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

UL Standard for Safety for Industrial Control Equipment, UL 508
Seventeenth Edition, Dated January 28, 1999
Revisions: This Standard contains revisions through and including July 16, 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.

The new and/or revised requirements are substantially in accordance with UL’s Bulletin(s) on this subject
dated June 16, 1998. The bulletin(s) is now obsolete and may be discarded.

The new and revised requirements were originally published as revisions to the sixteenth edition of this
UL Standard. These requirements are now reissued for, and renumbered in accordance with, the
seventeenth edition of this UL Standard.

The revisions dated July 16, 1999 include an editorial change in title for UL 489, Standard for
Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit Breaker Enclosures.

As indicated on the title page (pagel), this UL Standard for Safety has been adopted by the Department
of Defense.

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

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

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

UL will attempt to answer support requests concerning 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
purchasing a Standard-on-Diskette can make a copy of the page or pages being viewed for their own fair
and/or practical internal use. Because of differences in the computer/software/printer setup used by UL
and those of Standards-on-Diskette purchasers, the printed copy obtained by a purchaser may not look
exactly like the on-line screen view or the printed Standard.

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

Copyright © 1999 Underwriters Laboratories Inc.

Documents

Document Sharing Hub

Full document details: UL 508 1999


http://www.avadocuments.com/doc/ul-508-1999
http://www.avadocuments.com/doc/ul-508-1999

www . bzFfxw.com

tr4 JULY 16, 1999 - UL 508

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

Page Date
Lo January 28, 1999
Bod D July 16, 1999
LB 07 January 28, 1999
1820 . July 16, 1999
202 January 28, 1999
2828 L e July 16, 1999
20 e January 28, 1999
B0-32 . July 16, 1999
B e January 28, 1999
Bh-3BB L July 16, 1999
B7-30 L January 28, 1999
O July 16, 1999
A January 28, 1999
A-A 2B . e July 16, 1999
e January 28, 1999
A . July 16, 1999
A5-A8 January 28, 1999
AT e July 16, 1999
A8-00 . . January 28, 1999
S July 16, 1999
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D070 . January 28, 1999
T e July 16, 1999
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L34 A0S o July 16, 1999
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Eighth Edition — May, 1956
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Tenth Edition — September, 1964
Eleventh Edition — August, 1971
Twelfth Edition — May, 1977
Thirteenth Edition — December, 1983
Fourteenth Edition — August, 1984
Fifteenth Edition — September, 1989
Sixteenth Edition — February, 1993

Seventeenth Edition
January 28, 1999

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

The Department of Defense (DoD) has adopted UL 508 on June 5, 1989. The

publication of revised pages or a new edition of this Standard will not invalidate
the DoD adoption.

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 0-7629-0404-6

COPYRIGHT © 1977, 1999 UNDERWRITERS LABORATORIES INC.
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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 industrial control devices, and devices accessory thereto, for starting,
stopping, regulating, controlling, or protecting electric motors. These requirements also cover industrial
control devices or systems that store or process information and are provided with an output motor control
function(s). This equipment is for use in ordinary locations in accordance with the National Electrical Code,
NFPA 70.
1.2 These requirements cover devices rated 1500 volts or less. Industrial control equipment covered by
these requirements is intended for use in an ambient temperature of 0 — 40°C (32 — 104°F) unless
specifically indicated for use in other conditions.
1.3 These requirements also cover industrial control panels that are assemblies of industrial control
devices and other devices associated with the control of motor operated and related industrial equipment.
Examples of devices in an industrial control panel are industrial control devices, disconnecting means,
motor branch circuit protective devices, temperature control devices, and electrical instruments.
1.4 Examples of industrial control devices described in 1.1 are:

a) Manual, magnetic, and solid-state starters and controllers.

b) Thermal, magnetic, and solid-state overload relays.

¢) Pushbutton stations, including selector switches and pilot lights.

d) Control circuit switches and relays.

e) Float, flow, pressure, and vacuum-operated switches.

f) Resistors and rheostats.

g) Proximity switches.

h) Time-delay relays and switches.

i) Resistors and rheostats intended for industrial heating and lighting, including those for motor
generator fields.

j) Control devices intended for industrial heating and lighting.
k) Solid-state time-delay relays.

[) Programmable controllers.

m) Numerical control systems.

n) Lighting dimmer systems and controls.

0) Mercury-tube switches.

p) Definite purpose controllers.
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g) Solid-state logic controllers.

r) Industrial microprocessor/computer systems.
s) Variable voltage autotransformer.
t) Motor starting autotransformer.

1.5 An industrial control panel for the control of metalworking machine tools or plastics machinery is
judged on the basis of compliance with the applicable requirements of this standard as well as
requirements in the Standard for Industrial Machinery, NFPA 79.

1.6 A fire pump controller is judged on the basis of compliance with the applicable requirements in this
standard and additional requirements in the Standard for Centrifugal Fire Pumps, NFPA 20.

1.7 An adjustable-speed drive and accessories or modules for use with an adjustable-speed drive are
covered by the Standard for Power Conversion Equipment, UL 508C.

1.8 Equipment intended for use in hazardous locations as defined by the National Electrical Code, NFPA
70, are covered by the Standard for Industrial Control Equipment for Use in Hazardous (Classified)
Locations, UL 698.

1.9 Devices that regulate temperature and/or control refrigeration equipment are covered by the Standard
for Temperature-Indicating and -Regulating Equipment, UL 873, and other applicable standards.

1.10 Electrical instruments are covered by the Standard for Electrical Analog Instruments— Panel Board
Types, UL 1437.

1.11 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
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 Glossary
2.1 For the purpose of this standard, the following definitions apply.

2.2 AMBIENT TEMPERATURE — The temperature of the air medium into which the heat of the
equipment is dissipated. See 43.15.

2.2.1 AMBIENT TEMPERATURE RATING- A rating assigned to equipment that refers to the maximum
ambient temperature of the room or space outside of the device enclosure or intended enclosure. See
43.16.

2.2.1 added July 16, 1999

2.3 CLOSED-OPEN OPERATION — An operation of closing the test device on the circuit. The letters
"CQ" signify this operation.
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2.4 COMBINATION CONTROLLER — An open or enclosed device containing both a magnetic or solid-
state controller and a disconnecting means. The controller may or may not contain overload protection,
short circuit protection, or both. Where an individual controller is enclosed, it includes an external means
for operating the disconnecting means. A combination controller may be self-protected.

2.5 COMBINATION MOTOR CONTROLLER - A combination controller intended for motor service. In
addition, where an individual controller is enclosed, it includes means for locking the disconnecting
device in the "OFF" position.

2.5.1 COMPONENT FOR GROUP INSTALLATION- A motor control, overload relay, or other switching
device evaluated for use in group installation. See 2.11.1.

2.5.1 added July 16, 1999

2.6 CONTACTOR - A two-state (ON-OFF) device for repeatedly establishing and interrupting an
electric power circuit. Interruption is obtained by introducing a gap or a very large impedance.

2.7 CONTROL CIRCUIT — A circuit that carries the electric signals directing the performance of a
controller, but which does not carry the main power circuit (see |IEEE Standards Dictionary of Electrical
and Electronic Terms ). A control circuit is generally limited to 15 amperes.

2.8 CONTROLLER - A device or group of devices that serves to govern, in some predetermined
manner, the electric power delivered to the apparatus to which it is connected.

2.9 END-OF-LINE ENCLOSURE — An enclosure that is intended to be connected at the end of a run of
conduit.

2.10 GENERAL PURPOSE RATING - This term is synonymous with "General Use Rating.”

2.11 GENERAL USE RATING — A rating expressed in volts and amperes assigned to a device that is
intended to control:

a) A load with a continuous or inrush ampere rating not exceeding the ampere rating of the
device;

b) If AC rated, a load that has a power factor of 0.75 to 0.80 (inductive); and
c) If DC rated, a load that is resistive (noninductive).

2.11.1 GROUP INSTALLATION- A motor branch circuit for two or more motors, or one or more motors
with other loads and protected by a circuit breaker or a single set of fuses.
Added 2.11.1 effective July 16, 2001

2.12 ISOLATED SECONDARY CIRCUIT — A circuit derived from an isolating source (such as a
transformer, optical isolator, limiting impedance or electro-mechanical relay) and having no direct
connection back to the primary circuit (other than through the grounding means). A secondary circuit
that has a direct connection back to the primary circuit is considered part of the primary circuit.

2.12.1 MANUAL CONTROLLER- A hand-operated switching device whose contacts are controlled by
the position of a mechanical actuator.

2.12.1 added July 16, 1999

Documents

Document Sharing Hub

Full document details: UL 508 1999


http://www.avadocuments.com/doc/ul-508-1999
http://www.avadocuments.com/doc/ul-508-1999

20 INDUSTRIAL CONTROL EQUIPMENT - UL 508 JULY 16, 1999

2.12.2 MANUAL CONTROLLER WITH INSTANTANEOUS TRIP— A manual controller provided with an
instantaneous trip element for short circuit protection only and optionally provided with an overload
relay.

2.12.2 added July 16, 1999

2.13 MOTOR CONTROL DEVICE — Any product or equipment rated in horsepower and/or full load-
locked rotor current capable of interrupting the maximum operating overload current of a motor of the
same horsepower or full load-locked rotor current rating as the product or equipment at the rated
voltage. Such devices may include, but is not limited to, contactors, controllers, starters, and switches.

2.14 NON-COMBINATION MOTOR CONTROLLERS - Motor control devices of the non-combination
type are for use with separate protective devices, such as fuses or inverse-time circuit breakers,
installed in the supply side of the motor control device.

2.15 OPEN OPERATION — An operation of closing the circuit on the test device. The letter "O"
signifies this operation.

2.16 PILOT DUTY - The rating assigned to a relay or switch that controls the coil of another relay or
switch.

2.17 POLE LEAST LIKELY TO STRIKE GROUND — A pole that is referenced to ground or by virtue of
its position or potential or both relative to other poles of the device to be less likely than any other to
strike ground. In a three pole device, this pole would usually be the middle pole. It is possible for
several poles to be equally least likely to strike to ground. In this case any may be used for the test.

2.18 POLLUTION DEGREE 1 — No pollution or only dry, nonconductive pollution occurs. The pollution
has no influence.

2.19 POLLUTION DEGREE 2 — Normally, only nonconductive pollution occurs; however, temporary
conductivity caused by condensation may be expected.

2.20 POLLUTION DEGREE 3 — Conductive pollution occurs, or dry, nonconductive pollution occurs that
becomes conductive due to condensation that is expected.

2.21 PRIMARY CIRCUIT — A circuit in which the wiring and components are conductively connected to
the branch circuit.

2.22 RECOVERY VOLTAGE - The voltage impressed upon the equipment under test after a circuit is
cleared.

2.23 STARTER - A form of controller that includes the switching means necessary to start and stop the
connected load in combination with suitable overload protection.

2.23.1 SURROUNDING AIR TEMPERATURE RATING- A rating assigned to open type equipment that
refers to the maximum ambient temperature of air immediately surrounding the equipment inside of the
ultimate enclosure. See 43.16.

2.23.1 added July 16, 1999

2.24 SWITCH — A device for opening and closing, and for changing the connections of a circuit. A
switch is understood to be manually-operated, unless otherwise stated.
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2.25 TRANSIENT SUPPRESSIVE DEVICE — A component or assembly that limits the transient voltage
such as an overvoltage protective device, a transformer with isolated windings, or a damping
impedance suitably located.

3 Units of Measurement

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

4 Components

4.1 Except as indicated in 4.2, 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.

4.2 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.

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

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

5.1 Literature intended to accompany a product, such as installation, rating, operation, and
user-maintenance instructions or manuals shall be reviewed in the investigation of the product if the safe
use of the product is dependent on the instructions. Since the literature is to be reviewed in the
examination and test of the product, a draft copy of the literature may be used instead of a printed copy.

PART | — ALL EQUIPMENT

ENCLOSURE CONSTRUCTION

6 Frames and Enclosure

6.1 General

6.1.1 An enclosure of industrial control equipment shall be constructed and assembled so that it will have
the strength and rigidity necessary to resist the abuses to which it is likely to be subjected, without total
or partial collapse resulting in a risk of fire, electric shock, or injury to persons due to reduction of

spacings, loosening or displacement of parts, or other serious defects.

6.1.2 Industrial controls with incomplete or partial enclosures are considered as open devices with
respect to the performance requirements in this standard.

6.1.3 An enclosure shall be constructed so as to reduce the risk of unintentional contact with enclosed
electrical devices, and to provide internal devices with protection from specified external conditions.

6.2 Cast metal

6.2.1 A cast-metal enclosure shall be at least 1/8 inch (3.2 mm) thick at every point, more than 1/8 inch
thick at reinforcing ribs and door edges, and at least 1/4 inch (6.4 mm) thick at tapped holes for conduit.

Exception: Other than at plain or threaded conduit holes, malleable iron and die-cast or permanent mold
cast aluminum, brass, bronze, or zinc shall be

a) At least 3/32 inch (2.4 mm) thick for an area greater than 24 square inches (155 cm?) or
having any dimension more than 6 inches (152 mm) and

b) At least 1/16 inch (1.6 mm) thick for an area of 24 square inches or less having no
dimension more than 6 inches. The area considered may be bounded by reinforcing ribs
subdividing a larger area.

6.3 Sheet metal

6.3.1 The thickness of a sheet-metal enclosure shall not be less than that specified in Tables 6.1 and 6.2,
except that at points to which a wiring system is to be connected, uncoated steel shall be at least 0.032
inch (0.81 mm) thick, zinc-coated steel at least 0.034 inch (0.86 mm) thick, and nonferrous metal at least
0.045 inch (1.14 mm) thick.

Exception: Enclosure thickness at points other than where a wiring system is to be connected need not

comply with these requirements if the enclosure complies with the requirements in Sections 28 and 29 of
the Standard for Enclosures for Electrical Equipment, UL 50.

Documents

Document Sharing Hub

Full document details: UL 508 1999


http://www.avadocuments.com/doc/ul-508-1999
http://www.avadocuments.com/doc/ul-508-1999

22

INDUSTRIAL CONTROL EQUIPMENT - UL 508

JANUARY 28, 1999

6.3.2 Tables 6.1 and 6.2 are based on a uniform deflection of the enclosure surface for any given load
concentrated at the center of the surface regardless of metal thickness.

Table 6.1
Thickness of sheet metal for enclosures — carbon steel or stainless steel
With supporting frame or equivalent Minimum acceptable
Without supporting frame reinforcement & thickness, Uncoated
Maximum width ° Maximum length © Maximum width ° Maximum length
Inches (cm) Inches (cm) Inches (cm) Inches (cm) nches (mm)
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020¢ (0.51)
4.75 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0)
6.0 (15.2) Not limited 9.5 (24.1) Not limited 0.026¢ (0.66)
7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 125 (31.8)
8.0 (20.3) Not limited 12.0 (30.5) Not limited 0.032 (0.81)
9.0 (22.9) 115 (29.2) 13.0 (33.0) 16.0 (40.6)
12.5 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07)
14.0 (35.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5)
18.0 (45.7) Not limited 27.0 (68.6) Not limited 0.053 (1.35)
20.0 (50.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4)
22.0 (55.9) Not limited 33.0 (83.8) Not limited 0.060 (1.52)
25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2)
25.0 (63.5) Not limited 39.0 (99.1) Not limited 0.067 (1.70)
29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5)
33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.03)
38.0 (96.5) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6)
42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36)
47.0 (119.4) 59.0 (149.9) 68.0 172.7) 84.0 (213.4)
52.0 (132.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74)
60.0 (152.4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6)
63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12)
73.0 (185.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6)
@ See 6.3.3.
b The width is the smaller dimension of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.
€ Not limited applies only if the edge of the surface is flanged at least 1/2 inch (12.7 mm) or fastened to adjacent surfaces not
normally removed in use.
d Sheet steel for an enclosure intended for outdoor use — raintight or rainproof — shall not be less than 0.032 inch thick.

Full document details: UL 508 1999
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Table 6.2
Thickness of sheet metal for electrical enclosures — aluminum, copper, or brass

With supporting frame or equivalent
Without supporting frame reinforcement & Minimum acceptable
Maximum width ° Maximum length © Maximum width ° Maximum length thickness,
Inches (cm) Inches (cm) Inches (cm) Inches (cm) nches (mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.0234 (0.58)
35 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1)
4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (0.74)
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 135 (34.3)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036 (0.91)
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7)
8.0 (20.3) Not limited 19.0 (48.3) Not limited 0.045 (1.14)
9.5 (24.1) 115 (29.2) 21.0 (53.3) 25.0 (63.5)
12.0 (30.5) Not limited 28.0 (71.1) Not limited 0.058 (1.47)
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0)
18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075 (1.91)
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7)
25.0 (63.5) Not limited 60.0 (152.4) Not limited 0.095 (2.41)
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1)
37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122 (3.10)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6)
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (3.89)
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4)
4 See 6.3.3.
b The width is the smaller dimension of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.
€ Not limited applies only if the edge of the surface is flanged at least 1/2 inch (12.7 mm) or fastened to adjacent surfaces not
normally removed in use.
d Sheet copper, brass, or aluminum for an enclosure intended for outdoor use — raintight or rainproof — shall not be less than
0.029 inch (0.74 mm) thick.

6.3.3 With reference to Tables 6.1 and 6.2, a supporting frame is a structure of angle or channel or folded
rigid section of sheet metal that is rigidly attached to and has essentially the same outside dimensions as
the enclosure surface and that has sufficient torsional rigidity to resist the bending moments that may be
applied by the enclosure surface when it is deflected. A structure that is as rigid as one built with a frame
of angles or channels is considered to have equivalent reinforcing. Constructions considered to be without
supporting frame include:

a) A single sheet with single formed flanges — formed edges;
b) A single sheet that is corrugated or ribbed;
c) An enclosure surface loosely attached to a frame, for example, with spring clips; and

d) An enclosure surface having an unsupported edge.
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6.4 Doors and covers

6.4.1 A part of an enclosure, such as a door or a cover, shall be provided with a means — such as latches,
locks, interlocks, or screws — for firmly securing it in place.

Exception: A snap-on cover that complies with the requirements in Section 9 need not have additional
securing means.

6.4.2 An enclosure cover shall be hinged if it gives access to a fuse or any other overload-protective
device that requires renewal, or if it is necessary to open the cover in connection with the normal operation
of the device.

Exception: A hinged cover is not required for an enclosure:

a) To which access is required only in the event of burnout of a current element or the like on
short circuit;

b) In which the only fuse enclosed is a control-circuit fuse, if the fuse and control-circuit load —
other than a fixed control-circuit load, such as a pilot lamp — are within the same enclosure; or

c) In which a means is provided for resetting all overload-protective devices from outside the

enclosure, or kits are available to provide a means for resetting all overload-protective devices

from outside the enclosure and a marking is provided in accordance with Details, Section 66.
6.4.3 Other than as noted in 6.4.4, a hinged cover provided in accordance with the requirement in 6.4.2
shall be provided with a snap latch or a captive multiturn or partial-turn fastener. Such securing means
shall be located or used in multiple so as to hold the cover closed over its entire length. A captive fastener
shall be operable by hand or by a simple hand tool such as a screwdriver.

6.4.4 A door more than 48 inches (1.2 m) long on the hinged side shall be provided with one of the
following:

a) A multipoint latch operated by a single knob or handle;

b) Two or more snap latches or captive fasteners; or

c) One knob-operated latch and one snap latch or captive fastener.
6.4.5 A hinged cover enclosure that is not required to comply with 6.4.2 may use noncaptive fasteners.
6.4.6 A door giving access to a fuse or any portion of a circuit breaker other than the operating handle

shall shut closely against a 1/4-inch (6.4-mm) rabbet as illustrated in Figure 6.1 or the equivalent.

6.4.7 A cover giving access to a fuse or any position of a circuit breaker other than the operating handle
shall have flanges for the full length of the four edges. Flanges on a cover shall fit closely with the outside
walls of the enclosure, and shall comply with Figure 6.2 and Table 6.3. An acceptable combination of
flange and rabbet may be used.

Exception No. 1: The flange width may be less than that specified if the construction complies with the
Deflection Test in the Standard for Enclosures for Electrical Equipment, UL 50.
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Figure 6.1
Rabbet
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Exception No. 2: The flanges on the cover are not required to fit closely on the outside wall if a gasket
suitable for the application provides the intended tight fit. The gasket shall comply with the Gasket Tests
of UL 50, Standard for Electrical Equipment.

Exception No. 3: For equipment incorporating an enclosure rated Type 1 only, the gap distance between
the flanges on the cover and the outside wall are not required to comply with those specified in Table 6.3
when the equipment complies with the Short Circuit Test — General, Section 50 (and cotton is used as a
fire indicator) and Accessibility of Live Parts, 6.17.

6.4.8 To determine whether a flanged cover complies with the requirement in 6.4.7 regarding width of
flange, the distance between the flat portion of the cover — clear of forming radii, beads, draws, and the
like — and a straight edge placed anywhere across any two flanges at any points is to be measured.

6.4.9 A construction involving a gasketed joint that provides the intended tight fit shall be investigated to
determine whether it is acceptable for the application. See Section 6.15.12.
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Figure 6.2
Flanged cover constructions

-
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@
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@ See Table 6.3 for dimensions for sketches A — H.
b The surfaces "s" may be in line with one another — not as shown.
Table 6.3

Dimensions for flanged cover constructions

Dimensions
Sketch — w A B ¢ b
see Minimum flange Maximum space Minimum barrier
Figure width & between parts Maximum gap Minimum overlap extension
6.2 Inches (mm) Inch (mm) Inch (mm) Inch (mm) Inch (mm)
A 1/2 12.7 1/8 3.2 1/8 3.2 7116 111 - -
A 3/4 19.1 3/16 4.8 3/16 4.8 5/8 15.9 - -
A 1 25.4 1/4 6.4 1/4 6.4 7/8 22.2 - -
B 1/2 12.7 1/8 3.2 1/8 3.2 7/16 11.1 - -
B 3/4 19.1 3/16 4.8 3/16 438 5/8 15.9 - -
B 1 25.4 1/4 6.4 1/4 6.4 7/8 22.2 - -
C 1/2 12.7 3/16 4.8 3/16 4.8 1/4 6.4 - -
C 3/4 19.1 1/4 6.4 1/4 6.4 7/16 111 - -
D 1/2 12.7 3/32 24 - - 7/16 111 - -
E 1/2 12.7 1/8 3.2 1/8 3.2 7116 111 1/4 6.4
F 1/2 12.7 1/8 3.2 1/4 6.4 7/16 11.1 - -
cP 1/2 12.7 - - 1/32 0.8 - - 1/2 12.7
H 1/4 6.4 1/8 3.2 - - 3/16 4.8 - -
2 Tolerance: minus 1/16 inch (1.6 mm)
b Equipment within the enclosure must be located on the side of the barrier extension D that is opposite the gap B.
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6.4.10 Figure 6.3 illustrates the method of determining the amount of overlap between a flat cover and a
flanged box wall and the amount of overlap at a corner or box seam. If the radius of the flange bend is
small, the flange width and overlap are considered to be W1 or W2, depending upon the actual
construction, and shall be at least 1/2 inch (12.7 mm). If the radius of the flange bend is excessive or if
the flat sheet is on the inside of the flange, the overlap, W3 or W4, is to be measured over only that portion
where the two pieces of metal are actually in contact with each other, and shall be at least 1/2 inch.

6.4.11 To determine the overlap of a telescoping cover, the enclosure is to be placed on its back on a
bench, with the cover in its normally closed position, and a mark is to be scribed on all walls of the box
along the edge of the flange. The overlap is the measured distance between the scribe marks and the
edges of the box walls, noted as W4 in Figure 6.3. In scribing the marks, the cover is to be held in a fixed
position with sufficient firmness to prevent displacement of the cover by the scribing tool, but without
bending or distorting any portion of the box, cover, or other part of the enclosure.

Figure 6.3
Overlap between flat cover and box flange and at corner or box seam

——W4|<—

SB0569

6.4.12 A flat strip used to provide a rabbet, or an angle strip fastened to the edges of a door giving access
to a fuse or any portion of a circuit breaker, other than the operating handle, shall be at least 60 percent
of the required thickness of the metal of the box proper, but not less than 0.042 inch (1.07 mm) if of
uncoated steel, not less than 0.045 inch (1.14 mm) if of zinc-coated steel, and not less than 0.058 inch
(1.47 mm) thick if of nonferrous metal. It shall be secured at no fewer than two points. There shall not be
more than 1-1/2 inches (38 mm) between an end of the strip and a point at which it is secured, and the
distance between adjacent points at which the strip is secured shall not be more than 6 inches (152 mm).
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6.5 Polymeric

6.5.1 A polymeric electrical enclosure shall comply with the applicable requirements in the Standard for
Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C and also with the additional
requirements specified in this standard. See also 6.5.5 and 6.5.6.

6.5.1 revised July 16, 1999

6.5.2 A polymeric enclosure intended for connection to a rigid conduit system shall comply with the
Polymeric Enclosure Rigid Metallic Conduit Connection Tests in the Standard for Enclosures for Electrical
Equipment, UL 50.

6.5.3 A polymeric part assembled to an electrical enclosure or a polymeric part of an open-type
component intended to be installed through an opening in an enclosure shall be made of a material rated
in accordance with the Standard for Tests for Flammability of Plastic Materials for Parts in Devices and
Appliances, UL 94, and shall comply with the following:

a) The polymeric part closes an opening in the enclosure having an area of not more than 1.2
square inches (775 mm?) and is:

1) A pilot light lens classed V-0, V-1, V-2, or HB;
2) Rated V-0, V-1, or V-2; or

3) Rated HB and complies with the flammability test requirements in the Standard for
Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

b) The polymeric part closes an opening in the enclosure having an area of more than 1.2
square inches (775 mmz) and having no dimension greater than 12 inches (304.8 mm), is rated
V-0, V-1, V-2, or HB, and complies with the flammability and impact test requirements in the
Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

Exception: The polymeric part is not required to be subjected to the flammability test when it
encloses only parts that do not pose a risk of fire, as in Section 29, and is protected from exposure
to fire by an internal metal barrier or polymeric barrier that complies with the flammability test. A
printed wiring board rated V-0 may serve as a polymeric barrier when the assembly complies with
the flammability test.

c) The polymeric part closes an opening in the enclosure having any dimension greater than 12
inches (304.8 mm) shall comply with the flammability and impact requirements in (b) above and
also comply with requirements for the crush resistance test in the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, UL 746C.

6.5.3 revised July 16, 1999
6.5.4 For an adhesive that secures a polymeric part closing an opening in an enclosure, the adhesive
shall comply with the requirements for adhesives in the Standard for Polymeric Materials — Use in
Electrical Equipment Evaluations, UL 746C.

Exception: A polymeric part of a component is not required to comply with this requirement when:

a) It only encloses parts which do not pose a risk of fire or electric shock; or
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b) The device complies with 6.17.1 for the accessibility of live parts with the polymeric part
removed and any internal parts that do pose a risk of fire or electric shock are enclosed by
barriers that comply with 6.3.1 or 6.5.3, and 8.2.

6.5.4 added July 16, 1999

6.5.5 In addition to the requirements in 6.5.1 and 6.5.3 (b) and (c), polymeric materials used for Types 3,
3R, 3S, 4, and 4X enclosures or polymeric materials used for closures, fastenings, or hinges for these
enclosures, or as a polymeric part of an open-type component for installation on these enclosures shall
comply with the Ultraviolet Light Exposure test in the Standard for Polymeric Materials — Use in Electrical
Equipment Evaluations, UL 746C.

6.5.5 revised July 16, 1999

6.5.6 In addition to the requirements in 6.5.1 and 6.5.3 (b) and (c), polymeric materials used for Types 6
and 6P enclosures or polymeric materials used for closures, fastenings, or hinges for these enclosures, or
as a polymeric part of an open-type component for installation on these enclosures shall comply with the
Ultraviolet Light Exposure Test and the Water Exposure and Immersion Tests in the Standard for
Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

6.5.6 revised July 16, 1999

6.6 Bonding

6.6.1 An enclosure made of insulating material, either wholly or in part, shall have an acceptable bonding
means to provide continuity of grounding between all conduit openings. The bonding means may be either
completely assembled on the product or provided as separate parts for field installation. See 11.14 and
65.6.

Exception No. 1: A bonding means is not required for the enclosure of a pushbutton station or a selector
switch that is intended to be connected to a single conduit. See 11.15.

Exception No. 2: A bonding means is not required to be provided with each enclosure if such means is
available in the form of a kit from the manufacturer and the equipment complies with the marking
requirements in 66.1.

6.6.2 The continuity of a conduit system shall be provided by metal-to-metal contact not relying on a
polymeric material.

Exception: The continuity of the grounding system may rely on the integrity of the polymeric enclosure
if samples have been subjected to the creep test requirements in the Standard for Polymeric Materials —
Short Term Property Evaluations, UL 746A. Overcurrent Tests shall be conducted at 200 percent of the
rated current of the branch circuit-protective device.
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6.6.3 A separate bonding conductor whether in a plastic or metal enclosure shall be copper, a copper
alloy, or other material acceptable for use as an electrical conductor. Ferrous metal parts in the grounding
path shall be protected against corrosion by enameling, galvanizing, plating, or other equivalent means.
A separate bonding conductor shall:

a) Be protected from mechanical damage or be located within the confines of the outer
enclosure or frame; and

b) Not be secured by a removable fastener used for any purpose other than bonding unless the
bonding conductor is unlikely to be omitted after removal and replacement of the fastener.

6.6.4 The size of a separate component bonding conductor shall not be less than the applicable size
specified in Table 6.4 or the size of the conductor supplying the component, whichever is smaller.

Exception: A bonding conductor may be smaller than the specified size if:

a) It does not open when carrying for the time specified in Table 6.5, a current equal to twice
the branch-circuit overcurrent-device rating — see 6.6.5 — but at least 40 amperes,; and

b) None of three samples of the bonding conductor opens during a limited-short-circuit test with
a current as specified in Table 6.5 when in series with a fuse as described in 6.6.5.

Table 6.4
Size of bonding conductor

Maximum rating or setting of Minimum acceptable size of bonding conductor
autc_)ma_tic overcurrent _device in Copper wire Aluminum wire
circuit ahead of equipment,

amperes AWG (mm 2) AWG or kemil (mm 2)

15 14 (2.1) 12 (3.3)

20 12 (3.3) 10 (5.3)

30 10 (5.3) 8 (8.4)

40 10 (5.3) 8 (8.4)

60 10 (5.3) 8 (8.4)

100 8 (8.4) 6 (13.3)

200 6 (13.3) 4 (21.2)

300 4 (21.2) 2 (33.6)

400 3 (26.7) 1 (42.4)

500 2 (33.6) 1/0 (53.5)

600 1 (42.4) 2/0 (67.4)

800 1/0 (53.5) 3/0 (85.0)
1000 2/0 (67.4) 410 (107.0)
1200 3/0 (85.0) 250 (127.0)

@ Or equivalent cross-sectional area.
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Table 6.5
Duration of current flow for bonding-conductor test

Overcurrent device rating, Minimum duration of current flow,
amperes minutes
30 or less 1
31-60 4
61 — 100 6

6.6.5 The circuit for the test required by the exception to 6.6.4 is to have a power factor of 0.9 — 1.0 and
is to be limited to the current specified in Table 6.6. The open-circuit voltage of the test circuit is to be 100
to 105 percent of the specified voltage. The circuit is to be connected through a nonrenewable fuse that
will conduct twice its rated current for at least 12 seconds. The fuse rating is to be that of the branch-circuit
overcurrent device to which the equipment will be connected but at least 20 amperes. One test is to be
performed on each of three samples of the bonding conductor.

Table 6.6
Bonding conductor short-circuit test capacity

Controller rating Circuit capacity amperes
Horsepower (kW Output) Volts

1/2 (0.373) 0 - 250 200
1/2 (0.373) 251 - 600 1,000
over 1/2to 1 (0.374 — 0.746) 0 - 600 1,000
1to3 (0.747 — 2.24) 0 - 250 2,000
over 3to 7-1/2 (2.25 - 5.59) 0-250 3,500
over 7-1/2 to 10 (5.60 — 7.46) 0 - 250 5,000
over 10 to 50 (7.47 - 37.3) 251 - 600 5,000
over 50 to 200 (37.4 — 149) 0 - 600 10,000

over 200 (over 150) 0 - 600 a
4 See Table 51.3.

6.7 Resistance measurement

6.7.1 The resistance between two parts connected by a bonding conductor shall not be more than 0.1
ohm. The resistance is to be determined by a resistance measuring instrument, except that if
unacceptable results are recorded, an alternating or direct current of at least 20 amperes from a power
supply of not more than 12 volts is to be passed from the point of connection of the equipment grounding
means to the metal part in the grounding circuit. The resulting drop in potential and the test current are to
be measured between the two points. The resistance in ohms is to be determined by dividing the drop in
potential in volts by the current in amperes.

6.8 Openings in enclosure
6.8.1 Deleted July 16, 1999
6.8.2 No covering is required across the bottom of an enclosure of a floor-mounted controller if the

enclosure is within 6 inches (152 mm) of the floor or less and if exposed live parts within the device are
at least 6 inches above the highest portion of the lower edge of the enclosure.
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6.8.3 Openings in enclosures shall be filled by devices with suitable environmental ratings as specified in

Table 6.7.
Table 6.7
Openings in enclosure
Table 6.7 revised July 16, 1999
Enclosure type Openings shall be closed by equipment rated for enclosure types
2 2,3,3R, 35, 4,4X,5, 6, 6P, 12, 12K, 13 |
3 3, 3S, 4, 4X, 6, 6P |
3R 3, 3R, 3S, 4, 4X, 6, 6P |
3s 3, 3S, 4, 4X, 6, 6P I
4 4, 4X, 6, 6P
4X 4xX
5 3, 3R, 3S, 4, 4X, 5, 6, 6P, 12, 13 |
6 6, 6P
6P 6P
12, 12K 12, 12K, 13

13 13

6.9 Ventilating openings

6.9.1 A ventilating opening is acceptable in an enclosure that contains a resistance-type starter,
autotransformer-type starter, or other equipment if the conditions of use necessitate such ventilation and
it is shown by test that electrical disturbances within the enclosure are contained or if the ventilation
opening complies with 6.9.2 — 6.11.2.

6.9.2 A ventilation opening in an enclosure that contains a fuse or a circuit breaker shall comply with the
requirements in 6.9.3 and:

a) The construction shall comply with the requirements in 6.9.5, 6.9.6 and 6.10.1 — 6.10.4; or

b) The fuse shall be of a type that has been shown by test to clear the circuit under fuse-
interrupting and short-circuit tests without:

1) Emission of molten metal;
2) Charring of the fuse casing; or
3) Melting of external soldering connections; or

c) The opening shall be so constructed and located that flame or molten metal is not emitted
during:

1) Arcing normally encountered in the operation of power-circuit switches, circuit
breakers, or fuses of power-circuit switches, circuit breakers, or fuses of other than the
type covered in 6.9.2 (b), or

2) Burnout of current elements as demonstrated by overload and short-circuit tests of
sufficient magnitude to produce component malfunction or breakdown.
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6.9.3 A ventilation opening in the top of a Type 1 enclosure shall be covered by a hood or protective
shield spaced above the opening when there are energized components below the opening, and shall be
in accordance with 6.9.4.

6.9.3 revised July 16, 1999
6.9.4 Any ventilating opening in a Type 1, 2, or 3R enclosure shall comply with 6.17.1 (a).
6.9.5 A louver shall not be more than 12 inches (305 mm) long.

6.9.6 The area of an opening covered by a louver, a perforated or an expanded-metal mesh panel that
is thinner than the enclosure shall not exceed 200 square inches (0.129 m2).

6.9.7 The diameter of the wires of a screen shall be at least 0.051 inch (1.30 mm) if the screen openings
are 0.500 square inch (32.3 mm2) or less in area, and shall be at least 0.081 inch (2.06 mm) for larger
screen openings.

6.9.8 Perforated sheet steel and sheet steel employed for expanded-metal mesh shall be at least 0.042
inch (1.07 mm) thick if uncoated and at least 0.045 inch (1.14 mm) thick if zinc-coated for mesh openings
or perforations 0.500 square inch (3.2 cmz) or less in area, and shall be at least 0.080 inch (2.03 mm)
thick if uncoated and at least 0.084 inch (2.13 mm) thick if zinc-coated for larger openings.

Exception: In a small device where the indentation of a guard or enclosure will not alter the clearance
between uninsulated, movable, live parts and grounded metal so as to adversely affect the performance
or reduce the spacings below the minimum value specified in Table 36.1, expanded-metal mesh of
uncoated steel not less than 0.020 inch (0.51 mm) thick and of zinc-coated steel not less than 0.023 inch
(0.58 mm) thick may be employed provided that:

a) The exposed mesh on any one side or surface of the device so protected has an area not
more than 72 square inches (464 cmz) and has no dimension greater than 12 inches (304.8
mm), or

b) The width of the opening so protected is not greater than 3.50 inches (88.9 mm).

6.10 Barriers used with ventilation openings

6.10.1 Unless a ventilating opening is located at least 12 inches (305 mm) from an arcing part, the
requirements in 6.9.2 will necessitate the interposition of a barrier of metal or of a material such as those
mentioned in 6.10.4 between the ventilating opening and a possible source of arcing, such as a switch,
a fuse, the vent openings of a circuit breaker, and the like.

6.10.2 The barrier shall be of such dimensions and so located that any straight line drawn from any arcing
part past the edge of the barrier intersects a point in the ventilating opening plane that is at least 0.25 inch

(6.4 mm) outside of the edge of the ventilation opening.

6.10.3 A sheet-metal barrier shall be at least 0.053 inch (1.35 mm) thick if uncoated steel, 0.056 inch
(1.42 mm) thick if zinc-coated or 0.075 inch (1.19 mm) thick if aluminum.

Exception: A metal barrier may be of thinner metal provided its strength and rigidity are not less than that
of a flat sheet of steel having the same dimensions as the barrier and of the specified thickness.
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6.10.4 A barrier of slate or marble shall be at least 0.500 inch (12.70 mm) thick. A nonmetallic barrier
other than slate or marble or similar material shall be at least 0.250 inch (6.35 mm) thick and shall be
supported to give the necessary strength and rigidity.

Exception: A nonmetallic material other than slate, marble, or other similar material may be less than
0.250 inch thick if the barrier is located so that it will not be subject to mechanical damage during
installation, and supported so that it will have the necessary mechanical strength and rigidity.

6.11 Forced ventilation

6.11.1 If ventilation is fan forced — that is, ventilation is accomplished by one or more blowers within the
enclosure that provide a positive intake and exhaust — the ventilation openings shall comply with the
requirements in 6.11.2 in addition to the requirements in 6.9.2.

6.11.2 If operator controls are provided on the enclosure, the air outlet shall not direct exhaust air at the
area occupied by the operator of the equipment.

6.12 Observation windows

6.12.1 Glass covering an observation opening and forming a part of the enclosure shall be reliably
secured in such a manner that it cannot be readily displaced in service and shall provide mechanical
protection of the enclosed parts. Glass for an opening not more than 4 inches (102 mm) in any dimension
shall not be less than 0.055 inch (1.40 mm) thick; and glass for an opening having no dimension greater
than 12 inches (305 mm) shall not be less than 0.115 inch (2.92 mm) thick. Glass used to cover a larger
opening shall comply with the Crush Resistance and Resistance to Impact tests in accordance with the
Standard for Polymeric Materials — Use in Electrical Evaluations, UL 746C, and shall otherwise be
acceptable for the purpose.

6.13 Transformer or autotransformer

6.13.1 If a transformer or autotransformer is oil filled, means shall be provided for inspection and renewal
of the oil.

6.14 Motor controller wire bending space

6.14.1 The space between the end of the soldering lug or pressure wire connector for the connection of
field-installed wire and the wall of the enclosure toward which the wire will be directed upon leaving the
lug or connector shall be at least that specified in Table 6.8.

6.14.2 The space specified in 6.14.1 is to be the length of a straight line extending from the end of the
soldering lug or pressure wire connector where the wire would be connected toward and perpendicular to
the enclosure wall toward which the wire would be initially directed.

6.14.3 If a wire is restricted by barriers or other means from being bent where it leaves the connector, the
distance required by 6.14.1 and Table 6.8 is to be measured from the end of the barrier. A terminal lug
or connector that is not prevented from turning as described in the exception to 17.2 is to be repositioned
anywhere within the limits to obtain the shortest distance for measurement.

6.14.4 The wire size used to determine the wire bending space is based on 125 percent of the motor
full-load current rating. See Tables 45.2 or 45.3 for the full-load current rating of horsepower rated motors.
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6.15 Specific enclosures

6.15.1 An enclosure shall comply with the construction requirements applicable to an enclosure of the
type number or numbers with which it is marked. See 11.1.

6.15.1.1 An enclosure provided with multiple compartments is able to be evaluated to different enclosure
type requirements when the compartments are completely separated by a wall or barrier and:

a) The assembly is intended for indoor use and the compartments are rated Type 1, 2, 4, 4X,
5, 6, 6P, 12, 12K, 13; or

b) The assembly is intended for outdoor use and the compartments are rated Type 3, 3R, 3S,
4, 4X, 6, or 6P.
6.15.1.1 added July 16, 1999

6.15.2 An environmental type connection, such as a watertight connection at a conduit entrance, shall be
a conduit hub or the equivalent, such as a knockout or fitting, located so that when conduit is connected
and the enclosure is mounted in the intended manner, the enclosure is found to be acceptable when
subjected to the tests specified in the table for Enclosure Types in the Standard for Enclosures for
Electrical Equipment, UL 50.

Table 6.8
Wire bending space at the terminals of enclosed motor controllers

Minimum bending space, terminal to wall, inches (mm)
Size of wire & Wires per terminal
AWG or
kemil (mm 2) 1 2 3
14 -10 (21 -5.3)
8-6 (8.4 -13.3) 1-1/2 (38)
4-3 (21.2 - 26.7) 2 (51)
2 (33.6) 2-1/2 (64)
1 (42.4) 3 (76)
1/0 (53.5) 5 (127) 5 (127) 7 (178)
2/0 (67.4) 6 (152) 6 (152) 7-1/2 (191)
3/0 (85.0) 7 (178) 7 (178) 8 (203)
4/0 (107.2) 7 (178) 7 (178) 8-1/2 (216)
250 (127) 8 (203) 8 (203) 9 (229)
300 (152) 10 (254) 10 (254) 11 (279)
350 a77) 12 (305) 12 (305) 13 (330)
400 (203) 12 (305) 12 (305) 14 (356)
500 (253) 12 (305) 12 (305) 15 (381)
600 (304) 14 (356) 16 (406) 18 (457)
700 (355) 14 (356) 16 (406) 20 (508)
750 — 800 (380 — 405) 18 (457) 19 (483) 22 (559)
900 (456) 18 (457) 19 (483) 24 (610)
NOTE — Where provision for more than three conductors per terminals is provided, the bending space shall be in accordance
with the appropriate tables for cabinets and boxes in Article 373 of the National Electrical Code, ANSI/NFPA 70-1996.
& The wire size is to be based on 25.5.1 (b).
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6.15.3 TYPE 1 — A Type 1 enclosure shall comply with the requirement in 25.2.1.

6.15.4 TYPE 2 — A Type 2 enclosure shall have provision for drainage of water and shall have a threaded
conduit hub or the equivalent for the connection of conduit at the top or sidewalls.

Exception No. 1: If the conduit connection opening is wholly below the lowest terminal lug or other live
part intended for use within the enclosure, a threaded conduit hub or the equivalent need not be provided.
See 11.13.

Exception No. 2: Provisions for a conduit hub or fitting need not be provided if information is provided in
accordance with 11.10.

6.15.5 TYPE 3 — A Type 3 enclosure shall have:

a) A conduit hub or the equivalent for a watertight connection at conduit entrances — see
6.15.2;

b) A mounting means external to the equipment cavity; and
c) If a door is provided, provision for locking the door.

Exception: Provisions for a conduit hub or fitting need not be provided if information is provided in
accordance with 11.10.

6.15.6 TYPE 3R — A Type 3R enclosure shall have:

a) A conduit hub or the equivalent for a watertight connection at conduit entrances — see
6.15.2;

b) Provision for drainage of water; and

c) If a door is provided, provision for locking the door.
Exception No. 1: If the conduit connection opening is wholly below the lowest terminal lug or other live
part intended for use within the enclosure, a threaded conduit hub or the equivalent need not be provided.

See 11.13.

Exception No. 2: Provisions for a conduit hub or fitting need not be provided if information is provided in
accordance with 11.10.

6.15.7 TYPE 3S — A Type 3S enclosure shall have:

a) A conduit hub or the equivalent for a watertight connection at conduit entrances — see
6.15.2;

b) A mounting means external to the equipment cavity;
c) If a door is provided, provision for locking the door; and
d) Operating mechanisms that will support the additional weight of ice and withstand removal of

ice by a hand tool to gain access to the interior of the enclosure. Auxiliary means may be
provided to break the ice and to permit operation of external mechanisms.
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Exception: Provisions for a conduit hub or fitting need not be provided if information is provided in
accordance with 11.10.

6.15.7.1 TYPE 5 — A Type 5 enclosure shall have:
a) A conduit hub or the equivalent for a connection at conduit entrances — see 6.15.2; and
b) When a door is provided, provision for locking the door.

Exception: Provisions for a conduit hub or fitting are not required when information is provided in
accordance with 11.10.

6.15.7.1 added July 16, 1999

6.15.8 TYPES 4, 4X, 6, AND 6P — A Type 4, 4X, 6, or 6P enclosure shall have a conduit hub or the
equivalent mounted in place to provide a watertight connection at conduit entrances and shall have
mounting means external to the equipment cavity — see 6.15.2.

Exception No. 1: The watertight conduit connection provision need not be mounted in place if information
is provided in accordance with 11.12.

Exception No. 2: A hub or a fitting need not be provided or installed on a Type 4 or 4X enclosure if
instructions are provided as specified in 11.16.

6.15.9 TYPE 12 — A Type 12 enclosure shall have no conduit knockout or conduit opening and no hole
through the enclosure other than a hole for a Type 12 mechanism, or the equivalent. A gasket, if provided,
shall be oil resistant.

Exception: A Type 12 enclosure may employ a conduit opening if the instructions required by 65.12 are
included on the enclosure.

6.15.10 TYPE 12K — A Type 12K enclosure is as specified in 6.15.9, except it has knockouts located in
the top or bottom walls, or both.

6.15.11 TYPE 13 — A Type 13 enclosure shall have oil-resistant gaskets and, if intended for wall or
machine mounting, shall have a mounting means external to the equipment cavity. There shall be no
conduit knockout or unsealed opening providing access to the equipment cavity. All conduit openings shall
have provisions for oiltight connections.

6.15.12 A gasket of an elastomeric or thermoplastic material or a composition gasket utilizing an
elastomeric material employed to comply with the requirements for a Type 2, 3, 3R, 3S, 4, 4X, 5, 6, 6P,
12, 12K, or 13 enclosure shall comply with the Gasket Tests in the Standard for Enclosures for Electrical
Equipment, UL 50.

6.15.12 revised July 16, 1999
6.16 Components for use on specific enclosures
6.16.1 A component, such as a pilot light, a disconnect, a pushbutton, or similar component, intended for

use with a type designated environmental enclosure, meets the requirements for use with a specific type
enclosure when all of the following are met:

a) The component has been evaluated for its intended use installed on a representative
enclosure.
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