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INTRODUCTION

1 Scope

1.1

These requirements cover rack mounting systems, mounting grounding/bonding devices, and

clamping/retention devices for specific (manufacturer/model designation) flat-plate photovoltaic modules
and panels that comply with the Standard for Flat-Plate Photovoltaic Modules and Panels, UL 1703, or the
Standard for Photovoltaic (PV) Module Safety Qualification — Part 1: Requirements For Construction, UL
61730-1 and the Standard for Photovoltaic (PV) Module Safety Qualification — Part 2: Requirements For
Testing, UL 61730-2, intended for installation on or integral with buildings, or to be freestanding (i.e., not
attached to buildings), in accordance with the National Electrical Code, ANSI/NFPA 70 and Model Building

Codes. Syst

ems, components and/or devices evaluated under this standard may be us

d to ground

and/or moun
module or f
mounting wit

1.2 These
photovoltaic

1.3 These
ground/bond

t a PV module complying with UL 1703 or UL 61730-1 and UL 61730-2 whe
ame has been evaluated for bonding/grounding or the module has been
h the evaluated system, component or device.

requirements cover rack mounting systems and clamping deyices intended
module systems with a maximum system voltage of 1500 V.

requirements cover rack mounting systems, clamping; ‘retention devices
ng paths, mechanical strength, and suitability of materials only.

1.4 These fequirements do not cover:

a) Eq
units

b) So
Stang

c) Ce
d) Op
e) Co
f) Equ
boxes
housi

the S
Cons

Lipment intended to accept the electrical output from the array, such as powe
inverters) and batteries.

lar trackers or tracker mechanisms.(except as specifically directed as to be v
ard for Solar Trackers, UL 3703 and in combination with UL 3703).

| assemblies intended to operate under concentrated sunlight.
tical concentrators.
mbination photoveltaic-thermal modules or panels.

ipment intended’to carry current as a normal function of that component, such
, connection*boxes (other than connection box for grounding), wireways an
ng live parts. See the Standard for Flat-Plate Photovoltaic Modules and Panel
tandard for Photovoltaic (PV) Module Safety Qualification — Part 1: Requ
ruction, UL 61730-1, or the Standard for Inverters, Converters, Co

Intero

h the specific
evaluated for

for use with

pertaining to

I conditioning

tilized by the

as combiner
d enclosures
5, UL 1703 or
irements For
ntrollers and

Nith D

g) Ground rods and ground rod accessories.

r41.

h) The mechanical and structural requirements of the international building code. See (i).

Note: The IBC and other model codes may have additional requirements. As an example, compliance with the IBC will
require development load combinations which include dead, snow, wind and seismic forces using ASCE 7. These loads will
need to be applied in three orthogonal directions and the load resisting elements of the system will be required to
adequately support the applied loads.

i) Roof attachments for above roof mounting.

2 Glossary

2.1 Forthe

purpose of this standard, the following definitions apply.
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2.2 ACCESSIBLE - A part is considered accessible if, in a fully assembled rack mounting system (that
is, with all covers in place) the part may be touched by the probe illustrated in Figure 2.1. A cover that may
be removed without the use of a tool is to be removed for purposes of this requirement. A cover that may
be removed (with or without a tool) for routine maintenance such as cleaning, or to gain access to tools, is
to be removed for purposes of this requirement. The probe illustrated in Figure 2.1 shall be applied to up to
any depth that the opening will permit, up to a maximum of 35 inches; and shall be rotated or angled
before, during, and after insertion through the opening to any position 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 probe is to be used as a measuring instrument to
judge the accessibility provided by an opening, and not as an instrument to judge the strength of a
material; as such, it is to be applied with the minimum force necessary to accurately determine
accessibility.

Figure 2.1

Probe for determining accessibility of live parts
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2.3 AC MODULE - The smallest complete unit that includes solar cells, optics, inverters, and other
components, excluding tracking devices, intended to generate ac power from sunlight.

2.4 ABOVE ROOF MOUNTING (including rack-mounted style installations) — Installations that are
spaced away from the building's roof member.

2.5 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 power-producing unit.

2.6 BOLT - A type of fastener. For the purposes of this document the requirements for “cap screws” will
apply to bolts as well. See cap screw, 2.11.
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2.7 BONDING - Electrically connecting all metal components to the point of the equipment ground
conductor.

2.8 BONDING DEVICE - A device for bonding and may include a function to pierce non-conductive
coatings such as but not limited to; anodization, paint, vitreous enamel, and may be a separate piercing

device or integral to the component to perform the bonding function.

a) SINGLE USE BONDING DEVICES - Bonding device intended for use one time only.

b) MULTIPLE USE BONDING DEVICE - Bonding device intended for multiple use according to the
device’s installation instructions.

2.9 BONDI
conductor (
components

r

q

210 CELL

2.11 CAP §
material, to
hex head, bu
illustrations @

NG STRAP — A solid, multi-strand or braided copper, copper-clad aluminum
nd may be tin or zinc plated) with factory crimped terminations to_@lloy

— The basic photovoltaic device that generates electricity when exposed to sunli

BCREW — A threaded fastener which is utilized with a threaded nut or interna
rovide a clamp load on the mechanical joint being fastened. Cap screws are
t include socket head, button head, and other types. See-ASTM F593, ASTM
f these and other types of cap screws, see ANSI/ASME'B18.2.1 and ANSI/ASM

2.12 CLAMP LOAD - The force exerted on a fastened joint by a fastener, such as a g

minimize fati
force exerted

jue failures, the clamp load of a fastener, sugh*as a cap screw and hex nut, mu
on the fastener by the fastened joint.

2.13 CLAMPING DEVICE(S) — A mechanical means to secure a PV module to the rack mo
hot rely upon the mounting holes in the PV module’s frame. These clamping devices are

which does
typically, but
where speci
securement
supporting st

2.13A CRI]
upon as part
and groundir]

2.13B CRI]
relied upon

not limited to, top-down clamps:-The clamping device may also function as a b
fied. Top down end-clampS;,'are assumed to be cantilever design, where
s approximately at the mid-point between the PV module and the clamps’ co
ructure. Also see Retention Device.

[ICAL BONDING FASTENER — A fastener (e.g., lock bolt, bolt, screw, nut, and
of the electrical bonding path and a required part of the assembly tested durin
g tests.

[ICALSSTRUCTURAL FASTENER - A fastener (e.g., lock bolt, bolt, screw, nut
as ‘part of the structural load path and a required part of the assembly

or aluminum
v bonding of

ght.

threads in a
most typically
F837, and for
E B18.3.

ap screw. To
st exceed the

inting system
bnding device

the fastener
ntact with the

vasher) relied
y the bonding

and washer)
ested during

mechanical |

ading tests:

2.14 CYCLIC LOADING - The non-static (changing) forces that act upon a body; for the purposes of this
standard, the changing loads that act upon the fastened joint (i.e., changing wind loads that will force a PV
module to act against the clamping device which is securing the PV module in place).

2.15 DIRECT ROOF MOUNTING — PV modules which are direct-mounted; placed upon the building's
waterproof membrane/shingles or the like.

2.16 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 the following table:
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Surface o

r part from which measurement is made Maximum current (dc)

Accessible conductive frame, pan, or the like

10 A

2.17 FACTORY INSTALLED - The connection of a device under controlled factory conditions at the

manufacturer

’s location(s).

218 FASTENER (threaded fastener) — A mechanical device designed specifically to hold, join, couple,
or assemble two or more components together. Examples of fastener types include cap screws, machine
screws, and bolts.

2.19 FIELD

2.20 GROU
frame or rach
device provid

2.20A GUA
including she

2.21 INTER
electricity bet

2.22 LIKEL
part under ng

INSTALLED — The connection of a device, which is made in the field by an insta
NDING LUG — A device used to provide a ground path between an object (e.g
Bs an equipotential-bonded connection.

RDED PERIMETER — A perimeter that is protected with wire_screen or other g
bt metal.

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

TO BE ENERGIZED - Any conductive .comiponent that may come into contg
rmal operating or single fault conditions, €onductive components of rack moun

that enclose ¢lectrical circuits or otherwise act as afr-electrical enclosure, conductive compor

not physically

separated from potentially live insulated or non-insulated wires or conductor

components Mot electrically isolated from othef conductive components that are likely to be en

2.22A LOCH
grooves of th
lockbolt cann

2.23 MACH
requirements
metric screw,

KBOLT — A two-piece fastener consisting of a metal pin and collar that swa
b pin using automated tooling, resulting in a known clamp load and permanent g
Dt typically be remoyed without damaging the pin or collar.

INE SCREW .- A‘machine screw is a fastener defined by ASME B18.6.3 meetin
such as UNE, UNF, and UNS thread types defined by ASME B1.1 as well as
5 defined\'by ASME B1.13M. There are thread cutting and self-drilling tapp

screws. Examples<ofithread cutting screws include Types, D, F, G, T, 1, 23 as defined by AS

Examples of
screws have

self-drilling tapping machine screws include CSD screws as defined by SAR

ler.

, PV module

ing system) and a grounding electrode conductor or equipment grounding conductor; the

milar means

I conducting

ct with a live
ting systems
ents that are
5, conductive
ergized.

ges into the
onnection. A

j UN or UNR
the M series
ing machine
ME B18.6.3.

J78. These

IN-style threads with a drill point for creating the pilot haole for the screw

Thread-Cutting Machine Screw

NN

1
by

gl

il

Self-Drilling Tapping Machine Screw

e
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224 MAXIMUM POWER (P,.x) — The point on the current-versus-voltage curve of a module, at
standard test conditions (STC), where the product of current and voltage is maximum.

2.25 MAXIMUM SYSTEM VOLTAGE — The sum of the maximum open-circuit voltages of the maximum
number of modules or panels to be connected in series in a system at 1000W/m?, AM 1.5 spectrum and
corrected for the lowest expected ambient temperature.

2.26 MODULE (FLAT-PLATE) — The smallest environmentally protected, essentially planar assembly of
solar cells and ancillary parts, such as interconnects and terminals, intended to generate dc power under
non-concentrated sunlight. The structural (load-carrying) member of a module can either be the top layer

(superstrate)

, or the back layer (substrate), in which:

a) Th
modu

b) Th
const

2.26.1 MOI
electrical con

e superstrate is the transparent material forming the top (light-facing) outer._s
le. If load-carrying, this constitutes a structural superstrate.

b substrate is the material forming the back outer surface of a modute, If load
tutes a structural substrate.

DULE LEVEL POWER ELECTRONIC (MLPE) DEVICE - Dgvice that performs|
trol and/or monitoring, which could be connected to PV module frame or racking

urface of the

Lcarrying, this

module level
system.

2.27 MODULE MOUNTING MEANS — A device or combination 6f'devices used to mechanigally secure a
PV module t¢ a rack. Part of the module mounting means may be integrated into the module frame and/or
rack.

2.28 NON-BEPARATELY DERIVED - Photovoltaic.§ystems that have direct electrical ¢onnection to
another sourfe, such as PV systems that connect toithe grid via a grid interactive inverter.

2.29 PANEL (FLAT-PLATE) — A collection-of modules mechanically fastened togethef, wired, and
designed to provide a field-installable unit,

2.30 PANEL MOUNTING CLIP (framed modules) — A mechanical means to secure a PV
rack mounting system which does_not necessarily rely upon the mounting holes in the PV ni

module to the
odules frame

(but may us¢ such for alignment)*and may not be secured with a threaded fastener and may include a
bonding fungtion.

2.31 PANEL MOUNTING CLIP (un-framed modules) — A mechanical means to secure a PV module to
the rack moynting system and may not be secured with a threaded fastener, and may inclyde a bonding
function.

2.32 PROOF LOAD - A tensile Toad that the fastener must support without evidence of permanent
deformation.

2.33 RACK — A structure used to support the PV modules.

2.34 RACK MOUNTING MEANS - Device or combination of devices used to mechanically secure a rack
to a building structure or ground.

2.35 RACK MOUNTING SYSTEM — A complete system used to mechanically secure and support one or
more PV modules and that is affixed to a structure or ground and includes module mounting means, rack
mounting means, and racks.


https://ulnorm.com/api/?name=UL 2703 2025.pdf

10 UL 2703 JUNE 11, 2025

2.36 RACK MOUNTING SYSTEM ACCESSORIES - Devices that do not act as nor supplement support
for the PV module or mechanical securement of the PV module to the rack or mechanical securement of
the rack to a structure or ground.

2.37 RATED OPERATING VOLTAGE - The voltage, £10 percent, at which maximum power is available
from the module or panel under standard test conditions (STC).

2.38 RETENTION DEVICE - A device which retains a PV module, such as, but not limited to a U-
channel rail and where applicable the requirements pertaining to clamping devices may also apply to the
retention devices.

2.38A ROO . s—mechanical-connectio
between the mounting system or mounting device and the roof system.

dhesives, etc.)

2.39 SHEAR LOADING — A load applied parallel to the cross-section of the material.

2.39.1 SHE
allow for mat
than those fo
of sheet meta

ET METAL SCREW — A thread forming or thread cutting screw(with spaced
erial displacement during threading. The threads per inch for, sheet metal scr|
machine screws (UNC, UNF, or M as defined by ASME B1,\and ASME B1.13
| screws include Type A, AB, ABR, B, BP, BF, BT and 25 as defined by ASME B1

ws are less
). Examples
8.6.3.

t}reads which

Sheet Metal $crew with Spaced Threads

>

2.39.2 SINGLE FAULT CONDITION - Condition in which one means for protection againdt a hazard is

defective or Ine fault is present. which could_ cause a haza.rd. If a single fa_ult condition results in other
subsequent failures, the set of failures is considered as one single fault condition.
2.40 STAINLESS STEEL (300 SERIES) — Stainless steel in the AlSI 300 series.
2.41 STANDARD TEST CONBPITIONS (STC) — Test conditions consisting of:
a) 100 mW/cm? irradiance,
b) AM|1.5 spectrum, and
c) 25°C eell temperature.

2.42 TERMINAL CONNECTOR - Establishes a connection between one or more conductors to a
terminal plate or stud, or to any similar device, by means of mechanical pressure.

2.43 TORQUE - The tendency of a force to rotate an object; the cross product of the lever arm and
force. For the purposes of this standard, refers to the rotational force applied to a threaded fastener to
obtain a desired clamp load.

2.44 ULTIMATE TENSILE STRENGTH — The maximum engineering stress a material can withstand
while being stretched or pulled before failing or breaking. Ultimate tensile strength is sometimes referred to
simply as tensile strength.

2.45 UNCONDITIONED MODULES OR SAMPLES — Modules or samples that have not been previously
subjected to tests or environmental exposures.
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2.46 Deleted

3 Units of measurement

3.1
approximate

information.

4 Components

4.1

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

Except as indicated in this clause, a component of a product covered by this standard shall comply

with the requirements for that component. See the Standards for Components appendix for a list of

standards ¢

H 4 Ll ol Ll <l s oo tlo 4 pu | pu |
\AZLL IU CUITIPUTICTTILS ycl Iclally UuosTU N uic prouucvio CUVTCITU Uy uiro swdriudaryu.

4.2 A componentis not required to comply with a specific requirement that:
a) Inyolves a feature or characteristic not required in the application, 6f\the component in the
product covered by this standard, or
b) Is guperseded by a requirement in this standard.
4.3 A component shall be used in accordance with its rating established for the intended|conditions of
use.
4.4 Specifi¢ components are incomplete in construction features or restricted in |performance
capabilities. |Such components are intended for use ©@nly under limited conditions, su¢h as certain
temperatureg not exceeding specified limits, and shall*be used only under those specific conditions.
5 Undated|References
5.1 Any unglated reference to a code or'standard appearing in the requirements of this standard shall be
interpreted ap referring to the latest edition’ of that code or standard.
CONSTRUCITION
6 General
6.1 Rack mountingsystem and all components shall be designed with suitable materials arld at sufficient

material thicl

have suitablg

galvanic coric

ness:for structural integrity for the loads the rack system will be subject. Mater]
corrosion resistance (see Section 10). Any d|SS|m|Iar metals that S|gn|f|cantly

als shall also
contribute to

shows various

common metal comblnatlons Comblnatlons below the table cutoff Ilne 0. 6 V or Iess are considered to be

acceptable.

Inherently, corrosion resistant metals that are not dissimilar, for example

an austenitic

stainless steel fastener used on an austenitic stainless steel clamp, are not subject this requirement.

Exception No. 1: For the combination of austenitic stainless steel (i.e. 300-series stainless steel) and zinc
galvanized material; if the immediate adjacent area of materials zinc galvanized to austenitic stainless
steel is greater than 2:1, the galvanic potential may be considered as 0.6 V.

Exception No. 2: 5000 and 6000 series aluminum alloys are considered Al/Mg alloy (although some in
these series of alloys may contain additional alloying elements). For example, an austenitic stainless steel
fastener used with 5000 series aluminum rail would be 0.55 V in Figure 6.1.
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Figure 6.1
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0 005 ¢2 03 035 04 05 055 06| 065 075 085 09 095 11 115 12 1.25] Zin¢, zinc olloys
0 @15 0.25 03 035 045 05 0.5 1,06 11 115 1.2 ("80-tin/20 Zn [on steel,
Zn on iron or |steel
0 01 015 02 03 035 0.4 0.9 0.95 1.0 “1.05| Aluminium
0 005 O0f 02 025 03 0.8 0.85,0.9V0.95( Cd on steel
0 005 015 02 025 0.3 0.4 05 055 06075 0.38,°0.85 09 | Ai/Mg alloy
0 01 015 02 025 035 045 05 0.55|.0.7.075 0.8 0,85| Mid steel
0 005 01 015 025 035 04 Q.45 0,65 0.7 0,75 | Durolumin
0 005 041 D2 0.3 0.356N\.0.4 0.55 0.7 | Lead
0 0,056 0.15 0.25\0:3 0.35 05 0.55 0.6 Cr on steel, spft solder
Aq = Silyer
Al = Allminium 0 0.1.%02 025 03 045 05 055 0.6 | Cr on Ni on sfeel, tin on steel,
Cr = Chromium 12% Cr stainless steel
Cd = Cadmium (o] 01 015 02 0.35 0.4 0.45 0.5 | High Cr staini¢ss steel
ﬁu = aupper
= Mdgnesium
N F 0 006 01 026 03 0.356 0.4 | Copper, coppe| alloys
Rh = Rhodium
Zn = Zijc 0 005 0.2 025 0.3 0.35] Silver solder,
austenitic staipless steel
0 045 0.2 025 0.3 | Ni on steel
NOTE. - Corrosior] due to electrochemical o&tian’ between dissimilar 0 0,05 0.1 0.5 | Silyer
metals which are [in contact is minimized(if the combined electro—
chemical potential| is beloy about 0.6V¢™ In—the following table the 0 005 0.1 |Rh on Ag on fu,
combined electrochemical potentials_ore_listed for o number of polirs silver/gold alldy
of metals in comqnon use; combinations above the dividing line
should be avoided| 0 005] Carbon
0 Gold, platinum
S3426E
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6.2 The rack mounting system shall be designed with suitable corrosion resistant materials (see Section
10) to ensure structural integrity and that the rack system, through all connection points, is a suitable
bond/ground path. Note that for constructions that comply with the Exception to 9.1 for non-separately
derived systems, not all the connection points will be bond/ground paths.

6.2A The manufacturer shall specify the critical properties of the critical structural fasteners and critical
bonding fasteners. Such properties shall include but not be limited to, geometry, tolerances, surface
coating/plating type and thickness, metal alloy, minimum yield, minimum tensile strength, and/or proof
strength. The requirements shall be included in the installation manual in accordance with 26.1(c).

Note: The fastener properties may be controlled through compliance with consensus standards developed by Standards
Organizations such as the American Society for Testing and Materials (ASTM), American Society of Mechanical Engineers (ASME),

Society of Au

tjmmmmmmmmmmm—mmmm—mnﬂ:e Norm (DIN),
Japanese Industrial Standard (JIS) or Industrial Fasteners Institute (IFl). Informative Appendix D summarizes,comimon imperial and

metric fastener
properties of fag

6.3 Clampi
resistant ma
loading, cycl

tandards and specifications. A manufacturer’s quality management system is an alternate path to
teners.

ng devices shall be evaluated with their mounting hardware desighed with suitd
erials (see Section 10) to ensure structural integrity to suitably 'retain the PV
c loading and, where applicable, to maintain a bond/ground path. The clampir

bonding, where intended to be utilized with aluminum framed PV modules, must have a me

the PV modu

6.4 Thread

their recomn
thread formi

le’s frame anodization, paint or other non-conductive cgatings.

ontrol the critical

ble corrosion

modules for
g devices for
ans to pierce

ed fasteners without suitable clamp load are subject to loosening and/or fatigue failure,
therefore, thileaded fasteners used to secure clamping devices and other components shall

ended clamp load. For grounding and bonding connections, screws shall not b
ng type screws. For structural/mechanical, ‘connections, screws shall be as 3

relevant secfions of the locally adopted Building and/or Residential Codes. Threaded faster

of suitable tg
for the fasten

6.5 For fas
separating Iq
specific desi
Therefore, th
load. The sé
manufacture

6.5A The €
design load
element ang

nsile strength and corrosion resistance and are to be tightened to the recomm
er type and size as stated by the . mounting system manufacturer.

ened joints in tension, a fastener is at a high risk of yield, fatigue, or tensile
ad applied to the fasténed joint exceeds the clamp load in that joint. Deps
on, an upward, downward or downslope load may apply a tension load to f
e clamp load develeped in a joint through the assembly process must exceed t

be utilized at
e sheet metal
llowed in the
ers are to be
ended torque

fracture if the
nding on the
bstened joint.
ne separating

parating load shall be based on the minimum design load rating defined in 21.4 or the

's product load rating, whichever is greater.

stimated separating load applied to each fastened joint within the system at
rating~or manufacturer’s product rating can be estimated using free body diag
lysis¥ For threaded fasteners, the clamp load developed in a joint when th

the minimum
rams or finite
e associated

fastener is ti
with 6.5D.

Note: For fasten

.5B and 6.5D.

htered-mthe fretdstattbedetermimedthroughore of twomethodsdefimedim6
For lock bolts, the clamp load developed in the joint when tightened shall be determined in accordance

ed joints that carry shear loads, see 6.6.

6.5B For the Calculation-Based Method, the estimated average clamp load can be calculated based on
the manufacturer’'s recommended torque and a torque coefficient (K) from a cited reference, (see

Appendix E).

W=T/&Kd[Ibf =in - Ibs/in]J or [N = N — mm / mm]

W = 12T/ (Kd) [Ibf = 12 ft - Ibs/in]
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where:

W = Estimated Average Clamp Load (Ibf or N)

T = Torque (in-Ibf or N-mm)

K=To

d=No

rque Coefficient (See Appendix E)

minal diameter of the threaded fastener (in or mm)

See Appendix C.1, Example.

6.5C A safe
shall be appli

Note: This safety

6.5D Forth
determined s
manufacturer
Experimental
the following

where
Wmin 3
Wmean

SC =

(0)]

Oy |

bd whe

Cl

is used to estimate the Average

n the 6.5B Calculation-Based Method

factor does not apply to critical bonding fasteners.

e Experimentally Based Method, the minimum expected clamp load:(W,,;,) in a
tatistically, based on experimental work using a representative joint, tighten

s specified assembly method (defined in the assembly instructions accord

data shall provide a 95% confidence level that 99% of the(population exceeds W
bquation.

Wmin = Wmean - 5C X Ox

Minimum Expected Clamp Load

= Mean clamp load from all tests

btatistical coefficient based onthe number of tests n. (See Table 6.0)

andard deviation of all.tests

arating Load)

amp Load.

joint shall be
bd using the
ng to 26.1).
min Dased on

Table 6.0
Statistical Coefficient (SC) vs. Sample Size

Y SC n SC
3 10.550 18 3.3[70

7.042 19 3331
5 5.741 20 3.295
6 5.062 21 3.295
7 4.641 22 3.233
8 4.353 23 3.206
9 4.143 24 3.181
10 3.981 25 3.158
1 3.852 30 3.064
12 3.747 35 2.994
13 3.659 40 2.941

Table 6.0 Continued on Next Page
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Table 6.0 Continued

n SC n SC
14 3.585 45 2.897
15 3.520 50 2.863
16 3.463 100 2.684
17 3.415

Note: This Table was developed based on the document titled “SCR-607 Factors for one-sided tolerance limits and variable
sampling Plans”, which defines single-sample variable sampling plans and one-sided tolerance limits for a normal distribution. SC
is the one-sided factor where 99% of the population, exceed W,;, with a confidence of 95%.

6.5E The t
document th
test data ang
manufacture
method is pr

6.5F A safdg
shall be useq
load.

Note: This safet

6.6 For fas
shear load a
an upward,

shall be bas
rating, which

6.6A Thee
load rating o
analysis.

Note: For fasten

psting laboratory shall determine if it is acceptable for the manufacturer<te
s testing. A detailed description of the representative joint test sample, the/te

statistical analysis shall be documented in a test report by either the test lab
. The results shall validate the defined minimum expected clamp lead. An eX
pvided in Appendix F.

ty factor of 1.5:1 or greater (Minimum Expected Clamp Load)/ Estimated Sep
when 6.5D Experimentally Based Method is used to estimate the minimum ex

factor does not apply to critical bonding fasteners.

ened joints in shear, a fastener is at a highisk of loosening, yield, or fatigue
pplied to that joint exceeds the slip resistance in that joint. Depending on the sy

perform and
st procedure,
bratory or the
ample of this

arating Load)

pected clamp

fracture if the
ecific design,

lownward or downslope load may apply a shear load to fastened joint. Thergfore, the slip
resistance dgveloped in a joint through the assembly process shall exceed the shear load. T|

ed on the minimum design load-~rating defined in 21.4 or the manufacturer’s
bver is greater.

stimated shear load applied to each fastened joint within the system at the mir
' manufacturer’s product rating can be estimated using free body diagrams or

ed joints subjected to tension, see 6.5.

6.6B For
estimated a

rage'clamp load defined in 6.5B and the static coefficient of friction between th

he shear load
product load

imum design
finite element

ed using the
e joint mating

tﬂgeaded fasteners, the estimated average slip resistance can be determin

surfaces in gceordance with the following equation. For lock bolts, the estimated average s

lip resistance

can be determined using the mean clamp Toad (W can testeq) d€f€rmined in accordance with 6.5D and the
static coefficient of friction between the joint mating surfaces in accordance with the following equation:

Estimated Average Slip Resistance = W x Static Coefficient of Friction

where:

W = Estimated Average Clamp load

See Appendi

x C.2, Example.

6.6C The static coefficient of friction shall be taken from Table 6.1 for from a well-established, properly
cited engineering reference.
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6.6D A slip safety factor of 3:1 or greater (Estimated Average Slip Resistance / Estimated Shear Load)
shall be applied when the 6.6 Calculation Based Method is used to estimate the average slip resistance.

Note: This safety factor does not apply to critical bonding fasteners.

Table 6.1
Static Coefficients of Friction
(Informative)

Material combination Static coefficient of friction?® Source

Mild Steel on Mild Steel (clean & dry) 0.74 Hardy & Hardy, Phil Magazine, 1919

Steel on mill alyminum (clean & dry) 0.61 Tomlison, Phil Magazline, 1929

Steel on anodized aluminum 0.30 SIS Handbook, Alaminium, ed. 3, June

2003

Mill aluminum gn mill aluminum (clean & 1.00 Ernst and-Mechant, Copference on

dry) Friction and Surface

Mill Aluminum gn anodized Aluminum 0.50 This value’is widely cited but the original
source of this could nqt be found

Anodized aluminum on anodized 0.30 This value is widely cited but the original

aluminum source of this could nqt be found

As received galvanized on galvanized 0.30 Donahue, Helwig, Yura, Fjnal Report for

Galvanized Surfpces

@ Static coefficignts of friction obtained during testing may be used in place of'the values in the table. Where a combjnation of

materials is notfshown in the table, coefficient of friction may be established.through testing or other well established, and properly

cited engineering references.

6.7 Where a threaded rod is utilized, such as butnot limited to a leveling device, and as guch a clamp
load is not pogsible, then the stress of the compohent needs to be analyzed to show a factor ¢f safety of at
least 6:1 usinlg the design load acting on that_ component applied to the area tributary to the component
being analyzed. This is calculated using the-tensile strength of the material multiplied by the gtress area of
the threads as follows:

A, = 0.7854[D-0.9743/n]?

where
A, = Stress Area

D = Mgjor. Diameter

_ P
n = numberofthreads

The result, A, is then multiplied by the tensile strength of the threaded rod, then comparison is made to
the load the threaded rod would be subject to, using the cross-sectional area of the PV modules and the
design loads.

The following tensile strengths may be used for the given alloys if a specific value is not provided by the
material standard. Other suitable materials may also be used:

301 110,000 psi
302/303 90,000 psi
304/308 85,000 psi

316 80,000 psi
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6.8 Unless specifically defined within a module’s installation instructions, the rack mounting system and
clamping device(s) shall not be designed such that a module or panel assembly bolt, screw, or other part
integral to the construction of the module or panel is used for securing the PV module or panel to the rack
mounting system.

6.9 The rack mounting system and clamping device(s) shall not be designed such that a PV module or
panel requires any alteration unless specific details describing necessary modification(s) for alternate
installation(s) are provided in the installation instructions. If a module or panel must bear a definite
relationship to another for the intended installation and operation of the array (for example, to allow
connectors to mate), it shall be constructed to permit it to be incorporated into the array in the correct
relationship without the need for alteration.

6.10 The g
installation it
to reduce thsg

a) Ex

b) Un

Exception: A
risk of electri

6.11 Parts
fire, electric s

onstruction of a rack mounting system and clamping device shall be st¢
will not be necessary to alter or remove any cover, baffle, insulation, or shield th
likelihood of:

cessive temperatures, or

ntentional contact with a part that may involve a risk of electric:shock.

cover of a wiring compartment providing access to a,conhection means that
C shock may be removable to allow for the making ofelectrical connections.

bhall be prevented from loosening or turning if such loosening or turning may res
hock, or injury to persons.

6.12 With the exception of the items below, frictign between surfaces is not acceptabls

means to inh
Exception N¢

Exception N
whereby the

Exception N
deformation
verify a mini
also with cor
set screw co

bit the turning, loosening, or movemeént of a part.
. 1: Threaded fasteners that comiply with 6.5 or 6.6.

. 2: Threaded fasteners utilized in shear loading, with 2 or more fasteners uti
air (or more) of fasteners would prevent rotation at that joint, and that comply w

0. 3: A conStruttion that utilizes set-screws for retention shall demonsg
pf the material.to which they are secured and shall be separately mechanical
mum 3:1 Safety factor when compared to the manufacturers product design Io
sideration for the additional loading where PV Modules or supports are on eith
hstruction (2 times 3:1).

h that during
at is required

may involve a

ultin a risk of

b as the sole

jzed at a joint
ith 6.6.

trate surface
oad tested to
ad rating and
er side of the

Exception No. 4. For bonding only devices that rely on spring force and piercing function to penetrate
anodization or other nonconductive coatings and into the base material, see 9.10.

Exception No. 5: Ballasted systems at the interface between the ballasted system and the roof or ground.

6.13 Screw threads that are intended to clamp two or more materials together shall be installed such that
the clamping load is obtained after assembly.

6.14 An adjustable or movable structural part shall be provided with a positive locking device to reduce
the likelihood of unintentional shifting, such as but not limited to a cap screw or machine screw with a
definite clamp load, retaining pin or the like, if any such shifting may result in a risk of fire, electric shock, or
injury to persons.
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6.15 Metals used in locations that may be wet or moist shall not be employed in combinations that could
result in deterioration of either metal such that the product would not comply with the requirements in this
standard.

6.16 Accessible edges, projections, and corners of rack mounting system and clamping devices shall be
such as to reduce the risk of injury to persons.

Exception: Devices being used for clamping or bonding that have no exposed sharp edges when installed
are not required to meet this requirement.

6.17 Whenever a referee measurement is necessary to determine that a part as referenced in 6.16 is not
Sufﬁcien”y Srgrn toconstitute a risk of | |n|||r\l to persons; the-method-described-inthe-Standard for Tests

for Sharpness$ of Edges on Equipment, UL 1439 is to be employed.

7 Polymeri¢ Materials

7.1 A polymeric material utilized in a rack mounting system and/or clamping)device, which is not relied
upon for elecfrical isolation or insulation, shall comply with the applicable requirements in the|Standard for
Polymeric M3terials Polymeric Materials — Long Term Property Evaluations Use in Electrical Equipment
Evaluations, UL 746C, concerning:

a) Ultraviolet light exposure,
b) Water exposure and immersion, and

c) Relative Thermal Index (mechanical) (RTI).

7.2 A polynieric material serving as the mechanigal support and/or clamping device which is relied upon
for electrical isolation or insulation involving a risk*of fire or electric shock shall:

a) Haye a flammability classification-of HB, V-2, V-1, or V-0 determined in accordgnce with the
Standard for Tests for Flammability of Plastic Materials for Parts in Devices and Applignces, UL 94,
in addition to meeting the flammability requirements in the Standard for Polymeric Materials
Polymeeric Materials — Long.Term Property Evaluations Use in Electrical Equipment|Evaluations,
UL 74BC;

b) Meg¢t the hot-wire'ignition (HWI) requirements from UL 746C;

¢) Haye a minimum high-current arc ignition performance level category (PLC) in acgordance with

the following:
) pility classification e gnition PLC
HB 1
V-2 2
V-1 2
V-0 3

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

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

7.3 A polymeric material that serves as mechanical or electrical support and has an exposed surface
area greater than 10 ft? (0.93 m?) or a single dimension larger than 6 ft (1.83 m) shall have a flame spread
index of 100 or less as determined under the Standard Method of Test for Surface Flammability of
Materials Using a Radiant Heat Energy Source, ASTM E162-2001.

Exception N

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

for electrical

connections
Exception Nd

7.4 A polyn
Temperature
Materials — L

a) 1
super

b) 9(
supe

c) 70
supe

's not required to have an index of 100 or less.

. 2: A material that complies with 11.1 meets the intent of this requirement:

Index (RTI) Mechanical without Impact value in accordance with the Standard
bng Term Property Evaluations, UL 746B, as noted below:

D5° C for components that are in direct contact with- a module’s polymeric
strate and where:

1) The RTI of the module’s substrate is no greater than 105°C, and

2) There is no standoff requirement.in¢the module’s installation require
module’s compliance with UL 1703 (Section 19) or UL 61730-2.

°C for components that are not.invdirect contact with a module’s polymerig
strate,

°C for components that.afer'not in direct contact with a module’s polymerig
strate and where:

1) The product_installation instructions or physical constraints ensures the
module is nominally on average 3 in or more off the roof surface,

2) There.is:a minimum of 1/4 in gap between modules, and

3) A'minimum of 75% of the vertical area around the array is open for slope
systems (i.e. a skirt on only one side) and a minimum of 75% of the vertical §
row of modules is open for flat roof racking systems (i.e. only side deflectors).

heric material that serves as mechanical mounting support shatl have a minimmum Relative

for Polymeric

substrate or

nents or the

substrate or

substrate or

bottom of a

i roof racking
rea around a

Exception: A lower RTI minimum requirement for a polymer may be derived from the measured
temperature of the polymer within a representative PV system including the manufacturer’s rack mounting
system that is subjected to the UL 1703 or UL 61730-2 Temperature Test. The test shall be conducted with
the irradiance measured in the plane of the module and also in any other position relative to the sun that is
allowed in the manufacturer’s installation instructions where the polymer would likely experience
maximum temperature.

8 Grounding and Grounding Devices
8.1

The requirements in Section 9, Bonding, also apply to Grounding.

8.2 Mounting systems shall have a means for grounding/bonding all accessible potentially conductive
parts. Grounding devices shall comply with the Grounding and Bonding Equipment, UL 467, and also to
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the requirements of this Standard. The grounding means shall be bonded to each conductive part of the
rack mounting systems and clamping devices. The grounding means shall be described in detail in the
installation manual. See Installation, Assembly and Maintenance/Inspection Instructions, Section 26.

8.3 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, 300-series stainless steel, or suitably
corrosion protected for the application, see Section 10, 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 terminal shall be provided with upturned lugs, a cupped washer, a
barrief, or other equivalent means to retain the wire in position. The head of a wire-fginding screw
used tp terminate 12 AWG or smaller wire shall have a minimum diameter of 0.275)in’{7.0 mm) and
the hefad of a screw used to terminate 10 AWG wire shall have a minimum diameter o0f|0.327 in (8.3
mm).

b) A tgpped terminal plate shall:
1) Be of nonferrous metal or 300-series stainless steel,
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 10 or 12 AWG
wire and not less than 0.030 in (0.76 mm) thick when used to terminate a] 14 AWG or
smaller wire. Unextruded metal for screw threads obtained by extruding a hold shall have a
thickness not less than the pitch of the screw thread.

8.4 If a terminal connection is employed as part(af a rack mounting system or clamping device (a wire-
binding screw, a pressure wire connector, or_a“stud) for an equipment grounding conductgr, it shall be
identified by peing marked "G," "GR," "GROUND," "GROUNDING," or the like, or shall have a green-
colored part. None other than grounding. terminals shall be so identified.

8.5 If a marking is used to identify an equipment grounding terminal, it shall be located on gr adjacent to
the terminal.

8.6 If a gregn-colored patt iS'used to identify the equipment-grounding terminal, it shall be feadily visible
during and after installation of the equipment-grounding conductor and the portion of the tefminal that is
green shall ngt be readily removable from the remainder of the terminal.

9 Bonding

9.1 Mounting system and clamping/retention device(s) shall have a means for bonding all accessible
potentially conductive parts to ground. The grounding means shall comply with the applicable
requirements in Grounding and Grounding Devices, Section 8. The grounding means shall be bonded to
each conductive part of the rack mounting systems and clamping devices. The grounding means shall be
described in detail in the installation manual. See Installation, Assembly and Maintenance/Inspection
Instructions, Section 26. Mounting system and clamping/retention device(s) that create a bonding path by
connecting to and bonding multiple PV frames together is permitted, provided that the device(s) comply
with all of the following:

a) Comply with Sections 8, 9 and 22,

b) The device(s) are used with framed PV modules that comply with the Standard for Flat-Plate
Photovoltaic Modules and Panels, UL 1703, or with the Standard for Photovoltaic (PV) Module
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Safety Qualification — Part 1: Requirements For Construction, and Part 2: Requirements for

Testin

g, UL61730-2, and

c) The specific PV modules used with the mounting system are evaluated with the device(s) in
accordance with applicable sections in this standard.

Exception: Accessible conductive components that are not a part of the fault current ground path such as
flashings, roof attachments, L-feet, tile hooks, skirts, ballast trays and wind deflectors, and metal roofing
panels are not required to be electrically bonded when the following are all true:

a) The installation instructions clearly identify the system’s fault current ground path components
and their methods of assembly.

b) Th
indire]
norm

In addition, &g
1565, or the
is not require

9.2 Routing
involve brea
disrupt the b

9.21 A de
securingam|

9.2.2 Unleq
and clampin
to the const

9.3 The se
such as clan
9.5) or brazi
limited to an
positive mec

9.4 A bolte
fastener, a s

ri

e accessible conductive component is not likely to be energized other than-thr
ct contact with other accessible conductive components that are likely to be'én
b/ operations or single fault conditions.

suitable wire positioning device that complies with the Standard for Positioning
Standard for Cable Management Systems — Cable Ties for Electrical Installatio
d to be electrically bonded.

maintenance of a PV module or mounting system;. €.g. inspection or clean
ing or disturbing the bonding path of the system{Jf‘the removal of a module
bnding path of the system, the installation manual:shall comply with 26.10.

Jicated/identified grounding or bonding helé of a PV module, shall not alsg
pdule.

s specifically defined within a module’s installation instructions, the rack mod
device shall not be designed such that a module assembly bolt, screw, or othg
ction of the module is used for-bonding the PV module to the mounting system.

bugh direct or
brgized under

y Devices, UL
ns, UL 62275,

ing, shall not
may break or

be used for

nting system
r part integral

curement of bonding devices or achieving bonding shall be by positive mech
ping, riveting, bolted or screwed connections (see 6.5 and 6.6), or welding,
ng. The bonding.'connection/device shall penetrate nonconductive coatings, s
odization, paint-or vitreous enamel. Machine screws of all types are consid

d, screwed or riveted connection that incorporates a star washer under th
brrated screwhead ora bondmg device between surfaces may be acceptable fi

nonconductie
each with at|

east a fuII thread or two full threads of a single screw shaII engage the metal

nanical means. Sheet metal screws are not considered a positive mechanical mg

anical means,

oldering (see
ch as but not
ered to be a
ans.

head of the
br penetrating
more screws

9.5 Alljoints in the bonding path shall be mechanically secure independent of any soldering.

9.6 A separate bonding conductor or bonding strap shall comply with the following:

a) Be of copper and its alloys, aluminum and its alloys, 300 series stainless steel, or other material
acceptable for use as an electrical conductor;

b) Where there is risk of mechanical damage, a minimum 6 AWG strap shall be used or the strap
shall be protected from mechanical damage by using methods such as but not limited to a
protective raceway or routing straps along structural elements;
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c) Be secured via a positive mechanical means (see 9.3). If secured by a removable fastener, the
fastener shall be used only to secure the bonding conductor or strap if it is likely that the bonding
conductor or strap would not be reinstalled after removal and replacement of the fastener;

d) If te

rminations are included, be factory crimped terminations, not field crimped;

e) Comply with the sizing requirement in Table 9.1. A separate bonding conductor or bonding strap
shall have a minimum size or be rated to carry the required current in accordance with the

followi

ng:

1) For a dc input from a photovoltaic source or output circuit, 1.25 times the rated short-

circuit input current for that input.

Excep
Sectio

f) Bon
Test,

Short
Bondi

g) Flg
Resist

Limite

9.1 based on the size of the overcurrent device protecting that circuit.

tion: A smaller conductor or strap is usable when it complies with Bénding Co
n 22.

ding straps with non-flat terminations/crimps are subject tosthe Bonding Pat
Bection 13; Humidity Test, Section 18; Bonding Conducter Test, 135%, 200%
Circuit, Section 22 and evaluated in accordance with(the Standard for Gr
g Equipment, UL 467; or

t bonding straps with flat end terminations/¢crimps, are subject to the B
ance Test, Section 13; Humidity Test, Section8; Bonding Conductor Test, 135
d Short Circuit, Section 22, and the Bonding@Strap Pull Test, Section 23.

2) For any ac input or output circuit or dc (non-PV) input or output circuit, Calumn 2 of Table

nductor Test,

h Resistance
and Limited
punding and

onding Path
0, 200% and
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Table 9.1
Size of equipment-grounding conductors
Column 1 Column 2
Minimum size of equipment-grounding or bonding conductor
AWG or kcmil (mm?)
Maximum circuit
current rating,
amperes Copper Aluminum or copper-clad aluminum
15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.4)
40 10 (5.3) 8 (8.4)
60 10 (5.3) 8 (8.4)
90 8 (8.4) 6 (13.3)
100 8 (8.4) 6 (13.3)
150 6 (13.3) 4 (21.2)
200 6 (13.3) 4 (21.2)
300 4 (21.2) 2 (33.6)
400 3 (26.7) 1 (42.4)
500 2 (33.6) 1/0 (53.5)
600 1 (42.4) 2/0 (67.4)
800 1/0 (53.5) 3/0 (85.0)
1000 2/0 (67.4) 4/0 (107.2)
1200 3/0 (85.0) 250 (127)
1600 4/0 (107.2) 350 (127)
2000 250 (127) 400 (203)
2500 350 (177) 600 (304)
3000 400 (203) 600 (304)
4000 500 (253) 800 (405)
5000 700 (355) 1200 (608)
6000 800 (405) 1200 (608)
9.7 A bond|ng-device that pierces non-conductive coatings such as, but not limited to; anodization, paint,
vitreous enamelmay be a separate piercing device such as,but not limited to; a piercing washer, star

washer, serrated fasteners, or integral to the component. It shall have sufficient hardness to pierce the
non-conductive coating and as such may be 300-series stainless steel, or a suitably corrosion protected
conductive material (see Section 10).

9.8 A ferrous metal part shall be protected against corrosion by metallic or nonmetallic coatings, such as
painting, galvanizing, or plating. 300-series stainless steel is acceptable without additional coating. Any
corrosion protection shall not interfere with the grounding/bonding path.

9.9 Suitable corrosion resistant (see Section 10) metal-to-metal multiple load bearing pin-type hinge may
be an acceptable means for bonding.

9.10 Bonding only devices that rely on spring force and piercing function to penetrate the anodization or
other nonconductive coating and thereby secure into the base material, shall also demonstrate that upon
removal, base material is also removed or deformed.
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9.11 Bonding devices evaluated as multiple use shall be subject to the Multiple Use Bonding Conductor
Limited Short Circuit Test portion of 22.4.

9.11.1 Bonding device multiple use location restrictions shall be evaluated and where applicable, so
indicated in the installation instructions. For example, where a bonding device re-use case requires
specific placement on the module frame, the installation instructions shall reflect and inform Section 22
performance testing.

9.12 A bonding/grounding device evaluated to this standard, that is mounted to a PV module frame
(such as a Module Level Power Electronic device or mounting bracket) used in accordance with the

bonding/grounding device installation instructions provided, is not required to be evaluated with the rack

system or in
for the syste
10 Corrosion Resistance

10.1  Aluminum; cast and wrought aluminum alloys of series 1XX.X,1XXX, 3XX\X, 3XXX, 4

ding method

XXX, 4XXX,

5XX.X, 5XXX, 6XX.X, and 6XXX; 300 series stainless steel, copper and its.alloys, or polymeric materials

may be used without additional corrosion protection.

10.2  Aluminum alloys of series 2XX.X, 2XXX, 7XX.X, 7XXX, 8XX.X; and 8 XXX shall not be
methods to assess the corrosion resistance of these alloys have'not yet been developed.
other non-inherently corrosion-resistant materials which may:be exposed to the weather s
corrosion-res(stant by one of the following minimum coatings:

a) Hot-dipped mill-galvanized sheet steel conferming with the coating designation G
the $pecification for Steel Sheet, Zinc:€Coated (Galvanized) or Zinc-lron
(Galvgnnealed) by the Hot Dip Process, ASTM A653/A653M, or for equivalent ASTN
on thel minimum single spot-test requirement in this ASTM specification. The weight o
may be determined by any acceptable-method; however, in case of question, the weig

Excepltion: For the posts«that are to be driven into the ground; the coating designa
(Z600), minimum, according to ASTM A653/A653M or the equivalent in either f
Specification for Zinc\Coating (Hot-Dip) on Iron and Steel Hardware, ASTM A153, or
Specification for,Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products, AST
be utilized.

b) A zinc\coating, other than that provided on hot-dipped mill-galvanized sheet stg

used, as test
Steel, iron or
nall be made

90 (Z275) in
Alloy-Coated
1 123, based
[ zinc coating
ht of coating
ting on Zinc-

tion of G210
he Standard
the Standard
I A123, shall

el, uniformly
rface with a

applied™to’ an average thickness of not less than 0.61 mils (0.015 mm) on the s\

minimum thickness of 0.54 mils (0.014 mm). The thickness of the coating shall be established by
the Metallic Coating Thickness Test, Section 20. An annealed coating shall also comply with 10.5

and 10.6.

¢) A cadmium coating not less than 1.0 mils (0.025 mm) thick on both surfaces. The thickness of

the coating shall be established by the Metallic Coating Thickness Test, Section 20.

d) A zinc coating conforming with 10.2(a) or 10.2(b) with one or more coats of outdo
coating system shall comply with 10.3.

or paint. The

e) A cadmium coating not less than 0.00075 in (0.019 mm) thick on both surfaces with one coat of
outdoor paint on both surfaces, or not less than 0.00051 in (0.013 mm) thick on both surfaces with
two coats of outdoor paint on both surfaces. The thickness of the cadmium coating shall be

established by the Metallic Coating Thickness Test, Section 20, and the coating
comply with 10.3.

system shall
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f) An organic or inorganic protective coating systemproviding protection at least equivalent to that
provided by the zinc coating described in 10.2(a). See Corrosive Atmosphere Tests, Section 19.

10.3 With reference to 10.2(d) and 10.2(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 10.2(a). See Corrosive Atmosphere Tests, Section 19.

10.4 With reference to 10.1 and 10.2, 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 10.1(a) or 10.2 as applicable, indicate they
provide equivalent protection. See Corrosive Atmosphere Tests, Section 19.

10.5 An anpealed coating on sheet steel that is bent or similarly formed or extruded or.folled at edge of
holes after gnnealing 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 radids of a bent or
formed section is visible at 25 power magnification, the zinc coating is considered-damaged.

10.6 Simplé¢ sheared or cut edges and punched holes are not required to be additionally prqgtected.

10.7 Iron of steel serving as a necessary part of the product but not exposed to the weather shall have a
protective copting, such as plating, paint, or enamel for protection against corrosion.

10.8 Materials not specifically mentioned in this section shall be evaluated on an individyal basis. The
Corrosive Atmosphere Tests, Section 19, may be used for the’evaluation.

10.9 The corrosion resistant material shall not interfere with the grounding/bonding path.

10.10 Stee| parts which have either a through-er surface hardness equivalent to Rc35 or grgater, and are
electroplated, shall be additionally treated following the electroplating process to religve hydrogen
embrittlement.

11 Fire Resistance

11.1 A moynting system intended for stand-off, rack mounting, or direct mounting in combination with a
specified rodf, or intended, for integral mounting in combination with the specified PV modyle(s) that are
not BIPVs, shall comply, with the fire resistance requirements for a Class A, B, or C PV System Rating in
Section 15 and marked'as being fire rated as specified in 25.4. The PV mounting system with its module or
panel is to bg evaluated for Class A, B, or C so that the appropriate System Fire Class Rating can be used
for building ¢ode compllance purposes. System F|re Class Ratmgs A, B,or C are only relevant for PV
modules or ps A C A C , dfack mounting
systems may be tested W|th speC|f|c "types of modules as charactenzed in accordance with paragraph
16.4.1 of the Standard for Flat-Plate Photovoltaic Modules and Panels, UL 1703, or with paragraphs
10.17DV.4.2 — 10.17DV.4.2 of the Standard for Photovoltaic (PV) Module Safety Qualification — Part 2:
Requirements for Testing, UL 61730-2.

Exception: The fire tests outlined in this section are not required for systems that meet all the following
requirements:

a) Modules or panels with a defined Type classification and a spread of flame result that meet
Class A requirements, which is <1,82 m (6 feet) or less in 10 minutes, in accordance with UL 1703
or UL 61730-2 (for example, Types 1, 2, 3, 10, 13, 16, etc.);

b) Rack mounting systems, that comply with this standard, constructed of minimum 98% (by
weight) noncombustible materials, as defined by ASTM E136; and
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¢) Installed over Class A roof assemblies with the following noncombustible roof coverings:

1) Clay tile,

2) Concrete tile,

3) Metal panels made from steel, minimum 28 Ga ferrous panels or shingles.

These systems shall be identified as having a Class A fire rating.

11.2 Rack or direct mounting systems with 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 coveringymaterial or roof

covering system.
PERFORMANCE
12 General

121

Samples of the rack mounting system and clamping device(s) with associated hardware and with

the PV Moddles intended to be utilized with the rack mounting<system and clamping dev|ces shall be
subjected to the tests indicated in Table 12.1. The order of the tests in Table 12.1 is not reqyired. It is not
intended thaf any one sample be subjected to the complete.sequence or a partial sequence of tests,
except for thg Bonding Path Resistance Test, which is conducted before and after the Humidity Test.

Table 12.1

Rack Mounting System and-Clamping Devices Performance

Section Test Number of samplgs
1B Bonding.Path Resistance Test 1, also see Humidity Cycling and Bonding
Conductor Tests

11 Terminal Torque Test 1

1P Fire Tests 1

16 Accelerated Aging Test a

18 Humidity Test 1 each connection pgint

19 Corrosive Atmosphere Tests 2 (For larger samples: 1 for each test. For
smaller samples such as cap $crews, nuts,

washers, etc. 3 for eacl test)
20 Metallic Coating Thickness Test As needed
21 Mechanical Loading Test Number to be determined as to be
representative of the construction
22 Bonding Conductor Test, 135%, 200% and 2 for the 135% Bonding Conductor Test, 2 for
Limited Short Circuit the 200% Bonding Conductor Test, and 2 for
the Limited Short Circuit Test, which is 6 for
each connection point?
23 Bonding Strap Pull Test (Only for flat bonding 2 each
straps with flat end terminations/crimps)
@ Dependent on the physical size of the gasket and seal material.
b Samples may be reduced by reusing samples from other tests at the discretion of the manufacturer.

12.2 Tests performed on representative samples are acceptable given that no differences from the
representative samples, or any differences in design are within limits outlined in Appendix B, Retest
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Guidelines. Samples shall be of sufficient length and width such that a 1.97 in (50 mm) scribe can be
made while maintaining a 0.49 in (12.5 mm) distance (clearance) from the scribe to the sample edge.
Samples with sizes or geometries that, in full scale, cannot meet this requirement are exempt from
scribing.

13 Bonding Path Resistance Test

13.1 The resistance between grounding or bonding junctions shall not be more than 0.1 Q when
measured in accordance with 13.2.

13.2 Direct current equal to twice the fuse ampere rating specified for the PV Module is to be passed

between th grnllndlng/hnnr{lnn connection pnlnfc (for nvnmnln the P\, Module fram to the rack
mounting sys$tem frame, which may be through the bondlng clamp deV|ce if applicable,.and also through
the rack moynting system frame connection points, where applicable). The resistanceTis\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 ppint of current injection.

Exception: Aldirect current of 25 amperes may be substituted for twice the fuse ampere rating.

13.3 If morg than one test is needed to evaluate all the paths of cofiduction between acgessible metal
parts, there i$ to be a cooling time of at least 15 min between tests.

14 Terminal Torque Test

14.1 A wirg-binding screw or nut on a wiring terminal“shall be capable of withstanding| 10 cycles of

tightening to and releasing from the applicable value of'torque specified in Table 14.1 without

a) Damage to the terminal supporting member, or

b) Loss of continuity.

Table 14.1
Torque requirements

Torque
Screw size Lbf-in (N-m)
NO-6 12 (1.4)
No. 8 16 (18)
No—10 20 (2.3)

14.2 If a machine-screw thread cutting screw, drill point screw or the like is utilized such that material is
removed from the part receiving the screw, the Terminal Torque Test shall be conducted to ensure integrity
of the mechanical or electrical (including bond/ground) connection. If the screw size differs from that in
Table 14.1, then the manufacturer's recommended torque shall be utilized. If the screw size is the same as
in Table 14.1, and the manufacturer’s torque specification differs from Table 14.1, then the higher value
shall be utilized for the Terminal Torque Test.
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15 System Fire Class Rating of Mounting Systems with Modules or Panels in Combination with
Roof Coverings

15.1 General

15.1.1 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 15.1. The specimens selected for testing are to be representative of the
construction series being investigated with regard to components, configuration, and design.

Table 15.1
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

Tept Class A Class B Clags C
Spread of Flam On Top Flame Spread less than 6 ft Flame spread less than 8\ft Flame spread |ess than 13 ft
Surface of Modple or Panel (1.8 m) in 10 minutes (2.4 m)in 10 minutes (4.0 m) in ## minutes

(UL 1703, Section 31.1.2 or
UL 61730-2, Sqction DVB.2)?

Spread of Flam at Roof and Pass Pass Paks
Module or Pangl Interface
Over Represenfative Steep
Sloped Roof [1$.2.1(a)]°

Spread of Flamg at Roof and Pass Pass Paps
Module or Pangl Interface
Over Represenlative Low
Sloped Roof [1%.2.1(b)]°

Burning Brand ¢n Surface A Brand B Brand C Brand
Over Represenfative Steep
Sloped Roof [1%.3.1(a)]°

Burning Brand Between Pass Pass Paps
Module or Pangl and
Representative|Steep Sloped

Roof [15.3.1(b)

@ Requirement ¢an be met by either with a type tested module (UL 1703, Section 16.4.1, or with paragraphs 10.17D}.4.2 of the
Photovoltaic (P)/) Module SafetynQualification — Part 2: Requirements for Testing, UL 61730-2) or by performing the|test in UL
1703, Section 31.1.2, or UL 6;1730-2, Section DVB.2, on the top surface of a module or panel in the mounting systerm being
qualified in 15. For non-typetested products, the product must pass two consecutive tests for each required test.

=3

b After testing the required-directions, the test which had the worst performance (as determined by the greatest burn| distance)
shall be repeatg¢d. Eachrtest must be passed unless not required by the terms of 15.1.3, Section 15.2 or Section 15.B. For the
purpose of this ptandard, Steep and Low Sloped Roof are defined in 15.1.2.

15.1.2 A rack mounting system intended for stand-off, rack, or direct mounting in combination with a
specified roof, or intended for integral mounting in combination with the specified PV module(s) that are
not BIPVs in combination with roof coverings shall be installed as shown in this section and according to
the manufacturer’s installation instructions for both the module and mounting system 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 the Standard for Flat-Plate Photovoltaic Modules and Panels, UL 1703, or in the Standard
for Photovoltaic (PV) Module Safety Qualification — Part 2: Requirements for Testing, UL 61730-2. For
installations that are wider than the 40 inch (1016 mm) standard test deck, supports may need to be
fabricated on which to mount the mounting system. Any support system is to be developed to ensure
consistency with installation instructions and field conditions. The mounting system with installed PV
module(s) or panel(s) shall be centered on the test deck and extend to the edges of the test deck. The
mounted modules or panels shall be tested in combination with the following roof constructions:
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Steep-Sloped Systems — Spread of Flame: When designed for steep-sloped roofs for slopes greater
than or equal to 2 in/ft (167 mm/m), a rack mounting system intended for stand-off, rack, or direct mounting
in combination with a specified roof, or intended for integral mounting in combination with the specified PV
module(s) that are not BIPVs 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;

b) Underlayment: ASTM D226 Type 1 Roofing Underlayment (also known as 15 Ib Roofing Felt);
and

c) Roof Coverlng Class A 3 tab asphalt shlngle ASTM D3462 "Standard SpeC|f|cat|ons for
p-alternate roof
cally secured

The roof covering system must demonstrate a flame extension of at least 48 inChes (1219|mm) and not
more than 74 inches (1829 mm) in the average of three baseline tests.

Low-Sloped|Mounting Systems — Spread of Flame: When designed forlow-sloped roofs fpr slopes less
than 2 in/ft [167 mm/m), a rack mounting system intended for stand-off, rack, or direc{ mounting in
combination |with a specified roof, or intended for integral mounting{in combination with the| specified PV
module(s) that are not BIPVs in combination with a roof covering.shall be tested in combinpation with the

c) Rpof Covering: Single-ply, mechanically attached, membrane with the system having
demonstrated a Class A fire rating. @ne roof covering system that has been found td comply is an

The roof coviering system must demonstrate a flame extension of at least 48 inches (1219|mm) and not
more than 73 inches (1829 mm)«in the average of three baseline tests.

Steep-Slopdd Systems < Burning Brand: When designed for steep-sloped roofs for slopes greater than
or equal to 2|in/ft (167 mim/m), a rack mounting system intended for stand-off, rack, or dire¢gt mounting in
combination jwith a specified roof, or intended for integral mounting in combination with the| specified PV
module(s) that are-not BIPVs in combination with a roof covering shall be tested in combinption with the
following roof construction:

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

b) Underlayment: ASTM D226 Type 1 Roofing Underlayment (also known as 15 Ib Roofing Felt);
and

c) Roof Covering: Class A 3 tab asphalt shingle, ASTM D3462, "Standard Specifications for
Asphalt Shingles Made from Glass Felt and Surfaced with Mineral Granules.”

15.1.3 For low-sloped mounting systems with an asymmetrical edge configuration (e.g. sloped ballasted
system), the spread of flame test for low-sloped mounting systems described in 15.1.2 shall be performed
at (1) the south edge, (2) east edge, and (3) the north edge of a typical perimeter array block used for the
mounting system. Multiple edges may be combined in one test providing the geometry is symmetrical,
such as east and west edges or north and south edges. All required wind deflectors and ballast shall be
installed when performing the test. Each test shall be performed with new modules or panels. See Figure
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15.1A and Figure 15.1B for clarification on the three required flame test locations for the asymmetrical
mounting system.

Figure 15.1A

Demonstration of the three test locations

South Edy

' North Edgg
\\ ©

Epst Edge \O

sy1545

/Qf
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East/West
Edge

Noith/South

su1545a

15.1.4 For
panel are to
mounting sy§
panel, or thq
panel for the

15.1.5 For
minimum md

roof deck shall be 5 j

15.1.6 For

Figure 15.1B

Demonstration of two test locations

<A

Fdge

¥
both the Spread-Of-Flame and’@’ning-Brand Tests, the mounting system and

the manufacturer’s instructions for both the m
in 15.3.1. The mounting hardware furnished with
ended in the instructions, is to be used to mount t

be installed in accordance wi
tem, except where descri
mounting means reco

test.
O

steep sloped og?s the inclination of the module or panel with respect to the ro
dule or p inclination specified in the installation instructions. The slope of
(416 mm/m).

Q@pred roofs, the inclination of the module or panel with respect to the rog
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bf is to be the
the simulated
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minimum ma
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roof deck shall be 0.5 in/ft (41.6 mm/m).

15.1.7 A rack mounting system is not required to be usable after any of the tests in this section.

15.2 Spread-of-flame tests

15.2.1

The spread-of-flame tests are to be conducted on the mounting system assembled with the

intended PV modules or panels. Tests are to be conducted using the apparatus as described in the
Standard Test Methods for Fire Tests of Roof Coverings, UL 790, and the tests modified as described in
the following subsections. The tested mounting system will be exactly as it is assembled with the PV
module according to its evaluation, with alternative designs that affect these test results tested separately
according to the Retesting Guidelines in Appendix B. Parameters that are installed with variable settings

will be tested

with the worst-case condition except as described below.
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a) Spread of Flame at Roof and Module or Panel Interface Over Representative Steep Sloped
Roof. With the mounting system and the module or panel installed on a steep 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. The mounting system and 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 mounting system and the module or panel installation for steep sloped
roofs shall be the measured baseline in accordance with 15.1.2 minus 12 inches (303 mm). Figure
15.2 illustrates how the baseline roof tests are used to establish the location of PV mounting
system relative to the test flame. Figure 15.3 and Figure 15.4 illustrate where the test sample is to
be located relative to the test flame, including application of deflector. The rating obtained for a 5-

inch (
used

Install
inches

b) Spn
With t

27 mm) gap between the bottom of the module frame and the roof covering,su
or any other gaps allowed by the mounting instructions. This test is nét re

/foot (167 mm/m).

ead of Flame at Roof and Module or Panel Interface Over Representative Low
ne mounting system and the module or panel installed on a lew slope roof as

ption Instructions require that the mounting system only be installed foryslopes

rface can be
quired if the
less than 2

Sloped Roof.
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. For low Sloped roofs, the mounting system
and the module or panel installation shall be installed with{a minimum of 36 inchg¢s (910 mm)
betwegn the edge of the flame test apparatus and the edgeof the PV mounting system, as defined
by thel 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 mounting system and the module or panel installation for low
sloped roofs shall be the measured baseline in accordance with 15.1.2 minus 12 inchg¢s (303 mm).
For prpducts with asymmetrical edge configurations, these dimensions apply to each pf the 3 tests
descriped in 15.1.3. Figure 15.5 — Figure 16112 illustrate where the test sample is fo be located

relativ|
manuf
the ro
rating
instrug
only b

A defl
flame
path 3
distan
modul
modul

b to the test flame, including application of deflector. If no gap height is sp
acturer’s instructions, a 5-inch (127 mm) gap between the bottom of the modu
bf covering surface shall be used with the module or panel parallel to the roof
obtained for a 5-inch (127.mm) gap can be used for any other gaps allowed by
tions. This test is not required if the Installation Instructions require that the mo
b installed for slopesgreater than 2 inches/foot (167 mm/m).

pctor is defined,as.a continuous flame mitigation device which has a significant i
path and/or air flow direction. Breaks are permitted if no change in the impact
nd/or air flow*direction can be expected. The deflector cannot be used to adj
Ce by more than 6 inches (152.4 mm). If the deflector is greater than 6 inches a
e edgepthen the edge of the PV mounting system is considered to be 6 inches a

cified in the
le frame and
surface. The
the mounting
Hule or panel

mpact on the
on the flame
st the offset
way from the
way from the

describedk

e frame. For the purposes of defining test configurations, the deflector shall b¢

installed as

Note: Testing during the development of fire testing procedures suggest that 5 inches (127 mm) is a worst case condition.
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Figure 15.2

Method to determine location of PV module mounting system for steep-sloped and low-sloped
flame spread test

BASE CASE TEST #1 s

BASE CASE TEST #2 .

BASE CASE TEST #3 e -

TEST FLAME
BASE CASE TEST AVERAGE |

w:_ll> 410"

BASE CASEAVG - 12"

3-10

LOCATION FOR LEADING
EDGE OF PV MODULE
MOUNTING SYSTEM
su1526

Metric conversign information:
5ft-4in (1.6 n)
4 ft-8in (1.4 m)
4 ft-6 in (1.37 m)
4 ft-10in (1.5m)
3ft-10in (1.2m)

Figure 15.3

Steep-sloped flame spread test deck-south edge

PV Module

Class A Composition
Shingle Roofing System

FLAME TEST
APPARATUS

su1527
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Figure 15.4

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

PV Module

SOUTH WIND
DEFLECTOR

Class A Composition
Shingle Roofing System

3-10”

ALAME TEST
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su1528

Metric conversioh information:
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Figure 15.5

Low-sloped flame spread test deck-south edge (asymmetrical cross section)
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Figure 15.6

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

(no south deflector-asymmetrical cross-section)
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Figure 15.7

Placement of PV mounting system relative to test flame for low-sloped flame spread test deck-
south edge
(south deflector—asymmetrical cross-section)
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Figure 15.8

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

Figure 15.9

(asymmetrical cross-section)
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Figure 15.10

Low-sloped flame spread test deck-east edge (asymmetrical cross section)
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Figure 15.11

Placement of PV mounting system relative to test flame for flame spread test deck-east edge
(asymmetrical cross-section)
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Figure 15.12

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

(asymmetrical cross-section, angled deflector)
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h information:

=}
=

ne Spread-of-Flame Tests, Section 15.2, at no time during the tests shall:

portion of the module ar panel be blown off or fall off the test deck in the form
g brands;

lions of the roof deck fall away in the form of glowing particles;

flame spread on the roof surface, or module or panel surfaces beyond 6 ft

j on both-the top and bottom surface of the module or panel; or

of flaming or

(1.8 m). The

spread is {0"be measured from the leading edge of the test deck. Spread-of-flame includes

d) There _be significant lateral spread-of-flame on the module or panel. Significant lateral spread

shall be considered to have occurred when surface flaming extends Taterally on the mounting
system or the module or panel to the full 40 in (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
surface.

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.

15.3 Burning-brand tests for steep sloped mounting systems

15.3.1 Burning brand tests are to be conducted on mounting systems with PV modules or panels
designed for steep sloped applications. The mounting systems shall be evaluated in combination with the
intended modules or panels as described in the accompanying manufacturer’s installation instructions.
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Tests are to be 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 15.1.2, and the Class A burning brand plywood test deck as described in UL 790, Figure 4.5.
The mounting system is to be installed and 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:

sA,B,orC
7 mm) above
the sprface of the test deck or the gap to be tested specific to the mounting qystem. If the
installation instructions do not allow a gap of 5 inches (127 mm), then the module shall be installed

: and is to be
positibned with its upper edge 25.5 inches (648 mm) from the leading) edge of the fest deck and
centefed laterally with respect to the vertical joint in the test deck. The brand is to be placed so that
the strips in both the upper and lower layers are parallel to the direction of air flow. The brand is to
be sefured to the module using a No. 18 B&S Ga (0.82 mm?) softiron wire secured td the deck.

127 mm), the
burnipg brand test for part (a) shall be waived.

b) Byrning Brand between Module or Panel and “Steep Sloped Roof. With a Class B brand
positibned in the 5 inch (127 mm) interstitial space below the module or panel and on the surface of
the rqof or the gap to be tested specific to the mounting system. If the installation ipstructions do
not allow a gap of 5 inches (127 mm), thefi’the module shall be installed above the surface of the
test deck according the installation instructions. The brand is to be positioned with ifs upper edge
24 in¢hes (610 mm) from the leading.edge of the test deck and centered laterally with respect to
the vertical joint in the test deck. The brand is to be placed so that the strips in both the upper and
lower]layers are parallel to the direction of air flow. The brand is to be secured to the fleck by a No.
18 B&S Ga (0.82 mm?) soft-irof wire.

Exception N¢. 1: For mounting-systems with a guarded perimeter (see 2.20A), the burning |prand test for
part (b) shall be waived. A ‘guarded perimeter with openings shall not allow a 1/4-in (6.4-mmm) diameter
hemispherical tipped probe applied with a force of 1 Ib (4.4 N) to pass through any opening. [For mounting
systems with a guarded-perimeter, the burning brand test for part (b) shall be waived.

Exception Ng. 2:\For systems installed with a fixed height of 2-1/2 inches (64 mm) or lesgq between the

I £ 4 o L =) ihad ja th iaatallation—iaatrtatan. 4+ Iy ppein fan ot ranalt
System and TG 1ICOol UCTUN do UCOUITUCU 1T UTC ITTotdirdatrvrT mrotruvlivrro, Ure Uulllllly ordariuai 3t for part (b)

shall be waived.

15.3.2 At no time during the tests shall:

a) Any portion of the module, rack mounting system, mounting grounding/bonding components or
clamping/retention devices 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, PV module, rack mounting system, mounting
grounding/bonding components or clamping/retention devices, that continues to glow or flame for 5
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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.

15.4 Recording

15.4.1 The fire performance for rack mounting system intended for stand-off, rack, or direct mounting in
combination with a specified roof, or intended for integral mounting in combination with the specified PV
module(s) that are not BIPVs 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 15.1 relative to the corresponding conditions of acceptance in 15.2.2
and 1%.3.2; and

c) The class of PV mounting system, in combination with the specific PVmodules(s) or module
type, gchieved based on test results (Class A, B, or C).

16 Accelerated Aging Test

16.1 Materials used for gaskets, seals, and the like (other tham cark, fibrous material]{ and similar
products) shdll have the physical properties as specified in Table 46:4, and shall comply with the physical
property reqyirements of Table 16.2. The material shall not déform, melt, or harden to a degree which
would affect ifs sealing properties.

Table 16:1
Physical property requirements
Minirhum tensile strength? Minimum ultimate elongation® Compressive set®, maximium set
Silicone rybber — 500 psi (3.45 MPa) 100 percent 15 percent
Flexible cdllular materials (that is 100 percent d
such as fopm rubber) — 65 psi (0.448
MPa)
Other Elagtomers — 1500 psi (10.3 300 percent® 15 percent
MPa)?
Nonelastofmers (excludirg-cork, fiber 200 percent 15 percent
and simila[ materials) /1500 psi
(10.3 MP4))°

2@ Tensile sjrength and ultimate elongation are to be determined using Die C specimens described in the Standqrd Test
Methods fpr\Rubber Properties in Tension, ASTM D 412-98 or Type | specimens described in the Standard Test Method
for TensilelRreperties-efPlasties; ASHA-B-638-84-
b As an alternate, an ultimate elongation of 200 percent is acceptable providing that the tensile strength is at least 2200
psi (15.1 MPa).

¢ Compressive set is to be determined 30 min after specimen release using the Standard Test for Rubber Property-
Compression Set, ASTM D395-01, Method B.

9 Compressive set is not applicable to flexible cellular materials.
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Table 16.2

Physical requirements after conditioning

Maximum operating
temperature of material

Minimum percent of the result
with unaged specimens

Maximum
change
(Duro) from
uncondi
Tensile Ultimate tioned
°c (°F) Conditioning Procedure strength elongation value®P
Air oven aging for 70 h at 100 +2°C
60 or less (140 or less) (212 +3.6°F) 60 60 5
Air oven aging for 168 h at 100
61-75 (142-167) | 420c (212 +3.6°F) 50 50 5
Aged in full-draft, air-circulating
76 — 90 (169 —194) | oven for 168 h at 121 £2°C (250 50 50 10
+2°F)
Aged in full-draft, air-circulating
91-105 (196 —221) | oven for 168 h at 136 +2°C (277 50 50 10
+2°F)
20 £1°C (36 +2°F) greater than use
Above 101 (Above 221) | temperature in circulating 50 50 10
convection oven, 168 h exposure

® Not applichble to flexible cellular materials (that is, a material such asfoam rubber).

@ Determindd in accordance with the Standard Method for Rubber Property-Durometer Hardness, ASTM D2240}02.

17 Temperature Cycling Test

17.1 Deletgd

17.2 Deletgd
17.3 Deletgd

17.4 Deleted

Figure 17.1

Thermal cycle test

Figure deleted
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17.5 Deleted
18 Humidity Test

18.1 Representative samples of the PV modules, rack mounting system and clamping device’s
interconnect points (where one member is connected to another where a bonding path is to be
maintained) shall be subjected to 10 cycles of humidity-freezing as described in 18.2 — 18.6; and:

a) The test shall not result in:

1) Loss of ground circuit continuity;

t compliance
with this standard;

b) Befl
be m

pre and immediately following the Humidity Cycling Test, the bonding path redistance shall
sured using the procedure in the Bonding Path Resistance Test, Section 13.

A

)
C

18.2 Repregentative samples of the rack mounting system and clamping.device’s inter-cgnnect points
(where one mlember is connected to another where a bonding path is to be.maintained) are tq 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 continuqus individual
detection of lgss of grounding/bonding continuity.

18.3 The sgmples 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.

18.4 The te
sample is pre
of water as th

t apparatus and arrangement of-samples is to be such that dripping of condensate on a
ented. Terminations are to be.afforded the least degree of protection against ¢ondensation
y would be in any intended installation of the product.

b) A dell at 85°C for 20 h minimum;
c¢) A transition(from 85°C to minus 40°C (minus 40°F);

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

e) A transition from minus 40°C to 25°C. When the temperature is 0°C (32°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 0°C, the temperature transitions of the test chamber
with respect to time are not to be greater than 200°C/h (360°F/h). The total time for the transitions
and the minus 40°C dwell together is not to exceed 4 h. If the 25°C temperature is the start or end
of the 10 cycles, any nominal room temperature in the range 15°C to 30°C (59°F to 86°F) may be
used. The total cycle time is not to exceed 24 h. See Figure 18.1.
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Figure 18.1

Humidity-freezing cycle test
"7 85£2.5%R.H. ——1 ~>‘Freezmg’<7 ’<—2
||
|

120°C/hr. Maximum

85%t
S5%R.H.

85

Contmue for
10 Cycles Cycles

/
[

o
L 25
2 \\Stort of Cycle
o . ) of Cycle
8 9 200°C/h. Maximum
QE) — Test Chamber
2
- | |- Module Response
40 (Representative Temperature Lag)
44 LGO Sh. Minihum
’di 20h. Minimum — 4h. MoximumA-‘
$2922 Time (Hours)
18.6 The humidity of the chamber air when\the chamber air temperature is 85°C (185°F) is|to be 85 +2.5

percent relative humidity. During all temperature transitions the chamber air is to be isolated from the

outside air (n

18.7 When
module or a
with the adh

o make-up air) to allow ¢ondensing water vapor to freeze in the module or panel

an adhesive or polymeric material is being utilized for mechanical securen
portion of the rack-mounting system, a sample shall be subjected to the follow|
bsive/polymeric material subject to the stress of the weight of the PV Module(s

hent of a PV
ng sequence
) and racking

componentsin the orientation most likely to produce failure while in the chambers:

a) Humidity-Cycling Test, followed by;

chanical Loading Test.

b) M¢g

It is also acceptable to conduct this sequence on a separate representative sample (where the weight per
surface area is equivalent).

19 Corrosive Atmosphere Tests

19.1 Salt spray test

19.1.1 The samples shall be subjected to the salt spray test as described in the Standard for
Environmental testing — Part 2-52: Tests — Test Kb: Salt mist, cyclic (sodium chloride solution), IEC 60068-
2-52, Test method 5. The duration shall be a maximum of 28 days with shorter durations allowed, provided
that transitions between test conditions occur within the maximum times specified in Figure 19.1 and

Figure 19.2.


https://ulnorm.com/api/?name=UL 2703 2025.pdf

48 UL 2703 JUNE 11, 2025

Exception: A specimen constructed of materials such as plastic, 300 series stainless steel, or alloys of
aluminum that are known to be resistant to atmospheric corrosion in accordance with 10.1 are not required
to be tested.

Figure 19.1

Maximum durations for transitions between test conditions (see additional details in Figure 19.2)

( ) ) ] N
Cyclic Corrosion Test Profile
o L N n | | | | S Ln n n
90
80
70
60
50
40 XL
30
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0
0 100 200 300 400 500 600 700
Time (Hours)
Temperature (°C) ~ —— Relative Humidity (%)
- J
Su4590
Figure 192
Maximum durations for transitions between test conditions (see also Figure 19.1)
Standard Atrjosphere to Salt Mist i / Salt Mist to Humid Gondition i / Humid Condition to Salt Mist i / Humid Conditigh to Standard
1100 T T i i100 Atmosghere ‘
' % Transition time ' %0 Transition time, [ %0 [ %0 Transition time |
: g [“= 30 minutes - 30 minutes*, £ [ . Transition time —{ f— - = [ 2 hours
| 80 maximum L1180 maximym i igo{ 30minutes ) maximum}
| | | [ maximum I |
170 () Lo ]
| 60 L6 L6 Loie0
[ — Loisg iois0 ' i is0 . |
| Standard : ' | . Humid & Humid o Humid Standard
' a0 Atmosphere | Salt Mist : 0 Salt Mist Condition ! ' 40 Condition Salt M'Stf 40 | Condition ‘Atmosphere !
130 P B0 Lois0 Lois0
i 20 N\, ¢! 20 L2 L2 :
1167 1 169 ey " 1 25 26 27 1 23 24 25 1 95 % 98 99 |
[lime (Hours) | Time (Hours) | Time (Hours) | Time {Hours) |
Temperature (°q)  —— Relativefumidity (%) | ——Temperature (*C) —— Relative Humidity (%) ; \ ——Temperature ('C) ~—— Relative Humidity (%) | . ——Temperature ("C) ~—{— Relative Humidity (%)
su4591a
Note: The 100% b and it does not

need to be measured (controlled) during the Salt Mist cycle.
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19.1.2 Deleted

19.1.3 Deleted

19.1.4 Deleted

19.1.5 Deleted

19.1.6 Deleted

19.1.7 Deleted

19.1.8 Refgerence specimens, 4 in by 12 in (102 mm by 305 mm) of commercial zinc_coated sheet steel
are to be uspd for comparison. The selected [reference] specimens are to be sourced from sheet steel
conforming with the coating designation G90 in the specification for Steel Sheet,| Zinc-Coated
(Galvanized) or Zinc-lron Alloy-Coated (Galvannealed) by the Hot Dip Process, ASTM A653/A653M.
19.1.9 The|zinc coated reference specimens are to be cleaned with soap.and water. The specimens are

then rinsed v

are rinsed, the specimens are dried, and the cut edges protected ‘with paint, wax, or g

medium befg

19.1.10 Bo
Standard T¢g
Environment

underlying steel while maintaining a 0.49 in (12.5 mm) distance (clearance) from the scribe

edge. The sq
to be either
ground to a
layers, inclug
in 12.2 need
specimen.

NOTE 1: The i
acknowledging
operation and

NOTE 2: The sq
on the propagat

ith: (1) ethyl alcohol or isopropyl alcohol and (2) ethyl ether of acetone. After t

re being placed in the salt spray chamber.

h the reference specimen and the samples under test are to be scribed as de
st Method for Evaluation of Painted or, Coated Specimens Subjected
5, ASTM D1654, with a single groove approximately 1.97 in (50 mm) long, t

ribe shall be made using the methodddéescribed in ASTM D1654 and the scribin

single point having an included\angle of 60 +15 degrees. The scribe shall ¢
ing metallic coating layers if'under paint. Samples meeting the exemption crite
not be scribed, but then-comparison is to be made to the un-scribed portion of

htent of scribing a corrosion protective coating is to assess the propagation of corrosion from
hat accidental and(foreseeable damage of coatings may occur. This damage may occur due to shipi
aintenance functions, and environmental exposures such as windblown debris, etc.

ribe itself may exhibit local corrosion, as does a sheared edge or a drilled hole, so consideration sh
on of eorrosion from the scribed edge to the perpendicular distance that base metal corrosion is evig

NOTE 3: The s

e specimens
ther effective

scribed in the
to Corrosive
D expose the
to the sample
g tool used is

A carbide tipped tool [Style E, witht1/64-in (0.4-mm) nose radius], or a carbidle tipped tool

ut through all
ria described
the reference

the scribe area,
nent, installation,

all only be made
ent.

ihing of the reference -:pnr\imnn is done for qunlifnfi\/n pUrposes. ia) pnfnnﬁally aidina ing the

esults of the test

specimen.

19.1.11

The test is to continue for the full test duration specified in 19.1.1 unless it is obvious that a

failure has occurred prior to the completion of the test. Upon completion of the test, each specimen shall
be prepared as followed: samples shall be rinsed using a gentle stream of water at a temperature up to
45°C (110°F). Scrape each specimen along the scribe vigorously with a rigid spatula, knife or similar
instrument with no sharp edges or corners such that all corrosion of the substrate (that is, rust creepage or
undercutting) can be observed.

19.1.12 Following the sample preparation described in 19.1.11, the samples shall be assessed relative
to the following acceptance criteria. To pass the salt spray test, the corrosion products formed in the field
of the test sample shall not be more than that formed on the reference sample as determined by visual
observation, and the following:
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a) To pass the salt spray test, the corrosion products formed in the field of the test sample shall not
be more than that formed on the reference sample as determined by visual observation, and

b) The maximum width of the corrosion zone along the scribe line shall be measured and recorded.
The overall width of the corrosion zone along the scribe shall be measured at 6 locations uniformly
distributed along the scribe line, ignoring 0.125 in (3 mm) at each end of the scribe. The arithmetic
mean of the width of the corrosion zone shall be calculated from these measurements. The rust
creepage, c is then determined by the following equation:

The tg

4.7 m
Specimens Subjected to Corrosive Environments, ASTM D1654, \Procedure A; with maximum
isolate

c) The

c=(wec—-w)/2

where

w = width of the original scribe.

d spot not exceeding 3/8 in (9.5 mm), and

wc = mean overall width of the corrosion zone and

st sample shall not exhibit a rust creepage, c, greater than Rating;No. 5 [1/8 to
m)] as designated in the Standard Test Method for Evaluation of Painted or Coated

B/16 in (3.2 —

combined results of the test sample as determined_in*(a) and (b) shall be compared Table
19.1 t¢ determine whether the sample passes or fails the'salt spray test.

Table 19:1
Test sample assessment criteria
Rust Observed
Test Réference Test Sample Test Sample
S ; Specimen . ) I Fail Note
cenario . Rust in Creepage ass |/ ral
(Rust in Field f Serib
Rield) ® ie rom Scribe
1 No No Within limit Pass Only the test sample has rust in scribe;|test sample
scribe creep is within limit
2 No No Above limit Fail ® Only the test sample has rust in scribe;[test sample
scribe creep is not within limit
3 Yes No Within limit Pass Only the reference specimen has rust i scribe;
reference specimen scribe creep is within limit
4 Yes No Within limit Pass Only the reference specimen has rust if scribe;
reference specimen scribe creep is notTwithin limit
5 Yes No Within limit Pass Both reference specimen and test sample have rust in
scribe; reference specimen is not within limit, test
sample is within limit
6 Yes No Above limit Fail Both reference specimen and test sample have rust in
scribe; reference specimen is within limit, test sample
is not within limit
7 No Yes Within limit Fail ® Only test sample has rust in field
8 Yes No Within limit Pass Only reference specimen has rust in field
9 Yes — Worse Yes Within limit Pass Both reference specimen and test sample have rust in
or same field; reference specimen is worse or same
10 Yes Yes — Within limit Fail Both reference specimen and test sample have rust in
Worse field; test sample is worse

Table 19.1 Continued on Next Page
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Table 19.1 Continued

® The test may
complete full cy

Rust Observed
Test Refer.ence Test Sample Test Sample Note
Scenario | Specimen Rust in Creepage Pass / Fail
(Rust in Field f Scrib
Field) ® ie rom Scribe
1 No Yes Above limit Fail ® Only the test sample has rust in scribe and field; test
sample scribe creep is not within limit
12 Yes No Within limit Pass Only the reference specimen has rust in scribe and
field; reference specimen scribe creep is within limit
13 Yes — Worse Yes Within limit Pass Both reference specimen and test sample have rust in
rsame Scribe and Tield; reference specimen ryst in field is
worse or same, test sample scribe eréep is within limit
14 Yes — Worse Yes Above limit Fail Both reference specimen and-fest sanjple have rust in
br same scribe and field; reference.specimen ryst in field is
worse or same, test sample.scribe cregp is not within
limit
15 Yes Yes — Within limit Fail Both reference specimen and test sanjple have rust in
Worse scribe and fieldj\fest sample rust in fielfl is worse, test
sample scribe ereep is within limit
16 Yes Yes — Above limit Fail ® Both reference specimen and test sanjple have rust in
Worse scribe-and field; test sample rust in fielf is worse, test
sample scribe creep is not within limit
2 The scribing df the reference specimen is done for qualitative purposes to petentially aid in assessing the results of the test
specimen.

be terminated early if it is obvious that a failure has occurred prior to the completion of the test. Othe
cles (4 cycles, 28 days).

scenarios shall

19.2 Moist

19.2.1 The
as described

19.2.2 The
reference sa

by the spread of corrosion frem the scribed lines.

19.2.3 A ch
having a wa
+3°F (35 £2°

carbon dioxide/sulphur dioxide test

samples are not required to-be subjected to the Moist Carbon Dioxide/Sulphu
in 19.2.3 — 19.2.9, unless requested by the manufacturer.

corrosion products.formed on the test sample shall be no more than that f
mple as determined by visual observation. Corrosion in the scribed line area is

amber measuring 48 in by 30 in by 36 in (1.22 m by 0.76 m by 0.91 m) or larg
er jacket and a thermostatically controlled heater in order to maintain a temp
C)is\to be used.

Dioxide Test

brmed on the
to be judged

er if required,
erature of 95

19.2.4 Sulphur dioxide and carbon dioxide are to be supplied to the test chamber from commercial
cylinders containing these gases under pressure. An amount of sulphur dioxide equivalent to 1 percent of
the volume of the test chamber and an equal volume of carbon dioxide are to be introduced into the
chamber each day. Prior to introducing the new charge of gas each day, the remaining gas from the
previous day is to be purged from the chamber. A small amount of water is to be maintained at the bottom
of the chamber for humidity.

19.2.5 The samples are to be supported on plastic racks at an angle of 15 degrees from the vertical.

19.2.6 Reference specimens, 4 in by 12 in (102 mm by 305 mm) of commercial zinc coated sheet steel
are to be used for comparison. The selected specimens are to be representative of the minimum
acceptable amount of zinc coating under requirements for G90 coating designation (as applicable, see
Corrosion Resistance, Section 10) as determined in accordance with the Standard Test Method for Weight
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of Coating on Zinc-Coated (Galvanized) Iron or Steel Articles, ASTM A90-81(1991). Such zinc coatings
are considered as providing acceptable corrosion protection.

19.2.7 The zinc coated 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 media before being
placed in the chamber.

19.2.8 Both the reference specimen and sections of the module being tested are to be scribed with a
single groove approximately 6 in (152 mm) long, to expose the underlying steel. Smaller samples need not

be scribed, but then comparison is made to the unscribed portion of the reference specimen.

19.2.9 The

n down and

corrosion pro
20 Metallic

20.1 Zinco
B568), eddy-

20.2 The sog
is to contain 2
grade concen
sulphuric acig

20.3 The te
equipped with
(150 mm) lon
about 0.05 m
the top of the
is open, the r
of the glass tU

astis to continue until the coatina onthe module or reference -snecimen-is-hrok
J ~

Hucts are formed on the underlying steel.
Coating Thickness Test

cadmium coating thickness may be measured by following means/methods:
urrent (ASTM E376), weight of coating (ASTM A90), or the method described in

lution to be used for the metallic coating thickness test is to be made from distill
00 g/L of reagent (or better) grade chromium trioxide~(€rO) and 50 g/l of reags
trated sulfuric acid (H,SO ,). The latter is equivalenpto’27 ml/l of reagent grade
, specific gravity 1.84, containing 96 percent of H3SO,.

5t solution is to be contained in a glass vessel such as a separatory funnel W

a stopcock and a capillary tube of approximately 0.025 in (0.64 mm) inside bg
. The lower end of the capillary tube-is*to be tapered to form a tip, the drops fr
lliliter each. To preserve an effectively constant level, a small glass tube is to 4
funnel through a rubber stopperiand its position is to be adjusted so that when

be to control the rate of dropping.

20.4 The sample and the test. Selution are to be kept in the test room long enough to
bf the room, whi¢h)should be noted and recorded. The test is to be conducted at a room

temperature
temperature ¢

20.5 The s
nonmetallic ¢
is then to be {

f21.2°C - 32.02C (70.0°F — 90.0°F).

hmple is~to be thoroughly cleaned before testing. All grease, lacquer, pa
patings;.including skin oils, are to be removed completely by means of solvents
horoughly rinsed in water and dried with clean cheesecloth.

K-ray (ASTM
20.2 - 20.9.

ed water and
nt (or better)
concentrated

ith the outlet
re and 5.5in
bm which are
e inserted in
the stopcock

hte of dropping is 100 +5 drggs/min. If desired, an additional stopcock may be lised in place

acquire the

int, or other
The sample

20.6 The sample to be tested is to be supported from 0.7 in to 1 in (17 mm to 25 mm) below the orifice.
The surface to be tested shall be inclined at approximately 45 degrees from the horizontal so that the
drops of solution strike the point to be tested and run off quickly.

20.7 The stopcock is to be opened and the time in seconds is to be measured until the dropping solution
dissolves the protective metal coating, exposing the base metal. The end point is the first appearance of
the base metal recognizable by the change in color at that point.

20.8 The sample of a test lot is to be subjected to the test at three or more points, excluding cut,
stenciled, and threaded surfaces, on the inside surface and at an equal number of points on the outside
surface, at places where the metal coating may be expected to be the thinnest. (On enclosures made from
precoated sheets, the external corners that are subjected to the greatest deformation are likely to have
thin coatings.)
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20.9 To calculate the thickness of the coating being tested, select from Table 20.1 the thickness factor
appropriate for the temperature at which the test was conducted and multiply by the time in seconds

required to expose base metal as noted in 20.7.

Table 20.1
Metallic coating thickness factors

Temperature Thickness factors, 0.00001 in/s (0.00025 mm/s)
°F (C) Cadmium platings Zinc platings
70 (21.1) 1.331 0.980
71 247 +-349 8-99¢
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
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 1.130
88 (31.1) 1.524 1.141
89 (31.7) 1.534 1.150
90 (32.2) 1.546 1.160

21 Mecharnjical Loading Test
21.1 The pfovisions of this section are not intended to imply code compliance. In order tp obtain code

compliance, a Ticensed engineer shall Incorporate the product rating INto engineering that
code compliance. Among items that shall be addressed are:

a) The appropriateness of the defined factor of safety;

demonstrates

b) Applied loads for a given application. Applied loads shall include dead, snow, ice, wind;

c) Code required load combinations; and

d) Conformance with testing requirements presented within the applicable model code.

21.2 Load tests shall be conducted on the rack mounting system to determine the allowable applied
pressures/loads to be presented in the product listing. A minimum of 1 specimen shall be tested for a given
pressure/loading direction. Unless otherwise indicated within this standard, the same specimen shall be

used for all load cases.
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21.3 A rack mounting system shall withstand loading based upon the maximum area of the modules
intended to be installed. The test specimen configuration shall be selected such that all critical load
combinations are addressed for the elements included within the load rating. Test loads shall be applied in
the following three orthogonal directions (also shown in Figure 21.1):

a) Downward Pressure applied to a PV module.
b) Upward Pressure applied to a PV module.

c) Down-Slope Load applied to a PV module (for example, a component of dead load, snow load).

Figure 21.1

Mechanical loading

Ridge of
Roof

Downward
Pressure

[

)
L Upward

Down-Slope Pressure
Load

21 4 The m mmum dacian lnad ratina in anch Airantinn chall ha-
. HHHHR-GEStgR1oatatRgh-eatr-arecHoR-SHabe-

a) Downward Pressures — 10 psf allowable load.
b) Upward Pressure — 5 psf allowable load.

¢) Down-Slope Load — 5.0 psf allowable load.

All design pressures/loads shall be multiplied by a minimum factor of safety of 1.5 to determine the “test”
pressure/load to meet the minimum requirement, as shown in 21.5.

21.5 The minimum test load in each direction shall be:
a) Downward Pressures — 15 psf.

b) Upward Pressure — 7.5 psf.
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c) Down-Slope Load — 7.5 psf.

Higher test pressures/loads may be used to develop a listing for higher applied loads. Downward and
Upward pressures shall not be applied simultaneously. Separate test pressures/loads may be used to
develop different listings for each loading direction.

21.6 The rack mounting system shall withstand each of these loads for a period of 30 min, without
evidence of structural or mechanical failure, after which the load shall be removed. Once the load is
removed, there shall be no visual permanent deformation that may adversely affect system safety or
compliance, and for any positive securement means including top-down clamps, there shall not be any

shifting/movement relative to the PV module as determined by a visual inspection.

21.7 In add
for the “mou
with the exc
stiffness that

Exception: W
supplementa

21.8 Rack
and serve as
is equal to th

21.9 When
module or a
with the adh
components

a)Hu

b) Me

It is also acc
surface area

22 Bondin

22.1 Bondi
materials su

ition to the defined “system” testing, the product listing may provide increaséd
hting hardware”. “Mounting hardware” testing shall include the requirements’ g

bption that the “mounting hardware” tests shall incorporate support beams w

hen the desired load rating for the mounting hardware is identical to the “s)
‘mounting hardware” testing is not required.

mounting systems that are intended to be installed asjpart of a building wall or
primary members of that structure, shall not havesa deflection of more than L/2
b clear span length in feet of the deflected member.

an adhesive or polymeric material is beifg utilized for mechanical securer
portion of the rack mounting system, a sample shall be subjected to the follow|
esive/polymeric material subject to the-stress of the weight of the PV Module(s
in the vertical orientation while in the.chambers:

Midity Cycling Test, followed by;

chanical Loading Test.

bptable to conductthis sequence on a separate representative sample (where {
is equivalent).

y Conductor Test

ng devices and/or components which are utilized with surfaces having n

esign values
f this Section
ith a defined

results in similar (or greater) beam curvature to that experienced during’the system testing.

stem” rating,

oof structure,
40; where "L"

nent of a PV
ng sequence
) and racking

he weight per

bn-conductive
oss-sectional

ch_as anodization or paint, or have insufficient conductively equivalent c

area/materia

s in accordance with Table 9.7 shall be subject o the Bonding Conductor Test as specified in

(a) and (b). Alternatively, the Short-Time Current Test from the Standard for Grounding and Bonding
Equipment, UL 467, on 2 samples, followed by the Bonding Path Resistance Test (as noted in 22.3) may
be substituted for the 135%, 200% and Limited Short Circuit Tests noted under 22.1(a) and 22.1(b).

Note 1: Test current values and times are shown in Table 5, Short-Time Test Currents, of UL 467. To derive test current values for
electrode materials other than the ones listed above, see Annex C of IEEE 837-2002. The cross-sectional values shall meet the size
requirements of UL 2703, Table 9.1, for the minimum size of the equipment-grounding or bonding conductor.

Note 2: For bonding devices and/or components utilizing non-uniform surfaces where the cross-sectional area cannot be determined,
use the series fuse or circuit breaker rating to determine cross-sectional value in Table 9.1, using column 2, Copper, in UL 2703, then
use this value in UL 467, Table 5, Short-Time Test Currents, Copper column, to derive test current and duration values to be used.
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T = 1083°C (1981.4°F) for melting point for copper and 657°C (1214.6°F) for melting point for

alumin

um and 1510°C (2750°F) for melting point for steel

T, =40°C (104°F), ambient temperature

I =sho

rt time current (rms) in kKA

A = conductor cross section in mm?

Ko=r
alumin
specif

B =m

(mate

a) Two specimens each are to carry currents equal to 135-and 200 percent of the rat

of the
and

b) Twq
supply
the d¢
m) of
or cirg
Requi
Break
the ci
condu
aforen
termin

Exception: W

the circuit to Which the-bonding conductor is connected, the magnitude of the test current an

used during t

c mating materials used

vice is to be connected to the supply mentioned in 22.1(b) using less than two t

ciprocal of thermal coefficient of resistivity at 0°C (32°F), which is 234 for|eoppsg
um and the appropriate K, (reciprocal of thermal coefficient of resistivity) f

A

[«

aterial constant, which is 19.8 for copper and 45.1 for alumihum and the
ial constant) for any other specific mating materials used

intended branch-circuit overcurrent-protective device’ for the times specified i

specimens are to be subjected to a limited-short-circuit test using a power supq
ing at least 5000 amperes short circuit current for the duration of the test. Eaq

nsulated wire, sized for the rating of the overcurrent protection device. A nonre
ements, or UL 489B, Molded-Case Circuit Breakers, Molded-Case Switches
cuit in which the bonding device is to be installed, shall be connected in sg
ctor. The bonding device is to be in any position considered to be normal in

nentioned nonrenewable fuse or circuit breaker is to be connected betwee
al and the device:

hen a fuse“smaller than that indicated in (a) and (b) is employed in the unit for|

he testis to be based on the rating of the smaller fuse.

r and 228 for
pr any other

ppropriate B

ng or setting
h Table 22.1,

ly capable of
h terminal of
mes 4 ft (1.2
newable fuse

uit breaker that is in complianCe with UL 248-1, Low-Voltage Fuses — Pant 1: General

and Circuit-

br Enclosures For Use With:Photovoltaic (PV) Systems, rated for the maximun ampacity of

ries with the
service. The
h the supply

protection of
) size of fuse

Table 22.1
Duration of overcurrent test
Rating or setting of branch-circuit Test time, minutes
overcurrent protective device,
amperes 135 percent of current 200 percent of current
0-30 60 2
31-60 60 4
61-100 120 6
101 -200 120 8
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22.2 The test circuit described in 22.1(b) is to have an open-circuit voltage of 240 Vac or more. The open
circuit voltages measured before and after the test shall not be less than 240 Vac and shall not differ by
more than 5%.

22.3 After the bonding circuits are subjected to the tests in 22.1(a) and (b), the circuits shall comply with
Bounding Path Resistance Test, Section 13.

22.4 Multiple use bonding devices shall be assembled and completely disassembled four times from the
mating device(s) in accordance with the installation instructions, including any use location restrictions
where applicable. Following the fourth disassembly, the bonding connection(s) shall be reassembled and
subjected to the Bonding Conductor Limited Short Circuit Test portion of Section 22, or the Short Time
Current Test of the Standard for Grounding and Bonding Equipment, Ul 467, followed by the Bonding

Path Resistal

23 Bondin

23.1 This tq

23.2 The flat bonding strap to flat end terminations/crimps shall be intact.after being subje

to the pull tes
strand of a ¢
the conductd
connector as
strand of a

allowed for fl

23.3 The fl
applicable va
dead weight
the test. The

hce Test, Section 13.
gy Strap Pull Test (Only for flat bonding straps with flat end terminations/cri

st is for flat bonding straps with flat end terminations/crimps described in 9.6(g).

t described in 23.3. As a result of this test, there shall be no breakage of the cor
tranded conductor, shearing of components, or other’damage to the connecto
r or any strand of a stranded conductor shall be defermined by examination of]
sembly while still intact after the pullout test. Breakage has occurred if the ¢
stranded conductor becomes visibly detached.However, strand breakage of
pxible and fine stranded conductors.

at bonding strap to flat end terminations/crimps shall be subjected to a dire
lue specified in Table 23.1. The pull'shall be exerted by means of a tension-tes
5, or other equivalent means s that there is no sudden application of force or
samples shall be secured in the Same manner as in the intended installation.

Table 23.1
Pullout force values

mps)

cted for 1 min
ductor or any
r. Breaking of
the complete
bnductor or a
5 percent is

ct pull of the
ting machine,
erking during

Size.of conductor Pullout force, Ibs (N)
Aluminum/Copper-

AWG or kemil (mm?) Copper clad aluminum

14 (2.1) 50 (223) - -
12 (3.3) 70 (312) 35 (156)
10 (5.3) 80 (356) 40 (178)
8 (8.4) 90 (401) 45 (200)
6 (13.3) 100 (445) 50 (223)
4 (21.2) 140 (623) 70 (312)
3 (26.7) 160 (712) 80 (356)
2 (33.6) 180 (801) 90 (401)
1 (42.4) 200 (890) 100 (445)
1/0 (53.5) 250 (1,113) 125 (556)
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RATINGS

24 Details

241 The ratings of a rack mounting system shall include the maximum size, orientation and number of

PV modules intended to be installed.

24.2 When tested in accordance with Section 15, the rack mounting system shall have a system Fire

Class rating o

fA, B, orC.

24.3 When tested in accordance with Section 21, the system shall have a load rating.

MARKINGS
25 Details

251 Eachd
marking that

omponent or subassembly of a rack mounting system shall have & plain, legibl
is molded, die-stamped, paint-stenciled, stamped, or etched’ metal that is

e, permanent
permanently

secured, or ipdelibly stamped on a pressure-sensitive label secured by adhesive that complies with the

Standard for
the compone
marking shall

a) Th
respo

b) The
c) The

d) A fa

Exception No
by the brand

Exception Ng
conventional

a) Dog

;

Marking and Labeling Systems, UL 969. Ordinary usage;-handling, storage, a
nt or subassembly shall be considered in determining‘whether a marking is pef
include:

manufacturer's name, trademark, or other descriptive marking by which the
sible for the product can be identified;

model number or the equivalent;
date or other dating period of manufacture not exceeding any three consecutivg

ctory code indicating its plage'of manufacture.

. 1. The manufacturer's identification may be in a traceable code if the produg
Dr trademark owned-by a private labeler.

. 2: The date.of manufacture may be abbreviated; or may be in a nationa
rode or inva_code affirmed by the manufacturer, provided that the code

s notrepeat in less than 10 years; and

bs not require reference to the production records of the manufacturer to determ

nd the like of
manent. The

organization

months.

t is identified

lly accepted

ine when the

b) Do

product was manufactured.

Exception No. 3: Alternatively, the markings are permitted to be on the smallest unit packaging.

Exception No. 4: No markings are required on commonly available hardware (such as screws, bolts, or

washers).

25.2 Deleted

25.3 Deleted

25.4 Deleted
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25.5 Delete

d

INSTRUCTIONS

26

26.1
shall include:

Installation, Assembly and Maintenance/lnspection Instructions

Rack mounting systems and clamping devices shall be supplied with installation instructions. They

a) Scope of evaluation (grounding/bonding, fire classification, and/or mechanical loading) and a list

of all
and/o

modules are considered to be in compliance with the mechanical loading and
grounding requirements of UL 61730-1 when mounted, bonded and grounded-in

Speci
instru

modufe to UL 2703" or the statement "To be used only in combination” with module

this s

d) As

sequence, and/or tooling requirements in critical structural and bonding fasteners;

e)Ar

f) Des
syste

Exception: W

PV modules evaluated for each scope of evaluation

ied by either the PV module mounting instructions, or the mounting system m
tions when the mounting, bonding, and grounding means have begn’evaluate

ecific rack system in the module manufacturer’s installation manual”;

ction on allowable spans and cantilevers;
ails on fasteners (bolts, screws, nuts, and washers):

1) For critical structural and bonding fasteners-not shipped with the unit, the cij
properties shall be specified along with an_illustration, including but not limiteg
cleanliness, geometry, tolerances, surface-coating/plating type and thicknesg
and minimum yield and/or minimum tensile strength and/or proof strength; or

2) For critical structural and bonding fasteners provided with the unit, t
"fasteners shall be clean and.free of damage or signs of corrosion during in
equivalent.

sembly method details required to achieve the desired clamp load, such as torq

epresentative diagram of the rack mounting system; and

m.

'hen“instructions furnished with a rack mounting system specify hardware that

(grounding/bonding, fire classification,

5.2.3DV, PV
bonding and
the manner
anufacturer’s

d with the PV
5 that include

itical fastener

to markings,

5, metal alloy,

he statement

stallation", or

ue, tightening

cription, illustration, and part number to clearly identify each component of the fack mounting

is commonly

available co

Trerciatty, the manufacturer Stiatt ot be required o provide the traraware wit

show an illustration of such hardware.

the unit, nor

26.2 The installation instructions shall include a detailed description of the grounding method, where
applicable, to be used in accordance with the National Electrical Code, ANSI/NFPA 70. This description

shall include:

a) The size, type, and temperature rating of the conductors to be used, and

b) The specific grounding devices and hardware (such as nuts, bolts, star washers, spilt-ring lock
washers, flat washers, or bonding devices) that are used to attach a grounding/bonding device that
complies with this standard, and

c) A representative diagram to illustrate the minimum ground path, with each point of a grounding
or bonding connection clearly identified.
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26.3 The installation instructions for rack mounting systems intended for installation on a roof shall

include:

a) A statement indicating the method to install the rack mounting system to the roof,

b) A statement that the rack mounting system is to be installed over a fire resistant roof covering
rated for the application, and

c) The PV module(s) or type(s) of PV module(s) and PV rack mounting installation configurations
necessary to comply with the Fire Class Rating of the PV system evaluated in accordance with Fire
Performance, Section 15.

26.4 The in
persons:

a) The statement “Any loose components or fasteners shall be restightened in acc

these

ent “Not Fire Rated.”

structions shall include the following direction for continued maintenance

nstructions”, or the equivalent.

en evaluated
| include the

by qualified

brdance with

b) Th¢ statement “Any components showing signs of damage that compromise sdfety shall be

replac
26.5 Delete
26.6 Delete
26.7 For de
bonding/grou
or the equiva
instructions s

26.8 Delete

26.9 The in
configuration

ed immediately,” or the equivalent.

of

Q

vices that are not evaluated for multiple use, such as torque to yield fasteners
nding devices, the installation, instructions shall include the statement "For sing
ent. For devices that are evaluated as multiple-use in accordance with 9.12, th
hall provide removal/reinstallation procedure.

of

stallation insStructions shall include a detailed description of all load rati
5 under which the load ratings apply. Rack mounting system intended and

structural loa

include a dethiled ‘description in the installation instructions of the load ratings in each dire
conditions unfer'which the load ratings apply.

s greater)than the minimum values defined in the Mechanical Loading Test, Seq

!

pr single-use
le-use only",
e installation

gs and the
valuated for
tion 21, shall
ction and the

26.10 For a system where the removal of a module may break or disrupt the bonding path of the system

(see 9.2), the

installation manual shall comply with all of the following:

a) Module removal is not presented as a frequently expected occurrence and will not be required
as part of routine maintenance.

b) Include the following statement, or equivalent “CAUTION: Module removal may disrupt the
bonding path and could introduce the risk of electric shock. Additional steps may be required to
maintain the bonding path. Modules should only be removed by qualified persons in compliance
with the instructions in this manual.”

¢) Scenarios that could result in a disruption of the bonding path are described, for example
irregularly-shaped arrays, arrays consisting of individual rows, and any other scenario where
module removal could disrupt the bonding path.
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d) Instructions for maintaining a complete bonding path when modules are removed.
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APPENDIX A
Standards for Components

Standards under which components of the products covered by this standard are evaluated include the
following:

Title of Standard — UL Standard Designation

Cable Management Systems - Cable Ties for Electrical Installations — UL 62275
Grounding and Bonding Equipment — UL 467

Marking and Labeling Systems — UL 969
Outlet Boxes, -Dewvi

Outlet Boxes|Metallic — UL 514A
Plastic Materials for Parts in Devices and Appliances, Tests for — UL 94
Photovoltaic {PV) Module Safety Qualification - Part 1: Requirements For Construction UL §1730-1
Photovoltaic (PV) Module Safety Qualification - Part 2: Requirements For Testing ~UL 6173012
Polymeric Mgterials - Fabricated Parts — UL 746D

Polymeric Mdterials — Long Term Property Evaluations — UL 746B
Polymeric Mdterials — Short Term Property Evaluations — UL 746A
Polymeric Mdterials — Use in Electrical Equipment Evaluations — UL 746C
Positioning Devices — UL 1565

Roof Coverings, Standard Test Methods for Fire Tests of — UL 790
Sharpness of|[Edges on Equipment, Tests for — UL 1439

Terminals, Eléctrical Quick-Connect — UL 310

Wire Connecfors — UL 486A-486B
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APPENDIX B
Retest Guidelines
(Informative)

B.1 This appendix sets forth a uniform approach to maintain certification of rack mounting systems and
clamping devices with associated hardware and with the PV Modules intended to be utilized with the rack
mounting system and clamping devices that have or will undergo modification from the articles originally
certified as well as to provide guidance on when re-testing is required to allow certification of the rack
mounting system or clamping device with solar modules using representative sample testing when
possible.

Changes in material selection, components and manufacturing processes can impact grounding and
bonding, corrosion resistance _mechanical r\rnr\nr‘l‘ine and rnliahili’ry of the rack mnlln’ring system or

clamping deyice as well as the system or device to module interface.

The following is a list of changes to a rack mounting systems and clamping devices with associated
hardware and with the PV Modules intended to be utilized with the rack mounting_system pnd clamping
devices (or differences from a representative test sample) and the re-test requirements agsociated with
the change/difference. If the change/difference is within the limits below, no re-testing is required.

For modificatlions such as:

a) Djmensional change more than 10% that would decrease the structural of mechanical
strength

Repeat:

— Mechanical loading test

b) Material thickness reduction more than'10%

Repeat:

— Bonding path resistancedest

— Humidity test

— Mechanical loading test

— Bonding éenductor test, 135%, 200%, and limited short circuit
¢) Material change

Repeat:

— Bonding path resistance test

— Accelerated aging test (assuming not evaluated as a gasket)

— Humidity test

— Mechanical loading test

— Bonding conductor test, 135%, 200%, and limited short circuit
d) Material thickness change more than 5% and either (1) Bonding and grounding
conductor reduction in contact area by more than 5%; or (2) Bonding and grounding path
reduction in cross-sectional area by more than 5%

Repeat:

— Humidity test
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