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

UL Standard for Safety for Flat-Plate Photovoltaic Modules and Panels, UL 1703

Third Edition, Dated March 15, 2002

Revisions: This Standard contains revisions through and including June 30, 2004.

SUMMARY OF TOPICS

The following revision is being issued to incorporate requirements in accordance with Subject
1703 bulletin dated October 15, 2003.

Correction of test references in Table 18.1

UL Standards for Safety are developed and maintained in the Standard Generalized Markup Language
(SGML). SGML -- an international standard (ISO 8879-1986) -- is a descriptive markup language that
describes a document’s structure and purpose, rather than its physical appearance on a page. Due to
formatting differences resulting from the use of UL’s new electronic publishing system, please note that
additional pages (on which no requirements have been changed) may be included in revision pages due
to relocation of existing text and reformatting of the Standard.

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

The new and revised requirements are substantially in accordance with UL’s Bulletin(s) on this subject
dated October 15, 2003 and June 18, 2004.

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

The UL Foreword is no longer located within the UL Standard. For information concerning the use and
application of the requirements contained in this Standard, the current version of the UL Foreword is
located on ULStandardsInfoNet at: http://ulstandardsinfonet.ul.com/ulforeword.html

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

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

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

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

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

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

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

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

New product submittals made prior to a specified future effective date will be judged under all of the
requirements in this Standard including those requirements with a specified future effective date, unless
the applicant specifically requests that the product be judged under the current requirements. However, if
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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 signified in writing.

Copyright © 2004 Underwriters Laboratories Inc.
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The most recent designation of ANSI/UL 1703 as an American National Standard
(ANSI) occurred on June 30, 2004. The ANSI approval does not include the
Cover Page, the Transmittal Pages, the Title Page, the Foreword or the Candian
Requirements Comparison Guide (CRG).

This ANSI/UL Standard for Safety, which consists of the Third Edition with
revisions through June 30, 2004, is under continuous maintenance, whereby
each revision is ANSI approved upon publication. Comments or proposals for
revisions on any part of the Standard may be submitted to UL at any time. Written
comments are to be sent to the UL-Northbrook Standards Department, 333
Pfingsten Road, Northbrook, IL 60062.

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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INTRODUCTION

1 Scope

1.1 These requirements cover flat-plate photovoltaic modules and panels intended for installation on or
integral with buildings, or to be freestanding (that is, not attached to buildings), in accordance with the
National Electrical Code, NFPA 70, and Model Building Codes.

1.2 These requirements cover modules and panels intended for use in systems with a maximum system
voltage of 1000 V or less.

1.3 These requirements also cover components intended to provide electrical connection to and mounting
facilities for flat-plate photovoltaic modules and panels.

1.4 These requirements do not cover:

a) Equipment intended to accept the electrical output from the array, such as power
conditioning units (inverters) and batteries;

b) Any tracking mechanism;

c) Cell assemblies intended to operate under concentrated sunlight;

d) Optical concentrators; or

e) Combination photovoltaic-thermal modules or panels.

1.5 Deleted October 1, 2003
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2 Glossary

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

2.2 AIR MASS (AM) – A dimensionless quantity, the ratio of:

a) The actual path length of radiation through the atmosphere to

b) The vertical path length of radiation through the atmosphere to sea level. At sea level, for all
but very high zenith angles (θz) (the angle subtended by the zenith and the line of sight to the
sun),

AM = sec θz

2.3 ARRAY – A mechanically-integrated assembly of modules or panels with a support structure and
foundation, tracking, thermal control, and other components, if used, to form a dc power-producing unit.

2.4 BLOCKING DIODE – A diode used to block reverse current into a photovoltaic-source circuit.

2.5 BYPASS DIODE – A diode connected across one or more cells, modules, or panels in the forward
current direction to allow current to bypass such cells, modules, or panels.

2.6 CELL – The basic photovoltaic device that generates electricity when exposed to sunlight.

2.7 ELECTRIC SHOCK – A risk of electric shock is considered to exist at a part if the potential
between the part and earth ground or any other accessible part is more than 30 Vdc and the leakage
current exceeds the values specified in Table 21.1.

2.8 ENCAPSULANT – Transparent insulating material enclosing the cells and cell interconnects.

2.9 INTERCONNECT – A conductor within a module that provides a mechanism for conducting
electricity between cells.

2.10 MAXIMUM POWER (Pmax) – The point on the current-versus-voltage curve of a module, at STC,
where the product of current and voltage is maximum.

2.11 MAXIMUM SYSTEM VOLTAGE – The sum of the maximum open-circuit voltages of the maximum
number of modules or panels to be connected in series in a system.

2.12 METALLIZATION – An electrically conductive metal coating on the surface of a cell.

2.13 MODULE (FLAT-PLATE) – The smallest environmentally protected, essentially planar assembly of
solar cells and ancillary parts, such as interconnects and terminals, intended to generate dc power
under unconcentrated sunlight. The structural (load-carrying) member of a module can either be the top
layer (superstrate), or the back layer (substrate), in which:

a) The superstrate is the transparent material forming the top (light-facing) outer surface of the
module. If load-carrying, this constitutes a structural superstrate.

b) The substrate is the material forming the back outer surface of a module. If load-carrying,
this constitutes a structural substrate.
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2.14 NOMINAL OPERATING CELL TEMPERATURE (NOCT) – The equilibrium cell junction
temperature corresponding to nominal module service operating conditions in a reference environment
of 80 mW/cm2 irradiance, 20°C (68°F) ambient air temperature, 1 m/s wind across the module from side
to side, an electrically open circuit, and a mounting method in accordance with 19.6 and 19.7.

2.15 PANEL (FLAT-PLATE) – A collection of modules mechanically fastened together, wired, and
designed to provide a field-installable unit.

2.16 RATED OPERATING VOLTAGE – The voltage, ±10 percent, at which maximum power is
available from the module or panel under STC.

2.16.1 REVERSE CURRENT – Current flowing in a reverse direction to the normal direction resulting
from a normally illuminated PV module.

2.17 STANDARD TEST CONDITIONS (STC) – Test conditions consisting of:

a) 100 mW/cm2 irradiance,

b) AM 1.5 spectrum, and

c) 25°C cell temperature.

2.18 UNCONDITIONED MODULES OR SPECIMENS – Modules or specimens that have not been
previously subjected to tests or environmental exposures.

3 Units of Measurement

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

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 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 rating established for the intended conditions of
use.
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4.4 Specific components are incomplete in construction features or restricted in performance capabilities.
Such components are intended for use only under limited conditions, such as certain temperatures not
exceeding specified limits, and shall be used only under those specific conditions.

5 References

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

CONSTRUCTION

6 General

6.1 A module shall be completely assembled when shipped from the factory. A panel may be completely
assembled when shipped from the factory, or may be provided in subassemblies, provided assembly of
the panel does not involve any action that is likely to affect compliance with the requirements of this
standard.

Exception: An assembly part need not be affixed to the module at the factory.

6.2 A module or panel assembly bolt, screw, or other part shall not be intended for securing the complete
device to the supporting surface or frame.

6.3 Incorporation of a module or panel into the final assembly shall not require any alteration of the
module or panel unless specific details describing necessary modification(s) for alternate installation(s)
are provided in the installation instructions. If a module or panel must bear a definite relationship to
another for the intended installation and operation of the array (for example, to allow connectors to mate),
it shall be constructed to permit it to be incorporated into the array in the correct relationship without the
need for alteration.

6.4 The construction of a product shall be such that during installation it will not be necessary to alter or
remove any cover, baffle, insulation, or shield that is required to reduce the likelihood of:

a) Excessive temperatures, or

b) Unintentional contact with a part that may involve a risk of electric shock.

Exception: A cover of a wiring compartment providing access to a connection means that may involve a
risk of electric shock may be removable to allow for the making of electrical connections.

6.5 Parts shall be prevented from loosening or turning if such loosening or turning may result in a risk of
fire, electric shock, or injury to persons.

6.6 Friction between surfaces is not acceptable as the sole means to inhibit the turning or loosening of a
part, but a lock washer properly applied is acceptable for this purpose.
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6.7 An adjustable or movable structural part shall be provided with a locking device to reduce the
likelihood of unintentional shifting, if any such shifting may result in a risk of fire, electric shock, or injury
to persons.

6.8 Metals used in locations that may be wet or moist shall not be employed in combinations that could
result in deterioration of either metal such that the product would not comply with the requirements in this
standard.

6.9 Edges, projections, and corners of photovoltaic modules and panels shall be such as to reduce the
risk of injury to persons.

6.10 Whenever a referee measurement is necessary to determine that a part as mentioned in 6.9 is not
sufficiently sharp to constitute a risk of injury to persons, the method described in the requirements in the
Standard for Determination of Sharpness of Edges on Equipment, UL 1439, is to be employed.

7 Polymeric Materials

7.1 A polymeric material system serving as the enclosure of a part involving a risk of fire or electric shock
shall comply with the applicable requirements in the Standard for Polymeric Materials – Use in Electrical
Equipment Evaluations, UL 746C, concerning:

a) Flammability,

b) Ultraviolet light exposure,

c) Water exposure and immersion, and

d) Hot-wire ignition (HWI).

Exception: The flammability tests prescribed in UL 746C do not apply to the superstrate, encapsulation,
and substrate. These materials shall comply with 7.4.

7.2 A polymeric material system serving as the support or insulation of a part involving a risk of fire or
electric shock shall:

a) Have a flammability classification of HB, V-2, V-1, or V-0 determined in accordance with the
Standard for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances, UL
94;

b) Have a minimum High-Current Arc Ignition performance level category (PLC) in accordance
with the following:
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Flammability classification High-current arc ignition, PLC

HB 1

V-2 2

V-1 2

V-0 3

c) Have a Comparative Tracking Index performance level category (PLC) of 2 or better, when
the system voltage rating is 600 V or less, as determined in accordance with the Standard for
Polymeric Materials – Short Term Property Evaluations, UL 746A;

d) Have an Inclined Plane Tracking (ASTM D2303) rating of 1 h using the time to track method
at 2.5 kilovolts when the system voltage rating is in the range 601 – 1000 V; and

e) Comply with the requirements for exposure to ultraviolet light as determined in accordance
with the Standard for Polymeric Materials – Use in Electrical Equipment Evaluations, UL 746C,
when exposed to light during normal operation of the product. Polymeric materials that are
exposed to sunlight and are protected by glass, or other transparent medium, shall be tested
with an equivalent layer of that medium attenuating the ultraviolet light exposure during the test.

Exception: Encapsulant materials between the substrate and the superstrate are not required to comply
with this requirement.

7.3 A polymeric substrate or superstrate shall have a thermal index, both electrical and mechanical, as
determined in accordance with the Standard for Polymeric Materials – Long Term Property Evaluations,
UL 746B, not less than 90°C (194°F). In addition, the thermal index shall not be less than 20°C (36°F)
above the measured operating temperature of the material. All other polymeric materials shall have a
thermal index (electrical and mechanical) 20°C above the measured operating temperature. The
measured operating temperature is the temperature measured during the open-circuit mode for
Temperature Test, Section 19, or the temperature during the short-circuit mode, whichever is greater.

7.4 A polymeric material that serves as the outer enclosure for a module or panel that:

a) is intended to be installed in a multi-module or multi-panel system; or

b) has an exposed surface area greater than 10 ft2(0.93 m2) or a single dimension larger than
6 ft (1.83 m)

shall have a flame spread index of 100 or less as determined under the Standard Method of Test for
Surface Flammability of Materials Using a Radiant Heat Energy Source, ASTM E162-2001.

Exception No. 1: A material that serves as the outer enclosure for a small cover or box used for electrical
connections is not required to have an index of 100 or less.

Exception No. 2: A material that serves as the outer enclosure for a module or panel complying with 16.1
meets the intent of this requirement.

7.4 revised October 1, 2003
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7.5 A barrier or liner of polymeric insulating material providing the sole insulation between a live part and
an accessible metal part or between uninsulated live parts not of the same potential shall be of adequate
thickness and of a material appropriate for the application. The barrier or liner shall be held in place and
shall not be adversely affected to the extent that its necessary properties may fall below the minimum
acceptable values for the application.

8 Current-Carrying Parts and Internal Wiring

8.1 A current-carrying part and wiring shall have the mechanical strength and ampacity necessary for the
service.

8.2 A current-carrying part shall be of silver, a copper-base alloy, stainless steel, aluminum, or other
material appropriate for the application.

8.3 Wiring used in a module or panel shall be insulated and acceptable for the purpose, when considered
with respect to temperature, voltage, and the conditions of service to which the wiring is likely to be
subjected within the equipment.

8.4 A splice shall be provided with insulation equivalent to that required for the wires involved.

8.5 A joint or connection shall be mechanically secure and shall provide electrical contact without strain
on connections and terminals. Soldered connections between interconnects and metallizations are
considered mechanically secure when held by encapsulation systems.

8.6 An uninsulated live part, including a terminal, shall be secured to its supporting surface by a method
other than friction between surfaces so that it will be prevented from turning or shifting in position if such
motion may result in reduction of spacings to less than required in Tables 12.1 and 12.2.

8.7 Strain relief shall be provided so that stress on a lead intended for field connection, or otherwise likely
to be handled in the field, including a flexible cord, is not transmitted to the connection inside the module
or panel.

8.8 The wiring of a module or panel shall be located so that after installation of the product in the intended
manner it will not be exposed to the degrading effects of direct sunlight.

Exception: Wiring rated sunlight resistant need not be so located.
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9 Wireways

9.1 An enclosure for wire shall be smooth and free from sharp edges, burrs, or the like that may damage
insulation or conductors.

10 Connection Means

10.1 In 10.2 – 10.10, connection means are considered to be those to which field-installed wiring is
connected when the product is installed. Connection means may be within a wiring compartment, may be
connectors outside of a wiring compartment, or may be another means acceptable for the application.

10.2 A module or panel shall be capable of accommodating at least one of the acceptable wiring systems
described in the National Electrical Code, NFPA 70.

10.3 A module or panel shall be provided with wiring terminals, connectors, or leads to accommodate
current-carrying conductors of the load circuit.

10.4 The connection means for a module or panel shall be so located that after installation of the product
in the intended manner they will not be exposed to the degrading effects of direct sunlight.

Exception: Connection means rated for use in direct sunlight need not be so located.

10.5 A lead that is intended to be spliced in the field to a circuit conductor shall not be smaller than No.
18 AWG (0.82 mm2) and the insulation shall not be less than 1/32 in (0.8 mm) thick.

10.6 The free length of a lead for field connection shall be at least 6 in (152 mm).

10.7 A wire-binding screw or stud- and nut-type terminal used to terminate conductors not larger than No.
10 AWG (5.3 mm2) shall comply with the following:

a) A threaded screw or stud shall be of nonferrous metal, stainless steel, or plated steel
appropriate for the application, shall not have more than 32 threads/in, and shall not be smaller
than No. 8 when used to terminate No. 10 or 12 AWG (5.3 or 3.3 mm2) wire; and not smaller
than No. 6 when used to terminate No. 14 AWG (2.1 mm2) and smaller wire. A wire-binding
screw or stud- and nut-type terminal shall be provided with upturned lugs, a cupped washer, a
barrier, or other equivalent means to retain the wire in position. The head of a wire-binding
screw used to terminate No. 12 AWG or smaller wire shall have a minimum diameter of 0.275
in (7.0 mm) and the head of a screw used to terminate No. 10 AWG wire shall have a minimum
diameter of 0.327 in (8.3 mm).

b) A tapped terminal plate shall:

1) Be of nonferrous metal,

2) Not have less than two full screw threads, and

3) Be of metal not less than 0.050 in (1.27 mm) thick when used to terminate No. 10 or
12 AWG wire and not less than 0.030 in (0.76 mm) thick when used to terminate a No.
14 AWG or smaller wire. Unextruded metal for screw threads obtained by extruding a
hole shall have a thickness not less than the pitch of the screw thread.
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10.8 A connector intended for use on the output wiring of a module or panel only shall comply with:

a) the Standard for Component Connectors for Use in Data, Signal, Control and Power
Applications, UL 1977,

b) Temperature Cycling Test, Section 35, excluding the Wiring Compartment Securement Test
and the following Wet Insulation-Resistance Test, and

c) Humidity Test, Section 36, excluding the Wiring Compartment Securement Test and the
following Wet Insulation-Resistance Test.

10.8 revised October 1, 2003

10.9 A separable multipole connector shall be polarized. If two or more separable connectors are
provided, they shall be configured or arranged so that the mating connector for one will not be accepted
by the other, and vice-versa, if such is an improper connection.

10.10 For a connector incorporating a grounding member, the grounding member shall be the first to
make and the last to break contact with the mating connector.

11 Bonding and Grounding

11.1 A module or panel shall have a means for grounding all accessible conductive parts. The grounding
means shall comply with the applicable requirements in Connection Means, Section 10. The grounding
means shall be bonded to each conductive part of the module or panel that is accessible during normal
use. The grounding means shall be described in detail in the installation manual. See Installation and
Assembly Instructions, Section 48.

Exception: When the grounding means is a module or panel mounting member intended to contact an
array structural member, the module or panel grounding means are not required to comply with the
requirements for Connection Means, Section 10.

11.2 Routine maintenance of a module or panel shall not involve breaking or disturbing the bonding path.
A bolt, screw, or other part used for bonding purposes within a module or panel shall not be intended for
securing the complete device to the supporting surface or frame.

11.3 Bonding shall be by a positive means, such as clamping, riveting, bolted or screwed connections, or
welding, soldering (see 11.5) or brazing. The bonding connection shall penetrate nonconductive coatings,
such as paint or vitreous enamel.

11.4 A bolted or screwed connection that incorporates a star washer under the screwhead or a serrated
screwhead may be acceptable for penetrating nonconductive coatings. If the bonding means depends
upon screw threads, two or more screws or two full threads of a single screw shall engage the metal.

11.5 All joints in the bonding path shall be mechanically secure independent of any soldering.

11.6 A separate bonding conductor or strap shall:

a) Be of copper, copper alloy, or other material acceptable for use as an electrical conductor;

b) Be protected from mechanical damage; and
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c) 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.

11.7 A ferrous metal part in the grounding path shall be protected against corrosion by metallic or
nonmetallic coatings, such as painting, galvanizing, or plating. Stainless steel is acceptable without
additional coating.

11.8 A metal-to-metal multiple-bearing pin-type hinge is considered to be an acceptable means for
bonding.

11.9 A terminal of a module or panel (for example, a wire-binding screw, a pressure wire connector, or a
nut-on-stud) intended to accommodate an equipment grounding conductor shall be identified by being
marked ″G,″ ″GR,″ ″GROUND,″ ″GROUNDING,″ or the like, or shall have a green-colored part. No other
terminal shall be so identified.

11.10 If a marking is used to identify an equipment grounding terminal, it shall be located on or adjacent
to the terminal, or on a wiring diagram affixed to the module or panel near the terminal.

11.11 If a green-colored part is used to identify the equipment-grounding terminal, it shall be readily
visible during and after installation of the equipment-grounding conductor and the portion of the terminal
that is green shall not be readily removable from the remainder of the terminal.

11.12 The surface of a lead of a module or panel intended for the connection of an equipment-grounding
conductor shall be identified by insulation colored green, or green with yellow stripe(s). No other lead shall
be so identified.

12 Spacings

12.1 The spacings between uninsulated live parts not of the same potential and between a live part and
an accessible metal part, shall not be less than the values specified in Tables 12.1 and 12.2.

Exception: These spacing requirements do not apply to the inherent spacings of a component; such
spacings shall comply with the requirements for the component in question.

Table 12.1
Minimum acceptable spacings at wiring terminals

Potential involved, V

Through air and over surface

in (mm)

0 – 50 1/4 (6.4)

51 – 300 3/8 (9.5)

301 – 600 1/2 (12.7)

601 – 1000 5/8 (15.9)
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Table 12.2
Minimum acceptable spacings elsewhere than at wiring terminals

Potential involved, V

Through air Over surface

in (mm) in (mm)

0 – 50 1/16 (1.6) 1/16 (1.6)

51 – 300 1/8 (3.2) 1/4 (6.4)

301 – 600 1/4 (6.4) 3/8 (9.5)

601 – 1000 3/8 (9.5) 1/2 (12.7)

12.2 The spacings at a field-wiring terminal are to be measured with and without wire connected to the
terminal. The wire is to be connected as it would be in actual use. If the terminal will properly
accommodate it, and if the product is not marked to restrict its use, the wire is to be one size larger than
that required; otherwise, the wire is to be the size required.

12.3 Surfaces separated by a gap of 0.013 in (0.33 mm) or less are considered to be in contact with each
other for the purpose of judging over surface spacings.

12.4 In Tables 12.1 and 12.2, the potential involved is the maximum voltage that may exist between parts
during any anticipated use of the module or panel.

12.5 A barrier or liner of electrical grade fiber providing the sole insulation between a live part and an
accessible metal part or between uninsulated live parts not of the same potential shall not be less than
0.028 in (0.71 mm) thick. The barrier or liner shall be held in place and shall not be adversely affected to
the extent that its necessary properties may fall below the minimum values required for the application.

13 Wiring Compartments

13.1 General

13.1.1 A wiring compartment shall comply with the requirements specified in 13.1.2 – 13.3.4.

13.1.2 The internal volume of the wiring compartment shall be in accordance with Table 13.1. The volume
shall be calculated for each conductor intended to be installed, including integral conductors of the module
or panel. In the space being evaluated for the minimum required volume, no enclosure dimension shall be
less than 3/4 in (19.1 mm). The internal volume shall be determined using water as prescribed for the
Volume Verification Test in the Standard for Metallic Outlet Boxes, UL 514A.
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Table 13.1
Volume required per conductor

Size of conductor, AWG Free space within box for each conductor, in 3

18 1.50

16 1.75

14 2.00

12 2.25

10 2.50

8 3.00

6 5.00

For SI units: 1 cubic in = 16.4 cm3

13.1.3 A wiring compartment shall have provision for accommodating a wiring system employing a
raceway or cable.

13.1.4 A wiring compartment shall have no more than one opening when the module or panel is shipped
from the factory. Tapped holes with screwed-in plugs and knockouts are not considered openings.

13.1.5 Gaskets and seals shall not deteriorate beyond limits during accelerated aging, and shall not be
used where they may be subject to flexing during normal operation. See Accelerated Aging Test, Section
32.

13.1.6 A wiring compartment that is secured to a substrate by means of an adhesive shall comply with
Wiring Compartment Securement Test, Section 42.

13.2 Metallic wiring compartments

13.2.1 A wiring compartment of sheet steel shall have a wall thickness of not less than 0.053 in (1.35 mm)
if uncoated, or 0.056 in (1.42 mm) if zinc coated.

13.2.2 A wiring compartment of sheet aluminum shall have a wall thickness of not less than 0.0625 in
(1.59 mm).

13.2.3 A wiring compartment of cast iron, aluminum, brass, or bronze shall have a wall thickness of not
less than 3/32 in (2.4 mm).

13.2.4 A threaded hole in a metal wiring compartment intended for the connection of rigid metal conduit
shall be reinforced to provide metal not less than 1/4 in (6.4 mm) thick, and shall be tapered unless a
conduit end stop is provided.

13.2.5 If threads for the connection of conduit are tapped all the way through a hole in a compartment
wall, or if an equivalent construction is employed, there shall not be less than 3-1/2 nor more than five
threads in the metal and the construction shall be such that a conduit bushing can be attached as
intended.
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13.2.6 If threads for the connection of conduit are not tapped all the way through a hole in a compartment
wall, there shall not be less than five full threads in the metal and there shall be a smooth, rounded inlet
hole for the conductors which shall afford protection to the conductors equivalent to that provided by a
standard conduit bushing. The throat diameter of an inlet hole shall be within the limits specified in the
Standard for Metallic Outlet Boxes, UL 514A.

13.2.7 For a nonthreaded opening in a metal wiring compartment intended to accommodate rigid metallic
conduit, a flat surface of sufficient area as described in the Standard for Metallic Outlet Boxes, UL 514A,
shall be provided around the opening to accept the bearing surfaces of the bushing and lock washer.

13.3 Nonmetallic wiring compartments

13.3.1 The considerations mentioned in 7.1 concerning polymeric materials serving as the enclosure
apply to nonmetallic wiring compartments.

13.3.2 A nonmetallic wiring compartment intended to accommodate nonmetallic conduit shall have:

a) One or more unthreaded conduit-connection sockets integral with the compartment that
comply with the requirements in the Standard for Nonmetallic Outlet Boxes, Flush-Device
Boxes, and Covers, UL 514C,

b) One or more threaded or unthreaded openings for a conduit-connection socket, or

c) One or more knockouts that comply with UL 514C.

13.3.3 With reference to 13.3.2 (b), a module or panel provided with a nonmetallic wiring compartment
having a threaded opening shall be marked in accordance with 47.8.

13.3.4 In a nonmetallic compartment, a socket for the connection of nonmetallic conduit shall provide a
positive end stop for the conduit; and the socket diameters, the throat diameter at the entrance to the box,
the socket depths, and the wall thickness of the socket shall be within the limits specified in the Standard
for Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers, UL 514C.

13.3.5 A knockout or opening in a nonmetallic wiring compartment intended to accommodate rigid
nonmetallic conduit shall comply with the requirements in the Standard for Nonmetallic Outlet Boxes,
Flush-Device Boxes, and Covers, UL 514C.
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14 Corrosion Resistance

14.1 Sheet steel having a thickness of 0.12 in (3.05 mm) or more that may be exposed to the weather
shall be made corrosion-resistant by one of the following coatings:

a) Hot-dipped mill-galvanized sheet steel conforming with the coating designation G60 or A60
in the Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated
(Galvannealed) by the Hot Dip Process, ASTM A653/A653M-01, with not less than 40 percent
of the zinc on any side, based on the minimum single spot-test requirement in this ASTM
specification. The weight of zinc coating may be determined by any method; however, in case
of question, the weight of coating shall be established in accordance with the Standard 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 on hot-dipped mill-galvanized sheet steel, uniformly
applied to an average thickness of not less than 0.00041 in (0.010 mm) on each surface with a
minimum thickness of 0.00034 in (0.009 mm). The thickness of the coating shall be established
by the Metallic Coating Thickness Test, Section 38.

c) An organic or inorganic protective coating system on both surfaces, applied after forming.
The results of an evaluation of the coating system shall demonstrate that it provides protection
at least equivalent to that provided by the zinc coating described in 14.1(a). See Polymeric
Materials, Section 7 and Corrosive Atmosphere Test, Section 37.

d) Any one of the means specified in 14.2.
14.1 revised October 1, 2003

14.2 Sheet steel having a thickness of less than 0.12 in (3.05 mm) which may be exposed to the weather
shall be made corrosion-resistant by one of the following coatings:

a) Hot-dipped, mill-galvanized sheet steel conforming with the coating designation G90 in the
Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated
(Galvannealed) by the Hot Dip Process, ASTM A653/A653M-01, with not less than 40 percent
of the zinc on any side, based on the minimum single spot-test requirement in this ASTM
specification. The weight of zinc coating may be determined by any acceptable method;
however, in case of question, the weight of coating shall be established in accordance with the
Standard 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 on hot-dipped mill-galvanized sheet steel, uniformly
applied to an average thickness of not less than 0.00061 in (0.015 mm) on each surface with a
minimum thickness of 0.00054 in (0.014 mm). The thickness of the coating shall be established
by the Metallic-Coating Thickness Test, Section 38. An annealed coating shall also comply with
14.5 and 14.6.

c) A cadmium coating not less than 0.0010 in (0.025 mm) thick on both surfaces. The thickness
of the coating shall be established by the Metallic Coating Thickness Test, Section 38.

d) A zinc coating conforming with 14.1(a) or 14.1(b) with one coat of outdoor paint. The coating
system shall comply with 14.3.
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