, in (mm) |Through air, in (mm)  Qver surface, in (mm)  ThHrough air, in (mm)
0-125 3/32 (2.4)° 3/32 (2.4)° 1/4 (6.4)¢ 1/8 (3.2)¢
126 — 250 3/32 (2.4) 3/32 (2.4) 1/4 (6.4)¢ 1/4 (6.4)°
251 — 600 1/2 (12.7)¢ 3/8 (9.5)¢ 1/2 (12.7) 3/8 (9.5)¢
a See 21.1.4.

b For an appliance employing a motor rated at 1/3 hp (250 W output) or less, these spacings may be not less than 1/16 in (1.6
mm).

¢ Film-coated wire is considered to be an uninsulated live part. However, a spacing of not less than 3/32 in (2.4 mm) over
surface and through air between film-coated wire, rigidly supported and held in place on a coil, and a dead metal part is
acceptable.

25.2 If an uninsulated live part is not rigidly fixed in position by means other than friction between

surfaces, or if a movable dead metal part is in proximity to an uninsulated live part, the construction sz@ﬂ\\

be such that the required minimum spacing will be maintained. @9 o

a%@;:mce
W
25.4 The spacings in a motor shall comply with the spacing requwemen@@%e Sfan%rd f
Motors, UL 1004. & GO w@ B>

s
5?|m| to i I% parts of opposite

@&f al p art and@ ad metal part that may

25.3 In an appliance incorporating two or more motors of different sizes, the spacmgs,m tﬁ%
are to be investigated on the basis of the size of the largest motor in the appllanc%@@

\\/Electric

(Zo
AO
25.5 If an isolated dead metal part is interposed between or @ﬁ\clo
polarity, to a live part and an exposed dead metal part
be grounded, the spacing may be not less than 3@@% (1 Za@n he isolated dead metal part
and any one of the other parts previously menthgéa“ pro the tﬁ%ﬁacmg between the isolated dead
metal part and the two other parts is not | @%anitg@walu (g)e@f d in Table 25.1.
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25.6 An insulating lining or barrier of vulcanized fiber or similar materials employed where spacing would
otherwise be insufficient shall not be less than 1/32 in (0.8 mm) thick, and shall be so located or of such
material that it will not be adversely affected by arcing.

Exception No. 1: Vulcanized fiber not less than 1/64 in (0.4 mm) thick may be used in conjunction with an
air spacing of not less than 50% of the spacing required for air alone.

Exception No. 2: Thinner insulating material may be used, if upon investigation, it is found to be
acceptable for the application.

25.7 All uninsulated live parts connected to different — line- or low-voltage — circuits shall be spaced from
one another as though they were parts of opposite polarity, in accordance with the requirements in 25.1
and 25.9 and shall be investigated on the basis of the highest voltage involved.

25.8 The spacing between uninsulated live parts of opposite polarity and between such parts and dead
metal that may be grounded in service is not specified for parts of low-voltage circuits.

25.9 The spacing between wiring terminals of opposite polarity, and between a wiring terminal and any
other uninsulated metal part — dead or live — not of the same polarity, shall not be less than that specified
in Table 25.2. See 12.2.3.2.

Table 25.2
Spacings at wiring terminals

Minimum spacings, in (mm)
Between terminals and other uninsulated metal parts not
always of the same polarity 2

Between wiring terminals,

Potential involved, V through air, or over surface Over surface Through air
250 or less 1/4 (6.4) 1/4 (6.4) 1/4 (6.4)
More than 250 1/2 (12.7)° 1/2 (12.7)° 3/8 (9.5)

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

b A spacing of not less than 3/8 in, through air and over surface, is acceptable at wiring terminals in a wiring compartment or
terminal box if the compartment or box is integral with a motor.

25.10 At terminal screws and studs to which connection may be made in the field by means of the wire
connectors, eyelets, and the like, as described in 12.2.3.2, spacings shall not be less than those specified

in Table 25.1 when such connectors, eyelets, and the like, are in such position that minimum spacings — i\@

opposite polarity and to dead metal — exist. <§®
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PROTECTION AGAINST INJURY TO PERSONS
26 General

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

26.2 When investigating an appliance with respect to the requirement in 26.1, consideration shall be
given to reasonably foreseeable misuse of the appliance.

26.3 A functional attachment that is made available or recommended by the manufacturer for use with
the basic appliance shall be included in the investigation of the appliance. Unless the manufacturer
recommends the use of two or more attachments at the same time, only one attachment at a time is to
be investigated with the appliance.

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

26.5 Specific constructions, tests, markings, guards, and the like are detailed for some common
constructions. Specific features and appliances not covered are to be given appropriate consideration.

27 Sharp Edges

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

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

28 Enclosures and Guards

28.1 The rotor of a motor, a pulley, a belt, a gear, a fan, or other moving part that could cause injury tor\i\@

persons shall be enclosed or provided with other means to reduce the likelihood of unintentional cog
and such a part shall not be contacted by the probe illustrated in Figure 11.1.

(\\\’\\*
Exception No. 1: An opening in the integral enclosure of a motor that is not used in @Jer a held
appliance or a hand-supported portion of an appliance is acceptable if a moving pa@grmo@béw ntacted
by the probe illustrated in Figure 11.2. (\@} S
<

B i
Exception No. 2: A part or portion of a part that is necessarily exposeg;@a per{ e wo (rlgu}act/on need
not be enclosed but, when necessary, guarding shall be prowdgg\\ @%@i
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28.2 During the examination of an appliance to determine whether it complies with the requirements in
28.1, a part of the enclosure that may be removed without the use of a tool (to attach an accessory, to
make an operating adjustment, or for other reasons) is to be opened or removed.

Exception: A part need not be opened or removed provided the appliance is marked in accordance with
56.1.7.

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

e) The likelihood that a part of the body would be endangered or that clothing would be
entangled by the moving part, resulting in a risk of injury to persons.

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

28.4 Some guards are required to be self-restoring. Other features of guards that are to be considered
include:

a) Removability without the use of a tool;
b) Removability for servicing;

c) Strength and rigidity;

d) Completeness;

e) Creation of a risk of injury to persons such as a pinch point, and the necessity for additional /g\w
handling because of the increased need for servicing, such as for cleaning, unjamming, and the @
like; and A @
(\i\?\
f) Usage — household or commercial.
(\\\’\\*
28.5 An enclosure or guard over a rotating part shall retain a part that, because of @akag ther
reasons, may become loose or may separate from a rotating part, and retain a fore@@”bje@ tTg}azt may be
struck and propelled by the rotating part. (\@} Y S

SO
28.6 If complete guarding of a moving part that could obviously caus,g@wry e’r%ns I&‘%\(feat the
utility of an appliance, a control, such as a momentary co sw Lﬁ\ haII b p@vided and an
appropriate marking shall be provided in the instruction war 4 he us% of t e potential risk.
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28.7 A feeding mechanism, either manual or automatic, shall be constructed or guarded to reduce the
likelihood or necessity of the operator’s fingers being in an area that could cause injury. If the average
inside diameter — one-half the sum of the maximum and minimum dimensions — of the throat of a hopper
or tubular feed opening for manual feeding is not more than 2-1/2 in (64 mm), it is considered acceptable,
if the cutters are recessed below the plane of the opening.

28.8 A cutting or slicing mechanism shall be guarded.

Exception: If exposure of the blade or equivalent part is necessary for the cutting or slicing operation,
guarding need not be provided.

29 Materials

29.1 The material of a part — such as an enclosure, a frame, a guard, or the like — the breakage or
deterioration of which may result in a risk of injury to persons shall have such properties as to meet the
demand of expected loading conditions.

29.2 The requirement in 29.1 applies to those portions of a part adjacent to a moving part considered to
involve a risk of injury to persons.

30 Rotating or Moving Members

30.1 A rotating or moving part that, if it should become disengaged, may create a risk of injury to persons
shall be provided with a means to retain the part in place under conditions of use.

30.2 A rotating member, the breakage of which may create a risk of injury to persons, shall be
constructed to reduce the likelihood of its breakage, or the release or loosening of a part that could
become a risk of injury to persons.

30.3 To determine whether an appliance employing a series motor complies with the requirement in 30.2,
it shall be tested as described in 30.4. A part that can become a risk of injury to persons shall not work
loose.

30.4 For the test required by 30.3, an appliance employing a series motor is to be operated for 1 min at
the no-load speed resulting from application of 1.3 times rated voltage. An appliance in which the rotating
load may be varied is to be tested for each condition of loading that can occur.
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31 Parts Subject to Pressure

31.1 A pressure vessel having an inside diameter more than 6 in (152 mm), subjected to a pressure more
than 15 psig (102 kPa), and eligible to be covered by the National Board of Boiler and Pressure Vessel
Inspectors shall be marked in accordance with the appropriate boiler and pressure vessel code symbol of
the American Society of Mechanical Engineers (ASME) for a working pressure not less than the pressure
determined in accordance with 31.3.

31.2 A pressure vessel, because of its application, not covered by the scope of the inspection procedure
of the ASME code shall be constructed so that it will comply with requirements in 31.3.

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

a) Five times the pressure corresponding to the maximum setting of a pressure-reducing valve
provided as part of the assembly, but not more than five times the marked maximum supply
pressure from an external source and not more than five times the pressure setting of a
pressure-relief device provided as a part of the assembly.

b) Five times the marked maximum supply pressure from an external source, unless the
pressure is limited by a pressure-relief device in accordance with item (a).

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

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

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

Exception No. 1: This requirement does not apply to a section of a pressure system constructed of
continuous tubing or of lengths of tubing connected by hard-soldered, brazed, or welded joints, provided
the wall thickness of tubing is not less than the value specified in Table 31.1. ~

Exception No. 2: This requirement does not apply to a pressure vessel bearing the ASME code inspection ﬁi\)@,\%

symbol — other than the UM symbol — provided the vessel is marked with a value of working pressure nom@

less than that to which it is subjected during normal or abnormal operation. @“i\i\’w
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Table 31.1
Wall thickness for copper and steel tubing

Minimum wall
Outside diameter thickness Maximum pressure to which tubing is subjected, psig (MPa)
in (mm) in (mm) Seamless copper Butt-welded steel Seamless steel
3/8 or (9.5) 0.016 (0.41) 500 (3.45) 600 (4.14) 1000 (6.90)
smaller
1/2 (12.7) 0.016 (0.41) 400 (2.76) 480 (3.31) 800 (5.52)
5/8 (15.9) 0.016 (0.41) 320 (2.21) 384 (2.65) 640 (4.42)
5/8 (15.9) 0.021 (0.53) 420 (2.90) 504 (3.48) 840 (5.80)
3/4 (19.0) 0.021 (0.53) 360 (2.48) 432 (2.98) 720 (4.97)
3/4 (19.0) 0.025 (0.64) 420 (2.90) 504 (3.48) 840 (5.80)
1 (25.4) 0.021 (0.53) 260 (1.79) 312 (2.15) 520 (3.59)
1 (25.4) 0.025 (0.64) 320 (2.21) 384 (2.65) 640 (4.42)

31.4 If a test is necessary to determine whether a part complies with requirements in 31.3, two samples
of the part are to be subjected to a hydrostatic pressure test. Each sample is to be filled with water so as
to exclude air, and is to be connected to a hydraulic pump. The pressure is to be raised gradually to the
specified test value, and is to be held at that value for 1 min. The results are not acceptable if either
sample bursts or leaks.

Exception: Leakage or rupture of a nonmetallic fluid transfer line and its connections, or at a gasket is
acceptable if repeated tests conducted with the media they are intended to contain show no evidence of
presenting a risk of injury to persons or of electric shock.

31.5 A part supported or actuated hydraulically that could result in a risk of injury to persons due to
pressure loss shall comply with the requirement in 31.4 when tested at a pressure equal to five times the
maximum pressure capable of being developed in the system.

32 Pressure-Relief Devices

32.1 A means for relieving pressure shall be provided for a part in which pressure might be generated by
an external source of heat.

32.2 A pressure-relief device, a fusible plug, a soldered joint, nonmetallic tubing, or other equivalent
pressure-relief means may be employed to comply with the requirement in 32.1. (§®

32.3 A pressure-relief device is considered to be a pressure-actuated valve or rupture memcgg@nf%)nded

to relieve excessive pressures automatically.
® fgv»@'@
32.4 There shall be no shutoff valve between the pressure-relief means and th,gT p%ts th is intended
to protect. ;\i% SN \
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32.5 A vessel having an inside diameter of more than 3 in (76 m d su Kt\to air am pressure
generated or stored within the appliance shall be provided w@ﬂ ~relief dev%e
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32.6 The start-to-discharge pressure setting of a pressure-relief device shall not be higher than the
working pressure marked on the vessel. The discharge rate of the device shall be adequate to relieve the
pressure.

32.7 A pressure-relief device shall:

a) Be connected as close as possible to the pressure vessel or part of the system that it is
intended to protect;

b) Be installed so that it is readily accessible for inspection and repair, and cannot be readily
rendered inoperative so that it will not perform its intended function; and

c) Have its discharge opening located and directed so that:

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

2) The likelihood of scalding persons is reduced.

32.8 A pressure-relief device having an adjustable setting is to be investigated on the basis of the
maximum setting unless the adjusting means is reliably sealed at a lower setting.

32.9 The control that limits the pressure in a vessel required to have a pressure-relief device shall
perform under rated load for 100,000 cycles of operation, and shall operate so that the pressure does not
exceed 90% of the relief-device setting under any condition of normal operation.

33 Switches, Controls, and Interlocks

33.1 An appliance shall be constructed so as to reduce the likelihood of unexpected operation of any part
capable of causing injury to persons.

33.2 Each function of a multiple-function appliance is to be taken into consideration in determining
whether the appliance complies with the requirements in 33.1.

33.3 If, when energized, an appliance has a moving part that may cause injury to persons, a motor control
switch shall be provided on the appliance. See 56.1.6.

33.4 If unintentional operation of a switch can result in a risk of injury to persons, the actuator Q{«
switch shall be located or guarded so that such operation is unlikely.
(\\\’\\*
33.5 The actuator of a switch may be guarded by recessing, ribs, barriers, or the I|keé@( /{)
W

33.6 The actuator of an interlock switch shall be located so that unmtenﬂon&%@@eraﬂpe@@nl|ker

& o> >
33.7 Operation of an interlock in normal use shall not mconvemen%g@f%e wag%r so(as%o ncourage
deliberate defeat of the interlock. O S
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33.8 An interlock shall not be capable of being defeated by materials such as wood or metal chips that
could accumulate in normal use.

33.9 An interlock shall be such that it cannot be defeated readily:

a) Without damaging the appliance,

b) Without making wiring connections or alterations, or

c) By using materials that are readily available.
33.10 If an interlock is actuated by movement of a guard, the arrangement shall be such that the guard
is in place when the interlock is in the position that permits operation of the parts being guarded. With the
guard removed, the interlock shall comply with the requirements in 33.6.
33.11 A floor- or ground-supported appliance that can travel or rotate to an extent that could result in
injury to persons if left unattended shall be provided with a momentary contact switch that cannot be
locked in the on position.
33.12 A device that automatically starts an appliance, such as a timer, an automatically reset
overload-protective device, or the like, shall not be employed unless it can be demonstrated that automatic

starting will not result in a risk of injury to persons.

33.13 The requirement in 33.12 will necessitate the use of an interlock if moving parts or the like could
result in a risk of injury to persons upon the automatic starting or restarting of the motor.

34 Specific Appliances

34.1 A self-propelled appliance weighing more than 50 Ib (22 kg) when fully loaded shall be provided with
a braking means.

35 Stability

35.1 If a portable appliance overturns when tested as described in 35.2 — 35.4, a risk of injury to persons
shall not result.

Exception: An appliance that is completely hand supported in normal use need not be tested. ?\i
(i\
35.2 The appliance is not to be energized during the stability test. The test is to be conduct§ iﬁ)ﬁder
conditions most likely to cause the appliance to overturn. The following conditions are to tzé;\S* ch as to
result in the least stability: ®9 /K<>
F iﬁ
a) Position of all doors, drawers, casters, and other movable or adju Ie pgrt luding that
of the supply cord resting on the surface supporting the appllar;\cg(g @L > A;gr\

b) Connection of or omission of any attachment made g@&]@dgb c@?e\comme@d@%y the
manufacturer, o i @

ﬁ\\&/
c) Provision of or omission of any norma@@ﬁd if %@)@p anc l@ﬁ%ended to contain a liquid or
other mechanical load; and {\
/X\\Q

o . LB
d) Direction in which the a&s@ﬁ%ﬁce is tlpped or h@@upportlng surface is inclined.
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35.3 In conducting the stability test, the appliance is to be:

a) Placed on a plane inclined at an angle of 10° from the horizontal; or

b) Tipped through an angle of 10° from an at rest position on a horizontal plane.
35.4 With reference to the requirement in 35.3(b), for an appliance that is constructed so that while being
tipped through an angle of 10° a part or surface of the appliance not normally in contact with the horizontal
supporting surface touches the supporting surface before the appliance has been tipped through an angle
of 10°, the tipping is to be continued until the surface or plane of the surface of the appliance originally in
contact with the horizontal supporting surface is at an angle of 10° from the horizontal supporting surface.

35.5 An appliance not intended to move from its de-energized position to perform its intended function
that, when operated, moves from its de-energized position shall be provided with an anchoring means.

PERFORMANCE
36 Leakage Current Test

36.1 A household or similar cord-connected appliance rated for a nominal 120-V supply shall be tested in
accordance with 36.3 — 36.7. Leakage current shall not be more than:

a) 0.5 mA for an ungrounded 2-wire appliance,
b) 0.5 mA for a grounded 3-wire portable appliance, and
c) 0.75 mA for a grounded 3-wire appliance;
1) Employing a standard attachment plug rated 20 A or less, and
2) Intended to be fastened in place or located in a dedicated space.
36.2 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.
36.3 All exposed conductive surfaces are to be tested for leakage currents. If simultaneously accessible, i\ﬁ -
the leakage currents from exposed conductive surfaces are to be measured to the grounded su

conductor individually as well as collectively, and from one surface to another. A part is COI’]SI e 6 be
an exposed surface unless guarded by an enclosure that complies with the requirements u@ eSS|b|I|ty

of Uninsulated Live Parts and Film-Coated Wire, Section 11. Surfaces are copsider <to be

simultaneously accessible when they can be readily contacted by one or both ha “of erson at the

same time. These measurements do not apply to terminals operating at volta at do @@resent a risk
.

of electric shock. \@ @L LX\F\

(\\dr ﬂ
36.4 If a conductive surface other than metal is used for the eo@\part o ﬂg@ enclosure, the
leakage current is to be measured using a metal foil havings <an ‘are @gl em’in contact with the

surface. If the surface is less than 10 by 20 cm, the talfoil | e th@ﬁ@s ize as the surface. The
metal foil is not to remain in place long enough t%ﬂf/fett tg%@mperatl{& he appliance.
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36.5 The measurement circuit for leakage current is to be as illustrated in Figure 36.1. The measurement
instrument is defined in items (a) — (c). The meter that is actually used for a measurement need only
indicate the same numerical value for a particular measurement as would the defined instrument. The
meter used need not have all the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 Q resistive, shunted by a capacitance of
0.15 pF.

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite
waveform of voltage across the resistor or current through the resistor.

c) Over a frequency range of 0 — 100 kHz, the measurement circuitry is to have a frequency
response — ratio of indicated to actual value of current — that is equal to the ratio of the
impedance of a 1500-Q resistor shunted by a 0.15-uF capacitor to 1500 Q. At an indication of
0.5 or 0.75 mA, the measurement is not to have an error of more than 5% at 60 Hz.

36.6 The meter is to be connected to the accessible part and the grounded supply conductor unless the
meter is being used to measure leakage between two parts of an appliance.

36.7 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. The as-received condition being
without prior energization except as may occur as part of the production-line testing. The supply voltage
is to be adjusted to 120 V. The test sequence, with reference to the measuring circuit — Figure 36.1 — is
to be as follows:

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

b) Switch S1 is then to be closed energizing the appliance, and within 5 s, the leakage current
is to be measured using both positions of switch S2 with the appliance switching devices in all
their normal operating positions.

c) The leakage current is to be monitored until thermal stabilization. Both positions of switch S2

are to be used in determining this measurement. Thermal stabilization is to be obtained by 74\@
operation as in the normal temperature test. (‘\43@\\ '
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Figure 36.1
Leakage-current measurement circuit

PRODUCT METER
en 4=
GR
S1 > ; INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B

LC100

NOTES -
A: Probe with shielded lead.

B: Separated and used as clip when measuring currents from one part of device to another.

36.8 Normally, the complete leakage current test program as covered by 36.7 is to be conducted without
interruption for other tests. However, with the concurrence of those concerned, the leakage current tests
may be interrupted for the purpose of conducting other nondestructive tests.

37 Leakage Current Test Following Humidity Conditioning
37.1 An appliance as described in 36.1 shall comply with the requirements for leakage current in 36.1

following exposure for 48 h to air having a relative humidity of 88 +2% at a temperature of 32 +2°C (90
+4°F).

37.2 A sample of the appliance is to be heated to a temperature just above 34°C (93°F) to reduce &@

likelihood of condensation of moisture during conditioning. The heated sample is to be placedd
humidity chamber and conditioned for 48 h under the conditions specified in 37.1. F kg@vﬁ)g the
conditioning and while still in the chamber, the sample is to be tested unenergized as describ 7(a)
Either while the sample is still in the humidity chamber or immediately after it has b e\??féf—n ’\fﬁ m the
chamber, the sample is to be energized and tested as described in 36.7(b) a@d e t is to be
discontinued when the leakage current stabilizes or decreases.

@™ @\@ >
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38 Starting Current Test

38.1 An appliance shall start and operate normally on a circuit protected by an ordinary — not time-delay
— fuse having a current rating corresponding to that of the branch circuit to which the appliance should be
connected. The performance is unacceptable if the fuse opens or an overload protector provided as part
of the appliance trips.

Exception: The requirement concerning an ordinary fuse does not apply if:

a) The construction of the appliance or the nature of its usage is such that it is likely to be used
continually on the same branch circuit after installation,

b) The appliance will start and operate normally on a circuit protected by a time-delay fuse,
c) The appliance is marked in accordance with 56.1.13,

d) A household appliance would normally be used on a 15- or 20-A branch circuit, provided
that the appliance starts and operates normally on a circuit protected by a time-delay fuse
having an ampere rating corresponding to that of the branch circuit on which the appliance
would normally be used.

38.2 The appliance is to be started three times at room temperature at the beginning of the test. Each
start of the motor is to be made under conditions representing the beginning of normal operation — the
beginning of the normal operating cycle, in the case of an automatic appliance — and the motor is to be
allowed to come to rest between successive starts.

39 Input Test

39.1 The current or wattage input to an appliance shall not be more than 110% of the rated value when
the appliance is operated under the condition of maximum normal load as described in 40.2.1.1 — 40.2.3.1
as applicable and when connected to a supply circuit of maximum rated voltage and rated frequency.

39.2 For an appliance having a single voltage rating, such as 115 V, maximum rated voltage is
considered to be that single value of voltage. If the rating is given in terms of a range of voltages, such
as 110 — 120 V, maximum rated voltage is considered to be the highest value of the range.
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40 Temperature Tests
40.1 General

40.1.1 An appliance shall be tested as described in 40.2.1.1 — 40.2.3.1 and shall not reach a temperature
at any point high enough to cause a risk of fire, to damage any materials in the appliance, or to exceed
the temperature rises specified in Table 40.1.

40.1.2 A thermal- or overload-protective device shall not open the circuit during the temperature test.

40.1.3 All values of temperature rise in Table 40.1 are based on an assumed ambient temperature of
25°C (77°F). Tests may be conducted at any ambient temperature within the range of 10 — 40°C (50 —
104°F).

40.1.4 For the temperature test, the voltage of a direct-current supply circuit is to be 115V or 230 V, and
that of an alternating-current circuit is to be 120 V or 240 V, depending on whether the appliance has a
nominal voltage rating of 115 or 230 V.

40.1.5 An appliance having a single frequency rating is to be tested at that frequency. An appliance rated
ac/dc or dc-60 Hz is to be tested on direct current or 60-Hz alternating current, whichever results in higher
temperatures. An appliance rated 25 — 60 Hz or 50 — 60 Hz is to be tested on 60-Hz alternating current.

40.1.6 Ordinarily, coil or winding temperatures are to be measured by thermocouples unless the coil is
inaccessible for mounting of these devices — for example, a coil immersed in sealing compound — or
unless the coil wrap includes thermal insulation or more than two layers — 1/32 in (0.8 mm) maximum —
of cotton, paper, rayon, or the like. For a thermocouple-measured temperature of a coil of an
alternating-current motor, other than a universal motor, having a diameter of 7 in (178 mm) or less — items
7 and 9 in Table 40.1 — the thermocouple is to be mounted on the integrally applied insulation on the
conductor.

Table 40.1
Maximum temperature rises
Material and component parts °C °F
1. Capacitors:
Electrolytic® 40 72
Other types® 65 117 4<§\§®
2. Fuses . @\\);\, v
A Class G, J, L, T, and CC (\(@\ '
Tube 100 4. = 18 Q)
Ferrule or blade 85 O\x@ﬂ&’ ) W '
B. Otherh 65> k@Q© 117
3. Fiber employed as electrical insulation %\@ES \4\? o A
4. At any point within a terminal box or wiring compartment of a permanently \\@ D~ @C)L [g 3
_conne_cted appliance in which power-supply conductors_ are tg be conn < 0> N T\ﬂ\@ ) o ‘Q@
including such conductors themselves, unless the appliance is marked\ir [ ﬂ& o
accordance with 56.2.1. O D 2
5. A surface upon which an appliance may be fastened in \\I@e,i\énd su@égs that @@ 5 117
may be adjacent to the appliance when so fastened@ 0" ®@7 ) WM
6. Class A insulation system on coil windings of %—c motogﬁhg\ﬁﬁé a dia%’f
more than 7 in (178 mm), of a d-c motor, s a ur{y@@&l motor;(cg% N
A. In an open motQﬁni\S;y“ - BT
@Lb) - 4)\%

Table'40.1'Continued on Next-Page

ﬂ
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Table 40.1 Continued

@M %5%

Table'40.1'Continued on Next-Page

Material and component parts °C °F
Thermocouple method 65 117
Resistance method 75 135
B. In a totally enclosed motor:
Thermocouple method 70 126
Resistance method 80 144
7. Class A insulation systems on coil windings of an a-c motor having a diameter
of 7 in or less, not including a universal motor, and on a vibrator coil:¢4
A. In an open motor and on a vibrator coil:
Thermocouple or resistance method 75 135
B. In a totally enclosed motor:
Thermocouple or resistance method 80 144
8. Class B insulation systems on coil windings of an a-c motor having a frame
diameter of more than 7 in, of a d-c motor, and of a universal motor:¢
A. In an open motor:
Thermocouple method 85 153
Resistance method 95 171
B. In a totally enclosed motor:
Thermocouple method 90 162
Resistance method 100 180
9. Class B insulation system on coil windings or an a-c motor having a diameter of
7 in or less not including a universal motor:¢d
A. In an open motor:
Thermocouple or resistance method 95 171
B. In a totally enclosed motor:
Thermocouple or resistance method 100 180
10. Class 105 insulation systems on windings of a relay, a solenoid, and the like:®
Thermocouple method 65 117
Resistance method 85 153
11. Class 130 insulation systems on windings of a relay, a solenoid, and the like:®
Thermocouple method 85 153
Resistance method 105 189
12. Class 130 insulation systems on vibrator coils: /\ﬁ\@/5
Thermocouple or resistance method 95 171 ﬁ/\i\@\
13. Phenolic composition employed as electrical insulation or as a part the 125 225 @\@L
deterioration of which would result in a risk of fire or electric shock.® \ﬂ?
14. Rubber- or thermoplastic-insulated wire and cord.®"9 35 063@9”\
16. Sealing compound 40°C (104°F) less th S ing point
17. Varnished-cloth insulation @o ;@)
18.  Wood and other combustible material 65<L\\ idﬁ?
19. Transformers with Class 105 insulation system: @ }
Thermocouple method 5\ \ \,V NA@\X
Resistance method é\ ?%0 @ t 135
a The temperature rise on insulating material integral with the enclosure of ay@@xétrolyt@ﬁﬁ;\cnor that |§>ohy5|cally integral
with or attached to a motor may be not more than 65°C (117°F). M
b A capacitor that operates at a temperature rise of more than 65°@)ng§> be j on the ﬂlts marked temperature limit.
¢ At a point on the surface of a coil where the temperature |@f ted xternal @of heat, the temperature rise
measured by a thermocouple may be higher by the foll g amount r the ma il - specmed provided that the temperature
rise of the coil, as measured by the resistance m/ﬂ%@ no@a@\\han th%)spﬁé d in the table.
Q \\ )
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Table 40.1 Continued

Material and component parts °C °F
Iltem Additional temperature rises
Part A of item 6 15 27
Part A of item 7 5 9
Part A of item 8 20 36
Part A of item 9 10 18
10 15 27
11 15 27

d See 21.1.4.

€ The limitations on phenolic composition and on rubber and thermoplastic insulation do not apply to compounds that have
been investigated and found acceptable for use at higher temperatures.

f Rubber-insulated conductors within a Class-A-insulated motor, rubber-insulated motor leads, and a rubber-insulated flexible
cord entering a motor may be subjected to a temperature rise of more than 35°C, provided that a braid is employed on the
conductor of other than a flexible cord. However, this does not apply to thermoplastic-insulated wires or cords.

9 A short length of rubber- or thermoplastic-insulated flexible cord exposed to a temperature of more than 60°C (140°F), such
as at terminals, is acceptable if supplementary heat-resistant insulation of adequate dielectric strength is employed on the
individual conductors of the cord to protect the conductor insulation against deterioration.

h A fuse that has been investigated and found acceptable for use at a higher temperature may be used at that temperature.

40.1.7 Thermocouples are to consist of wires not larger than 24 AWG (0.21 mm?) and not smaller than
30 AWG (0.05 mm?). Whenever referee temperature measurements by thermocouples are necessary,
thermocouples consisting of 30 AWG iron and constantan wire and a potentiometer-type instrument are
to be used. The thermocouple wire is to conform with the requirements for special thermocouples as listed
in the Initial Calibration Tolerances for Thermocouples table in Temperature Measurement
Thermocouples, ANSI/ISA MC 96.1.

40.1.8 If an appliance incorporates a reel for the power-supply cord, one-third of the length of the cord is
to be unreeled for the temperature test.

40.1.9 For an appliance that is obviously not intended for continuous operation, the probable intermittent
or short-time operation of the appliance is to be taken into consideration when conducting the temperature
test.

40.1.10 With reference to those tests that are to be continued until constant temperatures are attaine ﬁﬁ@\@

thermal equilibrium is considered to exist when three successive readings taken at intervals of 100/
previously elapsed duration of the test, but not less than 5-min intervals, indicate no change(\\/,\g\

Q
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40.2 Maximum normal load
40.2.1 General

40.2.1.1 In tests on an appliance, maximum normal load is considered to be the load that approximates
as closely as possible the most severe conditions of normal use. It is not a deliberate overload except as
the conditions of actual use are likely to be somewhat more severe than the maximum load conditions that
are recommended by the manufacturer of the appliance. Test loads that have been found to be close
approximations of the most severe conditions of normal use are described in 40.2.2.1 — 40.2.3.1 for some
common appliances. However, appliances having features not contemplated in these test procedures may
be tested as necessary to meet the intent of these requirements.

40.2.2 Carbonators

40.2.2.1 A carbonator is to be operated continuously, until temperatures are constant, with maximum
rated carbon dioxide gas pressure — but at not less than 125 psi (861 kPa) pressure — and maximum
steady water flow. The pressure and flow may be modified if maximum input occurs at other than
maximum rated gas pressure and maximum steady flow.

40.2.3 Engravers

40.2.3.1 The input test on an engraver is to be conducted while engraving steel. For the temperature
test, the engraver is to be operated under no load in cycles of 5 min on followed by 5 min off until constant
temperatures are attained.

41 Surface Temperature Tests

41.1 Exterior surfaces

41.1.1 A cord-connected appliance of the hand-supported type shall not attain a temperature of more
than 125°C (257°F) on any exterior surface that may be laid on combustible material or against which

combustible material may be laid, and there shall be no emission of smoke or molten material.

41.1.2 To determine whether an appliance complies with the requirement in 41.1.1, the appliance is to be

operated at the voltage and frequency specified in 40.1.4 and 40.1.5 until constant temperatures are /,&\@4
attained. The appliance may be stationary during the test, and simulation of actual service conditions need ‘/x@\\ '
not be attempted. @@D*
N
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41.2 Contact surfaces

41.2.1 During the temperature test, the temperature of a surface that may be contacted by a user shall
not be more than the applicable value specified in Table 41.1. If the test is conducted at a room
temperature of other than 25°C (77°F), the results are to be corrected to that temperature.

Table 41.1
Maximum surface temperatures

Composition of surface &

Location Metal Nonmetallic
Handles or knobs that are grasped for lifting, 50°C (122°F) 60°C (140°F)
carrying, or holding
Handles or knobs that are contacted but do not 60°C (140°F) 85°C (185°F)
involve lifting, carrying, or holding
Surfaces subjected to contact during operation 60°C (140°F) 85°C (185°F)
or user maintenance

2 A handle, knob, or the like, made of a material other than metal, that is plated or clad with metal having a thickness of 0.005
in (0.127 mm) or less is considered to be, and is investigated as, a nonmetallic part.

42 Dielectric Voltage-Withstand Test

42.1 An appliance shall withstand for 1 min without breakdown the application of a 60-Hz essentially
sinusoidal potential between live parts and dead metal parts with the appliance at the maximum operating
temperature reached in normal use. The test potential for the primary circuit shall be:

a) One-thousand volts for an appliance employing a motor rated 1/2 hp (373 W output) or less
and 250 V or less.

b) One-thousand volts plus twice the rated voltage for:
1) An appliance employing a motor rated more than 1/2 hp or more than 250 V, or
2) An appliance applied directly to persons — see item (c).

c) Twenty-five hundred volts for an appliance that is applied in a wet or moist condition directly
to persons.

55

42.2 The test potential for the secondary circuit of an appliance employing a transforr@?ﬁ

autotransformer shall be: (o)\\f\\ﬁ\

a) One-thousand volts plus twice the operating voltage if the secondary 0%%\@% at %5@%00
V. : ”@ ©@
<\® <A\

b) One-thousand volts if the secondary operates at 51 — 259 \@\L @Q

o of
c) Five-hundred volts if the secondary operates at SQMKQ& @\ P e

9 Q

Exception: This does not apply if the secondary c«@ﬁ@ ?s %p@ fron&@@‘é{ss 2 transformer.
' ex
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42.3 A capacitor used for radio-interference elimination or arc suppression shall withstand for 1 min
without breakdown the application of a 60-Hz essentially sinusoidal potential between live parts of
opposite polarity with the appliance at the maximum operating temperature reached in normal use. The
test potential shall be:

a) One-thousand volts for an appliance employing a motor rated 1/2 hp (373 W output) or less
and 250 V or less.

b) One-thousand volts plus twice the rated voltage for:

1) An appliance employing a motor rated more than 1/2 hp or more than 250 V, or

2) An appliance applied directly to persons.
42.4 To determine whether an appliance complies with the requirements in 42.1 — 42.3, the appliance is
to be tested by means of a 500 VA or larger transformer, having an output voltage that is essentially
sinusoidal and can be varied. The applied potential is to be increased from zero until the required test
value is reached and is to be held at that value for 1 min. The increase in the applied potential is to be
at a substantially uniform rate and as rapid as consistent with its value being correctly indicated by a

voltmeter.

42.5 With reference to the requirement in 42.4, a 500 VA or larger capacity transformer need not be used
if the transformer is provided with a voltmeter to measure directly the applied output potential.

43 Continuous Operation Test

43.1 When a combination appliance not provided with a momentary contact switch is tested as described
in 43.2:

a) Neither the cheesecloth nor the tissue paper shall ignite, and
b) The 3-A grounding fuse shall not open.

43.2 The appliance is to be:
a) Placed on a white tissue paper covered softwood surface,

b) Connected to a 120-V or 240-V, as applicable, 60-Hz supply circuit in series with a 20- Ag\i\?\
time-delay plug fuse,
(\\\’\\*

c) Draped with a double layer of cheesecloth over the whole appliance with t?@&oﬁ% \A@@@l/S
in (3.2 mm) of each opening in the enclosure, and

DY«
d) Grounded by means of a 3-A nontime-delay plug fuse conn%géd?M@ﬁBexposed@btal

N
parts and earth ground. \\ 80 ﬂﬁ\ %@
O
The appliance is to operate continuously at no load until Qr@ﬁ@;\tur , %|I|ze¢gr vbu%out occurs.
PRI L RS
© \
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44 Resistance-to-Moisture Test

44.1 Water spray test
Added Section 44.1 effective December 21, 2006

44.1.1 An outdoor-use appliance that is not marked as specified in 56.8.2 shall be tested as described in
44.1.2 and 44.1.3:

a) During and after the test:
1) There shall not be wetting of any electrical component; and

2) No water shall enter the appliance in a manner that may result in a reduction of
spacings; and

b) After the test:

1) A cord-connected appliance shall comply with Leakage Current Test, Section 36,
except that the test shall be discontinued when the leakage current stabilizes; and

2) An appliance shall comply with Dielectric Voltage-Withstand Test, Section 42, except
that the appliance need not be at normal operating temperature.

44.1.2 The appliance shall be operated so that electrical components are energized, and the appliance is
tested under the intended conditions of use considered most likely to cause the entrance of water into or
onto electrical components. It may be necessary to operate the unit under various modes of operation or
to de-energize the appliance, if more adverse conditions could result. In any case, each exposure shall
be for 1 h.

44.1.3 The water spray apparatus is to consist of three spray heads constructed in accordance with the
details illustrated in Figure 44.1 and mounted in a water supply pipe rack as illustrated in Figure 44.2. The
water pressure is to be maintained at each spray head at approximately 5 Ibf/in? (34 kPa). The distance
between the center nozzle and the appliance is to be approximately 5 ft (1.5 m). The appliance is to be
brought into the focal area of the three spray heads in such a position and under such conditions that

water will be most likely to enter, except that consideration is to be given to the normal mounting position. </\§\®
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Figure 44.1
Water-spray-test spray head
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Figure 44.2
Water-spray-head piping
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44.2 Flooding of live parts

44.2.1 The malfunction of a timer switch or of a float- or pressure-operated switch, or the deterioration or
damage of a boot or diaphragm of rubber or similar material shall not cause flooding of the electrical
components of an appliance that employs water or other electrically conductive liquid in its operation.

44.2.2 In a test to determine whether an appliance complies with the requirements in 44.2.1 with respect
to deterioration or damage of a boot or diaphragm due to flexing, such component is to be removed
completely and the appliance operated through one complete cycle of normal operation. If flexing is not
present, but if a rubber part is subjected to hot soapy water, the material is to be investigated to determine
if deterioration or damage of the part would create a risk of fire or electric shock. This investigation is to
include consideration of the effects of heat, air pressure, soap solutions, and other factors contributing to
the aging.

44.2.3 Infrequent motion of small amplitude, such as that experienced during normal operation by a
diaphragm covering a pressure-sensitive switch, is not considered to constitute flexing.

45 Tests on Switches and Controls

45.1 A switch or other device that controls a motor of an appliance, a solenoid, a relay coil, or the like
shall perform acceptably when subjected to an overload test consisting of 50 cycles of operation as
described in 45.2 — 45.4 as applicable. There shall be no electrical or mechanical malfunction or
breakdown of the device or undue burning or pitting of the contacts, and the fuse in the grounding
connection shall not open.

Exception No. 1: This requirement does not apply to a device known to be acceptable for the application.

Exception No. 2: A device interlocked so that it will never break the locked-rotor motor current need not
be tested.

45.2 Exposed dead metal parts of the appliance are to be connected to ground through a 3-A plug fuse,
and the appliance is to be connected to a grounded supply circuit of rated frequency. During the test, the
device is to be operated at a rate of not more than 10 cycles per minute, except that a faster rate of
operation may be employed if agreeable to those concerned.

45.3 When testing a switch or other control device that controls a solenoid, a relay coil or the like, the

appliance is to be connected to a supply circuit of rated frequency and 110% of maximum rated voltage r\i\(‘\

The load on the device being tested is to be the same as that which it is intended to control in ng
service.

o>
45.4 When testing a switch or other control device that controls a motor, the rotor of(g@ moto be
locked in position and the appliance is to be connected to a supply circuit of maxi fate vﬁ;izage See
40.1.4. The connection is to be such that any single-pole, current-interrupting device WI|| cated in the

ungrounded conductor of the supply circuit. If the appliance is mtendedi&h cgﬁiﬁect Cug'@@é or on
direct current as well as alternating current, the exposed dead me f_ arts @t\%ﬁe ap@J are to be
connected so as to be positive with respect to a single-pole, cg@@mt%r&@l g cont{\dL@-évme
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46 Strain-Relief Test

46.1 The strain relief means provided on an attached flexible cord, when tested in accordance with 46.2,
shall withstand for 1 min without displacement a direct pull of 35 Ibf (156 N) applied to the cord, with the
connections within the appliance disconnected.

Exception: The pull applied to a Type TP or TPT cord is to be 20 Ibf (89 N).

46.2 A 35- or 20-lb (15.9- or 9.1-kg) weight, as applicable, is to be suspended on the cord and supported
by the appliance so that the strain-relief means will be stressed from any angle that the construction of
the appliance permits. The strain relief is not acceptable if, at the point of disconnection of the conductors,
there is such movement of the cord as to indicate that stress would have resulted on the connections.

46.3 To determine if a clamp is acceptable for use as described in Exceptions No. 1 and No. 2 to
12.1.3.3, four samples of the clamp that have been applied to the cord and installed in the intended
manner shall be subjected to the conditioning and tests specified in (a) and (b). As a result of the tests,
the samples shall comply with Dielectric Voltage-Withstand Test, Section 42, and Strain-Relief Test, 46.1.

a) One sample is to be subjected to the dielectric voltage-withstand and strain-relief tests in the
as-received condition.

b) The three remaining samples are to be conditioned in an air-oven for 168 h. The oven
temperature is to be 10°C (18°F) higher than the maximum temperature measured on the cord
at the strain-relief device under normal operating conditions, but not less than 70°C (158°F) in
any case. The samples, after being conditioned in the oven, are to be immediately subjected to
the dielectric voltage-withstand test. The potential is to be applied between the conductors and,
if the clamp is metal, the potential is to be applied between the conductors and the clamp. After
cooling to room temperature, the conditioned samples shall be subjected to the strain-relief test
followed by the dielectric voltage-withstand test.

Added 46.3 effective December 21, 2006

47 Abnormal Operation Test

47.1 Short-circuiting either the rectifier or the capacitor of a combination consisting of a rectifier and an
electrolytic capacitor shall not create a risk of fire, electric shock, or injury to persons.
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48 Radiation Test

48.1 An appliance that produces radiation, such as X-rays, microwaves, ultrasonic sound, laser,
ultraviolet, or infrared light, shall be investigated with respect to the effects of the radiation on users and
service personnel.

49 Ozone Test

49.1 An appliance that produces ozone during normal operation shall not produce an average time
weighted concentration above background in excess of 0.1 part per million, nor a transitory concentration
of more than 0.3 part per million when tested as described in 49.3 — 49.6.

49.2 With reference to the requirement in 49.1, the normal functioning of electrical contact points is not
considered to be capable of generating an unacceptable concentration of ozone.

49.3 Ozone concentration is to be measured at all operating positions while the appliance is located in
the center of a closed room of 1000 ft3 (28.3 m®), approximately 8 by 12 by 10 ft (2.4 by 3.7 by 3.0 m).
All test room walls are to be covered with sheet polyethylene.

49.4 The room is to be maintained at a temperature of approximately 25°C (77°F) and a relative humidity
of 50%. Prior to and immediately after the test, the ozone background level is to be measured with the
appliance off. The background level average is to be calculated and subtracted from the maximum
measurement during the test.

49.5 During the test, the appliance is to be operated in the same manner and for the length of time
specified as for the temperature test described in Section 40. The average time weighted concentration is
to be considered as the average concentration of ozone extrapolated for an 8-h operating period.

49.6 If the appliance can be operated with any of its fans, heaters, or the like not functioning, with
replaceable charges, filters, or the like removed, or with paper, fluid, or the like exhausted, the test
described in 49.3 — 49.5 is to be repeated a sufficient number of times with the various components not
operating or with the items removed or exhausted to determine that these conditions do not result in
ozone emission exceeding that specified in 49.1.
50 Operational Test P
50.1 Operation, as described in 50.2, of an appliance intended for household use shall not increase the@\/@\*\}
risk of fire, electric shock, or injury to persons. 4@\?@

. @\9’
50.2 An as-received sample of the appliance is to be set up or installed in accorda@@ ith the
manufacturer’s instructions. The sample is to be operated in accordance with Oig%@manu rer's
instructions with respect to the intended uses of the appliance, including mairﬁ@g nce _and” cleaning
recommended by the manufacturer and lack of such maintenance and cleaning;;and wi accessories
recommended by the manufacturer for use with the appliance. The ap ngﬁ()s "i%@ i‘\fmanipy@@éd as it
would be in actual use, including manipulation of all controls and_eperatio nder th% ié’ﬁs loading
conditions that can be expected. The appliance is to be operatg{{\\%@e\aégéfﬂgﬁe}mf length oPtime or through

a sufficient number of cycles to determine that all reasonQ h reseeable complications are revealed.
it < ¥ Q)
4?\\@ > _ Y ®,®/
<N ¢ e®© W&
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51 Permanence of Marking Test

51.1 A marking that is required to be permanent shall be molded, die-stamped, paint-stenciled, stamped
or etched metal that is permanently secured, or indelibly stamped lettering on a pressure-sensitive label
secured by adhesive that, upon investigation, is found to be acceptable for the application. Ordinary
usage, handling, storage, and the like of a product are considered in the determination of the permanence
of a marking.

51.2 Unless it has been investigated and found to be acceptable for the application, a pressure-sensitive
label or a label that is secured by cement or adhesive and that is required to be permanent shall comply
with the applicable requirements in the Standard for Marking and Labeling Systems, UL 969.

52 Permanence of Cord Tag Test
Added Section 52 effective December 21, 2006

52.1 General

52.1.1 To determine compliance with 56.3.6, a cord tag shall be conditioned and tested as described in
52.1.2. Following the conditionings and test, the tag shall comply with the following:

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

c) There shall not be permanent shrinkage, deformation, cracking, or other condition that will
render the marking on the tag illegible; and

d) Overlamination shall remain in place and not be torn or otherwise damaged. The printing
shall remain legible.

52.1.2 To determine compliance with 52.1.1, a cord tag shall be conditioned in accordance with (a) — (c).
Following the conditioning each sample shall be tested in accordance with 52.1.3. If a tag is applied by an
adhesive, the conditionings and test are to be conducted no sooner than 25 hr after application of the tag.

a) Three samples, as received, shall be tested in accordance with 52.1.3.

b) Three samples shall be conditioned in an air-circulating oven at 60 £1°C (140 £1.8°F) for

240 h followed by 30 min of conditioning at a room temperature of 23 +2°C (73.4 £3.6°F) m@®\
50 +5% relative humidity then followed by the test in 52.1.3.
(\\\’\\ﬂ\

c) Three samples shall be conditioned for 72 hr at a humidity of 85 +5% at g%@ﬁc %@ﬁv
+3.6°F) and followed by test in 52.1.3 within 1 min after condmonlng @ i”

52.1.3 Each sample is to consist of a length of power-supply cord to w @?%e ta \been d. The
power-supply cord, with the attachment plug pointing up, is to be h%t> Ltautly ug@\vértlcal @1 A force of
5 Ibf (22.2 N) is to be applied for one minute to the upper;@ cor the t o@f'thest from the
power-supply cord, within 1/4 in (6.4 mm) of the vertlc/al @ﬁ@e of ag. T force is to be applied
vertically downward in a direction parallel to the m is of tcord Infg@ rmining compliance with
52.1.1 (d), manipulation is permissible, such as st@ﬁ;%@t the ta y@(and To determine compliance
with 52.1.1 (d), each sample is to be scrapeglg‘io t|mes ?a%ross prl@d areas and edges, with a force of
approximately 2 Ibf (8.9 N), using the egig@%‘f a 5/6@ (2 0- n@t) ‘thick steel blade held at a right angle to
the test surface. O©

oL x@&’
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MANUFACTURING AND PRODUCTION TESTS
53 Dielectric Voltage-Withstand Test

53.1 Each appliance shall withstand without electrical breakdown, as a routine production-line test, the
application of a 40 — 70 Hz potential between the primary wiring, including connected components:

a) Accessible dead metal parts that are likely to become energized, and
b) Accessible low-voltage metal parts, including terminals.
53.2 The production-line test shall be in accordance with either Condition A or Condition B of Table 53.1.

Table 53.1
Production-line test conditions

Condition A Condition B

Appliance rating or application Potential, V Time, s Potential, V Time, s
250 V or less with or without a motor rated 1/2 1000 60 1200 1
hp (373 W output) or less
Applied directly to persons 1000 + 2v@ 60 1200 + 2.4v2
Rated more than 250 V with a motor rated more 1000 + 2v@ 60 1200 + 2.4v@ 1
than 1/2 hp
Applied in a wet or moist condition directly to 2500 60 3000 1
persons
a8 Maximum rated voltage.

53.3 The appliance may be in a heated or unheated condition for the test.

53.4 The test is to be conducted when the appliance is complete — fully assembled — and with the primary
switch in the on position. It is not intended that the appliance be unwired, modified, or disassembled for
the test.

Exception No. 1: A part such as a snap cover or a friction-fit knob that would interfere with the
performance of the test need not be in place.

completed appliance. @ (S@N
Exception No. 3: The test may be conducted before a solid-state component that can be daggoéd y the
dielectric potential is electrically connected. However, a random sampling of each day’s. @Pr u%%g@ls to
be tested at the potential specified in 53.2, and the circuitry may be rearranged §g\ test inimize
the likelihood of solid-state-component damage while retaining representa%gﬁ \790 tress of the
circuit. C S S
\g\@ @ 5

53.5 The test equipment shall include a transformer having an e @tlally %mdal Q;U@% a means of
indicating the test potential, an audible or visual indicator of Qﬁ rlca\lﬁ Eﬁdown (ar%l either a manually
reset device to restore the equipment after electrical br@%ow -Or 'an aut tic reject feature of any
unacceptable unit. oo -

@\\

Exception No. 2: The test may be performed before final assembly if the test represents that for the @‘ O



DECEMBER 23, 2004 MOTOR-OPERATED APPLIANCES - UL 73 63

53.6 If the output of the test equipment transformer is less than 500 VA, the equipment shall include a
voltmeter in the output circuit to directly indicate the test potential.

53.7 If the output of the test equipment transformer is 500 VA or more, the test potential may be indicated
by:

a) A voltmeter in the primary circuit or in a tertiary winding circuit,
b) A selector switch marked to indicate the test potential, or

c) A marking in a readily visible location to indicate the test potential of equipment having a
single test potential output. If marking is used without an indicating voltmeter, the equipment
shall include a positive means, such as a power-on lamp to indicate that the manually reset
switch has been reset following a tripout.

53.8 Test equipment other than that described in 53.5 — 53.7 may be used if found to accomplish the
intended factory control.

53.9 During the test, both sides of the primary circuit of the appliance are to be connected together to one
terminal of the test equipment; the second test equipment terminal is to be connected to the accessible
dead metal.

Exception No. 1: This requirement does not apply to a resistive-type appliance.

Exception No. 2: This requirement does not apply to an appliance utilizing a motor, relay, coil, or
transformer having circuitry not subject to excessive secondary voltage buildup in case of electrical
breakdown during the test.

54 Grounding Continuity Test

54.1 Each appliance that has a power-supply cord having a grounding conductor shall be tested, as a
routine production-line test, to determine that grounding continuity exists between the grounding blade of
the attachment plug and the accessible dead metal parts of the appliance that are likely to become
energized.

54.2 Only a single test need be conducted if the accessible metal selected is conductively connected by
design to all other accessible metal.

54.3 Any indicating device, such as an ohmmeter, a battery-and-buzzer combination, or the Ii/ke @&’?’Be
used to determine compliance with the grounding continuity requirement in 54.1. @‘\’\\

@ \1)’
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RATING
55 Details

55.1 An appliance shall be rated in volts, in frequency — expressed in one of the following terms: hertz,
Hz, cycles-per-second, cps, cycles/second, c/s, ac-dc, or ac only and, other than as noted in 55.2, in
amperes. The frequency may be expressed as /dc — for example, 60/dc — if a universal motor
nameplate serves as the appliance rating marking. If an appliance is intended for use on a polyphase
circuit, the number of phases shall be included in the rating.

55.2 Instead of the ampere rating mentioned in 55.1, an appliance may be rated in watts if the full-load
power factor is 0.80 or more or if the rating of a cord-connected appliance is 50 W or less.

55.3 If a permanently connected appliance is marked with a horsepower (hp) rating, the rating shall not
be less than the marked horsepower rating of the motor. If the appliance employs multiple motors, or one
or more motors and other loads, the marked horsepower rating of the appliance shall not be less than the

equivalent horsepower of the combined loads. The total load shall be calculated in accordance with
Section 422.62(A) of the National Electrical Code, ANSI/NFPA 70. See 21.3.3.

Added 55.3 effective December 21, 2006
MARKING
56 Details

56.1 General

56.1.1 An appliance shall be plainly and permanently marked where it will be readily visible — after
installation, in the case of a permanently connected appliance — with:

a) The manufacturer's name, trade name, or trademark, or other descriptive marking by which
the organization responsible for the product may be identified,

b) A distinctive catalog number or the equivalent,

c) The electrical rating, and /&\54
V@ﬁ\
/\
d) The date or other dating period of manufacture not exceeding any three consecutive month%@
<<\\‘
Exception No. 1: The manufacturer’s identification may be in a traceable code if the product is X@@t/f/ed
by the brand or trademark owned by a private labeler. (o)‘\\
@ gV

Exception No. 2: The date of manufacture may be abbreviated; or may be /n %étm@lﬂvaccepted
conventional code or in a code affirmed by the manufacturer, provided that tl{% de ;\(o@ §
O (1\\) N
a) Repeat in less than 10 years for a household product a&@@s th{%@&? yearg@()f

commercial product, and {\ PN @
r\QN iﬂ\ / >
b) Require reference to the production record@)c?%he 2 L facture,@(\ etermine when the
product was manufactured. <N @ Q)u ; \
{\/ﬁ <6\ ’ %\

o> e
@(@\J «@Q
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56.1.2 A cautionary marking intended to instruct the operator shall be legible and visible from the position
normally assumed by the operator when starting the appliance or from the position normally assumed for
the specific operation involved. Other such markings for servicing or making settings and adjustments
shall be legible and visible to the individual when such work is being accomplished.

56.1.3 A marking intended to inform the user of a risk of electric shock, fire, or injury to persons shall be
prefixed by a signal word "CAUTION," "WARNING," or "DANGER." The marking shall be in letters not
less than 3/32 in (2.4 mm) high. The signal word shall be more prominent than any other required marking
on the appliance.

56.1.4 A cautionary marking shall be permanent and legible and shall be located on a permanent part of
the appliance. See Section 51, Permanence of Marking Test.

56.1.5 An appliance or a separately packaged attachment having a hidden or unexpected risk of electric
shock, fire or injury to persons shall be marked to inform the user of the risk.

56.1.6 If, when energized, an appliance has a moving part that may cause injury to persons, a motor
control switch on the appliance shall have a plainly marked off position. The international symbols shown
in Figure 56.1 may be used if the significance of these symbols is explained in the instructions packaged
with the product.

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

Figure 56.1
On and off symbols
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56.1.7 An appliance having a part of an enclosure as described in the Exception to 28.2 shall be marked
with the word "CAUTION" and the following or equivalent: "To reduce the risk of injury from moving parts,
unplug before servicing.”

56.1.8 An appliance that employs a single motor as its only electrical-energy-consuming component need
not show the electrical rating given on the motor nameplate elsewhere on the appliance if this nameplate
is readily visible after the motor has been installed in the appliance.

56.1.9 If the motor nameplate of a dual-voltage motor is employed to give the electrical rating of the
appliance as specified in 56.1.8, the appliance shall be additionally and permanently marked to indicate
the particular voltage for which it is connected when shipped from the factory. See 59.8.

56.1.10 If a manufacturer produces or assembles motor-operated appliances at more than one factory,
each finished appliance shall have a distinctive permanent marking by means of which it may be identified
as the product of a particular factory.

56.1.11 An appliance having provisions for two or more separate connections to a branch circuit or other
power-supply source shall be permanently marked with the word "CAUTION" and the following or the
equivalent: "Risk of Electric Shock. This appliance has more than one connection to the source of supply.
Disconnect all such connections before servicing.” The marking shall be located at each point of
connection, and shall be readily visible after installation of the appliance.

56.1.12 If the design of an appliance contemplates cleaning or servicing, such as the replacement of pilot
lamps or fuses, by the user, and if such cleaning or servicing would involve the exposure of a normally
enclosed or protected live part to unintentional contact, the appliance shall be plainly and permanently
marked with the word "WARNING" and the following or equivalent: "To reduce the risk of electric shock,
unplug before cleaning or servicing.”

56.1.13 An appliance that will not start and attain normal running speed when connected to a circuit
protected by an ordinary — not a time-delay — fuse as described in Exception (c) to 38.1 shall be plainly
and permanently marked with the words: "If connected to a circuit protected by fuses, use time-delay
fuses with this appliance,” or with equivalent wording.

56.1.14 An appliance shall not be marked with a double insulation symbol — a square within a square —
the words "Double Insulation,” or the equivalent unless it complies with the requirements for
double-insulated appliances.

56.1.15 An attachment that is packaged and marketed separately from the basic apphance@aj(@
recommended by the manufacturer for use on the basic appliance shall be marked to |dent|§/ @bésm
appliance with which it is intended to be used. The marking shall appear in at least one of@é ollowing

locations: A @ﬁﬂ
a) On the attachment, @”@
b) On the package housing the attachment, @u ﬂ@w
QY R ?
¢) In the instruction manual for the basic apphan;%rﬁr*

d) In the instruction manual furnished wn@jﬁ@ attg%@ent ) 2
{\%
/®
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56.1.16 Unless an appliance has been investigated and found to be acceptable for commercial use, the
appliance shall be marked "For Household Use Only,” "Household Type,” or the equivalent. An appliance
that has been investigated and found to be acceptable for commercial and household use shall be marked
“For Household and Commercial Use," or equivalent.

Added 56.1.16 effective December 21, 2006

56.1.17 An appliance that is intended for installation in a commercial garage and that incorporates arcing
or sparking parts shall be permanently marked with the following statement: "WARNING — This equipment
incorporates parts, such as snap switches, receptacles, and the like that tend to produce arcs or sparks
and, therefore, when located in a garage, it should be in a room or enclosure provided for the purpose,
or should be 18 in (457 mm) or more above the floor.”

Revised 56.1.17 effective December 21, 2006
56.2 Permanently connected appliances

56.2.1 If any point within a terminal box or wiring compartment of a permanently connected appliance in
which the power-supply conductors are intended to be connected, including such conductors themselves,
attains a temperature rise of more than 35°C (63°F) during the normal temperature test, the appliance
shall be permanently marked: "For supply connection, use wires acceptable for at least ... °C (...°F)," or
with an equivalent statement, and the temperature value shall be in accordance with Table 56.1. This
statement shall be located at or near the point where the supply connections are to be made, and shall
be clearly visible both during and after installation of the appliance.

Table 56.1
Outlet-box marking

Temperature rise attained during test in terminal box or
compartment Temperature marking
36 — 50°C (64 — 90°F) 75°C (167°F)
51 — 65°C (91 — 117°F) 90°C (194°F)

56.2.2 A permanently connected appliance having one motor and other loads or more than one motor

with or without other loads shall be permanently marked in a location that will be visible when connections

to the power-supply circuit are made and inspected with:

\&\>

a) The minimum supply-circuit conductor ampacity based on the maximum input in accordance \@\“

with 39.1; \ @
<§®

b) The maximum rating of the supply-circuit overcurrent-protective device, which is np/ti o@

exceed the rating of the fuse employed in the short-circuit test of the motor- overloa@b?otecnve

device employed in the appliance; and NF@( @Q

c) The type of supply-circuit overcurrent-protective device — for exg\n?@@ nor n@@elay use or

dual-element time-delay fuse. \@& (‘@@ B N\/

56.2.3 An appliance intended for permanent connection to a WJ@'\% ther than | F d metal conduit
§§t§é

or armored cable shall be permanently marked to in the m or y@tems for which it is
acceptable. The marking shall be located so that it W|H5b V|S|b<l\/?When pOove supply connections to the
appliance are being made. &N @)U ' )
{\/ﬁ <6\ ’%\
/\,,
@”\ N a® B
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56.2.4 An appliance that includes an isolated ground receptacle shall be permanently marked in a
location that will be visible to the installing electrician at the field wiring connection compartment with the
following or the equivalent: "Notice — This appliance has an isolated ground receptacle. Provide a
separate ground for the receptacle in addition to the equipment ground.”

56.3 Cord-connected appliances

56.3.1 A cord-connected appliance that employs a motor rated more than 1/3 hp (250 W output) and in
which the manually operated motor-control switch required by 24.4 would be inaccessible shall be
permanently marked with the words: "An acceptable motor control switch shall be provided at the time of
installation.”

56.3.2 If an appliance is provided with a power-supply cord less than 18 in (457 mm) long or with a
motor-attachment plug in accordance with Exception No. 2 (b) of 12.1.2.6, a statement advising of the
availability of extension cords and the importance of using one of these cords shall be marked on the
appliance, or shall be included in the instruction book or other literature regularly furnished with the
appliance.

56.3.3 A stationary appliance employing an attachment plug in accordance with the Exception to 12.1.2.9
shall be marked "Connect To An Individual Branch Circuit.” This marking shall be included with the
electrical rating marking of 56.1.1.

Added 56.3.3 effective December 21, 2006

56.3.4 A cord-connected appliance that is required to have provision for grounding through the cord and
plug in accordance with 18.1.1 shall be marked with the word "WARNING" and the following or the
equivalent statement: "Risk of Electric Shock. Connect to a properly grounded outlet only.”

Added 56.3.4 effective December 21, 2006

56.3.5 A cord-connected outdoor-use appliance with a power-supply cord less than 6 ft (1.8 m) long shall
be marked with the word "WARNING" and the following or the equivalent statement: " Risk of Electric
Shock. Keep extension cord connection dry and off the ground.”

Added 56.3.5 effective December 21, 2006

56.3.6 The marking described in 56.3.5 may be provided on a tag that is permanently attached to the

A
power-supply cord. The tag material and means of attachment to the power-supply cord shall comply with @/\f\@
Permanence of Cord Tag Test, Section 52. (‘\13@ '

Added 56.3.6 effective December 21, 2006 V\\i\@
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56.4 Carbonators

56.4.1 A carbonator shall be permanently marked to show the maximum pressure with which it is
intended to be used. See also 65.1.

56.5 Plumbing accessories

56.5.1 A plumbing accessory that has been evaluated for outdoor use shall be permanently marked "For
Outdoor Use,” or the equivalent.

56.6 Insect-exterminating appliances

56.6.1 An insect-exterminating appliance shall be permanently marked with the word "CAUTION" and the
following or equivalent: "When a flammable liquid is sprayed, there may be danger of fire or explosion,
especially in a closed room."”

56.7 Components

56.7.1 A heating element rated more than 1 A and intended to be replaceable in the field shall be
permanently marked with its rating in volts and amperes or in volts and watts, or the manufacturer’s part
number, or other means of identification.

56.7.2 With reference to 17.4, a capacitor or a capacitor/transformer unit that is not physically a part of
the appliance shall be permanently marked with an identification symbol. This symbol shall also appear
on the nameplate of the motor.

56.8 Outdoor-use appliance
Added Section 56.8 effective December 21, 2006

56.8.1 An appliance that is intended to be used outdoors shall be marked "Outdoor Use" or equivalent.
56.8.2 With reference to 7.14, 7.15, and 44.1.1, an outdoor-use appliance that is not intended to be left

or stored outdoors shall be marked with the word "WARNING" and the following or equivalent: "Risk of
Electric Shock. Do not expose to rain, store indoors."

ﬂ
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56.9 Double-insulated appliances
Added Section 56.9 effective December 21, 2006

56.9.1 A double-insulated appliance shall be permanently marked with the words "Double Insulation —
When servicing, use only identical replacement parts.” Substitution of the words "Double Insulated” or the
double-insulation symbol — a square within a square — instead of "Double Insulation” in the marking, also
meets the intent of the requirement.

Exception: If the appliance is not intended to be serviced, the appliance may be marked with the words
"Double Insulation — No Serviceable Parts." See also the Exception to 58.4 (f) and 59.2 (e).

INSTRUCTION MANUAL

57 General
Added Section 57 effective December 21, 2006

57.1 An appliance shall be provided with legible installation, operation, and as applicable,
user-maintenance instructions. Instructions shall be in accordance with Sections 59, 60, and 61.

57.2 A household use appliance shall also be provided with instructions pertaining to a risk of fire, electric
shock, or injury to persons associated with the use of the appliance. Instructions shall be in accordance
with Section 58.

57.3 The instructions mentioned in 57.1 and 57.2 shall be:
a) In separate manuals, or

b) Combined in one or more manuals when the instructions pertaining to a risk of fire, electric
shock, or injury to persons are separated in format and emphasized to distinguish them from
the rest of the text.

57.4 An illustration is allowed with a required instruction to clarify the intent but shall not replace the
written instruction.

57.5 The following items shall be entirely in upper case letters or shall be emphasized to distinguish them
from the rest of the text:

a) The headings for the installation, operation, user-maintenance, and moving and storaggd\i\?

instructions; ﬁ\
S

b) The heading for the instructions pertaining to a risk of fire, electric shock %E@n]ury te@{>
persons; and

c) The opening and closing statements of the instructions sp &@@m 5/8,@5¥>1MPOR;@%T

SAFETY INSTRUCTIONS" and "SAVE THESE INSTRUCT@ " ogvﬁﬁé quw{;uae@
d /\>
o o @L ) 4%
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57.6 Unless otherwise indicated, the text of the instructions in 58.4 and 59.2 shall be in the words
specified or words that are equivalent, clear, and understandable. Substitution of the signal word
"DANGER" for "WARNING" is not prohibited when the risk associated with the product is such that a
situation exists which, if not avoided, will result in death or serious injury.

Exception: For other than the signal words "DANGER" and "WARNING," if a specific conflict exists in
the application of such wording to an appliance, modified wording is not prohibited.

57.7 The instruction manual for an appliance that requires warning, cautionary, or other specific markings
in 56.1 and 56.3 — 56.9, shall include those markings.

57.8 An attachment that is packaged and marketed separately from the basic appliance shall be
packaged with the applicable operating, installation, and safety instructions.

58 Instructions pertaining to risk of fire, electric shock, or injury to persons
Added Section 58 effective December 21, 2006

58.1 For household appliances, instructions pertaining to a risk of fire, electric shock, or injury to persons
shall warn the user of reasonably foreseeable risks and state the precautions to be taken to reduce such
risks. Such instructions shall be preceded by the heading "INSTRUCTIONS PERTAINING TO A RISK OF
FIRE, ELECTRIC SHOCK, OR INJURY TO PERSONS" or the equivalent.

58.2 The height of lettering in the text of the instructions specified in 58.4 shall be as follows:
a) Upper case letters - not less than 5/64 in (1.9 mm);
b) Lower case letters - not less than 1/16 in (1.6 mm); and
c) The statements: "IMPORTANT SAFETY INSTRUCTIONS" and "SAVE THESE
INSTRUCTIONS,"” and the cautionary signal word, "WARNING," required by 58.4 — not less
than 3/16 in (4.8 mm).

58.3 Numbering the items in the list in 58.4 and including other instructions pertaining to a risk of fire,

electric shock, or injury to persons that the manufacturer determines to be necessary and that do not
conflict with the intent of the instructions are acceptable.

58.4 The instructions pertaining to a risk of fire, electric shock, or injury to persons shall include those ‘iL\

items in the following list that are applicable to the appliance. The statement "IMPORTANT SAEE@\

INSTRUCTIONS" or the equivalent shall precede the list, and the statement "SAVE B ESE
INSTRUCTIONS" or the equivalent shall either precede or follow the list. The word "WARN shall be
entirely in upper case letters or shall be emphasized to distinguish it from the rest of t{n@texti @{>
\J
IMPORTANT SAFETY INSTRUCTIONS i%} . S\ ’g©
ﬁ\@ \ﬂ@L X\r\
WARNING — When using electric appliances, basic precautlons s& alw@s e folloy@mdudlng the
following: T N ,
@Q iﬁ\
\?‘ ) ©
@w O
a) Read all the instructions before usmg«ﬂﬁ@‘appl \
@ @\’
b) To reduce the risk of mwry,g{@éé” supe@r&on is n@egsary when an appliance is used near
children. O@ Qs
DR NN

/\

~0
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c) Do not contact moving parts.

d) Only use attachments recommended or sold by the manufacturer.

e) Do not use outdoors.

Exception: This item is not required if the appliance has been evaluated for outdoor use.

f) For a cord-connected appliance, the following shall be included:
— To disconnect, turn all controls to the off (“*O”) position, then remove plug from outlet.
— Do not unplug by pulling on cord. To unplug, grasp the plug, not the cord.
— Unplug from outlet when not in use and before servicing or cleaning.
— Do not operate any appliance with a damaged cord or plug, or after the appliance
malfunctions or is dropped or damaged in any manner. Return appliance to the nearest
authorized service facility for examination, repair, or electrical or mechanical adjustment.
Exception: For a double insulated appliance that is not intended to be serviced, the
instruction shall read as follows: “This appliance is provided with double insulation and
has no serviceable parts. See additional information for Double Insulated Appliances in

the Installation Instructions.”

g) For a permanently connected appliance — Turn the power switch to the off position when the
appliance is not in use and before servicing or cleaning.

h) For a portable appliance — To reduce the risk of electrical shock, do not put _+_ in water or
other liquid. Do not place or store appliance where it can fall or be pulled into a tub or sink.

+ Replace with specific part of appliance in question.

i) For a rechargeable appliance — Use only the charger supplied by the manufacturer to
recharge.

j) For an appliance supplied with a cord reel — Hold plug when rewinding onto cord reel. Do not@@?
allow plug to whip when rewinding. ﬂg\i@\*
S

k) For an appliance with a replaceable lamp — Always unplug before replacing the @ﬁ}

Replace bulb with same type rated _+ Watts. G@m @f Q)
& oV
+ Replace with the rating of the bulb. @} P 9
© ((\ / \\\Zv\ w

[) For a grounded appliance — Connect to a properly ground@@%utle}i@@ See(G@uJa

Instructions.

m@f\ /\ﬂ&j Q5F
m) For a double-insulated appliance — This a I@%ce |§§§‘>wded @Duble insulation. Use
only identical replacement parts. See ms@@on éqgg@e VicCi n%\q@éuble Insulated Appliances.

SAAV@\@ESKN@%RUC@OONS
98 99”

3
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59 Installation instructions

59.1 Installation instructions shall contain all the information needed to install the appliance for use as
intended, and shall be preceded by the heading "INSTALLATION INSTRUCTIONS" or the equivalent.

Added 59.1 effective December 21, 2006

59.2 The instructions pertaining to a risk of fire, electric shock, or injury to persons, or the installation
instructions shall include those instructions in (a) — (e), as applicable. If the applicable instructions in (a)
— (e) are included in the installation instructions, a reference to these instructions shall be included in the
list in 58.4 as a separate item. The word "DANGER" shall be entirely in the upper case letters or
emphasized to distinguish it from the rest of the text.

a) For all grounded, cord-connected appliances:

GROUNDING INSTRUCTIONS

This appliance must be grounded. In the event of malfunction or breakdown, grounding provides
a path of least resistance for electric current to reduce the risk of electric shock. This appliance
is equipped with a cord having an equipment-grounding conductor and a grounding plug. The
plug must be plugged into an appropriate outlet that is properly installed and grounded in
accordance with all local codes and ordinances.

DANGER - Improper connection of the equipment-grounding conductor can result in a risk of
electric shock. The conductor with insulation having an outer surface that is green with or
without yellow stripes is the equipment-grounding conductor. If repair or replacement of the cord
or plug is necessary, do not connect the equipment-grounding conductor to a live terminal.
Check with a qualified electrician or serviceman if the grounding instructions are not completely
understood, or if in doubt as to whether the appliance is properly grounded. Do not modify the
plug provided with the appliance — if it will not fit the outlet, have a proper outlet installed by a
gualified electrician.

b) For grounded, cord-connected appliances rated less than 15 A and intended for use on a
nominal 120 V supply circuit:

This appliance is for use on a nominal 120 V circuit, and has a grounding plug that looks like RS
the plug illustrated in sketch A in Figure 59.1. A temporary adaptor, which looks like the adaptor \ﬁ@fw\?
illustrated in sketches B and C, may be used to connect this plug to a 2-pole receptacle as _ @J\\ g

shown in sketch B if a properly grounded outlet is not available. The temporary adaptor sk@ﬂ

be used only until a properly grounded outlet can be installed by a qualified electrlc%aq\\ﬂ‘rhe

green colored rigid ear, lug, and the like, extending from the adaptor must be cgnn ?
permanent ground such as a properly grounded outlet box cover. Whenev {ﬁ}adath
used, it must be held in place by the metal screw. - ©Q
X\F\\

c) For grounded, cord-connected appliances other than as me : L«>

/\OEO W@
This appliance is for use on a circuit having a n0m|n f&ng ﬂ@é?han 120Vior "This
appliance is rated more than 15 A and is for use\/h“a c Cljrlt<h\aVIn mlnal rating of 120 V"),
and is factory equipped with a specific elegt %ord and@ \rﬁer should be used with

this appliance. If the appliance must b ré&bnneq@@%or u % ‘Ma different type of electric
circuit, the reconnection should b @@e b @uahﬁed seryice personnel; and after the
reconnection, the appliance %mtﬂa comply Wlth a}g@@l codes and ordinances.

o \ 27
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d) For permanently-connected appliances:

GROUNDING INSTRUCTIONS

This appliance must be connected to a grounded, metal, permanent wiring system; or an
equipment-grounding conductor must be run with the circuit conductors and connected to the
equipment-grounding terminal or lead on the appliance.

e) For double-insulated, cord-connected appliances:

SERVICING OF DOUBLE-INSULATED APPLIANCES

In a double-insulated appliance, two systems of insulation are provided instead of grounding.
No grounding means is provided on a double-insulated appliance, nor should a means for
grounding be added to the appliance. Servicing of a double-insulated appliance requires
extreme care and knowledge of the system, and should be done only by qualified service
personnel. Replacement parts for a double-insulated appliance must be identical to those parts
in the appliance. A double-insulated appliance is marked with the words "DOUBLE
INSULATION" or "DOUBLE INSULATED." The symbol (square within a square)”

[]

M3

may also be marked on the appliance.
Added 59.2 effective December 21, 2006
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Figure 59.1
Grounding methods

Added Figure 59.1 effective December 21, 2006

METAL SCREW
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GROUNDING @
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59.3 The grounding instructions required by 59.2 (a) — (d) shall also indicate that a qualified electrician
should be consulted if there is any doubt as to whether an outlet box is properly grounded.

Added 59.3 effective December 21, 2006

59.4 An appliance provided with a 2-blade, polarized attachment plug shall be provided with the following
instructions or the equivalent: "To Reduce the Risk of Electric Shock, this appliance has a polarized plug
(one blade is wider than the other). This plug will fit in a polarized outlet only one way. If the plug does not
fit fully in the outlet, reverse the plug. If it still does not fit, contact a qualified electrician to install the proper
outlet. Do not change the plug in any way."” /K@E

59.5 A cord-connected carbonator shall be provided with installation instructions that: (§®R®p

a) Specify the need for a grounding receptacle for connection to the supply and str?\s@%héﬁ

importance of proper grounding, F@ %<>

b) Inform the installer that permanent wiring is to be employed if req%adg;/ Io%aCo es and
Q\

¢) Provide instructions for conversion to permanent wiring. »\@ . (\ QL LA/
‘Eo é\ %@
59.6 If exhaust air must be vented for proper operation of@fﬁpplm@expllcg %sfrucnons shall be
provided specifying: \{)@/ g
\6 <<S>§ @\Q

a) How the appliance should be venteg ahd <®®“‘” @
Vi \\\J
b) That the exhaust air shou)gm/g\be vented |ntof§@@| a ceiling, or a concealed space of a

building. @{3 Q
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59.7 With reference to the requirement in 59.6, unless marked on the appliance in a location that will be
visible when the exhaust system is being installed, the instructions may be included in an
installation-instruction manual.

59.8 If the appliance employs an attachment plug, instructions shall be provided to indicate the type of
plug that should be used if the appliance is reconnected for the alternate voltage. See 56.1.9.

59.9 An appliance intended for outdoor use having a power-supply cord less than 6 ft (1.8 m) long shall
be provided with instructions that include the following information:

a) Extension cords (or a longer detachable power-supply cords) are available and may be used
if care is exercised in their use.

b) If an extension cord (or a longer detachable power-supply cord) is used:

1) The marked electrical rating of the detachable power-supply cord or extension cord
should be at least as great as the electrical rating of the appliance,

2) If the appliance is of the grounded type, the extension cord should be a grounding-
type 3-wire cord, and

3) The longer extension cord (or a longer detachable power-supply cord) should be
arranged so that it will not drape over the countertop or tabletop where it can be tripped
over, snagged, or pulled on unintentionally (especially by children).

¢) An outdoor-use extension cord should be used with an outdoor-use appliance. An outdoor-
use extension cord is marked with suffix letter "W" and with a tag stating "Suitable for Use with
Outdoor Appliances.”

d) A statement indicating that the connection to an extension cord should be kept dry and off
the ground.

e) Store appliance indoors when not in use. Keep out of reach of children.

f) Do not clean this appliance with a water spray or the like.
Added 59.9 effective December 21, 2006
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60 Operating instructions
Added Section 60 effective December 21, 2006

60.1 Operating instructions shall contain all the information needed to operate the appliance as intended,
and shall be preceded by the heading "OPERATING INSTRUCTIONS" or the equivalent.

Exception: Instructions and warnings provided in accordance with the requirements for instructions
pertaining to a risk of fire, electric shock, or injury to persons in Section 58 need not be repeated in the
operating instructions if there is a reference to the applicable instructions and warnings in the operating
instructions.

60.2 Operating instructions shall explain and describe the location, function, and operation of each
user-operated control of the appliance, and warn against tampering with such devices.

60.3 The operating instructions shall indicate the appliance is intended for household use only, unless it
has been investigated for commercial use.

60.4 The literature accompanying a package containing a basic appliance and attachments intended to
be marketed as a complete unit shall indicate what attachments are intended for use with the basic
appliance if use of such attachments may expose the user to a risk of injury.

61 User-Maintenance instructions
Added Section 61 effective December 21, 2006

61.1 Instructions for user maintenance shall include explicit instructions for all cleaning and servicing —
lubrication, adjustments, and similar operations — that are intended to be performed by the user, and shall
be preceded by the heading "USER-MAINTENANCE INSTRUCTIONS" or the equivalent.
PROTECTION FROM CONTAMINATION

62 Scope

62.1 Sections 63 — 65 cover requirements to avoid contamination of carbonated beverages by copper
salts.

ﬂ
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63 Construction

63.1 The carbonator tank or other vessels or tubing that may contain carbonated water shall not be made
of copper-bearing materials.

63.2 To reduce the risk of backflow of carbonated water into the water line, the point of connection of the
water supply shall be provided with:

a) A double check valve,
b) Two single check valves, or

c) A single check valve together with a device in the input line to vent carbon dioxide to the
atmosphere.

63.3 A water input connection that is not provided with a carbon dioxide vent device shall be provided
with a screen of not less than 100 mesh to the square inch in the water supply connection immediately
ahead of the check valves to reduce the possibility of fouling the valves. The screen shall be removable
for cleaning or replacement.

63.4 If the reliability of a check valve has not previously been determined, it shall be subjected to the test
described in Section 64, Performance.

64 Performance
64.1 A check valve shall not leak when subjected to a reverse pressure of:
a) 15 — 20 psi (120 +18 kPa) minimum, and
b) 200 psi (1.38 MPa) maximum.
64.2 Three samples of the valves are to be subjected to a reverse hydrostatic pressure. The valves shall

effectively close at a pressure between 15 and 20 psi (102 and 138 kPa) and shall withstand a pressure
of 200 psi (1.38 MPa) for 1 h without leaking enough water to wet paper located beneath the valve
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65 Marking

65.1 A carbonator shall be marked at a point close to the output connection with the word "WARNING"
and the following or the equivalent: "To avoid contamination of potable liquids, do not connect copper
tubing or fittings between this point and points of delivery.” The word "WARNING" shall be in letters at
least 1/4 in (6.4 mm) high and the rest of the letters in the marking at least 1/8 in (3.2 mm) high. The entire
marking shall be durable and permanent. See also 56.4.1.
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APPENDIX A
Standards for Components

Standards under which components of the products covered by this standard are evaluated include the
following:

Title of Standard — UL Standard Designation

Attachment Plugs and Receptacles — UL 498

Cord Sets and Power-Supply Cords — UL 817

Double Insulation Systems for Use in Electrical Equipment — UL 1097
Fans, Electric — UL 507

Fuseholders — UL 512

Fuses, Low Voltage — Part 1. General Requirements — UL 248-1
Fuses, Low Voltage — Part 14: Supplemental Fuses — UL 248-14
Lampholders, Edison-Base — UL 496

Marking and Labeling Systems — UL 969

Motors, Electric — UL 1004

Motors, Overheating Protection for — UL 2111

Plastic Materials for Parts in Devices and Appliances— Tests for Flammability of — UL 94
Printed-Wiring Boards — UL 796

Switches, Clock-Operated — UL 917

Switches, General-Use Snap — UL 20

Switches, Special-Use — UL 1054

Tape, Polyvinyl Chloride, Polyethylene, and Rubber Insulating — UL 510
Temperature-Indicating and -Regulating Equipment — UL 873

Tests for Sharpness of Edges on Equipment — UL 1439
Thermal-Links — Requirements and Application Guide — UL 60691
Wire Connectors — UL 486A-486B

Wire, Flexible Cord and Fixture — UL 62

Wires and Cables, Thermoset-Insulated — UL 44

Wires and Cables, Thermoplastic-Insulated — UL 83
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CANADIAN REQUIREMENTS COMPARISON GUIDE CRG 73

UL AND CANADIAN STANDARDS FOR MOTOR-OPERATED APPLIANCES
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Product Category: Animal Care Equipment, Checkout Stands, Motor-Operated Cleaning Machines and
Engravers
UL Category Control Numbers: ASTS, DBNT, DMGK, FTSZ

UL Standard:

Standard for Motor-Operated Appliances
UL 73
Ninth Edition

Canadian Standard:
Motor-Operated Appliances (Household and Commercial)
CAN/CSA-C22.2 No. 68-92
Sixth Edition

This Canadian Requirement Comparison Guide is only intended to identify Canadian requirements that
must be applied in addition to the requirements in the UL Standard to obtain a C-UL Mark. The guide is
not intended to replace a thorough review and comparison of the requirements applicable to the product
category as contained in the applicable UL and Canadian Standards. Where requirements are not
specifically addressed, compliance with the requirements in the UL Standard satisfy the requirements in
the Canadian Standard.

The actual requirements applied for a C-UL product investigation may differ from those identified in this
guide based on the specific features, characteristics, components, materials, or systems used in the
product.

CRG: 73
Issue No.: 1
Issue Date: December 23, 2004

Revisions of this guide will be made by issuing revised or additional pages bearing their date of issue. A
Canadian Requirement Comparison Guide is current only if it incorporates the most recently adopted
revisions, all of which are itemized on the transmittal notice that accompanies the latest set of revision
pages for the Guide.

The following outlines the requirements contained in CAN/CSA-C22.2 No. 68-92 that are in addition to the
requirements in UL 73 that must be met in order for a product to bear the appropriate UL Marking. UL

provides a certification program for products that meet the Canadian requirements. The C-UL Mark
provides assurance that the product as evaluated by UL, complies with the appropriate Canag'@@\& >
requirements. @;\;\ '
S
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CRG3

Requirements Topics
Scope

Scope — Canadian Electrical Code

Components

Accessibility Of Supply Cord Conductors
Used As Internal Wiring

Enclosure Flammability Of Unattended
Products

Enclosure Flammability Of Attended
Appliances

Enclosure Flammability Of Hand-Held
Products Or With Momentary Contact
Switch

Equipment Used In Garage

Openings Below Live Parts

CSA Clause
1.1

11,31
4.1.1

4.2.3

4.2.6.1

4.2.7,4.2.6.2

4.2.8

4.2.11

4.2.13.1, 4.2.13.5, 6.16

\\A/
b@ Mi’”
@3

~Q ) )
@W «,@®

Table Continued on Next Page

Comparison_

Appliances driven by electromagnetic
mechanisms limited for use on 240 V or
less.

Canadian Electrical Code used in place of
National Electrical Code.

Components must comply with applicable
Canadian component standards.

Requirements restricting ripping length
and conductor insulation thickness related
to accessibility.

Required to meet 127 mm End-Product
Flame Test (or 5VA rated) for all
unattended products. UL 73 allows V
rating for portable unattended products
and portable attended commercial
products per UL 746C.

Required to meet 19 mm End-Product
Flame Test (or V-0 or V-1 rated) for all
attended products (4.2.7) or HB rated with
HAI = 0 or 1 with additional component
requirements (4.2.6.2). UL 73 allows HB
rating for portable attended household
equipment without additional requirements
and for portable unattended household
equipment with additional requirements
per UL 746C.

Requires products with open components
to have HAI = 0 or 1 for hand-held
products or those with momentary contact
switch.

Requires total enclosure of arcing or
sparking parts to keep igniting materials
over 50 mm from sides of enclosure.
Marking allows placement at floor level
UL 73 requires marking for 18 in a@e\
terminals, he t|

floor level.
I@Qcate ﬁg
|ng and
other liv ?@s (ex

er-supply
( d \Mrm at has beenﬁmated
ide oq,@l(s@fo the en unless
ed or SQ;

Openings shall n

they d to prevent
Q@Bj@metaﬂ orfblf@mg material from
ing to éoéurface on which the product

is sl . See also 4.2.13.5 and 6.16
ggﬁeen requirements.
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Requirements Topics
Accessibility Of Live And Moving Parts

Mechanical Assembly

Fastening

Attachment Plug Current Rating

Supply Cord Ampacity

Use of Magnet Wire As A Lead

Internal Wire Types

Coin or Ticket Operated Equipment

Electrical Insulation

Table Continued

CSA Clause
4.2.9,4.2.13.2, 4.2.13.3, Fig. 2

4.4.1

4.4.2

45.2.2,45.2.4

45.23,45.2.4, Table 11

4.8.5

4.8.6.1

4.8.9.1

49.1

@@)

@@@

1{& )
SO

~\ 7
C Q
o «,@\’

Table Continued on Next Page

S
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Comparison

Ventilating and other openings shall be
constructed in such a manner that the
probe in Figure 2 of CAN/CSA C22.2 No.
68-92 does not contact bare live parts,
insulated live parts, or internal moving
parts when it is inserted through an
opening. Probe is 6.3 mm (1/4 in)
diameter and 75 mm (<3 in) long.

Wire connectors must be taped to the
wire, unless they are secured by a
compression tool or machine.

Does not allow a lock washer as a means
of rotation prevention on rotary switches
and field wiring terminals.

The current rating of the attachment plug
provided with a product intended to
operate for one hour or less during a two
hour period shall be no less than the
marked rating of the appliance, or the
input current measured under maximum
load conditions described in Clause 6.2,
whichever is greater.

The current rating of the attachment plug
provided with a product intended to
operate for one hour or more during a two
hour period shall be no less than 125% of
the marked rating of the appliance, or
125% of the input current measured under
maximum load conditions described in
Clause 6.2, whichever is greater.

Supply cord of motor-operated appliances
based on input under normal load or a
rated wattage, but at least equal to that
required by Table 11.

Requires minimum size and msulatcgnf\i\?(\

Specifies the suitable type@%ternal

wiring. @m
Exposur rmlnals jrtng or other live
parts llow: 'ng ticket i

50\

B

@@tg@ N w@ ’

materlal;th are used for

ﬁ’i@&
ulatio @lrect support of live parts,

and@tb@&/have a flammability rating of

,O’i\

etter or subjected to 19 mm Flame

est (D).
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Reguirements Topics
Electrical Insulation

Motor Overheating Protection

Suppressors

Lampholders

Protective Devices And Fuseholders In
Ungrounded And Double Insulated
Equipment Or Rated 240 V

Spacings

Bonding And Grounding

Grounding Required

Printed-Wiring Boards

Internal Spacings

Table Continued

CSA Clause
4.9.2

4.10.2

4.12.2

4.13.7
4.14.3,5.8
4.16.1, Table 4

4.18.1

4.18.2

4.22.1
4.22.2
4.22.4

‘\ @\O)

’ﬁ%
Q@, {‘\,

)
9 «,@®

Table Continued on Next Page

Comparison_

Insulation materials that are located near
arcing parts shall either have a
flammability rating of V2 or better, or
subjected to 19 mm Flame Test (D).

Motor overheating protection required.
Fewer exceptions than allowed by UL 73.

Not connected between live parts and
exposed conductive parts unless required
for normal operation of equipment.

Shades for lampholders shall be
supported independently of the
lampholder.

Accessible fuseholders must be dead front
shockproof type or be marked in
accordance with 5.8.

Voltage levels different from UL 73.
Greater spacings required per Table 4 for
Iltems 2 (a) at 375 V, and 2 (b) at 150 V
and 375 V.

Ground Continuity must be conducted per
C22.2 No. 0.4.

Products must be grounded or comply
with DI tests (7.6) unless cord-connected,
household hand-held or table mounted
equipment that is not connected to water
supply or drainage or partially or entirely
immersed for cleaning.

o <©
Printed-wiring boards shall have a Oix/\\\
flammability rating of V1 or better, or @ \\>
comply with the 19 mm Flame Test (D). \»

o\
Printed-wiring boards located.i @I s 2
N
circuits shall have a ﬂamm@ty rating of

HB or better. o ©@m @{@

In areas spacm nnot be

deter |th|n con ents,
odu e subj the

al no ra ion ar rt circuit tests

x 50 br ti t it test

\\y
@ o\t)

|n Clauségﬁ76 and 6.7.7 or a
ectric strength test for one second at

the ap @@ e voltage potential specified
5 of CAN/CSA C22.2 No. 68-92.
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Reguirements Topics
Markings

Sequence Of Tests

Maximum Normal Load

Shoe Polishers (Buffers)

Rating

Testing At Over And Undervoltage

Dielectric Strength

Temperature (Abnormal) — Cheesecloth

9

©®J> } @
o NS

Table Continued

CSA Clause
5.1(9)

5.2

5.14

6.1.1

6.2.1.5

6.2.6

6.4

6.5.2

6.6.1

4 @
6.7.3 (c) ’ﬁ@ r @@@

,

Table Continued on Next Page

Comparison_
The month and year in which the product
is manufactured shall be marked on an
area of the appliance that is accessible
with the use of tools.

Markings shall comply with the
requirements of the General
Requirements — Canadian Electrical Code,
Part Il, CAN/CSA C22.2 No. 0-M91.

Equipment needing a bracket to provide
stability must be marked to indicate the
purpose and location of the bracket.

Test to be conducted on one
representative sample in the order of the
clauses.

Equipment marked in A, W, hp or other
rating greater than the representative load
in 6.2.2 — 6.2.18, must be tested at the
rated load for the temperature test.

Household operated no-load for 20 min.
Commercial operated continuously at
no-load until constant temperatures.

The input rating shall be within 85 to
110% of the marked rating. If horsepower
is indicated, advertised or marked the
actual horsepower at maximum normal
load shall be within 80 — 120%.

Exception: Single-phase equipment rated
less than 3 A or 300 W input shall be
within 80 to 120% of the marked rating
and within 70 — 130% of marked
horsepower.

The Temperature (Normal) Test,is @0
conducted at undervoltage %q\\ﬁ\
overvoltage based on the r

with an additional
rated 120 V, te

o
ctl/yétés@

3re

%ntact
QO

Wih% Abnormal Test shall be conducted

with 4 layers of cheesecloth on supporting

@

1000
the prodgc

e
g\at 12”0W§?¢6 E?w

un/a@wpmentt @;&pphed
rsbns, teste 00 V

piu@wwe rated

volves wet or moist

surface and draped loosely over product.
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Reguirements Topics
Temperature (Abnormal) — Dual Voltage
Products

Temperature (Abnormal)

Temperature (Abnormal) — Leakage
Current

Temperature (Abnormal) — Dielectric
Strength Test

Temperature (Abnormal) — Hand-Held
Appliances Or Appliances Operated By A
Momentary Contact Switch

Temperature (Abnormal) — Foot Control

Outdoor And Car Wash Equipment

Interlock Switches And Controls

Single-Phase, Cord-Connected
Appliances

Overfill Test

Stability

o

Table Continued

CSA Clause
6.7.3 (d)

6.7.3 (e)

6.7.3 ()
6.7.4

6.7.8 (a), (c)

6.7.8 (b)

6.7.9

6.8

4.11.3,6.9.2

6.10.1

4.2.4,6.10.10

©
o ,\t
@b“

{\’ﬁ

x O
4 %@6\11 <§ § @;

e

Table Continued on Next Page

(go "73 al

Comparison_

Operation at highest voltage (240 V) while
connected for operation at the lowest
voltage (120 V).

For attended intermittent-duty household
appliances without inherent overheating
protection in accordance with Clause
4.10.2 (e), five samples shall be subjected
to stalled rotor test.

The leakage current shall be measured
throughout the test and comply with
Clause 6.10.1.

A Dielectric Strength Test shall be
conducted after the abnormal test in
accordance with 6.6.

Additional Abnormal Test — tested with the
rotor of the appliance locked and operated
for 10 cycles with the product on for 15 s
and off for 15 s. If one-shot protector
required to comply with this test, five
samples to be tested.

Additional Abnormal — operated
continuously for 7 h under no load
condition.

Foot controller operated continuously in
most unfavorable position.

Outdoor use equipment must be rated or

tested as a Type 3 enclosure followed by
leakage current test. Car wash equipment
must be rated or tested as a Type 3 or 4

enclosure followed by dielectric and
insulation resistance tests.

with G

t; scribed

Safety interlocks shall comply
100,000 Cycle Endurance

in 6.9.2. & @

Limits max i aka rent to 0.5
mA u ondkti”@\n or appliances
ratgehnot mo;gi@n 150 volts1> round.
075 mA rounded
s% equm
Requw roducts with a liquid
r that may be overfilled in normal

Also conducted on stationary products. UL
73 tests only portable products.

(\i\?\\(\\i\)
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Reguirements Topics

Physical Abuse Tests

Impact Test

Impact Test - Shock Hazard

Strain Relief Torque Test

Cord Flexing Test

Hand-Held Appliances With Detachable
Cords

Speed Control-Limited Short-Circuit Test

Backflow Prevention

Mold-Stress

Table Continued

CSA Clause Comparison

4.1.2,4.2.1,6.12 Impact tests of 6.12 are also conducted
on products with metal enclosures. UL 73
(UL 746C) tests only polymeric

enclosures.

6.12.1 The enclosures, controls, and similar parts
are subjected to an impact of 1.5 ft-Ibf (2
J). UL 73 requires 0.75 ft-Ibf (1 J) for

counter supported products per UL 746C.

6.12.3 Leakage Current Test shall be repeated
and a accessibility checked with the 1/4-in

probe after the impact and drop tests.

6.13.1 (¢) The strain relief shall withstand a torque
of 5 Ibf-ft (0.226 N-m) per each minimum
0.1 in (2.54 mm) cross-section dimension
of the power supply cord without the
transmission of strain to the internal
connections of the cord. The torque is to

be applied on the cord for one minute.

4.6.3, 6.13.2 A nondetachable power supply cord or
wiring that is subject to flexing during the
intended use of the appliance shall
comply with the requirements of the

Flexing Test described in Clause 6.13.2.

4.6.4,6.13.3 Must have appliance plug retention 1000

cycle endurance test per 6.13.3.

4.2.6.2 (b), 6.14 Solid state speed controls subjected to the
limited short-circuit test in order to reduce
the flammability requirements of the

enclosure per 4.2.6.2.

4.1.4,6.15 Required for products connected to ?(\i\,
potable water supply and tested per (;‘.@t@\,
6.22 Minimum oven temperatur@{%\C for
outdoor use appllance@m /i<>
G5 o
D
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Superseded requirements for
the Standard for
Motor-Operated Appliances

UL 73, Ninth Edition

The requirements shown are the current requirements that have been superseded by requirements in
revisions issued for this Standard. To retain the current requirements, do not discard the following
requirements until the future effective dates are reached.

12.1.2.6 The flexible cord shall not be less than 6 ft (1.83 m) long and shall be attached to the appliance.

Exception No. 1: An appliance that is not required to be provided with a grounding conductor may be
provided with a separate cord set having means for connection to the appliance and a length of not less
than 6 ft.

Exception No. 2: A cord-connected appliance that is required to be equipped with a grounding conductor
may be provided with not more than 18 in (457 mm) of permanently attached flexible cord or with a
connector base If:

a) Usage of the appliance is such that it is necessary to connect it by means of an extension
cord during normal operation; the manufacturer makes extension cords available; and a
statement indicating the availability of such extension cords is marked on the appliance or is
included in an instruction book or the like that is regularly furnished with the appliance; or

b) The manufacturer furnishes a detachable cord set, 6 ft or more long, with the appliance.
Exception No. 3: This requirement does not apply to a cord as described in 12.1.1.1(b).

Exception No. 4: A hand-supported engraver, intended for marking or etching materials, may be provided
with not less than 5 ft (1.52 m) of attached flexible cord.

12.1.2.9 The attachment plug shall have an ampacity not less than the rated current of an appliance, or
the input current under maximum normal load conditions, whichever is greater, and a voltage rating equal
to the rated voltage of the appliance. If an appliance can be adapted for use on two or more different
values of voltage by field alteration of internal connections, the attachment plug provided with the

appliance shall be acceptable for the voltage for which the appliance is connected when shipped from the @

factory. See 56.1.9. (§®\
12.1.3.3 A clamp of any material — metal or otherwise — is not acceptable for use on Type SP {ri\

SVT, SVTO, or SVTOO cord. S
G@( @(
Exception No. 1: The construction may be acceptable if the cord is protected %K/ya%sh%e{@o h tub/ng or
the equivalent under the clamp. A v A\

@ GO p3
Exception No. 2: A clamp may be used if it has been /nvestlgatet{\@% ou @ \be acc le.
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18.1.1 An appliance of one or more of the following types shall have provision for grounding.

a) An appliance for use in damp or wet locations and intended to be used in other than
residential occupancies.

b) An appliance intended to be used on a circuit operating at more than 150 V to ground — see
18.1.2.

c) An upholstery shampooer.
d) An insecticide sprayer.

Exception: An appliance may be provided with a double insulation system that complies with the
Standard for Double Insulation Systems for Use in Electrical Equipment, 1097 in place of a provision for

grounding.

56.1.17 An appliance that is intended for installation in a garage or the like and that incorporates arcing
or sparking parts shall be permanently marked with the following statement: "This equipment incorporates
parts, such as snap switches, receptacles, and the like that tend to produce arcs or sparks and, therefore,
when located in a garage, it should be in a room or enclosure provided for the purpose, or should be 18
in (457 mm) or more above the floor.”
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