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

UL Standard for Safety for Temperature-Indicating and -Regulating Equipment, UL 873
Eleventh Edition, Dated December 22, 1994

Revigions: Thig Standard contains revisions through and including January 16, 2004.
Summary of Topics

Numerous revisions are being adopted info UL 873. Some of these revisions are 1} the
grounding symbof can now be used fo identify a grounding conductor, 2} Section 35, Separation
of Circuits, has been extensively revised, 3} requirements covering the endurance test have
been revised, and 4) requirements covering the sizing of wiring terminals or leads have been
revised.

UL Standards for Safety are developed and maintained in the Standard Generalized Markup Language
(SGML). SGML -- an international standard (IS0 88792-1986) -- is a descriptive markup language that
describes a document’s structure and purpose, rather than its physical appearance on a page. Due to
formatting differences resulting from the use of UL's new electronic publishing systam, please note that
additional pages (on which no requirements have been changed) may be included in revision pages due
to relocation of existing text and reformatting of the Standard.

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

The new and revised requirements are substantially in accordance with UL’s Bulletin(s) on this subject
dated November 4, 1999, July 6, 2001, November 21, 2001, and April 18, 2003. The bulletin(s) is now
obsolete and may be discarded.

The revisions dated January 16, 2004 include a reprinted title page {page) for this Standard.

As indicated on the title page (page1), this UL Standard for Safety has been adopted by the Department
of Defense.

The master for this Standard at UL’s Northbrock Office is the official document insofar as it relates 1o a
UL service and the compliance of a product with respect to the requirements for that product and service,
or if there are questions regarding the accuracy of this Standard.

UL's Standards for Safety are copyrighted by UL. Neither a printed copy of a Standard, nor the distribution
diskette for a Standard-on-Diskette and the file for the Standard on the distribution diskette should be
altered in any way. All of UL's Standards and all copyrights, ownerships, and rights regarding those
Standards shall remain the sole and exclusive property of UL.

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

Revisions of UL Standards for Safety are issued from time to time. A UL Standard for Safety is current
only if it incorporates the most recently adopted revisions.
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UL provides this Standard “as is” without warranty of any kind, either expressed or implied, including but
not limited 1o, the implied warranties of merchantability or fitness for any purpose.

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

UL will attempt to answer support requests concerning electronic versions of its Standards. However, this
support service is offered on a reasonable efforts basis only, and LIL may not be able 10 resolve every
support request. UL supports the electronic versions of its Standards only if they are used under the
conditions and operating systems for which it is intended. UL's support policies may change from
time-to-time without notification.

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

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

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

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

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

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

The reguirements in this Standard are now in effect, except for those paragraphs, sections, tables, figures,
and/or other elements of the Standard having future effective dates as indicated in the note following the
affected item. The prior text for requirements that have been revised and that have a future effective date
are located after the Standard, and are preceded by a "SUPERSEDED REQUIREMENTS” notice.

New product submittals made prior to a specified future effective date will be judged under all of the
requirements in this Standard including those requirements with a specified future effective date, unless
the applicant specifically requests that the product be judged under the current requirements. However, if
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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, and Follow-Up Services after the effective
date, and understanding of this should be signifiad in writing.

Copyright © 2004 Underwriters Laboratories Inc.
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DECEMBER 22, 1994
(Title Page Reprintad: January 16, 2004)

1
UL 873
Standard for Temperature-Indicating and -Regulating Equipment

First Edition — August, 1942
Second Edition — March, 1945
Third Edition — January, 1847

Fourth Edition — June, 1953
Fifth Edition — December, 1956

Sixth Edition — December, 1958
Seventh Edition — May, 1970
Eighth Edition — September, 1972
Ninth Edition — May, 1979
Tenth Edition — September, 1988

Eleventh Edition

December 22, 1994

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 873 on January 17, 1992.
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.
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6 TEMPERATURE-INDICATING AND -REGULATING EQUIPMENT - UL &73 MARCH 4, 1999

FOREWORD

A. This Standard contains basic requirements for products covered by Undenwriters Laboratories Inc. (UL)
under its Follow-Up 3ervice 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 fielkd 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 16 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 cut of or in connection with the use, interpretation of,
or reliance upon this Standard.

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

1.1 These requirements cover electrical equipment for control of air-conditioning, heating, cooking,
refrigeration, and humidity, rated 600 volts or less, to be used in ordinary locations in accordance with the
Naticnal Electrical Code, NFPA 70.

1.2 These requirements cover general-use equipment for field-installation and contrels intended to be
factory installed on or in certain appliances as safety, limiting, or operating controls. These controls
respond directly or indirectly to changes in temperature, humidity, or pressure to effect control of
eguipment or appliance operation. Devices covered by these requirements include:

a) Refrigeration Controllers — Humidistats for factery installation on or in refrigeration equipment;
pressure, temperature, pneumatic pressure, motor, timer, bimetallic-heater, magnetically-
operated controls, and the like, and cembinations thereof in control panels with or without
transformers. See 1.4,

b} Industrial Operating Controls — Temperature controllers for industrial, fam, and boiler room
applications; snow melting contrals; return-duct humidistats; humidity controllers; pneumatic
pressure regqulators; transformer {low-voltage secondary) relays; pneumatic pressure,
bimetallic-heater, motor, timer, and magnetically operated sequence switches; stoker controls;
indicating and recording controls; and motor operators for actuating air dampers. These
requirements do not cover output connected apparatus such as dampers, linkages, or valves.

¢) Residential Cperating Controls — Room thermostats, rcom humidistats, and other operating
controls for residential heating and cooling appliances.

d) Controls for Factory Installation on or in Appliances —

1} Controls as mentioned in (a) — (¢) but specifically intended for use on, in, or as a part
of the end-use equipment.

2} Electric water-heater controls intended to regulate or limit water temperature.

3y Other controls including door-interlock thermostats for self-cleaning ovens; baseboard
heater temperature-limiting controls; humidifier controls, fan thermostats;, and
temperature-regulating and -limiting thermostats for electric heating equipment such as
clothes dryers, air heaters, household and commercial cooking appliances, beauty-parlor
equipment, steam and dry bath heaters, and ranges (controlling oven or surface
glements).

1.3 Certain safety controls, and safety control circuits on operating controls, are investigated under the
requirements in this standard, insofar as they apply, and also under the applicable requirements for limit

controls.
Documents
Copyright by the Underwriters Laboratories Inc ;
Fri Sep 17 15:38:06 2004 Document Sharing Hub

Full document details: UL 873 2004


http://www.avadocuments.com/doc/ul-873-2004
http://www.avadocuments.com/doc/ul-873-2004

8 TEMPERATURE-INDICATING AND -REGULATING EQUIPMENT - UL &73 MAY 4, 2001

1.4 The following devices are among those considered to be refrigeration controllers:

a) A control that either directly or indirectly controls the starting and stopping of a compressor
motor of refrigeraticn or air-conditioning equipment because of variations in temperature,
pressura, refrigerant level, or the like.

b) A pressure limiting device and a defrost temperature-limiting device for refrigeration or air-
conditioning equipment.

¢y An auxiliary device, such as a defrost timing control, a defrost temperature regulating control,
a start winding relay for a compressor motor, a control ar defrost or heat pump change-over,
fan or pump motor, vane or load capacity regulator, or a similar device that primarily serves
refrigeration or air-conditioning equipment.

d) A control panel that, incorporates one or more of the functions described in {a) — {¢) for
programming refrigeration or air-conditioning equipment.

1.5 A wall-mounted room thermostat not intended for mounting in or on refrigeration or air-conditioning
equipment is investigated as a thermostat and not as a refrigeration controller.

1.8 Industrial temperature-indicating and -requlating controls include conirols that are intended, among
other applications, for installation in or on industrial apparatus, or for boiler or furnace room, farm, outdoor,
and comparable locations that may not always be clean and dry.

1.7 A residential control is one intended for indcor comfort control use in clean, dry, nonindustrial
environments, such as dwellings, offices, and stores.

1.8 A humidistat is investigatad in the same manner as a thermostat.

1.9 Requirements for controls intended to be factory installed on or in appliances may include
requirements appropriate for the end-use appliance. The spacing requirements for several such controls
are specified in Table 32.1.

1.10 These requirements do not cover primary safety or limit contrels for gas, oil, or electric-fired
central-heating furnaces or boilers; duct heaters; oil or gas burners; or stokers; nor do they cover controls
for oil pumps and cil level regulators; boiler-feed or low-water cut-offs; or furnace fan or boiler circulators.

1.11 These requirements do not cover low-voltage thermostats, damper controls or similar devices
intended for connection only 1o a low-voltage circuit of limited power supplied by a primary battery or by
a Class 2 transformer. An assembly consisting of a line-voltage transformer with a low-voltage secondary
incorporated as an integral part of a control, such as a thermestat or a damper conirol, is considered to
be within the scope of these requirements. See 6.1,

1.12 A product that contains features, characteristics, components, materials, or systems new or different
from those covered by the requirements in this standard, and that involves a risk of fire or of electric shock
or injury to persons shall be evaluated using appropriate additional component and end-product
requirements to maintain the level of safety as originally anticipated by the intent of this standard. A
product whose features, characteristics, components, materials, cr systems cenflict with specific
requirements or provisions of this standard does not comply with this standard. Revision of requirements
shall be proposed and adopted in conformance with the methods employed for development, revision, and
implementation of this standard.
1.12 revised May 4, 2001

Documents

Copyright by the Underwriters Laboratories Inc ;
Fri Sep 17 15:38:06 2004 Document Sharing Hub

col S PREStapdssd dewnloaded from www.bzfxw.com


http://www.avadocuments.com/doc/ul-873-2004
http://www.avadocuments.com/doc/ul-873-2004

MAY 4, 2001 TEMPERATURE-INDICATING ANLD -REGULATING EQUIPMENT - UL &73 9

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

2.2 CLASS 2 TRANSFORMER — A stepdown transformer of the low-secondary-voltage type (30 volts
or less) rated for use with Class 2 remote-control circuits, Iow-energy power circuits, and signal circuits
(including bell or buzzer circuits and the like) in accordance with the Naticnal Electrical Code, ANSI/
NFPA 70-1993. Unless such a transformer is of the energy-limiting type having sufficient winding
impedance to limit the current output t0 a specified maximum value, it is required 0 be provided with a
fuse or other overcurrent-protective device rated for the application.

2.3 EQUIVALENT SELF-HEATING THERMAL PROTECTOR — A SHTP that is identified as being
equivalent with another SHTP and is intended to be used in a lighting fixture interchangeably with the
other SHTP without adversely affecting the compliance of the lighting fixture with the requirements for
the fixture.

2.4 ISOLATED-LIMITED-ENERGY CIRCUIT — A circuit derived from an isolated secondary winding of
a transformer having a maximum capacity of 100 volt-amperes and an open-circuit secondary voltage
rating not exceeding 1000 volts.

2.5 LINE-VOLTAGE CIRCUIT - A circuit involving a potential of not more than 600 volts and having
circuit characteristics in excess of a low-voltage or isclated-limited-energy circuit.

2.6 LOW-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 30 volts and supplied by
a primary battery, by a standard Class 2 transformer, or by a combination of a transformer and a fixed
impedance that, as a unit, complies with all the performance requirements for a Class 2 transformer. A
circuit derived from a line-voltage circuit by connecting resistance in series with the supply circuit as a
means of limiting the voltage and current is not considered to be a low-voltage circuit.

2.7 PORTABLE EQUIPMENT — Cord and plug connected equipment that is capable of being carried or
moved about.

2.8 SELF-HEATING THERMAL PROTECTOR (SHTP) — A thermal protective device consisting of a
temperature sensitive switching element and a load voltage heater within a commaon housing. When
mounted on a non-Type IC recessed fixture, the SHTP is intended to cycle under field related abnormal
heating conditions.

2.9 STATIONARY EQUIPMENT — Cord and plug connected equipment that is intended to be fastened
in plage, or located in a dedicated space.

2.10 THERMAL PROTECTOR — A thermal proteclive device consisting of a temperature sensitive
switching element with or without a series heater within a common hausing.
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3 Units of Measurement

3.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.
3.1 revised May 4, 2001

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 is not required to comply with a specific requirement that:

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

b} Is superseded by a requirement in this standard.
4.2 revised May 4, 2001

4.3 A component shall be used in accordance with its rating established for the intended conditions of
use.
4.3 revised May 4, 2001

4.4 3pecific components are incomplete in construction features or restricted in perfformance capabilities.
Such components are intended for use only under limited conditions, such as certain temperatures not
exceeding specified limits, and shall be used cnly under those specific conditions.

4.4 roviscd May 4, 2001

5 References

5.1 Any undated reference 10 a code or standard appearing in the requirements of this standard shall be
interpreted as referring to the latest edition of that code or standard.

CONSTRUCTION
6 General

6.1 A temperature-indicating or -regulating device or system that falls within the scope of 1.11, but has a
maximum secondary potential of more than 30 volts or a maximum secondary output more than that
specified for a standard Class 2 transformer under any service condition or load shall be investigated
under conditions of intended service to determing whether it is acceptable for the intended application.

G.1 revised June 2, 1893

6.2 An electronic or solid-state circuit used in a back-up, limiting, or other safety ¢ontrol, including controls
that require a calibration test, shall acceptably complete a component evaluation of electronic devices and
is investigated cn the basis of its compliance with the requirements in this standard, in addition to
complying with the specific requirements for the control.
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7 Frame and Enclosure
7.1 General

7.1.1 Temperature-indicating and -regulating equipment shall be formed and assembled so that it will
have the strength and rigidity necessary to resist the abuses to which it may be subjected, without
increasing the risk of fire, electric shock, or injury to persons due to total or partial collapse with resulting
reduction of spacings, l0osening or displacement of parts, or other serious defects.
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7.2 Accessibility of live parts

7.2.1 Electrical parts of a device, other than a supply cord or low-voltage terminals, shall be located or
enclosed to reduce the risk of unintentional contact with an uninsulated live part. Additionally, electrical
parts shall be located or enclosed so that protection against unintentional contact or shorting of live parts
that could result in @ malfunction of the controlled equipment is provided. For the purpose of these
requirements, film-coated wire is considered to be an uninsulated live part.

Exception: An enclosure is not required for a device intenged for assembly as part of another device.
7.2.1 effective fugust 28, 1955

7.2.2 An opening in an enclosure of a control is acceptable if an accessibility probe as illustrated in Figure
7.1, when inserted into the opening, cannot be made to touch any part that involves a risk of electric shock
to the end-user or service personnel. However, in no case shall the opening be large enough to permit
the entrance of a 1 inch {25.4 mm) diameter rod.

7.2.2 effective February 25, 1847
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Figure 7.1
Accessibility probe

4

AL DhEoNs I WLMEERS

Mote: All length dimensions in milimeters
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7.2.3 The accessibility probe shall be articulated into any configuration and shall be rotated or angled to
any position before, during, or after insertion into the opening, and the penetration shall be 10 any depth
allowed by the opening size, including minimal depth combined with maximum articulation.

7.2.3 effective February 28, 1997

7.24 If any part of the enclosure must be opened or removed as part of normal operation, regular
adjustment, or reqular or required maintenance (set point adjustment, timer or time of day clock
adjustment, battery replacement, and the like} with or without the use of tools, or ¢an be opened or
removed withaut the use of tools, the accessibility probe is to be applied without the part in place.

7.2.4 effective February 28, 1997

7.2.5 Deleted effective August 28, 1985
7.2 5 effactive August 28, 1985

7.3 Covers

7.3.1 An enclosure and a part of an enclosure such as a door, cover, or tank, shall be provided with
means for firmly securing it in place.

7.3.2 Sheet-metal screws threading directly into metal shall not bhe used to attach a cover, door, or other
part removed to install field wiring or for operation of the equipment. Sheet-metal screws may thread into
sheet-metal nuts that are permanently mounted and protected against comosion, and machine screws and
self-tapping machine screws may thread direcily into sheet-metal walls. See 19.12.

7.3.3 Sheet-metal screws mounting internal components that are not removed for installation or operation
may thread directly into metal.

7.3.4 An enclosure cover shall be hinged if it gives access to fuses, thermal cutouts, or any other
overload-protective device, the functioning of which requires renewal, or if it is necessary to open the
cover in connection with intended operation of the device.

7.3.5 A door or cover giving access 1o a fuse cr thermal cutout in other than a low-voltage circuit shall
shut closely against a 1/4-inch rabbet or the equivalent, have turned flanges for the full length of four
edges, or have angle strips fastened to it. Flanges or angle strips shall fit closely with the outside of the
walls of the box proper and shall overlap the edges of the box not less than 1/2 inch {12.7 mm). A
construction that affords equivalent protection or a combination of flange and rabbet is acceptable.

7.3.6 A strip used to provide a rabbet and an angle strip fastened to the edges cof a door shall be secured
at not less than two points, not more than 1-1/2 inches (38.1 mm) from each end of each strip and at
points between these end fastenings not more than 6 inches (152 mm) apart.

7.3.7 A hinged cover shall not depend solely upen screws or other similar means requiring the use of a
tool to hold it closed, but shall be provided with a spring latch or caich.

Exception: A cover that is hinged hut is not required to be hinged for holding the cover may be held
closed by a clagp, a sliding latch, or other means.

7.3.8 A snap-on cover that gives access 1o bare live parts and that dees not require a tool for removal
shall withstand the tests described in Snap-On Covers Test, Section 58.

7.3.9 The continuity of a bonding means for a snap-on or fastener-attached cover shall comply with the
requirements in Bonding of Internal Parts, Section 22.
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7.4 Transformers

7.4.1 A transformer shall be housed within its own enclosure, within the main enclosure of
temperature-indicating and -regulating equipment, or within a combination of the two.

7.4.2 A sheet-steel fransformer enclosure shall have a thickness of not less than 0.026 inch (0.66 mm) if
uncoated and not less than 0.029 inch (0.74 mmj if galvanized.

Exception: Sheeat stael having a thickness of not less than 0.020 inch (0.51 mm)} if uncoated and not less
than 0.023 inch (0.58 mm) if gatvanized may be used for a drawn end bell having maximum dimensions
of 2-1/4 inches (57.2 mm) on the flat portion and 1-1/2 inches (38.1 mm) at the base of the drawn portion.

7.4.3 A cast-metal transformer enclosure shall comply with the requirements in 7.5.1. A transformer
enclosure of other material shall have strength and rigidity, and otherwise be rated for the purpose.

7.5 Cast metal

7.5.1 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 not less than 1/4 inch (6.4 mm) thick at tapped holes for
conduit.

Exception. Otfher than at plain or threaded conduit holes, dig-cast metal may be.

a) Not less than 3/32 inch (2.4 mm) thick for an area greater than 24 square inches (154.8 cm 2
) or having dimensions more than 6 inches (152 mm).

b) Not fess than 1716 inch (1.6 mm) thick for an area of 24 square inches or fess and having no
dimensiong more than 6 inches. The area limitation may be obiained by the provision of
reinforcing ribs subdividing & larger area.

¢} Not lessg than 0.035 inch (0.80 mm) thick if the enclosure wifl not be used as a splice box and
if the voftage rating of the complete device is such that the voitage between any two conductors
is 250 volts or less, and is limited to direct current or single-phase alternating current.

d) Not tess than 0.028 inch {0.71 mm) thick if the enclosure houses only low-valtage circuits.

7.6 Sheet metal

7.6.1 Other than at peints where a wiring system is to be connected, the thickness of a sheet-metal
enclosure shall not be less than that specified in Tables 7.1 and 7.2

Exception: A room thermostat shall be as specified in 7.9.3.
7.6.2 At points at which a wiring system is t0 be connected, uncoated steel shall not be less than 0.032
inch {0.81 mm) thick, zinc-coated steel shall not be less than 0.034 inch (0.86 mm) thick, and nonferrous

metal shall not be less than 0.045 inch (1.14 mm) thick.

7.6.3 Tables 7.1 and 7.2 are based on a uniform deflection of the enclosure surface for a given load
concentrated at the center of the surface regardless of metal thickness.
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7.64 With reference o Tables 7.1 and 7.2, a supporting frame is a structure of angle or channel or a
folded rigid section of sheet metal that is rigidly attached to and has essentially the same ouiside
dimensions as the enclosure surface, and that has sufficient torsional rigidity to resist the bending
moments that may be applied via the enclosure surface when it is deflected. Construction that is
considered to have equivalent reinforcing may be accomplished by designs that will produce a structure
that is as rigid as one built with a frame of angles or channels. Construction considered to be without
supporting frame includes:

a) Single sheet with single formed flanges — formed edges,

b) A single sheet that is carrugated or ribbed,

¢} An enclosure surface loosely attached to a frame, for example, with spring clips.
7.7 Polymeric
7.7.1 A polymeric enclosure or enclosure part shall have mechanical strength and durability and be
formed so that operating parts will be protected against damage, and shall resist the abuses likely to be

encountered during installation and intended use and service.

7.7.2 An enclosure or enclosure part shall protect persons against a rigk of electric shock. The enclosure
material shall not create or contribute to a risk of fire, electric shock, or injury to persons.
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Table 7.1
Minimum thickness of sheet metal for enclosures — carbon steel or stainless steel
With supporting frame or equivalent
Without supporting frame® reinforcing®
Maximum widthh, Maximum Iengthc, Maximum widthb, Maximum length, Minimum thickness, inch {mmj}
Inches {cm) Inches {em) Inches {em} Inches {em) Uncoated Metal coated
40 {10.2) Nat limited 6.25 {15.9) Net limited 0.0204 {0.51) 0.023¢ {0.58)
4.75 {(12.1) 575 (14.6) 6.75 17.1) 825 (21.0%
6.0 {15.2) Nat limited 9.5 {24.1) Not limited 0.0264 {0.66) 0.029d {0.74)
7.0 {17.8) 8.75 {22.2) 10.0 {256.4) 12.5 (31.8)
8.0 (23 Nat limited 12.0 130.8) MNat limited (032 (.81} (1034 (.86
9.0 (22.9) 115 (20.2) 13.0 (33.0) 16.0 (40.6)
125 {31.8) Nat limited 195 {49.5) Nat limited 0.042 {1.07) 0.045 {1.14)
14.0 {35.6) 18.0 {45.7) 210 (53 3) 25.0 (63.5)
18.0 (45.7) Not limited 27.0 68.6) Mot limited 0.053 {1.35) 0.056 (1.42)
200 {50.8) 250 {63.5) 290 (TS 7) 36.0 91.4)
220 (55.9) Not limited 330 {83.8) Mot limited 0.060 {1.52) 0.063 {1.60)
250 (63.5) 3140 (78.7) 350 (88.9) 43.0 {109.2)
250 {63.5) Nat limited 190 {99.1) Nat limited 0.067 {1.70) 0.070 {1.78)
29.0 {73.7) 36.0 {91.4) M0 (104.1) 51.0 {129.5)
33.0 (83.8) Not limited 51.0 {129.5) Mot limited 0.080 {2.03) 0.084 (2.13)
38.0 (96.5) 47.0 (119.4) 54.0 (137.2) 66.0 (167 .6)
42.0 {106.7) Nat limited 64.0 (162.6) Nat limited 0.093 {2.36) 0.087 {2.46)
47.0 {119.4) 59.0 {149.9) 8.0 (172.7) 84.0 {213.4)
52.0 {132.1) Nat limited 80.0 (203.2) Nat limited 0.108 {2.74) .11 {2.82)
60.0 {152.4) 74.0 {188.0) 84.0 (212.4) 103.0 {261.6)
63.0 {(160.0) Nal limiled 97.0 (246.4) Mol lirniled 0.123 (3.12) 0.126 (3.20)
73.0 {185.4) 90.0 (228.6) 103.0 (261.6) 127.0 {322 .8)
8 See 76.4.
P The width is the smaller dimension of a rectangular shaat metal piece that is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.
© Mot limited applies anly if the edge of the surface is flanged at least 1/2 inch (12.7 mm) and fastened to adjacent surfaces net
normally removed in use.
d sheet steel for an enclosure intended for outdaor use — raintight or rainproof — shall not be less than 0.034 inch {0.86 mm)
thick if zinz coated, and not lcse than 0.032 inch {2.81 mm) thick if uncoated.
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Table 7.2
Minimum acceptable thickness of sheet metal for enclosures — aluminum, copper, or brass

Tahle 7.2 revised Qcloher 24, 1995

Without supporting frame® With supporting frame or equivalent reinfarcing® .
Maximum widthb, Maximum length®, Maximum widthb, Maximum length, ch:z;:::;ns
Inches {em) Inches {em} Inches [em) Inches {em) inch (mmj}

30 (7.6) Nat limited 7.0 {17.8) Not limited 0.0234
3.5 (8.9) 4.0 (10.2) 8.5 (21.6) 8.5 (24.1) (0.58)
4.0 {10.2) Not limited 10.0 (25.4) Not limited 0.029
5.0 {12.7) 8.0 {(15.2% 10.5 (26.7) 13.5 (34.3) (0.74)
6.0 {15.2) Nat limited 14.0 {35.6) Not limited 0.036
6.5 {16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) (0.81)
8.0 (20.3) MNat limited 19.0) (483 MNat limited (1.045
8.5 (24.1) 116 (29.2) 210 (83.3) 25.0 (63.5) (1.14)
12.0 {30.5) MNat limited 280 {71.1) MNat limited (1.058
14.0 (35.6) 16.0 (40.6) 3040 (76.2) 3r.o (94.0) (1.47)
18.0 (45.7) Nat limited 42.0 {106.7) Nat limited 0.075
20.0 {50.8) 25.0 (63.5) 45.0 {114.3) 55.0 {139.7) (1.81)
25.0 {63.5) MNat limited 6().0) (152 4} MNat limited (1.0485
20.0 (73.7) 36.0 (81.4) 64.0 (162.8) 78.0 (198.1) (2.41)
37.0 (94.0) Nat limited B7.0 (221.0) Nat limited 0.122
42.0 {106.7) 53.0 (134.6) 83.0 {236.2) 114.0 {289.6) (3.10)
52.0 {132.1) Nat limited 123.0 (312.4) Nat limited 0.153
60.0 {152.4) 74.0 (188.0) 130.0 {330.2) 160.0 {406.4) (3.89)

9 Sce 764

b The width is the smaller dimensien of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfaces of an

enclosure may have supparts in common and be made of a single sheet.

€ Not limited applies only if the adge of the surface is flanged at least 1/2 inch {12.7 mm) and fastened to adjacent surfaces not

normally removed in usa.

d sheet copper, brass, or aluminum for an enclosure intended for cutdoor use — raintight or rainproof — shall not ke less than

0.029 inch {0.74 mm) thick.

7.7.3 Among the factors that are to be taken into consideration when investigating the acceptability of a
polymeric enclosure are:

a) Mechanical strength;
b) Resistance to impact;

¢} Moisture absorption;
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d) Resistance to combustion and to ignition from electrical sources;
e) Dielectric propertias, insulation resistance, and resistance to arc tracking; and

f) Resistance to distortion and creeping at temperaturas to which the material may be subjactad
under conditions of normal or abnormal use.

7.7.4 A material shall not display a 10ss of the properties specified in 7.7.3 beyond the minimum
acceptable level as a result of aging.

7.7.5 The tasts for determining compliance of a polymeric enclosure used with equipment coverad by this
standard are described in Polymeric Materials Tests, Section 62.

Exception. The cover of a wall-mounted room thermostat need not comply with the requirements in
Folymeric Materigls Tests, Section 62, but will be subjected to an appropriate investigation.

7.7.6 The polymeric enclosure material shall be rated for the normal operating temperature encountered
in service and have a temperature rating at least equal to the normal operating temperature as determined
by the temperature test described in Temperature Test, Section 40.

7.7.7 If continuity of a grounding system relies on dimensional integrity of a nonmetallic material, the
dimensional stability of the material shall be considered in addition to the factors mentioned in 7.7.3.

7.7.8 A part, such as a dial or nameplate, that is a part of an enclosure shall be metal or other material
as specified for the enclosure in 7.5.1 — 7.7.6.

7.7.9 A nonmetallic part such as a reset knob, lever, or button that protrudes through a hole in the
enclosure that is not larger than the area of a 7/8-inch (22.2-mm) diameter circle shall be made of a
material classified as V-0, V-1, or V-2 in the Tests for Flammability of Plastic Materials for Parts in Devices
and Appliances, UL 94.

7.7.9 reviscd Junc 2, 1958

7.7.10 A nonmetallic part that protrudes through a hole larger than the area of a 7/8-inch (22.2-mm)
diameter circle shall be made of a material that complies with the requirements in 7.7.1, 7.7.2, and 7.7 8.
See 7.10.8.

7.7.11 A nonmetallic cover that gives access to bare live parts shall comply with the requirements in 7.3.8
and Snap-0On Covers Test, Saction 58 and there shall be no exposure of live parts.

7.7.12 A cover attached by screws shall comply with the requirements in 7.3.8 with the screws tightened,
and with the screws lcosened one full turn.

7.8 Windows

7.8.1 Glass covering an observation opening shall be reliably secured in place so that it cannct be readily
displaced in service, and shall provide mechanical protection for the enclosed parts.
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7.8.2 Glass for an opening not more than 4 inches (102 mm) in any dimension shall not be less than 1/18
inch (1.6 mm) thick, and glass for a larger opening, but not more than 144 square inches (929 ¢m 2} in
arga and having no dimension greater than 12 inches (305 mm), shall not be lags than 1/8 inch (3.2 mm)
thick. Glass that covers a larger area shall not be less than 1/8 inch thick and shall conform to one of the
following:

a) The glass shall be of a nonshattering or tempered type that, when broken, shall conform 1o the
performance specifications in the Safety Performance Specifications and Methods of Teast for
Safety Glazing Material Used in Buildings, ANSI Z97.1-1984; or

b} Shall withstand a 2-1/2 foot-pound (2.41 J) impact from a 2-inch (50.8-mm) diameter, 1.18
pound {535 g) steel sphere without cracking or breaking to the extent that a piece is released or
dropped from its intended paosition.

7.8.3 A transparent material other than glass employed as a covering over an opening in an enclosure
shall be investigated to determine if it has adequate mechanical strength and is otherwise acceptable for
the purpose.

7.9 Room thermostats

7.9.1 A room thermostat intended for assembly on a flush-mounted box shall be provided with a box of
sheet steel not less than 0.053 inch (1.35 mm) thick — 0.056 inch {1.42 mm) if zing coated; or with a
cast-metal box not less than 1/8 inch (3.2 mm) thick.

Exception: A room thermostal need not be furnished with a box if means for mounting on a standard
outlet box — minimum inside widith 1-13/16 inches (56.0 mm), minimum inside length 2-27/32 inches (72.2
mm) is provided and if, when s0 mounted on the intended box and when the full displacements and
folerances permitted by the moumting means are congidered, at least the minimum required spacings are
proviged.

7.9.2 Zinc-base die-cast metal shall not be used for a flush box.

7.9.3 A residential rcom-thermostat cover having no dimension greater than 6 inches (152 mm) and
having no surface greater than 18 square inches {116.1 ¢m 2 ) may be not less than 0.020 inch {0.51 mm}
thick uncoated steel, 0.023 inch {0.58 mm} zinc-coated steel, 0.023 inch nonferrous metal, or 0.035 inch
(0.89 mm) die-cast meatal.

Exception No. 1: A 0.016-inch (0.41-mm) thick uncoated steel, (.019-inch (0.48-mm) zinc-coated steel,
0.018-inch {0.46-mm) nonferrous metal, or 0.032-inch (0.81-mm) die-cast metal may be employed if there
are no five parts exposed when the thermostat cover is removed.

Exception No. 2: The thickness of a cover that is decorative only is not specified; the mounting plate and
mechanism shall comply with the enclosure requirements with the cover removed.

7.94 The enclosure of a room thermostat is to be formed so that its shape and means of support provide
adequate mechanical strength.

7.10 Openings
7.10.1 An copening shall nct be provided in an enclosure that houses a fuse cr any portion of a circuit

breaker other than the operating handle, unless the construction affords containment of electrical fault
disturbances equivalent to that provided by an enclosure complying with the requirements in 7.3.5 -7.3.7.

7.10.1 effective February 28, 1997
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7.10.2 The following requirements apply to openings other than those provided in the enclosure of a room
thermostat:

a) An opening shall not be provided in a compartment or part of an enclosure that contains
field-wiring splices in a line-voltage circuit.

b} No openings shall be lecated in the mounting surface of an enclosure.
Exception: The foltowing openings may be located in the maunting surface of an enclosure:
1) A mounting opening;

2) A maximum of four apenings provided for the escape of air or paint during a painting
process. The maximum dimension of such an opening shall not exceed 1/8 inch (3.2 mm);
or

3) A maximum of four unused holes provided for mounting of internal components. The
maximum dimension of such an opening shall not exceed 3/18 inch (4.8 mm).

¢} If the bottom surface is not the mounting surface, an opening may be provided in the bottom
surface of an enclosure if the opening does not permit materials to fall directly out from the interior
of the unit. See Figure 7.2 for an example of a construction that may be used.

d) The shortest distance between an opening and the bottom of an enclosure or a wall-mounting
surface shall be at least one-quarter of the enclosure height or depth, respectively, or 1 inch (25.4
mm}, whichever is less.

e) There shall be no emission of flame or molten material, or manifestation of risk of fire, during
normal or abnormal tests on the control, such as transformer burnout and burnout of a relay or
solenoid with blacked armature.

f) Unless the construction of a device provided with forced ventilation is such that there is no
direct path between live parts and the outlet opening, burnout tests in addition to those mentionead
in (e} shall be conducted to determing that there is no emission of flame or molten material
through that opening.

g] Air from an opening, either forced or otherwise, shall not be directed into a duct or into a
concealed space in a huilding, against the mounting surface, and so that a disturbance would be
propagated tc other equipment.

h} No more than four holes for mounting an enclosure having a maximum dimension of 18 inches
(457 mmyj; six holes for an enclosure with a maximum dimension of more than 18 inchas, but less
than 48 inchas (1.2 m); eight holes for an enclosure with a maximum dimension of 48 inches or
more. Four of the holes for mounting an enclosure with a maximum dimension of 12 inches (305
mm) may be keyhole slots having the configuration illustrated in Figure 7.3. The dimensions
shown in Figure 7.3 may vary if the area is equivalent. Four of the holes for mounting a larger
enclosure may be keyhole slots, the dimensions of which are not specified, and which shall be
investigated with regard to the enclosure dimensions and configuration.

7.2 effective February 28, 1497
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Figure 7.2

Bottom surface openings of enclosures
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7.10.3 Deleted effective February 28, 15997
7113 effective February 28, 1497

7.10.4 A room thermostat rated more than 300 volts, with the outer cover on or remaoved, shall comply
with the requirements in 7.2.2.

7104 effactive February 28, 1987

7.10.5 An opening, such as a perforated hole, a louver, or an opening protected by wire screening,
expanded metal. or a perforated cover, in the enclosure of a room thermostat the rating of which includes
a value of 300 volts or less shall not permit passage of a 17/84-inch (6.7-mm) diameater rod.

Exception No. 1. If the distance befween an uninsulated live part and the edge of an opening is 2-1/2
inches (63.5 mm) or more, the opening may permit passage of a 17/64-inch diameter rod but shall not
permit passage of a 33/64-inch (13. 1-mm) diameter rod.

Exception No. 2: if other means, such as an internal barrier or arrangemertt of paris provides equivalent
protection, the maximum sizg of an individual opening in an enclosure is not specified.
7.10.5 effective February 28, 1997

7.10.6 The smaller dimension — width— of an opening in an enclosure around a dial, adjusting knob, lever,
handle, pointer, or the like shall not be more than 1/8 inch (3.2 mm) for any setting or position of the dial,
knob, or other members.

7.10.7 Deleted effective February 28, 1897
7107 effective February 28, 1987

7.10.8 A plate or plug for an unused conduit opening or other hole in an enclosure shall have a thicknass
not less than 0.014 inch (0.36 mmj) for steel or 0.019 inch (0.48 mm) for nonferrous metal for a hole having
a 1/4-inch {6.4-mm} maximum dimension and 0.027-inch (0.69-mm) steel or 0.032-inch {0.81-mm)
nonferrous metal for a hole having a 1-3/8-inch {34.9-mm) maximum dimension. A closure for a larger
hole shall have a thickness equal to that required for the enclosure of the device or a standard knockout
seal shall be used. Such a plate or plug shall be securely mounted.

7.11 Screens and expanded metal

7.1'1.1 The wires of a screen shall not be less than No. 16 AWG for screen openings 1/2 square inch (3.2
cm?) or less in area, and shall not be less than No. 12 AWG for larger screen openings.

7.11.2 Perforated sheet steel, and sheet steel employed for expanded metal mesh, shall not be less than
0.042 inch (106.7 mm) thick — 0.045 inch {114.3 mm) if zinc coated — for mesh openings or perforations
1/2 square inch (3.2 cm? or less in area and shall not be less than 0.080 inch (203.2 mm) thick — 0.084
inch {213.3 mm) if zing coated — for larger openings.

Exception: Expanded metal mesh that complies with the requirements in 7.11.3 may be used.

7.11.3 In a small device where the indentation of a guard or enclosure will not alter the clearance
between uninsulated, movable, current-carrying parts and grounded metal, so as to adversely affect
performance or reduce spacings below the minimum acceptable values specified in Table 33.1,
0.020-inch {0.51-mm) expanded metal mesh — 0.023-inch {0.58-mm) if zinc coated — may be employed,
provided the exposed mesh on any one side or surface of the device s protected has an area of not more
than 72 square inches (464.5 cm?2) and has no dimension greater than 12 inches (305 mmj or the width
of an opening so protacted is nct greater than 3-1/2 inches {88.2 mm).
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7.12 Wiring openings

7.12.1 If threads for the connection of conduit are tapped all the way through a hele in an enclosure wall,
or if an equivalent construction is used, there shall be no less than three threads in the metal, and the
construction of the control shall be such that a conduit bushing can be attached as intended.

7121 effective August 28, 1985
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7.12.2 If threads for the connection of conduit are nct tapped all the way through a hole in an enclosure
wall, conduit hub, or the like, there shall not be less than 3-1/2 threads in the metal and there shall be a
smooth, rounded inlet hole for the conductors that affords protection to the conductors equivalent to that
provided by a standard conduit bushing and that has an internal diameter approximately the same as that
of the corresponding trade size of rigid conduit.

7.12.3 In an enclosure threaded for support by rigid conduit at least five full threads shall be provided for
engaging the conduit.

7.12.4 A conduit hub or nipple attached to the enclosure of a pressure switch or similar equipment by
swaging, staking, or similar means shall withstand, without pulling apart, a direct pull of 200 pounds (890
NJ, a bending moment of 600 pound-inches (67.8 N-m), and a torque of 800 pound-inches, each applied
in turn for 5 minutes.

7.12.5 For the pullout test, the equipment is to be supported by a rigid conduit in the intended manner
and is to support a weight of 200 pounds (90.8 kg).

7.12.6 For the bending and torsion tests, the equipment is to be rigidly supported by means other than
the conduit fittings.

7.12.7 Inthe bending test, the force is to be applied to the conduit at right angles 1o its axis, and the lever
arm is to be measured from the wall of the enclosure in which the hub or stud is located to the point of
application of the bending force.

7.12.8 In the torsion test, the force is to be applied to the conduit in a direction tending to tighten the
connection, and the lever arm is fo be measured from the center of the conduit.

7.12.9 With reference 10 7.12.5 — 7.12.8, some distortion of the enclosure under test may result. The test
may be discontinued when noticeable distortion occurs.

7.12.10 Clamps and fasteners for the attachment of conduit, electrical metallic tubing, armored cable,
nonmetallic flexible tubing, nonmetallic-sheathed cable, service cable, and the like that are supplied as a
part of an enclosure shall comply with the requirements in the Standard for Fittings for Cable and Conduit,
UL 514B.

7.12.10 revised Junc 2, 1598

7.12.11 A knockout in a sheet-metal enclosure shall be reliably secured but shall be capable of being
removed without undue deformation of the enclosure.

7.12.12 A knockout shall be provided with a flat surrounding surface adequate for proper seating of a
conduit bushing, and shall be located so that installation of a bushing at any knockout likely to be used
during installation will not result in a spacing between uninsulated live parts and the bushing less than that
required by this standard.

7.12.13 For an enclosure not provided with conduit openings or knockouts, spacings not less than the
minimum required in this standard shall be provided between uninsulated live parts and a conduit bushing
installed at any location likely to be used during installation. Permanent marking on the enclosure, a
template, or a full-scale drawing provided with the device may be used to limit such a location.

7.12.14 In measuring a spacing between an uninsulated live part and a bushing installed in the knockout

referred to in 7.12.12 and 7.12.13, it is to be assumed that a bushing having the dimensions in Table 7.3
is in place, and that a single locknut is installed on the outside of the enclosure.
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Table 7.3
Dimensions of bushings
Trade size of conduit, Overall diametar, Height,
inches inches {mm) inches {mm)
142 1 (25.4) 38 (9.5)
34 1-15/64 (31.4) 27164 (10.7)
1 1-19432 (40.5) 33/64 (13.13
1-1/4 11516 {(49.23 916 {14.3}
1-142 2-1364 (56.0) 16432 (15.1)
2 2-45/64 (68.7) 5/8 {15.9}
2142 3-7132 (81.8) 34 (19.1)
3 3-7/8 (98.4) 13116 (20.6)
3-142 4-7116 {112.7) 16/16 (23.8)
4 4-31432 (126.2) 1 (25.4)
4-142 5-35/64 {140.9) 1-1116 (27.0)
3 6-7/32 {158.0) 1-3116 (30.2)
6 77132 {183.4) 1-1/4 (41.8)

7.12.15 No wire other than wires leading to a part mounted on a door or cover shall be brought out
through the door or cover.

7.13 Raintight and rainproof enclosures
7.13.1 When subjected to the Rain Test, Section 56, an enclosure designated as:
a) Raintight shall restrict rain from entering the enclosure.

b) Rainproof shall restrict rain from interfering with the successful operation of the apparatus used
within the enclosure.

7.13.2 A raintight or rainproof enclosure shall be marked as specified in 69.7.

7.13.3 A gasket employed to make an enclosure raintight or rainproof shall be tested as specified in
Accelerated Aging Tests on Gaskets, Sealing Compounds, and Adhesives, Section 54.

7.13.4 A raintight or rainproof enclosure shall be provided with external means for mounting.

Exception: A rainproof enclosure may be provided with internal means for mounting if the mounting
means ig intended fo restrict wafer from entering the enclosure.

7.13.5 An opening for conduit in a raintight enclosure, other than in the bottom of the enclosure shall be
threaded.

7.13.6 An opening for conduit in a rainproof enclosure shall be threaded unless located wholly below the

lowest terminal lug or other live part within the enclosure. There shall be provision for drainage of the
enclosure if a knockout or unthreaded hole is provided other than in the bottom.
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8 Mounting

8.1 Provisicn shall be made for mounting a device securely in position. Bolts, screws, or other parts used
for mounting a device shall be independent of these used to secure compenents of the device to the
frame, base, or panel.

8.2 A control switch, a lampholder, an attachment-plug receptacle, or a plug connector provided as a part
of a device shall be mounted securely and shall be prevented from turning by means other than friction
between surfaces.

8.3 A properly applied lock washer may be used as a means to restrict a control switch from turning.
9 Parts Containing Liguid Metal

9.1 A part of a control intended for use with cooking or other food-handling appliances that contains
mercury and the parts of any control that contain scdium-potassium shall be constructed of metal that:

a) Has a tensile yield strength at a temperature of 120 percent of the maximum normal use
Fahrenheit temperature equal to at least four times the hoop stress or other stress on the part at
that temperature.

b) Is known not to be susceptible to corrosion-stress-cracking when exposed to the contained
liquid metals and external agents, or is subjected 1o appropriate tests.

10 Adjustment Stop

10.1 A part of a control that is user operated and that limits the degree of rotation or length of movement
of an adjustment — herginafter referred to as the adjustment stop — shall be censtructed so that it
withstands the usage encountered in its intended operation as determined by the applicable tests in
Strength of Adjustment Stop Test, Section 61.

10.2 If it is intended that the end-product incorporate the means to limit the movement of the adjustment
stop as described in 10.1, the requirements are to be applied to the end-product and not to the control,
however:

a) If an extended handle or the like is intended to be added on the appliance, the adjustment stop
for the control shall have the strength necessary to prevent both damage and a change in
calibration during shipping and handling.

b} If a control has no adjustment stop and is infended to be assembled into an appliance plug or
other mechanism, the adjusting means shall be provided with a temporary seal t¢ reduce the
likelihood of damage or a change in calibration prior 10 final assembly.
¢} The adjustment stop is to be tested as specified in Strength of Adjustment Stop Test, Section
61, except that the torque or force applied to the adjusting means need not be greater than 1
pound-inch (0.1 N-m) or 1 pound (4.5 N}.

11 Operating Mechanism

11.1 A temperature-indicating or -regulating device shall be assembled so that it will not be adversely
affected by the vibration of normal operation.

Documents
Copyright by the Underwriters Laboratories Inc ;
Fri Sep 17 15:38:07 2004 Document Sharing Hub

Full document details: UL 873 2004


http://www.avadocuments.com/doc/ul-873-2004
http://www.avadocuments.com/doc/ul-873-2004

26 TEMPERATURE-INDICATING AND -REGULATING EQUIPMENT - UL &73 DECGEMBER 22, 1994

11.2 Screws and nuts that attach operating parts to movable members shall be upset or otherwise locked
to reduce the likelihood of locsening under the conditions ¢of actual use.

11.3 An operating mechanism shall not subject manually operated switch parts to undue stress.
11.4 The position of an operating handle shall be marked if necessary as a guide for proper operation.

11.5 A control that is intended for factory installation on an appliance and that has or is intended 1o have
a marked off position or an implied off position — see 11.7 — 11.9 — ghall:

a) Open all ungrounded conductors of the circuit when the adjusting means is in the off position;
and

b) Be restricted from functioning automatically when in the off position either by a positive
mechanical means or as specified in 11.10.

Exception No. 1: If unintentional energization of the appliance in which the control is intended to be used
will not result in a risk of fire or electric shock — for example, a range oven having no live parts exposed
to the user — the control need not comply with this requirement.

Exception No. 2: For a controt intended for use in conjunction with another conirol, the requirement can
be met by the combination of the fwo controis.

Exception No. 3: If energization of the appliance in which the control is intended to be used will not result
in a risk of efectric shock during operation or cleaning, or the like, but may result in a risk of fire or infjury
fo persons if unintentionafly energized — for example, a hot plate — the control need only apen a sufficient
number of conductors o de-energize the circuit.

11.6 A capillary-type control if specified for use in the end-product — for example, certain
temperature-requlating controls for commercial cooking appliances — is io comply with the requirements
specified in 11.5 with the capillary tube normal and cut, in separate tests.

11.7 A thermostat or a thermostatically controlled switching device intended for direct control of indoor
electric space-heating equipment that is to be permanently connected electrically shall disconnect all
ungrounded conductors of the supply circuit when:

a) The actuating member is placed in a marked off position, or

b} The actuating member is placed in an unmarked off position that is implied by the fact that
there is a marked on position.

11.8 A device that is marked with a phrase such as “no heat” or “cold” that conveys the same meaning
as the word “off” shall also comply with the requirement in 11.7.

11.9 A single-pole thermostat marked “Lo — Normal — High” or having a temperature scale such as 40 —
80 or a numerical scale such as 1 — 5 {not including the numeral Q) is not considered 1o have an off
position as defined in 11.7.

11.10 A thermostat or thermostatically controlled switching device intended for direct control of indcor,
electric-space-heating equipment that is to be permanently connected electrically that has a marked off
position, or an unmarked off position that is implied by the fact that there is a marked on position shall not
function as a thermostat {shall not respond o temperature changes) while the actuating member is in the
off position.
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11.11 A thermostat that does not reclose (remains open) when cooled to a temperature of minus 35°C
(minus 31°F) is acceptable with respect to the requirement in 11.10.

11.12 A combined manual switch and thermostat intended for direct control of indocr electric
space-heating equipment that is to be permaneantly connectad electrically shall disconnect all ungrounded
conductors of the supply circuit regardless of temperature, and shall be constructed so that the circuit
cannot be energized automatically after the device has been manually placed in the off position.

11.13 A device involving electronic control circuits shall be investigated under conditions of actual service
to determine if it complies with all applicable requirements and is otherwise acceptable for its intended
application.

11.14 A marked off position shall have an air-gap construction.

Exception. A solid-state device may be employed but shall be subjected to an appropriate investigation
fo delermine equivalent protection.

11.19 A component, such as a resistor, capacitor, diode, and the like, shall not be connected across the
contacts of a safety control or a protective or limiting device.

Exception: A component may be connecied across the contacts if investigated and found to be
acceptable in the end product.

11.16 A water-heater temperature-limiting control shall be a manually reset control.

Exception: A temperature-fimiting conitrof for a marine-type storage-tank water heater may he a
single-operation device. See Single-Operation Devices, Section 81.

11.17 A water-heater temperature-limiting control shall have no gperating part in common with a
water-heater temperature-regulating control, but a comman mounting bracket or a common enclosure
may be employed for both controls.

11.18 A temperature-regulating thermostat or control for a household electric storage tank water heater
shall be set before leaving the factory to a control pasition corresponding to a temperature no higher than
60°C (140°F). This setting may be approximate, for a marking on the control that reads
“Low-Medium-High™ or the equivalent.
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12 Reset Mechanism - Limiting Control

12.1 A control shall not reset or be resettable manually or otherwise so that operation of the controlled
appliance can be resumed until after a safe operating cenditicn is restored. For example, pressure or
temperature returned to a value at or below tha control set point.

12.2 A control that is intended to be reset manually shall not reset automatically as a result of changes
in environmental temperature at temperatures at or above minus 35°C {minus 31°F) for a regular limiting
control or a marine-type storage-tank water heater temperature-limiting control, and above Q°C (32°F) for
a non-marine storage-tank water heater temperature-limiting control.

Exception. This requirement does not apply if it is not required for the end-use product.
| 12 2 revised January 16, 2004

12.3 A manually reset device shall be trip-free; that is, the automatic tripping shall be independent of the
manipulation ar position of the reset button, handle, lever, or the like.

124 A manually reset device of a control may provide one or another of the following kinds of reset
function:

a) For a control designated “Manually Reset 17 or “M1”, the control shall automatically reset to
the closed paosition after normal operating conditions have been restored, if the reset means is
held in the reset position. The operating tolerances specified in Calibration-Verification Test,
Section 44, shall not be exceeded if the reset means is held in the reset or on position.

b) For a control designated "Manually Reset 27 or “M2”, the control shall not function as an
automatically reset device if the reset means is held in the reset or on position.

12.5 The means for resetting a control with a manual reset shall be external io the control enclosure.
Exception: If the control enclosure complies with the requiremenis for protection as specified in
Protection of Users and Service Personnel, Section 23, and Profecfion Against infury fo Persons, Section
24, the means for resetting need not be external.

12.6 A manually reset mechanism shall not subject the operating mechanism or means of support to
stress.
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13 Means for Calibration

13.1 The following controls shall comply with the requirements in 13.2 — 13.8:
a) A water-heater control;
b) A refrigeration pressure-limiting davice;

¢) An appliance temperature-limiting control including some regulating controls if limiting-control
features are specified in the end-product standard;

d) Atime-delay or thermal relay that responds to a limiting control;
e) A range oven-door-lock control,

f) A clean-temperature control for a self-cleaning range oven; and
g) A hot tubfspa water temperature control.

13.2 A means provided for factory calibration shall be factory-secured to restrict unintentional shifting
after calibration.

13.3 A means for calibration that is accessible or apparent shall be modified, guarded, or sealed by a
means such as soldering to effectively restrict manipulation by hand or an ordinary tool subsequent to
factory calibration.

13.4 With reference 1o 13.3, a calibration means that is not considered to be accessible or apparent is a
means that does not show, is not exposed to manipulation by a conventional tool, or is not readily
displaced. Complete concealment of a conventional toolengaging means in a screw, such as a slof,
recessed head, or the like, by the use of solder, brazing material, or cement rated for the purpose is
adequate to restrict manipulation if the calibration means cannot be changed readily by gripping with a
conventional teol and engagement or manipulation is restricted at all other locations.
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13.5 Enamel and other polymeric materials used to secure or seal the means of calibration at the factory
are rated only for exposure to temperatures of 121°C (250°F) or less, unless they have been subjecied to
thermal aging tests and have been found acceptable for use at higher temperatures.

13.6 An adjustable control shall cemply with the requirements in 13.2 and 13.3 with respect to the
maximum temperature, pressure, or similar setting.

13.7 A temperature or pressure adjustment means, including a trim screw or the equivalent, shall be
provided with a stop to restrict manipulation beyond a setting, or concealed or sealed, and in either case,
factory-secured as required by 13 2.

13.8 Performance tests such as the calibration-verification tests, are to be conducted on samples having
the highest setting permitted by the adjustment means, including a trim screw or the equivalent.

14 Protection Against Corrosion

14.1 Iron and steel parts shall be protected against corrosion by enameling, galvanizing, sherardizing,
plating, or other equivalent means.

Exception No. 1: Bearings, thermal elemenis, or the like need not be protected if such profection is
impracticable.

Exception No. 2: Smalt minor parts of iron or steel such as washers, screws, bolts, and the like that do
not carry current need not be protected if corrasion of such unprofected parts wouid not be likely to result
in a risk of fire, electric shock, or injury o persons.

Exception No. 3: Parts made of siainless steel, properly polished or freated if necessary need not be
protected.

14.2 The requirement in 14.1 applies 1o all enclosing cases whather of sheet steel or cast iron, and to all
springs and other parts upon which proper mechanical operation may depend.

14.3 An enclosure designated either raintight or rainproof shall be protected against corrosion in
accordance with the requirements in 14 4 — 14 18,

14.4 Metal shall be used in combinations that are galvanically compatible.
14.5 A hinge or other attachment shall be resistant 1o corrosion.

14.6 These requirements do not contemplate corrosion that might be caused by exposure 1o the earth or
other comosive agents.

14.7 The requirements specified in 14.8 — 14,18 do not apply to a part, such as a decorative grille, that
is not a required part of an enclosure.

14.8 A nonmetallic enclosure is to be investigated on the basis of the effect of exposure to ultraviolet light
and water.

14.9 A metallic enclosure shall be protected against corrosion as specified in 14.10 — 14.18. See 7.5.1 —
7.6.4 for the required enclosure thickness.
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14.10 Copper, bronze, brass containing nct less than 80 percent copper, or stainless steel may be used
without additional protection against corrosion. Aluminum — sheeat, extrusion, or casting — die-cast zinc, or
other metal shall be of a grade or alloy having resistance to atmospheric corrosion, equivalent to that
specified for sheet steel of the required thickness or shall be subjected to appropriate tests, or shall be
additionally protacted against corrosion.

14.11 An enclosure of cast iron or malleable iron at least 1/8 inch (3.2 mm) thick shall be protected
against corrosion by a 0.00015-inch {0.0130-mm) thick coating of zinc, cadmium, or the equivalent on the
outside surface and a visible coating of such metal on the inside surface, or one coat of an organic finish
of the epoxy or alkyd-resin type or other outdoor paint on each surface.

14.12 Unless acceptability of the paint can be determined by consideration of its compaosition, corrosion
tests are required.

14 13 An enclosure of sheet steel having a thickness less than 0.126 inch {3.20 mm) if zinc-coated or
0.123 inch (3.12 mm) thick if uncoated shall be protecied against corrosion by one of the following means
or by other metallic or nonmetallic coatings that have been found to give equivalent protection as
described in 14.186.

a) Hot-dipped mill-galvanized sheet steel conforming with the coating Designation G20 in the
Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-lron Alloy-Coated {Galvannealed)
by the Hot-Dip Process, ASTM AB53/A653M-24, with not less than 40 percent of the zinc on any
side, based on the minimum single-spot test requirement in this ASTM designation. The weight of
zinc coating may be determined by any suitable method; however, in case of guestion, the weight
of coating shall be established in accordance with the Test Method for Weight of Coating on
Zinc-Coated (Galvanized) Iron or Eteel Articles, ASTM AS0-81{1991).

b) A zinc coating, other than that provided on hot-dipped mill-galvanized sheet steel, uniformly
applied to an average thickness of not less than 0.00061 inch (0.0155 mm)} on each surface with
a minimum thickness of 0.00054 inch (0.0137 mm). The thickness of the coating shall he
established by the Metallic Coating Thickness Test, Section 55. An annealed coating shall also
comply with 14.18.

¢) A zinc coating conforming with 14.14 (a) or (b} with one coat of an organic finish of the epoxy
or alkyd-resin type or other cutdoor paint applied after forming on each surface. The acceptability
of the paint is to be determined by consideration of its composition or by corrosion tests.

d) A cadmium coating not less than 0.001 inch (0.03 mm) thick on both surfaces. The thickness
of coating shall be established in accordance with the Metallic Coating Thickness Test, Section
55.

e) A cadmium coating not less than 0.00075 inch (0.0191 mm} thick on both surfaces with one
coat of outdoor paint on both surfaces, or not less than 0.00051 inch (0.013 mm) thick on both
surfaces with two coats of outdoor paint on both surfaces. The thickness of the cadmium coating
shall be established in accordance with the Metallic Coating Thickness Test, Section 55, and the
paint shall be as specified in (c).

1413 revised October 24, 1855
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14.14 An enclosure of sheet steel 0.126 inch (3.20 mm) thick if zinc-coated or 0.123 inch {3.12 mm) thick
if uncoated or heavier shall be protected against corrosion by one of the following means or by other
metallic or nonmetallic coatings that have baen shown to give equivalent protection as described in 14.16.

a) Hot-dipped mill-galvanized sheet steel conforming with the coating Designation G60 or ABQin
the Specification for Steel 3heet, Zinc-Coated {(Galvanized) or Zinc-lron Alloy-Coated
(Galvannealed) by the Hot-Dip Process, ASTM AB53/AB653M-94, with not less than 40 percent of
the zinc on any side, based on the minimum single-spot test requirement in this ASTM
designation. The weight of zinc coating may be determined by any suitable mathod; however, in
case of question, the weight of coating shall be established in accordance with the Test Method
for Weight of Coating on Zinc-Coated {Galvanized) Iron or Steel Articles, ASTM A90-81(1991).

b} A zinc coating, other than that provided an hot-dipped mill-galvanized sheet steel, uniformly
applied to an average thickness of not less than 0.00041 inch (0.0104 mm) on each surface with
a minimum thickness of 0.00034 inch (0.0076 mm). The thickness of the ccating shall he
established by the Metallic Coating Thickness Test, 3ection 55.

¢) Two coats of an organic finish of the epoxy or alkyd-resin or other outdoor paint on each
surface. The acceptability of the paint is t0 be determined by consideration of its composition or
by corrosion tests.

d) Any one of the means specified in 14.13.
14.14 revised Qctober 24, 1855

14.15 The requirements specified in 14.14 also apply to sheet steel 0.056 inch (1.42 mm) thick if
zinc-coated or 0.053 inch {1.35 mm) thick if uncoated or heavier for an enclosure to be mounted within
and protected from direct exposure to weather by the enclosure of other equipment, such as an air
conditioner. Such an enclosure is not 1o be marked rainproof or raintight.

14 16 With reference 10 14.13 — 14 15, pther finishes, including paints, metallic finishes and combinations
of the two may be accepted when comparalive tests with galvanized sheet steel — without annealing,
wiping or other surface treatment — conforming with 14.13(a) or 14.14(a), as applicable, indicate they
provide equivalent protection. Among the factors that are 1o be taken into consideration when judging the
acceptability of such coating systems are exposure to salt spray, moist carbon dioxide-sulfur dioxide-air
mixtures, meist hydrogen sulfide-air mixtures, and ultraviolet light and water.

14.17 Test specimens of a finish as described in 14.14 or 14.16, 14.13(c), or 14.14(c), if the paint is
tested, are to be consistent with the finish that is to be used in production with respect to the base metal,
¢leaning or pretreatment method, application method, number of coats, curing method, thickness, and the
like.

14.18 A hot-dipped mill-galvanized ABQ (alloyed) coating or an annealed zinc coating that is bent or
similarly formed after annealing and that is nct otherwise required to be painted shall be painted in the
bent or formed area if the bending or forming process damages the zinc coating, except that such areas
on the ingide surface of an enclosure that water does not enter during the Rain Test, Saction 56, need not
be painted. The zinc coating is considered to be damaged if flaking or cracking of the zinc coating at the
outside radius of the bent or formed section is visible at 25 power magnification. Simple sheared or cut
edges and punched holes are not considered to be formead.
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15 Insulating Material

15.1 A base for the support of a live part shall be of strong, noncombustible, moisture-resistant, insulating
material.

15.2 A material other than slate, percelain, phenclic or cold-molded composition, or one that is rated for
the support of live paris shall be investigated under conditions of intended service to determine if it has
the necessary electrical and mechanical properties and is otherwise rated for the application.

1%5.3 A base shall be ¢constructed so that, considering the material used, it will withstand the most severe
condition likely to be met in service.

15.4 Insulating material, including a barrier between parts of opposite polarity and material that may be
subjected to the influence of an ar¢ formed by opening a switch, shall be rated for the application.

15.5 Vulcanized fiber may be used for an insulating bushing, a washer, a separator, or a barrier, but not
for the sole support of an uninsulated live part of other than a low-voltage circuit.

16 Supply Connections
16.1 General

16.1.1 Connections to wiring terminals of equipment that is to be permanently connected electrically and
supply connections are connactions that are made in the field when the equipment is installed.

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

16.2 Equipment permanently connected electrically
16.2.1 General

16.2.1.1 Wiring terminals or leads shall be provided and shall be rated for the connection of conductors
having an ampacity not less than the largest of the following ratings that are applicable:

a) One hundred twenty-five percent of the ampere rating of electric heating equipment for
pools, hot tubsfspas, and space-heating equipment;

b} Ore hundred twenty-five percent of the full-load motor-current rating in accordance with 67.4
and 67.5. See Table 45.2 or 45.3 for the ampere rating corresponding to the horsepower rating;

¢y For a combination load, 125 percent of the full-load motor current of the largest motor, plus
125 percent of the ampere rating of an electric space-heating equipment load that is to be
permanently connected electrically, plus 125 percent of the continuous duty Ioad, plus 100
percent of the sum of the current ratings of all other loads;

d) For direct-current-motors intended to be operated from a ractified single-phase power supply
unless marked in accordance with 70.10;

1} One hundred ninety percent if a half-wave rectifier is used, or

2} One hundred fifty percent if a full-wave rectifier is used; or
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