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Underwriters Laboratories Inc. (UL)
333 Pfingsten Road
Northbrook, IL 60062-2096

UL Standard for Safety for Commercial Audio Equipment, UL 813
Seventh Edition, Dated December 13, 1996
Revisions: This Standard contains revisions through and including December 7, 1999.

UL is in the process of converting its Standards for Safety to the Standard Generalized Markup Language
(SGML), and implementing an SGML compliant document management and publishing system. SGML -
an international standard (1ISO 8879-1986) - is a descriptive markup language that describes a document’s
structure and purpose, rather than its physical appearance on a page. Significant benefits that will result
from UL’s use of SGML and these new systems include increased productivity, reduced turnaround times,
and data and information consistency, reusability, shareability, and portability. However, the fonts,
pagination, and general formatting of UL's new electronic publishing system differ from that of UL's
previous publishing system. Consequently, when revision pages are issued for a Standard with the new
publishing system, these differences may result in the printing of pages on which no requirements have
been changed - these additional pages result from relocation of text due to repagination and reformatting
of the Standard with the new publishing system.

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.

A change is indicated by a note following the affected item. The note is preceded and followed by an
asterisk.

The new and/or revised requirements are substantially in accordance with UL’s Bulletin(s) on this subject
dated February 17, 1999. The bulletin(s) is now obsolete and may be discarded.

The revisions dated July 13, 1999 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 reI @to aC
UL service and the compliance of a product with respect to the requirements for that prod%g7 <a ser%@
or if there are questions regarding the accuracy of this Standard. C i\ & >

UL'’s Standards for Safety are copyrighted by UL. Neither a printed copy of a ard n( dlstrlbutlon
diskette for a Standard-on-Diskette and the file for the Standard on th%ﬂl |bug§9n¢t§iskett/e;§@ould be
altered in any way. All of UL's Standards and all copyrights, own@@ps %@\rlghts @g ing those
Standards shall remain the sole and exclusive property of UL ,@@ @ @O

\A S =

All rights reserved. No part of this publication ma @f\\\reprgdﬁ%%a st ﬂn a retrieval system, or
transmitted in any form by any means, electroPQ %ect{@ phgt g}g}mg, recording, or otherwise
without prior permission of UL. <®O C O @

Revisions of UL Standards for Safety are is % dﬁ?om tu;m@%) time. A UL Standard for Safety is current
only if it incorporates the most recently ac@n%d revméﬁs
K \0)“
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UL provides this Standard "as is" without warranty of any kind, either expressed or implied, including but
not limited to, the implied warranties of merchantability or fitness for any purpose.

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

UL will attempt to answer support requests concerning WordPerfect, Envoy, and Standards-on-Diskette.
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 a Standards-on-Diskette only if it is 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.

Standards-on-Diskette purchasers 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 a Standard-on-Diskette on the
purchaser’'s computer system.

If a single-user version Standards-on-Diskette 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. The original distribution
diskette should be stored in a safe place.

If a multiple-user version Standards-on-Diskette 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. The number
of concurrent users shall not exceed the number of users authorized for the Standards-on-Diskette
version. The original distribution diskette should be stored in a safe place.

Standards-on-Diskette 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 a Standards-on-Diskette. Only one copy of the Standard may be printed for each ]
authorized user of a multiple-user version of a Standards-on-Diskette. An employee of an organization h @f)
purchasing a Standard-on-Diskette can make a copy of the page or pages being viewed for thewﬁy@ faer/>

and/or practical internal use. Because of differences in the computer/software/printer se

and those of Standards-on-Diskette purchasers, the printed copy obtained by a purch@§ ax r\@t ok

exactly like the on-line screen view or the printed Standard. é\ t‘gﬁ
(O O
The requirements in this Standard are now in effect, except for those p W@s sgict?ens tables, figures,
and/or other elements of the Standard having future effective dates ( dic the n \% owing the
affected item. The prior text for requirements that have been rey@g@ ave uﬂl effective date
are located after the Standard, and are preceded by a ”SUI{Eﬂi?SEg@ NTS" notice.
@ \\
New product submittals made prior to a specm fﬁmre gét’lve d t\é@@l be judged under all of the
requirements in this Standard including tho %ure “with a?jhéhﬁed future effective date, unless
the applicant specifically requests that the pr duc\,gi)k@ judgedqunﬁe the current requirements. However, if
/\@C Qﬁ @
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the applicant elects this option, it should be noted that compliance with all the requirements in this
Standard will be required as a condition of continued Listing, Recognition, and Follow-Up Services after
the effective date, and understanding of this should be signified in writing.

Copyright © 1999 Underwriters Laboratories Inc.
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UL 813

Standard for Commercial Audio Equipment

The first, second, and third editions were titled Standard for Sound-Recording
and -Reproducing Equipment.

First Edition — April, 1930
Second Edition — November, 1954
Third Edition — May, 1973
Fourth Edition — September, 1978
Fifth Edition — October, 1985
Sixth Edition — December, 1992

Seventh Edition
December 13, 1996

Approval as an American National Standard (ANSI) covers the numbered
paragraphs on pages dated December 13, 1996, November 13, 1998, June 16,
1999 and July 13, 1999. These pages should not be discarded when revised or
additional pages are issued if it is desired to retain the ANSI approved text.

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

Approved as ANSI/UL 813-1985, August 14, 1985
Approved as ANSI/UL 813-1991, November 27, 1991
Approved as ANSI/UL 813-1999, March 12, 1999

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 \\&@ @@3
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FOREWORD

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

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

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

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

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

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

1.1 These requirements cover power-operated audio equipment and accessories, rated 300 volts or less,
that are intended for use in commercial enterprises or establishments and other locations such as
churches, schools, theaters, and factories. This equipment is for use on supply circuits in accordance with
the National Electrical Code, NFPA 70.

1.2 Commercial audio equipment includes amplifiers, preamplifiers, mixers, signal processors, public
address and centralized sound systems, intercommunicating devices and systems, phonographs, tape
players, and recorders, radio receivers, tuners, and tuner-amplifiers, power supplies intended for use with
commercial sound systems, special effects units, and integral amplifier-speakers.

1.3 These requirements also cover accessories for use with commercial audio equipment such as tape
erasers and head demagnetizers.

1.4 These requirements do not cover equipment that is covered by individual requirements separate from
this standard such as:

a) Dictating and transcribing machines for office use;
b) Musical instruments and accessories for non-professional use;

¢) Household type amplifiers, tuner-amplifiers, phonographs, radio receivers, and recorders;
and

d) Amateur radio equipment.

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

1.5 revised December 7, 1999 0@ @
. , o> N
2 General > <
@Y $
e i<
2.1 Components ~OF Kﬁ
o@ Gk

2.1.1 Except as indicated in 2.1.2, a component of a product covered @qﬁ@\sta %}shall/e@sply with
the requirements for that component. See Appendix A for a Ilst @‘7 ta coverl@ \éomponents
generally used in the products covered by this standard.
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2.1.2 A component need not comply with a specific re@@mffsmg\t O@ﬂ
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a) Involves a feature or charactenst@;@t nee@ﬁbm the a@?atlon of the component in the
product covered by this standard, or fﬁ @
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b) Is superseded by a requirement in this standard.

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

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

2.2 Units of measurement

2.2.1 When a value for measurement is followed by a value in other units in parentheses, the first stated
value is the requirement.

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

2.3 Undated references

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

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

3.2 CORD-CONNECTED EQUIPMENT — Equipment intended to be connected to the supply circuit by
means of a flexible cord.

3.3 FIBER — Where the term "fiber" is used, vulcanized fiber is meant.
3.4 HAZARDOUS ENERGY - Circuit energy that involves a possible source of fire or electric shock.

3.5 INSULATION, FUNCTIONAL - The insulation necessary for the intended functioning of the
equipment and for basic protection against electric shock.

3.6 INSULATION, REINFORCED — An improved functional insulation with such mechanical and @{@
electrical qualities that it, provides the same degree of protection against electric shock as an m@@tlon RO
system comprised of both functional insulation and supplementary insulation.

<

1
oY W
3.7 INSULATION, SUPPLEMENTARY (PROTECTIVE) — An independent insulatiof @r%wd@@;; “Addition

to the functional insulation to protect against electric shock in case of failure Q(@ff% funct@a insulation.
w O \>

3.8 INTERLOCK — A device that automatically eliminates electrical S@D@ fra@@%art th@%bﬁe/comes

accessible when the enclosure of the part is opened or a cove\m@ m %Li

@o

3.9 LIVE PART — A part involving a possible source o{@@og sho&@ﬂ
> \ >

i@
3.10 ORDINARY TOOL - Flat-bladed and F@@%’ scr@@r ver ar@%g@s
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3.11 POWER AMPLIFIERS — Equipment capable of sufficiently increasing the amplitude or power of a
low level electric audio signal to drive a speaker. Equipment may be portable, rack mounted, or

permanently installed, with output terminals for connection to speaker loads, or with self contained
speaker(s).
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3.12 PRIMARY CIRCUIT — Circuit that is conductively connected to the supply circuit.
3.13 RACK MOUNTED EQUIPMENT — Equipment that is provided with means for rack mounting.

3.14 SECONDARY CIRCUIT — Circuit that is conductively connected to the secondary winding of an
isolating transformer.

3.15 SIGNAL PROCESSING UNITS — An amplifier or other equipment connected to a low level audio
signal source to present required input and output impedances and provide equalization, buffering,
isolation, mixing, or gain so the signal may be further processed.

CONSTRUCTION

4 General

4.1 The equipment shall be constructed so that:

a) Intended use and user servicing does not result in a risk of fire, electric shock, or injury to
persons;

b) The materials and components are used within their electrical, mechanical, and temperature
limits; and

c) The assembly protects the components and wiring from being displaced or damaged.

4.2 The materials and components referred to in 4.1 and in other requirements are those involving a risk
of fire, electric shock, or injury to persons and are so considered unless specifically indicated otherwise.

4.3 A transformer that is intended to be connected across the supply circuit shall comply with the
construction requirements in the Standard for Transformers and Motor Transformers for Use in Audio-,
Radio-, and Television-Type Appliances, UL 1411.

5 Enclosures

5.1 General

5.1.1 Equipment shall be provided with an enclosure that houses all vacuum tubes, motor driven parts@

and live parts, other than cords and cables, that involve a risk of fire or electric shock. The enclosure S‘Q\@
constructed so that it will protect the various parts of the equipment against mechanical damagew{\—”\@q <C4

f@{ SISI

e

5.1.2 Equipment shall be formed and assembled so that it has the strength and rigidity cgﬁar

the abuses to which it might be subjected, without increasing the risk of fire, equ@&{@ ﬁocg, or Anjury to
persons due to total or partial collapse with resulting reduction of spacings, | Shin Qor( lacement of
parts, or other serious defects. @Qﬁf\\\ \ <> X\@
90 S
5.1.3 The bottom shall be complete so as to protect all electr\tﬁ@@art n ev aﬁn@the bottom of
movable equipment, consideration shall be given to the Qo%ﬁb|llt @e e%upm t being placed on
objects that might damage wiring or other electrical co@@\en}@@\
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5.1.4 The enclosure of permanently connected equipment shall be constructed of metal.

Exception: Panel meters or other polymeric parts may serve as part of the required enclosure defined in
5.1.8 if they are found to be in accordance with the Standard for Polymeric Materials — Use in Electrical
Equipment Evaluations, UL 746C.

5.1.5 The thickness of a sheet metal enclosure shall be as indicated in Table 5.1.

5.1.6 The minimum thickness of cast metal shall be in accordance with Table 5.2.

5.1.7 The thickness of a wooden enclosure shall be no less than 1/2 inch (12.7 mm) for those portions of
the enclosure that serve as a supporting frame for equipment weighing 10 pounds (4.54 kg) or more.

Exception No. 1: The thickness of a wooden enclosure may be thinner than 1/2 inch if investigated and
determined to provide equivalent strength.

Exception No. 2: Those portions of a wooden enclosure that do not serve as a support of parts or as
structural members of the frame may be 1/8 inch (3.2 mm) thick.

5.1.8 A polymeric enclosure or part of an enclosure used on cord-connected equipment shall comply with
the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C, when used to:

a) Render inaccessible all or any parts that may otherwise present the risk of electric shock or
injury to persons or

b) Reduce the risk of propagation of flame initiated by electrical disturbance within the equipment.
5.2 Corrosion resistance
5.2.1 Iron and steel parts shall be resistant to corrosion by means of enameling, galvanizing, plating, or
the equivalent if the corrosion of such parts would result in a risk of fire, electric shock, or injury to

persons.

Exception No. 1: In certain instances where the oxidation of iron or steel is not likely to be appreciable
due to:

a) The exposure of the metal to air, moisture, and temperature and

P

b) The thickness of metal. /7
) @Nx& <C4
A surface of sheet metal or a cast iron part within an enclosure may not be requmaq’%e c@ﬁo /on
resistant. é\ &J
ot O
Exception No. 2: The requirement does not apply to bearings, lammat/on%@m/n@g ppa‘hs of lr@yr Steel,
such as washers and screws. { \ X\Q\»\“ @
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Table 5.1
Minimum thickness of sheet metal
Steel Copper, brass, or aluminum
Maximum dimensions of With supporting frame or With_
enclosure Without supporting frame equivalent reinforcing ) supporting
Without frame or
Length or supporting equivalent
width, Area, Zinc coated, Uncoated, 4inc coated, Uncoated, frame, reinforcing,
inches  (m) inches 2 (m2) inch  (mm) inch mm) Jinch (mm) i#ch (mm) igch (mm) ingh (mm)
12 0.30 90 0.06 | 0.036 | 0.91 | 0.032 | 0.81]0.0252| 0.64 [0.0213]| - 0.045 | 1.14 | 0.029 | 0.74
18 0.46 | 135 | 0.09 | 0.046 | 1.17 | 0.043 | 1.09 | 0.036 | 0.91 | 0.032 | 0.81 | 0.058 | 1.47 | 0.046 | 1.14
24 0.61 | 360 | 0.23 | 0.057 | 1.45 | 0.054 | 1.37 | 0.046 | 1.17 | 0.043 | 1.09 | 0.075| 1.91 | 0.058 | 1.47
48 1.22 | 1200 | 0.77 | 0.071| 1.80 | 0.067 | 1.70 | 0.057 | 1.45 | 0.054 | 1.37 | 0.095| 2.41 | 0.075| 1.91
60 1.52 | 1500 [ 0.97 | 0.098 | 2.49 | 0.095 | 2.41]0.057 | 1.45 | 0.054 | 1.37 | 0.122 | 3.10 | 0.075| 1.91
Over Over | Over | Over | 0.127 | 3.23 | 0.124 | 3.15| 0.057 | 1.45 | 0.054 | 1.37 | 0.153 | 3.89 | 0.075 | 1.91
60 1.52 | 1500 | 0.97
@ Sheet steel for an enclosure intended for outdoor use (raintight) shall not be less than 0.036 inch in thickness if zinc coated
and not less than 0.032 inch in thickness if uncoated.
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Table 5.2

Minimum thicknesses of cast metal

At base of threads, at small, flat, unreinforced
surfaces and at surfaces that are reinforced
by curving, ribbing, and the like (or are
otherwise of a shape or size) to provide

physical strength,

At relatively large unreinforced flat surface,

Metal inch (mm) inch (mm)
Die-cast metal 3/64 1.2 5/64 2.0
Cast malleable iron or 1/16 1.6 3/32 2.4
permanent mold cast
aluminum
Other cast metal 3/32 2.4 1/8 3.2

6 Mechanical Assembly

6.1 A switch, lampholder, attachment-plug, pressure wire connector, or similar component shall be
mounted securely and shall be made resistant to turning.

Exception No. 1: The requirement that a switch be made resistant to turning may be waived when all of
the following conditions are met:

a) The switch is a plunger or other type that does not rotate when operated. (A toggle switch is
considered to be subject to forces that to turn the switch during the intended operation of the

switch).

b) The means of mounting the switch makes it unlikely that operation of the switch loosens it.

¢) The spacings are not reduced below the minimum acceptable values if the switch rotates.

d) Intended operation of the switch is by mechanical means rather than by direct contact by

persons.

Exception No. 2: A lampholder of a type in which the lamp cannot be replaced, (such as a neon pilot or
indicator light where the lamp is sealed in by a nonremovable jewel) need not be made resistant to turning
if rotation cannot reduce spacings below the minimum acceptable values.

6.2 The means for turn resistance specified in 6.1 is to consist of more than friction between s %#
For example, a lock washer may be used as the means for making a small stem-mounted swnq@
device that has a single-hole mounting means resistant to turning. (5

7 Supply Connections — Permanently Connected Equipment

7.1 General

7.1.1 Permanently-connected equipment shall be prowded

primary-circuit power. Cord connected equipment that is_

dedicated space shall be provided with means for

unless connection by means of a supply cord i |s<§1 ssa

is necessary for maintenance and repair, in Whi

Full document details: UL 813 1999

K@JC Q)
{ X \0)”

nde

qﬁénnec to the primary-circuit power,
cilit nterchange of units; or removal
shorg;e@ easible length of cord shall be used.

& the
Eas

ean

P

c%s J
R @
mé\ o\ \ h
7
Q< N /ﬁ\@
O

g g@ - i o

ea perman onnection to the

éﬁfast mgd in place or located in a

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/ul-813-1999
http://www.avadocuments.com/doc/ul-813-1999

DECEMBER 13, 1996 COMMERCIAL AUDIO EQUIPMENT - UL 813 11

7.1.2 A unit intended for permanent connection to the branch circuit shall have provision for such
connection.

7.1.3 A sheet-metal member to which a wiring system is to be connected in the field shall have a
thickness not less than 0.032 inch (0.81 mm) if of uncoated sheet steel, not less than 0.034 inch (0.86
mm) if of galvanized sheet steel, not less than 0.044 inch (1.11 mm) if of sheet aluminum, and not less
than 0.043 inch (1.09 mm) if of sheet copper or sheet brass.

7.1.4 A terminal box or compartment shall be provided in which branch-circuit connections to a
permanently wired unit are to be made and shall be such that these connections can be readily made and
inspected without disturbing the wiring or the unit after the unit is installed as intended.

7.1.5 The volume of a field wiring compartment provided with pigtail leads for connection to the supply
wiring shall not be less than indicated in Table 7.1.

Table 7.1
Minimum size of field wiring compartment

Size of lead, Wire space within compartment for each lead,
AWG (mm 2) inches 3 (cm 3)
14 2.1 2 32.8
12 3.3 2.25 36.9
10 5.3 2.5 41.0
8 8.4 3 49.2
6 13.3 5 81.9

7.1.6 A pigtail lead shall be no more than two wire sizes smaller than the copper supply conductor to
which it will be connected. For example, if No. 14 AWG (2.1 mm2) supply conductors will be used, the
pigtail leads provided shall not be smaller than No. 18 AWG (0.82 mm?).

7.1.7 No electrical component shall be mounted on a part, such as the cover of a wiring terminal
compartment, that must be removed for the connection or inspection of field wiring.

Exception: This requirement does not apply to a unit in which the power supply circuit wires are intended
to be connected to an attachment plug receptacle.

7.1.8 A terminal compartment intended for the connection of a supply raceway shall be attached to the@

2@
N

unit so that it is resistant to turning. X\b
K
7.2 Separation of circuits @ﬁ h X@K

7.2.1 Field installation conductors of any circuit shall be separated by barriers frgn@\@’

EﬁQJ

a) Field- and factory-installed conductors connected to any othe @Q}ﬁg\n u@eg%/the ggg@qctors of
both circuits are insulated for the maximum voltage in elthgr@ uit; ﬁf{ X\

b) An uninsulated part of any other circuit in the @\IXF an%s@?#anyﬁjmnfﬂlated live part, the
short-circuiting of which results in a risk of fI%@@ ect Shock

£ @
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7.2.2 Separation of some field-installed conductors from others and from uninsulated live parts connected
to different circuits can be accomplished by arranging the openings in the enclosure for the various
conductors (regarding the terminals or other uninsulated live parts) so that there is no likelihood that the
conductors, or parts of different circuits, can be intermingled. If no more openings are provided in the
enclosure than are necessary for proper wiring of the unit and each opening is opposite a set of terminals,
it is to be assumed in determining compliance with 7.2.1, that conductors entering the enclosure through
any such opening will be connected only to the terminals opposite that opening. If more openings are
provided in the enclosure than are necessary for the intended wiring of the unit, it is to be assumed (in
determining compliance with 7.2.1) that conductors will enter the enclosure through openings not opposite
the terminals for which they are intended to be connected, and may touch insulated conductors and
uninsulated live parts of other circuits.

7.3 Wiring terminals

7.3.1 Permanently connected equipment shall be provided with wiring terminals or leads for the
connection of conductors having an ampacity no less than the current rating of the equipment. A wiring
terminal shall be provided with a soldering lug or an acceptable pressure wire connector, firmly bolted or
held by a screw.

Exception: A wire-binding screw may be used at a wiring terminal intended to accommodate a No. 10
AWG (5.3 mm2) or smaller conductor if an upturned Ilug or the equivalent is provided to hold the wire in
position. A fixed wiring terminal shall be prevented from turning.

7.3.2 A field-wiring terminal shall be prevented from turning or shifting in position by means other than
friction alone. For example, two screws or rivets, square shoulders or mortises, dowel pins, lugs, offsets,
connecting straps or clips fitted into an adjacent part, or some similar method may be used.

7.3.3 A wire-binding screw shall not be smaller than No. 10 (4.8 mm diameter).

Exception: A No. 8 (4.2 mm diameter) machine screw may be used at a terminal intended only for the
connection of a No. 14 AWG (2.1 mm2) conductor, and a No. 6 (3.5 mm diameter) screw may be used for
the connection of a No. 16 or 18 AWG (1.3 or 0.82 mmz) conductor.

7.3.4 A No. 14 AWG (2.1 mm?) is the smallest conductor that is to be used for branch-circuit wiring and
thus is the smallest conductor that is to be anticipated at a terminal for connection of a branch-circuit
conductor.

7.3.5 A terminal plate for a wire-binding screw shall be of metal not less than 0.050 inch (1.27 mmi\@@

thick d shall h t less than two full threads in th tal. © AN
ickness and shall have not less than two full threads in the meta @z@\@ K@@

7.3.6 A terminal plate formed from stock having the minimum required thickness as %f&/gfzﬁh %d %
have the metal extruded at the tapped hole for the binding screw so as to prowde@@ uII ttk@
O@

7.3.7 An upturned lug or a cupped washer shall be capable of retaining aﬁ%ly ;%jg)n@ﬁctor ash@escribed
in 7.3.1, but shall be not smaller than No. 14 AWG (2.1 mm ) under B@Oeadﬂg\@s}e screy@o?ﬁf washer

&
,@
7.3.8 The free length of a lead inside an outlet box or W|r|

%{ ﬂ%?sha%bg @nches (152 mm) or
more if the lead is intended for field connection to an p\@?\ﬁag@ Q\/
S o>

7.3.9 Permanently connected equipment ra§ Cat 12%@? 5/25%2}(@1% (3-wire) or less shall have one
terminal or lead identified for the connectio fthi%,%oundedqelreaj conductor of the power supply circuit.

/N@C @ {0
{ \0)“
Documents

Document Sharing Hub

Full document details: UL 813 1999


http://www.avadocuments.com/doc/ul-813-1999
http://www.avadocuments.com/doc/ul-813-1999

DECEMBER 13, 1996 COMMERCIAL AUDIO EQUIPMENT - UL 813 13

7.3.10 If a lampholder is provided, the identified terminal or lead specified in 7.3.8 and described in 7.3.11
shall be connected to the screw shell of the lampholder. A fuse or single-pole switch, circuit breaker, or
automatic control shall not be connected to the identified grounded conductor.

Exception: A single-pole automatic control without a marked off position may be connected to the
grounded conductor.

7.3.11 The plug and receptacle shall be polarized if a unit or chassis within a rack or similar enclosure is
provided with an attachment plug for supply connection to a receptacle that is part of the equipment, and
if the unit or chassis has an Edison screw shell lampholder or a single-pole switch connected on the load
side of the plug.

7.3.12 A field-wiring terminal intended for the connection of a grounded neutral supply conductor shall be
identified by means of a metallic coating that is substantially white in color and shall be easily
distinguishable from the other terminals; or proper identification of the terminal for the connection of the
grounded conductor shall be clearly shown in some other manner, such as on an attached wiring diagram.
If wire leads are provided instead of terminals, the identified lead shall have a white or natural gray color
and shall be easily distinguishable from the other leads.

7.3.13 The distance between any pressure terminal connector intended for field wiring and the wall of the
enclosure toward which the conductor is directed or through which the conductor may be intended to pass
shall be as indicated in Table 7.2. However, the spacings may be less where the wall or other obstruction
lies outside of the area occupied by the conductor that is bent or deflected to a radius no less than the
distance given in Table 7.2.

Table 7.2
Minimum wire bending space

Size of wire, Minimum bending space terminal to wall,

AWG (mm 2) inches (mm)
14 - 10 21-53 Not specified

8-6 8.4-133 1-1/2 38.1

4-3 21.2 - 26.7 2 50.8

2 33.6 2-1/2 63.5

1 42.4 3 76.2

8 Supply Connections — Cord- and Plug-Connected Equipment s

8.1 General &O C{;ﬁJ
oy

8.1.1 Cord-connected equipment shall be provided with a length of flexible cord and a@\a ch@f&np ug.

8.1.2 Cord-connected equipment provided with an input voltage selector s ﬂa\ﬂ\@ﬁ cr&at@ék‘rgli of fire or

electric shock when tested in accordance with 48.1.14(e). {@@ @\ QN\&
o ™ P
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8.1.3 Cord connected equipment shall be provided with instructions and be marked in accordance with
64.10.1 and 64.11.1.

8.1.4 The construction of the supply circuit voltage selector shall be such that the supply circuit voltage
setting cannot be changed unintentionally.

8.1.5 If the equipment is constructed so that the supply circuit voltage selector setting can be changed by
the user, the action of changing the voltage selector setting shall also change the supply circuit voltage
indication.

8.1.6 Equipment that can be set to different rated supply circuit voltages shall be constructed so that the
indication of voltage to which the equipment is set is externally visible in the area adjacent to the rating
information.

8.2 Power supply cords and cord sets

8.2.1 The ampacity of the cord shall be no less than the marked rating of the equipment.

8.2.2 A power supply cord or cord set shall be one of the types indicated in Table 8.1, or the equivalent.

For example, an appliance wiring material construction that has been determined to be equivalent to
Non-Integral Type SPT-2 cord may be used in applications where Non-Integral Type SPT-2 cord is

specified.
Revised 8.2.2 effective December 1, 1998
Table 8.1
Types of power supply cords intended for use
Revised Table 8.1 effective December 1, 1998
Maximum length,
Equipment Type of cord feet (m)
Amplifiers?, general use Non-Integral SPT-2, SV, SVT, 10 3.1
SVE
SJ, SJT, SJE 25 7.6
Amplifier speakers SJ, SJE, SJT 25 7.6
Intercommunication systems Non-Integral SPT-2, SV, SVE, 10 3.1
SVT
Public address systems g\(ﬁ Integral SPT-2, SV, SVE, 10 3.1 \\@@) @<®
SJ, SJE, SIT 25 76 O S N
Q < )
Sound systems? SJ, SJE, SJT 25 @5@ b @@'
Phonographs, tape players, Non-Integral SPT-2, SV, SVE, 10 . & %.1 J%‘ /
and recorders SVT @@@ PN\ %
SJ, SJE, SJT 25 AT G
Tape erasers and head Non-Integral SPT-2, SV, SVE, 10 Qﬂ o> BN §$ 3%@\&
demagnetizers SVT o @\\d \?< g
2 Includes mixers, preamplifiers, power supplies, radio tuners, and other eqmgl@(@t at i usﬁd in conj @ﬁbntﬁnth an amplifier.
b A sound system may be comprised of a number of different compone Talh‘\pllfle Qéwij(\\record r, gec d changer, radio
tuner, and the like) as may be found in a school sound system or a age teafrz systerp@

T _p®

o é oo* i @\%@

/@ @ @@
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8.2.3 No. 20 AWG conductors may be employed in appliance wiring material constructions as referenced
in 8.2.2 when:

a) The appliance is rated 2.0 A or less,
b) The appliance does not employ a convenience receptacle, and

c) Overcurrent protection rated 2.0 A or less is provided in the attachment plug and connected so
as to interrupt the ungrounded side of the supply circuit.

Added 8.2.3 effective December 1, 1998

8.2.4 The length of the cord shall not be more than the value shown in Table 8.1 and not less than
specified in 8.2.6.

8.2.5 The length of the cord shall not be less than 5 feet (1.52 m).

Exception: Equipment specifically intended for use in a location where a power receptacle will be
available adjacent to the equipment may use a cord shorter than that specified.

8.2.6 The length of a power supply cord is to be measured from the face of the attachment plug to the
point where the cord emerges from the equipment. The length of a cord set is to be measured from the
face of the attachment plug to the face of the appliance coupler.

8.3 Appliance coupler

8.3.1 An appliance coupler used as part of a separable cord set shall be constructed so that the appliance
coupler cannot readily be used to defeat the conventional interlock device.

8.3.2 The conventional interlock device referred to in 8.3.1 has nominally 3/32 inch (2.4 mm) diameter
pins, spaced 5/16 inch (7.9 mm) apart, measured between pin centers.

8.4 Cord strain relief

8.4.1 The power supply cord shall be attached to the equipment so that a mechanical strain on the cord
leaving the overall enclosure cannot:

a) Be transmitted to terminals, splices, or interior wiring; © -
& Q)
@ at
oY o
c) Damage an interlock so that it does not perform its intended function. C@\ Qf@
O NS OO g
R @@& - @E‘g‘)
O i
o R
8.5.1 The power supply cord or leads shall be provided with a e@s’ tﬁ@i@ﬁ\\/ents tt@rﬁ' from being

pushed inside the enclosure if, when pushed inside, any of thesfaliowin ceurs: @Oo -

b) Separate an interlock connector from the part of the equipment to which it is attach%%@

8.5 Cord push-back relief

<K = g
a) The insulation of the cord or leads is @@te@%mper@@@ or voltages above the
assigned ratings, S @L oA
b) The cord or leads contact a sharp ed%ﬂ)r mo%)p?art that could damage the insulation,
RN @
2O
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c) The cord or leads displace a part resulting in reduction of spacings in hazardous circuitry or a
strain on internal connections, or

d) The cord or leads remain inside the equipment enclosure and cannot be retrieved when the
equipment is marked in accordance with 65.1.1.

Exception: Subitem (d) does not apply when a separate cord storage compartment that has been
evaluated is provided.

To determine compliance with this criteria, the cord (or leads) shall be subjected to the Pushback Relief
Test, Section 54.

8.5.1 revised December 13, 1996
8.6 Cord-bearing surface

8.6.1 If a knot in a power supply cord serves as strain relief, the surface against which the knot may bear
or with which it might come in contact shall be free from projections, sharp edges, burrs, fins, and the like
that cause abrasion of the insulation on the cord.

8.7 Cord and wire routing

8.7.1 A separate flexible cord or wire that is not connected in the supply circuit or that does not involve
a risk of fire or electric shock shall not be routed through a bushing or opening with the power supply cord
at a point of flexure.

8.8 Attachment plug

8.8.1 The attachment plug shall have an American Standard configuration of pins and American Standard
ratings. It shall be a type intended for use with a current no lower than the rated current for the equipment,
and at a voltage equal to the rated voltage of the equipment. If the equipment can be adapted for use on
two or more different supply voltages by means of an input voltage selector, the attachment plug provided
with the equipment shall be acceptable for the voltage for which the equipment is intended to be
connected when it is shipped from the factory.

8.8.2 The attachment plug of the power supply cord of equipment provided with a 15- or 20-ampere
general-use convenience receptacle shall be a 3-wire grounding type. The attachment plug of the power
supply cord of all other equipment that is not required to be grounded shall be polarized or of the@
grounding type. \\b

8.8.3 The supply cord polarity of a 3-conductor cord shall be identified as follows: Cﬁ < X@K
’\ ®)

a) The line conductor shall be black, the identified (neutral) conductor(fﬁé“ﬁ)be v@ﬁ@ “and the
grounding conductor shall be green, or {\% Qs S
ﬁw\

b) The line conductor shall be brown, the identified (neutr %@cﬁhg{uc%&ll be&g@ B?ue and the
grounding conductor shall be green with one or more/ str s) @o

2
Revised 8.8.3 effective De%@\ﬁ)er 1 &@\ (\ﬂ

8.8.4 When a polarized attachment plug is us W r an, @éurrent protective device (other
than an automatic control without a marked oﬁbosm e cenge@@ntact of an Edison base lampholder,
an interlock, and a manual on-off switch Wlth al d oﬁ@@tlon shall be connected to the ungrounded
side of the line when used in the pnmary&:\( Q)

{ \0)“
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8.9 Bushings

8.9.1 At the point at which a supply cord passes through an opening in a wall, barrier, or the overall
enclosure, there shall be a bushing or the equivalent that is secured in place and that has a smooth,
rounded surface against which the cord can bear. If a cord other than Type S, SE, SO, ST, STO, STOO,
SJ, SJE, SJO, SJOO, SJT, SV, SVE, SVO, SVOO, SVT, SVTO, or SVTOO is used and the wall or barrier
is of metal, an insulating bushing shall be provided.

8.9.2 When the exit for the cord is wood, wood composition, or an insulating material, a surface free of
fins, burrs, and the like is considered similar to a bushing.

8.9.3 Ceramic, porcelain, and phenolic materials and some molded compositions are not prohibited from
being used for insulating bushings. Separate bushings of wood or rubber are not to be used.

Exception: A soft rubber bushing is capable of being used in the frame of a motor when the bushing is
no less than 3/64 inch (1.2 mm) thick, and when the bushing is located so that it is not exposed to oil,
grease, oily vapor, or other substance having a harmful effect on rubber. When a soft rubber bushing is
used in a hole in a metal motor frame, the hole shall be free from sharp edges, burrs, projections, and the
like, which are capable of cutting into the rubber.

8.9.4 Fiber is not prohibited from being used when the finished bushing is not less than 3/64 inch (1.2
mm) thick and is formed and secured in place so that it is not adversely affected by ordinary moisture.
Sheet fiber not less than 0.028 inch (0.71 mm) thick is capable of being used under the same conditions.

8.9.5 A bushing of the same material as and molded integrally with the supply cord is acceptable on an
appliance wiring material construction that has been determined to be equivalent to Non-Integral Type
SPT-2 cord, or heavier cord or wiring material when the built-up section is not less than 1/16 inch (1.6 mm)
thick at the point at which the cord passes through the enclosure.

Revised 8.9.5 effective December 1, 1998

8.9.6 An insulated metal grommet is capable of being used in place of an insulating bushing when the
insulating material used is not less than 1/32 inch (0.8 mm) thick and completely fills the space between
the grommet and the metal in which the grommet is mounted.

9 Audio Output Connections

9.1 An amplifier or similar equipment having an audio output potential greater than 300 volts when tested . )
as described in 43.2 shall be provided with one of the following to permit connection of the output Cer\{:tﬁ) @{Q

&%“ NG
a) Means for connection of conduit complying with 7.1.2 — 7.1.8, and wire- b'”d'”%%? I@K<\
6-32 (3.5 mm diameter) or larger, quick-connect terminals, or leads. When ww@ g&|

are provided, the terminals shall comply with the requirements in 7.1.5 — 7@;,@7 Whe fick

connect terminals are provided, the terminals shall comply with the {_eg()?%m%nt

b) A length of permanently attached Non-Integral Type SPT=2) %’yp 5 @\éjVE 5(% \r< J SJE,
SJT flexible cord, an appliance wiring material construgzt@ Q)that aN)een rmined to be
equivalent to Non-Integral Type SPT-2 cord, or tﬁe%@dt‘ﬁval nd anﬁ able appliance
coupler. The cord shall be provided with stra|%® f aa@“&i UShI €omplying with the
requirements in 8.3.1 — 8.7.1 and 8.9.1 —(&Sé/ Q 5

oY _l®
@ﬂ o®®

A @
/N@C é&yb
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c) An opening that will permit the field installation of a flexible cord and wire-binding screws,
quick connect terminals or leads as described in 9.1 (a). Such an opening shall be provided
with an insulating bushing as described in 8.9.1 — 8.9.6.

Exception: The constructions described in 9.1 (b) and (c) are not to be used when the equipment is
intended for supply connection by means of conduit.
Revised 9.1 effective April 1, 2001

9.2 If the following conditions are met, quick-connect terminals may be used for field connection as
described in 9.1 (a):

a) The male tabs are firmly mounted in place.
b) Mating female connectors are provided with the equipment.

c) Strain relief is provided with the appliance so that stress on the conductors will not be
transmitted to the terminals.

Exception: Strain relief is not required when a separate wiring compartment or barrier is provided
so that a disconnected terminal will not be connected to a live part or an accessible dead metal
part.

d) The installation instructions include information for assembly of a terminal to a conductor,
and the utilization of strain relief as follows:

1) In the case of a terminal intended to be assembled to a wire or wires by a specific
tool, the tool designation is specified.

2) Instructions for preparation of the conductors, such as twisting strands of the
conductors together before assembly.

3) The size and type of wire (solid or stranded).

4) If strain relief is required, identification of the strain relief means and instructions for
its use.

e) The quick connect terminals are acceptable for use with the size and type (solid or stranded)@

of wire specified. X\u @@)
e W
f) If a strain relief means is provided, it performs as intended when installed in a%q%dgce ©
the installation instructions and when tested in accordance with 53.1 and 53. ZC\ Y o
9.3 Spacings at field wiring terminals provided on an amplifier or similar ﬁment I@gg;an audio
output potential greater than 300 volts when tested as described in 43. % \ii comglfwth 2/&@\}
Added 9.3 effective April 1, 2001 j\ ’\ @
« r@ ﬂ\
9.4 A receptacle shall be constructed so that it will not re %vmhein@g\of %stané)ard attachment plug
as described in the Standard for Attachment Plugs a cep
Added 9. 4 lve A Z,
<Q>Q &q\/\
. <”>§ "
/\@? @)
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9.5 Live parts of audio output terminals for an amplifier or similar equipment having an audio output
potential greater than 120 volts when tested as described in 43.2 shall comply with the accessibility
requirements of 34.1.1 — 34.1.3.

Added 9.5 effective April 1, 2001

10 Auxiliary Power Connections

10.1 An auxiliary input connection provided for operation of the equipment from an alternative source of
power, such as a Class 1 power limited source, shall comply with the applicable portions of Sections 7
and 8 if hazardous energy is involved.

10.2 An attachment plug provided for connection to the alternative power source shall not be of a type
that is commonly used for line power.

10.3 If the auxiliary power source is not provided with overcurrent protection in accordance with the
National Electrical Code, ANSI/NFPA 70, such protection shall be provided as part of the equipment.

10.4 Auxiliary power output connections provided as a power source for other equipment, battery
charging of external batteries, and similar items shall comply with 9.1 (a) — (c) when energy is involved.

10.4 revised September 10, 1999
10.5 Auxiliary input and output power connections shall be marked in accordance with 64.7.1.
11 Lampholders

11.1 The terminals of a lampholder shall be riveted or otherwise secured in place. The center contact and
its mounting shall be secured so that it will be held within the shell when the lamp is removed. The
location, insulation, or arrangement of the lampholder terminals and other live parts, including the lamp
base, shall be such that there is a reduction of the risk of grounding or of electric shock while in use or
while servicing. Soft rubber shall not be used for the insulation of a lampholder shell.

12 Receptacles

12.1 An unused receptacle (such as one provided for the attachment of an accessory) that involves
hazardous energy shall not be of the type used as a receptacle for a single-prong, shielded-type
phonograph plug; shall involve line power only if of the conventional parallel-slot type; or comply with
27.1.8. @ K‘ ©
12.2 If the face of a receptacle is less than 5/8 inch (15.9 mm) wide or less than 7/8 inch (22.2 ;%3@
the face of the receptacle shall project no more than 3/16 inch (4.8 mm) from the part ou
surface that is within a rectangle 5/8 inch wide and 7/8 inch long, symmetrically @c ed lﬁmt the
receptacle contacts. If the mounting surface is conductive, the face of the receptgp@\%’nall %@it no less
than 3/32 inch (2.4 mm) from that part of the mounting surface. O&O o Gt

N\ »\/

/“N
12.3 The area surrounding an unused attachment plug receptaclg@§}a$f b of a&o«%o\j%ctlons that
prevent full insertion of the blades of a circular attachment p wg@é@é dlarq@fg 1-3/16 inches
A

(30.2 mm). D/{\\\’%, @i\ m@

Exception: The projections are acceptable if the;lsﬂ% es o) g%ittach Iug are prevented from being
inserted to make electrical contact with the co s of tha@c%ptac/e

S5 o® "
18Y @ﬁ
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13 Switches
13.1 General

13.1.1 A switch connected to wiring involving a risk of fire or electric shock shall be of a type intended for
that use and shall have an electrical rating no less than that of the load it controls.

13.2 Switch current rating

13.2.1 Regarding the requirement in 13.1.1, the ampere rating of a supply circuit control switch is to be
equal to or greater than the maximum steady state (rms) current it controls as determined during the input
test. For a power amplifier supply circuit control switch, the ampere rating is to be equal to or greater than
the maximum steady state (rms) current it controls as determined during the input test in 41.2.2, at
one-third maximum undistorted power output or at one-third of the manufacturer’s rated output power,
whichever is greater.

14 Protective Devices
14.1 General

14.1.1 A protective device, such as a fuse, manual reset overcurrent device, or a fusible resistor, shall be
constructed for the purpose of overload protection.

14.1.2 A protective device or component relied upon to reduce the risk of fire or electric shock shall
comply with the requirements for that component and also shall comply with 42.1.3 — 42.1.5.

14.2 Circuits

14.2.1 When a protective or limiting function to reduce the risk of fire or electric shock is accomplished
through the use of solid-state circuitry to provide sensing, cut-off, or limiting, the circuitry shall be
investigated in accordance with the Military Standardization Handbook Reliability Prediction of Electronic
Equipment, MIL-HDBK-217F-September 1995. The theoretical predicted reliability shall be equal to or
greater than 95 percent for a period of 20,000 hours. Additionally, equipment with protective or limiting
circuitry shall complete 100,000 cycles of operation simulating the fault(s) that it is intended to interrupt,
without increasing the risk of fire or electric shock.

14.3 Fuses @ S
@ S

14.3.1 A fuse that is user serviceable as described in 35.1 shall be mounted or guarded so tha@ﬁ@ I|veC/><

part will be exposed to unintentional contact. The arrangement shall be such that at a%%ﬂtl ed
replacement the fuse will not be gripped or held by any part of the fuseholder while I|ve @Qr e@o ed.

14.3.2 A clip for a cartridge fuse shall be mounted securely, resistant to turn{\@@and p@ﬁ with end

stops. Q@@ < &b X\@
14.4 Battery circuit protection 9< i\@ ﬁ\@
. Yy p /\ ’@ \A@ ) @o -

14.4.1 A fuse or other overcurrent protective device s % prgyﬂg\d i intended for use with an
external battery or in equipment having a self-co d b >| a r(s (g@re is involved.

o

< € , & o
oY ¢ ,@@
= &b
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14.4.2 When an external battery is used and the battery supply cord is provided by the manufacturer, the
fuse or protective device shall be located no more than 5 inches (127 mm) from the battery connecting

means.

15 Capacitors

15.1 A capacitor shall use materials and shall be constructed so that it will not constitute a risk of fire or
injury to persons. A paper capacitor shall be impregnated or otherwise enclosed to exclude moisture. A
paper cover for a capacitor shall comply with the requirements in 25.2.1.

15.2 A capacitor connected across the supply circuit; used in primary supply circuits for antenna blocking,
line by-pass, or metal enclosure isolation; or connected between live parts and exposed metal parts shall
comply with the Standard for Across-The-Line, Antenna-Coupling, and Line-By-Pass Capacitors for
Radio- and Television-Type Appliances, UL 1414.

Full document details: UL 813 1999
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15.3 A capacitor is considered to be connected across the supply circuit when used in any of the following
applications:

a) With the capacitor in a shorted condition, a current of more than 1 ampere passes through it
when the equipment is in a heated condition. The current through the capacitor can be limited to
1 ampere or less by a fixed impedance or a protective device rated 1 ampere or less.

b) A capacitor used for antenna blocking or line-by-pass in equipment provided with external
antenna terminal(s) that might be grounded.

c) A capacitor used for line-by-pass in equipment provided with a terminal or connector intended
to be grounded.

15.4 The voltage rating of a capacitor shall equal or exceed the maximum steady-state potential to which
the capacitor is subjected during intended operation of the unit.

16 Batteries
16.1 General

16.1.1 A battery of a combination supply circuit and battery-operated equipment shall not be connected
to the supply circuit unless the live current-carrying parts are insulated, arranged, or otherwise protected
to reduce the risk of fire or electric shock.

16.1.2 The terminals of a battery contained within equipment shall be protected to reduce the risk of
unintentional short circuiting during installation and while in service.

16.2 Automotive-type battery cord connections

16.2.1 The flexible cord used with an automotive type battery shall be Type SPT-2, non-integral SPT-2,
or SVT.

Revised 16.2.1 effective December 1, 1998

16.2.2 A plug constructed to engage an automobile cigar lighter type receptacle is an example of an
acceptable connecting means.

*16.2.2 reinstated effective December 1, 1998*

Q)
16.2.3 Alternating-current, battery-type equipment that is intended to be powered from a separa %)&\pe Y <<
battery supply cord is not to use a connector on the equipment that has a configuration that e \§>
alternating current appliance coupler described in 8.2.5 and 8.3.1. @% X\\

el

m@ o\
;\
@@ @K‘g‘)

17.1 A motor provided as a part of the equipment shall be of a t @fﬁﬁat (‘i@wandle t ﬂgﬁ}axmum
intended load of the equipment without introducing any risk of flre@ﬂ tric. or m;&@to persons.

\A@

17.2 The spacings for a motor shall comply with the s g re Pﬁents m@trfe Standard for Electric

17 Motors

Motors, UL 1004. @\ ‘\&/@Q @
, @9 q@@ - X%w
18 Coil Windings V" S i

o
®

18.1 A coil winding shall be mpregnated&g@g@erwse{q@a%d to resist the absorption of moisture.
(*\0)”
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18.2 With regard to the requirement in 18.1, fiber, cloth, and similar moisture absorptive materials shall
be provided with impregnation or otherwise treated to resist the absorption of moisture. Cross over lead
insulation for a coil winding shall be provided with a covering of paper, waxed or otherwise treated to resist
the absorption of moisture as described in the Exception to 25.2.1.

Exception: Enameled wire is not required to be treated to reduce absorption of moisture.
19 Sleeving, Tape, Tubing, and Wire Insulation
19.1 General

19.1.1 Sleeving, tape, tubing, and wire insulation shall be rated for the voltage involved and the
temperature attained under any condition of use. Tape shall be flame-retardant. Sleeving, tubing, and wire
insulation shall have a flame retardant rating of VW-1.

Exception: Sleeving, tape, tubing, and wire insulation located in nonhazardous secondary circuits and
segregated or routed from wiring located in hazardous energy circuits or low voltage, limited energy
circuits need not comply with this requirement.

19.2 Mechanical protection

19.2.1 The wiring and connections between parts within the equipment shall be protected or enclosed to
reduce the risk of mechanical damage.

19.2.2 Internal wiring shall be routed and secured so that neither it nor related electrical connections are
likely to be subjected to stress or mechanical damage.

19.2.3 When user servicing involves moving assemblies that have wiring connections to other parts of the
equipment, any wiring (other than a flexible cord) that involves a risk of electric shock and that may be
handled during such servicing shall have supplementary insulation consisting of two thicknesses of
insulating tape or a length of equivalent tubing, alternatively, the equipment construction shall be
constructed so that the circuits are not energized during the servicing operation.

19.2.4 All wiring that involves a risk of fire or electric shock shall be located and secured so that during
a user servicing operation that involves removal and replacement of objects, contact with the wiring by the
object is not likely.

19.2.5 Wires within an enclosure, compartment, raceway, or the like shall be routed or protected so tﬁ@@ \<®
no damage to conductor insulation can result from contact with any rough, sharp, or moving parxl—”\{j & a
A

ﬁﬁmg &th

19.2.6 A metal clamp or guide used for routing stationary internal wiring shall be prO\@q

well-rounded edges. Auxiliary nonconducting mechanical protection shall be pr d un é clamp
where pressure is exerted on a conductor having thermoplastic insulation Ie@@an 1/32.ir ch (O 8 mm)
thick and no overall braid. +J o e ﬂ\\V

o©
19.2.7 A hole through which insulated wires pass in a sheet met@@/all thﬁ@}e oV qa?k closure of the
equipment shall be provided with a smooth, well- rounde Stirfac whi @ﬁwues may bear to
reduce the risk of abrasion of the insulation. A flexib @\rd a@@%mﬁed@@%'l shall be provided with
bushings and strain relief in accordance with 8.4, g\ﬁéﬂs 1, %@

)
Exception: The requirement for cord bushtr% afgggtgm reékef Cido%s not apply if the construction is such
that the cord will not be subject to stress or Crg@
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19.2.8 A hook up wire provided with thermoplastic insulation with a wall thickness less than 1/32 inch (0.8
mm) shall be located entirely within a chassis or be constructed so that it will not be subject to:

a) Mechanical damage,
b) Flexing during intended operation, or
¢) Handling during user servicing.

19.2.9 Wire smaller than No. 24 AWG (0.21 mm2) shall be located or enclosed so as to reduce the risk
of mechanical damage, taking into consideration the effects of vibration, impact, and handling during user
servicing.

19.2.10 Low-energy circuit wiring (such as an audio signal lead) that is not housed entirely within the
enclosure and that may contact a part involving a risk of fire or electric shock shall be insulated within the
enclosure. Such wiring shall be provided with strain relief and push back stop as described in 8.4.1, 8.5.1,
and 8.6.1.

19.2.11 The acceptability of wiring that is subject to flexing during intended use (such as wiring to a
pull-out record changer drawer) shall be subjected to the flexing test described in 55.1.

19.3 Primary wiring

19.3.1 The primary wiring of power transformer operated equipment (including the transformer primary
winding leads but not the primary winding) having a power supply input of more than 300 watts shall be
no smaller than No. 18 AWG (0.82 mmz).

Exception: If an investigation shows that overloading of the primary wiring due to a fault in the circuits
connected to the secondary of the transformer itself does not result in a risk of fire, the wiring may be
smaller than No. 18 AWG.

19.4 Types of wire

19.4.1 The internal wiring of the equipment shall be of a type able to withstand exposure to oil or grease,
and to the temperature, voltage, and other conditions of service to which the wiring is likely to be
subjected.

19.4.2 Thermoplastic insulated wire with an insulation thickness of not less than 0.007 inch (0.18 ni@@ (‘fw
shall be used at 300 volts peak or less; 1/64 inch (0.4 mm) at 600 volts peak or less; and 1/32 v@@@(o SC/>

mm) at 1000 volts peak or less. gﬂ X\\K"
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20 Remote Control and Interconnecting Cables é\ E§5
O@

20.1 A cable used as an interconnecting cable or for the connection of@@not@c&%ol or ggllar use
shall be Type SJ flexible cord or the equivalent. The cable shall havej@@am ratlng less than
the current rating of the equipment, accessory, or equmen\ft@@tlo%it upplles n the cable is
permanently attached to the equipment, it shall be provi de with a exit, s%am @Ilef and push-back
relief as described in 8.4.1, 8.5.1, 8.6.1, 8.7.1, and89\ Eg@ Q\/
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Exception No. 1: A cable used solely for e V/nte on ect/on ﬁ%en units or a system and that is
not handled during intended operation shall e of-alype no éas&s rviceable than the supply cord.
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Exception No. 2: Integral Type SPT-1 flexible cord or the equivalent shall be used for connection of a
remote control or similar use under the following conditions:

a) The potential between the conductors of the cord, and between any conductor and earth or
other accessible part is not more than 30 volts AC or 60 volts DC where wet contact does not
occur, and 21.2 volts peak where wet contact occurs when the current between these points is
more than 0.5 milliampere when tested in accordance with 40.1.1 — 40.1.7, and

b) The equipment does not involve a risk of fire or electric shock when it is subjected to the short
circuit test described in 52.1.1.

Exception No. 3: A cord or cable other than Type SJ, SJT, SJE, Non-Integral Type SPT-2, an appliance
wiring material construction that has been determined to be equivalent to Non-Integral Type SPT-2 Cord,
or a comparable cord or cable may be used for the connection of a remote control or the like, under the
conditions stated in Exception No. 2, with the added condition that the arcing test described in 52.2.1 and
52.2.2 does not result in a risk of fire.

Exception No. 4: A cord or cable other than Type SJ, SJT, SJE, Non-Integral Type SPT-2, an appliance
wiring material construction that has been determined to be equivalent to Non-Integral Type SPT-2 Cord,
or a comparable cord or cable may be used for the connection of a remote control if the cord or cable is
located in a secondary circuit that does not present a risk of fire or electric shock as described in
Nonhazardous Secondary Circuits, Section 33.

Revised 20.1 effective December 1, 1998

20.2 If the remote control circuit is supplied from a bell-ringing or Class 2 transformer, the short circuit
and arcing tests described in Exception Nos. 2 and 3 to 20.1 are not required.

20.3 Cords and wires used to interconnect units within the overall enclosure and involving a risk of fire or
electric shock shall be provided with strain relief means.

Exception: Cords or wires that are securely fastened to the enclosure walls by means of clamps, staples,
or similar items or are located so that they will not be subject to handling during user servicing need not
be provided with strain relief means.

20.4 Interchassis cables and wiring within an overall enclosure shall be neatly arranged and routed by
means of clamps, string ties, or similar means in spaces where damage during user servicing is not likely

to occur. , ]
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21 Splices and Connections /@’{\@O @@
?@“f"
21.1 General q@
21.1.1 All splices and connections shall be mechanically secure and shallﬁ@éde C@F aI contact A
soldered connection shall be made mechanically secure before being s?h@@ tz@ ing or, nmg of
the connection may result in contact with either dead metal parts er y\v/etb%trts t euld cause a
risk of fire or electric shock, or a reduction of spacings belom@ﬂ% mgaqm reqwre@> the application.
Vibration shall be considered when evaluating the accep%mllt o/gé\ al CQ%H@‘CIIOHS
21.1.2 A lead is considered to be mechanlcally ?e \QLB@ e orm@ of the following is provided:
<Q>Q Q
a) At least a three-quarter wrap around lrmlnal @
GC 4 @
b) The lead is inserted through~ aﬁﬁ eyelet or g&emng of a terminal block or printed wiring board
prior to soldering. (A@\
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c) It is twisted with other conductors.
d) The lead is inserted into a U- or V-shaped slot in the terminal prior to soldering.
21.1.3 The soldering of a lead along a flat surface (identified as tack soldering) is not acceptable.

Exception: Tack soldering of a lead is acceptable if it can be demonstrated that a risk of fire, electric
shock, or injury to persons does not exist with the lead(s) detached.

21.1.4 A splice shall have insulation equivalent to that of the wires involved if permanence of spacing
between the splice and other metal parts is not provided.

21.1.5 Threaded pressure cable wire connectors used for splicing internal wiring shall be located within
the overall enclosure so that they will not be subject to handling by the user.

Exception: This requirement does not apply if the connectors are taped to the conductors.
21.2 Wire-wrapped connections

21.2.1 A solderless wrapped connection is acceptable if it is not subject to movement or flexure of the
wires during conditions of intended operation or user servicing.

21.2.2 Only solid, copper wire in Nos. 24, 22, or 20 AWG (0.21, 0.32, or 0.52 mm2) may be used. Other
sizes and types of wire may be subjected to an investigation.

21.2.3 A terminal shall be constructed of copper or brass and shall have at least two sharp edges. A
terminal of other material may be subjected to an investigation.

21.2.4 The wrap shall have at least 20 points on the corners of the terminal in contact with the wire. At
least 16 points shall be closely wrapped with no overlapping. The term "closely wrapped” means that
there are no gaps between adjacent turns greater than one-half the diameter of the wire, not including
gaps on the first and last turns. See Table 21.1 for the typical number of wraps. A lesser number of wraps
may be subjected to an investigation to determine equivalence.

Table 21.1
Typical number of wraps
s PR
Number of sharp corners on the ~ = <J@<
terminal Number of closely wrapped turns Total number of turns Q{V\g@ ) @
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21.3 Aluminum terminations Ol S

. . . S & /o“?w,r\>
21.3.1 Aluminum conductors, insulated or uninsulated, useqdﬁ@@mta‘{}@k"wmn such as for
interconnection between current carrying parts or as motor w/@dz@@ %@%ﬁ@ érmi@@é t each end by
a method determined acceptable for the combination of me\{a@\inv 5@% the%:oan ction point.
NPy Q

21.3.2 Regarding 21.3.1, a wire-binding screw or@ﬁ@Ssu@ fg«:&% con @@used as a terminating device
der

shall be a type intended for use with aIuminl{@@ @@ hditioa@mﬁ%lved — for example, temperature
or heat cycling. - @ B o o
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