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UL Standard for Safety for Vacuum Cleaners, Blower Cleaners, and Household Floor Finishing Machines,
UL 1017

Seventh Edition, Dated December 7, 2001
Revisions: This Standard contains revisions through and including August 15, 2002.

UL Standards for Safety are developed and maintained in the Standard Generalized Markup Language
(SGML). 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. Due to
formatting differences resulting from the use of UL's new electronic publishing system, please note that
additional pages (on which no requirements have been changed) may be included in revision pages due
to relocation of existing text and reformatting of the Standard.

Text that has been changed in any manner is marked with a vertical line in the margin. Changes in
requirements are marked with a vertical line in the margin and are followed by an effective date note
indicating the date of publication or the date on which the changed requirement becomes effective.

The following table lists UL'’s future effective dates with the corresponding reference.

Future Effective Date References

August 29, 2003 Clauses 5.16A, 5.16A.1, 5.16A.2, 5.16A.3, 5.16A.4, 5.16A.5,
5.16A.6, 5.16A.7, and Figure 24.

The revisions dated August 15, 2002 include a reprinted title page (pagel) for this Standard.

As indicated on the title page (page 1), this UL Standard for Safety is an American National Standard.
Attention is directed to the note on the title page of this Standard outlining the procedures to be followed
to retain the approved text of this ANSI/UL Standard.

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.
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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
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 © 2002 Underwriters Laboratories Inc.
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Commitment for Amendments

This Standard is issued jointly by the Canadian Standards Association (CSA),
and Underwriters Laboratories Incorporated (UL). Amendments to this Standard
will be made only after processing according to the Standards development
procedures of CSA and UL.

The most recent designation of ANSI/UL 1017 as an American National Standard
(ANSI) occurred on March 13, 2002.

This ANSI/UL Standard for Safety, which consists of the seventh edition with
revisions through May 24, 2002, 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. Written
comments are to be sent to UL-Northbrook Standards Department, 333 Pfingsten
Road, Northbrook, IL 60062-2096.

Revisions of this Standard will be made by issuing revised or additional pages
bearing their date of issue. A UL Standard 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 revised requirements.

ISBN 1-55324-674-8 ISBN 0-7629-0726-6
Copyright © 2001 Copyright © 1992, 2002
Canadian Standards Association Underwriters Laboratories Inc.

All rights reserved. No part of this
publication may be reproduced in any
form whatsoever without the prior
permission of the publisher.
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Preface

This is the common UL and CSA Standard for Vacuum Cleaners, Blower Cleaners, and Household Floor
Finishing Machines. This is the seventh edition of UL 1017, Vacuum Cleaners, and Blower Cleaners (now
titted Vacuum Cleaners, Blower Cleaners and Household Floor Finishing Machines), and the third edition
of CSA C22.2 No. 243, Vacuum Cleaners and Blower Cleaners (now title Vacuum Cleaners, Blower
Cleaners, and Household Floor Finishing Machines). This UL edition supersedes the previous edition
published in 2001. This CSA edition supersedes the previous edition published in 1996.

This edition of the common Standard includes requirements for electrically powered floor finishing
machines, including floor polishers, floor scrubbers, floor sanders, rug shampooers, rug and floor
washers, and similar machines for household use.

This common Standard was prepared by Underwriters Laboratories Inc., Canadian Standards Association
and the Vacuum Cleaner industry of both the USA and Canada.

This Standard was reviewed by the CSA Subcommittee on Vacuum Cleaners and Blower Cleaners under
the jurisdiction of the Technical Committee on Consumer and Commercial Products and the Strategic
Resource Group, and has been approved by the Technical Committee.

Note: Although the intended primary application of this Standard is stated in its Scope, it is important to note that it remains the
responsibility of the users of the Standard to judge its suitability for their particular purpose.

Level of harmonization
This standard is published as an identical standard for UL and CSA.

An identical standard is a standard that is the same in technical content except for conflicts in Codes and
Governmental Regulations. Presentation shall be word for word except for editorial changes.

Interpretations

The interpretation by the SDO of an identical or equivalent standard shall be based on the literal text to
determine compliance with the standard in accordance with the procedural rules of the SDO. If more than
one interpretation of the literal text has been identified, a revision shall be proposed as soon as possible
to each of the SDOs to more accurately reflect the intent.

UL Effective Date

As of August 31, 2001 all products Listed by UL must comply with the requirements in this Standard
except for Clauses, Figures, and Tables in the following lists which are effective on the date indicated.

Clauses 5.16A, 5.16A.1, 5.16A.2, 5.16A.3, 5.16A.4, 5.16A.5, 5.16A.6, 5.16A.7, and Figure 24 are effective
August 29, 2003.

Between August 31, 2001 and August 29, 2003, new product submittals to UL may be evaluated under
all requirements in this Standard or, if requested in writing, evaluated under presently effective
requirements only. The presently effective requirements are contained in the fifth edition of UL 1017.

A UL effective date is one established by Underwriters Laboratories Inc. and is not part of the ANSI
approved standard.
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CSA Effective Date

The effective date for CSA will be announced through CSA Informs or CSA Certification Naotice.
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Foreword (CSA)

The Canadian Standards Association (CSA) develops standards under the name Canadian Standards
Association, and provides certification and testing under the name CSA International. CSA International
provides certification services for manufacturers who, under license from CSA, wish to use the appropriate
registered CSA Marks on certain products of their manufacture to indicate conformity with CSA Standards.

CSA Certification for a number of products is provided in the interest of maintaining agreed-upon
standards of quality, performance, interchangeability and/or safety, as appropriate. Where applicable,
certification may form the basis for acceptance by inspection authorities responsible for enforcement of
regulations. Where feasible, programs will be developed for additional products for which certification is
desired by producers, consumers, or other interests. In performing its functions in accordance with its
objectives, CSA does not assume or undertake to discharge any responsibility of the manufacturer or any
other party. The opinions and findings of the Association represent its professional judgement given with
due consideration to the necessary limitations of practical operation and state of the art at the time the
Standard is processed.

Products in substantial accord with this Standard but which exhibit a minor difference or a new feature
may be deemed to meet the Standard providing the feature or difference is found acceptable utilizing
appropriate CSA International Operating Procedures. Products that comply with this Standard shall not be
certified if they are found to have additional features which are inconsistent with the intent of this
Standard. Products shall not be certifiable if they are discovered to contravene applicable laws or
regulations.

Testing techniques, test procedures, and instrumentation frequently must be prescribed by CSA
International in addition to the technical requirements contained in Standards of CSA. In addition to
markings specified in the Standard, CSA International may require special cautions, markings, and
instructions that are not specified by the Standard.

Some tests required by CSA Standards may be inherently hazardous. The Association neither assumes
nor accepts any responsibility for any injury or damage that may occur during or as the result of tests,
wherever performed, whether performed in whole or in part by the manufacturer or the Association, and
whether or not any equipment, facility, or personnel for or in connection with the test is furnished by the
manufacturer or the Association.

Manufacturers should note that, in the event of the failure of CSA International to resolve an issue arising
from the interpretation of requirements, there is an appeal procedure: the complainant should submit the
matter, in writing, to the Secretary of the Canadian Standards Association.

If this Standard is to be used in obtaining CSA Certification please remember, when making application
for certification, to request all current Amendments, Bulletins, Notices, and Technical Information Letters
that may be applicable and for which there may be a nominal charge. For such information or for further
information concerning CSA Certification, please address your inquiry to Applications and Customer
Service, CSA International, 178 Rexdale Boulevard, Toronto, Ontario, Canada M9W 1R3.
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Foreword (UL)

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 nhot 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 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.

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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Vacuum Cleaners, Blower Cleaners, And Household
Floor Finishing Machines

1 Scope

1.1 This Standard applies to motor-operated vacuum cleaners and blower cleaners, and to household
use floor finishing machines to be employed in accordance with the Canadian Electrical Code Part |
(CEC), and the National Electrical Code (NEC), ANSI/NFPA 70.

1.2 These requirements cover:

a) household, commercial, and coin-operated vacuum cleaning machines and blower cleaners,
intended for indoor or outdoor use or both;

b) household, commercial, and coin-operated wet pick-up, dry pick-up, permanently mounted,
portable, and central vacuum cleaners and blower cleaner systems;

¢) household current-carrying hoses for dry pick-up, indoor use;

d) household accessory electrified wall valves for central vacuum cleaning systems for
connection of current-carrying hose/motorized nozzle combinations; and

e) household electrically powered floor finishing machines, including floor polishers, floor
scrubbers, floor sanders, rug shampooers, rug and floor washers, and similar machines.

1.3 These requirements do not cover appliances rated more than 250 volts. An appliance that utilizes
some other source of energy, such as gas or steam, in addition to electric energy is to be investigated
under these requirements and under such additional requirements as are applicable to the appliance
under consideration.

1.4 These requirements do not cover appliances for use in locations such as those areas of hospitals,
laboratories, institutions, and the like where dispersion of pathological, chemical, physical, radioactive or
other agents could produce a risk to health. Appliances intended for use in such locations are investigated
under these requirements and under such additional requirements as are applicable to the appliance, with
appropriate consideration being given to the specific intended use.

1.5 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.

1.6 These requirements apply only to a specific type or types of appliances, such as a vacuum cleaner
or floor finishing machine, if the requirement is so identified by specific reference to the type or types
involved. Absence of such specific reference or use of the term "appliance” indicates that the requirement
applies to all appliances covered by this standard.

1.7 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, electric shock, or
injury to persons shall be evaluated using the appropriate additional component and end-product
requirements as determined necessary to maintain the acceptable level of safety as originally anticipated
by the intent of this Standard. A product whose features, characteristics, components, materials, or
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systems conflict with specific requirements or provisions of this Standard cannot be judged to comply with
this Standard. Where considered appropriate, revision of requirements shall be proposed and adopted in
conformance with the methods employed for development, revision, and implementation of this Standard.

2 Definitions
2.1 The following definitions apply in this Standard:
Automatically controlled — 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 delayed
beyond normal, conventional starting; or

d) during any single predetermined cycle of operation, automatic changing of the mechanical
load may reduce the motor speed sufficiently to reestablish starting-winding connections to the
supply circuit.

Extra-low voltage circuit — A circuit involving a peak open-circuit potential of not more than 42.4 volts
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 an extra-low voltage circuit.

Line-voltage circuit — A circuit involving a potential of not more than 600 volts and having circuit
characteristics in excess of those of an extra-low voltage circuit.

Remotely controlled appliance  — An appliance that is out of sight of the operator who is at the starting
device.
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3 General
3.1 Components

3.1.1 Except as indicated in Clause 3.1.2, 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 generally used in the products covered by this Standard. A component shall comply with both
the Underwriters Laboratories Inc. and the Canadian Standards Association standard for the component.

3.1.2 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
product covered by this Standard; or

b) is superseded by a requirement in this Standard.
3.1.3 A component shall be used in accordance with its ratings for the intended conditions of use.

3.1.4 Specific components are accepted as being incomplete in construction features, or restricted in
performance capabilities. Such components are intended for use only under limited conditions, such as
temperatures not exceeding specified limits, and shall be used only under those specified conditions for
which they have been investigated.

3.2 Attachments

3.2.1 A functional attachment that is made available or is packaged with an appliance by the
manufacturer for use with an appliance shall be included in the investigation of the appliance.

Exception: A nonelectrical attachment, such as a crevice tool, an upholstery brush, or the like, that has
no driven parts and is intended to facilitate a cleaning operation without the use of a liquid, need not be
investigated.

3.3 Instructions provided with the appliance

3.3.1 A copy of the operating, user-maintenance, and other instructions intended to accompany an
appliance as produced is to be used as a guide in the examination and test of the appliance. For this
purpose, a draft copy is sufficient and a final printed copy is not required.

3.3.2 The instructions provided with an appliance shall include such directions and information as
deemed by the organization responsible for the appliance to be necessary to cover the operation, use and
maintenance of the appliance, and shall comply with the requirements for instruction manuals specified in
Clause 10.
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3.4 Reference publications

3.4.1 Where reference is made to CSA or UL Standards, such reference shall be considered to refer to
the latest edition and all amendments published to that edition up to the time when this Standard was
approved.

UL Standards

UL 94,
Tests for Flammability of Plastic Materials for Parts in Devices and Appliances

UL 746A,
Polymeric Materials — Short Term Property Evaluations

UL 873,
Temperature-Indicating and -Regulating Equipment

UL 1446,
Systems of Insulating Materials — General

UL 1676,
Conductive-Path and Discharge-Path Resistors for Use in Radio-, Video-, or Television-Type Appliances

UL 2111,
Overheating Protection for Motors

CSA Standards

C22.1-98,
Canadian Electrical code, Part 1

CAN/CSA C22.2 No. 0.17-00,
Evaluation of Properties of Polymeric Materials

C22.2 No. 24-93 (R1999),
Temperature-Indicating and Regulating Equipment

C22.2 No. 77-95 (R1999),
Motors With Inherent Overheating Protection

3.4.2 This Standard refers to the following publications and where such reference is made it shall be to
the edition listed below.

American National Standards Institute (ANSI)

ANSI C101.1-1992,
Leakage Current for Appliances

ANSI MC96.1,
Temperature Measurement Thermocouples
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4 Construction
4.1 Enclosures
4.1.1 Mechanical strength
4.1.1.1 The frame and enclosure of an appliance shall have the necessary strength and rigidity to resist
the abuses likely to be encountered during normal service. The degree of resistance inherent in the unit
shall preclude total or partial collapse with the attendant reduction of spacings, loosening or displacement
of parts, and other defects that alone or in combination constitute a risk of fire, electric shock, or injury to
persons.
4.1.1.2 For an unreinforced, flat surface:

a) cast metal shall not be less than 1/8 inch (3.2 mm) thick;

b) malleable iron shall not be less than 3/32 inch (2.4 mm) thick; and

c) die-cast metal shall not be less than 5/64 inch (2.0 mm) thick.

Exception No. 1: Metal of a lesser thickness but not less than 3/32, 1/16, and 3/64 inch (2.4, 1.6, and 1.2
mm), respectively, may be acceptable provided the surface under consideration is:

a) curved, ribbed, or otherwise reinforced to provide mechanical strength equivalent to that
required; or

b) of size or shape that provides mechanical strength equivalent to that required.

Exception No. 2: Metal of a lesser thickness may be employed if it complies with the physical abuse tests
in Clause 5.18.

4.1.1.3 An enclosure of sheet metal shall be judged with respect to size, shape, thickness of metal, and
acceptability for the application considering the intended use of the appliance. Sheet steel shall have a
minimum thickness of 0.026 inch (0.66 mm); aluminum shall have a minimum thickness of 0.036 inch
(0.91 mm); and copper or brass shall have a minimum thickness of 0.033 inch (0.84 mm).

Exception: An area that is relatively small or a surface that is curved or otherwise reinforced need not
comply with this requirement if it complies with the physical abuse tests in Clause 5.18.

4.1.1.4 Factors that shall be taken into consideration when judging the acceptability of magnesium and
nonmetallic material other than a polymeric material are resistance to:

a) mechanical damage;
b) impact;

C) moisture absorption;
d) combustion; and

e) distortion at temperatures to which the material may be subjected under conditions of normal
or abnormal use.
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4.1.1.5 Polymeric parts employed to enclose uninsulated live parts or insulated live parts whose
insulation is less than 0.028 inch (0.7 mm), or equivalent, shall be subjected to the tests in Clause 5.20
and shall have a flammability rating as noted below in accordance with UL 94 and CSA C22.2 No. 0.17:

a) 5VA and 0.175VA Test A for a stationary appliance or an appliance that is permanently
installed;

b) HB and 0.17HB minimum for a portable attended, intermittent duty, household appliance;

c) V2 and 0.17V2 minimum for an appliance other than as mentioned in (a) and (b).
4.1.1.6 Polymeric parts employed to enclose insulated live parts [insulation 0.028 inch (0.7 mm) thick
minimum or equivalent], internal wiring and moving parts shall have a minimum flammability rating of HB
and 0.17HB, and shall be subjected to the mold stress-relief distortion test, Clause 5.20.3, and the impact

test, Clause 5.20.4.

4.1.1.7 Polymeric materials for use other than as described in Clauses 4.1.1.5 and 4.1.1.6 shall have a
minimum flammability rating of HB and 0.17 HB.

Exception No. 1: A small part whose maximum volume does not exceed 0.12 cubic inches (2 cm®) is not
required to comply with Clause 4.1.1.7.

Exception No. 2: An external polymeric part that is detachable without the use of tools is not required to
comply with Clause 4.1.1.7.

4.1.2 Openings in enclosures

4.1.2.1 The enclosure of a remotely or automatically controlled appliance shall prevent molten metal,
burning insulation, flaming particles, or the like from falling on combustible materials, including the surface
upon which the appliance is supported. See Clause 2.1.

4.1.2.2 The requirement in Clause 4.1.2.1 will necessitate the use of a barrier of noncombustible material:

a) under a motor unless:

1) the structural parts of the motor or 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;

i) open starting winding;

ili) 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; or
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3) the motor is provided with a thermal motor protector — a protective device that is
sensitive to temperature and current — that will limit the temperature of the motor
windings:

i) to 125°C (257°F) under the maximum load under which the motor will run
without causing the protector to cycle; and

i) to 150°C (302°F) with the rotor of the motor locked; and
b) under wiring, unless there is no evidence of a risk of fire as a result of the tests in Clause 5.

4.1.2.3 A switch, a relay, a solenoid, or the like in an appliance as specified in Clause 4.1.2.1 shall be
individually and completely enclosed.

Exception No. 1: The terminals of a switch, a relay, a solenoid, or the like need not be individually and
completely enclosed.

Exception No. 2: If malfunction of the component would not result in a risk of fire then the component need
not be individually and completely enclosed.

Exception No. 3: If there are no openings in the bottom of the appliance enclosure then a switch, a relay,
a solenoid or the like need not be individually and completely enclosed.

4.1.2.4 The barrier mentioned in Clause 4.1.2.1 shall be located as illustrated in Figure 1, and shall have
an area in accordance with that illustration. Openings for drainage, ventilation, or the like may be
employed in the barrier, if such openings would not permit molten metal, burning insulation, or the like to
fall on flammable material.

4.1.2.5 The construction of a vacuum cleaner intended to be exposed to rain shall comply with the
water-spray test requirements specified in Clause 5.12.1.

4.1.2.6 The construction of a wet pick-up vacuum cleaner shall comply with the wet pick-up test
requirements specified in Clause 5.12.2.

4.1.2.7 The door or cover of an enclosure shall be hinged or otherwise attached in an equivalent manner
if it gives access to any overload protective device, the normal functioning of which requires renewal, or
if it is necessary to open the cover in connection with the normal operation of the protective device.

4.1.2.8 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.

4.1.2.9 A portable cord-connected appliance that is provided with keyhole slots, notches, hanger holes,
or the like for hanging on a wall shall be constructed so that the hanging means attached to the wall is not
accessible when the appliance is placed on the hanging means as intended.

4.1.2.10 To determine whether an appliance complies with the requirement in Clause 4.1.2.9, 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.
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4.1.2.11 An opening in an appliance provided for hanging the appliance 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; or

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

4.1.3 Adhesives used to secure parts

4.1.3.1 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 Clause 5.22.

4.1.3.2 The requirement in Clause 4.1.3.1 also applies to an adhesive used to secure a part, including a
nameplate, that may, if loosened or dislodged:

a) make a live part accessible;
b) reduce spacings below the minimum specified values; or
c) expose a normally enclosed moving part.

4.1.4 Accessibility of live parts

4.1.4.1 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 (a) or (b):

a) for an opening that has a minor dimension (see Clause 4.1.4.5) less than 1 inch (25.4 mm),
such a part or wire shall not be contacted by the probe illustrated in Figure 2;

b) for an opening that has a minor dimension of 1 inch or more, such a part or wire shall be
spaced from the opening as specified in Table 1.

Exception: A motor employed in an appliance intended for commercial use other than one used in either
a hand-held appliance or a hand-supported portion of an appliance need not comply with these
requirements if it complies with the requirements in Clause 4.1.4.2.

4.1.4.2 With respect to a part or wire as mentioned in Clause 4.1.4.1 in an integral enclosure of a motor
as mentioned in the exception to Clause 4.1.4.1:

a) an opening that has a minor dimension (see Clause 4.1.4.5) less than 3/4 inch (19.1 mm) is
acceptable if:

1) film-coated wire cannot be contacted by the probe illustrated in Figure 3;

2) an uninsulated live part cannot be contacted by the probe illustrated in Figure 4;
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b) an opening that has a minor dimension of 3/4 inch or more is acceptable if a part or wire is
spaced from the opening as specified in Table 1.

4.1.4.3 The probes illustrated in Figures 2 — 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 probes illustrated in Figures 2 — 4 shall be applied to any
possible configuration and, if necessary, the configuration shall be changed after insertion through the
opening.

4.1.4.4 The probes shall be used as measuring instruments to judge accessibility provided by an opening
and not as instruments to judge the strength of a material.

4.1.4.5 With reference to the requirements in Clauses 4.1.4.1 and 4.1.4.2, 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.

4.1.4.6 During the investigation of an appliance to determine whether it complies with the requirements in
Clause 4.1.4.1 or 4.1.4.2, a part of the enclosure that may be opened or removed by the user without
using a tool (to attach an accessory, to make an operating adjustment, or for other reasons) is to be
opened or removed.

4.1.4.7 The connection of an accessible part to live parts, including a supply conductor, to facilitate the
discharge of static electricity shall comply with the following:

a) a minimum of two resistors connected in series shall be employed;

b) the resistors shall comply with the applicable requirements in UL 1676, and CSA IEC E65-
94-CAN,;

c) for the tests described in Clauses 5.3, 5.4, 5.5, and 6.12, one resistor at a time is to be
shorted; and

d) for the test described in Clauses 5.11 and 6.13, as applicable, the lead of the resistor
connected to the accessible part is to be disconnected.

To determine compliance with the remaining requirements in this Standard, the resistors and associated

circuitry shall be investigated as live parts. The lead of the resistor connected to the accessible parts shall
be investigated as a dead metal part.
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4.2 Mechanical assembly

4.2.1 An appliance shall be so assembled that the vibration of normal operation will not result in a risk of
electric shock, fire, or injury to persons.

4.2.2 Components such as switches, lampholders, receptacles and plug connectors provided as parts of
equipment shall be fastened securely and rigidly, and shall be restricted from turning by means other than
friction between surfaces. Lock washers, properly applied, may be used as a means to restrict the turning
of stem-mounted controls, except those that operate with a rotary motion.

4.2.3 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 specified values. Friction between surfaces to restrict shifting or turning of live parts shall not
be used, but a lock washer, properly applied, may be used.

4.3 Corrosion protection

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

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

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

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

4.4 Supply connections

4.4.1 Cord-connected equipment

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

4.4.1.2 A stationary appliance may be provided with not more than 8 feet (2.44 m) of cord and an
attachment plug for supply connection. The investigation of such a feature is to include consideration of
the utility of the appliance and the necessity of having it readily detachable from its source of supply by
means of the plug.
4.4.1.3 Supply cords and cord sets shall:

a) have a voltage rating not less than the rated voltage of the appliance;

b) have an ampacity not less than the current rating of the appliance; and

c) employ flexible cords as specified in Table 2 or a type at least as serviceable.
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4.4.1.4 The voltage rating of the attachment plug shall correspond to the voltage rating of the product and
the ampere rating of the attachment plug shall not be less than 125 percent of the ampere rating of the
product. When the product has provision to be field adapted for use with two or more different supply
voltages, the attachment plug on the power supply cord provided with the product shall be rated for the
supply voltage selected at the factory. See Clause 9.3.2.

Exception No. 1: A stationary product, marked in accordance with Clause 9.3.6, shall employ an
attachment plug cap rated no less than the current rating of the appliance or the input current under
normal load conditions as specified in Clause 5.2, whichever is greater.

Exception No. 2: A commercial vacuum cleaner, marked in accordance with Clause 9.3.7, rated 120 volts,
60 hertz, 12 — 15 amperes, and employing a motor driven cleaning brush 22 inches (55.9 cm) wide, or
wider, shall employ an attachment plug cap rated not less than the current rating of the appliance.

4.4.1.5 The attachment plug on an appliance intended to be connected to a nominal 120-volt circuit, and
employing devices required to be connected to a specific supply conductor as specified in Clauses 4.9.7,
4.11.3, and 4.12.8 shall be a polarized type. The connections to the attachment plug shall be in
accordance with Figure 5 and Table 3. See also polarization instructions, Clause 10.4.

4.4.1.6 An appliance that is required to employ a polarized attachment plug as specified in Clause
4.4.1.5, and that is provided with a detachable cord set shall also employ an appliance connector of the
polarized type.

4.4.1.7 The power-supply cord of a portable appliance shall exit from the body of the attachment plug in
a direction parallel to the major dimension of the blades and at a point opposite a point on the face of the
plug geometrically centered between the blades. An angled attachment plug shall not be provided with a
portable appliance.

4.4.1.8 The flexible cord may be attached permanently to an appliance or may be in the form of a
separable cord set with means for connection to the appliance.

4.4.1.9 A household appliance intended for use with a detachable cord set shall not be provided with pin
terminals that will accommodate a standard flatiron or an appliance plug.

4.4.1.10 Other than as noted in Clauses 4.4.1.13 and 4.4.1.14, the length of an attached flexible power
supply cord for a vacuum cleaner or blower cleaner shall not be less than 6 feet (1.82 m) from the face
of the attachment plug cap to the point at which the cord enters the appliance.

Exception: For a central vacuum cleaner, the length of the flexible power supply cord shall not be less
than 3 feet (0.9 m). For required installation instructions see Clause 10.5.8.

4.4.1.11 A household-use floor finishing machine shall be provided with either a detachable or a
nondetachable power supply cord not less than 15 feet (4.57 m) long, including fittings.

4.4.1.12 The length of a cord set, including fittings, shall not be less than 6 feet (1.82 m) except as
specified in Clause 4.4.1.14.
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4.4.1.13 A portable commercial appliance, portable outdoor use appliance or portable hand-supported
blower cleaner shall be provided with not more than 18 inches (457 mm) of permanently attached flexible
power-supply cord or with a connector base (motor-attachment plug) if:

a) the appliance is marked in accordance with Clause 9.3.15 or provided with instructions in
accordance with Clause 10.5.2; or

b) the manufacturer furnishes a detachable cord set, 6 feet (1.82 m) or more in length, with the
appliance.

4.4.1.14 The length of the power-supply cord or cord set on a wet pick-up appliance that is supported by
the body of a person but not solely handheld shall be not less than 20 feet (6.1 m).

4.4.1.15 The means for connection (such as the attachment plug cap or connector base) of a wet pick-up
appliance intended for use with a detachable cord set in accordance with Clause 4.4.1.8 or 4.4.1.13 shall
be of the locking type.

4.4.1.16 An accessory, such as a detachable, electric power-driven brush, shall not be provided with a
general purpose attachment plug.

Exception No. 1: An accessory intended for use with a central vacuum cleaning system may be provided
with a general purpose attachment plug provided the accessory is marked in accordance with Clause
9.3.14.

Exception No. 2: An accessory intended for use with an extraction-type carpet cleaning system intended
for commercial use may be provided with a general purpose attachment plug.

4.4.1.17 A motorized nozzle intended to be connected to an appliance that is intended for wet pick-up
shall be provided with:

a) an attached flexible power-supply cord of such length as to plug directly into the appliance
without the use of an intermediate connection such as a detachable cord set; or

b) a cord-and-hose assembly that has been investigated and found to be acceptable for the
application without creating a risk of fire, electric shock, or injury to persons when exposed to
moisture.

4.4.1.18 An appliance incorporating a special-use connector and plug as a disconnecting means, such as
a special use cord connector in the supply cord of a vacuum cleaner between the handle and the motor,
shall have no exposed live parts under any normal condition as determined by the requirements in
accessibility of live parts, Clause 4.1.4.

4.4.1.19 A 3-to 2-wire grounding type adaptor shall not be provided with an appliance.
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4.4.2 Pin terminals

4.4.2.1 An appliance provided with pin terminals shall have no live parts exposed to unintentional contact
either during or after placement of a plug that is intended for the purpose on the pins in the normal
manner.

4.4.2.2 A pin guard shall be provided that will restrict contact with any current-carrying pin by:

a) a straight edge placed in any position across and in contact with edges of the plug opening
without the plug in place to reduce the likelihood of mechanical damage to the pins; and

b) the probe illustrated in Figure 2 while the probe is inserted through any opening with the
appliance in any position, with the plug aligned with the pins and the face of the plug in the
plane perpendicular to the axis and tangent to the end of the farthest projecting current-carrying

pin.
4.4.3 Strain relief

4.4.3.1 Supply cords shall be provided with strain relief that reduces the likelihood of mechanical stress
on the external portion of the cord from being transmitted to internal wiring, splices and terminals. The
strain relief means shall comply with the test requirements specified in Clause 5.14.

4.4.3.2 Unless known to be acceptable for the purpose, a clamp of any material — metal or otherwise —
shall not be used on a Type SVT cord or on cords of similar or lighter construction. For harder usage types
of thermoplastic-insulated cord, clamps may be employed. In such cases, auxiliary insulation is not
required unless it is determined that the cord grip may damage the insulation of the cord.

Exception: A clamp may be used on Type SVT (or similar) cord protected by varnished cloth tubing,
phenolic, vulcanized fiber, or the equivalent under the cord grip, subject to the investigation described in
Clause 5.14.3. Thermoplastic tubing is not acceptable over thermoplastic cords.

4.4.3.3 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.

4.4.3.4 1t shall not be possible for flexible cords to be pushed into the appliance through the cord-entry
holes, if such displacement

a) may subject the cords to mechanical injury or to exposure to a temperature higher than that
for which the cord is intended; or

b) is liable to reduce spacings (such as from uninsulated live parts to a metal strain relief
clamp) below the specified minimum values.

4.4.3.5 The flexible cord shall be restrained from any rotation that could cause movement of the internal
wiring at splices and terminals.
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4.4.4 Bushings

4.4.4.1 Holes in sheet-metal walls through which insulated conductors pass shall be provided with
smoothly rounded bushings or shall have smooth, well-rounded surfaces upon which such conductors
may bear.

4.4.5 Permanently connected equipment
4.45.1 General

4.45.1.1 An appliance intended to be fastened or secured in position shall be provided with field-wiring
terminals or leads for the connection of power-supply conductors, and shall have means for connection of
a permanent wiring system.

4.4.5.1.2 Where openings for conduit are provided in sheet metal enclosures, the metal thickness shall
be not less than 0.032 inch (0.81 mm) thick if of sheet steel or 0.043 inch (1.09 mm) thick if of nonferrous
metal.

4.4.5.1.3 Terminal boxes or wiring compartments in which supply connections are made shall be located
so that the connections will be accessible for inspection when the vacuum cleaner is installed as intended.

4.45.1.4 The compartment mentioned in Clause 4.4.5.1.3 shall be located so that, during conduit
connections, internal wiring and electrical components will not be exposed to mechanical damage or
strain.

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

4.4.5.2 Wiring terminals and leads

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

4.4.5.2.2 An appliance required to be grounded and equipped with terminals or leads for field connections
of power-supply conductors shall be provided with a terminal or lead for connection of an
equipment-grounding conductor.

4.4.5.2.3 A 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.

4.45.2.4 A terminal solely for connection of an equipment-grounding conductor shall be capable of

securing a conductor of the size necessary for the particular application. Solder alone shall not be used
for connecting an equipment-grounding conductor.
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4.45.2.5 A wiring terminal shall be provided with a soldering lug or with a pressure wire connector
securely fastened in place — for example, firmly bolted or held by a screw.

Exception: A wire-binding screw may be employed at a wiring terminal intended to accommodate a No.
10 AWG (5.3 mm?@) or smaller conductor if upturned lugs or the equivalent are provided to hold the wire
in place.

4.4.5.2.6 A wiring terminal shall be prevented from turning.

4.4.5.2.7 The free length of a lead inside an outlet box or wiring compartment shall not be less than 6
inches (152 mm) if the lead is intended for field connection to an external circuit.

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

4.4.5.2.8 A lead to be connected to a power-supply conductor in the field shall not be smaller than No. 18
AWG (0.82 mm?) and the insulation shall be thermoplastic with a wall thickness of at least 1/32 inch (0.8
mm) or the equivalent.
4.4.5.3 Wire-binding screws
4.4.5.3.1 The size of a screw shall be not less than:

a) No. 10 if for use with conductors larger than No. 14 AWG (2.1 mm?);

b) No. 8 if for use with No. 14 AWG conductors; or

c) No. 6 if for use with conductors smaller than No. 14 AWG.

4.4.5.3.2 Upturned lugs or a cupped washer shall be capable of retaining a supply conductor of the size
indicated in Clause 4.4.5.3.1 under the head of the screw or washer.

4.4.5.3.3 Wire-binding screws shall thread into metal.

4.4.5.4 Terminal plates and threading

4.4.5.4.1 Terminal plates through which wire binding screws are threaded shall have a thickness at least
equal to twice the pitch of the thread of the screw but not less than 0.030 inch (0.78 mm), and shall have

at least two complete clean-cut full threads.

4.4.5.4.2 Screws engaging threaded holes in plates shall have not fewer than two full threads engaging
under any reasonably foreseeable condition of service.
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4.4.5.5 |dentification of terminals and leads

4.45.5.1 A permanently connected appliance rated 125 or 125/250 volts — 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, shall have one terminal or lead identified for the connection of the grounded
conductor of the supply circuit. The identified terminal or lead shall be the one that is electrically connected
to a screw shell of a lampholder and to which no switch or overcurrent protective device of the single-pole
type other than an automatic control without a marked OFF position is connected.

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

4.4.5.5.3 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.

4.45.5.4 A wire-binding screw intended for the connection of an equipment-grounding conductor shall
have a green-colored head that is hexagonal, 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",
or the like, or by a marking on a wiring diagram provided on the appliance. The wire-binding screw or
pressure wire connector shall be located so that it is unlikely to be removed during normal servicing of the
appliance.

4.5 Current-carrying parts

4.5.1 A current-carrying part shall be of silver, copper, a copper alloy, stainless steel or other similar metal
acceptable for the application.

4.5.2 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 Clause 3.1.
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4.6 Internal wiring and interconnecting cords
4.6.1 Mechanical protection

4.6.1.1 The wiring and connections between parts of an appliance shall be protected or enclosed. See
Clause 4.6.1.3.

Exception: A length of flexible cord may be employed for external interconnections if flexibility is
essential. See Clause 4.6.1.2.

4.6.1.2 Any exposed cord shall be of a type at least as serviceable as the power supply cord on the
appliance unless located or protected so as to reduce the likelihood of mechanical damage.

4.6.1.3 For the purpose of these requirements, internal wiring of an appliance is considered to be all the
interconnecting wiring beyond the point where the power-supply cord of a cord-connected appliance
enters the enclosure, or beyond the wiring terminals or leads for power supply connection of a fixed
appliance, even though some of the wiring may be flexible cord.

4.6.1.4 With reference to exposure of insulated wiring through an opening in the enclosure of an
appliance, the protection of such wiring required by Clause 4.6.1.1 is considered to exist if, when
determined as though it were film-coated wire, the wiring would comply with accessibility of live parts,
Clause 4.1.4. Internal wiring not so protected shall be secured within the enclosure so that it is unlikely to
be subjected to stress or mechanical damage.

4.6.1.5 If the wiring of an appliance is located so that it may be subjected to mechanical damage, it shall
be in armored cable, rigid metal conduit, electrical metallic tubing, metal raceway, or otherwise protected.

4.6.1.6 Wires within an enclosure, compartment, raceway, or the like shall be disposed or protected so
that no damage to insulation of a conductor can result from contact with any rough, sharp, or moving
parts.

4.6.1.7 A flexible cord used for external interconnection as mentioned in the Exception to Clause 4.6.1.1,
shall be provided with strain relief in accordance with Clause 4.4.3 unless the construction is such that
the cord will be protected from stress or motion.

Exception: An external interconnecting cord, located in a part of the enclosure that is capable of being
opened or removed by the user without using a tool, such as a dust bag compartment, shall employ a
strain-relief means that complies with the strain relief test, Clause 5.14, when subjected to a force of 20
pounds (89 N).

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

4.6.1.9 Internal wiring shall consist of conductors with a type of insulation rated for the particular
application, when considered with respect to:

a) temperature and voltage to which the wiring will be subjected;
b) exposure to oil or grease; and

c) other conditions of service to which it is liable to be subjected.
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4.6.1.10 Wiring routed between the handle and the base of an upright-type vacuum cleaner that may be
subjected to flexing or movement during normal operation of the appliance shall comply with Clause 5.17,
wire flexing.

4.6.2 Polarization of connectors

4.6.2.1 If a device required to be connected to a specific supply conductor (see Clauses 4.9.7, 4.11.3,
and 4.12.8) is employed in an externally interconnected part, such as a motorized nozzle, the connections
shall employ terminal fittings that can only mate such that the required connection to the proper supply
conductor is maintained.

4.6.3 Splices and connections

4.6.3.1 Splices and connections shall be mechanically secure and shall provide adequate and reliable
electrical contact. Soldered connections shall be made mechanically secure before being soldered, if
breaking or loosening of the connections may result in a risk of fire, electric shock, or injury to persons.
Splices shall be provided with insulation equivalent to that of the wires involved if permanency of spacing
between splices and other metal parts may not be maintained.

4.6.3.2 In an appliance in which excessive vibration is likely to occur, the requirement in Clause 4.6.3.1
will necessitate the use of lock-washers or other means to prevent wire-binding screws and nuts from
becoming loosened.

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

4.6.3.4 Where stranded internal wiring is connected to a wire-binding screw, loose strands of wire shall
be positively prevented from contacting other uninsulated live parts that are not always of the same
polarity as the wire and from contacting non-current carrying 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.

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

4.6.3.6 With reference to Clause 4.6.3.5, if a wire-binding screw construction or a pressure wire connector

is used as a terminating device, it shall be rated for use with aluminum under the conditions involved, for
example, temperature, heat-cycling, and vibration.
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4.6.4 Separation of circuits

4.6.4.1 Conductors of circuits operating at different potentials shall be reliably separated from each other
unless they are each provided with insulation rated for the highest potential involved.

4.6.4.2 An insulated conductor shall be reliably retained so that it cannot contact an uninsulated live part
of a circuit operating at a different potential.

4.6.4.3 In a compartment that is intended for the field installation of conductors, and that contains
provision for connection of extra-low voltage circuit conductors, and Class 1, power, or lighting circuit
conductors, a barrier shall be provided to separate the conductors of the different circuits, or the
arrangement of the compartment shall be such that a minimum spacing of 1/4 inch (6.4 mm) can be
maintained between the conductors of the different circuits including the conductors to be field installed.
4.7 Electrical insulation

4.7.1 Current-carrying parts shall be supported on heat-resistant and moisture absorption-resistant
insulating materials such as porcelain or phenolic composition.

4.7.2 Polymeric material employed to support a live part, in direct contact with a live part, or within 1/32
inch (0.8 mm) from a live part shall be rated for use at the operating temperature involved and shall have
the following material properties, all determined in accordance with the standard for polymeric material
properties, see Appendix A:

a) volume resistivity of at least 50x108 ohm-cm;

b) comparative tracking index (CTI) of at least 100 volts (PLC 4 - see note (a) of Table 4); and

c) a high current arc ignition (HAI) and hot-wire ignition (HWI) as specified in Table 4.

Exception No. 1: A material with a HAI property less than that required in Table 4 is employable when the
spacing over the surface of the material is at least 1/2 inch (12.7 mm) between:

a) live parts of opposite polarity;

b) live parts and grounded noncurrent-carrying metal; and

c) live parts and exposed noncurrent-carrying metal.
Exception No. 2: A material that does not comply with the requirements specified in Table 4 for HAI shall
be evaluated using the power (current, voltage, and power factor) of the circuit in the end product by

conducting a short-circuit test in accordance with end-product arc resistance, Clause 5.24.

Exception No. 3: Materials that do not comply with the minimum HWI requirements specified in Table 4
shall comply with the abnormal overload test, Clause 5.25.

Exception No. 4: Foamed thermoplastic material employed for sound reduction that is in direct contact

with an uninsulated live part or is within 1/32 inch (0.8 mm) of an uninsulated live part shall be rated HF-1
and is not required to be evaluated for CTI, HWI, and HAI.
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4.7.3 Thermoplastic parts employed to support live parts shall be subjected to the mold stress-relief
distortion test, Clause 5.20.3. As a result of the test, required spacings shall be maintained and the live
parts shall remain reliably secured in place.

4.7.4 Fiber shall not be used as the sole support for uninsulated current-carrying parts if shrinkage,
moisture absorption, or warping may introduce current leakage or a risk of electric shock, fire, or injury to
persons. Untreated fiber shall not be used in contact with live parts where moisture absorption may result
in a leakage current greater than that specified in Clauses 5.3 and 5.4.

4.7.5 Small molded parts such as brush caps shall be constructed so as to have adequate mechanical
strength and rigidity to withstand the most severe stresses that they are liable to be subjected to in
service. As an alternative, such parts may have additional mechanical protection. (See Clause 5.18.4.)

4.8 Motors
4.8.1 General

4.8.1.1 Motors shall be of a type suitable for the particular application. They shall be capable of carrying
the normal load (see Clause 5.2) without exceeding the permissible temperatures when the appliance is
tested in accordance with the temperature test, Clause 5.8.

4.8.1.2 A motor winding shall resist the absorption of moisture.

4.8.1.3 With reference to the requirement in Clause 4.8.1.2 film-coated wire is not required to be
additionally treated to reduce the likelihood of 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
reduce the likelihood of moisture absorption.

4.8.1.4 A polymeric material employed in a Class 105 (A) insulation system that isolates the windings
from dead metal parts shall be unfilled or glass-reinforced nylon, polycarbonate, polybutylene
terephthalate, polyethylene terephthalate, phenolic or acetal, and shall have a relative or generic thermal
index for electrical properties of 105°C minimum. Leads shall be rated 90°C minimum. Materials used in
an insulation system that operates above Class 105 (A) temperatures shall comply with UL 1446. Motors
employing thermoplastic materials shall be subjected to the tests in thermoplastic motor insulation
systems, Clause 5.23.

Exception No. 1: Other polymeric materials used in a Class 105 (A) insulation system shall comply with
the requirements for thermal aging in Clause 5.23.4.

Exception No. 2: Slot liners of polyethylene terephthalate that are 0.007 inch (0.18 mm) thick minimum
are not required to be subjected to the tests in Clause 5.23.
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4.8.2 Brushes and brush holders in commutator motors

4.8.2.1 A brush cap shall be recessed, enclosed, or otherwise protected from mechanical damage that
might occur during normal use of the appliance unless the part performs acceptably in the impact test
described in Clause 5.18.4.

4.8.2.2 A brush cap that is accessible to the user without the removal of a guard or enclosure shall be
provided with a positive means that will prevent its disengagement from the brush holder assembly. Screw
threads only on the brush cap are not considered a positive means.
4.8.2.3 A brush holder assembly shall be so constructed that when a brush is no longer capable of
performing its function, the brush, spring, and other parts of the assembly will be retained to the degree
necessary to prevent accessible noncurrent-carrying metal parts from becoming energized and to prevent
live parts from becoming accessible.
4.8.3 Overload protection
4.8.3.1 A motor shall be provided with overload protection when it is:

a) automatically or remotely controlled;

b) permanently connected and manually started;

c) in an unattended appliance;

d) in a cord-connected, portable, shop-type vacuum cleaner provided with a receptacle as
specified in the Exception to Clause 4.12.1; or

e) in a coin-operated appliance.

4.8.3.2 A product as mentioned in Clause 4.8.3.1 shall have motor-overload protection as specified in (a)
or (b):

a) thermal protection complying with the applicable requirements in the standard for thermal
protectors, see Appendix A; or

Exception No. 1: The locked-rotor temperature test on a manually reset device is to be continued
for four operations (that is three resets, four trips) of the protective device.

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, 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 ampere or smaller difference between no-load and locked-rotor current
is considered to have acceptable overload protection if it is protected against locked-rotor
conditions only.

b) impedance protection complying with the applicable requirements in the standard for

impedance-protected motors, see Appendix A, when the motor is tested as used in the product
under stalled-rotor conditions.
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4.8.3.3 For a multispeed motor of any of the types mentioned in Clause 4.8.3.1 that employs a separate
overload protective device to provide running-overload protection, the requirements in Clause 4.8.3.2
apply at all speeds at which the motor is intended to operate.

4.8.3.4 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 Clause 4.8.3.2.

4.8.3.5 A thermal or overload protective device shall not open the circuit during the temperature test,
Clause 5.8.

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

4.8.3.7 Fuses employed for motor-running overload protection shall be located in each ungrounded
conductor.

4.8.3.8 Devices other than those that are inherent in a motor employed for motor-running overload
protection shall be located in each ungrounded conductor.

4.9 Switches, relays, and similar controls

4.9.1 Switches, relays, and similar controls shall be suitable for their particular application, and shall have
current, and voltage ratings not less than those of the circuits controlled.

4.9.2 With reference to the requirement in Clause 4.9.1, the ampacity of a switch that controls an
inductive load other than a motor, such as a transformer or an electric discharge-lamp ballast, shall not
be less than twice the rated full-load current of the inductive load unless the switch has been investigated
and found to be acceptable for the application.

4.9.3 A switch or other control shall be guarded or located so that it is not likely to be damaged during
use of the appliance. A through-cord switch shall not be employed unless:

a) it cannot contact the floor during use of the appliance; or

b) it has been investigated for such abuse as may occur during use.
4.9.4 A switch that controls a medium-base lampholder of other than a pilot or indicating light shall have
been investigated and found acceptable for use with tungsten-filament lamps, or shall have a
direct-current rating at least ten times the maximum tungsten load that it controls or an alternating-current

rating at least six times the maximum tungsten load that it controls.

4.9.5 A motor control switch shall be provided in a cord-connected appliance that employs a motor rated
more than 1/3 horsepower (249 watts output). The switch shall be in a readily accessible location.

4.9.6 A switch, relay, or similar control that controls a motor shall be subjected to the test in Clause 5.15.
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4.9.7 A switch or an overcurrent-protective device of the single pole type shall be electrically connected
to the ungrounded conductor of the supply circuit.

Exception No. 1: An automatic control without a marked OFF position need not be connected to the
ungrounded conductor.

Exception No. 2: For an appliance with a main ON-OFF switch any subsequent switch that does not
control the entire appliance need not be connected to the ungrounded conductor.

4.10 Capacitors

4.10.1 A capacitor provided as part of a capacitor/motor combination, 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 so that mechanical damage to the plates is unlikely to occur and
so that there will be no emission of flame or molten material resulting from breakdown or malfunction of
the capacitor. The container shall be of metal providing strength not less than that of uncoated steel
having a thickness of 0.020 inch (0.51 mm).

Exception: The container of a capacitor may be made of sheet metal having a lesser thickness or may
be of material other than metal, if the capacitor is mounted in an enclosure that houses other parts of the
appliance, and if such box, case, or the like is acceptable for the enclosure of current-carrying parts as
specified in Clause 4.1.1.

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

4.10.3 If an appliance employs a combination consisting of a rectifier and an electrolytic capacitor, no risk
of fire, electric shock, or injury to persons shall result if either the rectifier or the capacitor is short-circuited.

4.10.4 If an appliance is intended to be controlled by or operated in conjunction with a capacitor or a
capacitor/transformer unit, such a capacitor or unit shall be supplied with the appliance. See Clause 9.3.4.

4.10.5 Under both normal and abnormal conditions of use, a capacitor employing a dielectric medium
more combustible than askarel shall not result in risk of fire or electric shock, and shall be constructed to
reduce the likelihood of expelling the dielectric medium.

4.10.6 A capacitor complying with the applicable requirements for protected oil-filled capacitors specified
in the standard for capacitors, see Appendix A, is considered to be constructed to reduce the likelihood
of expelling the dielectric medium.

4.10.7 For a capacitor employing a liquid dielectric medium more combustible than askarel and provided
with an expansion mechanism to reduce the likelihood of expelling the dielectric medium, the spacing from
a terminal of the capacitor, including an assembled wire connector, to:

a) an electrically isolated part or a part constructed of a nonconductive material shall be at
least 1/2 inch (12.7 mm); or

b) an uninsulated live part of opposite polarity or an uninsulated noncurrent-carrying metal part

that is either accessible or grounded shall not be less than the sum of the appropriate value
from Table 5 and 1/2 inch.
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4.11 Lampholders

4.11.1 Lampholders for extra-low-voltage lamps (that is, lamps rated at 30 volts or less) shall not be
tapped across parts of motor windings if the motor rating is more than 150 volts.

4.11.2 Lampholders and lamps shall be adequately secured and protected from mechanical injury.

4.11.3 An Edison-base lampholder shall be wired so that the screw-shell will be electrically connected to
the grounded conductor of the power-supply circuit.

4.12 Receptacles
4.12.1 A cord-connected, portable appliance shall not be provided with a general-use receptacle.

Exception: A cord-connected, portable, shop-type vacuum cleaner may be provided with a general-use
receptacle that is specifically intended for connection of a portable tool that has provision for connection
to a vacuum cleaner hose, if it complies with Clauses 4.12.2 — 4.12.8, and with the following:

a) the vacuum cleaner shall have a provision for grounding in accordance with Clause 4.14;

b) the vacuum cleaner shall be provided with a minimum 3-position switch that controls the
power to the receptacle, such that a tool plugged into the receptacle can only be energized with
the switch in the auto position. The switch shall have marked on, off and auto positions. With
the switch in the auto position, the vacuum cleaner shall not operate when the on/off switch of
the tool is in the off position;

c) a polymeric material that encloses uninsulated live parts that are energized when the main
switch is in the auto position and the tool is not operating shall comply with Clause 4.1.1.5 (c);

d) the vacuum cleaner shall be rated as specified in Clause 9.1.3, and the attachment plug cap
shall be rated in accordance with Clause 4.4.1.4 for the load of the appliance including the
maximum marked ampere rating of the receptacle;

e) the vacuum cleaner motor shall employ overload protection that complies with Clauses
4.8.3.2 — 4.8.3.8;

f) the vacuum cleaner shall be marked with the cautionary markings specified in Clause 9.4.18;
and

g) the normal load for tests as described in Clause 5.2 shall also include a representative tool
plugged into the receptacle and energized.

4.12.2 A general-use receptacle shall be of the grounding type.
4.12.3 If an appliance includes one or more attachment-plug receptacles intended for general use, and if
the overcurrent protection of the branch circuit to which the appliance will properly be connected exceeds

that acceptable for the receptacle or receptacles, each receptacle circuit shall have suitable overcurrent
protection provided as a part of the appliance.
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4.12.4 A fuseholder provided in accordance with Clause 4.12.3 shall be of Type S construction or shall
be of the Edison-base type with a factory-installed nonremovable Type S adaptor.

4.12.5 The face of a general-use receptacle shall:
a) be flush with or project beyond a nonconductive surrounding surface; or
b) project at least 0.015 inch (0.38 mm) beyond a conductive surrounding surface.

4.12.6 Ground-fault circuit protection (Class A) shall be provided for general-use receptacles that are part
of an appliance intended to be used outdoors.

4.12.7 An attachment-plug receptacle of an appliance intended for wet pick-up shall be located so that it
is unlikely to be wetted.

4.12.8 A general-use receptacle for use on a nominal 120 volt circuit shall have the grounded supply
conductor 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.

4.13 Spacings

4.13.1 Except as permitted in Clauses 4.13.5 and 4.13.6, spacings shall not be less than those specified
in Table 5 or Table 6. If uninsulated live parts are not rigidly supported by means other than friction or if
movable noncurrent-carrying metal parts are in proximity to uninsulated live parts, the construction shall

be such that the minimum spacings specified will be maintained under all conditions.

4.13.2 Spacings at wiring terminals to which supply connections are made in the field shall comply with
Table 5:

a) between uninsulated live parts of opposite polarity;

b) between uninsulated live parts and noncurrent-carrying metal parts; and

c) between line voltage parts and extra low voltage parts.
4.13.3 At a terminal screw and stud to which connection may be made in the field by means of a wire
connector, an eyelet, or the like, it is required that the spacings be not less than those specified in Table
5 when such connector, eyelet, or the like is in such position that minimum spacings — between opposite

polarity and to noncurrent-carrying metal — exist.

4.13.4 Spacings shall comply with Table 6 at points other than as specified in Clause 4.13.2 or 4.13.3 that
are:

a) between uninsulated live parts of opposite polarity;

b) between uninsulated live parts and noncurrent-carrying metal parts including the enclosure;
and

c) between line voltage parts and extra low voltage parts.
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4.13.5 The spacings within motors, snap switches, lampholders, or other devices supplied as part of the
equipment shall comply with the requirements of the standard for that component. See Clause 3.1.

4.13.6 An insulating barrier or liner may be used to obtain the required spacings if it is:
a) of adequate dielectric strength and resistance to moisture;
b) not adversely affected by arcing and suitable for the temperatures encountered,;

c) of adequate mechanical strength and permanently retained in place by means other than
adhesives, unless evaluated per Clause 4.1.3.1; and

d) not less than 1/32 inch (0.8 mm) thick if vulcanized fiber, except that it may be not less than
1/64 inch (0.4 mm) thick if used in conjunction with a through-air spacing not less than one-half
of that required.

4.13.7 Spacings are not specified for the following types of circuits:
a) an extra low voltage circuit — see Clause 2;
b) between traces on a printed wiring board in circuits that:

1) are located on a part of a printed wiring board provided with conformal coating that
complies with the requirements for such coatings (see Appendix A); or

2) are connected to the load side of a resistor such that a short circuit from that point
to the other side of the supply does not result in the wattage rating of the resistor being
exceeded.

4.13.8 All uninsulated live parts connected to different line- or extra low-voltage circuits shall be spaced
from one another as though they were parts of opposite polarity, in accordance with the requirements in
Clause 4.13.2 and shall be judged on the basis of the highest voltage involved.

4.13.9 In applying Table 6 to an appliance incorporating two or more motors of different sizes, the
spacings in the appliance are judged on the basis of the size of the largest motor in the appliance.

4.13.10 In applying Table 6 to a motor not rated in horsepower, use is to be made of the appropriate table
of the Electrical Code (see Clause 1) that gives the relationships between horsepower and full-load
currents for motors. For a universal motor, the table applying to a single-phase, alternating-current motor
is to be used if the appliance is marked for use on alternating current only; otherwise, the table applying
to direct-current motors is to be used.

4.13.11 Spacings to polymeric enclosures

4.13.11.1 The spacings between the polymeric enclosure and:
a) a nonarcing uninsulated live part (a bus bar, a connecting strap, a terminal, or the like) shall
be no less than 1/32 inch (0.8 mm). If less than a 1/32 inch (0.8 mm) spacing is provided, the
enclosure material shall comply with the requirements for support of live parts described in

Clause 4.7.2, unless an acceptable insulating barrier is employed; or

b) an arcing part (at a commutator, unenclosed switch contacts, and the like) shall not be less
than 1/2 inch (12.7 mm) except as indicated in Clause 4.13.11.3.

Documents

Document Sharing Hub

Full document details: UL 1017 2002


http://avadocuments2026.com/doc/ul-1017-2002
http://avadocuments2026.com/doc/ul-1017-2002

DECEMBER 7, 2001 CSA-C22.2 NO. 243-01 ¢ UL 1017 37

4.13.11.2 The spacing mentioned in Clause 4.13.11.1(b) is to be measured from the source of the arc —
that is, from the interface of the brush and the commutator or from the interface of the switch contacts,
and the like.

4.13.11.3 The spacing mentioned in Clause 4.13.11.1(b) may be less than 1/2 inch (12.7 mm) but not
less than 1/32 inch (0.8 mm) if the material has a minimum high-current arc ignition (HAI) as noted in
Table 4. If the spacing is less than 1/32 inch, the material shall comply with all of the requirements for
support of live parts described in Clause 4.7.2.

4.14 Grounding and bonding
4.14.1 An appliance of one or more of the following types shall have provision for grounding:

a) an appliance intended to be used on a circuit operating at more than 150 volts to ground —
see Clause 4.14.2;

b) a central vacuum cleaner;

c) a commercial vacuum cleaner or blower cleaner;

d) a household shop-type vacuum cleaner or blower cleaner;
e) a wet pick-up vacuum cleaner;

f) a household use floor finishing machine; or

g) a cord-connected, portable, shop-type vacuum cleaner provided with a general-use
receptacle for use with a portable tool as specified in the Exception to Clause 4.12.1.

Exception: A cord-connected appliance, other than as described in (g), provided with a system of double
insulation as specified in double insulation, Clause 6, is not required to have provision for grounding.

4.14.2 With reference to Clause 4.14.1, a 2-wire appliance intended to operate at a nominal potential of
240 volts and any other potential greater than 150 volts, is to be provided with means for grounding in
accordance with Clauses 4.14.4 and 4.14.5 unless the marked rating on the appliance is 120/240 volts or
the appliance is otherwise marked to indicate that it is to be connected to a circuit operating at 150 volts
or less to ground.

4.14.3 If a grounding means is provided, whether required or not, it shall be in accordance with Clause
4.14.4 and if the appliance is cord connected it shall comply with the requirements in Clause 4.14.5. All
exposed noncurrent-carrying metal parts and all noncurrent-carrying 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. Hinged or pivoting joints are not considered acceptable for
bonding unless they are provided with an additional conductive connection, such as a bonding jumper.

4.14.4 The following are considered 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. See Clause 4.4.5.1.1;

b) in an appliance intended to be permanently connected by a nonmetal-enclosed wiring

system, for example, nonmetallic sheathed cable — an equipment-grounding terminal or lead,
see Clauses 4.4.5.2.2 and 4.4.5.2.4; and
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c) in a cord-connected appliance — an equipment-grounding conductor in the cord.

4.14.5 The grounding conductor of a flexible cord shall be green with or without one or more yellow
stripes. The grounding conductor 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. A quick-connect terminal with a detent as a means for latching mating
parts, and a current-carrying capacity at least equivalent to that of the current-carrying conductors of the
flexible cord is considered to be equivalent means. Solder alone shall not be used for securing the
grounding conductor. The grounding conductor shall be connected to the fixed member of a
grounding-type attachment plug, except that the grounding member of the plug on a portable hand-guided
or supported appliance may be of the movable, self-restoring type. Servicing as mentioned in this Clause
includes repair of the appliance by a qualified service person.

4.14.6 A separable connecting device provided with a grounding connection shall be such that the
equipment-grounding connection is made before connection to and broken after disconnection from the
supply circuit.

Exception: Interlocked plugs, receptacles, and connectors that are not energized when the
equipment-grounding connection is made.

4.14.7 If an appliance is intended to be grounded and is provided with means for separate connection to
more than one power supply, each such connection shall be provided with a means for grounding.

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

4.14.9 A double-insulated motorized nozzle may be employed with a vacuum cleaner having a means for
grounding provided the nozzle is marked in accordance with item 8 of Table 17.

4.15 Protective devices

4.15.1 The screw shell of a plug type fuseholder and the cap end of an extractor post type fuseholder
shall be connected toward the load.

4.15.2 A protective device, such as a fuse, the normal function of which requires renewal or replacement,
shall be in a readily accessible location, other than as noted in Clause 4.15.4.

4.15.3 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
protector, and similar parts may project outside the appliance enclosure.

4.15.4 The protective device mentioned in Clause 4.15.2 need not be in a readily accessible location if:

a) the appliance, with the protective device shunted out of the circuit, would comply 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 diagram, and the like for the appliance.

Documents

Document Sharing Hub

Full document details: UL 1017 2002


http://avadocuments2026.com/doc/ul-1017-2002
http://avadocuments2026.com/doc/ul-1017-2002

DECEMBER 7, 2001 CSA-C22.2 NO. 243-01 ¢ UL 1017 39

4.16 Protection against injury to persons
4.16.1 General

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

4.16.1.2 When judging an appliance with respect to the requirement in Clause 4.16.1.1, consideration
shall be given to reasonably foreseeable misuse of the appliance.

4.16.1.3 The adequacy of a guard, a release, an interlock, and the like, and whether such a device is
required, are to 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 is to 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 is to be investigated for reliability.

4.16.1.4 Specific constructions, tests, markings, guards, and the like are detailed for some common
designs. Specific features and appliances not covered are to be given appropriate consideration. See
marking, Clause 9.

4.16.2 Sharp edges

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

4.16.3 Enclosures and guards
4.16.3.1 The rotor of a motor, a pulley, a belt, a gear, a fan, or other moving part that could cause injury
to persons shall be enclosed or provided with other means to reduce the likelihood of unintentional

contact, and such a part shall not be contacted by the probe illustrated in Figure 2.

Exception No. 1: A moving part or portion of a moving part that is necessarily exposed to perform the work
function need not be enclosed but, when necessary, guarding shall be provided.

Exception No. 2: An opening in the integral enclosure of a motor employed in an appliance intended for
commercial use, that is not used in either a hand-held appliance or a hand-supported portion of an
appliance, is acceptable if a moving part cannot be contacted by the probe illustrated in Figure 4.
4.16.3.2 During the examination of an appliance to determine whether it complies with the requirements
in Clause 4.16.3.1, 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 if it is marked in accordance with Clause 9.4.13.
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