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PREFACE

This UL Standard is based on IEC Publication IEC 61730-2: Second edition Photovoltaic (PV) Module
Safety Qualification — Part 2: Requirements for Testing. IEC publication IEC 61730-2 is copyrighted by the
IEC.

This edition has been issued to satisfy UL Standards policy and to align the UL edition number with the
IEC edition number.

These materials are subject to copyright claims of IEC and UL. No part of this publication may be

reproduced in any form, ireluding-an-clectronicretrievat-system-witheutthe-prierwritten-permissionef U=
All requests pertaining tp the Photovoltaic (PV) Module Safety Qualification — Part 2: Requirements fof
Testing, 61730-2, Standgrd should be submitted to UL.

Note — Although the intended primary application of this Standard is stated in its Scope, it is important to note that it remains the
responsibility of the users of thg¢ Standard to judge its suitability for their particular purpose.
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NATIONAL DIFFERENCES

National Differences from the text of International Electrotechnical Commission (IEC) Publication IEC
61730-2, Photovoltaic (PV) Module Safety Qualification — Part 2: Requirements for Testing, copyright
2016, are indicated by notations (differences) and are presented in bold text.

There are five types of National Differences as noted below. The difference type is noted on the first line of

the National Difference
Differences.

DR — These are National

in the standard. The standard may not include all types of these National

Differences based on the national regulatory requirements.

D1 — These are Nations
elimination of which wou

D2 — These are Nationa
requirements reflect nat
requirement) is not avail

DC - These are Nationa
particular component sta|

DE - These are National

Each national difference
following words is used {
text:

Addition / Add -
figure, or annex. 4

| Differences which are based on basic safety principles and requirements,
d compromise safety for consumers and users of products.

Differences from |IEC requirements based on existing safety practices: These
onal safety practices, where empirical substantiation (for the IEC(or-national
ble or the text has not been included in the IEC standard.

Differences based on the component standards and will net.be deleted until a
hdard is harmonized with the IEC component standard.

Differences based on editorial comments or corrections.

contains a description of what the national difference entails. Typically one of the
0 explain how the text of the national differencg’is to be applied to the base IEC

An addition entails adding a complete*new numbered clause, subclause, table,
\ddition is not meant to include adding select words to the base IEC text.

Modification / M

odify - A modification is an_altering of the existing base IEC text such as the

addition, replacement or deletion of certain,'words or the replacement of an entire clause,
subclause, table, figure, or annex of the base IEC text.

Deletion / Deletg - A deletion entails_complete deletion of an entire numbered clause, subclause,

table, figure, or a

nex without any replacement text.
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FOREWORD

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC (PV) MODULE SAFETY QUALIFICATION - Part 2: Requirements for testing

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all questions

concerning standardization in
International Standards, Techn

the electrical and electronic fields. To this end and in addition to other activities, IEC publishes
ical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter

referred to as “IEC Publlcatlon(s) ) Thelr preparatlon is entrusted to technlcal committees; any IEC National Committee mterested in

the subject dealt with may p3
liaising with the IEC also pp
Standardization (ISO) in accorq

2) The formal decisions or ag
opinion on the relevant subject

3) IEC Publications have the f
sense. While all reasonable eff
responsible for the way in whic

4) In order to promote interna
maximum extent possible in
corresponding national or regig

5) IEC itself does not provide 4
and, in some areas, access
certification bodies.

6) All users should ensure that

7) No liability shall attach to |
technical committees and IEQ
whatsoever, whether direct or,
reliance upon, this IEC Publica

8) Attention is drawn to the No
correct application of this publid

rt|C|pate in this preparation. IEC coIIaborates closely with the Intematlonal Organlzatlon for
ance with conditions determined by agreement between the two organizations.

eements of IEC on technical matters express, as nearly as possible, an international consensus of
since each technical committee has representation from all interested IEC National Committees.

brm of recommendations for international use and are accepted by IEC National Committees in that
brts are made to ensure that the technical content of IEC Publications is accuratey1EC cannot be held
h they are used or for any misinterpretation by any end user.

ional uniformity, IEC National Committees undertake to apply IEC Publications transparently to the
their national and regional publications. Any divergence betweens any IEC Publication and the
nal publication shall be clearly indicated in the latter.

ny attestation of conformity. Independent certification bodies provide conformity assessment services
o IEC marks of conformity. IEC is not responsible for\any services carried out by independent

hey have the latest edition of this publication.

EC or its directors, employees, servants~or agents including individual experts and members of its

National Committees for any personal  injury, property damage or other damage of any nature
indirect, or for costs (including legal fees) and expenses arising out of the publication, use of, or
ion or any other IEC Publications:

mative references cited.inthis publication. Use of the referenced publications is indispensable for the
ation.

9) Attention is drawn to the pogsibility that someof-the elements of this IEC Publication may be the subject of patent rights. IEC shall

not be held responsible for ider]

International Standard IB
energy systems.

tifying any oralhsuch patent rights.

C 61730-2 has been prepared by IEC technical committee 82: Solar photovoltaic

This second edition cancels and replaces the first edition of IEC 61730-2, issued in 2004 and its
amendment 1 (2011), and constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous edition:

a) Rearrange test sequences.

b) MST 01: Visual inspection: added nameplate requirement and modified pass criteria.

c) Added sharp edge test MST 06.

d) Added insulation thickness test MST 04.
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e) MST 11: Accessibility test: defined force for test finger.

f) MST 12: Cut susceptibility test: defined blade radius for cut test.

g) MST 14: removed preconditioning requirement TC200 from Figure 1.

h) MST 15: Partial discharge test removed.

i) Renamed dielectric breakdown test MST 16 to insulation test.

chor-eirerit-madae—allaw—alia i\

j) MST 21: Temperature t
test method.

k) MST 23: Fire test: sub
optional test description t

[) Added ignitability test M
m) MST 26: Reverse curr|

n) MST 32: Module brea
consider variety of moun
corrected diameter of ope
0) Added screw connectid
p) Added peel test MST 3
q) Added lap shear streng
r) Added materials creep
s) Added PV module tes|

sequence was added as
a PV module test sequen

ot ronaeittan oot o dira: rapmaoyad mativatndaooe
POt TOWHTtCT T O ST PTOCCOUTC T CTmove O SToT T oot otCTanovwantcratv e aooT

Clause rewritten; fire test requirements related to national building codes; moved
b informative annex.

ST 24.

ent overload test: changed specification of wooden board.

age test: defined new dimensions of impactor to allow’ other filling compounds;
ing techniques for glass breakage test; reduced impact height to only 300 mm;
ning according to referenced standard (65 cm? instéad of 6,5 cm?).

n test MST 33.

5 for proof of cemented joints.

th test MST 36 for proof of cemented joints.

est MST 37.

t sequence with meisture and UV to stress polymers to Figure 1. The new UV

b response to the Kyoto meeting, where it was decided to add a coupon test and
Ce. As it is not pessible to perform the ISO UV test on PV modules (no affordable

equipment available) it was decided-{a:rely on already available PV module test equipment. R&D work has

shown that cycling UV an

t) Added new sequence f

] HF arebest to age polymers in PV modules.

br Pollution Degree (PD) testing (sequence B1).

u) Added annex: Recommendations for testing of PV modules from production.

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

FDIS

Report on voting

82/1129/FDIS

82/1147/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.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until the stability
date indicated on the IEC website 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.

IMPORTANT - The 'cojour inside’ logo on the cover page of this publication indicates that.it
contains colours which are considered to be useful for the correct understanding of its.contents.
Users should thereforg print this document using a colour printer.
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PHOTOVOLTAIC (PV) MODULE SAFETY QUALIFICATION - Part 2:
Requirements for Testing

1 Scope

The scope of IEC 61730-1 is also applicable to this part of IEC 61730. While IEC 61730-1 outlines the
requirements of construction, this part of the standard lists the tests a PV module is required to fulfill for
safety qualification. IEC 61730-2 is applied for safety qualification only in conjunction with IEC 61730-1.

The sequence of tests required in this standard may not test for all possible safety aspects associated with
the use of PV modules|in all possible applications. This standard utilizes the best sequence of tésts
available at the time of its writing. There are some issues — such as the potential danger of electrig,shock
posed by a broken PV miodule in a high voltage system — that should be addressed by the system.désign,
location, restrictions on gccess and maintenance procedures.

The objective of this standard is to provide the testing sequence intended to verify the safety of PV
modules whose construgtion has been assessed by IEC 61730-1. The test sequence and pass criteria are
designed to detect the potential breakdown of internal and external components of RV modules that would
result in fire, electric sho¢k, and/or personal injury. The standard defines the basic safety test requirements
and additional tests thafl are a function of the PV module end-use applications. Test categories include
general inspection, electtical shock hazard, fire hazard, mechanical stress, and environmental stress.

The additional testing r¢quirements outlined in relevant ISO standards, or the national or local codes
which govern the installation and use of these PV modules .in‘their intended locations, should be
considered in addition tofthe requirements contained within this standard.

2 Normative references

The following documents, in whole or in part, aré_normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edifion of the referenced document (including any amendments) applies.

IEC 60060-1, High-voltage test techniques= Part 1: General definitions and test requirements
IEC 60068-2-1, Environmental testing — Part 2-1: Tests — Test A: Cold

IEC 60068-2-2, Environmentaltesting — Part 2-2: Tests — Test B: Dry heat

IEC 60068-3-5, Environmental testing — Part 3-5: Supporting documentation and guidance; Confirmation
of the performance of temperature chambers

IEC 60598-1:2014, Luminaires — Part 1: General requirements and tests

IEC 60664-1:2007, Insulation co-ordination for equipment within low-voltage systems — Part 1: Principles,
requirements and tests

IEC 60695-2-10, Fire hazard testing — Part 2-10: Glowing/hot-wire based test methods — Glow-wire
apparatus and common test procedure

IEC 60904-2, Photovoltaic devices — Part 2: Requirements for photovoltaic reference devices
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IEC 60904-9, Photovoltaic devices — Part 9: Solar simulator performance requirements

IEC 60950-1:2005, Information technology equipment — Safety — Part 1: General requirements

IEC 61010-1, Safety requirements for electrical equipment for measurement, control and laboratory use —
Part 1: General requirements

IEC 61032:1997, Protection of persons and equipment by enclosures — Probes for verification

IEC 61140, Protection against electric shock — Common aspects for installation and equipment

IEC 61215 (all parts), Ter

IEC 61215-2, Terrestrial f
procedures

IEC 61730-1:2016, Photg
IEC 62790, Junction boxd
ISO/IEC 17025, General

ISO 813, Rubber, vulcani,
peel method

ISO 4046-4, Paper, boari
converted products

ISO 4587:2003, Adhes
assemblies

ISO 5893, Rubber and pl,
traverse) — Specification

ISO 8124-1, Safety of toy

ISO 11925-2:2010, Reac
— Part 2: Single-flame sol

(estrial photovoltaic (PV) modules — Design qualification and type approval

hotovoltaic (PV) modules — Design qualification and type approval — Part 2: Tést

voltaic (PV) module safety qualification — Part 1: Requirements for canstruction
s for photovoltaic modules — Safety requirements and tests
requirements for the competence of testing and calibration laboratories

ved or thermoplastic — Determination of adhesion to'a rigid substrate — 90 degree

o, pulps and related terms — Vocabulary ~'Part 4: Paper and board grades and

ves — Determination of tensile) lap-shear strength of rigid-to-rigid bonded

hstics test equipment — Tensile, flexural and compression types (constant rate of

5 — Part 1: Safety’aspects related to mechanical and physical properties

ion to fifé\tests — Ignitability of products subjected to direct impingement of flame
rce test

ISO 23529, Rubber —
methods

J 'l £ : g Jig: : 4 4 : £ L H J 4 4
rerar provcuurcs 101 preddaririy  arrd COTNTAitioririyg test PIictts 1Ur priysitdl 1ot

ANSI Z97.1:2009, Standard — Safety Glazing Materials Used in Buildings — Safety Performance
Specifications and Methods of Test

ANSI/UL 1703: 2015, Flat-Plate Photovoltaic Modules and Panels

2DV DR Addition of the following:

UL 790, Standard Test Methods for Fire Tests of Roof Coverings
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UL 2703, Mounting Systems, Mounting Devices, Clamping/Retention Devices, and Ground
Lugs for Use with Flat-Plate Photovoltaic Modules and Panels

UL 62915, Photovoltaic (PV) Modules — Type Approval, Design and Safety Qualification —
Retesting

ANSI/NFPA 70, National Electrical Code

3 Terms and definitions

The Clause of Part 1 appllies.
4 Test categories
4.1 General

The hazards described in the following subclause might influence the safety of PV modules:’In accordance
with these hazards, test|procedures and criteria are described. The specific tests to.which a PV module
will be subjected will dgpend on the end-use application for which the minimurp tests are specified in
Clause 5.

NOTE Module safety tests are [abelled MST.

Table 1 to Table 5 shoy the origin of the required tests. For some, tests, the third column shows for
information the origin of|the tests, but the appropriate test requirements are given in Clauses 10.1 and
10.32. The other tests afe based on or are identical to the module qualification tests MQT defined in the
IEC 61215 series. Refergnces to the relevant tests are giveh.in the last column. Some of the IEC 61215-
based tests were modifigd for IEC 61730-2 and are included in 10.1 through 10.32.

4.2 Environmental stress tests

Table 1
Environmental stress tests
‘ Based on
Test Title Referenced Standards
IEC 61215-2
MST 51 Thermal cycling.(TC50 or TC200) - MQT 11
MST 52 Humidity freeze (HF10) - MQT 12
MST 53 Damp heat (DH1000) — MQT 13
MST 54 UV preconditioning test - MQT 10
MST 55 Cold conditioning IEC 60068-2-1 -
MST 56 Dry hot conditioning IEC 60068-2-2 -
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4.3 General inspection
Table 2
General inspection test
Test Title Referenced Standards Based on
IEC 61215-2

MST 01 Visual inspection - MQT 01

MST 02 Performance at STC - MQT 6.1

MST 03 Maximum power determination — MQT 02

MST 04 Insulation thickness IEC 60950-1 -

MST 05 Durabiljty of markings ISO 8124-1 _

MST 06 Sharp ¢dge test - —

MST 07 Bypasq diode functionality test - -

Table 2DV D2 Medification of Table 2:

Delete the line for MST 04.

4.4 Electric shock hazard tests

These tests are designed
PV module that are elg
environment or operation

to assess the risk to persons due to shocker injury from contact with parts of a
ctrically energised as a result of design,” construction, or faults caused by

Table 3
Electrical shock hazard tests
Based on
Test Title Referenced standards
IEC 61215-2
MST 11 Accesdibility test IEC 61032 -
MST 12 Cut sugceptibility test ANSI/UL 1703:2015 -
Contingity test for eéquipotential .
MST 13 bonding ANSI/UL 1703:2015 -
MST 14 Impuls¢ voltage test IEC 60664-1 -
MST 16 Insulatjonitest — MQT 03
MST 17 Wet leakage current test - MQT 15
MST 42 Robustness of terminations test IEC 62790 MQT 14

4.5 Fire hazard tests

These tests assess the potential fire hazard due

components.

to the operation of a PV module or failure of its
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Table 4
Fire hazard tests
Based on
Test Title Referenced standards
IEC 61215-2

MST 21 Temperature test ANSI/UL 1703:2015 -
MST 22 Hot-spot endurance test - MQT 09
MST 23* Fire test - National/Local code
MST 24 Ignitability test ISO 11925-2 -
MST 25 Bypass diode thermal test - MQT 18
MST 26 Reverge current overload test ANSI/UL 1703:2015 -
* Fire tests are locally regulat¢d and typically only required for building integrated or building added products, typically to verify
their ability to resist fire from gxternal sources.

Table 4DV DR I\

Jodification of Table 4:

Delete the line for MST 24.

4.6 Mechanical stress tests

These tests are to minim

se potential injury due to mechanical failure.

Table 5
Mechanical stress tests
Based on
Test Title References in Standards
IEC 61215-2
MST 32 Modul¢ breakage test ANSI Z97 .1 -
MST 33 Screw|connection test IEC 60598-1 -
MST 34 Mechanical load test - MQT 16
MST 35 Peel tgst ISO 5893 -
MST 36 Lap shear strength test ISO 4587:2003 -
MST 37 Materiflls creep test - —
MST 42 Robuslness of terminations test MQT 14

5 Classes and their necessary test procedures

The specific tests to which a PV module will be subjected, depending on the Class defined in IEC 61730-1
referring to IEC 61140, are described in Table 6. The order in which the tests are carried out shall be in
accordance with Figure 1. Some tests shall be carried out as preconditioning tests.
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Required tests, depending on the Class

Class according to IEC 61140

Tests
Il 0 ]
Environmental stress tests:
X X X MST 51 Thermal cycling (T50 or T200)
X X X MST 52 Humidity freeze (HF10)
X X X MST 53 Damp heat (DH200 or DH1000)
X X X MST 54 UV pre-conditioning (15 kWh/m? or 60 kWh/m?)
X! ! X! MST 55 Cold conditioning
X! ! X! MST 56 Dry hot conditioning
General inspection test:
X X X MST 01 Visual Inspection
X X X MST 02 Performance at STC
X X X MST 03 Maximum power determination
X X - MST 04 Insulation thickness
X X X MST 05 Durability of markings
X X X MST 06 Sharp edge test
Electrical shock hazard\tests:
X X - MST 11 Accessibility:test
X X - MST 12 Cut susceptibility test
X X - MST 13 Continuity test for equipotential bonding
X X - MST 14 lmpulse voltage test
X X X MST\1&'Insulation test
X X - MST 17 Wet leakage current test
X X X MST 42 Robustness of terminations test
Fire hazard tests:
X X X MST 21 Temperature test
X X X MST 22 Hot-spot endurance test
X? X2 MST 23 Fire test
X X X MST 24 Ignitability test
X X X MST 25 Bypass diode thermal test
X X - MST 26 Reverse current overload test
Mechanical stress tests:
X X MST 32 Module breakage test
X X X MST 33 Screw connection test
X X X MST 34 Mechanical load test
X35 X35 X35 MST 35 Peel test
X458 X5 X458 MST 36 Lap shear strength test
X X X MST 37 Materials creep test

X Test required.

— Test needs not be carried out.

" Only required to prove reduction of Pollution Degree PD=2 to PD=1.

2 Fire tests are nationally regulated and typically only required for building integrated or building added products. Hence, the
applicability of a fire test does not depend on the Class, but on the mounting location.

Table 6 Continued on Next Page
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Table 6 Continued

Class according to IEC 61140

I 0 | n
3 This test is not applicable to rigid-to-rigid bonded assemblies (e.g. glass/glass PV modules).

Tests

4 This test is not applicable to rigid-to-flexible or flexible-to-flexible bonded assemblies.

5 Only required for proof of cemented joints around the PV module edges.

Table 6DV D2 Modification of Table 6:

Delete the line for MST 04 and also delete the line for MST 24.

6 Sampling

Nine PV modules and ope unframed PV module are used for safety testing (plus spares as\desired). In
order to prove reduction pf Pollution Degree to PD 1, one additional PV module is required.

If cemented joints are to pe qualified the following is required:

* An unframed PV modyle is tested in sequence B (one additional unframed PV module is required) for
glass/flexible or flexible/flexible.

* For glass/glass constryctions 20 additional samples according to 10.25.2 are required for the lap shear
strength test (MST 36) to prove cemented joints.

All specimens shall be technically identical (same components). For MST 24, MST 32, and MST 37 PV
modules complete in every detail, but not functioning or oflow power, etc., are acceptable.

All test specimens except for MST 24, MST 32, MST_85, MST 36, and MST 37 shall be taken at random
from a production batch ¢r batches.

Additional PV modules for MST 23 might-be* necessary (PV modules complete in every detail, but not
functioning or of low powgr, etc., are acceéptable).

The PV modules shall have been<manufactured from specified materials and components in accordance
with the relevant drawings and‘process sheets and have been subjected to the manufacturer’s normal
inspection, quality contrgl and“production acceptance procedures. The PV modules shall be complete in
every detail and shall pe_accompanied by the manufacturer’s handling, mounting, and connection

instructions. When the PV modules to be tested are profofypes of a new design and not from production,
this fact shall be noted in the test report (see Clause 7).

7 Testreport

The results of the assessment against IEC 61730-1 and IEC 61730-2 shall be laid down in one combined
or two separate test reports according to ISO/IEC 17025. The results shall be reported, normally in a test
report and shall include all the information requested by the client and necessary for the interpretation of
the test and all information required by the method used:

a) a title;

b) name and address of the test laboratory and location where the tests were carried out;
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c) unique identification of

d) name and address of ¢

the report and of each page;

lient, where appropriate;

e) description and identification of the item tested;

f) characterization and co

ndition of the test item;

g) date of receipt of test item and date(s) of test, where appropriate;

aothad-

h) identification of test m

cad-
O OST T

i) reference to sampling procedure, where relevant;

j) any deviations from, a
to specific tests, such as

k) measurements, exar
photographs as approprig

technique and any failure

[) a statement indicating
module without a frame);

m) a statement of the esti

n) a signature and title, o
of the report, and the datg

0) where relevant, a state

p) a statement that the r|
laboratory.

A copy of this report shall
8 Testing

The PV modules shall be

itions to or exclusions from the test method, and any other informationrelevant
nvironmental conditions or test method or procedure;

ninations and derived results supported by tables, graphs, “sketches and
te including maximum systems voltage, Class according to lEEG 61140, mounting
5 observed,;

whether the impulse voltage test was performed on,RV module or laminate (PV

mated uncertainty of the test results (where_félevant);

equivalent identification of the person(s) accepting responsibility for the content
of issue;

ment to the effect that the results relate only to the items tested;

eport shall not be reproduced except in full, without the written approval of the

be kept by the manufacturer for reference purposes.

dividéd into groups and subjected to the safety tests shown in Figure 1, carried

out in the order specifie

Tl D\ L (AN [ T ! ol o dle ot 4L H F Y 4 4 £
NI TV TITIOUUICS Slidil D STICULICU SUUIT Uiat ulc THIVITUTTITIETILdD SUTSS ICoL1S Ul

4.2 are met. Each box in Figure 1 refers to the corresponding subclause as described in Clause 4.

Spare PV modules may be included in the safety test program provided that they have been appropriately
environmentally tested to meet the necessary prerequisites.

Test procedures and criteria, including initial and final measurements where necessary, are detailed in
10.2 through 10.33. Some tests are identical to tests in IEC 61215-2 and are referenced in Clause 4. In
carrying out these tests, the manufacturer’s handling, mounting, and connection instructions shall be
strictly observed.

The PV module for sequence B shall be irradiated during the first 60 kWh/m? cycle from the front side of
the specimen and from the backside during the second 60 kWh/m? cycle (MST 54). By doing so, the front
side and back side of the PV module will be exposed to the same UV dose.
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The intermediate control measurements (MST 01, MST 16, MST 17) after each stress test are informative
and may be skipped. Final measurements are required.

The wait time (48 h to 96 h) at the end of the sequence shall ensure that a minimum time between the
immediate control inspection after completion of each environmental test (time counter starts after
completion of MST 51, MST 52 and MST 53) and a second visual inspection is maintained. This is due to
possible variation in visual defects apparent a few hours versus several days after an environmental stress
test. The wait time does not apply to any other control check other than the visual inspection.

The tests in sequence F may be performed on separate modules. The tests for MST 21 and MST 25 may
be performed on specially prepared samples (e.g. thermocouples within the laminate or junction box). If

any of the individual test$ of the sequence impacts the outcome of one of the subsequent tests, a separate
sample shall be used. Pdtential impact on module output can be verified by MST 02.

The number of PV modules required for the fire test MST 23 will depend on the relevant test procedure.
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9 PV modules + 1 (2) unframed PV module
1 additional PV module if Pollution Degree 1
Visual inspection
MST 01
T 1 PV module 1 unframed PV module
| | | | |
1 control PV module No. of PV modules depends on 1 PV module - ilty test Peel test MST 35
national requirements Maximum power MST 24 Only for cemented
. determination joints
: MST 03
Perfornh;ar_}f:ezst STC l;/ilre Ttezst Module breakage test 6 PV modules + 1 unframed PV module
STO ST23 1 additional PV module if Pollution degree 1
Insulation test
MST 16
|
1 1
1 unframed PV module
Wet leakage current test
Continuity test for 1PV module
equipotential bonding
MST 13
|
Accessibility test
MST 11
|
r T T T T 1
Sequence A Sequence Sequence B1 Sequence C Sequence D Sequence E Sequenice’ F Sequence G
1 1 PV modul Pollution degree 1 testing 1 1 1
1PV rlnodule (unframed if pee\l test |s required) 1PV module 1PV rrodule 1PV Todule 1 PV module
Materials creep test Damp heat igst Cool conditioning UV test Damp heat test Thermal cyaling test Bypass diode
(200 h) o 55 (15 kWhim2) (1000 h) MST 53 (200 cycles) thermal test
MST 53 MST 54 MST 51 MST 25
ot [ 16 [17 01 [ s 01 16 o [ 16 of [ 16 [ 17 of [ 16 [_% o | 16 [ 17
T 1 | | T T
Continuity test for UV test . Thermal cycling test .
equipotential bonding (60 kWh/m3) Dry heat conditioning (50 cycles) Mecha'alg?r\ :I;fd fest Temperature test
MT 13 MST 54 MST 51 MST 21
I 01 [ 1s o | 16 0 | 16 o1t [ 16 [ 17 o [ 16 | 17
1 1 | I
- Humidity freezq test Humidity freeze test Humidity freeze test Hot-spot
Accessibility test P
VST 11 (10 cycles (10 cycles) (10 cycles) endurance
MST 52 MST 52 MST 52 test MST 22
01 [ s o [ 16 ot [ 16 [ 17 or [ 16 [ 17
1 | I I
UV test Cold conditioning Robustness of Reverse current
(60 kWh/md) MST 55 Terminations test overload test
MST 54 MST 42
o | s o1 | 16 o1 | 16 | 17 o | 6 |17
1 1
Humidity freezq test Humidity freeze test Impulse voltage
(10 cycles, (10 cycles) test
MST 52 ST 52 MST 14
o [ 16 [[17 o] 6] 17 Cut suscgptibilty - 16
test Continuity test for o
1 I MST 12 | equipotential bonding Acceassls_ﬂ*y test 48-96 h wait time
MT 13
ot l 16 | i Visual inspection
I MST 01
Max. power Visual inspection| Bypass diode Screw connections Insulation thickness test Peel test MST 35
determination 1 MST 01 incl. = functionality test == test | Only on sample from sequence B
MST 03 MST 05 and MST {6 MST 07 MST 33 Only sample from Sequence B Only for cemented joints
IEC

su2623

Figure 1

Test sequences
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Figure 1DV D2 Modification of Figure 1:

Delete the box for MST 04 and also delete the box for MST 24.

9 Pass criteria

The product under evaluation shall be judged to have passed the safety qualification test, if the test
samples meet all of the criteria of each individual test and no loss of electrical continuity occurs during
testing in sequences A through F. The product is deemed not to comply with this standard if any sample
fails in one or more of thetests

In case of failure the manufacturer is recommended to prepare a failure analysis and propose correcfive
actions. Depending on the proposed modification(s), a re-evaluation program can be defined before
testing (IEC TS 62915), ihcluding design review to IEC 61730-1.

9DV D1 Modificpation in accordance with the following:

Replace the reference to IEC TS 62915 with UL 62915 in the second paragraph.

10 Test procedures
10.1 General

If not otherwise specified}, all applied forces in N shall have an accuracy of 5 %.
If not otherwise specified}, all torques (Nm) shall have an aceuracy of 5 %.

10.2 Visual inspection MST 01

10.2.1 Purpose
To detect and document pny visual defeets-and changes in the PV module.
10.2.2 Procedure

This test is identical with MQT Q71 of IEC 61215-2 with the additional inspection criteria of

+ any other conditions which may affect safety;

* during final inspection check compliance of markings with 5.2 of IEC 61730-1:2016 subsequent to the
Durability of markings test (MST 05) as described in 10.6.

» during final inspection check for sharp edges as described in 10.7 (MST 06).

« during final inspection check of minimum distances as defined in Tables 3 and 4 of IEC 61730-1:2016.
See Figure 2a and Figure 2b for examples of creepage distance measurement. Bubbles are assumed to
be conductive for this evaluation. For clearance and creepage assessment check Figure B.2 of IEC
61730-1:2016.
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It is advisable to check distances during the initial inspection to validate that the PV module meets the

insulation requirements.

Make note of and/or photograph the nature and position of any cracks, bubbles or delaminations, etc.,
which may worsen and adversely affect the PV module safety in subsequent tests. Visual conditions other
than the major defects listed below are acceptable for the purpose of safety test approval.

10.2.3 Pass criteria

For the purpose of this safety test, the following are considered to be major visual defects:

a) broken, cracked, or tor!

b) bent or misaligned ext
extent that the safety of th

c) in cemented joints bub
required distance through
conductive and electrical
through insulation mater

N external surfaces;

ernal surfaces, including frontsheet, backsheet, frames and junction boxes.to the
e PV module would be impaired;

bles or delaminations with closest distances to each other < 2 times\the minimum
cemented joint (see Tables 3 and 4 of IEC 61730-1:2016) shall be evaluated as
y connected. The shortest distance from and to such bubblés\or delaminations
al shall in sum not be shorter than the required minimunt distance through

cemented joint. See Figufe 2b for example;

d) for adhesive bonds other than in ¢) bubbles or delaminations with closest distances to each other < 2

times the minimum requ
evaluated as conductive
delaminations through ins
distance. See Figure 2b f

e) loss of mechanical intg
module would be impaire

f) if the mechanical integr
bubbles shall not exceed

g) evidence of any molter

h) markings not complyin
final inspection;

i) edges not complying wi

ired creepage distance (see Tables 3 and 4-of IEC 61730-1:2016) shall be
and electrically connected. The shortest distance from and to such bubbles or
ulation material shall in sum not be shortefthan the required minimum creepage
Dr example;

grity to the extent that the safety of the installation and safe operation of the PV
)

ty depends on laminatian or other means of adhesion, the sum of the area of all
1 % of the total PV module area;

or burned component;

g with 5.2.6f IEC 61730-1:2016 and the durability of markings test (MST 05) at

hMST 06 sharp edge test at final inspection.



https://ulnorm.com/api/?name=UL 61730-2 2022.pdf

OCTOBER 28, 2022 UL 61730-2 25

PV cell, internal live part
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Laminate edge, accessible part
IEC
su2624
Figure 2a — Example for delamination assessment when measuring creepage or distance through insulation
PV cell, internat live part
@©
Bubble 1
Bubble 2
O
Laminate edge, accessible part
IEC
su2625

Figure 2b — Example for delamination distance (x) assessment when measuring creepage or distance through insulation

Figure 2

Assessment of bubbles in edge seals for cemented joints
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Example cemented joint:

If distance x between bubbles is < 2 times the minimum distance through cemented joint then the shortest path through insulation
would be measured by adding distances a and d. If distance x between bubbles is > 2 times the minimum distance through cemented
joint then the shortest path through insulation would be measured by adding distances a and b and respectively by adding distances
c and d. The shorter of the two sums needs to comply with the requirements set forth in IEC 61730-1.

Example creepage distance:

If distance x between bubbles is < 2 times the minimum creepage distance then the shortest path along an interface (creepage
distance) through the insulation system would be measured by adding distances a and d. If distance x between bubbles is > 2 times
the minimum creepage distance then the shortest path along an interface (creepage distance) through the insulation system would
be measured by adding distang i i i
comply with the requirements se¢t forth in IEC 61730-1.

10.3 Performance at STC MST 02
10.3.1 Purpose
This test shall verify the rated short-circuit current (/;) and open-circuit voltage (V).
10.3.2 Procedure

The module shall be stabjlized according to MQT 19.1 of IEC 61215-2. The test)procedure is equivalent to
MQT 06.1in IEC 61215-2.

10.3.3 Pass criteria
Measured /. and V, shall be within the tolerances given by the manufacturer.
10.4 Maximum power gdetermination MST 03

10.4.1 Purpose

This test shall verify thiat the PV module ‘shows the electrical characteristics of a fully functional
photovoltaic device.

10.4.2 Procedure

This test is equivalent to MQT Q2.n IEC 61215-2.

10.4.3 Pass criteria

The IV curve shall not show any additional kinks or other unusual characteristics as compared to the initial
IV curve taken according to MST 02 (e.g. caused by diodes “turning on").

NOTE Especially inhomogeneous degradations within PV modules are causes for safety risks and failures. Degradations of single
cells or substrings can lead to hot-spots, high module temperatures or diodes conducting permanently. MST 03 aims at detecting
such cases.
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10.5

10.5.1 Purpose

Insulation thickness test MST 04

This test shall verify compliance to the minimum insulation thickness for thin layers as specified in either

Table 3 or Table 4 of IEC

61730-1:2016 depending on the PV module’s Class according to IEC 61140.

The test is to be performed on polymeric insulation sheets front side and/or back side.

This test is not applicable to glass layers.

10.5.2 Procedure
The procedure is as follo|

a) Select three locationg
insulation material.

NOTE 1 Typically minimum thi
indents.

b) Applying a suitable 1
circuitry from the outer s
+10 % including reprody
relied upon insulation (se

NOTE 2 Suitable methods c3
measurements, etc. Solder wir

10.5.3 Pass criteria

The measured insulation
4 of IEC 61730-1:2016 d
measurement uncertaint

The layer thicknesses in
the uncertainty of the me|

Example: For a system

VS

per side on the PV module representing minimum thickness of the_polymeric

Ckness can be found at solder connections, edges of frameless PV modules, or'laminator membrane

nethod, measure the thickness of the individual layers separating the electric
Lirface. The used method shall have a measuremént uncertainty not greater than
cibility. Then determine the thickness of the part of the layers representing the
e Figure 4 of IEC 61730-1:2016).

h be destructive or non-destructive, e.g. cross-sectional cut and optical measurement; ultra-sonic
e method is under consideration for the measurement of dti in IEC 62788 series.

thickness shall be greaterithan the requirements listed in either Table 3 or Table
epending on the PV module’s Class according to IEC 61140 and considering the
of the test and the.set-up.

Table 3 andJable 4 of IEC 61730-1:2016 are minimum requirements, therefore
Asurementshall be deducted from the measured value.

oltage~of 1 000 V and a PV module design according to Class Il the remaining

thickness of the relied u
the set-up is £ 10 %, the

;ton insulation shall be 150 pym. If the measurement uncertainty of the test and of

10.5DV D2 Deletion:

Delete Clause 1

0.5.

10.6 Durability of markings MST 05

Any marking required by this standard shall be durable and legible. In considering the durability of the
marking, the effect of normal use shall be taken into account.
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Compliance is checked by inspection and by rubbing the marking by hand using medium pressure for 15 s
with a piece of cloth soaked with water and again for 15 s with a piece of cloth soaked with petroleum
spirits. After this test, the marking shall be legible; it shall not be possible to remove marking plates easily
and they shall show no curling.

The petroleum spirits to be used for the test is aliphatic solvent hexane having a maximum aromatics
content of 0,1 % by volume, a kauri-butenol value of 29, an initial boiling point of approximately 65 °C, a
dry point of approximately 69 °C and a mass per unit volume of approximately 0,7 kg/I.

NOTE Test is identical to IEC 60335-1:2013, 7.14 and IEC 60950-1:2013, 1.7.11.

10.7 Sharp edge test MST 06

The accessible PV module surfaces shall be smooth and free from sharp edges, burrs, etc., which hay
damage the insulation of gonductors or pose a risk of injury. Compliance is checked by inspection.

Alternatively a sharp edgeg test described in ISO 8124-1 can be performed to confirm compliance:
10.8 Bypass diode functionality test MST 07

The test procedure and pgss criteria are equivalent to MQT 18.2 in IEC 61215-2,

10.9 Accessibility test(MST 11

10.9.1 Purpose

To determine if PV modules are constructed to provide adeguate protection against accessibility to
hazardous live parts (> 3% V).

10.9.1DV DR Modification by replacing Clause*10.9.1 with the following:
To determine if PV modules are constructed to provide adequate protection against
accessibility to hazardous live parts.(> 30 V).

10.9.2 Apparatus

The apparatus is as follows:

a) A cylindrical test fixturdType-H-according-to-Figure 7 of IEC 61032:1997.

b) An ohmmeter or continuity tester.

10.9.3 Procedure

The procedure is as follows:

a) Mount and wire the test PV module as recommended by the manufacturer.

b) Attach the ohmmeter or continuity tester to the PV module’s short-circuited terminals and to the test
fixture.
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c) Remove all covers, plugs and connections from the PV module that can be removed without using a
tool.

d) Probe with the test fixture in and around all electrical connectors, junction boxes and any other areas
where live parts of the PV module may be accessible.

e) The test fixture shall be used with an applied force of 10 N.

f) Monitor the ohmmeter or continuity tester during the probing to determine if the test fixture makes
electrical contact to the PV module live parts.

10.9.4 Final measurements
None.

10.9.5 Pass criteria
The pass criteria are as fpllows:

a) At no time during the fest shall there be a resistance of less than 1 MQ between-the test fixture and the
PV module live parts.

b) At no time during the tgst shall the probe contact any live electrical part;

This test is performed at the beginning and the end of the sequence.according to Figure 1, but also can be
used at any time during tfhe test sequence if there is any reason t6.believe that active electric circuitry has
been exposed by one of the other tests.
10.10 Cut susceptibility test MST 12
10.10.1 Purpose

To determine whether any front and rear sutfaces of the PV module made of polymeric materials are
capable of withstanding foutine handling during installation and maintenance without exposing personnel
to the danger of electric ghock.

This test is not applicablg to rigid<to-rigid bonded assemblies (e.g. glass/glass PV modules).

10.10.2 Apparatus

A test fixture as shown in Figure 3, designed to draw a defined shaped object over the surface of the PV
module with an applied force of 8,9 N + 0,5 N. The defined shaped object shall be a 0,64 mm + 0,05 mm
thick hardened steel blade sufficiently rigid as not to bend sideways during the test. The tip shall have a
top angle of 90° + 2° and shall be rounded with a radius of 0,115 mm % 0,025 mm.

Apparatus in Figure 3 is an example and other apparatus proving same test parameters (e.g. force and
scratch shape) can also be used if equivalency is verified.

10.10.3 Procedure

The procedure is as follows:
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a) Position the PV module horizontally with the test surface facing upward.

b) The test fixture is to be placed on the surface for 1 min and then drawn across the surface of the PV
module at a speed of 150 mm/s + 30 mm/s. Repeat the procedure five times in different directions
considering the most critical points.

c) Repeat a) and b) for other polymeric surfaces of the PV module if applicable.

10.10.4 Final measurements

Repeat MST 01, MST 16 and MST 17
10.10.5 Pass criteria
The pass criteria are as fgllows:

a) No visual evidence thaf the frontsheet or backsheet surfaces have been cut exposing the active circuitry
of the PV module.

b) MST 16, MST 17 shall meet the same requirements as for the initial measurements.
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Direction of movement

-

Cs
.

}
g

\\‘A ' B-B

A-A

IEC
su2626

Key
a 150 mm from axis to center of weight

b 170 mm from axis to test poirjt

¢ Carbon steel strip 0,64 mm £ 0,05 mm thick

d 140° angle between horizontal plane and the strips' edge
q Total force exerted at test point 8,9 N+ 0,5 N

r Tip rounded with radius 0,115 mm £ 0,025 mm

t Steel strip top angle 90° + 2°

Figure 3
Cut susceptibility test
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10.11

10.11.1 Purpose

Continuity test of equipotential bonding MST 13

The purpose of this test is to verify the continuous path between accessible conductive parts that are in
direct contact with each other (e.g. parts of a metallic frame).

10.11.2 Apparatus

The apparatus is as follows:

a) A constant current su
protection rating of the P

b) A suitable voltmeter.

According to IEC 6173
manufacturer. The maxim

NOTE Common types of overcy
10.11.3 Procedure
The procedure is as folloy

a) Select the manufac
connection. Attach to one|

b) Select an adjacent (co
from the grounding point

c) Attach the voltmeter to
current leads.

d) Apply a current 250 9
minimum of 2 min.

!

bply capable of producing a current that is 2,5 times the maximum overcurrent
module under test.

D-1 the maximum overcurrent protection rating has to be provided by the
um overcurrent protection rating is verified in MST 26.

rrent protection devices are fuses or circuit breakers.

VS

urer’'s designated point for equipotential bonding and the recommended
terminal of the constant current supply.

nected) exposed conductive component with the greatest physical displacement
nd attach to the other terminal.of the current supply.

the two conductive compenents attached to the current supply in proximity to the

1+ 10 % of the_rhaximum overcurrent protection rating of the PV module for a

e) Measure the applied cdrrent.and the resultant voltage drop.

f) Reduce the current to Z

!"f\

g) Repeat for all other accessible conductive parts.

h) Repeat the test for

all connection(s), terminal(s), and/or wire(s) included or specified by the

manufacturer for grounding the PV module.

10.11.4 Final measurements

None.
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10.11.5 Pass criteria

The resistance between the selected exposed conductive component and every other conductive
component of the PV module shall be less than 0,1 Q. The resistance shall be calculated from the applied
current and the resulting voltage drop measured at the connection points of the PV module (e.g. frame).
10.12 Impulse voltage test MST 14

10.12.1 Purpose

The purpose of the test is_ta \/prify the r‘npnhilify of insulation of the P\/ module to withstand n\mr_\/nlfngpc
of atmospheric origin. It glso covers over-voltages due to switching of low-voltage equipment.

10.12.2 Apparatus
The test equipment and jprocedure shall comply with IEC 60060-1, see Figure 4. Due to theVarsiable and

comparably high capacjty of many samples compensation measures may be applicable ‘to fulfil the
required waveform tolergnces.
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NOTE The parameter 0, is the dtart point of the impulse voltage. In a diagram with linear time scale this is the intersection point of the

time axis and the line defined by points A and B.

Figure 4
Waveform of the impulse voltage following IEC 60060-1
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10.12.3 Procedure

This test is performed on

an unframed PV module. If the frame is an integral part of the edge insulation the

test can be done with the framed PV module. The impulse voltage test shall be performed in accordance

with IEC 60060-1.

For the purposes of test reproducibility this test is conducted under the conditions of room temperature
and relative humidity of less than 75 %. The procedure is as follows:

a) Disable any voltage limiting device installed on the PV module, if applicable.

b) Cover the whole PV 1
possible contacting and
glue) shall have an elect
particle or air enclosure
negative terminal of the i

c) Connect the shorted ¢
generator.

d) Apply the surge imp
generator. According to |
Table B.1 of IEC 61730-1

Linear interpolation of th
values of maximum systg

e) The waveform of the
circuited PV module terr

cable connections, and t!

Care should be taken thg

NOTE In IEC 60060-1 a test vo

hodule with a conductive metal foil using a conductive adhesive to achieve best
avoid e.g. bubbles that may influence the test result. The adhesive (conducting
rical resistance < 1 Q related to an area of 625 mm?. Care shall be taken to ayoid
between the foil and the PV module as much as possible. Connect the foilito the
mpulse voltage generator.

utput terminals of the PV module to the positive terminal of the\impulse voltage
ulse voltage with a waveform as shown in Figure 4 by the impulse voltage

EC 60060-1 the surge impulse voltage shall be withifn# 3 % of the value given in
:2016.

e voltages given in Table B.1 of IEC 61730-1:2016 is allowed for intermediate
m voltage.

pulse shall be observed by an ostilloscope connected as close to the short
ninals as possible or with sufficientterminating impedance on the measurement

he rise time and the pulse duration’shall be checked for each test.

t probes are appropriate(to'guarantee a reproducible measurement.

tage function is defined,representing the response of insulations applicable for signal filtering.

f) Three successive pulsés shall be applied.

g) Change the polarity off

the terminals of the pulse generator and apply three successive pulses.

10.12.4 Final measurqments

Repeat visual inspection

If a breakdown occurred

MST 01 and insulation test MST 16.

, the conductive foil may need to be removed for the visual inspection to identify

location of breakdown for analysis. The foil should not be removed until after the Insulation test MST 16

has been performed

10.12.5 Pass criteria

The pass criteria are as follows:

a) No evidence of dielect

ric breakdown or surface tracking of the PV module is observed during the test.
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b) No evidence of major visual defects as defined in MST 01.

c) MST 16 shall meet the
10.13
10.13.1

Purpose

The purpose of this test

same requirements as for the initial measurements.

Insulation test MST 16

is, to determine whether the PV module is sufficiently well insulated between

current carrying parts and the frame or other outside accessible components.

10.13.2 Procedure

This test is identical to M
system voltage. The max
system voltage for Class
For Class lll the test volta

Cemented joints within P
Uresi(cemented joint)= Ux,
normal Uregt.

10.13.3 Pass criteria

See MQT 03 of IEC 6121
10.14 Wet leakage cur
This test is equivalent to |

Cemented joints within P
Uqest(cemented joint)= Ux,
normal Uregt.

10.15 Temperature tes
10.15.1

Purpose

This temperature test i
components and material

DT 03 of IEC 61215-2 with test levels depending on the Class and the maximdm
imum test voltage U shall be equal to 2 000 V plus four times the maximum
Il and equal to 1 000 V plus two times the maximum system voltage,for Class 0.
ge is 500 V.

V modules shall be tested with an increased test voltage. The,following applies:
<t - 1,35 as required by IEC 61730-1. All non-cemented joints shall be tested with

b-2.
rent test MST 17
QT 15in IEC 61215-2.

V modules shall be tested\with an increased test voltage. The following applies:
st~ 1,35 as required by, IEC 61730-1. All non-cemented joints shall be tested with

t MST 21

5 _designed to determine the maximum reference temperatures for various

Usad tocaonstriuct tha P\/ modile—in-ordartoverifvtha suitabilitv of thair Lica
to-CORSHUGHRe—Oathe,H-0Ffae 10 YeHHytRe-StiapHty-otReHiuSe-

The test can be performed

under natural sunlight or by use of a solar simulator with a cold sky.

10.15.2 Outdoor method

10.15.2.1 Test apparatus

* A black painted platform constructed of a suitable wooden plate that has sufficient mechanical strength to

avoid warping under tem

perature influence. Behind the board a thermal insulation with a U value of less

than 0,5 W/(m-K) shall be placed.

* A pyranometer or PV re

ference device conforming to IEC 60904-2 mounted in the plane of the structure

within 30 cm of the test PV module.
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* Instruments to measure wind speed down to 0,25 m/s installed approximately 0,7 m above the top of the
platform.

» An environmental temperature sensor, with a time constant equal to, or less than, that of the PV module,
installed in a shaded enclosure with good ventilation. The sensor shall be placed left or right of the
platform so that no thermal interference can occur.

» A temperature monitoring system capable of measuring PV module component temperatures with
accuracy of +2 K.

* A data acquisition system capable of recording the parameters within an interval of no more than 5 s.

» Maximum power point fracking device or a resistive load sized such that at STC the PV module operates
near the maximum powef point.

10.15.2.2 Procedure

The PV module under tept shall be mounted sunny-side-up onto the black painted platform’in accordance
with the manufacturer’s |nstallation instructions. If the instructions offer more than oneeption, the option
providing the worst-cas¢ thermal conditions shall be used. If no indications havebeen provided for
spacing, the test PV module shall be mounted horizontally and directly flat on the platform without spacing.

The black painted side
least 60 cm beyond the
modules of similar dime

the wooden platform shall face the test sample _and the platform shall extend at
V module on all sides unless the PV module jsinstalled directly next to other PV
ions.

The PV module under
device.

st shall be connected to the resistive\load or maximum power point tracking

Throughout the test the fpllowing parameters shall be monitored:

« temperatures of PV moglule components and materials, as listed below;
* environmental temperafure;

e irradiance;

» wind speed.

The environmental temgerature during the test may be in the range of 20 °C to 45 °C_The irradiance

during the test shall be between 700 W/m? and 1 000 W/m?.

If the irradiance is other than 1 000 W/m?, take at least two measurements at other irradiance levels (at
least 80 W/m? apart) and then make a quadratic extrapolation to determine the corrected module
temperature at 1 000 W/m? irradiance.

It is permissible to reposition (track) the test platform to maintain a consistent irradiance level throughout
the test.

All data shall be taken at wind-speeds of less than 1 m/s.
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Stabilised temperature data for each test location shall be collected. Thermal stability has been attained
when three successive averaged values, taken 5 min apart, indicate a change in temperatures of less than
+ 2 K. Averaged values in this context are calculated from the readings taken over a 1 min interval.

The measured component temperatures (Togs) shall be normalised by the addition of the difference
between the 40 °C reference environmental temperature and the measured environmental temperature

(Teny) according to the formula:

Teon = Tops t (40 ° C— Tpny)

where Tcoy is the normal

If an unacceptable perfq
attributed to a test condit
necessary — for example
under conditions closer tg

Typical component meas

* PV module frontsheet
sensor shall be avoided 4

* PV module backsheet b
» Terminal enclosure inter
* Field wiring terminals.
* Insulation of the field wir
« External connector bodi
* Bypass diode bodies (if

Due to the many possibl

ol b 4
CU LICTTTIYTTAlUrc.

rmance is encountered during the temperature test and the performance\is
on that although within the limits specified may be considered more severe than
an ambient temperature near the limits allowed — the test may be condlcted
the norm.

irement points shall include:

above the centre cell, if non-glass (possible shading of\cells by temperature
s much as possible).

low the centre cell.

or surface.

ng leads.
s (if applicable).
hpplicable).

e variations in_construction, more than one data gathering point for each cited

location may be used, at {he discretion-of the test laboratory.

10.15.3 Solar simulator method

10.15.3.1 Test apparatus

* A continuous source sun simulator class BBC or better according to IEC 60904-9 shining from top to the
horizontally mounted test platform with an average irradiance of 1 000 W/m? in the area of testing (PV
module area plus 20 cm surrounding the PV module).

» Reference cell to measure the irradiance in the test plane.

« Cold sky to avoid heat fr

om the light source influencing the test results.

* A black painted test platform parallel to the light source which has sufficient mechanical strength to avoid
warping under temperature influence.
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* Means for mounting the test PV module directly flat to the test platform.

* A handheld anemometer to ensure a wind speed during the test of < 0,25 m/s; typically the wind speed
will be close to 0 m/s during the test.

 An air temperature sensor, with a time constant equal to, or less than, that of the PV module, installed in
a shaded enclosure with good ventilation. The sensor shall be placed left or right of the platform so that no
thermal interference can occur.

» A temperature monitoring system capable of measuring PV module component temperatures with an
accuracy of £+ 2 K.

* A data acquisition systgm capable of recording the parameters within an interval of no more than 5 s.

» Maximum power point fracking device or a resistive load sized such that at STC the PV module.operates
near the maximum powef point.

10.15.3.2 Procedure

The PV module under te
with the manufacturer’s

5t shall be mounted sunny-side-up onto the black painted_ platform in accordance
nstallation instructions. If the instructions offer more than-one option, the option

providing the worst-cas
spacing, the test PV mod

The black painted test ar

b thermal conditions shall be used. If no indicatiens* have been provided for
ule shall be mounted horizontally and directly flat to¢he platform without spacing.

ea shall face the test sample and the platform shall extend at least 60 cm beyond

the PV module on all sid
dimensions.

es unless the PV module is installed directly next to other PV modules of similar

The PV module under fest shall be connected to the resistive load or maximum power point tracking
device.

Throughout the test the fpllowing parameters shall be monitored:
* temperatures of PV moglule componentsand materials, as listed below;
* air temperature;

e irradiance;

» wind speed, if required [during the test the wind speed is typically close to 0 m/s)

The air temperature during the test shall be maintained within + 3 K (the cold sky will ensure that the air in
the simulator test room is not heating up).

Stabilised temperature data for each test location shall be collected. Thermal stability has been attained
when three successive averaged values, taken 5 min apart, indicate a change in temperatures of less than
1 2 K. Averaged values in this context are calculated from the readings taken over a 5 min interval.

The measured component temperatures (Tpogs) shall be normalised by the addition of the difference
between the 40 °C reference air temperature and the measured air temperature (Txr) according to the
formula

Teon = Togs T (40 °C— TaR)
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where Ty is the normalised temperature.

If an unacceptable performance is encountered during the temperature test and the performance is
attributed to a test condition that although within the limits specified may be considered more severe than
necessary — for example an ambient temperature near the limits allowed — the test may be conducted

under conditions closer to the norm.

Typical component measurement points shall include:

¢ PV module frontsheet
sensor shall be avoided a

above the centre cell, if non-glass (possible shading of cells by temperature
s much as possible).

* PV module backsheet b
» Terminal enclosure inter
* Field wiring terminals.
* Insulation of the field wir
« External connector bodi
* Bypass diode bodies (if

Due to the many possibl

Blow the centre cell.

or surface.

ng leads.
ps (if applicable).
hpplicable).

e variations in construction, more than oneZdata gathering point for each cited

location may be used, at the discretion of the test laboratory.

10.15.4 Pass criteria

The pass criteria are as fq

llows:

a) No measured tempefatures exceed any of the applicable temperature limits (e.g. TI/RTE/RTI) of

surfaces, materials, or co
b) No visual defects as d¢

¢) MST 16, MST 17 shall

mponents. Thermalmaterial requirements are given in 5.5 of IEC 61730-1:2016.
fined in MST,0-

meet the same requirements as for the initial measurements.

IEC 61730-1 requires re

;forting of the maximum measured operating temperature as determined by this

test method.

10.16 Hot-spot endura

nce test MST 22

This test is equivalent to MQT 09 in IEC 61215-2. Technology specific test descriptions are to be found in
parts 1-x of the IEC 61215 series.

10.17 Fire test MST 23

10.17.1 Purpose

PV modules may be exposed to external fire conditions, and therefore should be tested for their fire-
resistance characteristics when exposed to a fire source originating from outside the PV module, which
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may include the building on which they are installed or into which they are integrated, or from an adjacent
building. Fire resistance requirements for a PV module intended for building applications are defined in
local or national building codes.

PV modules as building product — i.e. serving as roof covering materials, elements for building integration
or that are mounted on buildings — are subject to specific safety requirements originating from national
building codes.

It shall be noted that fundamental requirements for fire safety are not internationally harmonised. It is
therefore not possible to define general requirements for fire safety of PV modules as recognition of test
results is commonly not practiced.

Fire test requirements are to be included as national differences in this standard. Countries where
resistance of building prgducts to external fire or radiant heat is not covered by building codes may referto
Annex B.

10.17DV DR Modification by replacing Clause 10.17 with the following new Fire test MST
23:

10.17DV.1 Intro¢gluction

A photovoltaic|module or panel intended to be mounted or installed on a roof shall be
evaluated for fire performance in accordance with 10.17DV.2 "or 10.17DV.3, whichever
applies. System Fire Class Ratings A, B, or C are only relevant for PV modules or panels
with mounting pystems in combination with a fire rated roof covering. Mounting systems
evaluated in acgordance with 10.17DV.3 may be testedwith specific “types” of modules as
characterized in accordance with 10.17DV.4.

10.17DV.2 Building-Integrated PV Modules

Modules or panels intended for installation-integral with or forming a part of the building’s
roof structure are referred to as building-integrated photovoltaics (BIPVs) and shall be
evaluated in accordance with UL 790, as a Class A, B, or C roof covering material or roof
covering syste

10.17DV.3 Building-attached photovoltaic module

Modules that are building-attached PV not building-integrated and are intended for stand-
off or rack mountingiin combination with a roof covering shall be evaluated in accordance
with the tests |described in UL 2703, Fire Tests with respect to the fire performance
requirements for—€tass—A;B;or€—when—themodute—is marked—as—beingfire rated—as—
specified in UL 61730-1, Clause 5.2.2.1. The module with its mounting system is to be
evaluated for Class A, B, or C so that the appropriate System Fire Class Rating can be used
for building code compliance purposes.

10.17DV.4 Fire Type Testing

10.17DV.4.1 A module intended for mounting on a roof may be represented by type in
accordance with the procedure given below, using the test method provided in Annex DVB
of this document. This is done to simplify the evaluation of module types, roof-mounting
configurations, and mounting systems. The use of fire typing as given in this section is
optional.
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10.17DV.4.2 A module intended for mounting on a roof (but not BIPVs) can be classified
according to type based on its construction and the results of the fire tests detailed in
Annex DVB, Spread of Flame on Top Surface (Section DVB.2) and Burning Brand on Top
Surface (Section DVB.3). Module construction types shall be evaluated based on the
following characteristics of PV module and construction: (1) the superstrate material; (2)
the encapsulant material; (3) the substrate material; and, (4) the frame type and geometry
(if any). The following types are representative of common module constructions and their
associated fire characteristics:

10.17DV.4.3 A Type 1, 4, or 7 module meets the following requirements:

a polymeric encapsulant between the superstrate and cells with a pre-lamination
thicknesg of 0,5+ 0,3 mm (0,02 £ 0,012 in); either a polymeric encapsulant between
the cells and substrate with a pre-lamination thickness of 0,5 + 0,3 mm (0,02 + 0,012
in) and a polymeric substrate with nominal thickness no less than 0,30 mm (0,012 in)
and no mpre than 0,64 mm (0,025 in) thickness or a combined substrate and
encapsulpnt that meets the pre-lamination total thickness equal to an encapsulant
thicknesg of 0,45 0,2 mm (0,018 * 0,008 in) and a polymeric substrate with nominal
thicknesg no less than 0,30 mm (0,012 in) and no more than 0,64 mm-thickness
(0,025 in)} and metallic framing protecting the edge of the laminate.

b) Spread of Flame Test on Top Surface: The test shall be conducted using the

results using a C Brand shall be demonstrated.

10.17DV.4.4 A Type 2, 5, or 8 module meets-the following requirements:

a) Construction: Glass superstrate of 2.8 mm (0.11 in) < thickness < 4.4 mm (0.17 in);
a polymetric encapsulant between the superstrate and cells with a pre-lamination
thickneslof 0,5 0,3 mm (0,02 * 0,012 in); either a polymeric encapsulant between
the cells and substrate with a pre-lamination thickness of 0,5 * 0,3 mm (0,02 + 0,012
in) and a polymeric substrate with nominal thickness between 0,025 mm (0,001 in)
and 0,30 mm thickness (0,012 in) or a combined substrate and encapsulant that
meets the preslamination total thickness equal to an encapsulant thickness of 0,5 *
0,3 mm (0,020,012 in) and a polymeric substrate with nominal thickness between

0,025 m ; ;
protecting the edge of the laminate.

b) Spread of Flame Test on Top Surface: The test shall be conducted using the
procedure given in Section DVB.2. For Type 2, the allowable spread of flame of 1,82
m (6 feet) or less in 10 minutes. For Type 5, the allowable spread of flame is 3,96 m
(13 feet) or less in 4 minutes. For Type 8, the allowable spread of flame is 2,4 m (8
feet) or less in 10 minutes.

c) Burning Brand Test on Top Surface: The test shall be conducted using the
procedure given in Section DVB.3 using a C Brand. For Type 2, 5, and 8, passing
results using a C Brand shall be demonstrated.

10.17DV.4.5 A Type 3, 6, 9-15, or a 19-27 module meets the following requirements:
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a) Construction: Glass superstrate of 2,67 +0,76 mm (0,105 * 0,030 in); polymeric
encapsulant with a total pre-lamination thickness of in 0,9 #0,5 mm (0,035 * 0,02 in);
glass substrate of 2,67 0,76 mm (0,105 * 0,030 in) with metallic framing (Types 19-
27) or without metallic framing (Types 3, 6, 9-15).

b) Spread of Flame Test on Top Surface: The test shall be conducted using the
procedure given in Section DVB.2. For Type 3, 10, 13, 19, 22, and 25, the allowable
spread of flame of 1,82 m (6 feet) or less in 10 minutes. For Type 6, 11, 14, 20, 23 and
26, the allowable spread of flame is 3,96 m (13 feet) or less in 4 minutes. For Type 9,
12, 15, 21, 24 and 27, the allowable spread of flame is 2,4 m (8 feet) or less in 10
minutes.

c) Burning Brand Test on Top Surface: The test shall be conducted using the
procedure given in Section DVB.3. For Type 3, 6, and 9, passing results usinga C
Brand shall be demonstrated. For Type 10, 11, and 12, passing results using a B
Brand shall be demonstrated. For Type 13, 14, and 15, passing results using an.A
Brand shall be demonstrated.

10.17DV.4.5.1 A|Type 16, 17, or 18 module or panel meets the following requiréments:

a) Construction: Glass superstrate of 2.8 mm (0.11 in) < thickness'<4.4 mm (0.17 in);
a polymgéric encapsulant between the superstrate and cells with)a pre-lamination
thicknesp of 0,5+ 0,3 mm (0,020 £ 0,012 in); a polymeric encapsulant between the
cells and substrate with a pre-lamination thickness of 0,5*.0,3 mm (0,020 + 0,012 in)
and a glgss substrate of 3,6 + 0,8 mm (0,14 £ 0,03 in); and'metallic framing protecting
the edge|of the laminate.

b) Spreadl of Flame Test on Top Surface: The test.shall be conducted using the
procedufre given in Section DVB.2. For Type 16, the allowable spread of flame of 1,82
m (6 feet) or less in 10 minutes. For Type 175the allowable spread of flame is 3,96 m
(13 feet) pr less in 4 minutes. For Type 18, the allowable spread of flame is 2,4 m (8
feet) or I¢ss in 10 minutes.

c) Burning Brand Test on Top Suarface: The test shall be conducted using the
procedure given in Section DVB.3 using a C Brand. For Type 16, 17, and 18, passing
results using a C Brand shall'’be demonstrated.

10.17DV.4.5.2 A|Type 28, 29,:30-0or 34 module or panel meets the following requirements:

a) Construction:Glass superstrate of 2,67 + 0,76 mm (0,105 + 0,030 in); a polymeric
encapsujant between the superstrate and cells with a pre-lamination thickness of
0,5+ 0,3 mm\(0,020 * 0,012 in); a polymeric encapsulant between the cells and
substrate wi -laminati i + *

glass substrate of 2,67 + 0,76 mm (0,105 % 0,030 in); and without metallic frame (Type
28 or 34) or with metallic framing (Type 29 or 30).

b) Spread of Flame Test on Top Surface: The test shall be conducted using the
procedure given in Section DVB.2. For Type 28, 29, 30 and 34, the allowable spread
of flame of 1,82 m (6 feet) or less in 10 minutes.

c) Burning Brand Test on Top Surface: The test shall be conducted using the
procedure given in Section DVB.3. For Type 28 and 29, passing results usinga C
Brand shall be demonstrated. For Type 30 and 34, passing results using an A Brand
shall be demonstrated.

10.17DV.4.5.3 A Type 31, 32, 33 module or panel meets the following requirements:



https://ulnorm.com/api/?name=UL 61730-2 2022.pdf

UL 61730-2 OCTOBER 28, 2022

a) Construction: Glass superstrate of 2,0 mm (0,07 in) < thickness < 2,8 mm (0,11 in);
a polymeric encapsulant between the superstrate and cells with a pre-lamination
thickness of 0,5+ 0,3 mm (0,02 £ 0,012 in); either a polymeric encapsulant between
the cells and substrate with a pre-lamination thickness of 0,5 + 0,3 mm (0,02 + 0,012
in) and a polymeric substrate with nominal thickness between 0,025 mm (0,001 in)
and 0,30 mm (0,012 in) thickness or a combined substrate and encapsulant that
meets the pre-lamination total thickness equal to an encapsulant thickness of 0,5
0,3 mm (0,02 + 0,012 in); and a polymeric substrate with nominal thickness between
0,025 mm (0,001 in) and thickness 0,30 mm (0,012 in); and metallic framing
protecting the edge of the laminate.

b)sprea o e < San ::-.“.“ € < aLe PEe-COCu aomme HC e
procedurp given in Section DVB.2. For Type 31, the allowable spread of flame of 1.82
m (6 feet) or less in 10 minutes. For Type 32, the allowable spread of flame is 3.96 m
(13 feet) gr less in 4 minutes. For Type 33, the allowable spread of flame is 2.4 m (8
feet) or less in 10 minutes.

c) Burning Brand Test on Top Surface: The test shall be conducted using the
procedurp given in Section DVB.3 using a C Brand. For Type 31, 32, and,33, passing
results using a C Brand shall be demonstrated.

10.17DV.4.5.4 A Type 35, 36, or 37 module meets the following requirements:

a) Construction: Glass superstrate of 2,4 + 0,4 mm (0,09 ¥0;02 in); a polymeric
encapsulpnt between the superstrate and cells with a pre-lamination thickness of
0,5+ 0,3 ;hnm (0,02 * 0,012 in); and a polymeric encapsulant between the cells and
substratg with a pre-lamination thickness of 0,5 * 0;3 mm (0,02 + 0,012 in) and a
substratg thickness of no less than 0,30 mm (0,012 in) and no greater than 0,64 mm
(0,025 in)[ and metallic framing protecting the-edge of the laminate.

b) Spread of Flame Test on Top Surface;-The test shall be conducted using the
procedurp given in Section DVB.2. For Type 35, the allowable spread of flame of 1,82
m (6 feet) or less in 10 minutes. ForType 36, the allowable spread of flame is 3,96 m
(13 feet) gr less in 4 minutes. For Type 37, the allowable spread of flame is 2,4 m (8
feet) or lgss in 10 minutes.

c) Burning Brand Test on'Top Surface: The test shall be conducted using the
procedurp given in Section DVB.3 using a C Brand. For Type 35, 36, and 37, passing
results using a C Brand shall be demonstrated.

10.17DV.4.5.5 A Type<38, 39, or 40 module meets the following requirements:

a) Const
a polymeric encapsulant between the superstrate and cells with a pre-lamination
thickness of 0,5+ 0,3 mm (0,02 £ 0,012 in); and a polymeric encapsulant between the
cells and substrate with a pre-lamination thickness of 0,5 + 0,3 mm (0,02 £ 0,012 in)
and a glass substrate with a thickness 1,6 * 0,3 mm (0,06 * 0,012 in); and metallic
framing protecting the edge of the laminate.

b) Spread of Flame Test on Top Surface: The test shall be conducted using the
procedure given in Section DVB.2. For Type 38, the allowable spread of flame of 1,82
m (6 feet) or less in 10 minutes. For Type 39, the allowable spread of flame is 3,96 m
(13 feet) or less in 4 minutes. For Type 40, the allowable spread of flame is 2,4 m (8
feet) or less in 10 minutes.
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c) Burning Brand Test on Top Surface: The test shall be conducted using the
procedure given in Section DVB.3 using a C Brand. For Types 38, 39, and 40,
passing results using a C Brand shall be demonstrated.

10.17DV.4.6 New types of PV modules with other constructions and fire performance can
be defined as needed. Table 10.17DV.4.6.1 lists the types of PV modules based on
construction and fire performance. The fire performance of these other constructions shall
be tested in accordance with Sections DVB.2 and DVB.3.
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Construction and fire performance for PV module types ?

Table 10.17DV.4.6.1

Superstrate Encapsulant Encapsulant Substrate Frame Fire Performance
(Super/Cell) (Cell/Sub)
Type Material/Thickness | Material/Thickness | Material/Thickness | Material/Thickness Material Spread of Flame Burning Brand
1 1,82 m (6 feet) or less
Polymer / in 10 minutes
4 0,30 mm 3,96 m (13 feet) or less
(0,012 in) < thickness in 4 minutes
7 <0,64 mm (0,025 in) 2,4 m (8 feet) or less in
10 minutes
2 1,82 m (6 feet) or less
in 10 minutes
. Glass/ 2,3 mm (0,11 Polymer / Polymer / (': ‘(’)'23’;"':’“: YT |
in) < thickness < 4,4 0,5+ 0,3 mm 0,5+0,3 mm v ! Metallic 96 m (13 feet) or less C Brand
(0,001 in) < thickness in 4 minutes
mm (0,17 in) (0,02 0,012 in) (0,020,012 in) ’ " X
8 <0,30 mm (0,012/in) 2,4 m (8 feet) or less in
10 minutes
16 1,82 m (6 feet) or less
in 10 minutes
|
17 3 GG_,_ gsssrlnm 3,96 m (13 feet) or less
(0,14 £0,03 in) in 4 minutes
18 2,4 m (8 feet) or less in
10 minutes
3 1,82 m (6 feet) or less
in 10 minutes
6 None 3,96 m (13 feet) or less
in 4 minutes
9 2,4 m (8 feet) or less in
10 minutes
19 1,82 m (6 feet) or | C Brand
Glass / Polymer / Glass / ’ irr:11(0 n?;zlgs ess
2,67 £9,76 mm N/A 0,9%+0,5mm 2,67 0,76 mm
20 (0,105 40,030 in) (0,035 +0,02 in) (0,105 + 0,030 in) Metallic 3,96m (13 feet) or less
in 4 minutes
21 2,4 m (8 feet) or less in
10 minutes
10 1,82 m (6 feet) or less
in 10 minutes
None B Brand
1" 3,96 m (13 feet) or less

in 4 minutes

Table 10.17DV.4.6.1 Continued on Next Page



https://ulnorm.com/api/?name=UL 61730-2 2022.pdf

OCTOBER 28, 2022

UL 61730-2

47

Table 10.17DV.4.6.1 Continued

Superstrate Encapsulant Encapsulant Substrate Frame Fire Performance
(Super/Cell) (Cell/Sub)
Type Material/Thickness | Material/Thickness | Material/Thickness | Material/Thickness Material Spread of Flame Burning Brand
12 2,4 m (8 feet) orless in
10 minutes
13 1,82 m (6 feet) or less
in 10 minutes
14 3,96 m (13 f.eet) or less A Brand
in 4 minutes
15 2,4 m (8 feet) or less in
10 minutes
22 1,82 m (6 feet) or less
in 10 minutes
23 3,96 m (13 f.eet) or less B Brand
in 4 minutes
24 2,4 m (8 feet) or less in
10 minutes
Metallic
25 1,82 m (6 feet) or less
in 10 minutes
26 3,96 m (13 f.eet) or less A Brand
in 4 minutes
27 2,4 m (8 feet) or less in
10 minutes
28 None 1,82 m (6 feet) or less
in 10 minutes
C Brand
29 1,82 m (6 feet) or less
in 10 minutes
Metallic
30 1,82 m (6 feet) or less A Brand
in 10 minutes
31 Polymer/ Polymer / 1,82 m (6 feet) or less
G ; ( 0,5%+0,3 mm 0,5%0,3mm Polymer / in 10 minutes
lass/ 2J0 mm (0.07 | (0,020 % 0,012 in) (0,020 £ 0,012 in)
32 in) < thickness < 2,8 O.’025 mm Metallic 3,96 m (13 f_eet) or less C Brand
mm (0.1 in) (0,001 in) < thickness in 4 minutes
33 < 0,30 mm (0,012 in) 2,4 m (8 feet) or less in
10 minutes
Glass / Glass /
34 2,67 £)0,76 mm 2,67 %0,76 mm None 1,82m (8 feet) or less A Brand
(0,105 0,030 in) (0,105 £ 0,030 in) in 10 minutes

Table 10.17DV.4.6.1 Continued on Next Page
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Table 10.17DV.4.6.1 Continued

Superstrate Encapsulant Encapsulant Substrate Frame Fire Performance
(Super/Cell) (Cell/Sub)
Type Material/Thickness | Material/Thickness | Material/Thickness | Material/Thickness Material Spread of Flame Burning Brand
1,82 m (6 feet) or less
35 . .
in 10 minutes
Polymer/0,5+0,3 | Polymer/0,5%0,3 Polymer/ 0,30 mm
+
36 G'?:songo-og"i‘n')“m mm (0,020 £0,012 | mm (0,020 £0,012 | (0,012 in) < thickness Metallic 3,96m (13 f.eett) or less C Brand
A= in) in) £0,64 mm (0,025 in) In 2 minutes
37 2,4 m (8 feet) or less in
10 minutes
1,82 m (6 feet) or less
38 . .
in 10 minutes
Polymer/0,5+0,3 | Polymer/0,5*0,3
Glass /1,6 %+ 0,3 mm Glass /1,6 0,3 mm \ 3,96 m (13 feet) or less
+ + ,
39 ©0,06%0,012in [ ™™ ‘°’°i":3 0,012 | mm (°'°i2n‘; £0,012 1 006 £0,012in Metallic in 4 minutes C Brand
40 2,4 m (8 feet) or less in

10 minutes

2 Full requirements

in 10.17DV.4.3 — 10.17DV.4.6 supersede this table.
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10.18 Ignitability test MST 24

10.18.1 Purpose

This test determines the ignitability of PV modules by direct small flame impingement under zero
impressed irradiance by external heat sources using vertically oriented test specimens. The test does not
replace a fire test; it assesses ignitability, not flammability of outer surfaces of a module. The test method
is based on ISO 11925-2.

The test can be performed on full-size PV modules, as preparation of specimens according to ISO 11925-
2:2010 (Clause 5) may not always be possible. The test procedure given in ISO 11925-2:2010, Clauses 4

to 8, is therefore modified as described below.

If compliance to ISO 119

If specimens can be pre
PV module type under

P5-2 can be proven by existing approvals, this test can be omitted.

ared that comply with Clause 5 of ISO 11925-2:2010 and that are identical to the
st with respect to their material composition, the test procedure, given in 1ISO

e
11925-2 may be used wiThout modifications.

NOTE The performance of ignjtibility tests can be dangerous, e.g. as toxic gases can be released. In@ddition special precautions

should be taken when handling
10.18.2 Apparatus
10.18.2.1 General

Clause 4 of ISO 11925-3
ISO 11925-2:2010 do no

10.18.2.2 Test cabinet|

This subclause deviates

The test cabinet shall be
% = 20 % throughout th
surface of the specimen
10.18.2.3 Burner

This subclause deviates

test specimens during testing.

:2010 applies with the following modifications. Subclauses 4.8, 4.11 and 4.12 of
apply.

from 4.2 of ISO 11925-212010.

capable of providing:an environment of 23 °C £ 5 °C and a relative humidity of 50
b test. A suitable exhaust system shall ensure, that the air speed 5 cm from the
s not more than 0,2 m/s in vertical direction and 0,1 m/s in horizontal direction.

from 4.3 of ISO 11925-2:2010.

A gas burner complying with 4.3 of ISO 11925-2:2010 shall be employed, which can be used vertically or
tilted at 45° to the vertical axis. In addition the burner shall be rotatable around its vertical axis so that the
test flame can be applied to concealed specimen components (e.g. frame parts). The burner shall be
mounted so that it can be moved towards and away from the specimen jerk free. During the flame
application, the burner shall remain in a fixed position. Spacers according to 4.9.2 and 4.9.3 of ISO 11925-
2:2010 are used to position the burner.

The burner shall be fitted with a fine adjustment valve to ensure accurate control of the flame height.
10.18.2.4 Specimen holder

This clause deviates from 4.5 and 4.6 of ISO 11925-2:2010.


https://ulnorm.com/api/?name=UL 61730-2 2022.pdf

50 UL 61730-2 OCTOBER 28, 2022

The specimen holder shall be constructed such that it allows the specimen to be safely fixed in a vertical
position. The bottom side of the specimen shall have an exposed width of at least 30 cm for flame
impingement. The specimen shall be placed so that the flame impingement can be determined reliably.
The specimen holder shall be able to accommodate specimens of various sizes in both, lengthwise and
crosswise orientation.

10.18.3 Test specimen
10.18.3.1 General

This subclause supersedes Clause 5 of ISO 11925-2:2010.

Subclauses 5.1, 5.3 and %.5 of ISO 11925-2:2010 do not apply.
10.18.3.2 Dimensions
This subclause deviates ffom 5.2 of ISO 11925-2:2010.

If PV modules are tested|they are to be tested in their original size. For type families,.a\representative PV
module type may be selgcted for testing that has the same material composition:as the PV modules it
represents. It is sufficient fo test one PV module size for PV modules of a type family:

10.18.3.3 Number of specimens
This subclause deviates ffom 5.4 of ISO 11925-2:2010.

Typically one PV modulg| is sufficient to perform all required tests. The flame application points shall be
selected and marked in agcordance with 10.18.5.1

10.18.4 Conditioning
This subclause supersedgs Clause 6 of ISO 11925-2:2010.

The specimens shall be conditioned at a te€mperature of 23 °C + 2 °C and a relative humidity of 50 % + 5 %
for a minimum period of 48 h.

The specimens shall be arranged-within the conditioning environment in such a way that air can circulate
around each individual specimen.

10.18.5 Procedure

10.18.5.1 General

Clause 7 of ISO 11925-2:2010 applies with the following modifications.

10.18.5.2 Preliminary operations

This subclause deviates from 7.2 of ISO 11925-2:2010.

The specimen shall be fixed in the specimen holder and aligned vertically using a level.

Check to make sure that the air velocities at the surface of the specimen comply with 10.18.2.1.
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All exposed combustible materials shall be tested. Materials present in different thicknesses shall be
tested at least at the thickest and the thinnest point. The flame application points are set according to 4.9.2
(edge exposure) and 4.9.3 (surface exposure) of ISO 11925-2:2010 and shall be marked. Each test shall
be performed on three comparable specimen locations.

Components such as jun

ction boxes, cables and connectors do not need to be tested with this test method

as these components have separate flammability requirements specified in IEC 61730-1. Similarly, non-

combustible materials su

ch as glass and metal do not need to be tested with this test method.

10.18.5.3 Testing operations

Subclauses 7.3.1 and 7.
15 s applies.

The exposure conditions

Surface exposure

The flame shall be applie
which may be exposed ir

Edge exposure

B.2 of ISO 11925-2:2010 apply. With respect to 7.3.2, a flame application time of

described in 7.3.3 of ISO 11925-2:2010 are modified as follows.

d at least 40 mm above the bottom edge of the specimen. Eachdifferent surface,
practice, shall be tested.

The flame shall be appli¢d to the bottom edge of the specimen. The flame application point is located 1,5

mm behind the leading
metal frame), edge exp
necessary to test frame 2

For multi-layer products|
burner shall be rotated 9
edges of the specimen.

Subclause 7.3.4 of ISO 1

pdge. If the edges of the specimen are made of noncombustible materials (e.g.
bsure may be omitted. Where accessiblé 'to direct flame exposure, it may be
dhesives.

with unprotected edges, additional tests shall be performed. In this case the
D° around its vertical axis to apply the flame to the combustible layers at the side

1925-2:2010 does net apply.

10.18.6 Duration of test

Subclause 7.4.1 of ISO 1

10.18.7 Observations

1925-2:2040 applies (15 s flame application time 20 s total test duration).

The type of flame application shall be noted (surface exposure and/or edge exposure).

For each test, the following results shall be recorded:

a) whether ignition occurs;

b) whether the flame tip
which this occurs;

reaches a height of 150 mm above the flame application point, and the time at

¢) the maximum flame height during the test;

d) observations regarding the behavior of the specimen;
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e) the length of the destroyed area.
10.18.8 Pass criteria
This subclause supersedes Clause 8 of ISO 11925-2:2010.

No ignition or, under conditions of surface flame attack and, where required, edge flame attack, with 15 s
exposure time, there shall be no flame spread in excess of 150 mm vertically from the point of application
of the test flame within 20 s from the time of application.

10.18DV D2 DeIT&nn-
Delete Clause 10.18.
10.19 Bypass diode thermal test MST 25
This test is equivalent to MQT 18 in IEC 61215-2. Both, MQT 18.1 and MQT 18.2 shall be performed.
10.20 Reverse current(overload test MST 26

10.20.1 Purpose

PV modules contain elegtrically conductive material contained in an*insulating system. Under reverse
current fault conditions the electrical conductors and the cells of théZPV module are forced to dissipate
energy as heat prior to cifcuit interruption by an over-current protector installed in the system. This test is
intended to determine thg acceptability of the risk of ignition or fire from this condition.

10.20.2 Procedure

The PV module under test is to be placed with its-frontsheet face down onto a support that has sufficient
mechanical strength to gvoid warping under temperature influence, covered by a single layer of white
tissue paper. The thermal conductivity of the'support shall be not higher than 0,5 W/(m-K). The back
surface of the PV modul¢ shall be complétely covered and in contact with a single layer of white tissue
paper. The density of both pieces of white/tissue paper should conform to 12 g/m? to 30 g/m? (ISO 4046-
4).

Any blocking diode (not |bypass.diodes) provided shall be defeated (short-circuited). The test shall be
conducted in an area fred of\drafts (see IEC 60695-2-10 for comparable requirements).

The irradiance on the cell area of the PV module shall be less than 50 W/m?. In case there is a possible
contribution to the photocurrent of the PV module (e.g. through a transparent back side or a bifacial cell
concept) this shall be ensured through a dark environment. An additional shading cover to the back is not
allowed since it would influence the thermal insulation.

A laboratory DC power supply shall be connected to the PV module with positive output connected to the
positive terminal of the PV module. The applied reverse current (lrgst) shall be equal to 135 % of the PV
module’s overcurrent protection rating, as provided by the manufacturer. The test supply current should be
limited to the value of ltgst, and the test supply voltage shall be increased to cause the reverse current to
flow through the PV module. The test shall be continued for 2 h, or until ultimate results are known (i.e. test
failures as for example due to glass breakage or flaming), whichever occurs first.
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Throughout the test the current flow shall be kept stable within £ 2 % (this may require the voltage to be
adjusted).

The maximum over-current protection rating of a PV module can be interpreted as the PV module series
fuse rating. A series fuse may be required in the installation of PV arrays. According to IEC 61730-1 the

maximum over-current rating has to be provided by the manufacturer.

NOTE A method to determine the PV module’s limiting reverse current Iz capacity can be found in EN 50380:2003.

10.20.2DV D2 Modification by replacing Clause 10.20.2 with the following:

The PV module|under test is to be installed with the front side facing down. The minimum
distance of thig front side to the surface below shall be determined by the manufacturer’s
documentation| If the documentation contains multiple mounting alternatives the one‘with
the shortest cldarance shall be utilized for the test. The sample front side is to be mounted
in direct contact to a solid support if one of the documentation alternatives'is direct
mounting to spirfaces or if no minimum clearance is defined therein. The'\supporting
surface shall of material that does not deform under hot temperatures. The thermal
conductivity of the support shall be not higher than 0,5 W/(m-K).

The ambient air temperature for the test shall be 20 £ 5 °C. The ambient air of the test
environment shall be still with no forced circulation. The test shall\be conducted in an area
e IEC 60695-2-10 for comparable requirements);

The irradiance ¢n the cell area of the PV module shall be 1é$s than 50 W/m?. In case there is
a possible confribution to the photocurrent of the PV module (e.g. through a transparent
back side or a bifacial cell concept) this shall be ensured through a dark environment. An
additional shading cover to the back is not allowed since it would influence the thermal
insulation.

Any blocking diode (not bypass diodes) provided shall be defeated (short-circuited). A
laboratory DC power supply shall be-connected to the PV module with positive output
connected to the positive terminal of-the PV module. The applied reverse current (lgst)
shall be equal [to 135 % of the PV. module’s maximum overcurrent protection rating, as
provided by the manufacturer.(The test supply current should be limited to the value of
hest, and the test supply voltage shall be increased to cause the reverse current to flow
through the PV|module. The hottest point(s) shall be determined after 1 h, for instance by
infrared camerg. When_the-hottest point(s) are determined and tagged the current shall be
turned off allgwing-the sample to cool down to room temperature. After that (a)
thermocouple(g) shall be attached to this point(s) by means compatible with the highest
temperatures pllowed. Suitable thermocouple types for the maximum permitted

temperature shall be used. Such thermocouples are for instance types T, K and E of IEC
60584, the standard for thermocouples. The sample shall be reheated by applying a reverse
current equal to lgst for 2 h, or until final results are known per Pass criteria below,
whichever takes place first.

At the end of the test the temperature(s) measured by the thermocouple(s) shall be
recorded.

Throughout the test the current flow shall be kept stable within £ 2 % (this may require the
voltage to be adjusted).

The maximum over- current protection rating of a PV module can be interpreted as the PV
module series fuse rating. A series fuse may be required in the installation of PV arrays.
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According to UL 61730-1 the maximum over-current rating has to be provided by the
manufacturer.

NOTE 1 A method to determine the PV module’s limiting reverse current IR capacity can be found in EN
50380:2003.

NOTE 2 As guidance on the use of IR-cameras the Technical Specification for “Photovoltaic (PV) systems —
Requirements for testing, documentation and maintenance — Part 3: Photovoltaic modules and plants — Outdoor
infrared thermography”, IEC TS 62446-3, may be used.

NOTE 3 As guideline for PV module temperature measurement for performance measurements or for monitoring,
Annex B of UL 61724-1, may be used. Fixation of thermocouples per this reference is suggested. Ordinary tape is

not likely a candidatgforsuchramattachmmrerntmrearns:

10.20.3 Pass criteria
The pass criteria are as follows:

a) There shall not be flanjing of the PV module, nor flaming or charring of the tissue paper in contact with
the PV module.

b) MST 01 shall meet the|same requirements as for the initial measurements.

¢) MST 16 shall meet the [same requirements as for the initial measurements.

d) MST 17 shall meet the|same requirements as for the initial measurements.
10.20.3DV D2 Medification by replacing Clause 10.20.3 with the following:
The pass criteria are as follows:

a) There shall not be flaming of the PV module or any of its components.
b) MST 01 shall meet the same requirements as for the initial measurements.
c) MST 16 shall meet the.same requirements as for the initial measurements.

d) MST 17 shall meetthe same requirements as for the initial measurements.

e) The hiThest measured surface temperature during the test shall be below or equal
to 150°C.

10.21 Module breakage test MST 32
10.21.1 Purpose

The purpose of this test is to provide confidence that risk of physical injuries can be minimized if the PV
module is broken in its specified installation.

For building integrated or overhead applications additional tests may be required according to relevant
building codes.

NOTE 1 MST 32 is based on ANSI Z97.1
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NOTE 2 It does not cover electric shock, only e.g. piercing cuts and fall-through injuries.

10.21.2 Apparatus

The apparatus is as follows:

a) The impactor shall be

a bag made of a suitable material and capable to be filled to the required weight

using a suitable filling material (e.g. steel balls or pellets). The exterior of the bag shall be wrapped with
tape as shown in the Figure 5 in order to avoid uneven surfaces like stitching. When filled, the impactor
bag shall have dimensions as described in Figure 5 and a weight of 45,5 kg + 0,5 kg. The ratio of widest
diameter to height shall be between 1:1,510 1:1,4.

b) A test frame similar to
deflection during testing.
x 200 mm or larger) and
shall be welded or secur
to the floor to prevent mag

10.21.3 Procedure

Mount the PV module s3
described by the manufi
mounting options are pos

The procedure is as follo

a) At rest the impactor bd
no more than 50 mm frorj

b) Lift the impactor to 4
impactor to stabilize, and

10.21.4 Pass criteria

that shown in Figure 6 and Figure 7 shall be provided to minimise movement and
The structure framing and bracing shall be steel channel (approximately 100 m;m

shall have a minimum moment of inertia of approximately 187 cm*. Thée|frame
bly bolted at the corners to minimize twisting during impact. It shall alse\be bolted
vement during impact testing.

mple so that it is centred and rigid on the test frame using’the method and parts
pcturer including a defined torque if screws are used\for mounting. If different
sible the test shall cover the range of mounting techhiques.

WS

g shall hang no more than 13 mm from.the surface of the PV module sample and
n the centre of the PV module sample:

drop height of 300 mm from the surface of the PV module sample, allow the
then release it to strike the PV module sample.

The PV module shall bg judged to have successfully passed the module breakage test if it meets the

following criteria: a) and
a) The PV module may n

b) No breakage occurs.

bither b) or ¢)t

pt separate from the mounting structure or from the framing.

c) If breakage of the PV module occurs, no shear or opening large enough for a 76 mm diameter sphere to
pass freely shall develop and no particles larger than 65 cm? shall be ejected from the sample. In order to
allow measurement of the particles, breakage into smaller pieces shall be avoided when dropping on the

floor e.g. by a cushion.

If the test specimen has to be checked according to 5.4.5 of IEC 61730-1:2016 (form/press/tight fit) a
continuity of equipotential bonding test (MST 13) shall be passed successfully before and after MST 32.
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Dimensions in millimetres
Rod may be
bent as shown
or eye nut may
be threated onto
0 rod
+
Remove hanging strap 2
\ ////,_-—:\\\
G \\
Hi \\
H—1—H
Worm-drive hose I = T A
clamp (install before U—=1—u
bag is taped) \ K%Q—I —
A | <
-
=] Metal sleeve
= 25 mm long x 32 mm

used)
o o
o o
<t ™
8,0 or 10 mm

threaded metal rod

Metal washers
5mm £ 1,5 mm thick
Eye nut for
liting bridle (see Figure 6) —_
IEC

Filled bag has a total weight of assembly of 45,5 kg £ 0,5 kg.

s5397a

Tape bag with 13 mm wide tape use 3 rolls (165 m) and tape in diagonal, overlapping manner. Cover entire surface of bag. Tape neck
separately.

Figure 5

Impactor
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Dimensions in millimetres

Concrete wall,
steel beam, or

ther st
Stranded steel cable K ofher s ”de
. construction N
approximately @3 N
P 2915 N\
o/ \
Bridle for lifting impactof, R N
use stranded steel cablg¢ \
approximately @3 \
Alternate means N\
of bracing frame, N
& use one brace at
© \.\_ each vertical
A \ \member
N
O\
/ \ X
\\ \\
S. % A\
o c \\ \\
AV
/ v
AW
AV
<13 when 2B AN
impactor is \\ \\
Centerline hanging free A
of test \ \\
specimen Test specimen/ \\ \\
Bolt secyirely to floor \\ \
L AV
\ \\ \\
\ N\
o o \O
2915
21525
IEC
s5398a

Figure 6

Impact test frame 1
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Swivel attachment-locate at vertical
centreline of test specimen and a minimum
of 1 525 above horizontal centerline

0

Dimensions in millimetres

This portion or frame

nat required if swivel
attachment is mounted on

separate construction
o
[ce)
<
[a\]
Nl
[Ye]
N
2 Subframe members for
0 = test specimen smaller
3 S than 865 x 1 939
N £
kS
[<h]
o
w
»
L
kS
=
K=
DD
T
Width-of test specimen
minus 20
21525
IEC
$5399a
Clamping frame for holding test specimen not shown.
Figure 7

Impact test frame 2
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10.22 Screw connections test MST 33

10.22.1 Test for general screw connections MST 33a

10.22.1.1 General

Components such as screws and nuts transmitting contact pressure or which are likely to be tightened by
the user shall be tightened and loosened five times. Screws and nuts of insulating material shall be
removed completely during each operation of loosening of the screws.

The test is made by me

ns of a suitable test screwdriver or spanner, nlnlnlying a fnrqnp as shown in Table

7, except that for screws
cord, the torque is 0,5 N

If the manufacturer spec

of insulating material used in cord anchorage and bearing directly on the cable or
.

fies a higher torque in their installation instructions, that torque shall be used for

testing. This shall be notgd in the test report.

Torque tests on screws ;2?:?5(7: 60598-1:2014, Table 4.1

Nominal outer thread diampter of screw To,:?nue

mm Type 1 Type2 Type 3
Up to and including 2,8 0,20 0340 0,40
Over 2,8 up to and including 3,0 0,25 0,50 0,50
Over 3,0 up to and including 3,2 0,30 0,60 0,50
Over 3,2 up to and including 3,6 0,40 0,80 0,60
Over 3,6 up to and including 4,1 0,70 1,20 0,60
Over 4,1 up to and including 4,7 0,80 1,80 0,90
Over 4,7 up to and including 4,3 0,80 2,00 1,00
Over 5,3 up to and including 4,0 = 2,50 1,25
Over 6,0 up to and including §4,0 - 8,00 4,00
Over 8,0 up to and including 10,0 - 17,00 8,50
Over 10,0 up to and including|12,0 - 29,00 14,50
Over 12,0 up to and including|14,0 - 48,00 24,00
Over 14,0 up to and including|16,0 - 114,00 57,00

The shape of the blade of the screwdriver shall suit the head of the screw to be tested. The screws shall

not be tightened in jerks.

Damage to covers is neglected.

Type 1 of Table 7 applies to metal screws without heads if the tightened screw does not protrude from the

hole.
Type 2 applies to:

« other metal screws and

to nuts;

* screws of insulating material
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— having a hexagonal head with the dimensions across flats exceeding the overall thread

diameter;

— having a cylindrical head and a key socket with a cross-corner dimension exceeding the overall

thread diameter;

— having a head with a slot or cross slots, the length of which exceeds 1,5 times the overall thread

diameter.

Type 3 applies to other screws of insulating material.

10.22.1.2 Pass criteria

During the test, no dama

e impairing the further use of the fixing or screwed connection shall occur. After

the test, it shall still be p@ssible to introduce the screw or nut made of insulation material in the intended

manner.
10.22.2 Test for lockin
10.22.2.1 General

A thread-lock that softens
to torsion in normal use.
following torque:

« 2,5 Nm for thread size <
* 5,0 Nm for thread sizes

The test torque shall be
direction at 25 °C and ma

10.22.2.2 Pass criteria
No loosening shall occur.
10.23 Static mechanic

This test is equivalent to |

j screws MST 33b

on heating provides satisfactory locking only for screw connections not subject
Such connections shall be tested by attempting todoosen locked screws with the

M 10 or corresponding diameters;
> M 10 or corresponding diameters.

pplied for 1 min in a clockwise«direction and then for 1 min in an anti-clockwise
imum normalized temperature-determined by MST 21.

al load test MST 34

NQT 16in IEC 61215-2.

MQT 15 can be omitted.

10.23.1.1 Pass criteria

a) Requirements apply as in IEC 61215-2 MQT 16;

b) MST 13 shall meet the

same requirements.

10.23DV D2 Modification by replacing Clause 10.23 with the following:

This test is equ

ivalent to MQT 16 in IEC 61215-2 except Clause 4.16.1, Purpose, shall be

replaced by the following:
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10.23DV.1 Purpose

This test defines the ability of photovoltaic modules to withstand static load stresses.
Among other factors the construction of mounting means, applicable standards, building
codes, probability of event occurrence and design assumptions define the minimum
required design load for a particular site. Location, climate and application might require
higher sampling rates and other safety factors y,,.

Test-to-fail of a construction, for instance in order to determine the maximum possible test
load, is not part of this standard.

Test load definition: Test load =y, * design load, with a safety factory,, 2 1,5.

marking defines the minimum required design load. Modules without
nameplate marking require a minimum design load of 1 600 Pa. This results in a minimum
test load of 2 400 Pa. Modules with reduced mechanical load require a minimum’ design
load of 800 Pa specified on the nameplate and documentation. This results in'‘a minimum
test load of 1 200 Pa.

NOTE 1 Above spe ified loads exclude module dead loads, mounting means dead load and underlying structure
which neverthelesq are factored into mounting structure design calculations. Whereas'the module dead load is
implicit in the mechanical load test it should be omitted from the above designdoad which is the total sum of
environmental loads. Most building codes use a similar or even lower safety factor.'y,, is not intended to be used
in addition to the alfeady applied building code safety factor.

NOTE 2 PV module|
heavy snow load
configurations, or
manufacturer in thg

may be tested to test loads of 2 400 Pa and 5 400 Pa.where additional requirements, such as
, apply for certain installations and climates., Alternate mounting locations and/or
additional clamps may be required for such “higher loads as identified by the module
application documentation. The system designer or installer is responsible for ensuring the

module static loadg
wind tunnel derived

A higher safet,
negative (upw
documentation

and safety factors are appropriate for the site'as per the applicable building code and relevant
coefficients for the mounting structure.

y factor y,, and also higher design load(s) for positive (downward) and
rd) may be specified may the manufacturer for certain applications. The
shall specify design load(s) and safety factor y,, for each mounting method.

Example: Design loads as specified by the manufacturer: 3 800 Pa (positive); 2 200 Pa

(negative); y,, 5

1,5

Test loads: 5 700 Pa (positive) 3 cycles; 3 300 Pa (negative) 3 cycles

Table 10.23DV.1

.1'provides test load examples for different applications
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Table 10.23DV.1.1
Test load examples for different applications

Static Test Load [Pa] Severity of snow Description
Mechanical Load and wind
Category application
Reduced 1200 < Test Low Licensed professional engineers competent in
Load > 2 400 the specific area under supervision assure

compliance to relevant building codes and
product installation manuals. Limited to ground-
mounted PV power generation plants where
climate and/or application allows use.

Default 2400 Moderate Due diligence whether the Toad'is sufficientis
needed for all installations. Residential
applications typically use this category.

Increased >2400 High Structural engineers calculate minimum required
loads. Higher snow load or wind load regions
and/or applications require the module-to be
mechanically stronger.

NOTE Only uniform|loads are covered by this test. A standard for non-uniform snow loads IEC 62938 is under
development. A standard for un-balanced wind loads is under consideration.

10.24 Peel test MST 35
10.24.1 Purpose

The purpose of this test is to qualify insulation as a cemented joint. It shall provide confidence regarding
the durability of the adhegion between different layers of rigid-tosflexible or flexible-to-flexible constructions
of the PV module stack.|The test method is taken from ISO 813 and determines the adhesive strength
between polymeric mater|als bonded on a frontsheet or bagksheet.

The test is not required, |f clearance and creepage, distances as required by class, pollution degree and
material group are in accgrdance with either the figures in Table 3 or Table 4 of IEC 61730-1, respectively.

This test is not applicablg to rigid-to-rigid-bonded assemblies (e.g. glass/glass PV modules). Assessment
is done by MST 36.

10.24.2 Sample requir¢ments

For cemented joints withl a width < 10 mm the following procedure shall be used to prepare 2 special

laminates (1 reference sampie (not-aged)and T sample for sequence B testing) in the factory:

The sample shall be prepared as illustrated in Figure 8 for all locations as specified in Figure 9. A release
sheet (e.g. Teflon) is to be inserted along the boundary of the cemented joint under test between the
encapsulant layer and the backsheet. This is to ensure that the peel test is only conducted on the
cemented joint area and not at a combination of cemented joint and encapsulant. It shall be close to the
cemented joint but shall not penetrate the cemented joint area. For final peel-sample preparation and
cutting procedure refer to 10.24.4.

If non-rigid frontsheets and rigid backsheet are used the procedure shall be applied from the front side.

If frontsheet and backsheet are non-rigid the procedure shall be applied from both sides, keeping the
surface that is not peeled flat to a plate e.g. with an adhesive.


https://ulnorm.com/api/?name=UL 61730-2 2022.pdf

OCTOBER 28, 2022 UL 61730-2 63

For qualification of cemented joints > 10 mm no special preparation is needed. A typical laminate shall be
used.

Dimensions in millimetres

Cemented joint width under investigation

A
Y

Ralanca chant

TYCoTOTOOGCOTTo T

Cemented joint

©
(]
= o
S ke
| - A C
AL S
' 1
B P9
a b=
a
10
-~

IEC
su2627

NOTE The yellow area highlights the cuts for the peel test after conditioning.

Figure 8

Sample preparation of cemented joints £ 10 mm using a release sheet
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10.24.3 Apparatus

The apparatus is as follows:

a) Tensile-testing machine, complying with the requirements of ISO 5893, capable of measuring force with
an accuracy corresponding to class 1 and with a rate of traverse of the moving grip of 50 mm/min + 5

mm/min.

b) Fixture, for holding the
pull to cause separation
polymer and the rigid bac

test piece to the moving grip of the testing machine in a) so that the direction of
is at all times during the test 90° £ 10° to the plane of the bond between the
ksheet, i.e. making an angle of 90° with the surface of the fixture.

10.24.4 Procedure

An unconditioned unfram
that has undergone test s
according to the following

a) Condition the samples
in accordance with the re

b) Cemented joint width >

After conditioning ten (5 ¢
cut at the flexible frontshe
cut per adhesion interfac
include flexible frontshee

ed reference PV module (typically a new module) and one unframed P\, module
equence B of Figure 1 are used for the peel test. Each module shall'be’treated
procedure:

for at least 16 h at 23 °C + 2 °C, 50 % RH £ 10 % RH immediately before the test
huirements of ISO 23529.

10 mm (laminate):

er interface) strips of 10 mm £ 0,5 mm width and,at least 100 mm length shall be
et or flexible backsheet of the samples as shewn in Figure 9. Five strips are to be
b. Adhesion interfaces to be evaluated for'classification as cemented joints may
[ or flexible backsheet to cemented joint material (5 peels), and cemented joint

material to rigid backsheet or rigid frontsheets (5 peels). The strips shall be cut from the same side of the

module, however the dep
c) Cemented joint width <

After conditioning ten stri

th of the cut shall be to the appropriate adhesion interface.
10 mm (special laminate);

ps of 10 mm = 0,5 mm width and at least 100 mm length shall be cut out of the

samples as shown in Fig|
evaluated for classificati
cemented joint material
peels). The strips shall b

The first cut (position s
backsheet to cemented j

cemented joint material interface

ire 9. Five strips areto be cut per adhesion interface. Adhesion interfaces to be
n as cemented joints may include flexible frontsheet or flexible backsheet to
5 peels), and.cemented joint material to rigid backsheet or rigid frontsheets (5
cut from the'same side of the module.

Figure 9, cut area see yellow box in Figure 8) will allow peel testing of the
intymaterial interface (total 5 peels). For investigation of the rigid frontsheet to

cut, underneath yellow box in Figure 8 along release sheet and cemented joint) such that peel will not be
influenced by the encapsulant. Care shall be taken that the cemented joint as such is not influenced (total

5 peels).

If other areas in a PV module shall be classified as cemented joint, the locations shown in Figure 9 may be
extended to other relevant areas. The concept of release sheet insertion for cemented joints width < 10

mm shall be adopted.

Report the areas where the strips have been cut (e.g. by picture with dimensions).
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Top left Top right
Left top Right top
Left middle Right middle
Left bottom Right bottom
Bottom left Bottom right

IEC
su2628

Figure 9

PV modyle with positions for peel samples on frontsheet or backsheet

d) The depth of the cut shall be sufficient to completely eut’through to the layer of which adhesion shall be
measured, but shall not gignificantly infringe the layer-below. A fraction of the strip sufficient in length to be
griped by the machine shall be separated manually-at the interface under investigation. The strip shall be
mounted perpendicularly to the moving grip of the’testing machine. Start with the peel test and continue
until the complete strip Under test is peeled.aff. The peel strength shall be measured over a length of at
least 60 mm.

To provide better compprability of.‘the peel test the use of a template for the sample preparation is
recommended.

The length of the piecq of.strip mounted to the grip depends on the grip design. Usually 10 mm is

sufficient. In case more is-needed the extra Inng’rh is to be considered dllring Q:mpln prnparafinn

e) Place the test piece symmetrically in the fixture. Place the free end of the strip in the grip. Move the grip
of the tensile-testing machine at 50 mm/min + 5 mm/min until separation is complete. Record the force
required to cause separation.

f) A time versus force plot over the full length of the test piece shall be made.

g) Report the adhesion strength in newton per mm, by dividing the force (in N) recorded by the width of the
test piece (in mm). Report whether adhesive or cohesive failure has been observed for each peel.

h) Only such samples shall be considered showing a continuous peel-off characteristic for at least 20 mm.
The mean value of that continuous phase shall be considered when applying the pass criteria (10.23.4).
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Even if the measured maximum force deviates significantly from the continuous force (compare Figure 10
left) the continuous fraction of the measurement shall be considered.

i) In case visual inspection (MST 01) reveals bubbles or delaminations spaced 20 mm or less apart in the
area of the peel, the test shall be conducted such that the affected areas are covered by the peel test. In
case of a single large bubble this area shall be covered by the peel test.
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Top left: peak force does not ref
Top right: optimal curve, evaluat
Bottom left: peel strength curve
Bottom right: force at point of te:

lect actual adhesion properties and shall be excluded from mean value calculation.
on of the continuous patrt of the curve.

Wwith local weak adhesion and resulting average.

hring (sample-breakage).

Figure 10

Typical peel-off measurement curves
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10.24.5 Pass criteria

The PV module shall be judged to have successfully passed the peel test if the loss of adhesion force of
the arithmetic mean M for the respective interface of unconditioned (M1) and after stress test of sequence
B (M2) is below 50 %. The difference is determined by comparing the mean value of the results of the two
samples tested.

SIM2
>IM1

0,5<

For each PV module type 5 samples at each interface shall be tested. The value relevant for the pass
criteria is the mean value of the 5 samples. In case measurements of samples are discarded following
criteria above, at least fthe 3 samples with the lowest adhesion force shall be evaluated. If needed
additional samples shall pe prepared and evaluated.

If the adhesion force of fhe interface to be evaluated cannot be obtained (e.g. cohesive failure within the
cemented joint) or adhedion failure of other included interfaces or tearing or breaking of theysample during
testing then the measured peak force before failure shall be used for evaluation.

If no locations meeting|the requirements from 10.24.2 and the requirements (from Figure 2 can be
identified and tested, the|sample has failed the test.

10.25 Lap shear strength test MST 36
10.25.1 Purpose

The purpose of this testlis to qualify insulation as a cemented’joint. It shall provide confidence regarding
the durability of the adhgsion between rigid-to-rigid bonded assemblies (e.g. glass/glass PV modules) for
cemented joints of the PV module stack. The test is described in ISO 4587 and determines the adhesive
strength of rigid substrucfures bonded by polymeric.material.

The test is not required,|if clearance and creepage distances as required by class, pollution degree and
material group are in accprdance with eitherithe figures in Table 3 or Table 4 of IEC 61730-1, respectively.

This test is not applicable to rigid-tosflexible or flexible-to-flexible bonded assemblies (e.g. glass/foil or
foil/foil PV modules). For|rigid-to-flexible or flexible-to-flexible bonded assemblies MST 35 applies.

10.25.2 Test samples

20 samples in accordance to ISO 4587:2003 made up of identical materials, thicknesses and glass
surface structure for frontglass, backglass and adhesive (cemented joint) as the end product (PV module).
The adhesive bond of samples shall be representative in every aspect to the end product and hence be
built using equivalent production parameters including methods of edge delete and treatment, see Figure
11.

If heat strengthened glass is used in production an equivalent non-tempered glass that is easier to cut
samples from can be used.
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Dimensions in millimetres
Top view Cemented joint
12,5+0,25
&
o
2 Q 2 (O
N
J yd
\ 1 ] \
A 100 + 0,25
3 100£025
Side view Cemented joint
12,5+ 0,25
Top glass thickness ‘
| [ Back glass thickness
d :
B 100 £ 0,25
IEC

su2630

Key

1 Area held in grips

2 Cemented joint

3 PV module front glass

4 PV module back glass

Figure 11

Lap shear test sample for proving cemented joint
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