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UL is in the process of converting its Standards for Safety to the Standard Generalized Markup Language
(SGML), and implementing an SGML compliant document management and publishing system. SGML -
an international standard (ISO 8879-1986) - is a descriptive markup language that describes a document’s
structure and purpose, rather than its physical appearance on a page. Significant benefits that will result
from UL’s use of SGML and these new systems include increased productivity, reduced turnaround times,
and data and information consistency, reusability, shareability, and portability. However, the fonts,
pagination, and general formatting of UL's new electronic publishing system differ from that of UL's
previous publishing system. Consequently, when revision pages are issued for a Standard with the new
publishing system, these differences may result in the printing of pages on which no requirements have
been changed - these additional pages result from relocation of text due to repagination and reformatting
of the Standard with the new publishing system.

The master for this Standard at UL's Northbrook Office is the official document insofar as it relates to a
UL service and the compliance of a product with respect to the requirements for that product and service,
or if there are questions regarding the accuracy of this Standard.

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.
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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
the hard disk of a single personal computer, or on a single LAN file-server or the permanent storage
device of a multiple-user computer in such a manner that this Standard may only be accessed by one user
at a time and for which there is no possibility of multiple concurrent access.

If a multiple-user version electronic Standard was purchased, one copy of the Standard may be stored on
a single LAN file-server, or on the permanent storage device of a multiple-user computer, or on an Intranet
server. The number of concurrent users shall not exceed the number of users authorized.

Electronic Standards are intended for on-line use, such as for viewing the requirements of a Standard,
conducting a word search, and the like. Only one copy of the Standard may be printed from each
single-user version of an electronic Standard. Only one copy of the Standard may be printed for each
authorized user of a multiple-user version of an electronic Standard. Because of differences in the
computer/software/printer setup used by UL and those of electronic Standards purchasers, the printed
copy obtained by a purchaser may not look exactly like the on-line screen view or the printed Standard.

An employee of an organization purchasing a UL Standard can make a copy of the page or pages being
viewed for their own fair and/or practical internal use.

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 and Follow-Up Services after the effective
date, and understanding of this should be signified in writing.

Copyright © 2000 Underwriters Laboratories Inc.

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

A. This Standard contains basic requirements for products covered by Underwriters Laboratories Inc. (UL)
under its Follow-Up Service for this category within the limitations given below and in the Scope section
of this Standard. These requirements are based upon sound engineering principles, research, records of
tests and field experience, and an appreciation of the problems of manufacture, installation, and use
derived from consultation with and information obtained from manufacturers, users, inspection authorities,
and others having specialized experience. They are subject to revision as further experience and
investigation may show is necessary or desirable.

B. The observance of the requirements of this Standard by a manufacturer is one of the conditions of the
continued coverage of the manufacturer’s product.

C. A product which complies with the text of this Standard will not necessarily be judged to comply with
the Standard if, when examined and tested, it is found to have other features which impair the level of
safety contemplated by these requirements.

D. A product employing materials or having forms of construction which conflict with specific requirements
of the Standard cannot be judged to comply with the Standard. A product employing materials or having
forms of construction not addressed by this Standard may be examined and tested according to the intent
of the requirements and, if found to meet the intent of this Standard, may be judged to comply with the
Standard.

E. UL, in performing its functions in accordance with its objectives, does not assume or undertake to
discharge any responsibility of the manufacturer or any other party. The opinions and findings of UL
represent its professional judgment given with due consideration to the necessary limitations of practical
operation and state of the art at the time the Standard is processed. UL shall not be responsible to anyone
for the use of or reliance upon this Standard by anyone. UL shall not incur any obligation or liability for
damages, including consequential damages, arising out of or in connection with the use, interpretation of,
or reliance upon this Standard.

F. Many tests required by the Standards of UL are inherently hazardous and adequate safeguards for
personnel and property shall be employed in conducting such tests.
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INTRODUCTION
1 Scope

1.1 These requirements cover electrically-powered hobby and sports equipment rated 250 volts or less
for use in ordinary locations in accordance with the National Electrical Code, NFPA 70.

1.2 These requirements cover equipment intended for the home entertainment and amusement of adults.

1.3 These requirements do not cover toys and games intended to be used by children, amusement
machines, photographic equipment, or other products that are covered by separate requirements.

1.4 In the following text, a requirement that does not apply to all of the types of products covered by this
standard is identified by a specific reference in that requirement to the type or types of product involved.
Absence of such specific reference or use of the term product indicates that the requirement applies to all
types of products unless the context indicates otherwise.

1.5 A product that contains features, characteristics, components, materials, or systems new or different
from those covered by the requirements in this standard, and that involves a risk of fire or of electric shock
or injury to persons shall be evaluated using appropriate additional component and end-product
requirements to maintain the level of safety as originally anticipated by the intent of this standard. A
product whose features, characteristics, components, materials, or systems conflict with specific
requirements or provisions of this standard does not comply with this standard. Revision of requirements
shall be proposed and adopted in conformance with the methods employed for development, revision, and
implementation of this standard.

2 General

2.1 Components

2.1.1 Except as indicated in 2.1.2, a component of a product covered by this standard shall comply with
the requirements for that component. See Appendix A for a list of standards covering components used
in the products covered by this standard.

2.1.2 A component is not required to comply with a specific requirement that:

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

b) Is superseded by a requirement in this standard.

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

2.1.4 Specific components are incomplete in construction features or restricted in performance

capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.
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2.2 Units of measurement

2.2.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

2.2.2 Unless otherwise indicated, all voltage and current values mentioned in this standard are
root-mean-square (rms).

2.3 Undated references

2.3.1 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.

3 Glossary
3.1 For the purpose of this standard the following definitions apply.

3.2 LINE-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 250 volts and having
circuit characteristics in excess of those of a low-voltage circuit.

3.3 LOW-VOLTAGE CIRCUIT — A circuit involving a peak open-circuit potential of not more than 42.4
volts supplied by:

a) A primary battery;
b) A Class 2 transformer; or

c) 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 a low-voltage circuit.

CONSTRUCTION
4 Enclosure
4.1 A product shall have the strength and rigidity necessary to resist the abuses to which it may be
subjected, without increasing the risk of fire, electric shock, or injury to persons due to total or partial
collapse of the enclosure and resulting reduction of spacing, loosening or displacement of a part, or other
malfunction.
4.2 Among the factors taken into consideration when an enclosure is evaluated are its:

a) Mechanical strength;

b) Resistance to impact;

c) Resistance to corrosion;

d) Resistance to distortion at temperatures to which the enclosure may be subjected under
conditions of normal or abnormal use; and
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e) Dielectric properties, insulation resistance, and resistance to arc tracking.

4.3 Cast- and sheet-metal portions of the enclosure shall not be thinner than the applicable value
specified in Table 4.1 unless the enclosure is determined to be acceptable when evaluated under the
considerations specified in 4.2.

Table 4.1
Thickness of metal enclosure

Minimum thickness

At small, flat unreinforced surfaces and
at surfaces that are reinforced by
curving, ribbing, and the like,

At relatively large unreinforced flat

surfaces,

Metal inch (mm) inch (mm)
Die-cast metal 3/64 1.2 5/64 2.0
Cast malleable iron 1/16 1.6 3/32 2.4
Other cast metal 3/32 24 1/8 3.2
Uncoated sheet steel 0.026 0.66 0.026 0.66
Galvanized sheet steel 0.029 0.74 0.029 0.74
Nonferrous sheet metal 0.036 0.91 0.036 0.91

4.4 A nonmetallic enclosure shall comply with the Standard for Polymeric Materials — Use in Electrical
Equipment Evaluations, UL 746C.

5 Accessibility of Parts

5.1 To reduce the likelihood of unintentional contact that may involve a risk of electric shock from
uninsulated live parts and film-coated wire and contact that may involve a risk of injury to persons from a
moving part, an opening in an enclosure of a product or in a motor shall be investigated as described in

(a) or (b).

a) For an opening that has a minor dimension (see 5.4) less than 1 inch (25.4 mm), such a

part or wire shall not be contacted by the probe illustrated in Figure 5.1.

b) For an opening that has a minor dimension of 1 inch or more:

1) A moving part shall be spaced from the opening as specified in Table 5.1, and

2) Neither an uninsulated live part nor film-coated wire shall be within:

i) X inches of the perimeter of the opening or

i) The volume generated by projecting the perimeter X inches normal to its
plane. X equals five times the minor dimension of the opening, but not less than

6-1/16 inches (154 mm) — see Figure 5.2.

Exception No. 1: A motor other than one used in either a hand-held product or a hand-supported portion
of a product need not comply with these requirements if it complies with the requirements in 5.2.

Full document details: UL 9612000
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Exception No. 2: An opening necessary for intended operation of a product need not comply with this
requirement.
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Figure 5.1
Articulate probe with web stop
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Table 5.1
Minimum distance from an opening to a moving part
that may involve a risk of injury to persons

Minor dimension of opening, Minimum distance from opening to part,
inches (mm) inches (mm)
3/4 19.1 4-1/2 114
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
c c 30 762
@ see 5.2,
b Between 3/4 and 2-1/8 inches, interpolation is to be used to determine a value between values specified in the table.
€ More than 2-1/8 inches, but not more than 6 inches (152 mm).

Figure 5.2
Opening in enclosure
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(Proportions exaggerated for clarity)

5.2 With reference to the requirements in 5.1, in the enclosure of a motor:

a) An opening that has a minor dimension (see 5.4) less than 3/4 inch (19.1 mm) is acceptable
if:

1) A moving part cannot be contacted by the probe illustrated in Figure 5.3;

2) Film-coated wire cannot be contacted by the probe illustrated in Figure 5.4;
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3) In a directly accessible motor, an uninsulated live part cannot be contacted by the
probe illustrated in Figure 5.5; and

4) In an indirectly accessible motor (see 5.5), an uninsulated live part cannot be
contacted by the probe illustrated in Figure 5.3.

b) An opening that has a minor dimension of 3/4 inch or more is acceptable if:
1) A moving part is spaced from the opening as specified in Table 5.1; and
2) An uninsulated live part or film-coated wire is not within:
i) X inches of the perimeter of the opening or
i) The volume generated by projecting the perimeter X inches normal to its
plane (see Figure 5.2). X equals five times the minor dimension of the opening,
but not less than 3-5/32 inches (80 mm) for contact with an uninsulated live part

through an opening in the enclosure of a directly accessible motor, and 4
inches (102 mm) for all other openings.

Figure 5.3
Probe for moving parts and uninsulated live parts
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Figure 5.4
Probe for film-coated wire
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Figure 5.5
IEC articulate probe
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5.3 The probes specified in 5.1 and 5.2 and illustrated in Figures 5.1 and 5.3 — 5.5 are to be applied to
any depth that the opening will permit and with a force not greater than 1 pound (4.4 N); and are to be
rotated or angled before, during, and after insertion through the opening to any position that is necessary
to examine the product or motor. The probes illustrated in Figures 5.1 and 5.5 are to be applied in any
possible configuration; and, if necessary, the configuration is to be changed after insertion through the
opening.

5.4 With reference to the requirements in 5.1 and 5.2, 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
perpendicular to the plane of the opening with a force not greater than 5 pounds (22.2 N).

5.5 With reference to the requirements in 5.2, an indirectly accessible motor is a motor that is:

a) Accessible only by removing a part of the outer enclosure of a product, such as a guard or
panel, that can be removed without using a tool or

b) Located at such a height or is otherwise guarded or enclosed so that it is unlikely to be
contacted.

5.6 During the examination of a product to determine whether it complies with the requirements in 5.1 and

5.2, a part of the enclosure that may be removed by the user without using a tool — to attach an accessory,
make an operating adjustment, or for other reasons — is to be disregarded.
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5.7 With reference to the requirements in 5.1 and 5.2, insulated brush caps are not required to be
additionally enclosed.

6 Mechanical Assembly

6.1 A product shall be assembled so that it will not be adversely affected by the vibration of intended
operation. A brush cap shall be threaded or shall be provided with other means to reduce the likelihood
of loosening.

6.2 A switch other than a through-cord switch, a lampholder, an attachment-plug receptacle, a
motor-attachment plug, or similar component shall be mounted securely and shall be prevented from
turning. See 6.3 for specifications.

Exception No. 1: A means need not be provided to prevent a switch from turning if all four of the following
conditions are met:

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 operation of the
switch.

b) The method of mounting is such that operation of the switch will not loosen the switch.
c) The spacings are not reduced below the minimum acceptable values if the switch rotates.

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

Exception No. 2: A lampholder of the type in which the lamp cannot be replaced, such as a neon pilot or
indicator light in which the lamp is sealed in a nonremovable jewel, may turn if rotation cannot reduce
spacings below the acceptable values.

6.3 The means for preventing the turning specified in 6.2 shall consist of more than friction between
surfaces. For example, a lock washer may be used as the means for preventing a small, stem-mounted
switch, or other device having a single-hold mounting means, from turning.

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

6.5 Friction between surfaces is not to be used to prevent shifting or turning of live parts, but a lock
washer applied as intended may be used.
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7 Protection Against Corrosion

7.1 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: If oxidation due to the exposure of the metal to air and moisture is not likely to be
appreciable — thickness of metal and temperature also being factors — surfaces of sheet-steel and
cast-iron parts within an enclosure may not be required to be protected against corrosion.

Exception No. 2: Bearings, laminations, or minor parts of iron or steel, such as washers, screws, and the
like, need not be protected against corrosion.

8 Power-Supply Connections — Cord-Connected Products
8.1 Cords and plugs

8.1.1 Other than as noted in 8.1.2, a cord-connected product shall be provided with 6 — 10 feet (1.8 — 3.0
m) of flexible cord and an attachment plug for connection to the power-supply circuit.

8.1.2 A cord-connected product may be provided with not more than 18 inches (457 mm) of permanently
attached flexible cord or with a connector base motor-attachment plug if:

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

b) The manufacturer furnishes a detachable cord set, 6 feet (1.8 m) long or more, with the
product.

8.1.3 If a product employs a detachable cord set, the arrangement shall be such that live parts will not be
exposed under any conditions encountered in intended use of the product.

8.1.4 The flexible cord shall have a voltage rating not less than the rated voltage of the product, and shall
have an ampacity not less than the current rating of the product.

8.1.5 Other than as noted in 8.1.6, the flexible cord provided with a product shall be Type SP-2, SPE-2,
or SPT-2, or a type determined to be equivalent.

Exception: Type SPT-1 cord may be used for a household golf practice putter.

8.1.6 A flexible power-supply cord provided with a product intended for outdoor use shall be Type SEW,
STW, STOW, SJW, SJIEW, SJOW, SJTW, SJTOW, or SW.

8.1.7 The attachment plug shall have an ampacity not less than the rated current at the rated voltage of
the product.
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