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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC (PV) MODULE SAFETY QUALIFICATION -

Part 1: Requirements for construction

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object IEC is to promote
international co-operation on all questions concerning standardization in the electrical/and etectronic fields. To
this end and in addition to other activities, IEC publishes International Standards;\TechnicakSpecifications,

Technical Reports, Publicly Available Specifications (PAS) and Guides ( to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC i i interested
in the subject dealt with may participate in this preparatory work. Intern al, g and non-
governmental organizations liaising with the IEC also participate in this pfe ati aborates closely

with the International Organization for Standardization (ISO) in accorfance™wi cndl ions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters exp ea as possijble, an mternatlonal
consensus of opinion on the relevant subjects since each tee
interested IEC National Committees.

Publications is accurate, IEC cannot be held respgo
misinterpretation by any end user.

4) In order to promote international unlformlty, Natic ndertake to apply IEC Publications

transparently to the maximum extent pos i ir\national and regional publications. Any divergence
between any IEC Publication and the corre ing natienahor regional publication shall be clearly indicated in
the latter.

5) IEC provides no marking Qroce and cannot be rendered responsible for any

other damage of any na ether direct or indirect, or for costs (including legal fees) and
expenses arising ou ication, ‘use” of, or reliance upon, this IEC Publication or any other IEC

8) Attention is dr. ti efefences cited in this publication. Use of the referenced publications is

indispensablée forthe correct ap ation of this publication.
9) Attentio he possibility that some of the elements of this IEC Publication may be the subject of
paten held responsible for identifying any or all such patent rights

International 61730-1 has been prepared by IEC technical committee 82: Solar
tems.

The text of this standard is based on the following documents:

FDIS Report on voting
82/356/FDIS 82/365/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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IEC 61730 consists of the following parts, under the general title Photovoltaic (PV) module
safety qualification:

Part 1: Requirements for construction
Part 2: Requirements for testing

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed;

* withdrawn;

+ replaced by a revised edition, or
+ amended.

@%
S
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PHOTOVOLTAIC (PV) MODULE SAFETY QUALIFICATION -

Part 1: Requirements for construction

1 Scope and object

This part of IEC 61730 describes the fundamental construction requirements for photovoltaic
(PV) modules in order to provide safe electrical and mechanical operation during their
expected lifetime. Specific topics are provided to assess the prevention lectrical shock,
fire hazards, and personal injury due to mechanical and environmental s This part of
IEC 61730 pertains to the particular requirements of construction. outlines the
requirements of testing.

This standard attempts to define the basic requirements for vafi C asses of PV
modules, but it cannot be considered to encompass all nationa i building codes.

The specific requirements for marine and vehicle applicati 3 ) ed. This standard
is not applicable to modules with integrated AC inverters i

This standard is designed so that its test sequence e with“those of IEC 61215 or
IEC 61646, so that a single set of s orm both the safety and

construction of photovoltaic module

IEC 61730-2. These requir i ise the misapplication and misuse of
modules or the breakdo ‘ C vhich would result in fire, electric shock
and personal injury. The a i asic safety construction requirements and
additional tests that are

Component requjrements are inte d to\proyide evidence of performance of that component
appropriate to it ication i & i i

ents”outlined in relevant ISO standards, or the national or local codes
which govern the installatio odules in their intended locations, should be considered in addition

For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced doCument (including any amendments) applies.

IEC 60112, Method for the determination of the proof and the comparative tracking indices of
solid insulating materials

IEC 60130 (all parts), Connectors for frequencies below 3 MHz

IEC 60189-2, Low-frequency cables and wires with PVC insulation and PVC sheath — Part 2:
Cables in pairs, triples, quads and quintuples for inside installations
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IEC 60216-1, Electrical insulating materials — Thermal endurance properties — Part 1: Ageing
procedures and evaluation of test results

IEC 60216-5, Electrical insulating materials — Thermal endurance properties — Part 5:
Determination of relative thermal endurance index (RTE) of an insulating material

IEC 60364-5-51, Electrical installations of buildings — Part 5-51: Selection and erection of
electrical equipment — Common rules

IEC 60417-DB:20021, Graphical symbols for use on equipment

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60695-1-1, Fire hazard testing — Part 1-1: Guidance for assé
electrotechnical products — General guidelines

IEC 60947-1, Low-voltage switchgear and controlgear — Par,

IEC 61140:2001, Protection against electric shock
equipment

IEC 61215, Crystalline silicon terrestria
type approval

IEC 61646, Thin-film terrestrial photo
approval

IEC 61721, Susceptibjlity “q
(resistance to impact te

IEC 61 730—2:20@

testing

ISO 261, ISO g

ANSI/UL 746C, Standard for Polymeric Materials — Use in Electrical Equipment Evaluation

ANSI Z97.1, American National Standard for Safety Glazing Materials Used in Buildings —
Safety Performance Specifications and Methods of Test

ASTM D2303-97, Standard Test Methods for Liquid-Contaminant, Inclined-Plane Tracking and
Erosion of Insulating Materials

ASTM E162-02a, Standard Test Method for Surface Flammability of Materials Using a Radiant
Heat Energy Source

1 «“DB” refers to the IEC on-line database. Documents
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3 Application classes

3.1 General

Photovoltaic modules may be installed in many different applications. Therefore, it is
important to evaluate the potential hazards associated with those applications and to evaluate
the construction of the module accordingly.

Relevant safety requirements and necessary tests shall be performed to verify the
conformance to the requirements of that application class. This clause defines those
application classes and construction qualities required for each class.

Application classes for PV-modules are defined as follows:

Modules rated for use in this application class may be used in ems o ating at greater
Wicipated. Modules qualified for

safety through this part of IEC 61730 and IEC 61730-2_and. wi application class are
considered to meet the requirements for safety class

3.3 Class B: Restricted access, hazardous vo power applications
Modules rated for use in this applicati estricted to systems protected from public
access by fences, location, etc. Modules By is application class provide

Modules rated for use i icati ass_are restricted to systems operating at less than
50 V DC and 240 W, 2 n access is anticipated. Modules qualified for safety
through this part© ¢2 within this application class are considered to
meet the requirement

4.1.1 All modute
to IEC 60364-5-51.

sh

3|l be able to operate under environmental condition type AB8 according

4.1.2 A module shall be completely assembled when shipped from the factory, or shall be
provided in subassemblies, provided assembly of the product does not involve any action that
is likely to affect compliance with the requirements of the IEC 61730 series.

4.1.3 An assembly part, such as a terminal compartment cover, need not be affixed to the
module at the factory. Incorporation of a module into the final assembly shall not require any
alteration of the module from its originally evaluated form, unless specific details describing
necessary modification(s) are provided in the installation instructions.
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4.1.4 If a module must bear a definite relationship to another module for the intended
installation and operation (for example, to allow connectors to mate), it shall be constructed to
permit incorporation into the final assembly without the need for alteration.

4.1.5 The construction of a module shall be such that ground continuity is not interrupted by
installation.

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

4.1.7 Friction between surfaces, such as simple spring pressure, is not acceptable as the
sole means to inhibit the turning or loosening of a part.

4.1.8 Any adjustable or movable structural part shall be provided with a\locking\device to
reduce the likelihood of unintentional movement, if any such mover : in g risk of
fire, electric shock, or injury to persons.

4.2 Metal parts

4.2.1 Metals used in locations that are exposed to pioisture mployed alone or

vyould not comply with

4.2.3 Simple sheared or
protected.

5 Polymeric mfter'als
5.1 General
Polymers are classified ouroperational categories:

— polymersdser osure for live metal parts (such as a junction box);

— polyme rving as a\support of live metal parts (such as integrated terminals);

— polymers e outer surface for the module (such as the superstrate or
substrate);

— barriers.

Exception: Encapsulation materials are not required to meet these requirements.

All polymeric materials shall have a minimum relative thermal index (electrical and mechanical
as defined by IEC 60216-5) of 20 °C above the maximum measured operating temperature of
said material in application, as measured during the temperature test (IEC 61730-2,
MST 21).

NOTE Polymers serving as a superstrate or substrate have additional requirements, as specified in 5.3. and 5.4.
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5.2 Polymers serving as an enclosure for live parts

A polymeric material serving as the enclosure of a part involving a risk of fire or electric shock
shall comply with the following requirements:

a) 5-V flammability rating, either by material test or testing in the end-product design
(IEC 60695-1-1);

b) 5-V flammability rating, after water immersion and exposure of the end-product
(IEC 60695-1-1);

c) ultraviolet radiation resistance (if exposed to direct sunlight in the application), as
determined in accordance with ANSI/UL 746C, and

d) a minimum resistance to hot wire ignition rating of 30 (IEC 60695-1-1),

5.3 Polymers serving to support live parts

Table 1 — High arc |gn|t|OWQ2@¥ fla abll classification

Flammability classmca on High urre\u{c/vémtlon rating
HB 60
V-2 Q w 30
-1 5 30
15
b) have a Com i |yof 250 V or more, if the system voltage rating is
600 V or less, as de i i cordance with IEC 60112,

c) have an incline
2,5 kV accor' E y if the maximum system operating voltage rating is in the

nts for exposure to ultraviolet light as determined in accordance
with <the 6C if exposed to direct sunlight during normal operation of the

NOTE Polymeric materials that are exposed to direct sunlight but are protected by glass, or other transparent
medium, may be tested with an equivalent layer of that medium attenuating the ultraviolet light exposure during the
test.

5.4 Polymers serving as an outer surface

5.4.1 A polymeric substrate or superstrate shall have a thermal index, both electrical and
mechanical, as determined in accordance with IEC 60216-5 of at least 90°C. In addition, the
thermal index shall be at least 20 °C above the maximum measured operating temperature of
the material as measured during the temperature test given in IEC 61730-2, MST 21.
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5.4.2 Polymeric materials that serve as the outer enclosure for a module that (1) is intended
to be installed in a multi-module or -panel system or (2) has an exposed surface area greater
than 1 m2 or a single dimension larger than 2 m, shall have a maximum flame spread index of
100 as determined under ASTM E162-02a.

NOTE Materials that serve as the wiring enclosure for a module, in accordance with 6.1.1, need not comply.

5.4.3 If exposed to direct sunlight in the application, the polymeric material shall have been
evaluated for ultraviolet (UV) radiation resistance as determined in accordance with
ANSI/UL 746C.

5.4.4 Polymeric materials intended for use as a superstrate or substrate,
IEC insulation pre-qualification, shall comply with the requirements of
test, IEC 61730-2, MST 15.

ithout approprlate

5.5 Barriers

the extent that its necessary properties fall below
application.

5.6 Structural glazing materials

modules shaII comply with the reqmre ens
J~in acco )

6.1.2 The wiring of’a module shall be located so that after installation of the product in the
intended manner, the insulation will not be exposed to the degrading effects of direct sunlight.

Exception: The requirement does not apply to wiring with insulation rated “sunlight resistant”.

6.2 Splices

A splice shall be considered acceptable with insulation equivalent to that required for the
wiring involved.
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6.3 Mechanical securement

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

6.3.2 An uninsulated live part, including a terminal, shall be secured to its supporting surface
so that it will be prevented from turning or shifting in position, if such motion may result in
reduction of spacings to less than required in Tables 3 and 4.

7 Connections

7.1 Field connections — general requirements

711 A module shall be provided with wiring terminal or ads to

accommodate current-carrying conductors of the load circuit.

7.1.2 Field connections shall either be rated for exposu i nlight as defined in
Clause 5 or so located that after installation they will
of direct sunlight.

7.2 Field wiring terminals

7.2.1 If the module contains a field wiring te
voltage and current for the application 2
IEC 60947-1.

Il be rated for the appropriate
compliance with the requirements of

7.2.2 |If the module alternately
terminal enclosure, the

minals integral to the construction of the
ing requirements:

efnal conductors shall have a thread conforming
comparable in pitch and mechanical strength (e.g.
standard threads), wits” used for field wiring shall not serve to fix any other
component. These 3 o permitted to clamp internal conductors provided that

be provided and washers.

7.2.2.3 Terminals shall be so designed that they clamp the conductor between metal
surfaces with sufficient contact pressure and without damage to the conductor. Terminals
shall be so designed or located that the conductor cannot slip out when the clamping screws
or nuts are tightened. Terminals shall be so fixed that, when the means of clamping the
conductor is tightened or loosened:

a) the terminal itself does not work loose,

b) internal wiring is not subjected to stress,

c) creepage distances and clearances are not reduced below the values specified in
Clause 9.
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Table 2 — Sizes of terminals for supply conductors

Minimum nominal thread diameter
Rated current of equipment mm
Pillar type or stud type Screw type

Up to and including 10 3,0 3,5
Over 10 up to and including 16 3,5 4,0
Over 16 up to and including 25 4,0 5,0
Over 25 up to and including 32 4,0 5,0
Over 32 up to and including 40 5,0

7.3 Connectors

7.3.1 A connector intended for use in the output circuit of a n
appropriate voltage and current, as per the requirements of th
the connector shall comply with the requirements of Claus

C 61730-2, MST 11.

shall be polarised. If two or more separable

7.3.6 Connecto can be separated without the use of a tool shall not have accessible
conductive parts, as determined by 10.2 of IEC 61730-2.

7.4 Output lead or cables

Leads extending from the module shall be rated for the appropriate system voltage, ampacity,
wet locations, temperature and sunlight resistance.
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