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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 1500 V or less.

1.3 These |cqu;|c|||c||ta atso—covet uunlpuucllta intended—to pIUV;dC etectrica—eonnection to and

mounting fadilities for flat-plate photovoltaic modules and panels.

1.4 These fequirements do not cover:

a) Equipment intended to accept the electrical output from the array, jsuch as powef conditioning
units {inverters) and batteries;

b) Any tracking mechanism;
c) Ce|l assemblies intended to operate under concentrated sunlight;
d) Optical concentrators; or

e) Combination photovoltaic-thermal modules or.panels.
1.5 Deleteq
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 lehgth 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 (8,) (the angle subtended by the zenith and the line of sight tofthe sun),

AM = sec B

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.

2.3.1 BIFACIAL PV MODULE - A PV module that is constructed to allow illumination from the super and
substrate to be transmitted to the PV cells that are capable of generating power from both front and back
surfaces.

2.3.2 BIFACIALITY COEFFICIENT — The ratios between the main electrical characteristics of the rear
side and the front side of a bifacial PV module, at Standard Test Conditions (STC) unless otherwise

specified for short circuit current, open circuit voltage and maximum power point.

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

REMTEIDNALIMNMITEN

o

2.8.1 INHE
separate meg
remaining wit

2.9 INTER(Q
electricity bet

210 MAXIM
where the prg

2.11 MAXIM
number of md

2.12 METAIL

2.13 MODU
solar cells an
unconcentrat
(superstrate),

a) The superstrate is the transparent material forming the top (light-facing) outer s

modul

b) The
consti

2.14 NOMIN
correspondin

£ s 4 £ Ol o D o latala ol
LINTLT LITIVITTLLL = T\TICTIo U d Lypc Ul Uldoo 4 T 'UWCTT OUUTULT WITIUIT UUTO

ns to automatically reduce the output levels or de-energize the output circuitia
hin Class 2 Power Source limits.

ONNECT — A conductor within a module that provides a mechanism fo
veen cells.

UM POWER (P,ax) — The point on the current-versus-valtage curve of a mog
duct of current and voltage is maximum.

UM SYSTEM VOLTAGE — The sum of the maximum’open-circuit voltages of t
dules or panels to be connected in series in a system.

LLIZATION — An electrically conductive metalcoating on the surface of a cell.

LE (FLAT-PLATE) — The smallest environmentally protected, essentially planar
1 ancillary parts, such as interconnects and terminals, intended to generate dc
bd sunlight. The structural (load=carrying) member of a module can either be
or the back layer (substrate); in which:

e. If load-carrying, this.constitutes a structural superstrate.

substrate is theymaterial forming the back outer surface of a module. If load-
utes a structural substrate.

IAL QRERATING CELL TEMPERATURE (NOCT) — The equilibrium cell junction
j tounominal module service operating conditions in a reference environment o

irradiance, 20°€(68°F) ambient air temperature, 1 m/s wind across the module from sid

ot require a
5 a means of

r conducting

ule, at STC,

he maximum

assembly of
power under
the top layer

Urface of the

carrying, this

temperature
F 80 mW/cm?
b 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 p

rovide 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
from a norma

[ly illuminated PV module.

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

a) 100 mW/cm? irradiance,

REVERSE CURRENT - Current flowing in a reverse direction to the normal direction resulting
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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
approximate

information.

Values stated without parentheses are the requirement. Values in parentheses are explanatory or

4 ComponLnts

4.1 Except
requirements
used in the p

4.2 Acomp

a) Inv
this s

b) Is g

4.3 A comy
use.

4.4 Specifi
capabilities.
temperatures

5 Refereng

51 Anyun
interpreted a

CONSTRUC

as indicated in 4.2, a component of a product covered by this standard shall cq
Foducts covered by this standard.

onent need not comply with a specific requirement that:

olves a feature or characteristic not needed in the apfplication of the compone
andard, or

uperseded by a requirement in this standard.

onent shall be used in accordance withuits rating established for the intended

components are incomplete~in construction features or restricted in
Such components are intended for use only under limited conditions, sud
not exceeding specified limits, and shall be used only under those specific cond

es

jated referenceé to a code or standard appearing in the requirements of this star
5 referring te.the latest edition of that code or standard.

TION

mply with the

for that component. See Appendix A for a list of standards covering,€ompongnts generally

Nt covered by

conditions of

performance
h as certain
itions.

dard shall be

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

6.3

supporting surface or frame.

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
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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) Exc

essive 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 electrid

6.5 Parts sh
fire, electric s

6.6 Friction
part, but a log

6.7 An adju
likelihood of U
persons.

6.8 Metals ysed in locations that may be wet or moist shall not be employed in combinatio

result in dete

shock may be removable to allow for the making of electrical connections.

nock, or injury to persons.

between surfaces is not acceptable as the sole means to inhibit the turning or I¢
k washer properly applied is acceptable for this purpose.

stable or movable structural part shall be provided<with a locking device td
nintentional shifting, if any such shifting may result.if a risk of fire, electric shoc

ioration of either metal such that the product would not comply with the require

all be prevented from loosening or turning if such loosening or turning may‘restuilt in a risk of

osening of a

reduce the
K, or injury to

hs that could
ments in this

standard.

6.9 Edges, projections, and corners of photoevoltaic modules and panels shall be such as fo reduce the
risk of injury tp persons.

6.10 Whengver 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 requirgments in the
Standard for Jests for Sharpness, of Edges on Equipment, UL 1439, is to be employed.

7 Polymeri¢ Materials

7.1 A polymeric material system serving as the enclosure of a part involving a risk of fire or glectric shock
shall comply with.the applicable requirements in the Standard for Polymeric Materials — Usg in Electrical
Equipment Eyaluations, 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 that is in contact with or in close proximity, less than 0.8 mm (1/32 in), to
uninsulated live parts shall:
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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

etermined in
aluations, UL

the following:
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).as’ @
accorgdance with the Standard for Polymeric Materials — Short Term Property Ev
746A| and as defined in Table 7.1, when the system voltage rating is 600 V 6FrJess;

Excej

btion No. 1: The CTl rating is not required when both the material’and live part a

enca,

Sulated by potting material such that there is no surface uponwhich tracking m

the pptting material has been evaluated according to UL 746C, “Table 6.1, for Eleq
Resistance to Electrical Ignition Sources (HAI and HWI), and, Thérmal Endurance.

Exception No. 2: The CTl rating is not required when both\the material and live part a

coat

by a conformal coating that has been evaluated to the requirements of the

Polymeric Materials - Industrial Laminates, Filament Wound Tubing, Vulcanize

Mate
there

Excef

jals Used in Printed Wiring Boards, UL 746E, Section 22, at the rated thickn
is no surface upon which tracking may oceur.

ption No. 3: Single component silicone rubber based room temperature vulc

matefiials when applied in accordance_with Exception No. 2 is considered a suita

coatin

d) Ha
the hi
Speci

g without further evaluation.

ve an Inclined Plane Tracking (ASTM D2303) rating of 1 h using the time to trg
gher of system voltage-or71000 V when the system voltage is in the range of 601
ied in Table 7.1; and

Excey
enca

btion No. 1: The_1 hr rating is not required when both the material and live part 3
sulated by-«a\potting material such there is no surface upon which tracking m

the pptting material has been evaluated according to UL 746C, Table 6.1, for Elec
Resistance to-Electrical Ignition Sources (HAIl and HWI), and Thermal Endurance.

Exception No. 2: The 1 hr rating is not required when both the material and live part 3

re completely
ay occur, and
tric Strength,

re completely
Standard for
d Fibre, and
pss such that

hnizing (RTV)
ble conformal

ck method at
—-1500V, as

re completely
By occur, and
tric Strength,

re completely

coated by a conformal coating that nas been evaluated to the requirements of UL
43A, at the rated thickness such that there is no surface upon which tracking may occur.

46C, Section

Exception No. 3: Single component silicone rubber based room temperature vulcanizing (RTV)
materials when applied in accordance with Exception No. 2 is considered a suitable conformal
coating without further evaluation.

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 the requirements of 7.2.
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Table 7.1

Determination of comparative tracking index performance level category (PLC)

CTI PLC of 2 or better
Voltage Creepage distance IPT 1 hr rating required required
0-30 Any No No
>30-600 <12.7 mm No Yes
>30-600 212.7mm No No
> 600 - 1000 <16.0 mm Yes No
> 600 — 1000 216.0 mm No No
1001 -1500 <24.0mm Yes
1001 41500 224.0 mm No o]
Note — Voltage |s determined as follows:
Between livg parts: the maximum potential difference during normal use
Between livg parts and dead metal parts that may be grounded in service: maximum system voltage
Between livg parts and any surface exposed to contact: maximum system voltage

7.3 A polym
mechanical, 3
Evaluations,
procedures 3
thermal index
of the mater
mechanical)

eric substrate or superstrate shall have a thermal indexA(TI/RTE/RTI), both ¢
s determined in accordance with the Standard for Polymeric Materials — Long T
JL 746B, or Electrical insulating materials — Thermal‘éndurance properties — P
nd evaluation of test results, IEC 60216-1, notless than 90°C (194°F). In
(TI/RTE/RTI) shall not be less than 20°C (36°F) above the measured operating
al. All other polymeric materials shall havé’ a thermal index (TI/RTE/RTI) (g
P0° C above the measured operating temperature. The measured operating tg

tlectrical and
erm Property
art 1: Ageing
addition, the
temperature
lectrical and
mperature is

the temperature measured during the open-cirguit mode for Temperature Test, Sectiop 19, or the

temperature ¢
7.4 A polym
a)isin

b) hag

(1.83 i)

shall have a
Surface Flam

uring the short-circuit mode, whichéver is greater.

eric material that serves as the-outer enclosure for a module or panel that:
tended to be installed in‘a-multi-module or multi-panel system; or

an exposed surface area greater than 10 ft? (0.93 m?) or a single dimension I3

flame spfead index of 100 or less as determined under the Standard Metho
mability.of Materials Using a Radiant Heat Energy Source, ASTM E162-2001.

rger than 6 ft

d of Test for

for electrical

Exception No

1.) A material that serves as the outer enclosure for a small cover or box used

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.

7.5 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.
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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

8.5 Ajoint
on connecti

considered mechanically secure when held by encapsulation systems.

8.6 An unin
other than ffi

motion may fesult in reduction of spacings to less than required in4able 12.1 and Table 12.2.

8.7 Strain nelief shall be provided so that stress on a lead\intended for field connection,

likely to be

module or pgnel.

8.8 The wi
intended ma

Exception: W

9 Wirewayp

9.1 Anenc
insulation or

10 Connedtion Means

10.1 In 10,

br connection shall be mechanically secure and shall provide electrical.contact
bns and terminals. Soldered connections between interconnects. 'and mets

sulated live part, including a terminal, shall be secured to its'supporting surfacs
ction between surfaces so that it will be prevented from furning or shifting in p

andled in the field, including a flexible cord, ‘is“hot transmitted to the connect
ing of a module or panel shall be docated so that after installation of the p
hner it will not be exposed to the degrading effects of direct sunlight.

iring rated sunlight resistantneéed not be so located.

osure for wire shal¥be smooth and free from sharp edges, burrs, or the like that
conductors.

P —)10.10, connection means are considered to be those to which field-insta

shall be provided with insulation equivalent to that required for the wires inyelvgd.

without strain
llizations are

by a method
psition if such

or otherwise
on inside the

roduct in the

may damage

lled wiring is

connected w

en 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-carry

ing 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.
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10.5 A lead that is intended to be spliced in the field to a circuit conductor shall not be smaller than 18
AWG (0.82 mm?) 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 10
AWG (5.3 mm?) 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 10 or 12 AWG (5.3 or 3.3 mm?) wire; and not smaller than No. 6 when used
to terminate 14 AWG (2.1 mm?) and smaller wire. A wire-binding screw or stud- and nut-type

termin

mean;
smallg
termin

b) A te

10.8 A connector intended for use on the output wiring of a module or panel shall con

Standard for

10.9 A separable multipole connector(shall be polarized. If two or more separable co

provided, the
the other, ang

10.10 For 4

al shall be provided with upturned lugs, a cupped washer, a barrier, or oth

to retain the wire in position. The head of a wire-binding screw used to terminat
r wire shall have a minimum diameter of 0.275 in (7.0 mm) and the head of a s
ate 10 AWG wire shall have a minimum diameter of 0.327 in (8.3 mm)

pped 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 1
wire and not less than 0.030 in (0.76 mm) thick when used to terminate 4
smaller wire. Unextruded metal for screw threads obtained by extruding a holg
thickness not less than the pitch of the s¢rew thread.

Connectors for use in Photovoltaie Systems, UL 6703.

shall be configured or arranged so that the mating connector for one will not be

vice-versa, if such is.an improper connection.

connector incorporating a grounding member, the grounding member shall H

br equivalent
e 12 AWG or
crew used to

D or 12 AWG
14 AWG or
shall have a

hply with the

hnectors are
accepted by

e the first to

make and thg last to break'eontact with the mating connector.

11 Bonding and Grounding

11.1A  Grounding Terminology. The term “grounding” encompasses two types of connection to Earth.
One connection is a functional or system grounding where one of the circuit conductors (also known as a
current-carrying conductor) is connected to a grounding system and then connected to earth. Functional
grounding may or may not be implemented in any particular system. The second use of the grounding
term refers to protective (earth) or equipment grounding where any exposed metallic conductive surfaces
that may become energized (unintentionally) are connected to the grounding system and then connected
to earth. The grounding system is composed of the grounding electrode (the actual connection to earth),
and the grounding-electrode conductor (between the grounding electrode and a common grounding point).
The common grounding point is where the functional/system-grounding conductor (if required) and the
equipment/protective grounding conductor(s) (if required) connect to the grounding electrode conductor.
The bonding and grounding material discussed in this section pertains only to equipment/protective
grounding.

11.1B Factory Bonding. The process of bonding entails the electrical connection of the exposed
conductive pieces of the module frame or other exposed conductive surfaces to create an equipotential
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conductive surface. The bonding process is carried out in the factory under carefully controlled conditions
using methods and hardware that must be identified and remain relatively controlled. These bonding
methods and hardware are evaluated through the requirements in this standard. Changes in the hardware
used in the bonding process must be revaluated through the tests described in this standard. The overall
bonding connections are evaluated through the Bonding Path Resistance Test, Section 25.

11.1C Field Grounding. The process of grounding involves the connection of a field-installed conductor
or assembly to the exposed conductive parts of a module that connects the exposed conductive parts of a
module to earth in a manner prescribed by the National Electrical Code (NEC). The instruction manual
provided with each PV module will describe the location and method of making this field installed
connection. These connections will, in general, not be made under factory-controlled conditions nor will
each and every field connection be evaluated by the Bonding Path Resistance Test, Section 25. Normally,

the methods

applicable tg

grounding ¢
evaluated fo

grounding ds

11.1D Insu

electrical corn

and oxidatio

bare aluminy

1.1
means shall
means shall

use. The grq
Assembly Ins

Exception: W
array structy
requirements

11.2 Routin
A bolt, screw

securing the

11.3 Bonding shalllbe by a positive means, such as clamping, riveting, bolted or screwed cq
welding, solq

such as pain

A mod

and hardware used to make electrical bonding connections in the factor
field installed grounding connections. Such hardware items may be used i
bnnections if, and only if, the hardware is supplied with the PV module a
- use as a grounding device/method through the requirements in thisystandar
vices may be used to ground PV modules.

Jating Coatings. Clear coatings, anodizing, and the rapid\oexidation of alu
nections to module frames in the field difficult. In many cases, the clear coatir
n film will have to be penetrated or removed and an anti-oxidation compound
m surface before a good electrical connection can b€ made.

ule or panel shall have a means for grounding all’accessible conductive parts. T
comply with the applicable requirements in-Connection Means, Section 10. T
be bonded to each conductive part of the{module or panel that is accessible
unding means shall be described in detail in the installation manual. See In
tructions, Section 48.

hen the grounding means is, a-module or panel mounting member intended
ral member, the module -of panel grounding means are not required to co
for Connection Means, Section 10.

e maintenance of-a‘module or panel shall not involve breaking or disturbing the
, or other part used for bonding purposes within a module or panel shall not bg
complete deviceto the supporting surface or frame.

ering'(see 11.5) or brazing. The bonding connection shall penetrate noncondug
or'yitreous enamel.

y will not be
n making the
nd has been
d. Only listed

minum make
g, anodizing,
bpplied to the

he grounding
he grounding
Hjuring normal
stallation and

to contact an
mply with the

ponding path.
e intended for

nnections, or
tive coatings,

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 Alljoints 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

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.
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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 eh or adjacent
to the termingl, 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 ghall 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 confiection of an equipmgnt-grounding
conductor shall be identified by insulation colored green, or green with yellow stripe(s). No other lead shall
be so identifigd.

12 Spacings

12.1 The spacings between uninsulated live parts not'of the same potential and between allive part and
an accessiblg metal part, shall not be less than the,values specified in Table 12.1, Table 12[2, and Table
12.3.

Exception No| 1: 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.

Exception Nq. 2: These distances do not apply to solid insulation materials when used as cemented
joints, potting, encapsulant or.conformal coating at the perimeter and at other locations Wwith exposed
edges of a mpdule. Those insulation properties can be assessed through the tests outlined iy the General
Section 18, apd Cementéd-Joints, Section 42A.

Exception Nq. 3: <These distances do not apply to insulation materials when used as coptings at the
interconnection ©f.a module and a junct/on box. A coat/ng /ntended to be used ona modu/e to provide a
Pollution Degree C e C L C C garances and
Creepage D/stances for Electr/ca/ Equ1pment UL 840 Sect/on 15 Pr/nted erlng Board Coating
Performance Test.

NOTE 1: The minimum through material distance for solid insulation at the perimeter and at other locations with exposed edges of a
module must be greater than or equal to the creepage distances defined in the Standard for Insulation Coordination Including
Clearances and Creepage Distances for Electrical Equipment, UL 840, Table 9.1, using Pollution Degree 1.

NOTE 2: Minimum through distance for coatings at the interconnection of a module and a junction box must be greater than or equal
to the creepage distances defined in the Standard for Insulation Coordination Including Clearances and Creepage Distances for
Electrical Equipment, UL 840, Table 9.1, using Pollution Degree 1.
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Table 12.1

Minimum acceptable spacings at wiring terminals

Through air and over surface
Potential involved, V in (mm)
0-50 1/4 (6.4)
51-300 3/8 (9.5)
301 -600 12 (12.7)
601 —1000 5/8 (15.9)
1001 — 1500 15/16 (24)
Table 12.2
Minimum acceptable spacings elsewhere than at wiring terminals
Through air Over surface
Potential involved, V in (mm) in (mm)
0-50 116 (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) 12 (12.7)
1001 - 15002 9/16 (14) 19/32 (15)
@ For edge spagings (live parts to the accessible edge of the module)the values in Table 12.2 are for metallic framed modules.
Double the ovgr-surface and through-air distances for edge spacings’of modules without metallic frames.

Table 12.3

Minimum acceptable spacings for creepage distances using Pollution Degrep 1

Over surface
Potential involved;V in (nhm)
600 0.066 (1168)
1000 0.126 (3]20)
1500 0.205 (5]20)

Note: Distancgs for 600.V-and 1500 V are based on linear interpolation of the Standard for Insulation Coordination Including
Clearances and Creepage Distances for Electrical Equipment, UL 840, Table 9.1, using Pollution Degree 1.

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 Table 12.1 and Table 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
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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 papet—inthe-spacebeingevattated-for-theminimum—required-voltmenoenctostre dimension
shall be less than 3/4 in (19.1 mm). The internal volume shall be determined using wateras*grescribed for
the Volume VErification Test in the Standard for Metallic Outlet Boxes, UL 514A.

O varaa OO C v C—VvOTO O OSU

Table 13.1
Volume required per conductor
Size of conductor, AWG Free space within box for each condudtor, in®
18 1.50
16 1.75
14 2.00
12 2.25
10 2.50
8 3.00
6 5.00
For Sl units: 1 dubic in = 16.4 cm®

13.1.3 A wifing compartment shall\have provision for accommodating a wiring system |[employing a
raceway or cgble.

13.1.4 A wiing compartmentjshall have no more than one opening when the module or panel is shipped
from the factqry. Tapped holes with screwed-in plugs and knockouts are not considered openipgs.

13.1.5 GasHets and-seals shall not deteriorate beyond limits during accelerated aging, and shall not be
used where theysmay 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 3/32in (2.4 mm).
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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.

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 conjduit bushing. The throat diameter of an inlet hole shall be within the limitsspecified in the
Standard for|Metallic Outlet Boxes, UL 514A.

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

13.3 Nonnjetallic wiring compartments

13.3.1  The|considerations mentioned in 7.1 concerning polymeric materials serving as the enclosure

apply to noninetallic wiring compartments.

13.3.2 A ngdnmetallic 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-Devic¢ Boxes, and
Covefs, UL 514C,
b) OnEe or more threaded or unthreaded openings for a conduit-connection socket, or
c¢) Ong or more knockouts.that comply with UL 514C.

13.3.3 With reference t0,13:3.2(b), a module or panel provided with a nonmetallic wiring|compartment

having a threg

13.34 Ina
positive end

aded opening'shall be marked in accordance with 47.8.

nonmetallic compartment, a socket for the connection of nonmetallic conduit s
5top for the conduit; and the socket diameters, the throat diameter at the entran

the socket d

hall provide a
ce to the box,

the Standard

for Nonmetal

oib nad-tha ol thialkn £ 4l kat ohall bha within th Lot o ifiadin
MUIS, AU 1o vwWdall UTIMTUATNTCOoo UT LT SUUATTT olfidall VT WILTTITT UG TIThto o U UITICUu 1t

lic 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.

14 Corrosi

14.1

on Resistance

shall be made corrosion-resistant by one of the following coatings:

Sheet steel having a thickness of 0.12 in (3.05 mm) or more that may be exposed to the weather

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
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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.

¢) 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

C WA

equiv
Sectio

d) Any

14.2 Sheet
shall be mads

a) Ho

Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (G
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side, |
zinc c
weigh
Coatin

b) A 7

applie
minim
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n 7 and Corrosive Atmosphere Test, Section 37.

one of the means specified in 14.2.

steel having a thickness of less than 0.12 in (3.05 mm) which may.be exposed tq
corrosion-resistant by one of the following coatings:

-dipped, mill-galvanized sheet steel conforming with the\coating designatior

Hot Dip Process, ASTM A653/A653M-01, with notfess than 40 percent of the
ased on the minimum single spot-test requirementin this ASTM specification.
pating may be determined by any acceptable ‘tmethod; however, in case of
of coating shall be established in accordance*with the Standard Test Method
g on Zinc-Coated (Galvanized) Iron or Ste€MArticles, ASTM A90-81 (1991).

inc coating, other than that provided;on hot-dipped mill-galvanized sheet ste
H to an average thickness of not tess than 0.00061 in (0.015 mm) on each s
m thickness of 0.00054 in (0.044'mm). The thickness of the coating shall be e

the Metallic-Coating Thickness Test;-Section 38. An annealed coating shall also com
and 14.6.
¢) A cadmium coating not less than 0.0010 in (0.025 mm) thick on both surfaces. The
the copting 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,
system shall comply with 14.3.

e) A cadmitam»coating not less than 0.00075 in (0.019 mm) thick on both surfaces wit
outdogr. palnt on both surfaces or not less that 0. 00051 in (0. 013 mm) thlck on both
two co8 A

ic Materials,

the weather

G90 in the
alvannealed)
zinc on any
'he weight of
question, the
for Weight of

el, uniformly
irface with a
stablished by
ply with 14.5

thickness of

The coating

h one coat of
surfaces with

ting shall be

established by the Metalllc Coatlng Thlckness Test, Section 38 and the coatlng system shall
comply with 14.3.

14.3 With reference to 14.2(d) and 14.2(e), 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 as described
(G90) in 14.2(a). See Polymeric Materials, Section 7 and Corrosive Atmosphere Test, Section 37.

14.4 With reference to 14.1 and 14.2, other finishes, including paints, other metallic finishes, and
combinations of the two may be accepted when comparative tests with galvanized sheet steel (without
annealing, wiping, or other surface treatment) conforming with 14.1(a) or 14.2 as applicable, indicate they

provide equiv

alent protection. See Corrosive Atmosphere Test, Section 37.
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14.5 An annealed coating on sheet steel that is bent or similarly formed or extruded or rolled at edge of
holes after annealing shall additionally be painted in the bent or formed area if the bending or forming
process damages the zinc coating. If flaking or cracking of a zinc coating at the outside radius of a bent or

formed section is visible at 25 power magnification, the zinc coating is considered damaged.

14.6 Simple sheared or cut edges and punched holes are not required to be additionally protected.

14.7

plated, painted, or enameled for protection against corrosion.

Iron or steel serving as a necessary part of the product but not exposed to the weather shall be

14.8 Aluminum, stainless steel, and polymeric materials may be used without corrosion-resistant

coatings or

14.9 Mater
tests describ
used for the

15 Access

15.1 Anac

Exception: A

15.2
a) No

b) Co
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15.3 For vqg
determined i
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15.4 A part
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als not specifically mentioned in this section shall be evaluated on an jndividy
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cessible part of a module or panel shall not involve a risk of electric shock.

In det¢rmining whether a part is energized, the module or panel is to be evaluated:

atinas
gs-

ed in Polymeric Material, Section 7, and Corrosive Atmosphere Test, Sectio

bility of Uninsulated Live Parts

part that is not energized when it is accessible need ot comply with this require

[ connected, and

hnected in any implied or described\acceptable manner. In both cases, the mod
n the state described in 15.4 and’in the environment described in 20.2.

Itages and currents between parts of the individual unconnected product, vo
n accordance with 20.2. For voltages and currents between parts of the assemb
be the maximum system' voltage, current is to be the available current.

is considered ‘accessible if, in a fully assembled module or panel (that is, with
brt may bestouched by the probe illustrated in Figure 15.1. A cover that may
se of a toglis to be removed for purposes of this requirement. A cover that ma
put a_toel) for routine maintenance such as cleaning, or to gain access to t
burposes of this requirement.

al basis. The
n 37, may be

iment.
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tage is to be
y of products,

all covers in
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Figure 15.1

Probe for determining accessibility of live parts
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15.5 The prpbe illustrated in Figure 15.1 shall be applied to any depth that the opening wi|l permit; and
shall be rotated or angled before, during;and after insertion through the opening to any pgsition that is
necessary to| examine the product. The probe shall be applied in any possible configuration; and, if
necessary, the configuration shall be changed after insertion through the opening. The probel|is to be used
as a measuring instrument to judge*the accessibility provided by an opening, and not as an [nstrument to
judge the stregngth of a material;_as such, it is to be applied with the minimum force necessary [to accurately
determine acgessibility.

16 Fire Performance,~ PV Modules or Panels and Roofs

16.1 A photpvoltaic module or panel intended to be mounted or installed on a roof shall be pvaluated for
fire performa. cetraccordance-with-16-2-or- 163 whichevet app“ca. Syatclll Fire-CltassRatir gs A, B,orC
are only relevant for PV modules or panels with mounting systems in combination with a fire rated roof
covering. Mounting systems evaluated in accordance with 16.3 may be tested with specific “types” of
modules as characterized in accordance with 16.4.1.

16.2 Modules or panels intended for installation integral with or forming a part of the building’s roof
structure are referred to in this standard as building-integrated photovoltaics (BIPVs) and shall be
evaluated in accordance with the Standard for the Standard Test Methods for Fire Tests of Roof
Coverings, UL 790, as a Class A, B, or C roof covering material or roof covering system.

16.3 Modules or panels that are not BIPVs and are intended for stand-off or rack mounting in
combination with a roof covering shall be evaluated in accordance with the tests described in Fire Tests,
Section 31, and as shown by Table 31.2 with respect to the fire performance requirements for Class A, B,
or C when the module or panel is marked as being fire rated as specified in 47.11. The module or panel
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with its mounting system is to be evaluated for Class A, B, or C so that the appropriate System Fire Class
Rating can be used for building code compliance purposes.

16.4 The specimens selected for testing are to be representative of the construction series being
investigated with regard to components and design. A module or panel intended for mounting on a roof
may be represented by type in accordance with 16.4.1 to simplify the evaluation of module or panel types,
roof-mounting configurations, and mounting systems.

16.4.1 The use of module or panel types in this Section is optional. A module or panel intended for
mounting on a roof (but not BIPVs) can be classified according to type based on its construction and the
results of the fire tests detailed in Section 31.1.2, Spread of Flame on Top Surface, and Section 31.1.3,
Burning Brand _on i ed based on the

: erial; (2) the
(if any). The
e and panel

pe 1, 4, or 7 module or panel meets the following requirements;

bnstruction: Glass superstrate of 0.14 £0.03 in (3.6 £0.8 mm); a polymerig
betwgen the superstrate and cells with a pre-lamination thickness of 0.02 £0.012 in (
eithen] a polymeric encapsulant between the cells and substrate with a pre-laminatio
0.02 £0.012 in (0.5 £0.3 mm) and a polymeric substrate\with nominal thickness no le
in (0.0 mm) and no more than 0.025 in (0.64 mm) thickness or a combined s
encapsulant that meets the pre-lamination total thickness equal to an encapsulan
0.018 £0.008 in (0.45 +0.2 mm) and a polymeric’substrate with nominal thickness
0.012in (0.30 mm) and no more than 0.025 in\thickness (0.64 mm); and metallic fram

encapsulant
D.5 £0.3 mm);
n thickness of
ss than 0.012
ubstrate and
thickness of
no less than
ng protecting

the edige of the laminate.

b) Spread of Flame Test on Top Surface: The test shall be conducted using the proce
Sectipn 31.1.2. For Type 1, the allowable spread of flame of 6 feet (1.82 m) or less i
For TEpe 4, the allowable spread.of flame is 13 feet (3.96 m) or less in 4 minutes. F
allowable spread of flame is 8'feet (2.4 m) or less in 10 minutes.

edure given in
n 10 minutes.
br Type 7, the

c) Bufning Brand Test,onTop Surface: The test shall be conducted using the proce
Sectipn 31.1.3 using"aC Brand. For Type 1, 4, and 7, passing results using a C B
demonstrated.

dure given in
rand shall be

16.4.3 AType 2, 5,'or 8 module or panel meets the following requirements:

a) Cgnstruiction: Glass superstrate of 0.14 £0.03 in (3.6 +0.8 mm); a polymerig
betw T ati i 0270 i .5 0.3 mm);
either a polymeric encapsulant between the cells and substrate with a pre-lamination thickness of
0.02 £0.012 in (0.5 £0.3 mm) and a polymeric substrate with nominal thickness between 0.001 in
(0.025 mm) and 0.012 in thickness (0.30 mm) or a combined substrate and encapsulant that meets
the prelamination total thickness equal to an encapsulant thickness of 0.02 £0.012 in (0.5 £0.3 mm)
and a polymeric substrate with nominal thickness between 0.001 in (0.025 mm) and 0.012 in
thickness (0.30 mm); and metallic framing protecting the edge of the laminate.

encapsulant

b) Spread of Flame Test on Top Surface: The test shall be conducted using the procedure given in
Section 31.1.2. For Type 2, the allowable spread of flame of 6 feet (1.82 m) or less in 10 minutes.
For Type 5, the allowable spread of flame is 13 feet (3.96 m) or less in 4 minutes. For Type 8, the
allowable spread of flame is 8 feet (2.4 m) or less in 10 minutes.
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16.4.4

16.4.5

16.4.6

16.4.7

¢) Burning Brand Test on Top Surface: The test shall be conducted using the procedure given in
Section 31.1.3 using a C Brand. For Type 2, 5, and 8, passing results using a C Brand shall be
demonstrated.

A Type 3, 6, 9-15, or a 19-27 module or panel meets the following requirements:

a) Construction: Glass superstrate of 0.105 £0.030 in (2.67 £0.76 mm); polymeric encapsulant with
a total pre-lamination thickness of 0.035 +0.02 in (0.9 £0.5 mm); glass substrate of 0.105 +£0.030 in
(2.67 £0.76 mm) with metallic framing (Types 19-27) or without metallic framing (Types 3, 6, 9-15).

b) Spread of Flame Test on Top Surface: The test shall be conducted using the procedure given in
Section 31 1 2 For Type 3 10 13, 19, 22 and 25, the aIIowabIe spread of ﬂame of 6 feet (1.82 m)
$ ame is 13 feet
(3.96 m) or Iess in 4 mmutes For Type 9 12 15 21 24 and 27, the aIIowabIe spread of flame is 8
feet (4.4 m) or less in 10 minutes.

¢) Buming Brand Test on Top Surface: The test shall be conducted using“the proceglure given in
Sectign 31.1.3. For Type 3, 6, and 9, passing results using a C Brandshall be demonstrated. For
Type 10, 11, and 12, passing results using a B Brand shall be demonstrated. For Type 13, 14, and

a) Copstruction: Glass superstrate of 0.14 +0.03 in\(3:6 +0.8 mm); a polymeric|encapsulant
betwepen the superstrate and cells with a pre-lamination thickness of 0.020 +0.012 in (0.5 +0.3
mm); g polymeric encapsulant between the cells @and substrate with a prelamination| thickness of
0.020£0.012 in (0.5 £0.3 mm) and a glass substrate of 0.14 +0.03 in (3.6 £0.8 mm);{ and metallic

b) Spread of Flame Test on Top Surface:The test shall be conducted using the procedure given in
Sectign 31.1.2. For Type 16, the allowable spread of flame of 6 feet (1.82 m) or less in 10 minutes.
For Tyjpe 17, the allowable spreadof-flame is 13 feet (3.96 m) or less in 4 minutes. For Type 18, the
allowgble spread of flame is 8 feet(2.4 m) or less in 10 minutes.

¢) Buming Brand Test on.Tep Surface: The test shall be conducted using the proceglure given in
Section 31.1.3 using a C Brand. For Type 16, 17, and 18, passing results using a C Brand shall be
demonstrated.

A Type 28, 29-0r 30 module or panel meets the following requirements:

a) Conmstruction: Glass superstrate of 0.105 £0.030 in (2.67 £0.76 mm); a polymeric| encapsulant
betwegn.the superstrate and cells with a pre-lamination thickness of 0.020 +0.012| in (0.5 +0.3
mm); a polymeric encapsulant between the cells and substrate with a prelamination thickness of
0.020 £0.012 in (0.5 £0.3 mm) and a glass substrate of 0.105 +0.030 in (2.67 £0.76 mm); and
without metallic frame (Type 28) or with metallic framing (Type 29 or 30).

b) Spread of Flame Test on Top Surface: The test shall be conducted using the procedure given in
Section 31.1.2. For Type 28, 29 and 30, the allowable spread of flame of 6 feet (1.82 m) or less in
10 minutes.

c) Burning Brand Test on Top Surface: The test shall be conducted using the procedure given in
Section 31.1.3. For Type 28 and 29, passing results using a C Brand shall be demonstrated. For
Type 30, passing results using an A Brand shall be demonstrated.

A Type 31, 32, 33 module or panel meets the following requirements:
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a) Construction: Glass superstrate of 0.09 +0.02 in (2.4 +0.4 mm); a polymeric encapsulant
between the superstrate and cells with a pre-lamination thickness of 0.02 £0.012 in (0.5 £0.3 mm);
either a polymeric encapsulant between the cells and substrate with a pre-lamination thickness of
0.02 £0.012 in (0.5 £0.3 mm) and a polymeric substrate with nominal thickness between 0.001 in
(0.025 mm) and 0.012 in thickness (0.30 mm) or a combined substrate and encapsulant that meets
the pre-lamination total thickness equal to an encapsulant thickness of 0.02 +0.012 in (0.5 £0.3
mm) and a polymeric substrate with nominal thickness between 0.001 in (0.025 mm) and 0.012 in
thickness (0.30 mm); and metallic framing protecting the edge of the laminate.

b) Spread of Flame Test on Top Surface: The test shall be conducted using the procedure given in
Section 31.1.2. For Type 31, the allowable spread of flame of 6 feet (1.82 m) or less in 10 minutes.
For Type 32, the allowable spread of flame is 13 feet (3.96 m) or less in 4 minutes. For Type 33, the

allowable spread of fame 15 8 feet (2.4 m) or less m tommuates. ..., |

c) Burning Brand Test on Top Surface: The test shall be conducted using the(procgdure given in
Section 31.1.3 using a C Brand. For Type 31, 32, and 33, passing results using’a C Brand shall be
demaonstrated.

16.4.8 New types of PV modules with other constructions and fire performance can He defined as
needed. Table 16.1 lists the types of PV modules based on construction.and fire performance. The fire
performance|of these other constructions shall be tested in accordance with 31.1.2 and 31.1.B.
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Table 16.1
Construction and fire performance for PV module types ?
Superstrate Encapsulant Encapsulant Substrate Frame Fire Performance
(Super/Cell) (Cell/Sub)
Type Material/ Material/ Material/ Material/ Material Spread of Flame Burning Brand
Thickness Thickness Thickness Thickness
1 6 feet (1.82 m) or
Polymer / less in 10 minutes
.012i
4 (0038 mr::') < 13 feet (3.96 m) or
thickness < 0.025 in less in 4 minutes
7 (0.64 mm) 8 feet (2.4 m) or
less in 10 minutes
2 G 1eet (1.82 m) or
Polymer / less in 10 minutes
Glass / Polymer / Polymer / 0.001 in
5 0.14 03 in 0.0220.012in | 0.02£0.012in (0.025 mm) < Metallic 1|3 feet f'% mt) or C Brand
(3.6 £0.¢ mm) (05+0.3mm) |[(0.5+0.3mm) | thickness <0.012in ess In =+ Mipgtes
8 (0.30 mm) 8 feet' (224 m) or
less in_10 minutes
16 6\feet (1.82 m) or
less in 10 minutes
Glass /
17 0.14 40,03 in 13 feet (3.96 m) or
(3..6 i68 mm) less in 4 minutes
18 8 feet (2.4 m) or
less in 10 minutes
3 6 feet (1.82 m) or
less in 10 minutes
6 None 13 feet (3.96 m) or
less in 4 minutes
9 8 feet (2.4 m) or
less in 10 minutes
C Brand
19 6 feet (1.82 m) or
less in 10 minutes
20 Metallic 13 fegt (3.9§ m) or
less in 4 minutes
21 8 feet (2.4 m) or
less in 10 minutes
10 6 feet (1.82 m) or
less in 10 minutes
1 13 feet (3.96 m) or B Brand
less in 4 minutes
12 8 feet (2.4 m) or
Glgss / ) Polymer / ) Glass / ) less in 10 minutes
0.105 40.030 in N/A 0.035 +0.02 in 0.105 +0.030 in None
13 (2.67 +0.76 mm) (0.9 £0.5 mm) (2.67 +0.76 mm) 6 feet (1.82 m) or
less in 10 minutes
14 13 fegt (3.9(_3 m) or A Brand
less in 4 minutes
15 8 feet (2.4 m) or
less in 10 minutes
22 6 feet (1.82 m) or
less in 10 minutes
23 13 feet (3.96 m) or B Brand
less in 4 minutes
24 8 feet (2.4 m) or
less in 10 minutes
Metallic
25 6 feet (1.82 m) or
less in 10 minutes
26 13 fegt (3.9§ m) or A Brand
less in 4 minutes
27 8 feet (2.4 m) or
less in 10 minutes

Table 16.1 Continued on Next Page
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Table 16.1 Continued

Superstrate Encapsulant Encapsulant Substrate Frame Fire Performance
(Super/Cell) (Cell/Sub)
Type Material/ Material/ Material/ Material/ Material Spread of Flame | Burning Brand
Thickness Thickness Thickness Thickness

28 None 6 feet (1.82 m) or
less in 10 minutes

C Brand
29 6 feet (1.82 m) or
less in 10 minutes

Metallic

30 6 feet (1.82 m) or A Brand

Polymer / Polymer/ less in 10 minutes
0.020 £0.012in | 0.020 £0.012in
31 (0.5+0.3mm) | (0.5+0.3 mm) 6 feet (1.82 m) or
Polymer / less in 10 minutes
Glass / 0.001in

32 0.09:0.02in (0.025 mm) < Metallic 13 feet f-% mt) D C Brand
(2.4 40.4 mm) thickness < 0.012 in ess In & MAJYS
33 (0.30 mm) 8 feet (2:4/m)or
less in"10 minutes

2 Full requirements in 16.4.2 — 16.4.7 supersede this table.

17 Supers

17.1 A mod

a) Th

rate

Matefiial Used in Buildings, ANSI Z97.1-1984; or

b) Th
Stand

¢) The¢ Impact Test, Section 30.

Exception N
not comply W

Exception N
that will not
(4.4 N).

PERFORMANCE

18 Genera

ule or panel superstrate shall comply with at least one of the following:

e requirements in the Performance Specificationstand Methods of Test for §

e requirements in the Code of Federal\Regulations, Title 16 CPSC Part 1
ard for Architectural Glazing Materials; .or

. 1: Thin-film flexible glazing‘material having a thickness of 0.01 in (0.254 mm
ith this requirement.

. 2: Encapsulant that is protected with wire screen or other similar means ha
bass a 1/2-in (12.7*mm) diameter hemispherically tipped probe applied with 3

18.1

afety Glazing

P01 — Safety

or less need

ing openings
force of 1 1b

The same test procedures shall be used for the electrical performance measurements required by

the Temperature Test, Section 19, Voltage, Current, and Power Measurements Test, Section 20, and Hot-
Spot Endurance Test, Section 39 The test procedures described in the following standard shall be applied
where applicable:

a) Standard Tables for Terrestrial Solar Spectral Irradiance at Air Mass 1.5 for 37 Degree Tilted
Surface, ASTM G159-1998;

b) Standard Specifications for Solar Simulation for Terrestrial Photovoltaic Testing, ASTM E927-91;

c) Standard Methods of Testing Electrical Performance of Nonconcentrator Terrestrial Photovoltaic
Modules and Arrays Using Reference Cells, ASTM E1036-96;
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d) Procedures for Temperature Irradiance Corrections to Measured |-V Characteristics of
Crystalline Silicon Photovoltaic Devices, IEC 891;

e) Photovoltaic Devices, Part 1: Measurement of Photovoltaic Current-Voltage Characteristics, IEC

904-1; and

f) Photovoltaic Devices, Part 3: Measurement Principles for Terrestrial Photovoltaic (PV) Solar
Devices With Reference Spectral Irradiance Data, IEC 904-3.

18.2 With reference to the tests mentioned in 18.1, parameters may be measured under conditions other
than specified irradiance, air mass, or temperature, and the values at the specified conditions calculated
using correction coefficients described in the referenced standards.

18.3 Samplges of the module or panel, or partial or representative samples, shall be subjecte

indicated in

ble 18.1. The order of the tests in Table 18.1 is for convenience onlyltis ng

imply that any one sample be subjected to the complete sequence or a partial sequence of
specifically sfated in Figure 18.1. Unless one sample is to be subjected to a specific seque
separate sanples are able to be used for each test.

d to the tests
t intended to
tests unless
nce of tests,

Exception: Samples of a module or panel with a system open-circuit véltage rating less thah 30 V and a
short-circuit qurrent rating less than 8 A is only required to be subjected to the Temperature| Voltage and
Current Measurement, Strain Relief, Push, Bonding Path Resistarice, and Dielectric Voltage-Withstand
Tests.
Table 18.4
Module and panel'performance
Sectipn Test Number of samples

19 Temperature test® 1

20 Voltage and current measurements test® 1

21 Leakage current test 3

22 Strain reliefitest® 1

23 Push test¢ 1

24 Cut test 1

25 Bonding path resistance test 3

26 Dielectric voltage-withstand test® 3

27 Wet insulation-resistance test 3

28 Reverse current overload test 1

29 Terminal torque test 1

30 Impact test 1

31 Fire test a

33 Water spray test 1

34 Accelerated aging test b

35 Temperature cycling test 3

36 Humidity test 3

37 Corrosive atmosphere test 2

38 Metallic coating thickness test 1

Table 18.1 Continued on Next Page
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Table 18.1 Continued
Section Test Number of samples
39 Hot-spot endurance test 1
41 Mechanical loading test 1
42 Wiring compartment securement test 1
42A Cemented joints d

2 A function of the physical size of the module.

b A function of the physical size of the gasket and seal material.

¢ With reference to the Exception to 18.3, only these tests are needed for a module or panel with the specified ratings.

9 No additional[modules are needed for the Cemented Joint test as the performance tests are covered by the tests pf Sections 26,
27, 35 and 36.[All other tests are performed at the component level.
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Figure 18.1
Test sequences and samples
Humidity Temperature Water Spray Push
Test Cycling Test Test Test
Three Somples Three Samples One Sample One Somple
Humidity TestY femperature Water Spray Y Push Test ©
Cycling
Dielectric Voltage Dielectric Voltage Dielectric Voltage ©
k
Withstand @ Withstand @ Withstand @ Leokoge Current
eakage Current© Leakage Current@ Leakage: Current@
Wet Wet
Insulation— Insulation—
Resistance Resistance
Wiring Wiring
Compartment Compartment
Securement Securement
Wet Wet
Insulation— Insulation—
Resistance Resistance
S4074
NOTES -
1 = Section 36
2 = Section 26
3 = Section 21
4 = Section 27
5 = Section 42
6 = Section 35
7 = Section 33

8 = Section 23
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18A Thin-Film Modules

18A.1

As a result of the testing in 18A.2 stabilized ratings for thin-film photovoltaic (PV) modules and

panels shall comply with the voltage and current measurements test as described in 20.1 — 20.3.

18A.2 The sequence of voltage and current testing for thin-film photovoltaic (PV) modules and panels

shall be:

a) Init

ial voltage and current measurements test on as received samples,

b) Light soaking exposure in accordance with Clauses 10.19.1 — 10.19.3 of the Standard for Thin-
Film Terrestrial Photovoltaic (PV) Modules — Design qualification and type approval, IEC 61646,

c) Fin
d) Ho

Excej
subje

al voltage and current measurements test, and
-spot Endurance Test in accordance with 39.1.1 and Clause 10.9 of IEC 61646.

ption: The hot-spot endurance test may be conducted on a separate\sample thaf
Cted to the light soaking exposure sequence. See 39.1.1.

18B Bifacial Modules

18B.1 Gen

18B.1.1 BiIf]
standard with

eral

the modifications to specific performance tésts as described in 18B.2 — 18B.4.

18B.2 Voltage, current and power measurements test

has not been

acial modules shall comply with all construction and performance requirements in this

18B.2.1 Bifpcial modules shall follow the'procedure described in Photovoltaic devices — Part 1-2:
Measuremerjt of current-voltage characteristics of bifacial photovoltaic (PV) devices, IEC TS 60904-1-2
(under develppment, use 82/1403/DTS)for performance measurement in accordance with 2(.1 — 20.3.

Note: Three me

hods are allowed in IEC.T$:60904-1-2 and all three are allowed.

18B.3 Reverse current.overload test

18B.3.1 Th
modification

18B.4 Hot-

18B.4.1

e Reversé Current Overload Test described in Section 28 shall be cond
n aceordance with a fuse rating that has been determined to comply with 47.10.

icted without
1A.

+

spetendurance-tes

Section 39 with the following modification:

Maximum cu

rrent limit, I, (front and back) = 1.30 x Ig¢

Module constructions that allow individual cells to be accessed shall be tested according to the

where lgc is the short-circuit of an average cell at 100 mW/cm? front-surface illumination only and
at NOCT

18B.4.2 Modules constructed with glass super- and sub-strates, or using material combinations such
that individual cells are inaccessible shall be tested in accordance with MQT 09.1 of the Standard for
Terrestrial photovoltaic (PV) modules — Design qualification and type approval — Part 2: Test procedures,
UL 61215-2.


https://ulnorm.com/api/?name=UL 1703 2024.pdf

32 UL 1703 MAY 15, 2024

18B.4.3 Cell selection shall follow the procedure described for monofacial selection using a flash
simulator in accordance with the Standard for Terrestrial photovoltaic (PV) modules — Design qualification
and type approval — Part 2: Test procedures, UL 61215-2, Clause 4.9.5.2 (a) — (e).

18B.4.4 For testing bifacial modules, the Standard for Terrestrial photovoltaic (PV) modules — Design

qualification and type approval —

following modifications:

a) Front surface only irradiance source of (130 +10) mW/cm?; or

Part 2: Test procedures, UL 61215-2, Clause 4.9.4, shall be used with the

b) Apparatus for front- and back-surface illumination with (100 +10) mW/cm? for the front-surface
and (30 +5) mW/cm? for the back-surface.

18B.4.5 On
photovoltaic

61215-2, Clalfise 4.9.5.2 (f), with the following modifications:

a) An
UL 61

b) If a

(100
irradiance level of (130 £10) mW/cm?.

18B.4.6 In g
e.g., junction

Ce cells have been selected they shall be tested as described in the Standard
PV) modules — Design qualification and type approval — Part 2: Test prg

illumination of (130 +10) mW/cm? is required for front-surface only‘exposure a
P15-2 procedure without further modifications (front shading only).

h apparatus is used to provide front and back-side illumination, expose the frg
10) mW/cm? and the back-surface to (30 +5) mW/cm? resulting in a comi

1) Follow the procedure to identify worst case front-surface shading and let
stabilize. Record values.

2) Add the same shade to the back-surface, let the temperature stabilize. Refe
guidance on establishing thermal equilibrium (stabilization).

3) Remove the shade on the front-surface, let the temperature stabilize.

4) Use the highest temperature condition from either (1), (2) or (3) to test t
accordance with UL 61215-2, Clause 4.9.5.2 (i).

ddition to the cellsydescribed in 18B.4.2, if some cells are permanently shade
box or backrail$) those cells shall be included in hot-spot testing.

19 Tempera:

19.1 When
open circuit
part shall attai

a) Igni

ture Test

or Terrestrial
cedures, UL

nd follow the

nt-surface to
ined bifacial

temperature

r to 19.1A for

ne sample in

i by design (

¢ at electrical

ina temperaturethat would

te materials or components;

see 19.5; no

b) Cause the temperature limits of surfaces, materials, or components, as described in Table 19.1,
to be exceeded; or

c) Cause creeping, distortion, sagging, charring or similar damage to any part of the product, if
such damage or deterioration may impair the performance of the product under the requirements of

this standard.

19.1A With reference to 19.1, thermal equilibrium is attained when three successive readings indicate no
change in temperature. These readings shall be taken at the conclusion of three consecutive, equal
intervals of time; each interval having a duration of 10 minutes minimum test time. Wind speed and
irradiance are to be factored into each measurement.
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19.2 Material and component temperatures are to be determined for an ambient temperature of 40°C
(104°F), AM 1.5 spectrum, 100 m\W/cm? irradiance as measured in the plane of the module or panel, and 1
m/s (2.237 mph) average wind speed. The ambient temperature may be in the range of 10 to 55°C (50 to
131°F), in which case each observed temperature shall be corrected by the addition (if the ambient
temperature is below 40°C) or subtraction (if the ambient temperature is above 40°C) of the difference
between 40°C and the observed ambient temperature. If the irradiance is other than 100 mW/cm?,
temperatures for numerous irradiance levels are to be determined, and a linear extrapolation conducted to
determine the temperature under 100mW/cm? irradiance.

19.3 If an unacceptable performance is encountered during the temperature test, and the performance is
attributed to a test condition that, although within the limits specified, may be considered more severe than
necessary; for example an ambient temperature near the limits allowed (10 or 55°C), the test may be
reconductedjunder conditions closer to the norm.

19.4 Forth
short-circuit

e determination of temperatures, a module or panel is to be operated under bq
onditions.

th open- and

19.5 To coyer the hot-spot heating effect caused by reverse voltage operation of a cell, a cell is to be
shadowed durring the short-circuit condition of the temperature test by covering one-half of one of the cells
of the modulg or panel with black vinyl tape, 0.007 in (0.18 mm) thick ipidirect contact with the superstrate
so that this cgll is not fully irradiated. During this test, the modules @r panels are to be conndcted in series
without bypaps diodes to the extent that is permitted by the marking specified in 47.9. The tepperatures of
the shaded cell and adjacent area are to be measured.

e instructions
anel is to be

19.6 A module or panel is to be installed according to the instructions provided with it. If th
do not descfibe the accommodating structure, spaeings, and the like, the module or p
mounted as ¢lescribed in 19.8 — 19.10.

19.7 Withr
the like) is
mounting is {
be shown to

19.8 A mo(
platform con
platform is to
(0.6 m) beyo

19.9 A mog
mounted on

bference to 19.8 and 19.9, the type of mounting intended, (for example, stand-g
b be determined from the construction of the module or panel. If more thar
ossible, the module or panélis to be tested in each such mounting, unless one
fepresent all.

ule or panel intended for direct mounting on a roof or wall surface is to be 1
structed of wood; pressed wood, or plywood, 3/4 in (19 mm) thick (See Figu

nd the module or panel on all sides.

ule. or.panel intended for stand-off or rack mounting on a roof, wall, or the gn
aframe constructed from 2 in by 4 in (trade size) lumber. Two frame memb

ff, direct, and
one type of
mounting can

hounted on a
re 19.1). The

be painted flat black on the side facing the test sample. The platform is to extend at least 2 ft

ound is to be
ers are to be

located at the outside edges of the underside of the module or panel, and are o be oriented longitudinally
along the long axis of the module or panel. Additional frame members are to be located at the outside
edges of the underside of the module or panel along its short axis. If the distance between the two outer
short axis members exceeds 2 ft (0.6 m), an additional frame member is to be located at the center line of
the module or panel assembly. The frame is to be secured to a platform as described in 19.8 with a 4-ft
(1.22-m) spacing between the back of the module or panel and the platform (See Figure 19.2). The frame
is to be painted flat black on the side facing the test sample.

19.10 A module or panel intended for integral mounting within a roof or wall is to be tested while mounted
on a platform constructed as described in 19.8 with the module or panel boxed in on all sides by 1-in thick
(trade size) wood boards that are wide enough to cover the entire outer edge (See Figure 19.3). The
boards are to be painted flat black on the side facing the sample.
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Table 19.1
Maximum temperatures
Temperature
Part, material, or component °Cc (°F)
1. Insulating materials:®
Polymeric a a
Varnished cloth 85 185
Fiber 90 194
Laminated phenolic composition 125 257
Molded[phenolic composition T50 302
2. Sealing compound® b b
3. Field wiring terminals® 60 140
4. Field wiring compartments that wires may contact® 60 140
5. Insulatgd conductors Rated Temperaturg
6. Wood gnd wood products 90 194
7. Surfacgs accessible to contact e e
8. Mountiig surface and adjacent structural members® 90 194
@ For the open-gircuit mode, the thermal index (TI/RTE/RTI), less 20°C (36°F). Ferreverse voltage hot-spot heating under short-

circuit conditions, the thermal index (TI/RTE/RTI).

Apparatus, ASTM E28-99.

or electric shock or conditions not in compliance with 19{(a) or 19.1(c).

open-circuit corpditions.

® The maximun] sealing compound temperature, when corrected to a 40°C.(104°F) ambient temperature, is to be 15
than the softenihg point of the compound as determined by the Standard Test Method for Softening Point by Ring ar}

¢ If a marking is|provided in accordance with 47.5, the temperatures observed on the terminals and at points within 3
compartment mjay exceed the value specified but shall not attaifi-a temperature higher than 90°C (194°F).

4 Higher tempefatures than specified are acceptable if it can-bé determined that the higher temperatures will not ca

¢ Only for reverge voltage hot-spot heating under sher-circuit conditions; for nonmetallic surfaces 40°C (72°F) abov
temperature achieved during open-circuit conditions; for metallic surfaces, 20°C (36°F) above the temperature achig

°C (27°F) less
d Ball

wiring

se a risk of fire

e the
tved during
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Figure 19.1

Fixture for test products for direct mounting
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Figure 19.2

Fixture for test products for stand-off or rack mounting
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Figure 19.3

Fixture for test products for integral mounting

MODULE OR PANEL

A
4

S

19.11  Temg
irradiation ar
securely helq
measured. T

metal surfacg¢, brazing, welding,ser'soldering the thermocouple to the metal may be used. A

junction may

19.12 Ther
However, wh
with the Tole
Temperature

PLATFORM
FRAME

1928

eratures are to be measured\by means of thermocouples. Thermocouples
e to be shielded from the.direct effect of such irradiation. A thermocouple jun
in positive thermal contactwith the surface of the material the temperature of \
hermal contact may, be achieved by securely cementing the thermocouple in

be secured to wire.insulation or wood surfaces by taping.

mocouples)consisting of 30 AWG (0.05 mm?) iron and constantan wires are to
en it is not'practical to use iron and constantan thermocouples some other type
rances-on Initial Values of EMF versus Temperature tables in the Standard Spsg
LElectfomotive Force (emf) Tables for Standardized Thermocouples,

1t~ ha 1icad

5 exposed to
ction is to be
vhich is being
place. For a
thermocouple

be employed.
that conforms
cification and

ANSI/ASTM

E230/E230M

20 Voltage

20.1

A L A=A~

, Current and Power Measurements Test

The short-circuit current (lgc), rated current (I,) maximum power (P..), and open-circuit voltage

(Voc) shall be within £ 10 percent of the rated value — See 43.1 and 44.1(c) — under conditions of:

a) Standard test conditions (STC) and

b) For I, and P,,,y, also at normal operating cell temperature (NOCT).

20.2 For purposes of accessibility to individual module or panel live parts as specified in 15.3, the voltage
is to be determined under conditions of open circuit, an irradiance of 100 mW/cm?, AM1.5 and a cell
temperature of — 20°C (- 4°F). In accordance with Section 18B, bifacial modules may be tested at an
irradiance above 100 mW/cm? in order to properly account for the effects of bifaciality on these products.
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20.3 The short-circuit current (ls¢c), rated current (I,) maximum power (P,,.«), and open-circuit voltage
(Voc) measurements for thin-film modules and panels, regardless of technology, shall be taken in both the
as-received condition and following the light soak exposure conditioning as described in 18A.2. The
results of the as-received voltage and current measurements tests are to be included in the installation
manual in addition to the stabilized ratings verified during the voltage and current measurements test

conducted following light soaking. See 18A.2, 46.2 and 48.1.

21

21.1

Leakage Current Test

The leakage current of a module having a marked maximum system voltage of more than 30 V shall

not be greater than the values specified in Table 21.1 when tested as described in 21.2 — 21.7.

21.2 The tg
subjected to t
Test, Section
cell temperat
for the Water

St is to be conducted on three unconditioned modules, and the modules. thg
he Water Spray Test, Section 31; the Temperature Cycling Test, Section 33;and
34. The leakage current of the unconditioned modules is to be measured wit
ire at 25 +3°C (77 +5°F), and then with the cells at NOCT +2°C (x3:6°F). If pan
Spray Test, a module of a panel is to be used for the Leakage Current Test.

Table 21.1
Allowable leakage current

t have been
the Humidity
n the module
els are used

Surface o

Accessible con

Conductive foil

Accessible circliit parts

r part from which measurement is made Maximum current (dc)
Huctive frame, pan, or the like 10 A

1mA
pver accessible insulating surfaces 1mA

21.3 Leaka
when the mo

21.4 Thedo

21.5 All aco

terminals of an unilluminated module are to be connected together and to one terminal o

supply. Both
will represen

terminal of thé power.supply. Leakage current is to be measured with the meter described in 2

21.6  When

J

e current refers to all currents that may be conveyed between accessible parts
ule is connected to the source described in 21.4 and 21.5.

test voltage is to be at allevel equal to the rated maximum system voltage.

essible parts and-surfaces are to be tested for leakage current. The positive

bolarities of_the-source connection are to be used, unless it can be shown tha
both. Leakage currents are to be measured between the part or surface 4

eakage current is measured at an insulating surface, a 40 cm by 20 cm condu

of a module

and negative
a dc power
one polarity
nd the other
1.7.

ctive foil is to

be in contact with the surface, and the measurement is to be made from the folil. If the surface is less than
40 cm by 20 cm, the foil is to be the same size as the surface.

21.7 With reference to 21.5, the meter for the measurement is to be responsive to dc only, and is to have

an inputimpe
22 StrainR

22.1

dance of 500 ohms.

elief Test

A lead or cable for connection to external wiring, or a lead or cable terminated at both ends on the

product but which may be subjected to handling during installation or routine servicing of a module or
panel shall withstand for 1 min a force of 20 Ib (89 N) applied in any direction permitted by the
construction, without damage to the lead or cable, its connecting means, and the module or panel.
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22.2 A separable connector not enclosed by a wiring compartment, and such connector's joining to its
mating connector, shall withstand for 1 min a force of 20 Ib (89 N) applied in any direction permitted by the
construction, either directly or through any wire or cable attached to the mating connector, without damage
to the connector, the module or panel, or the mounting of the connector to the module or panel, or
separation of the two mating connectors.

23 Push Test

23.1 A module or panel shall be capable of withstanding for 1 min the application to any point of:

a) A 20 Ib (89 N) force applied by a 1/2-in (12.7-mm) diameter steel rod, the end of which is
rounded to a 1/2-in diameter hemisphere, and

b) A d of which is

round

1 Ib (17.8 N) force applied by a 1/16-in (1.6-mm) diameter steel rod, thé€)en
ed to a 1/16-in diameter hemisphere,

without creatjng a risk of fire, electric shock, or injury to persons.

23.2 A risk|of fire is considered to exist, if, as a result of the applicationvof either probe, parts of the
module are displaced to the extent that arcing between parts of available current and voltage in the "ARC
TEST" zone,|Figure 40.1, is likely.

23.3 Arrisk of electric shock is considered to exist if:

a) A part involving a risk of electric shock is contacted by the applied probe;

b) A
result

part involving a risk of electric shock is, rendered accessible (transitory or per|
of the application of either probe; or

manent) as a

hock and an
Current Test,

c) There is a reduction in resistance between a part involving a risk of electric s
accegsible part such that the module or panel would not comply with the Leakage
Section 21.

23.4 Arrisk
parts are dis
sharp edges

24 Cut Tesit

of injury to personstis considered to exist, if, as a result of the application of|
blaced or broken resulting in an exposed edge that does not comply with the reg
in 6.9 and 6.10

either probe,
uirements for

perstrate and

24.1 A moduleorpanel shall withstand the application of a sharp object drawn across its su

substrate sunfaces without creating a condition describedin2.7. |

Exception: Glass surfaces are not required to be tested.

24.2 The module or panel is to be positioned in a horizontal plane with the surface to be tested facing
upward. The tool illustrated in Figure 24.1 is to be placed on the surface for 1 min, and then drawn across
the test surface of the module or panel at a speed of 6 £1.2 in/s (152.4 £30.5 mm/s).

24.3 A condition as described in 2.7 exists when the blade of the tool illustrated in Figure 24.1, contacts a
part described in 2.7, or such a part is rendered accessible (transitory or permanent) as a result of the
placement of the blade on, or the drawing of the blade across, the surface.
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Figure 24.1
Cut test tool
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TEST POIN

Carbon steel
(i.e., hacksg

blade)

3
S2930 —’“‘—C

A —5-7/8 in (149 mm) from axis to center of weight.

B — 6-5/8 in (168 mm) from axis to test point.

C — Test point — 0.025 in (0.64 mm £ 0.05 mm) thick carbon steel strip, corner angle 90° + 2°, corner radius 0.115 mm + 0.025 mm, in
accordance with the Standard Specification for Steel Blades Used with the Photovoltaic Module Surface Cut Test, ASTM E2685.

Q - Total force exerted at test point Q; 2 Ib (907 g).
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25 Bonding Path Resistance Test

251 The resistance between the grounding terminal or lead and any accessible conductive part shall not
be more than 0.1 ohm when measured in accordance with 25.2.

25.2 A current equal to twice the fuse ampere rating specified in accordance with 47.10 is to be passed
between the grounding terminal or lead and the conductive part. The resistance is to be calculated using
the voltage drop measured between the grounding terminal or lead and a point within 1/2 in (12.7 mm) of

the point of ¢

253

urrent injection.

If more than one test is needed to evaluate all the paths of conduction between accessible metal

parts, there i

254 Thets

26 Dielectiic Voltage-Withstand Test

26.1 The in
parts and ex
times the sy{
MA dc. The v

Exception: F|
500 V.

26.2 Thets

26.3 The v
to reach the
until the leak
test and ther

26.4 With r
value so that

a) Th
Speci

b) Th
break

s tohe o r\nnling time-of atleast- 15 min-betwesn-tests-

st is to be conducted on three unconditioned samples.

sulation and spacings between live parts and accessible conductive parts and
posed nonconductive surfaces shall withstand the application“ef a dc test voltag
tem voltage plus 1000 V without the leakage current between these two points
bltage is to be applied in both polarities.

st voltage is to be applied between all currént-carrying parts and all accessible p

bltage is to be increased from zero at a substantially uniform rate as described
specified test potential in approximately 5 s, and then is to be held at the require
age current is stabilized for at'least 1 min. The module or panel is to be obsery
b are to be no signs of arcing or flash-over.

pference to 26.3, theitest voltage is to be gradually and smoothly increased to
ere are no transients that may cause the instantaneous voltage to exceed th
ied, and

e flow of capacitive current, due to charging, does not cause the test deviq
down.

between live
e equal to two
exceeding 50

br a module or panel with a system voltage rating of 30 V or less, the applied voltage is to be

arts.

n 26.4, so as
d test voltage
ed during the

the specified

e peak value

e to indicate

26.5 The test is to be conducted on three unconditioned samples, and the samples that have been
subjected to the Water Spray Test, Section 33; the Temperature Cycling Test, Section 35; the Humidity
Test, Section 36; and the Corrosive Atmosphere Test, Section 37. The unconditioned samples are to be at
both room temperature and also as heated from the short-circuit operation portion of the temperature test
in Section 19.

26.6 For tests on exposed surfaces of insulating parts, the part is to be covered with conductive foil or
the equivalent.

26.7 The equipment for conducting the dielectric voltage-withstand test is to have the following
characteristics:

a) A means for indicating the test voltage that is being applied to the product under test;
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b) A sensitivity such that a current in excess of 50 pA across the output indicates unacceptable
performance; and

c¢) A capacity of at least 500 VA.

Exception: The capacity may be lower if the means for indicating the test voltage is located in the output
circuit — to maintain the potential indicated in 26.1 except in the case of breakdown. The voltage of the
source is to be continuously adjustable.

27 Wet Insulation-Resistance Test

271 Asar

sult of the test described in 27.2 and 27.3:

a) The

b) For
MQ; a

c) For
of the

27.2 The la
(surfactant) s
22 +3°C (72
solution leve

terminations are not to be wetted.

27.3 After t
terminals of t
having a volta

28 Reverse Current Overload Test

281 Them
and measure
module or pa
current equal
(See 47.10)

thermocouple
E per the IEC

re shall not be dielectric breakdown or surface tracking as a result of the applied

a module with an area 0.1 m? or less, the insulation resistance shatb-nét be |
hd

a module with an area larger than 0.1 m?, the measured insulation resistance ti
module shall not be less than 40 MQsm?.

minate portion of the module or panel is to be immétsed in a non-corrosive
blution. The liquid agent is to have 35 ohm-meter maximum resistance and a te
E5°F). Terminal boxes and pigtail-leads or othersconnectors are to be maintain
and are to be thoroughly wetted by pouring:the solution over these areas.

vo min of immersion in the solutionsthe insulation resistance between the sh
ne module or panel and the solution,is to be measured, in both polarities, with 3
ge of 500 Vdc.

d by thermocouples shall not exceed 150°C (302°F) and there shall be no fl
hel itself for 15's-or more, nor charring of the module or underlying support, wh

is causedito flow through the module or panel in accordance with 28.1A.

60584 standards for thermocouples). The test shall be conducted at ambient aif

of 20 +5°C (6

dc voltage;

ss than 400

mes the area

liquid agent
mperature of
d above the
Uninsulated

orted output
n instrument

bximum external medule surface temperature during the test as located by inffared camera

aming of the
en a reverse

to 135 pefeent of the module or panel series overcurrent protective device rating current

The type of

s arefe be appropriate for the maximum permitted temperature (for example types T, K and

temperature

+9°F) in an environment where the ambient air is still with no forced circulation

Note: The Technical Specification for Photovoltaic (PV) systems — Requirements for testing, documentation and maintenance — Part
3: Photovoltaic modules and plants — Outdoor infrared thermography, IEC TS 62446-3, provides guidance on the use of IR-cameras.

28.1A Areverse current equal to 135 percent of the module or panel series overcurrent protective device
rating current is be applied to the module or panel. After 1 h, the hottest point(s) is to be determined, e.g.
by using an infrared camera. The current is to then be switched off, the module or panel cooled down to
room temperature and then a thermocouple is to be attached to this point(s) using a means that is
compatible with the highest temperature allowed. The module or panel is to be reheated by reapplying a
reverse current equal to 135 percent of the module or panel series overcurrent protective device rating
current for 2 h (See 28.5). The temperature(s) measured by the thermocouple(s) are to be recorded at the
end of the test.
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Note: Annex B of the Standard for Photovoltaic System Performance — Part 1: Monitoring, UL 61724-1, covers guidelines for PV
module temperature measurement for performance measurements or for monitoring. Attachment of thermocouples per this reference
is recommended. Tape may not be a likely candidate for the attachment means.

28.2 To determine whether a module or panel complies with the requirements in 28.1, a module or panel
shall be mounted with the module sunny side down. The front to underlying surface clearance shall be the
clearance specified in the manufacturer’'s mounting instructions. If the instructions offer more than one
option, the option providing the worst-case clearance shall be used. If no indications have been provided
for spacing, or if the module manufacturer allows mounting flush to the supporting surface within the
product mounting guidelines, the module front shall be mounted in contact on a solid support that has
sufficient mechanical strength to avoid warping under temperature influence. The thermal conductivity of
the support shall be not higher than 0.5 W/(m-K)

28.3 For the test required by 28.1, any blocking diode provided as a part of the module,of panel is to be
defeated (shert-circuited).

28.4 The tgst required by 28.1 is to be conducted in an area free of forced air circulatipn, and at an
ambient temperature of 20 +5°C (68 +9°F), and the irradiance on the module 'or panel is to e less than 5
mW/cm?.

28.5 The tgst required by 28.1 is to be continued for 2 h or until ultimate results are known, whichever
occurs first.

29 Terminal Torque Test

29.1 A wirg-binding screw or nut on a wiring termiral shall be capable of withstanding| 10 cycles of
tightening to and releasing from the applicable value.of torque specified in Table 29.1 without

a) Damage to the terminal supporting member,
b) Loss of continuity, or
c¢) Shert circuiting of the electrical circuit to accessible metal.

Table 29.1
Torque requirements

Torque
Screw size Lbf-in (N-m)
No. 6 12 (1.4)
No. 8 16 (1.8)
No. 10 20 2.3)

30 Impact Test

30.1 A polymeric material serving as the enclosure of a part involving a risk of fire or electric shock and a
superstrate material evaluated in accordance with 17.1(c) are to be subjected to the tests described in
30.2 and 30.3.

30.2 When a module or panel is impacted as described in 30.3, there shall be no accessible live parts as
defined in Accessibility of Uninsulated Live Parts, Section 15. Breakage of the superstrate material is
acceptable provided there are no particles larger than 1 square in (6.5 cm?) released from their normal
mounting position.
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30.3 A module or panel is to be mounted in a manner representative of its intended use, and is to be
subjected to a 5 ft-Ib (6.78 J) impact normal to the surface resulting from a 2-in (51-mm) diameter smooth
steel sphere weighing 1.18 Ib (535 g) falling through a distance of 51 in (1.295 m). The module or panel is
to be struck at any point considered most vulnerable. If the construction of a module or panel does not
permit it to be struck free from above by the free falling sphere, the sphere is to be suspended by a cord
and allowed to fall as a pendulum through the vertical distance of 51 in with the direction of impact normal
to the surface. For a polymeric wiring enclosure, the test is to be performed on the enclosure at 25°C (
77°F) and also after being cooled and maintained for 3 h at a temperature of minus 35.0 £2.0°C (minus
31.0 £3.6°F).

31 Fire Tests

31.1 Type tests for fire performance characterization of modules and panels independent of roof
coverings

31.1.1 General

31.1.1.1 To|abel a module or panel as a specific “Type” as defined in 16.4.1 so that it may pe labeled in
accordance With 47.11.1, it shall be subjected to a spread-of-flame test)and a burning Hrand test as
described in|the Standard Test Methods for Fire Tests of Roof Ceverings, UL 790, ag modified in
accordance With Sections 31.1.2 and 31.1.3. The specific tests_to’be conducted for new| "Types" are
outlined in Taple 31.1.

Table 31.1
Required tegts for fire performance of PV modules or'panels independent of mountingsystem and

roof covering

Test Fire Performance Characteristics
Spread of Flame On Top Surface of Module or Flame Spread less than | Flame spread less than | Flame sgread less than
Panel (Section B1.1.2) 6 ft. in 10 minutes 8 ft. in 10 minutes 13 ft. ip 4 minutes

Burning Brand ¢n Surface of Module or Panel
(Section 31.1.3

One test is reqyired for each of the above-required tests.

A Brand B Brand g Brand

31.1.2 Spread of flame.on‘top surface

31.1.2.1 The spread<of-flame tests shall be conducted on PV modules or panels. Tgsts shall be
conducted uging\the apparatus as described in the Standard Test Methods for Fire Tests of Roof
Coverings, UL 790, and the tests modified as follows. Tests shall be conducted with the mogdule or panel
oriented such that the ignition flame is directed on the top surface of the module or panel. The module or
panel shall be mounted upon a noncombustible surface at standoff height of 5 inches (127 mm). If the
module or panel length is less than the maximum allowable flame spread of the intended fire class of the
test, then additional modules or panels shall be used to meet or exceed the flame spread length criteria.

31.1.2.2 At no time during the tests shall:

a) Any portion of the module or panel be blown off or fall off the test deck in the form of flaming or
glowing brands;

b) The flame spread on the module or panel surfaces beyond 6 ft (1.82 m) in 10 minutes, 8 ft
(2.4 m) in 10 minutes, or 13 ft (3.9 m) in 4 minutes depending upon the definition of the module or
panel “Type” the test is being performed to verify in accordance with 16.4.1. The flame spread is to
be measured from the leading edge of the test deck. Spread-of-flame includes flaming on both the
top and bottom surface of the module or panel: or
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c) There be significant lateral spread-of-flame on the module or panel. Significant lateral spread
shall be considered to have occurred when surface flaming beyond 1 foot (0.3 m) from the lead
edge extends laterally on the module or panel to the full 40-inch (1016 mm) width of the test deck
assembly. Lateral flame spread includes flame spread under or along the equipment under test.

With respect to (a), any piece of PV module or panel, that continues to glow or flame for 5 seconds or
more upon landing on the test room floor is a glowing or flaming brand, respectively. A module or panel is
not required to be usable after any of the tests of this Section.

31.1.3 Burning brand on top surface

31.1.3.1 T

ts shall ho canducted as described in the Standard Test Methads for Fire

ests of Roof

Coverings, U
module or p3
C) as specifi
accordance

31.1.3.2 At

a) An
glowi

b) Th

c) Th
which

With respect]
more upon I3
not required

31.1.4 Rec|

31.1.41 Th

a) Of

eXxpos

b) Re]
the te

L 790, and the tests modified as follows. Tests shall be conducted on the top

ed in the definition of the "Type" of module or panel the test is being performg
vith 16.4.1.

no time during the tests shall:

g brands;
b brand burn a hole through any part of the moduleor panel;

pre be sustained flaming of the module or panél:“Sustained flaming is considere
continues uninterrupted for 5 seconds ormore.

to (a), any piece of PV module or panel, that continues to glow or flame for

0 be usable after any of the tests-of this Section.
prding

e fire performance.for'a module or panel shall be recorded as follows:

servations of the burning characteristics of the PV module or panel during
ure, and

sults of tests relative to the corresponding conditions of acceptance for the "Ty
sts-are being performed to verify in accordance with 16.4.1.

surface of the

nel with no roof covering below the module or panel using the specific type, of brand (A, B or

ed to verify in

y portion of the module or panel or be blown off or fall off the.test deck in the form of flaming or

d any flaming

5 seconds or

nding on the test room floor is a glewing or flaming brand, respectively. A module or panel is

hnd after test

be" of module

31.2 System Fire Class Rating of module or panel with mounting systems in combination with
roof coverings

31.2.1

31.2.11

General

For both the Spread-Of-Flame and Burning-Brand Tests, the test severity (Class A, B, or C)

shall be commensurate with the intended designated System Fire Class Rating for building code
compliance purposes as outlined in Table 31.2.
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Table 31.2

Required tests for System Fire Class Rating of PV module or panel with mounting system in

combination with roof coverings

Tests Over Representative Roof Coverings

Test Class A Class B

Class C

Spread of Flame On Top Surface of Module or
Panel (Section 31.1.2)°

Flame Spread less than
6 ft. in 10 minutes

Flame spread less than
8 ft. in 10 minutes

Flame spread less than
13 ft. in 4 minutes

Spread of Flame at Roof and Module or Panel

Representative

Interface Over Representative Steep Sloped Roof Pass Pass Pass
[31.2.2.1(a)]°
Spread of Flame-at Roof and Madule or Panel
Interface Over Representative Low Sloped Roof Pass Pass Pass
[31.2.2.1(b)]°
Burning Brand gn Surface Over Representative
Steep Sloped Rbof [31.2.3.1(a)]® A Brand B Brand @ Brand
Burning B B M | P |

urning Brand Between Module or Panel and Pass Pass Pass

Steep Sloped Roof [31.2.3.1(b)]°

@ Requirement g
of a module or p

b Two consecuti
For the purpose]

an be met by either with a type tested module (16.4.1) or by performing the test\in Section 31.1.2 on
anel in the mounting system being qualified in 31.2. For non-type tested products, the product must

consecutive tesfs for each required test.

e tests for each test must be passed unless not required by the terms of 31.2.1.3, Section 31.2.2 or
of this standard, Steep and Low Sloped Roof are defined in 31,2y1v2.

the top surface
pass two

Section 31.2.3.

31.21.2 Af
coverings sh

for Class A,

re rated module or panel intended for stand-off or rack mounting in combina
bll be installed as shown in this Sectioni-and according the manufacturer’

, or C when the module or panel.issmarked as being fire rated as specified

instructions f}’r both the module and mounting system with respect to the fire performance

installations
fabricated on
consistency
module(s) or
mounted mod

Steep-Slope
than or equs
combination

a) Rog

which to mount the mounting<system. Any support system is to be develop
vith installation instructions~and field conditions. The mounting system with

ules or panels shall be.tested in combination with the following roof construction

H Systems — Spread of Flame: When designed for steep-sloped roofs for sl
| to 2 in/ft (1672 mm/m), a module or panel intended for stand-off or rack
vith a roof cevering shall be tested in combination with the following roof constru

fing substrate: 15/32 inch (12 mm) thick plywood;

b) Un<|ierlayment: ASTM D226 Type 1 Roofing Underlayment (also known as 15 Ib K

at are wider than the 40 inch (1016 mm) standard test deck, supports may

panel(s) shall be centered.on the test deck and extend to the edges of the te

ion with roof
5 installation
requirements
n 47.11. For
need to be
bd to ensure
installed PV
st deck. The

S:
ppes greater

mounting in
Ction:

Roofing Felt);

and

¢) Roof Covering: Listed Class A 3 tab asphalt shingle, ASTM D3462, "Standard Specifications for
Asphalt Shingles Made from Glass Felt and Surfaced with Mineral Granules." As an alternate roof
construction it is permitted to use any Classified rolled asphalt membrane mechanically secured

overa

noncombustible substrate.

The roof covering system must demonstrate a flame extension of at least 48 inches (1219 mm) and not

more than 72

inches (1829 mm) in the average of three baseline tests.

Low-Sloped Mounting Systems — Spread of Flame: When designed for low-sloped roofs for slopes less
than 2 in/ft (167 mm/m), a module or panel intended for stand-off or rack mounting in combination with a

roof covering

shall be tested in combination with the following roof construction:

a) Roofing substrate: 15/32 inch (12 mm) thick plywood;
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b) Insulation: 4 inch (102 mm) polyisocyanurate insulation; and

c) Roof Covering: Single-ply, mechanically attached, membrane with the system having
demonstrated a Class A fire rating. One roof covering system that has been found to comply is an
EPDM rubber membrane, minimum thickness of 0.060 inch (1.5 mm).

The roof covering system must demonstrate a flame extension of at least 48 inches (1219 mm) and not

more than 72

inches (1829 mm) in the average of three baseline tests.

Steep-Sloped Systems — Burning Brand: When designed for steep-sloped roofs for slopes greater than
or equal to 2 in/ft (167 mm/m), a module or panel intended for stand-off or rack mounting in combination
with a roof covering shall be tested in combination with the following roof construction:

a)Ro

b) Un
and

c) Ro

Asphalt Shingles Made from Glass Felt and Surfaced with MineralhGranules."

31.2.1.3 Fdg
ballasted sys
performed af
used for the
the test. Eac
three require

bfing substrate: 3/8 inch (9.5 mm) thick plywood;

derlayment: ASTM D226 Type 1 Roofing Underlayment (also known-as“15 Ib

bf Covering: Listed Class A 3 tab asphalt shingle, ASTM D3462, "Standard Spe

r low-sloped mounting systems with an asymmetrical edge configuration
tem), the spread of flame test for low-sloped mounting/systems described in 31/
(1) the south edge, (2) east edge, and (3) the horth edge of a typical perimet
mounting system. All required wind deflectors<and ballast shall be installed whg
N test shall be performed with new modules @r panels. See Figure 31.1 for clarif
d flame test locations for the asymmetricalmounting system.

Figure 31.1

Demonstration of the three test locations

outh Edge

Roofing Felt);

cifications for

(e.g. sloped
2.1.2 shall be
br array block
en performing
ication on the

East Edge
su1545

North Edge
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31.2.1.4 For both the Spread-Of-Flame and Burning-Brand Tests, the module or panel is to be installed
in accordance with the manufacturer’s instructions for both the module and the mounting system, except
where described in 31.2.3.1. The mounting hardware furnished with the module or panel, or the mounting
means recommended in the instructions, is to be used to mount the module or panel for the test.

31.2.1.5 For steep sloped roofs, the inclination of the module or panel with respect to the roof is to be the
minimum module or panel inclination specified in the installation instructions. The slope of the simulated
roof deck shall be 5 in/ft (416 mm/m).

31.2.1.6 For low sloped roofs, the inclination of the module or panel with respect to the roof is to be the
minimum moglule or panel inclination specified in the installation instructions. The slope of the simulated
roof deck shal be 0.5 in/ft (41.6 mm/m).

31.2.1.7 A rmodule or panel is not required to be usable after any of the tests of this’Section.

31.2.2 Spread-of-flame tests
31.221 Th

b spread-of-flame tests are to be conducted on PV medules or panels. Tegts are to be

conducted u
Coverings,UL|
described in
mounting sys

a) Sp
Roof.
that th
modul
space
a mini
the P
the te

5ing the apparatus as described in the Standard Test Methods for Fire T
790, and the tests modified as described in the following subsections. H
(a) and (b), the modules or panels shall be evaluated in combination with
ems as described in the accompanying manufacturer’s installation instructions.

ead of Flame at Roof and Module or Ranel Interface Over Representative S
With the module or panel installed on alsteep slope roof as an assembly and g
e fire growth from the roof coveringinaterials advances to the interstitial spa
e or panel and above the roof. Mounting equipment that prevents flame in t
is permitted to meet this requirement. The module or panel installation shall be

mounting system, as defined by the PV module or a deflector in the direct flan
st deck, whichever is-closer to the leading edge of the test deck. The mod

installation for steep sloped roofs shall be the measured baseline in accordance

minus
the log
where
The ra
roof c
testis

12 inches (303,.mm). Figure 31.2 illustrates how the baseline roof tests are use
ation of PV mounting system relative to the test flame. Figure 31.3 and Figure

psts of Roof
or the tests
the intended

teep Sloped
riented such
ce below the
he interstitial
nstalled with

mum of 36 inches (910 mm) between the edge of the flame test apparatus and the edge of

he path upon
ule or panel
vith 31.2.1.2
] to establish
81.4 illustrate

the test sample is to be located relative to the test flame, including applicatior
ting obtained for a 5-inch (127 mm) gap between the bottom of the module f1
bveringssurface can be used for any other gaps allowed by the mounting instr
not\required if the Installation Instructions require that the module or panel onl

for slo

of deflector.
ame and the
uctions. This
be installed

es’less than 2 inches/foot (167 mm/m)

b) Spread of Flame at Roof and Module or Panel Interface Over Representative Low Sloped Roof.
With the module or panel installed on a low slope roof as an assembly and oriented such that the
fire growth from the roof covering materials advances to the interstitial space below the module or
panel and above the roof. Mounting equipment that prevents flame in the interstitial space is
permitted to meet this requirement. For low sloped roofs, the module or panel installation shall be
installed with a minimum of 36 inches (910 mm) between the edge of the flame test apparatus and
the edge of the PV mounting system, as defined by the PV module or a deflector in the direct flame
path upon the test deck, whichever is closer to the leading edge of the test deck. The module or
panel installation for low sloped roofs shall be the measured baseline in accordance with 31.2.1.2
minus 12 inches (303 mm). For products with asymmetrical edge configurations, these dimensions
apply to each of the 3 tests described in 31.2.1.3. Figure 31.5 — Figure 31.12 illustrate where the
test sample is to be located relative to the test flame, including application of deflector. If no gap
height is specified in the manufacturer’s instructions, a 5-inch (127 mm) gap between the bottom of
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the module frame and the roof covering surface shall be used with the module or panel parallel to
the roof surface. The rating obtained for a 5-inch (127 mm) gap can be used for any other gaps
allowed by the mounting instructions. This test is not required if the Installation Instructions require
that the module or panel only be installed for slopes greater than 2 inches/foot (167 mm/m).

A deflector is defined as a continuous flame mitigation device which has a significant impact on the
flame path and/or air flow direction. Breaks are permitted if no change in the impact on the flame
path and/or air flow direction can be expected. The deflector cannot be used to adjust the offset
distance by more than 6 inches (152.4 mm). If the deflector is greater than 6 inches away from the
module edge, then the edge of the PV mounting system is considered to be 6 inches away from the
module frame. For the purposes of defining test configurations, the deflector shall be installed as
described by the installation manual on the leading edge only.

Note: 'Ilesting during the development of fire testing procedures suggest that 5 inches (127 mm) is a worstg

Method tq

Figure 31.2

determine location of PV module mounting system for steep-sloped and |
flame spread test

ase condition.

pw-sloped

TEST FLAME

P

L]

BASE CASE TEST #1 |

o 54 {

BASE CASE TEST #2 e I

) I

BASE CASE TEST #3 e |

I

I

BASE CASE TESTAVERAGE N
410

I

BASE CASE AVG - 12" |

<t 310~ |

I

1

su1526

LOCATION FOR LEADING
EDGE OF PV MODULE
MOUNTING SYSTEM
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Figure 31.3

Steep-sloped flame spread test deck-south edge

PV Module

Class A Composition
Shingle-Reefirg-Syst

e
VW
1?)”;%

FLA
APPARATUS

su1527

Figure 31.4

Steep-sloped flame spread test deck-south edge with deflector

PV Module

SOUTH WIND
DEFLECTOR

Class A Composition
Shingle Roofing System

FLAME TEST
APPARATUS

su1528
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Figure 31.5

Low-sloped flame spread test deck-south edge (asymmetrical cross section)

NORTH WIND

DEFLECTOR
Class A EPDM Roofing

System on 4”
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310" i
10.0° (12.4° FROM HORIZONTAL)
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< & TEST DECK 24
FLAME TEST 8.0’
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su1529

Figure 31.6

Placement pf PV mounting system relative to test flame for flame spread test deck-souyith edge (no
south deflector-asymmetrical-cross-section)

NORTH WIND
/ DEFLECTOR

TEST FLAME

BASE CASEAVG - 12"

I 310

PV Module

su1530
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Figure 31.7

Placement of PV mounting system relative to test flame for low-sloped flame spread test deck-
south edge (south deflector — asymmetrical cross-section)

NORTH WIND
/ DEFLECTOR

SOUTH WIND
DEFLECTOR |

TEST FLAME
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su1531
Figure 31.8
Low-sloped flame spread.test deck-north edge (asymmetrical cross-section))
Class A EPDM Roofing System NORTH WIND PV Module
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Figure 31.9

Placement of PV mounting system relative to test flame for flame spread test deck-north edge
(asymmetrical cross-section)
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Figure 31.10

| ow-sloped flame spread test deck-east edge (asymmetrical cross section)
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Figure 31.11

Placement of PV mounting system relative to test flame for flame spread test deck-east edge
(asymmetrical cross-section)

PV Module

EAST WIND
DEFLECTOR\

Center Line of Test Deck
and PV Mounting Assembly

>

TEST FLAME

su1535

3-10" I
BASE CASE AVG - 12"
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Figure 31.12

Placement of PV mounting system relative to test flame for flame spread test deck-east edge

(asymmetrical cross-section, angled deflector)

PV Module —\
EAST WIND '
DEFLECTOR
BASE CASEAVG - 12"
3-10"
Center Line of Test Deck
;> and PV Mounting Assembly
TEST FLAME
I I -‘
NORTH WIND DEFLECTOR
R | I
su1536
31.2.2.2 FQrthe Spread-of-Flame Tests, Section 31.2.2, at no time during the tests shall:
a) Any portion of the module er panel be blown off or fall off the test deck in the form] of flaming or
glowing brands;
b) Poftions of the roof deck fall away in the form of glowing particles;
c) The flame spread-on the roof surface, or module or panel surfaces beyond 6 ft{ (1.8 m). The
flame| spread is te'be measured from the leading edge of the test deck. Spread-of-flame includes

flamin

d) Th

g on both'the top and bottom surface of the module or panel; or

ere\be significant lateral spread-of-flame on the module or panel. Significant

ateral spread

shall

. . P
be—considered—toaveoccurred—when—surface—ftaming—extends—tateratty on

he mounting

system or the module or panel to the full 40-inch (1016 mm) width of the test deck assembly.
Lateral flame spread includes flame spread under or along the equipment under test, but not the

roof s

urface.

With respect to (a), any piece of PV module or panel, that continues to glow or flame for 5 seconds or
more upon landing on the test room floor is a glowing or flaming brand, respectively. A module or panel is
not required to be usable after any of the tests of this Section.

31.2.3 Burning-brand tests for steep sloped mounting systems

31.2.3.1 Burning brand tests are to be conducted on PV modules or panels designed for steep sloped
applications. The modules or panels shall be evaluated in combination with the intended mounting
systems as described in the accompanying manufacturer’s installation instructions. Tests are to be
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conducted as described in the Standard Test Methods for Fire Tests of Roof Coverings, UL 790. The tests
shall be modified as described in this Section, using the steep sloped roof covering as described in
31.2.1.2, and the Class A burning brand plywood test deck as described in UL 790, Figure 4.5. The
module or panel is to be mounted with the longer dimension coinciding with the width of the test deck and
with the horizontal and vertical joints on the test deck intersecting the center of the module or panel in both
dimensions. For modules or panels with a short dimension in excess of 52 inches (1321 mm), the module
or panel leading edge shall match the leading edge of the test deck. For modules or panels, which are only
to be installed according to manufacturer’s installation instruction with the shorter dimension coinciding
with the width of the test deck, the module or panel shall be tested with the shorter dimension coinciding
with the width of the test deck and the module or panel leading edge shall match the leading edge of the
test deck. The test shall be applied as follows:

5 A,B,orC
s) positioned on the top of the module or panel that has a gap of 5 mches (127 mm) above
rface of the test deck. If the installation instructions do not allow a gap of-5.inchgs (127 mm),
he module shall be installed above the surface of the test deck aceording the installation
tions. The brand is to be positioned with its upper edge 25.5 inches (648 mim) from the
j edge of the test deck and centered laterally with respect to the vertical joint in the test deck.
rand is to be placed so that the strips in both the upper and.lewer layers are parallel to the
bn of air flow. The brand is to be secured to the module using-a No. 18 B&S gage (0.82 mm?)
n wire secured to the deck.

a) Bu
brand
the su
then t
instrug
leadin
The b
directi
soft-ir

Exception: For systems using a Type 2 module and installed with a gap of 5 inches (
burning brand test for part (a) shall be waived.

{27 mm), the

b) Bufning Brand Between Module or Panel and Steep Sloped Roof. With a Class B brand
positigned in the 5 inch (127 mm) interstitial space below the module or panel and on the surface of
the ropf. If the installation instructions do not.allow a gap of 5 inches (127 mm), then the module
shall be installed above the surface of thé’test deck according the installation instfuctions. The
brand|is to be positioned with its upper edge 24 inches (610 mm) from the leading edge of the test
deck and centered laterally with respect to the vertical joint in the test deck. The bfand is to be
placed so that the strips in both the Upper and lower layers are parallel to the directign of air flow.
The bfand is to be secured to the deck by a No. 18 B&S gage (0.82 mm?) soft-iron wir.

Exception No
be waived. A
means includ
diameter hen
mounting sys

Exception Ng.

1: For mounting.SysStems with a guarded perimeter, the burning brand test for
guarded perimeter.is defined as a perimeter that is protected with wire screen of
ing sheet metal. A guarded perimeter with openings shall not allow a 1/4
ispherical-tipped probe applied with a force of 1 Ib (4.4 N) to pass through any

2x\\For systems installed with a fixed height of 2-1/2 inches (64 mm) or less

fems witha guarded perimeter, the burning brand test for part (b) shall be waived.

part (b) shall
other similar
-in (6.4-mm)
opening. For

between the

system and t

=) L A cibhaol fn fh Il 4l N ool £
LA~ IUOL UCTUN do UUOUIIUUU mriure ”lOl.allaLlUlI ”IOI.I ul/LIUlIO, ure Uull”lly Ul arru it

shall be waived.

31.2.3.2 At no time during the tests shall:

t for part (b)

a) Any portion of the module or panel or be blown off or fall off the test deck in the form of flaming or
glowing brands; or

b) There be sustained flaming of the underside of the plywood deck. Sustained flaming is
considered any flaming which continues uninterrupted for 5 seconds or more.

With respect to (a), any piece of roof covering, or PV module or panel, that continues to glow or flame for 5
seconds or more upon landing on the test room floor is a glowing or flaming brand, respectively. A module
or panel is not required to be usable after any of the tests of this Section.
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31.2.4 Recording

31.2.4.1 The fire performance for modules or panels with mounting systems in combination with roof
coverings shall be recorded as follows:

a) Observations of the burning characteristics of the PV module or panel with mounting system
during and after test exposure;

b) Results of tests in Table 31.2 relative to the corresponding conditions of acceptance in 31.2.2.2
and 31.2.3.2; and

c¢) The class of PV module or panel mounting system achieved based on test results (Class A, B, or
C).

32 Genera
32.1 deleted
32.2 deleted
32.3 deleted
32.4 deleted
33 Water Spray Test

33.1 A module or panel shall be subjected to a water spray test as described in 33.2 — 33.8. The test
shall not result in water on uninsulated live parts orthe collection of water in a compartment gontaining live
parts. Immediately following the test, the module or panel shall comply with:

a) Diglectric Voltage-Withstand Test; Section 26; and

b) Leakage Current Test, Section 21.

Both the Dielectric Voltage-Withstand Test and the Leakage Current Test are to be conductgd without any
drying of the [samples.

33.2 A module or panel is to be mounted and oriented in a manner representative of its infended use in
the focal area of the apparatus described in 33.5. If the mounting or orientation of the module or panel
under the wdterspray may affect the results, the test is to be conducted with the module or panel in those
mountings ahd-orientations—deemednecessarytorepresentanyapplication—of-theproduet, considering

also that the mounting may be on a tracking frame which alters the module orientation.

33.3 If a module or panel is intended to be mounted as an integral part of the roof with an adjacent
module or panel in an array using factory-designed joining sections, the test is to be conducted using the
joining hardware in accordance with the installation instructions.

33.4 Field wiring connections are to be made in accordance with the wiring method specified in the
installation instructions. When more than one wiring method is specified, the method least likely to restrict
the entrance of water into the field wiring compartment is to be used.

33.5 The rain test apparatus is to consist of three spray heads mounted in a water supply rack as
illustrated in Figure 33.1. Spray heads are to be constructed in accordance with Figure 33.2. The water
pressure for all tests is to be maintained at 5 psig (34.5 kPa) at each head. The distance between the
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center nozzle and the product is to be approximately 3 ft (0.9 m). The product is to be brought into the
focal area of the three spray heads in such position and under such conditions so as to present the
greatest quantity of water to entrances to the product. The spray is to be directed toward the module or
panel at an angle of 45 degrees to the vertical.

Figure 33.1
Rain-test spray-head piping

PLAN VIEW
- : + : -
Y 1) { )
A /P A
AN ,T— SEE DETAIL OF SPRAY HEADS b
/AR TN 7N VAR IR
71\ N / | \ ,/ Y
7 \ AN ,/ H \\ , ,I \‘
FE / ! \ /! \
SEE DETAIL °A’ WATER PRESSURE GAGE
/_ FOR EACH SPRAY HEAD PlEZOMETER ASSEMBL\
DETAIL A’

[ il ]
N
N o ONx ! D ! E"‘
CONTROL VALVE FOR \\
EACH SPRAY HEAD :\
SIDE VIEW :
FOCAL POINT _..\
RT101C
Item in mm
A 28 710
B 55 1400
C 2-1/4 55
D 9 230
E 3 75
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Figure 33.2
Rain-test spray head

ASSEMBLY®

" < 172 TAPERED PIPE
38-1/2° \_/mm“mm THREAD-ANSI B2.l
- ]

D

E
MAX) |
H (DRILL THRU)

]

INSERT
— N (MAX.)
3 HOLES- TCDRILL THRO),
45°C'SINK-SCDEEP) SPACE 120
N\
' /L RCDRILL TO DEPTH
N | “CREOUIRED FOR THROAT)

—— V(HEX. OR ROUND
L BAR STOCK)

3-SQUARE SECGTION SLOTS-W WIDE x G DEEP - SPACE 120° —
60°HELIX-LEADING EDGES TANGENT TO RADIAL HOLES

SA0820B

Item in mm Item in mm
1-7/32 31.0 N 1/32 0.80
B 7/16 11.0 P 575 14.61
C 9/16 14.0 576 14.63
D 578 14.68 Q 453 11.51
580 14.73 454 11.53
E 1/64 0.40 R 1/4 6.35
F c c S 1/32 0.80
G .06 1.52 T (No. 35)° 2.79
H (No. 9)° 5.0 U (No. 40)° 2.49
J 23/32 18.3 v 5/8 16.0
K 5/32 3.97 w 0.06 1.52

1/4 6.35

M 3/32 2.38

@ Molded nylon Rain-Test Spray Heads are available from Underwriters Laboratories, Inc.

® ANSI B94.11 Drill Size.

¢ Optional M To serve as wrench grip.
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33.6 Deleted

33.7 The exposure time is to be 1 h.

33.8 After exposure, the module or panel is to be examined for evidence of water penetration to and
above uninsulated live parts and for evidence of the collection of water in any compartment containing live
parts. If drain holes are provided, consideration is to be given to their preventing the water level from

reaching uninsulated live parts.

34 Accelerated Aging Test

34.1 Materiats gaskets;—seals;—ar e—tike rer—thar ; s—material; and similar
products) shgll have the physical properties as specified in Table 34.1, and shall comply,with] the physical
property reqyirements of Table 34.2. The material shall not deform, melt, or harden t0,'a degree which
would affect ifs sealing properties.

Table 34.1
Physical property requirements

Mirlimum tensile strength? Minimum ultimate elongation® Compressive set®, maximum set
Silicone rubber|- 500 psi (3.45 MPa) 100 percent 15 percgnt
Flexible cellula materials (that is such as foam 100 percent d
rubber) — 65 ps| (0.448 MPa)
Thermoplastic Elastomer (TPE) — 500 psi (3.45 290%percent 55 percgnt
MPa)
Other Elastomdrs — 1500 psi (10.3 MPa)° 300 percent® 15 percgnt
Nonelastomers|(excluding cork, fiber and similar 200 percent 15 percgnt
materials)— 1500 psi (10.3 MPa)?

@ Tensile strength and ultimate elongation are to be.determined using Die C specimens described in the Standard Tgst Methods for
Rubber Properfjes in Tension, ASTM D 412-98 orType | specimens described in the Standard Test Method for Tensjle Properties

of Plastics, ASTM D 638-01.
b As an alternatk, an ultimate elongation of 200 percent is acceptable providing that the tensile strength is at least 2200 psi (15.1
MPa).

¢ Compressive et is to be determined-in accordance with Section 7.4 of the Standard for Gaskets and Seals, UL 15[7.

4 Compressive pet is not applicable to flexible cellular materials.

Table 34.2
Physical requirements after conditioning
Temperature on material Minimum percent of the result .
in temperature test with unaged specimens Maximum change
(Duro) from
Tensile Ultimate unconditioned
°Cc (°F) Conditioning Procedure strength elongation value®?
60 orless (140 orless) | Air oven aging for 70 h at 100 +2°C (212 60 60 5
+3.6°F)
61-75 (142 - 167) | Air oven aging for 168 h at 100 +2°C (212 50 50 5
+3.6°F)
76 -90 (169 — 194) | Aged in full-draft, air-circulating oven for 50 50 10
168 h at 121 +2°C (250 +2°F)

Table 34.2 Continued on Next Page
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Table 34.2 Continued

Minimum percent of the result
with unaged specimens

Temperature on material
in temperature test

Maximum change
(Duro) from

Tensile Ultimate unconditioned
°C (°F) Conditioning Procedure strength elongation value®®
91-105 (196 — 221) | Aged in full-draft, air-circulating oven for 50 50 10
168 h at 136 +2°C (277 +2°F)
Above 105 (Above 221) | 20 £1°C (36 +2°F) greater than use 50 50 10
temperature in circulating convection
oven, 168 h exposure
@ Determined in accordance with the Standard Method for Rubber Property-Durometer Hardness, ASTM D2240-02.
® Not applicablg to flexible cellular materials (that is, a material such as foam rubber).
35 Temperature Cycling Test
35.1 A module or panel shall be subjected to 200 cycles of temperature change as described in 35.2 —
35.4; and:

a) The test shall not result in:
1) Loss of circuit continuity;

2) Accessibility of parts that involves a risk of electric shock, such as by de
separation of materials;

3) A reduction in the resistance between parts involving a risk of electric §
accessible part such that the module’ or panel is not in compliance with Leg
Test, Section 21;

4) Reduction in the thickness of the wall of a nonmetallic wiring compa
required values;

5) Reduction in thewvolume of a nonmetallic wiring compartment below require

6) A gap greater’than 1/16 in (1.6 mm) or an increase of 1/16 in or more
opening between nonmetallic wiring compartment walls and the cover;

lamination or

hock and an
kage Current

rtment below

i values; or

n an existing

b) After a minimum recovery time of 1 hour after the completion of the last tempeijature change

cycle] the module or panel shall comply with:

1Y Dielectric Voltage-Withstand Test, Section 26, at room temperature and

then at 50°C

(122°F); and

2) Immediately following the 50°C (122°F) Dielectric Voltage-Withstand Test,
Current Test, Section 21;

3) Following the Leakage Current Test, the Wet Insulation-Resistance Test, Se

the Leakage

ction 27,

4) A module or panel with a wiring compartment as described in 13.1.6 shall comply with
Wiring Compartment Securement Test, Section 42, following the Wet Insulation-Resistance
Test; and

5) A module or panel with a wiring compartment as described in 13.1.6 shall comply with
Wet Insulation-Resistance Test, Section 27, following the Wiring Compartment Securement
Test.
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35.2 Three samples of a module or panel are to be placed in an air circulating chamber, the temperature
and humidity of which can be varied and controlled. The humidity is to be regulated only as required to
prevent the accumulation of humidity on the samples. Leads are to be connected to the terminals and the
frame of the samples to provide for continuous individual detection of loss of circuit continuity and loss of
resistance between the electrical circuit and accessible metal.

35.3 The samples are to be mounted or supported in the chamber, so as to provide for free circulation of
the surrounding air. The thermal conduction of the mount or support means is to be low, so that the
samples are thermally isolated.

35.4 Each testis to consist of:

a) A trpnsition in test chamber temperature from 25°C to minus 40°C (77°F to minusi40°F);

b) A dwell at minus 40°C for 30 min or until the module or panel attains a temperatufe within 2°C
(4°F) ¢f the chamber temperature, whichever is longer, but in no case longerthan 1 h, 45 min;

c¢) A transition in test chamber temperature from minus 40°C to 90°C (194°F);

d) A dwell at 90°C for 30 min or until the module or panel attains“a temperature within 2°C of the
chamber temperature, whichever is longer, but in no case longerthan 1 h, 45 min; and

e) A trpinsition in test chamber temperature from 90°C to 25°C. The total cycle time is not to exceed
6 h. Iffthe 25°C temperature is the start or end of the 200<cycles, any nominal room tgmperature in
the rapge of 15°C — 35°C (59°F — 95°F) may be used:\For all transitions, the instantapeous rate of
temperature change of the test chamber with respect to time is not to be greater than 120°C/h
(216°K/h). See Figure 35.1.

Figure 35.1

Thermal cycle test

g Maximum/ Cycle Time »‘
[
I Test Chpmber
90 — < | — ——— Module Response
N (Represgntative
) \| Temperdture Lag)
< I\
2 N
= |
g 25 I \ Continued for
e \ 200 Cycles
& 120°C/h | \
= Maximum | \
\\ I \
/
N | \\ //
-40— I< | |
Dwell Time 1.75h. max. |
- 0.5h. min. |
| | | | | |
1 2 3 4 1) 6

$2920 Time(Hours)
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36 Humidity Test

36.1
and:

a) The test shall not result in:

b) Aft
cycle

1) Loss of circuit continuity;

A module or panel shall be subjected to 10 cycles of humidity-freezing as described in 36.2 — 36.6;

2) Accessibility of parts that involves a risk of electric shock, such as by delamination or

separation of materials;

3) A reduction in the resistance between a part involving a risk of electric
accessible part such that the module or panel is not in compliance with the Le4d
Test, Section 21;

4) Corrosion of metal parts;

5) Reduction in the thickness of the wall of a nonmetallic’ wiring compa
required values;

6) Reduction in volume of a nonmetallic wiring compaftment below required va

7) A gap greater than 1/16 in (1.6 mm) or an.increase of 1/16 in or more
opening between nonmetallic wiring compartment walls and the cover.

shock and an

kage Current

rtment below

lues; or

n an existing

br a recovery time of between 2 and 4 hours after the completion of the last hunpidity-freezing

the module or panel shall comply with:
1) Dielectric Voltage-Withstand Test, Section 26; and

2) Leakage Current Test, Section 21, immediately following the Dielectric Voltg
Test; and

3) Following the Leakage Current Test, the Wet Insulation-Resistance Test, Se

4) A module ©r,panel with a wiring compartment as described in 13.1.6 sha
Wiring Compartment Securement Test, Section 42, following the Wet Insulatig
Test; and

5) A-module or panel with a wiring compartment as described in 13.1.6 sha
Wet'Insulation-Resistance Test, Section 27, following the Wiring Compartmen

ge-Withstand

ction 27; and
I comply with
n-Resistance

| comply with
t Securement

T 4
ot

36.2 Three samples of a module or panel are to be placed in a chamber, the humidity and temperature of
which can be varied and controlled. Leads are to be connected to the terminals and the frame if necessary,
of the samples, to allow for continuous individual detection of loss of circuit continuity and loss of
resistance between the electrical circuit and accessible metal.

36.3 The samples are to be mounted or supported in the chamber, so as to provide for free circulation of
the surrounding air. The thermal conduction of the mount or support means is to be low, so that the
samples are thermally isolated.

36.4 The test apparatus and arrangement of samples is to be such that dripping of condensate on a
sample is prevented. Terminations are to be afforded the least degree of protection against condensation
of water as they would be in any intended installation of the product.
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36.5 Each cycle is to consist of:

a) A transition in the test chamber temperature from 25°C +2°C to 85°C +2°C (77°F to 185°F);

b) A dwell at 85°C +2°C for 20 h minimum;

c¢) A transition from 85°C +2°C to minus 40°C +2°C (minus 40°F);

d) A dwell at minus 40°C +2°C for 30 minutes minimum; and

e) A transition from minus 40°C to 25°C. When the temperature is 5°C (41°F) or above, the
temperature transitions of the test chamber with respect to time are not to be greater than 120°C/h
(216°F/h). When the temperature is less than 5°C, the temperature transitions of the test chamber

with r¢
and th
of the
used.

spect to time are not to be greater than 200°C/h (360°F/h). The total time for.the transitions
e minus 40°C dwell together is not to exceed 4 h. If the 25°C temperature.is| the
10 cycles, any nominal room temperature in the range 15°C — 30°C (59°F — 8
The total cycle time is not to exceed 24 h. See Figure 36.1. All tempefratures ar
1+2°C measured on the surface of the module.

Figure 36.1

Humidity-freezing cycle test

Continue for total of 10 cycles ‘

85+5%RH

b start or end
6°F) may be
b to be within

- 7|‘ No RH J
| control ‘
85
v \
/ 100°C/h Maximum
(]
3
§ 25
— £
g oM
2 \
p=}
g Start'of End
= cydle of cycle
-40 200°C/h Maximum
|<— 0.5h Minimum
- 20h Minimum »{«— 4h Maximum —]

su1217a

Time (Hours)

36.6 The humidity of the chamber air when the chamber air temperature is 85°C (185°F) is to be 85 £ 5
percent relative humidity. During all temperature transitions the chamber air is to be isolated from the
outside air (no make-up air) to allow condensing water vapor to freeze in the module or panel.
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37 Corrosive Atmosphere Test

37.1 Salt spray test

37.1.1
used in the module shall be subjected to the salt spray test as described in 37.1.3 — 37.1.11.

One complete sample of the module or specimen samples of materials representative of that

Exception: A module constructed of materials such as plastic, stainless steel, or aluminum that are

inherently resistant to atmospheric corrosion need not be tested.

37.1.2 With reference to 37 1.1, after the test, the corrosion products formed on the test sample shall not

be more thanp
scribed line g

reais Judged by the spread of corrosion from the scnbed I|ne

37.1.3 The
by 30 in by 3

apparatus for salt spray testing is to consist of a chamber with inside/measuren
6 in (1.22 m by 0.76 m by 0.91 m) or larger if required; a salt solution’reservo
conditioned fompressed air; one dispersion tower constructed in accordance with ASTN
B117-97, for producing a salt spray; specimen supports; provision for heating the chamber; a
means of control.

3714 The
is to be sup
solution is a

dispersion tower for producing the salt spray is to be lec¢ated in the center of the
plied with humidified air at a gauge pressure of 17)to’19 Ib/in? (117 to 131 kP
pirated as a fine mist or fog into the interior of the.chamber.

37.1.5 Thelsalt solution is to consist of 5 percent by weight of common salt (sodium chlori
water. The gH value of the collected solution is to_be-between 6.5 and 7.2 and have a s
between 1.0
range of 92°f to 97°F (33°C to 36°C) throughoutithe test.

37.1.6 Theltest sample is to be supported:on plastic racks at an angle of 15 degrees from th

37.1.7 Drops of solution which aceumulate on the ceiling or cover of the chamber are to be
dropping on the specimen. Drops\of solution which fall from the specimens are not to be re
are to be removed by a drainlocated in the bottom of the apparatus.

37.1.8 Refgrence specimens, 4 in by 12 in (102 mm by 305 mm) of commercial zinc coate
are to be uped forrcomparison. The selected specimens are to be representative of
acceptable amount-of zinc coating under requirements for G90 or G60 coating designation (
see AcceSS||I|ty of Unmsulated Parts Section 15) as determlned in accordance with the

arrosion in the

nents of 48 in
r; a supply of
I designation
nd necessary

chamber and
h) so that the

je) in distilled
pecific gravity

6 and 1.040 at 95°F (35°C). The temperature of the chamber is to be maintained within the

e vertical.

diverted from
irculated, but

bd sheet steel
the minimum
s applicable,
$Ptandard Test

Method for We S
Such zinc coatmgs are conS|dered as prowdmg acceptable protectlon agalnst corrosion.

N\90-81(1991)

37.1.9 The zinc coated reference specimens are to be cleaned with soap and water, rinsed with ethyl
alcohol and ethyl ether, dried, and the cut edges protected with paint, wax, or other effective medium
before being placed in the salt spray chamber.

37.1.10 Both the reference specimen and the samples under test are to be scribed with a single groove
approximately 6 in (152 mm) long, to expose the underlying steel.

37.1.11 The test is to continue until the coating on the test samples or reference samples are broken
down and corrosion products are formed on the underlying steel.
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37.2 Moist carbon dioxide/sulphur dioxide

37.2.1 One complete sample of the module or specimen samples of materials representative of that
used in the module shall be subjected to the Moist Carbon Dioxide/Sulphur Dioxide Test as described in
37.2.3-37.2.9.

Exception: A module constructed of materials such as plastic, stainless steel or aluminum that are
inherently resistant to atmospheric corrosion need not be tested.

37.2.2 The corrosion products formed on the test sample shall be no more than that formed on the
reference sample as determined by visual observation. Corrosion in the scribed line area is to be judged

of corrasion from the scrihed lines

by the sprea

3723 Ach
having a wat
+3°F (35 £2°(

37.2.4 Sulp
cylinders con
the volume @
chamber ead
previous day

br jacket and a thermostatically controlled heater in order to maintajin atemp
L) is to be used.

nur dioxide and carbon dioxide are to be supplied to the test. chamber from
aining these gases under pressure. An amount of sulphur.dioxide equivalent tg
f the test chamber and an equal volume of carbon dioxide are to be intrody
h day. Prior to introducing the new charge of gas each day, the remaining

s to be purged from the chamber. A small amount.of\water is to be maintained

of the chambegr for humidity.

37.25 The

37.2.6 Refe
are to be us

samples are to be supported on plastic racks<at an angle of 15 degrees from the

fence specimens, 4 in by 12 in (102 pim by 305 mm) of commercial zinc coate

acceptable afnount of zinc coating under requirements for G90 or G60 coating designation (2

see Corrosio
Weight of Cd
coatings are ¢

37.2.7 The
ethyl ether, d
placed in the

37.2.8 Both
single groove

 Resistance, Section 15) as!determined in accordance with the Standard Teg
ating on Zinc-Coated (Galvanized) Iron or Steel Articles, ASTM A90-81(1991
onsidered as providing acceptable corrosion protection.

vinc coated specimens are to be cleaned with soap and water, rinsed with ethy
ried, and the cut edges protected with paint, wax, or other effective media
Chamber.

the reference specimen and sections of the module being tested are to be s
approximately 6 in (152 mm) long, to expose the underlying steel.

bmber measuring 48 in by 30 in by 36 in (1.22 m by 0.76 m by 0.91 m) orlafger if required,

erature of 95

commercial
1 percent of
ced into the
jas from the
At the bottom

vertical.

d sheet steel

ed for comparison. The selected\specimens are to be representative of the minimum

s applicable,
t Method for
). Such zinc

| alcohol and
pbefore being

cribed with a

37.2.9 The testis to continue until the coating on the module or reference specimen is broken down and
corrosion products are formed on the underlying steel.

38 Metallic

38.1

Coating Thickness Test

is described in 38.2 — 38.9.

The method for determining the thickness of a zinc or cadmium coating mentioned in 14.1 and 14.2

38.2 The solution to be used for the metallic coating thickness test is to be made from distilled water and
is to contain 200 g/L of reagent (or better) grade chromium trioxide (CrO5) and 50 g/l of reagent (or better)
grade concentrated sulfuric acid (H,SO,). The latter is equivalent to 27 ml/l of reagent grade concentrated
sulphuric acid, specific gravity 1.84, containing 96 percent of H,SO ,.
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38.3 The test solution is to be contained in a glass vessel such as a separatory funnel with the outlet
equipped with a stopcock and a capillary tube of approximately 0.025 in (0.64 mm) inside bore and 5.5 in
(150 mm) long. The lower end of the capillary tube is to be tapered to form a tip, the drops from which are
about 0.05 milliliter each. To preserve an effectively constant level, a small glass tube is to be inserted in
the top of the funnel through a rubber stopper and its position is to be adjusted so that when the stopcock
is open, the rate of dropping is 100 +5 drops/min. If desired, an additional stopcock may be used in place
of the glass tube to control the rate of dropping.

38.4 The sample and the test solution are to be kept in the test room long enough to acquire the
temperature of the room, which should be noted and recorded. The test is to be conducted at a room

temperature of 70.0°F — 90.0°F (21.2°C — 32.0°C).

38.5 The {1
nonmetallic g
is then to be

38.6 The sample to be tested is to be supported from 0.7 in to 1 in (17 mm {025 mm) bel

The surface
drops of soly

38.7 The sf
dissolves thq
the base met

38.8 The s
stenciled, an
surface, at p
precoated sh
thin coatings

38.9 To cal
appropriate
required to e

oatings, including skin oils, are to be removed completely by means of solventg
thoroughly rinsed in water and dried with clean cheesecloth.

to be tested shall be inclined at approximately 45 degrees from the horizont
tion strike the point to be tested and run off quickly.

opcock is to be opened and the time in seconds is to be measured until the dro
protective metal coating, exposing the base metal,"\The end point is the first g
al recognizable by the change in color at that point.

ample of a test lot is to be subjected to_the test at three or more points, ¢
d threaded surfaces, on the inside surface and at an equal number of points g
aces where the metal coating may be expected to be the thinnest. (On enclosur
eets, the external corners that are\subjected to the greatest deformation are

)

culate the thickness of thecaating being tested, select from Table 38.1 the th
or the temperature at which the test was conducted and multiply by the tim
Kpose base metal astoted in 38.7.

ample is to be thoroughly cleaned before testing. All grease, lacquer, pJaint, or other

. The sample

bw the orifice.
al so that the

bping solution
ppearance of

xcluding cut,
n the outside
bs made from
likely to have

ckness factor
e in seconds

Table 38.1
Metallic coating thickness factors

Temperature Thickness factors, 0.00001 in/s (0.00025 mm/s)
°F (©) Cadmium platings Zinc platinqs
70 (21.1) 1.331 0.980
71 (21.7) 1.340 0.990
72 (22.2) 1.352 1.000
73 (22.8) 1.362 1.010
74 (23.3) 1.372 1.015
75 (23.9) 1.383 1.025
76 (24.4) 1.395 1.033
77 (25.0) 1.405 1.042
78 (25.6) 1.416 1.050
79 (26.1) 1.427 1.060

Table 38.1 Continued on Next Paae
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Table 38.1 Continued

Temperature Thickness factors, 0.00001 in/s (0.00025 mm/s)
°F (C) Cadmium platings Zinc platings
80 (26.7) 1.438 1.070
81 (27.2) 1.450 1.080
82 (27.8) 1.460 1.085
83 (28.3) 1.470 1.095
84 (28.9) 1.480 1.100
85 (29.4) 1.490 1.110
86 (30.0) 1.501 1.120
87 (30.6) 1.513 1430
88 (31.1) 1.524 1441
89 (31.7) 1.534 1.150
90 (32.2) 1.546 1.160

39 Hot-Spat Endurance Test

39.1

39.1.1 Each
voltage hot-s

General

representative cell of a crystalline module orpanel shall be subjected to simu
pbot heating conditions for 100 h, intermittently, as described in 39.1.2 — 39.{

ated reverse
D.8. Thin-film

modules or panels shall be subjected to the Hot-spot Endurance Test following light soaking im accordance

with Section
Modules — D

18A, as defined in Clause 10.9 of theiStandard for Thin-Film Terrestrial Phot
bsign qualification and type approval,”IEC 61646. Alternatively, thin-film modu

shall be subjected to the Hot-spot EnduranceJest as defined in Clause 10.9 of IEC 61646

soaking, if the
a) The
b) Mel

c) Any

39.1.2 The
operating at
group of cells

effects of performance degradation are considered. The test shall not result in:
accessibility of parts involying a risk of electric shock;
ting of solder; or

other indication.of a risk of fire or electric shock.

reverse~voltage hot-spot heating condition specified in 39.1.1 occurs when
urrentilevels that exceed the reduced short-circuit current capability of an ind
imanrarray circuit. This reduced short-circuit current capability can be the resu

of causes ind

bvoltaic (PV)
es or panels
without light

a module is
vidual cell or
t of a variety

luding nonuniform illumination of the madule (local shadowing) individual cel

degradation

due to cracking, or loss of a portion of a series-parallel circuit due to individual interconnect open circuits.
A module can operate at current levels exceeding its reduced short-circuit current capability during
uncontrolled or deliberate fault conditions such as a short circuit deliberately placed on the module for
servicing or to otherwise disable the array. During a reverse voltage hot-spot heating condition, power is
dissipated in the overcurrented cell or cells at a level equal to the product of the current and the reverse
voltage that develops across the cell or cells. This can heat the cell or cells to elevated temperatures.

39.1.3 The procedure for conducting this test is as follows:

a) Selection and connection of power sources and instruments to appropriate cells for testing,

b) Determination of the hot-spot test levels, and

c) Conduction of the hot-spot endurance test.
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39.2 Cell selection and instrumentation

39.2.1 The degree of hot-spot heating within an affected cell is dependent upon, in part, the reverse-
voltage current-voltage (I-V) characteristics of the affected cell. The reverse-voltage |-V characteristics
may vary considerably from cell-to-cell within a given module. Accordingly, the range of the dark reverse-
voltage |-V curves for a representative sample of cells (at least ten) within the test module are to be
determined in accordance with 39.2.2 — 39.5.5. This can be done by directly accessing individual cells
(intrusive method), or by shadowing technique (nonintrusive method) if the module is a simple series string
of cells. The intrusive-nonintrusive option relates to cell selection only. All cells subjected to hot-spot
endurance shall be individually accessed.

39.2.2 The dark, reverse-voltage current-to-voltage (I-V) curves for not less than ten cells within the
module, modules, or panel, are to be determined using one of the following equations for reverse voltages
from O (zero) to the maximum voltage limit (V ) or currents from 0 (zero) to the maximum,cufrent limit (1),
whichever limit is reached first:

||_ = Isc, or
V=N %V,
In which:

lsc is the short-circuit current of an average cell at 100 mW/em?, NOCT.
N is the number of series cells per bypass diode:
a) As an integral part of the module or panel, or

b) As is described for use with thenodule or panel in a marking affixed to the module or
panel whichever is less. See 47.9.

Vmp i the average maximum power:voltage of an average cell at 100 mW/cm?, NOCT
When no bypass diode information is provided, N shall be equal to the number of series cells
39.3 Intrusiive method
39.3.1  With reference)to 39.2.2, for the determination of cell I-V characteristics by the intrfisive method,

each cell tedted is_to be provided with individual positive and negative electrical leads to jallow it to be
accessed independently of other cells.

39.3.2 The Teverse voitage -V Turves of the tested celisare to be ptotted—See 39-3-3. The cells are to be
identified as Type A (voltage limited) or Type B (current limited). A graph similar to Figure 39.1 should be
obtained.
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Figure 39.1

Typical reverse-voltage I-V plot for sample cells

. TYPE B Ry CURRENT
I
INCREASING
SHUNT
~RESISTANCE
TYPE A <
VOLTAGE
Vi
$2929

39.3.3 Withreference to 39.3.2, the I-V plot'will require a power supply to be connected to the cell under
test, with the|polarity arranged to drive.the cell with reverse voltage. The cells are not to be illuminated
during this determination.

39.4 Noninfrusive method

39.4.1 The ponintrusive method may be used to determine cell |-V characteristics only if the module
consists of g single séries string of cells without bypass diodes. This method consists|of uniformly
illuminating a|l but one)of the cells, while passing a known current (less than the illuminated short-circuit
current) throfigh,the*module. This results in reverse biasing the shadowed cell, while the remaining
illuminated cgqlls are in their normal forward-biased condition.

39.5 Theory and method of cell selection

39.5.1 For example, at the particular known current level, A in Figure 39.2, the output voltage at the
module terminals (V,) under the condition of one cell shadowed will be the normal output voltage of the
module with all cells illuminated (V,,), less the voltage of one cell (V.), less the reverse voltage of the
shadowed cell (V,), that is:

Vo=l -V -1

The module's normal output voltage and voltage of one cell, both at a particular current level are fixed. The
reverse voltage of a cell at a particular current level is variable, cell-to-cell, being higher for higher shunt
resistances. Thus, shadowing of the highest shunt resistance cell will result in lowest module output
voltage, and shadowing of the lowest shunt resistance cell will result in the highest module voltage.
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Figure 39.2
Module and cell characteristics — shadowed cells
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39.5.2 To determine the relative cell I-V characteristics by the nonintrusive method, the mpdule is to be

connected t¢ a variable resistor so that'the output current may be maintained at a fixed level under

conditions of
to be illumin
module tem
achieved by

39.5.3 With
shadowed, t
output voltag
the cell with

!

shadowing any one cell{same current regardless of which cell is shadowed). 1
ted under a source which can illuminate all cells at a repeatable and uniform
erature is to be monitored and is to remain constant. Normally these cond
putdoor testing under sunlight.

the module-~connected and illuminated as described in 39.5.2, each cell in
ne resistoriis to be adjusted to maintain the current at the preselected fixed Vv
e of the.module measured. The cell that is shadowed when the output voltage i
minimum shunt resistance, and the cell that is the shadowed when the out

'he module is
intensity. The
tions can be

turn is to be
alue, and the
5 maximum is
but voltage is

minimum is lthe” cell with maximum shunt resistance. Intermediate shunt resistance célls will have

intermediate module voltage outputs.

39.5.4 The nonintrusive method is relative only, and in the manner presented does not provide a
numerical value of any of the resistances. The cells of a module may be all voltage limited (high shunt
resistance, Type A), all current limited (low shunt resistance, Type B), or a combination of both — see
39.3.2. In general, the cells associated with the highest hot-spot heating levels are those with the highest
shunt resistance, although low shunt resistance may be associated with highly localized heating.

39.5.,5 Three nonadjacent individual cells within the test module or panel are to be selected: one
representative of the highest shunt resistance obtained, one representative of the average, and one
representative of the lowest. Each cell to be tested is to be provided with individual positive and negative
electrical leads to allow the cells to be connected individually and directly to separate power supplies.
Parallel current paths around the cells to be tested are to be eliminated by disrupting cell-to-cell
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connections as necessary. The lead attachment should minimize disruption of the heat transfer
characteristics of the cell or the hot-spot endurance of the encapsulant system.

39.6 Selection of hot-spot test level

39.6.1 The objective of this portion of the test procedure is to select the level of heating and the
corresponding test condition that will stress the module or panel in a manner similar to a severe hot-spot
field condition. The severity of the field condition will depend on the array circuit configuration, the array |-V
operating point, the ambient thermal conditions, the overall irradiance level, and the previously described
characteristics of the affected cells. When a module is incorporated into a photovoltaic source circuit, the
maximum reverse voltage imposed on an individual cell can approach the system voltage unless bypass

diodes are properly used. V, is set to yield the maximum reverse voltage that can be app

single cell wh

by its marking.

39.6.2 Ther

39.6.3 In39

39.6.4 The festis to be conducted in an ambient air temperature of 20°£5°C (68 +9°F) and

heating sour
(x4°F).

39.7 Type A
39.7.1 The
a) The
b) Ths
c) The
39.72 V. is

per specified

39.7.3 The
illustrated in
dissipation fo
to achieve thi

en the module is applied in a circuit with the minimum number of bypass diodes

mocouples are to be affixed to the cell insulation system. See 19.11 and19.12.

.7.1 — 39.8.1, the detailed levels are separately specified for Type A and Type B

e that will result in a uniform background module céll temperature equal to

. cells (high shunt resistance)

joverning parameters concerning reverse voltage heating are:
maximum cell reverse voltage (V,),
cell irradiance level, and

ambient thermal environment.

to be set equal to-N:times the V,,, of an individual cell, where N is the number g
br integral bypass-diode.

rradiance(level directly controls the hot-spot current level, and therefore the po
Figure(39.3, there is a unique irradiance level that corresponds to worst
- any particular Type A photovoltaic cell. The irradiance level on the test cell is tq
5-Worst case power dissipation with the current adjusted to lygst, where lggt =

ied across a
as specified

cells.

vith a radiant
NOCT +2°C

f series cells

wer level. As
-case power

be adjusted
he maximum

power curren

4 . 2
ortne cellrat TUU mvv/cm—, NOG 1.

39.8 Type B cells (low shunt resistance)

39.8.1

The cell shunt resistance of a Type B cell is so low that the maximum reverse voltage is set by the

I-R drop across the cell. Worst-case heating occurs when the test cell is totally shadowed, and the current
level is at a maximum. Accordingly, the irradiance is not to be more than 5 mW/cm?. This irradiance level
allows for room lighting and an IR heating source. The current (I,) is to be equal to the short-circuit current
of an average cell at 100 mW/cm?, NOCT.

39.9 Test execution

39.9.1 The three selected test cells are to be subjected to cyclic hot-spot heating at the level determined
in accordance with 39.7.3 or 39.8.1 for a period of 100 h total on-time as specified in 39.9.2 — 39.9.6.
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39.9.2 A constant voltage power supply (for Type A cells) and a constant current power supply (for Type
B cells) is to be connected to the cell under test, with the polarity arranged to drive the cells with reverse
voltage. The voltage is to be adjusted to V|, and then the current is to be adjusted to ltgs7 (for Type A cells)
or I, (for Type B cells). See 39.7.2 — 39.8.1.

39.9.3 Aninfrared radiant heating source with a visible light contribution below 5 mW/cm? is to be applied
to the module or panel and adjusted to result in a uniform module cell temperature equal to NOCT +2°C
(x4°F). The ambient air is to be still and at a temperature of 20 £5°C (68 £9°F).

Figure 39.3

High Irradiance
Low Power Dissipation

v\ Trest

Worst—Case Irradiance
Maximum Power Dissipation

\\ / Low Irradiance
Low Power Dissipation

—

3 Test

$2921

39.9.4 For p Type A cell, an additional light source is to be used to illuminate each test cgll to the level
determined ip 89.7.3 (Figure 39.3). The illumination is most easily accomplished after theT)ower supply
and IR source are turned on by adjusting the irradiance level to achieve the ltgg7 current after equilibrium
test conditions stabilize.

39.9.5 The power supply, IR source, and irradiance source are to be energized for 1 h followed by an off-
period sufficient to allow the cells under test to cool to within 10°C (18°F) of the ambient temperature.

39.9.6 The operation is to be repeated until a total of 100 h of on-time have been accumulated.

39.9.7 the test cells and the adjacent areas of the encapsulation system are to be visually inspected at
24-h intervals during the test while the cells are under impressed voltage conditions and also upon
completion of the 100 h of on-time operation.

39.9.8 At the conclusion of the test, the module is to be inspected for visible signs of melted solder,
openings in the enclosure, delamination, and burn spots on the substrate.
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40 Arcing Test

40.1 General

40.1.1 Deleted

40.1.2 Dele
40.2 Metho
40.2.1 Dele
40.3 Metho
40.3.1 Dele
40.4 Metho
40.4.1 Dele
40.5 Metho
40.5.1 Dele
40.5.2 Dele
40.6 Allme
40.6.1 Dele
40.6.2 Dele
40.6.3 Dele

41 Mechanical Loading Test

Figure 40.1

Currents and voltages for arc test
Figure deleted

ed

ds A and B

ed

dcC

ed

ed

thods

ed

ed

ted

41.1 A module or panel and any mounting hardware supplied with the module or panel shall withstand a
load as shown in Figure 41.1 and specified in 41.2 for a period of 30 min, without evidence of structural or
mechanical failure. Modules that are intended to be installed as part of a building wall or roof structure, and
serve as primary members of that structure, shall not have a deflection of more than L/240; where "L" is
equal to the clear span length in feet of the deflected member. All glazing materials shall be of such
strength as to withstand the loads specified in 41.2.

41.2 The design load is to be 30 Ib/ft? (146.5 kg/m?) positive (downward) or negative (upward); or a
design load designated by the manufacturer, whichever is greater. A load of 1.5 times the design load shall
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be applied for all tests other than the negative (upward) load on the above-roof mounting configuration, as
noted in Figure 41.1. The downward and upward loads shall not be applied simultaneously.

Figure 41.1

Load application

1.5 Times

POSITIVE (DOWNWARD) LOAD DISTRIBUTION Design Load

1.5 Times 1.5 Times
Design Load Design Load )/{
\ M \
(3

oS>
S
e
< W=
\Roof Covering
J N\ Roof‘Covering
Direct Roof Mounting Integral Roof Mounting Above—Roof Mounting

x)_
NEGATIVE (UPWARD) LOAD DISTRIBUTION °~7é Times
Design Load

1.5 Times
Design Load

1.5 Times
Design Load

Roof Covering s~
s~ \Roof Covering

Direct Roof Mounting Integral Roof Mounting Above—Roof Mounting
2923A

NOTE: ® The RQasic load distribution factors for this mounting configuration are 0.5 for the suction load and 0.8 fpr the uplift load.
These factors multiplied by 1.5 result in the indicated factors of 0.75 and 1.2.
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42 Wiring Compartment Securement Test

42.1 The tensile force required to separate a wiring compartment or box from a module shall not be less
than 35 Ibf (155.7 N) or 4 times the wiring compartment or box weight, whichever is greater, when tested
as specified in 42.2 and 42.3. For a test in which the superstrate or substrate fails prior to the adhesive, the
force required to cause the superstrate or substrate to fail shall be used to determine compliance, and
shall not be less than the specified minimum separation force.

42.2 Seven assemblies consisting of a wiring compartment or box secured to a module with adhesive as
intended are to be tested. One assembly is to be tested in the as-received condition, three after being
conditioned in accordance with Temperature Cycling Test, Section 35, and three after conditioning in

accordance

ith Humidity Test, Section 36

42.3 The fo
the module. T
the superstra

42A Cemer
42A 1

42A.1.1
General, Sec
reinforced so
distance inste

NOTE: Minimum
greater than or
Creepage Distan

42A.1.2 Thg

ce is to be applied to each assembly so as to separate the wiring compartmen
[he force is to be applied until the wiring compartment or box and the module
e or substrate fails.

ted Joints

General

Adhesive joints are considered cemented joints when)in’compliance with the tes

ion 18, and Cemented Joints, Section 42A. Cemented joints are acceptable as
ad.

through distance for solid insulation at the perimeter of a module and at other locations with expose
pqual to the creepage distances defined innthe Standard for Insulation Coordination Including
lces for Electrical Equipment, UL 840, Table 9.1, using Pollution Degree 1.

requirements of 7.2(b), 7.2(¢c) or 7.2(d) do not apply to materials creating ceme

42A.2 Material tests

42A.21

42A.21.1 T
simulates the
sample conf
glass/polyme

Minimum mechanical performance for cemented joints

he material~adhesion characteristics shall be evaluated during RTI testing in a

t or box from
separates; or

s outlined in
equivalent to

id insulation with no creepage and clearance<distance requirements, but minimnum through

i edges must be
Clearances and

hted joints.

manner that

joint design in an as-deployed state. For glass/glass module configurations
guration is required in accordance with ASTM D1002. For glass/polym

'

" ‘based module configurations, a peel sample configuration is required in accprdance with

a lap shear
and non-

ASTM D903. In accordance with the Standard for Polymeric Materials - Long Term Property Evaluations,
UL 746B, end of life is defined as 50% property retention for RTI testing.

42A.2.1.2 For cemented joints, the mechanical RTI rating for the electrically insulating adhesive/sealant
shall be the higher of:

a) 90°C;

b) The module maximum measured normalized operating temperature as measured along the
module edge during the Temperature Test in Section 19.
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42A.2.2 Minimum electrical performance for cemented joints

42A.2.2.1

The DC dielectric strength of the material shall be evaluated on a component level during RTI

testing with DC dielectric strength measured in accordance with ASTM D3755. In accordance with the
Standard for Polymeric Materials - Long Term Property Evaluations, UL 746B, end of life is defined as 50%

property rete

ntion for RTI testing.

42A.2.2.2 The electrical RTI rating for the electrically insulating adhesive/sealant shall be the higher of:

a) 90°

C;

b) The module maximum measured normalized operating temperature as measured during the

Tempkrature Test in Section 19.

42A.2.2.3

he electrically insulating adhesive/sealant shall have a volume resistivity)of'gre

10° Q-cm (dify) and greater than 10 x 108 Q-cm (wet), with volume resistivity as meéasured i
with ASTM D257 and wet/dry conditioning defined in accordance with Section-14 of the
Polymeric Materials - Use in Electrical Equipment Evaluations, UL 746C.

42A.3 UV weathering resistance

42A.3.1 Ce
Standard for
Light ExposU

42A.3.2 Co
and compa
configuration
glass/polyms
required in a
after UV exp

PRODUCTIC
43 Factory
431

Gene

43.1.1 Eac
Section 43.2

mented joints are to be tested for UV exposure d4tilizing the UV weathering

re.

mpliance with 42A.3.1 shall be verified by completing pre/post UV exposure ad
ing average force measured before and after exposure. For glass/g
s, a lap shear sample configuratio®’ is required in accordance with ASTM
r and non-glass/polymer based, module configurations, a peel sample co
ccordance with ASTM D903. Greater than 70% retention of average bond streng
bsure.

DN LINE TESTS
Dielectric Voltage-Withstand Test and Factory Wet Insulation-Resistance
al

n module or panel shall comply with either the Factory Dielectric Voltage-W

ater than 50 x
h accordance
Standard for

cycle of the

Polymeric Materials - Use in Electrical Equipment Evaluations, UL 746C, Section 25, UV

nesion testing
lass module
D1002. For
nfiguration is
th is required

[est

thstand Test,

or.the Factory Wet Insulation-Resistance Test, Section 43.3.

43.2 Factory Dielectric Voltage-Withstand Test

43.2.1

Each module or panel shall withstand for 1 min without electrical breakdown as a routine

production line test, the application of a dc test potential as specified in 43.2.2, between parts involving a
risk of electric shock and accessible metal parts.

Exception No. 1: The test period may be reduced to 1 s if the test potential is increased to 120 percent of
the value specified in 43.2.2.

Exception No. 2: A module or panel with a system voltage rating of 30 V or less need not be tested.

43.2.2 The dc test potential shall be 2V + 1000 V, where "V" is the rated maximum acceptable system

voltage.


https://ulnorm.com/api/?name=UL 1703 2024.pdf

78 UL 1703 MAY 15, 2024

43.2.3 The test equipment is to include a means of indicating the test voltage that is being applied to the
product under test. This may be accomplished by sensing the voltage at the test leads or by an equivalent
means. The test equipment is also to include a means of effectively indicating unacceptable performance.

The indication is to be:

a) Audible, if it can be readily heard above the background noise level;

b) Visual, if it commands the attention of the operator; or

c) A device that automatically rejects an unacceptable product. If the indication of unacceptable
performance is audible or visual, the indication is to remain active and conspicuous until the test
equipment is manually reset.

4324 The
capacity of at

Exception: TH

circuit — to m
source is to b

43.2.5 The
the test voltag

43.2.6 The
complete exc|

43.3 Factor

The requirements in this Section have been_adapted by UL from IEC 61730-2 Ed. 2.0

permission
Electrotechni

43.3.1 This
meet the eleg

43.3.2 Each
Section 27.

Exception Nd
Production Li|

test potential specified in 43.2.2 may be obtained from any convenient sou
least 500 VA.

e capacity may be lower if the means of indicating the test voltagé.is located
aintain the potential indicated in 43.2.2 except in case of breakdown. The v
P continuously adjustable.

est equipment is to indicate unacceptable performance within 0.5 s if the leaka
e exceeds 50 pA.

est is to be conducted when the module is complete and ready for packing,
bpt for covers or other parts that may interfere with the performance of the test.

y Wet Insulation-Resistance Test

f the American National Standards Institute (ANSI) on behalf of the
cal Commission. All rights reserved.

test verifies that the_insulation properties of outer surfaces of the production
trical safety requirements of this standard.

module or panel shall withstand the requirements of the Wet Insulation-Res|

. 1. Test voltage, test duration and water temperature of Section 27 shall be|
ne_ Tests as described in 43.3.3.

‘ce having a

in the output
pltage of the

ge current at

or when it is

b:2016 with

International

PV modules

istance Test,

changed for

Exception No. 2: Terminal boxes and pigtail-leads or other connectors do not need to be wetted.

43.3.3 The test voltage Uqggt is calculated by multiplying the maximum system voltage Usyg by a factor

Y.

Urgst = Usys < Y

43.3.4 With reference t0 43.3.3, Y =1 is used for a minimum test duration of 1 min. Y = 1.2 is used for a
minimum test duration of 5 s. Ramp-up time for test voltage is chosen such that no time induced
breakdown will occur. During the test no breakdown of test voltage shall occur.
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43.3.5 The temperature range of the water is to be 15 °C to 45 °C. The leakage current shall be
corrected to 25 °C using a demonstrated correction factor for the PV module, to be determined for each
PV module type.

43.3.6 For PV modules with cemented joints, Utgst shall be increased by a factor of 1.35.

Note: An example for Usys = 1500 V for cemented joints for test duration of 5 s is Urggt = 1500 V x 1.2 x 1.35 = 2430 V.

44 Factory Voltage, Current, and Power Measurements Test

441

The short-circuit current (lgc), maximum power (P,.,), and open-circuit voltage (Voc) of each

production

Methods of
Arrays Usin
Photovoltaic
of current-v
development
appropriate ¢
or panels sh
modules or
accordance

Exception Nd

Exception N
bifacial mod
followed.

odule are to be measured in accordance with the apnnropriate test nrocedu
rr L L

Testing Electrical Performance of Nonconcentrator Terrestrial Photovoltaic
) Reference Cells, ASTM E1036-85, or Photovoltaic Devices, Part 1~ Me
Current-Voltage Characteristics, IEC 904-1 or Photovoltaic devices — Part-1-2:
bltage characteristics of bifacial photovoltaic (PV) devices, IEC\TS 6090
, use 82/1403/DTS, for bifacial modules) and the results retorded at ST
orrection procedure. The recorded values of g, Phax, @and Ve forcrystalline si
all be within the marked tolerance. The recorded values of Ig¢, Pnax and Vg
panels shall be within the marked tolerance of the as-received values d
vith 20.1 — 20.3. See 48.2. The test procedures mentionedin 18.1 and 18.2 shal

. 1: See Supplement SA.

. 2: Front or back only voltage, current, and,power measurements production
lles is allowed provided that the sampling requirements described in Supplg

45 Grounding Continuity Test

45.1 Each
be subjected
connection g

45.2 Any 3
combination,

RATING

module or panel provided\with a connection for grounding accessible conducti
to a routine production‘line test to demonstrate electrical continuity between f{
nd all accessible conductive parts.

ppropriate indicating device, such as an ohmmeter, a low-voltage battery
or the like may be employed for the test described in 45.1.

46 Details

re (Standard
Modules and
hsurement of
Measurement
4-1-2, under
'C using the
icon modules
- for thin-film
etermined in
be applied.

line testing of
ment SA are

ve parts shall
he grounding

and buzzer

46.1

specified in Table 46.1, as defined in 20.3.

Table 46.1
Electrical ratings

The electrical rating of a module or panel shall include the voltage, current and power ratings

Voltage

Current Power

Open-circuit voltage

Operating voltage

Maximum system voltage

Short-circuit current

Current at rated operating voltage

Maximum power
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