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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.
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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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