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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

2016

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization_com
national electrotechnical committees (IEC National Committees). The object of IEC isg")to/ pr
rnational co-operation on all questions concerning standardization in the electrical and electronic fiel
end and in addition to other activities, IEC publishes International Standards, Technical\.Specific
Tdchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as|

IELC Publications have the form of recommendations for international use and are accepted by IEC N
Cgmmittees in that sense. While all reasonable efforts are made to’ ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible for'the way in which they are used or fq
miginterpretation by any end user.

In{order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in theirjnational and regional publications. Any diver
beftween any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf
aspessment services and, in some areas, ,aecess to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

All users should ensure that they have,the latest edition of this publication.

Nq liability shall attach to IEC or its\directors, employees, servants or agents including individual exper
mgmbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
Pdblications.

Attention is drawn to-the’/ Normative references cited in this publication. Use of the referenced publicati
indispensable for the.correct application of this publication.

Attention is drawn-to the possibility that some of the elements of this IEC Publication may be the sub
patent rights..lEC-shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 61730-2 has been prepared by IEC technical committee 82: Solar
photovoltaic energy systems.

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

Iding

illing
uced
nced

The

ly on
d HF

edition:

a) Rearrange test sequences.

b) MST UT: Visual inspection: added nameplate requirement and modified pass criteria,

c) Added sharp edge test MST 06.

d) Added insulation thickness test MST 04.

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 #.

h) MST 15: Partial discharge test removed.

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

j) MST 21: Temperature test: rewritten test procedure; remeved short circuit mode; pllow
alternative indoor test method.

k) MST 23: Fire test: subclause rewritten; fire test requUirements related to national bui
cpdes; moved optional test description to informative annex.

[) Aldded ignitability test MST 24.

m) MST 26: Reverse current overload test: changed specification of wooden board.

n) MST 32: Module breakage test: defined~new dimensions of impactor to allow other
cpmpounds; consider variety of mounting techniques for glass breakage test; red
impact height to only 300 mm; corrected diameter of opening according to refere
standard (65 cm? instead of 6,5cm?).

0) Aldded screw connection test'MST 33.

p) Added peel test MST 35(for proof of cemented joints.

gq) Aldded lap shear strength test MST 36 for proof of cemented joints.

r) Aldded materials creep test MST 37.

s) Added PV module test sequence with moisture and UV to stress polymers to Figure 1
new UV seguence was added as a response to the Kyoto meeting, where it was decided to
afd a coupon test and a PV module test sequence. As it is not possible to perform the
I$0 UV test on PV modules (no affordable equipment available) it was decided to r
already’available PV module test equipment. R&D work has shown that cycling UV a
afe.bést to age polymers in PV modules.

t) Added new sequence for 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

e reconfirmed,
e withdrawn,

e replaced by a revised edition, or

L] aprended:

IMPQORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that | it contains colours which are considered to be useful for the correct
unddrstanding of its contents. Users should therefore print this_document using a
colour printer.



https://iecnorm.com/api/?name=d3c40f3dc9520246bb959f31db0548e2

IEC 61730-2:2016 RLV © IEC 2016 -9-

PHOTOVOLTAIC (PV) MODULE SAFETY QUALIFICATION -

Part 2: Requirements for testing

The pcope of IEC 61730-1 is also applicabte to this part of IEC 61730. While IEC 61130-1
outlines the requirements of construction;“his part of the standard lists the tests a PV m¢dule
is required to fulfill for safety qualification. IEC 61730-2 is applied for safety qualificationf only
in copjunction with IEC 61730-1.

NoTE[+ The sequence of testsirequired in this standard may not test for all possible sjafety
aspefts associated with the-use of PV modules in all possible applications. This standard
utilizes the best sequence, of tests available at the time of its writing. There are some isslies —
such|as the potential danger of electric shock posed by a broken PV module in a high voltage
systgm — that should)be addressed by the systems design, location, restrictions on agcess
and maintenance _procedures.

The pbjective-of this standard is to provide the testing sequence intended to verify the
of PY modules whose construction has been assessed by IEC 61730-1. The test sequence
and pass criteria are designed to detect the potential breakdown of internal and external
compesrten o —MOoatHe hat-wettd—result—infire—eleetr hock—andier—persenratinjury.
The standard defines the basic safety test requirements and additional tests that are a
function of the PV module end-use applications. Test categories include general inspection,
electrical shock hazard, fire hazard, mechanical stress, and environmental stress.

NoTE-2 The additional testing requirements 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 to the requirements contained within this standard.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For



https://iecnorm.com/api/?name=d3c40f3dc9520246bb959f31db0548e2

-10 - IEC 61730-2:2016 RLV © IEC 2016

undated references, the latest edition 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 $0068-2-2, Environmental testing — Part 2-2: Tests — Test B: Dry heat

IEC $0068-3-5, Environmental testing — Part 3-5: Supporting documentation lahd guidance;
Confirmation of the performance of temperature chambers

IEC $0598-1:2014, Luminaires — Part 1: General requirements and tests

IEC $0664-1:4992 2007, Insulation co-ordination for equipment within low-voltage systems —
Part |1: Principles, requirements and tests

Amendment2-(2002)

IEC $0695-2-10, Fire hazard testing — Part 2-10: Glgwing/hot-wire based test methdds —
Glow-wire apparatus and common test procedure

IEC 60904-2, Photovoltaic devices — Part 2: Requirements for photovoltaic reference—selar
eells|devices

=

IEC 6$0904-9, Photovoltaic devices £Part 9: Solar simulator performance requirements
IEC $0950-1:2005, Informatienxtéchnology equipment — Safety — Part 1: General requirements

IEC $1010-1, Safety requirements for electrical equipment for measurement, controll and
labonatory use — Part(1:)General requirements

IEC $1032:1994, Protection of persons and equipment by enclosures — Probes for verification

equipment

IEC 41140, Protection against electric shock — Common aspects for installation| and

IEC 61215:2004 (all parts),-Crystaltine—silicon Terrestrial photovoltaic (PV) modules — Design
qualification and type approval

IEC 61215-2, Terrestrial photovoltaic (PV) modules — Design qualification and type approval —
Part 2: Test procedures

IEC 61730-1:2604 2016, Photovoltaic (PV) module safety qualification — Part 1: Requirements
for construction

IEC 62790, Junction boxes for photovoltaic modules — Safety requirements and tests
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ISO/IEC 17025, General requirements for the competence of testing and calibration

laboratories

ISO 813, Rubber, vulcanized or thermoplastic — Determination of adhesion to a rigid substrate

— 90 degree peel method

ISO 4046-4, Paper, board, pulps and related terms — Vocabulary — Part 4: Paper and board

grades and converted products

ISO 4587:2003, Adhesives — Determination of tensile lap-shear strength of rigid-to-rigid

bonded-assemblies

3

ISO $893, Rubber and plastics test equipment — Tensile, flexural and compreQIbﬁ

(congtant rate of traverse) — Specification ,\Q)

propérties
Q
>

impingement of flame — Part 2: Single-flame source test

.\@

ANSI Z97.1:2009, ‘ { \étandard — Safety Glazing Materials Used in Buil

— Safety Performance Specifica@s and Methods of Test
QS
N
ANS|/UL 1703:2015, Flat-plﬁ}photovoltaic modules and panels

ISO $124-1, Safety of toys — Part 1: Safety aspects related to mechgfj&a and phy
o/

ISO 11925-2:2010, Reaction to fire tests — Ignitability of pro%d@}ts subjected to (lirect

ISO 23529, Rubber — General procedures for preparing;\gﬂ conditioning test piece
physjcal test methods @)

ypes

sical

s for

ings
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= Safety classes are defined within l1EC-61140.

'erms and definitions

Clause of Part 1 applies.

4 Test categories
4.1 | General
The hazards described in the following subclause might influence-the-lifetime—and the safety
of PV modules. In accordance with these hazards, test procedures and criteria are descrjibed.
The [specific tests to which a PV module will \be subjected will depend on the end-use
applipation for which the minimum tests are specified in Clause 5.
NOTE| PV module safety tests are labelled MST.
Tablg¢s 1 to 5 show the origin of the required tests. For some tests the third column lists the
origin of the tests for information, only; the appropriate test requirements are given in{10.1
through 10.32. The—rest—of-thelother tests are based on or are identical to the m¢dule
qualification tests MQT defined in the IEC 61215 serieshEC61646. References tq the
relevant-Clauses tests are given in the last-twe columns. Some of the IEC 612154EC61646-
basef tests were modified for IEC 61730-2 and are included in 10.1 through 10.32.
4.2 | Preconditioning Environmental stress tests
Table 1 —Preconditioning Environmental stress tests
Test Title Referenced According-to Based on
standards
IEC 61215-2 IEC616/16
MST 51 Thermal cycling (TC50 or TC200) - 10+ MQT 11 ==
MST 52 Humidity freeze (HF10) - 1042 MQT 12 1042
MST 53 Damp heat (DH1000) - 4043 MQT 13 1043
MST 54 UV preconditioning-test - 46146 MQT 10 1640
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

- 13 =

Table 2 — General inspection test

Test Title Referenced According-to Based on
standards IEC 61215-2 IEC 61646

MST 01 Visual inspection - 164+ MQT 01 104
MST 02 Performance at STC - MQT 6.1

MST 03 Maximum power determination - MQT 02

MST 04 Insulation thickness = =

MST |05 Durability of markings IEC 60950-1 -

MST |06 Sharp edge test 1ISO 8124-1 -

MST |07 Bypass diode functionality test - -

4.4 Electrical shock hazard tests

ThesE tests are designed to assess the risk to—personnel persons ‘due to shock or injury
from contact with parts of a PV module that are electrically energised as a fesult

of dejsign, construction, or faults caused by environment or opéeration.

Table 3 — Electrical shock hazard tests

Test Title Referenced According-to Based on
standards
IEC 61215-2 l=ceqede
MST| 11 Accessibility test S -
M€ 61032

MST| 12 Cut susceptibility test-(rotrequired. Sy ANSI/UL 1703:2015 -

B aa i
MST| 13 Ground Continuity test for ANSI/UL 1703:2015 -

equipotential bonding

{notrequired-unless-metal framed)
MST| 14 Impulse voltage test IEC 60664-1 -
MST| 16 Dielectric-withstand Insulation test - 40-3* MQT 03 R
MST| 17 Wet leakage-current test - 10145 MQT 15 1020
MST| 42 Robusthess of terminations test IEC 62790 10144 MQT 14 R

4.5 Fire

hazard tests

These tests assess the potential fire hazard due to the operation of a PV module or failure of
its components.
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Table 4 — Fire hazard tests

Test Title Referenced According-to Based on
standards
IEC 61215-2 IEC- 61646
MST 21 Temperature test ANSI/UL 1703:2015 -
MST 22 Hot-spot endurance test - 40-9 MQT 09 10-9
MST 23* Fire test ANSHUL 790 National/Local code
MST 24 Ignitability test 1ISO 11925-2 -
MST 25 Bypass—diode-thermattest +o—+-MaT48
MST [26 Reverse current overload test ANSI/UL 1703:2015 -
* F|re tests are locally regulated and typically only required for building integrated or building addéd products,
typically to verify their ability to resist fire from external sources.
4.6 | Mechanical stress tests
Thesk tests are to minimise potential injury due to mechanical failure.
Table 5 — Mechanical stress tests
Test Title Referenced According-to Based on
standards
IEC 61215-2 IEC 61646
MST |32 Module breakage test ANSI 297.1 -
MST |33 Screw connection test IEC 60898-1 -
MST 34 Mechanical load test - 40146 MQT 16 1046
MST |35 Peel test ISO 5893 -
MST [36 Lap shear strength test 1ISO 4587:2003 -
MST [37 Materials creep test - -
MST @2 Robustness of terminationstest MQT 14
4.7 Component tests
Table 6 —Component tests
Test Title
Standards IEC 61215 IEC 611646
MST {5 Partial-discharge test IEC 60664-1
R2 Conduit lm:nrlinc ANSI/LIL 514C
MST 44 Terminal-box knock out test Sl Ee

5 Application Classes and their necessary test procedures

The specific tests to which a PV module will be subjected, depending on the-applicatien 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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Table 6 — Required tests, depending on the-application Class

Application Class Tests
according to IEC 61140
All B0 c 1
Preconditioning 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-resistance pre-conditioning (15 kWh/m?2 or 60 kWh/m?)
x1 x1 x1 MST 55 Cold conditioning
X1 x! X1 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 X - MST 13 Greund Continuity test for eqdipotential bonding
X X - MST 14 Impulse voltage test
X x* _ MST 16D R
X X X MST 16 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
Xxxp - X2 - X% | 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 X MST 32 Module breakage test
X X X MST 33 Screw connection test
X X X MST 34 Mechanical load test
X3 X35 X35 | MST 35 Peel test
X4 x45 X45 | MST 36 Lap shear strength test
X X X MST 37 Materials creep test

X Test required.
- Test does not need to be carried out.

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

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.

This test is not applicable to rigid-to-rigid bonded assemblies (e.g. glass/glass PV modules).
This test is not applicable to rigid-to-flexible or flexible-to-flexible bonded assemblies.
Only required for proof of cemented joints around the PV module edges.
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6 Sampling

Nine-Six PV modules and-a-laminate*{a one unframed PV module) are used for safety testing
(plus spares as desrred)andaéd%md&b&a&mq&wed%he%re%sksha#b&takenﬁ

I—EG—694—1-9 In order to prove reductlon of Pollutlon Degree to PD 1, one add|t|onal PV module
is required.

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

e An unframed PV module is tested in sequence B (one additional unframed PV modlle is
gquired) for glass/flexible or flexible/flexible.

L)
m 3

pr glass/glass constructions 20 additional samples according to 10.25.2 are.requirgd for
the lap shear strength test (MST 36) to prove cemented joints.

All specimens shall be technically identical (same components). For M$T 24, MST 32} and
MST|37 PV modules complete in every detail, but not functioning or of\loWw power, etc/, are
acceptable.

All tgst specimens except for MST 24, MST 32, MST 35, MST 36, and MST 37 shall be faken
at rapdom from a production batch or batches.

Addifional PV modules for MST 23 might be necessary {PW¥Wmodules complete in every detail,
but njot functioning or of low power, etc., are acceptahfe)

The PV modules shall have been manufactured, from specified materials and components in
accofdance with the relevant drawings and process sheets and have been subjected tp the
manufacturer's normal inspection, quality control and production acceptance procedures| The
PV modules shall be complete in every detail and shall be accompanied by the manufactyrer's

andllng mounting and connection instructions,—ircludingthemaximum-permissible—system
rod

When the PV modules to be\tested are prototypes of a new design and not|from

p ction, this fact shall be noted:in'the test report (see Clause 7).

7 Testreport

The fesults of the asgegssment against IEC 61730-1 and IEC 61730-2 shall be laid dowr| in—a
one gombined or two)Separate test reports according to ISO/IEC 17025. The results shall be
repofted, normallytin a test report and shall include all the information requested by the ¢lient
and necessarycefor the interpretation of the test and all information required by the method
used

a) altitte;

b) niame and addracce nftha tact Isharatary
e aareSS— o THEeTeStaporato

c) unique identification of the-certification-or report and of each page;
d) name and address of client, where appropriate;

e) description and identification of the item tested,;

f) characterization and condition of the test item;

g) date of receipt of test item and date(s) of test, where appropriate;
h) identification of test method used;

i) reference to sampling procedure, where relevant;
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i)

A copy of this report shall be kept by the manufacturer for reference purposes.

The

any deviations from, additions to or exclusions from the test method, and any other
information relevant to specific tests, such as environmental conditions or test method or
procedure;

measurements, examinations and derived results supported by tables, graphs, sketches
and photographs as appropriate including maximum systems voltage,—safety Class
according to IEC 61140, mounting technique and any failures observed,;

a statement indicating whether the impulse voltage test was performed on PV module or
laminate (PV module without a frame);

a statement of the estimated uncertainty of the test results (where relevant);

for the content of the-certificate-or report, and the date of issue;
where relevant, a statement to the effect that the results relate only to the items tested;

al statement that the-certificate—or report shall not be reproduced except in ful)withoyt the
written approval of the laboratory.

Testing

PV modules shall be divided into groups and subjectéd-/to the safety tests shown in

Figuge 1, carried out in the order specified. The PV modules shall be selected such thgt the

corrgsponding subclause as described in Clause 4.

irg environmental stress tests of 4.2 are met.~Each box in Figure 1 refers tp the

NOTE[ 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/HEC6{1646

and
manufacturer’s handling, mounting;‘@nd connection instructions shall be strictly observed

The

are—detailed referenced in Clause 4—instead. In carrying out these tests| the

PV module for sequenge B shall be irradiated during the first 60 kWh/m2 cycle from the

front| side of the specimen~and from the backside during the second 60 kWh/m?2 pycle
(MST 54). By doing so.the front side and back side of the PV module will be exposed tp the

samg UV dose.

The
informative anddmay be skipped. Final measurements are required.

The

ntermediatéseontrol measurements (MST 01, MST 16, MST 17) after each stress tegt are

wait\time (48 h to 96 h) at the end of the sequence shall ensure that a minimum|time

betwgehsthe 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 tests of the sequence impacts the outcome
of one of the subsequent tests, a separate sample shall be used. Potential 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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IEC 61730 Module safety test MST
7 modules or
6 modules and 1 laminate

IEC 61215 ¢
|EC 61646 Module performance test MPT

The numbers in each box are references to final Visual inspection

01 {102 ] 17

measurements, that are to be performed after MST 01

MST or MPT (if required). In this example:

01 = Module safety test MST 01 *

10.2 = Performance test (IEC 61215, IEC 61646)

17 = Module safety test MST 17 Performance test Component teStS

10.2 (IEC 61215,
IEC 61646)
11 pieces
of foil
1 module Number of 1 module 3 modules 1 module
modules depends v 1 laminate 1 piece
on the module size of
Control Dielectric withstand junction
test box
MST 16
* Test on
Ground continuity 6 knock
outs

MST 13
v v * Partial discharge
< test
Fire test Module breakage test Accessibility e 5
MST 23 MST 32
test
MST 11
* Conduit befding
Wet leakage current test
test MST 33
MST 17
Ternpinal box
1 module 1 module 1 modtle knock out test
v 1 laminate (module) ST 44
UV-resistance test Damp heat test Thermal cycling test
1000 h 200,cycles
MST 54 MST 53 MST 51a
o1 | 102 ] 16 o1 [102] 16 ot | 102 ] 16
Thermal cycling test Wet leakage current -
50 cycles test Bypass diode
MST 51b MST 17 thermal test
01 [ 102 16 MST 25
o1 [ 16 [17
Humidity freeze test Mechanical load laminate
MST 52. test (module) Temperature
MST 34
o1 | 102 [ )16 o1 [ 102 [17 MST 21

Robustness of
terminations test
MST 42

01 | 10.2 16

\ 4

Hot-spot Impulse voltage Reverse current
test test overload test
MST 22 MST 14 MST 26
o1 [ 16 [ 17 o1 | 16

A4

Cut susceptibility

test
MST 12
01 [13 [16 |17
\4
Accessibility test|
MST 11

A 4

isual inspection

’ MST 01

IEC 1357/04
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9 Pass criteria

The-medule 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 the tests.

corr
be d

ctive actions. Depending on the proposed modification(s), a re-evaluation\progranm can
fined before testing (IEC TS 62915), including design review to IEC 617305 1.

In czi{e of failure the manufacturer is recommended to prepare a failure analysis and-prgpose

10 Test procedures

10.1| General

If nof otherwise specified, all applied forces in N shall have aw’aeCuracy of 5 %.
If nof otherwise specified, all torques (Nm) shall have ap ascuracy of 5 %.

10.2| Visual inspection MST 01
10.21 Purpose

To detect and document any visual defects ‘ahd changes in the PV module.

10.2)2 Procedure

This | test is identical with—84+ MQT 01 of IEC 61215-24EC-61646 with the addifional
inspgction criteria of

e any other conditions which may affect safety;

Liring final inspéction check compliance of markings with 5.2 of IEC 61730-1:2016
Ibsequenj-oithe Durability of markings test (MST 05) as described in 10.6.

Liring figalinspection check for sharp edges as described in 10.7 (MST 06).

[ ]
o QO u o

Liring_JSfinal inspection check of minimum distances as defined in Tables 3 and|4 of
EC©61730-1:2016. See Figure 2a and 2b for examples of creepage disfance
measurement. Bubbles are assumed 10 be conductive for this evaluation. For clearance
and creepage assessment check Figure B.2 of IEC 61730-1:2016.

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-approval, the following are considered to be major visual
defects:
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a)
b)

broken, cracked, or torn external surfaces;

bent or misaligned external surfaces, including—superstrates,—substrates; frontsheet,
backsheet, frames and junction boxes to the extent that the safety of the PV module would
be impaired;

in cemented joints bubbles or delaminations with closest distances to each other < 2
the minimum required distance through cemented joint (see Tables 3 and

IEC 61730-1:2016) shall be evaluated as conductive and electrically connected.

times
4 of
The

shall in sum not be shorter than the required minimum distance through cementéd
Skee Figure 2b for example;

shortest distance from and to such bubbles or delaminations through insulation malterial

joint.

[0}
~—

e)

f)

g)
h)

fqr example;

Igss of mechanical integrity to the extent that the safety of the installation and
operation of the PV module would be impaired;

the area of all bubbles shall not exceed 1 % of thetetal PV module area;

eyidence of any molten or burned component;

MST 05) at final inspection;
eflges not complying with MST 06 shatp edge test at final inspection.

PV cell, internal live part

w
c
> O
=2
)

fqr adhesive bonds other than in ¢) bubbles or delaminations with closest distancgs to
epch other <2 times the minimum required creepage distance (see |I'ables 3 and 4 of
IEC 61730-1:2016) shall be evaluated as conductive and electsically connected.
shortest distance from and to such bubbles or delaminations thfough insulation majerial
shall in sum not be shorter than the required minimum creepage distance. See Figufe 2b

The

safe

ifithe mechanical integrity depends on lamination er{other means of adhesion, the sym of

nmarkings not complying with 5.2 of IEC 61730-1:2016 and the durability of markingg test
(

Mdasured
diptance
Mgasured
diptance

&
Measpred
distapce

Laminate edge, accessible part EC

Figure 2a — Example for delamination assessment
when measuring creepage or distance through insulation
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PV cell, internal live part

&)

DUbDDIC 1
¥ Bubble 2 Q
N \,
o _c/\
Y Q'\(‘b
Laminate edge, accessible part (1/

(]/. IEC

Figure 2b — Example for delamination distance (x) assess %’
when measuring creepage or distance through insul %

Figure 2 — Assessment of bubbles in edge seals for(cemented joints

Example cemented joint: Q\\Q/

If distince x between bubbles is < 2 times the minimum distanceQ!ngh cemented joint then the shortegt path
through insulation would be measured by adding distances a an distance x between bubbles is > 2 timps the

minimpm distance through cemented joint then the shortest p ough insulation would be measured by adding
distangces a and b and respectively by adding distances ¢ an@. ‘The shorter of the two sums needs to comply with
the refjuirements set forth in IEC 61730-1. 5\0
Example creepage distance: @

NN

If distance x between bubbles is <2 times the{kinimum creepage distance then the shortest path alophg an
interfgce (creepage distance) through the insuS@on system would be measured by adding distances a anfl d. If
distangce x between bubbles is > 2 times the mk'l mum creepage distance then the shortest path along an intprface
(creegdage distance) through the insula@ system would be measured by adding distances a and p and
respegtively by adding distances ¢ and. d. e shorter of the two sums needs to comply with the requiremernjts set

forth if IEC 61730-1. - O
N
10.3| Performance at STCQI’ST 02

-

10.3/1 Purpose O

This fest shall veg\y. e rated short-circuit current (7;;) and open-circuit voltage (7).

10.32 Profedure

The nqgﬁglé shall be stabilized according to MQT 19.1 of IEC 61215-2. The test procedyre is
equilalefit to MQT 06.1 in IEC 61215-2

10.3.3 Pass criteria

Measured I ; and V. shall be within the tolerances given by the manufacturer.

10.4 Maximum power determination MST 03
10.4.1 Purpose

This test shall verify that the PV module shows the electrical characteristics of a fully
functional photovoltaic device.
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10.4.2 Procedure
This test is equivalent to MQT 02 in 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
10.5]| Insulation thickness test MST 04 Q

Q}/

10.51 Purpose
P y\%

This [test shall verify compliance to the minimum insulation thickness fG},qhin layels as
speclfied in either Table 3 or Table 4 of IEC 61730-1:2016 dependin é}y‘the PV module’s
Clas$ according to IEC 61140. /\0;%

The fest is to be performed on polymeric insulation sheets frontcs;@ and/or back side.
This fest is not applicable to glass layers. ‘\\Q/
O

10.5]2 Procedure O<<
The procedure is as follows: \\Q

O
a) Yelect three locations per side on the PVQPS)duIe representing minimum thickness df the
pplymeric insulation material. \"Q

NPTE 1 Typically minimum thickness can @\gund at solder connections, edges of frameless PV modules, or
laminator membrane indents. A\

b) Applying a suitable method, m@ure the thickness of the individual layers separating the
efectric circuitry from the sMter surface. The used method shall have a measurement
upcertainty not greater t +10 % including reproducibility. Then determine the thicness
of the part of the lay representing the relied upon insulation (see Figure |4 of
IEC 61730-1:2016) :

NOTE| 2 Suitable me@% can be destructive or non-destructive, e.g. cross-sectional cut and ¢ptical
measyrement; ultra-s@nic“measurements, etc. Solder wire method is under consideration for the measurement of
dti in [EC 62788 s@

The layer thicknesses in Table 3 and Table4 of IEC 61730-1:2016 are minimum
requirements, therefore the uncertainty of the measurement shall be deducted from the
measured value.

Example: For a system voltage of 1 000 V and a PV module design according to Class Il the
remaining thickness of the relied upon insulation shall be 150 um. If the measurement
uncertainty of the test and of the set-up is + 10 %, the measured value shall be equal to or
greater than 165 pum.
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Durability of markings MST 05

2016

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.

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

aromfatics content of 0,1 % by volume, a kauri-butenol value of 29, an initial boiling pcr)TLnt of
approximately 65 °C, a dry point of approximately 69 °C and a mass per unit voluhje of
approximately 0,7 kg/l.

NOTE
10.7

The

whiclh may damage the insulation of conductors or pose a rigk ‘of injury. Complian

chec

Alter
comy

10.8

The {est procedure and pass criteria are equivalent to MQT 18.2 in IEC 61215-2.

Test is identical to IEC 60335-1:2013, 7.14 and IEC 60950-1:2013, 1.7.11.
Sharp edge test MST 06

hccessible PV module surfaces shall be smooth and free from“sharp edges, burrs,

ed by inspection.

hatively a sharp edge test described in ISO 8124%] ‘can be performed to co
liance.

Bypass diode functionality test MST 07

etc.,
Ce is

nfirm

10.9( Accessibility test MST 11

10.91 Purpose

TOdatermineif i d ohe O epreSen d RO AaZaHG—1t0—Ppe oR¢ PV
modyles are constructed to-provide adequate protection against accessibility to hazarndous
live garts (> 35 V).

10.9.

2 Apparatus

The apparatus is.as follows:

a) A

b) An olimmeter or continuity tester.

cylindrical test fixture Type 11 according to Figure 7 of IEC 61032:1997.

10.9.3—Procedure

The procedure is as follows:

a)
b)

c)

d)

e)

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

Attach the ohmmeter or continuity tester to the PV module’'s—eleetric short-circuited
terminals and to the test fixture.

Remove all covers, plugs and connections from the PV module that can be removed
without using a tool.

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

The test fixture shall be used with an applied force of 10 N.
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f) Monitor the ohmmeter or continuity tester during the probing to determine if the test fixture
makes electrical contact to the PV module-electriceireuitry live parts.

10.9.4 Final measurements

None.

10.9.5 Pass criteria

The pass criteria are as follows:

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

b) no time during the test shall the probe contact any live electrical part.

This fest is performed at the beginning and the end of the sequence according to Figure 1, but
also [can be used at any time during the test sequence if there is any feason to believg that
active electric circuitry has been exposed by one of the other tests.

10.10 Cut susceptibility test MST 12
10.19.1 Purpose

To determine whether any front and rear surfaces of the PV module made of polyrljneric
matefials are capable of withstanding routine handling during installation and maintenance
withdut exposing personnel to the danger of electric‘'shock.—Fhis-test-is-derivedfrom-ANSHUIL
1703;

This fest is not applicable to rigid-to-rigid bdnded assemblies (e.g. glass/glass PV modulgs).

10.19.2 Apparatus

A tegt f|xture as shown in Flgure 3; de3|gned to draw a deflned shaped object;a-0;64+pm—=
0,05 over the surface
of th¢ PV module with an applled force of 8, 9 N + 0, 5 N. The defmed shaped object shalllbe a
0,64 mm £ 0,05 mm thiek hardened steel blade sufficiently rigid as not to bend sideways
during the test. The tipyshall have a top angle of 90° + 2° and shall be rounded with a radius
of 0,115 mm = 0,025 mm.

Appdgratus in Figure 3 is an example and other apparatus proving same test parameters|(e.g.
forcel and seraich shape) can also be used if equivalency is verified.

10.1(’.3 Procedure

The procedure is as follows:

a) Position the PV module horizontally with the-front 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-the—rear—surface other polymeric surfaces of the PV module if
applicable.

10.10.4 Final measurements

Repeat MST 01,-MST43, MST 16 and MST 17.
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10.10.5 Pass criteria
The pass criteria are as follows:

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

b) MST—43; MST 16, MST 17 shall meet the same requirements as for the initial

measurements.
H JLL HI
- = ——

by | o
i
i x ”«E

C | ﬂ g 7

i A >

th ' th

+

| errrrrrrrreny

Test point

carbon steel strip

IEC 1358/04
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B
1 . 1=
—r :
| |
Direction of movement } ‘I‘: ‘
A . .
CIL [ T

/:\ ! N\ __O O] /+\
= | 2 ']0 d N N
l\".'l—|— h l\‘fl

1

1

A-A

B-B

Key
a 1%0 mm from axis to centerof weight
b 170 mm from axis to.test/point

¢ Testpoint Carbonysteel strip 0,64 mm + 0,05 mm thick-steel-strip

40° angle befween horizontal plane and the strips' edge

SN
_|_\

tal force 'exerted at test point 8,9 N £ 0,5 N

—

p rounded with radius 0,115 mm + 0,025 mm

n

eelistrip top angle 90° + 2°

Figure 3 — Cut susceptibility test

10.11 Ground Continuity test of equipotential bonding MST 13

10.11.1 Purpose

IEC

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).
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10.11.2 Apparatus
The apparatus is as follows:

a) A constant current supply capable of producing a current that is 2,5 times the maximum
overcurrent protection rating of the PV module under test.-See-MST26-

b) A suitable voltmeter.

NOTFE According to IEC 61730-1 the maximum overcurrent protection rating has to be provided
by the manufacturer. The maximum overcurrent protection rating is verified in MST 26.

NOTE_Common types of overcurrent protection devices are fuses or circuit breakers

10.11.3 Procedure

The procedure is as follows:

a) Select the manufacturer’s designated-greunding point for equipotential bonding ang the
recommended—groeunding connection. Attach to one terminal of the,‘constant cyrrent
supply.

b) Select an adjacent (connected) exposed conductive componentwith the greatest physical
displacement from the grounding point and attach to the other terminal of the cyrrent
supply.

c) Attach the voltmeter to the two conductive components attached to the current supply in
proximity to the current leads.

d) Apply a current-2;5-times 250 % = 10 % of the maximum overcurrent protection rating of
the PV module for a minimum of 2 min.

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

f) educe the current to zero.

g) HRepeat-theteston—one—additionalframe—component for all other accessible condyctive
parts.

h) Hepeat the test for all connection(s), terminal(s), and/or wire(s) included or specifigd by

the manufacturer for grounding ‘the PV module.
10.11.4 Final measurements

Nonqg.

10.11.5 Pass criteria

The resistance<between the selected exposed conductive component and-each every pther
condpctive_component of the PV module shall be less than 0,1 Q. The resistance shgll be
calcylated from the applied current and the resulting voltage drop measured at the conngction
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 to verify the capability of-the-solid insulation of the PV module to
withstand over-voltages of atmospheric origin. It also covers over-voltages due to switching of
low-voltage equipment.

10.12.2 Apparatus
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ar—tmpulse-veltage-generator:
b)}-Oscilloscope-
The test equipment and procedure shall comply with IEC 60060-1, see Figure 4. Due to the

variable and comparably high capacity of many samples compensation measures may be
applicable to fulfil the required waveform tolerances.

Voltage

A
0,3
|
|
|
|
0 Ly ¢
el g Time
Tl
T1 |
Ty

IEC

T, = 1)2 us £ 30 %
T, = 5D ps £20 %

NOTE| The parameter 0, is the start point of the impulse voltage. In a diagram with linear time scale this|is the
intersgction 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

10.12.3 Procedure

This [test is pehformed on an unframed PV module. If the frame is an integral part of the ledge
insulption.the test can be done with the framed PV module. The impulse voltage test shall be
perfdrmed.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 module with a—eepper conductive metal foil using a conductive
adhesive to achieve best possible contacting and avoid e.g. bubbles that may influence
the test result. The adhesive (conducting glue) shall have an electrical resistance <1 Q
related to an area of 625 mmZ2. Care shall be taken to avoid particle or air enclosure
between the foil and the PV module as much as possible. Connect the foil to the negative
terminal of the impulse voltage generator.

c) Connect the shorted output terminals of the PV module to the positive terminal of the
impulse voltage generator.

Snocification of the foil:
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d) With-no-iHumination; Apply the surge impulse voltage with a waveform as shown in Figure
4 by the |mpulse voltage generatorlhewvwefe#m%ﬂheup&lsesha#beuebseweekbyuan

Accordlng to IEC 60060-1 the surge |mpulse voltage shall be W|th|n + 3 % of the value
given in Table B.1 of IEC 61730-1:2016.

Linear interpolation of the voltages given in Table B.1 of IEC 61730-1:2016 is allowed for

intermediate values of maximum svstem voltage
7J ~J

NDTE 1 Annnrrhnn to 229211 nf IC{‘ 6806864-1 modules

NDTE g 2.2.2. - chlen ve

lahal hae heaen raduced by one—step har\a 1ca cvctame o \

lejrel-has—been—reduced-by ep—because-systems—are—normal

dévices n-the nl‘hnr hanr! to unrnfu rn:nfnrnnri insulation( I

oo O thoat fo—rity forced-insulation (asr i

i ‘ o X ) _

V2 Applicationclass-A Applicationclass B
\ \

100 1500 800
e e Enn
300 4-000 2500
800 6000 4000
oo Lonnn 6-000

hort circuited PV module terminals as possible or with sufficient terminating impedance
h the measurement cable confiections, and the rise time and the pulse duration shall be

N

e) The waveform of the pulse shall be ghserved by an oscilloscope connected as close tp the
s

o}

checked for each test.

Clare should be taken_that probes are appropriate to guarantee a reprodycible
nmeasurement.

NPTE In IEC 60060-_a test voltage function is defined, representing the response of insulations applicable
folr signal filtering.

f) Three successive pulses shall be applied.
g) Change.the polarity of the terminals of the pulse generator and apply three succepsive
pllses-

10.124Fimatmeasurement

Repeat visual inspection MST 01 and insulation test MST 16.

If a breakdown occurred, 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 dielectric breakdown or surface tracking of the PV module is observed
during the test.

| b) No evidence of major visual defects as defined in-40-4+ MST 01.
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c) MST 16 shall meet the same requirements as for the initial measurements.

10.13 Dielectric-withstand Insulation test MST 16

10.13.1 Purpose

The purpose of this test is to determine whether-er—neot the PV module is sufficiently well
insulated between current carrying parts and the frame or-the other outside-werld accessible
components.

10.1

This
depe
The
systq

maxi
500

Cem
folloy
cemsd

10.13

See

10.14
This

Cem
folloy
cemsd

10.14
10.14

This
vario

3.2 Procedure

test is identical-with—test10-3 to MQT 03 of IEC 61215-2HEC 61646 with) test |
hding on the-application Class and the maximum system voltage.

maximum test voltage Uy, shall be equal to 2000V plus four. times the max

m voltage for—application-elass—A Class Il and equal to 1 000"/~ plus two timej
mum system voltage for—application-class—B Class 0. For Class Il the test volta

ented joints within PV modules shall be tested with™ar increased test voltage.
ving applies: Ugggi(cemented joint)= Urge-1,35 as (equired by IEC 61730-1. All
nted joints shall be tested with normal Utqg;-

8.3 Pass criteria

MQT 03 of IEC 61215-24EC641646.

| Wet leakage current test MST A7
fest is equivalent to MQT 15 in(EC 61215-2.

bnted joints within PV _inbedules shall be tested with an increased test voltage.

ving applies: Urggi(cemented joint)= Urgg 1,35 as required by IEC 61730-1. All
nted joints shall be ¢ested with normal Urgg;.

b Temperature test MST 21

5.1 Purpase

temperature test is designed to determine the maximum reference temperature

Us,components and materials used to construct the PV module, in order to—estd

verify

pvels

mum
5 the
e is

The
non-

The
non-

s for
blish

the  suitability of their use.

The test can be performed under natural sunlight or by use of a solar simulator with a cold
sky.
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Part-material-or-compoenent °c
Insulating-materials—"
Polymeric d
S oL
. . " o5
M . e 50
Eieldmwitina-torminalse—motal-natts 30 above-ambient
T g Lig
Ee#dwmg—eempaﬁmen%s—tha&—wwes—may—een&aet—d’ a’—er—d*,—whrehextef—ns—g#ea%e{—er—;\/
@ -
,\'\b
\ )
Moutting surface (frame)-and-adjacent structural members % )
.
2
1 . . . B sV
i i i tate tha minimum tamnaratura ratina of tha r\nnrlnr\Are to he used the tarmihals ot
li-a-marking-is-provi to-state-the-minimum-temperaturerating-of-the-condugtors—to-be-usedthetermipals—at
oi i i rtment-mav-exceed-the-value-specified-but-s |Nr\|‘ attain-a—temperaturelhicher
ints mpartment may exceed the value specified but s not attain-a temperatui
9 Righ m atu han are-a piab mig vill-not
. £ ) _ S\
& aemperatures-measured on-insulated - conductors-shall not nvnmAQn rated temperature of the conductdr
SRR e e e e o s e o de loee o el ned T Pt
)
10.1%.2 Outdoor method \§\
10.1%.2.1 Test apparatus (%)

nlechanical strength to avoid warpigg under temperature influence. Behind the board a
thermal insulation with a U value o.ﬁ?ess than 0,5 W/(m-K) shall be placed.

e Alpyranometer or PV referen é\gevice conforming to IEC 60904-2 mounted in the plahe of
the structure within 30 cm o\éiTe test PV module.

e Al black painted platform constructeg\of a suitable wooden plate that has sufflcient

e Inpstruments to measure @d speed down to 0,25 m/s installed approximately 0,7 m gbove
the top of the platform. -

e An environmental perature sensor, with a time constant equal to, or less than, that of
the PV modul ,Gnstalled in a shaded enclosure with good ventilation. The sensor shall be
placed left or@ht of the platform so that no thermal interference can occur.

o Al temp@ re monitoring system capable of measuring PV module compgnent
tgmp res with accuracy of +2 K.

acquisition system capable of recording the parameters within an interval ¢f no

than-5-s-

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

10.15.2.2 Procedure

The PV module under test shall be mounted sunny-side-up onto the black painted platform in
accordance with the manufacturer’s installation instructions. If the instructions offer more than
one option, the option providing the worst-case thermal conditions shall be used. If no
indications have been provided for spacing, the test PV module shall be mounted horizontally
and directly flat on the platform without spacing.

The black painted side of the wooden platform shall face the test sample and the platform
shall extend at least 60 cm beyond the PV module on all sides unless the PV module is
installed directly next to other PV modules of similar dimensions.
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The PV module under test shall be connected to the resistive load or maximum power point
tracking device.

Throughout the test the following parameters shall be monitored:

e temperatures of PV module components and materials, as listed below;
e environmental temperature;
e jrradiance;

e wind speed.

The pnvironmental temperature during the test may be in the range of 20 °C to 45& The
irradiance during the test shall be between 700 W/m2 and 1 000 W/m?2- Qy

If the irradiance is other than 1 000 W/m2, take at least two measurements at 0$€@r irradfance

levels (at least 80 W/m2 apart) and then make a quadratic extrapolation eterming the

corrdcted module temperature at 1 000 W/mZ2 irradiance. (1/
o/

It is permissible to reposition (track) the test platform to maintain a e@fﬂbistent irradiance|level
throughout the test. @'\

All d@ta shall be taken at wind-speeds of less than 1 m/s. \Q/C)

Stabllised temperature data for each test location shg 9e collected. Thermal stability has

been| attained when three successive averaged vaI@ aken 5 min apart, indicate a chfange

in temperatures of less than + 2 K. Averaged va{{ in this context are calculated from the
O

readings taken over a 1 min interval. Q
4 . .
The measured component temperatures (%S) shall be normalised by the addition of the
diffelence between the 40 °C refere environmental temperature and the meagured
envirpnmental temperature (Tgny) acc&@ing to the formula:
xO

.\0 on = Tops + (40 OC_TENV)
o)
wherg T¢oy is the norm$ed temperature.

If an unacceptabl%) erformance is encountered during the temperature test and the
perfdrmance is ibuted to a test condition that although within the limits specified may be
cons|dered mo@évere than necessary — for example an ambient temperature near the [imits
allomed — %@ t may be conducted under conditions closer to the norm.

Typid a{eg%ponent measurement points shall include:

e PV module frontsheet above the centre cell, if non-glass (possible shading of cells by
temperature sensor shall be avoided as much as possible).

e PV module backsheet below the centre cell.
e Terminal enclosure interior surface.

e Field wiring terminals.

e |nsulation of the field wiring leads.

o External connector bodies (if applicable).

e Bypass diode bodies (if applicable).

Due to the many possible variations in construction, more than one data gathering point for
each cited location may be used, at the discretion of the test laboratory.
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10.15.3 Solar simulator method

10.15.3.1 Test apparatus

10.1%.3.2 Procedure

accofdance with the manufacturer’s ins

A continuous source sun simulator class BBC or better according to IEC 60904-9 sh

ining

from top to the horizontally mounted test platform with an average irradiance of
1 000 W/m2 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 from the light source influencing the test results.

ind speed will be close to 0 m/s during the test.

h air temperature sensor, with a time constant equal to, or less tﬁbﬁ, that of th
odule, installed in a shaded enclosure with good ventilation. Th sor shall be p
dft or right of the platform so that no thermal interference can o 6\( :

A
s
M
Alhandheld anemometer to ensure a wind speed during the test of < 0,25 mﬁg@ypicall
W
A
n

> =

temperature monitoring system capable of measu@&) PV module compq
gmperatures with an accuracy of £ 2 K.

—

Al data acquisition system capable of recording the p&(}meters within an interval
nmore than 5 s.
M
n

aximum power point tracking device or a resié@ load sized such that at STC th

odule operates near the maximum power poK\t.
QO

\QQ)

tion instructions. If the instructions offer more|

The PV module under test shall be mountg&'sunny-side-up onto the black painted platfo

one loption, the option providing thQ\worst-case thermal conditions shall be used.
indicptions have been provided fo;\'@acing, the test PV module shall be mounted horizo
and dlirectly flat to the platform c)vu'q.hout spacing.

N
The plack painted test are,ac;hall face the test sample and the platform shall extend at

60 cm beyond the Pwule on all sides unless the PV module is installed directly nqg

otherl PV modules of tlar dimensions.

O

trackjng devi

The PV modul;@der test shall be connected to the resistive load or maximum power

black Ir_\ainfnrl test plaffnrm Ir_\s\rnllml to the Iighf source which has sufficient mechanical
rength to avoid warping under temperature influence. Q
eans for mounting the test PV module directly flat to the test platform. Qy

y the

e PV
aced

nent

bf no

e PV

rm in
than
f no
ntally

least
xt to

point

Thro Jg&gu)ﬁme test the following parameters shall be monitored:
N

—

mperatures of PV modufe components and materials, as fisted befow;
air temperature;
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 + 2 K. Averaged values in this context are calculated from the
readings taken over a 5 min interval.
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The measured component temperatures (Tggg) shall be normalised by the addition of the
difference between the 40 °C reference air temperature and the measured air temperature
(Tajr) according to the formula

Teon = Tops +(40 OC_TAIR)

where T¢qy 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
cons|dered more severe than necessary — for example an ambient temperature near th& imits
allowed - the test may be conducted under conditions closer to the norm. Qy

Typigal component measurement points shall include: Q\Q)
e PV module frontsheet above the centre cell, if non-glass (possible pagﬁing of cells by
tgmperature sensor shall be avoided as much as possible). Q/

e PV module backsheet below the centre cell. '<\(b
e Terminal enclosure interior surface. ©

eld wiring terminals. \Q/C)
nsulation of the field wiring leads. 6\

e o
5 T

°
m

xternal connector bodies (if applicable). O<<

°
93]

ypass diode bodies (if applicable).

N\
Due fto the many possible variations in const ‘&?on, more than one data gathering point for
each|cited location may be used, at the disw\eﬁ)n of the test laboratory.

10.1%.4 Pass criteria . ®$
\

The pass criteria are as follows: \_O
0 measured temperat r@j“exceed any of the applicable temperature limits |(e.g.
I/RTE/RTI) of surfaceg, fmaterials, or components. Thermal material requirement$ are
fven in 5.5 of IEC (&8.0-1:2016.

efined in MST 01.
ST 16, MST 1€,Qhall meet the same requirements as for the initial measurements.

a)

Q 4 >

b)
c)

o visual defects

= =Z

IEC ¢1730-1 %res reporting of the maximum measured operating temperatur

dete mine@s test method.

10.1 {lé&pot endurance test MST 22

U

as

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
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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 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& bdule
intended for building applications are defined in local or national building codes. Q~

PV modules as building product — i.e. serving as roof covering materials, elemenis’for building
integration or that are mounted on buildings — are subject to specific s requirements

-

origimating from national building codes. (1/
o/

It shall be noted that fundamental requirements for fire safet ?a)e not internatignally
harmlonised. It is therefore not possible to define general requir nts for fire safety qf PV
modyles as recognition of test results is commonly not practlcet)

Fire fest requirements are to be included as national dlf& ces in this standard. CouTtries
wherg resistance of building products to external fire or nt heat is not covered by bullding
codep may refer to Annex B. QO

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.
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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 11925-2 can be proven by existing approvals, this test can be omitted.

If specimens can be prepared that comply with Clause 5 of ISO 11925-2:2010 and that are
identical to the PV module type under test with respect to their material composition, the test
procedure given in ISO 11925-2 may be used without modifications.

NOTE__The performance of ignitibility tests can be dangerous. e g as toxic gases can be released. In addition

specigl precautions should be taken when handling test specimens during testing. A
10.18.2 Apparatus Qy
10.11.2.1 General Q’\(b

Clauge 4 of ISO 11925-2:2010 applies with the following modifications. S’qb auses 4.8,(4.11
and 4.12 of ISO 11925-2:2010 do not apply. Q’

10.18.2.2 Test cabinet @'<\

This pubclause deviates from 4.2 of ISO 11925-2:2010. \Q/C)
S\

The {est cabinet shall be capable of providing an envi%ﬁ?ent of 23 °C £ 5 °C and a relative
humifdity of 50 % * 20 % throughout the test. A suit xhaust system shall ensure, th3gt the
air speed 5 cm from the surface of the specimen i{o more than 0,2 m/s in vertical dirdction
and 0,1 m/s in horizontal direction.

10.1§.2.3 Burner \\\Q’

This pubclause deviates from 4.3 of Ii@925-2:2010.

A gap burner complying with 4.3 d‘fQSO 11925-2:2010 shall be employed, which can be |used
vertigally or tilted at 45° to the. \hﬁcal axis. In addition the burner shall be rotatable around its
vertigal axis so that the te me 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
spec|men jerk free. Duging the flame application, the burner shall remain in a fixed posjition.
Spaders according t6).2 and 4.9.3 of ISO 11925-2:2010 are used to position the burney.

The burner sh@‘fitted with a fine adjustment valve to ensure accurate control of the flame

height. O

10.1 T.%é)Specimen holder
AN

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

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.
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Subclauses 5.1, 5.3 and 5.5 of ISO 11925-2:2010 do not apply.

10.18.3.2 Dimensions
This subclause deviates from 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 selected for testing that has the same material
composition as the PV modules it represents. It is sufficient to test one PV module size for PV
modules of a type family.

10.18.3.3 Number of specimens A
This pubclause deviates from 5.4 of ISO 11925-2:2010. Q}’
NO
Typigally one PV module is sufficient to perform all required tests. The d@w appligation
points shall be selected and marked in accordance with 10.18.5.1 (l/
‘bQ
10.18.4 Conditioning /\

This pubclause supersedes Clause 6 of ISO 11925-2:2010.

The $pecimens shall be conditioned at a temperature of 2 \C
of 50| % + 5 % for a minimum period of 48 h. <<

2 °C and a relative humidity

The gpecimens shall be arranged within the con%gnmg environment in such a way that air
can ¢irculate around each individual specimen. S\Q

N

Z
10.11.5 Procedure \‘,Q
.5.1 General A‘\Q)

10.1

Clauge 7 of ISO 11925-2:2010 app@s with the following modifications.

QS)
10.18.5.2 Preliminary ope@%ns
This pubclause deviate m 7.2 of ISO 11925-2:2010.

O

The gpecimen sh Igé fixed in the specimen holder and aligned vertically using a level.

Chedk to m&sure that the air velocities at the surface of the specimen comply| with
10.18.2.1,5

All e sses
shall be tested at Ieast at the thlckest and the thlnnest pomt The flame apphcatlon 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 junction 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 such 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 7.3.2 of I1SO 11925-2:2010 apply. With respect to 7.3.2, a flame
application time of 15 s applies.
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The exposure conditions described in 7.3.3 of ISO 11925-2:2010 are modified as follows.

Surface exposure

The flame shall be applied at least 40 mm above the bottom edge of the specimen. Each
different surface, which may be exposed in practice, shall be tested.

Edge exposure

The flame shall be applied to the bottom edge of the specimen. The flame application point is
locatE ; ' ' . T
combustible materials (e.g. metal frame), edge exposure may be omitted. Where acce
direct flame exposure, it may be necessary to test frame adhesives. Q}’

©
For multi-layer products with unprotected edges, additional tests shall be Qj’&med. In this
case| the burner shall be rotated 90° around its vertical axis to apply-the flame t¢ the
combustible layers at the side edges of the specimen. Qﬁ/

Subdlause 7.3.4 of ISO 11925-2:2010 does not apply. r<\

©
10.18.6 Duration of test Q/C)

A
Subdlause 7.4.1 of 1SO 11925-2:2010 applies (15 s flaré application time 20 s total test

durafion).
O

10.18.7 Observations N\
s}o}
The {ype of flame application shall be noted (sprface exposure and/or edge exposure).
R\
For gach test, the following results shall recorded:
N\
a) whether ignition occurs; OA

N
b) whether the flame tip reacheé-a height of 150 mm above the flame application point] and
the time at which this occuirs:

c) the maximum flame heig during the test;
d) opservations rega the behavior of the specimen;
e) the length of th(g:estroyed area.

10.18.8 Pass eria

This ub@e supersedes Clause 8 of ISO 11925-2:2010.

No i r}{nn ar_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.

10.19 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 electrically conductive material contained in an insulating system. Under
reverse current fault conditions the—tabbing electrical conductors and the cells of the PV
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module are forced to dissipate energy as heat prior to circuit interruption by an over-current
protector installed in the system. This test is intended to determine the 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—superstrate frontsheet face down onto a

9-mm-thick-seoft-pine-beard support that has sufficient mechanical strength to avoid 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
module shall be completely covered and in contact with a single layer of whlte tissue papeH;qE

a i - The density of both pleces of whlte tissue paper$
conf( rm to 12 g/m2 to 30 g/m2 (ISO 4046-4).

Any blocking diode (not bypass diodes) provided shall be defeated (short-cirCuited). The test
shalll be conducted in an area free of drafts (see |EC 60695-2-10 |[for compafable
requirements).

The frradiance on the cell area of the PV module shall be less thanr50 W/m2. In case thgre is
a pogsible contribution to the photocurrent of the PV module (e.g\through a transparent|back
side pr a bifacial cell concept) this shall be ensured through a,dark environment. An addifional
shadjng cover to the back is not allowed since it would influenge the thermal insulation.

A labboratory DC power supply shall be connected to<{the PV module with positive output
conngcted to the positive terminal of the PV moduley“The applied reverse-tests current{/, ...}
(Iteglr) shall be equal to 135 % of the PV modulels overcurrent protection rating, as proyided
by thle manufacturer. The test supply current should be limited to the value of-/, ., /tg57h and
the tgst supply voltage shall be increased to cause the reverse current to flow through the PV
modyle.

The {est shall be continued for 2 h, or\until ultimate results are known (i.e. test failures gs for
exanjple due to glass breakage or flaming), whichever occurs first.

NOTE]

Throfighout the test the currént flow shall be kept stable within + 2 % (this may requirg the
voltape to be adjusted):

The maximum overscurrent protection rating of a PV module can be interpreted as thg PV
modyle series f0se rating. A series fuse may be required in the installation of PV arrays.
According to~EC 61730-1 the maximum over-current rating has to be provided by the
manyfactucex

NOTE| (A jnethod to determine the PV module’s limiting reverse current I, capacity can be found in
EN 501388:2003

10.20.3 Pass criteria

The pass criteria are as follows:

a) There shall not be flaming of the PV module, nor flaming or charring of the-cheesecloth
and 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.
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10.21 Module breakage test MST 32
10.21.1 Purpose

The purpose of this test is to provide confidence that—eutting—erpiercing 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

NOTE|2 It does not cover electric shock, only e.g. piercing cuts and fall-through injuries.

10.21.2 Apparatus

The @pparatus is as follows:

Z38

he impactor shall be a bag made of a suitable material and capable to be filled tp the
bquired weight using a suitable filling material (e.g. steel balls or pellets). The exter|or of
e bag shall be wrapped with tape as{shown in the Figure 5 in order to avoid uneven
rfaces like stitching. When filled, th& impactor bag shall have dimensions as descfibed
Figure 5 and a weight of 45,5 kg<+ 0,5 kg. The ratio of widest diameter to height|shall
be between 1:1,5 to 1:1,4.

b) test frame similar to that shown in Figure 6 and Figure 7 shall be provided to min[mise
ovement and deflection.during testing. The structure framing and bracing shall be [steel
hannel (approximately 100 mm x 200 mm or larger) and shall have a minimum moment of
inertia of approximately 187 cm#. The frame shall be welded or securely bolted &t the
cprners to minimizestwisting during impact. It shall also be bolted to the floor to prg¢vent
nmovement during impact testing.

S|
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10.21.3, Procedure

MOUI t thc ID\VI IlIUdU:C oa|||p=c oU that It ;D bUllthd (:lIIClI IIEJICII UTl thc tcat fldlllc Ubilly thc Illbthod
and parts described by the manufacturer including a defined torque if screws are used for
mounting. If different mounting options are possible the test shall cover the range of mounting
techniques.

The procedure is as follows:

a) At rest the impactor bag shall hang no more than 13 mm from the surface of the PV
module sample and no more than 50 mm from the centre of the PV module sample.

b) Lift the impactor to a drop height of 300 mm from the surface of the PV module sample,
allow the impactor to stabilize, and then release it to strike the PV module sample.
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10.21.4 Pass criteria

The PV module shall be judged to have successfully passed the module breakage test if it
meets-any-ene-of the following criteria a) and either b) or ¢):

a) Tlhe PV module may not separate from the mounting structure or from the frami@v

b) No breakage occurs. N

c) Iff breakage of the PV module occurs, no shear or opening large en for a 76 mm
djameter sphere to pass freely shall develop and no particles larger tﬁbn 65 cm?2 shall be
ejected from the sample. In order to allow measurement of the icles, breakaggqg into
smaller pieces shall be avoided when dropping on the floor e.g. cushion.

If the test specimen has to be checked according to~54.5 of IEC 61730-12016
(form|/press/tight fit) a continuity of equipotential bonding((ggk)(MST 13) shall be pdssed
successfully before and after MST 32. «
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Dimensions in millimetres
Rod may be bent
as shown or eye
J . nut may be threated
T onto rod
wn
N
+
Remove hanging 0
strap — ~
T b = L
Tea rf*:‘ ‘k:q
r”l”I ":‘i
Worm-drive hose clamp : : Y x
(install before bag is taped) 1] =
--H"'\-\_\___ ﬂ_
"-\._L (o .
+
© \
N
; Metal sleeve
| — | 25 mm long x 32"mm
=1 diameter (series,of metal
'_: washers may\be used)
— oo
—] © o
<+ ®
"~ 8 mm or 10 mm
threaded metal rod
76 +3
e b
1
B
=
Metal washers
Eye nut for lifting 5 mm = 1,5 mm thick
bridle (see Figure 6) —

IEC

Filled bag has a total weightof assembly of 45,5 kg + 0,5 kg.
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

Stranded steel cable

approximately @3 Concrete wall,

DJ steel beam,
or other sturdy

A
construction
\ .
> 915
< »N
pridrie Tor nrung IR N~ -\-}‘
impactor, use stranded steel f \ Alternate means
cable approximately 23 Al \ of bracing frame, N
use one brace at N
each vertical &
AY \ member
v A
J A
AN
o \\
5
VA
L \ A
Centerline of test \ \
specimen \\ \\
< 13 when impactor \\ \\
is hanging free \ A\
Test specimen™ T A\
A\
Bolt securely to floor A\
v A
< L Y
\
— AN
| > 915
} >
B > 1525 N
IEC
Figure 6 — Impact test frame 1
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Dimensions in millimetres

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

\

NOTE]

|
0
This portion or frame
not required if swivel
attachment in mounted on
separate construction
iy
N

o

[ce)

<

N Subframe

Al

members for
test specimen
smaller than
865 x 1 939

2 065

Height of test specimen minus 25

Width of test
} specimen
" minus 20

> 1525
N * IEC

Clamping frame“for holding test specimen not shown.

Figure 7 — Impact test frame 2



https://iecnorm.com/api/?name=d3c40f3dc9520246bb959f31db0548e2

— 47 -

IEC 61730-2:2016 RLV © IEC 2016

< ey (%] N )]
©) [0} ®© d . Nen
E pr) e : =]
o (O] 2 . S
> O C T b - hd
D prur) - @) (@) L
A . d .Mm Mw q @) “ Mw
&l < o ) 0 £
|9 d (0] .mW d . .Tau
D P o) £ ¢ < 3
P ¥/ % : -
4] () d o
P Q Qh- o) :
5 s . 5 o
a nMu 1) 4 €
e L gg sl ¢ 3
5 ) L, - p
« —_ (@) a
& 8 Q% 3 $ $-
) g ...-/ “ ~+ 5 (P (7]
(4] .
o P D MW - | “- Mw
« g o & < a P ) prur]
. < ¢ s : @
b 5 =] - ..V P n- mm
.Mw @ Q7 S . .mm
P £ &+ N r -
- = @ 3. = > 3 @
T 3d T 90 b D E:
) .Mm s 4 D .v [
O g [} = ¢ >
328z 2 2% B9 n
' g mw D D N -\0 Mw
D Mu p @ ©) N :\ &
D Cl — -
() () g < 1))
4 N D A p
& g = @ q & Y £
D d -
“" ..n.w -mm D ." - 0 $®\ pas
- e N Fr
a L . d K 73]
p g T 9 P & 73
; ¢ : : é
e 2 3 R E
D D Im.w L . E 9 =5 . . b
h D —+ d . o
- oy ¢ =5 0 q O
d o B d o P
O [70]) (40
q ." fon d ) 5 D (4]
: @ 3 q S Q-
E ) m.u. ©® D g D . L )
L . 4b i . o® .
4 o = o) P <
N © Q d : d o
D @ Ko P d . . Mw
e . .
02% ¢35 9% TF B3 %
84 a
>7 9 52 5% E:
D Fo & : b
] i el ar] 9 b fen
X ¢ Mw ." « F T
g > « a o -
i 0] o) > D @ d : e
P T - o « « « \nN
. > > H oW H B3 P
e~ —~— Hen
o] b Fr


https://iecnorm.com/api/?name=d3c40f3dc9520246bb959f31db0548e2

IEC 61730-2:2016 RLV © IEC 2016

— 48 —

Box under test

L

[}
Conduit

Support

Flexible loop

[}
Conduit

Pulley

Support

IEC 1363/04

f
Load

under nominal force_annlication-and also be easilv removed for the field annlicatibn-of

nlae
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10.22 Screw connections test MST 33 \Q/C)

o be

f the

e as
and

10.22.1 Test for general screw connections MST 33?< o)
10.22.1.1 General QQ
N . .

Components such as screws and nuts transmit contact pressure or which are likely
tightgned by the user shall be tightened apd loosened five times. Screws and nL(JJts of
insulpting material shall be removed comp\\'@tely during each operation of loosening
screws.

.\@
The test is made by means of a s@table test screwdriver or spanner, applying a torqy
shown in Table 7, except that for screws of insulating material used in cord anchorage
beari

If thg
be ug

ng directly on the cable <<\ rd, the torque is 0,5 Nm.

manufacturer speci ies a higher torque in their installation instructions, that torque
ed for testing. Thi all be noted in the test report.

O
A

O
3

shall

NS
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Table 7 — Torque tests on screws per IEC 60598-1:2014, Table 4.1

Torque
Nominal outer thread diameter of screw Nm
mm
Type 1 Type 2 Type 3
Up to and including 2,8 0,20 0,40 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
Ovens-6-tptoarreretadirg4 676 426 -6
Oven 4,1 up to and including 4,7 0,80 1,80 \a;%
Ovenl 4,7 up to and including 5,3 0,80 2,00 :< T,OO
Ovel] 5,3 up to and including 6,0 - 2,50 (\'\ 1,25
Ovel 6,0 up to and including 8,0 800(1)) 4,00
vel 0,0 up to and including o, - '('\’. y
Ovel] 8,0 up to and including 10,0 - @A)k 8,50
TR
Overn 10,0 up to and including 12,0 - K/\QQ,OO 14,5
Oven} 12,0 up to and including 14,0 - Q)\ 48,00 24,0
Overn 14,0 up to and including 16,0 —(/U 114,00 57,0
N
o
The ghape of the blade of the screwdriver shall suit head of the screw to be tested| The
screws shall not be tightened in jerks. Damage to c is neglected.
Type| 1 of Table 7 applies to metal screws w%ut heads if the tightened screw doe$ not
protrpde from the hole. \QQ)
&
Type|2 applies to: A‘\Q
e other metal screws and to nutss',\'O
e sgrews of insulating materi%\}"
—| having a hexagonaI.I@éd with the dimensions across flats exceeding the overall thread
diameter; @ .
—| having a cy:i&g al head and a key socket with a cross-corner dimension exceg¢ding
the overall thread diameter;
_ 5 the

Type

having \%ad with a slot or cross slots, the length of which exceeds 1,5 time
overa(%ﬁaad diameter.

3@/ es to other screws of insulating material.

10.22.1.2 Pass criteria

During the test, no damage impairing the further use of the fixing or screwed connection shall
occur. After the test, it shall still be possible to introduce the screw or nut made of insulation

mate

rial in the intended manner.

10.22.2 Test for locking screws MST 33b

10.22.2.1 General

A thread-lock that softens on heating provides satisfactory locking only for screw connections
not subject to torsion in normal use. Such connections shall be tested by attempting to loosen
locked screws with the following torque:

o 2

,5 Nm for thread size < M 10 or corresponding diameters;
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e 5,0 Nm for thread sizes > M 10 or corresponding diameters.
The test torque shall be applied for 1 min in a clockwise direction and then for 1 min in an

anti-clockwise direction at 25 °C and maximum normalized temperature determined by
MST 21.

10.22.2.2 Pass criteria

No loosening shall occur.

10.23 Static mechanical load test MST 34

This test is equivalent to MQT 16 in IEC 61215-2. é
MQT]|15 can be omitted. ,\Q)

>
10.23.1.1 Pass criteria (1/
a) Hequirements apply as in IEC 61215-2 MQT 16; y

>

b) MST 13 shall meet the same requirements. r\
<</

The purpose of this test is to qualify insulation as a cg&%nted joint. It shall provide confidence
regarding the durability of the adhesion between dl% nt layers of rigid-to-flexible or flexible-
to-flgxible constructions of the PV module stack. test method is taken from I1SO 813 and
deteimines the adhesive strength between pdky}lerlc materials bonded on a frontshet or
backgheet. (%)
&
The fest is not required, if clearance @creepage distances as required by class, pollution
degrée and material group are in acegrdance with either the figures in Table 3 or Tablg 4 of
IEC 6$1730-1, respectively. \O

N

This [test is not applicable %C;Géfd-to-rigid bonded assemblies (e.g. glass/glass PV modules).
Assepsment is done by MS

For gemented j ‘with a width < 10 mm the following procedure shall be used to preppre 2
(1 reference sample (not-aged) and 1 sample for sequence B testing) ip the

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.

For qualification of cemented joints > 10 mm no special preparation is needed. A typical
laminate shall be used.
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NOTE| The yellow area highlights the cuts for the peel test aftepCopnditioning.

10.24.3 Apparatus

The apparatus is as follows:

a)

b)

10.24.4 Procedure

An uphconditioned unframed reference PV module (typically a new module) and one unfr
PV
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Dimensions in millimetres

Cemented joint width under investigation

Cemented joint Release sheet

Direction of peel

©
(0]
ut
@©
(V)
(0]
o

IEC

Figure 8 — Sample preparation of cemented joints < 10 mm using a release sheef

Tlensile-testing machine, complying with the requirements of I1SO 5893, capable of
r'nLeasuring force with an acc¢uracy corresponding to class 1 and with a rate of traverge of
the moving grip of 50 mm/min £ 5 mm/min.

Hixture, for holding the test piece to the moving grip of the testing machine in a) sq that
the direction of pulkto cause separation is at all times during the test 90° + 10° tp the
plane of the bond\between the polymer and the rigid backsheet, i.e. making an angle of
90° with the syrface of the fixture.

med
odule that has undergone test sequence B of Figure 1 are used for the peel test.Fach

modudershall be treated nr\hnrding to the fnllnwing prnr\cmlurn'

a)

b)

c)

Condition the samples for at least 16 h at 23 °C + 2 °C, 50 % RH + 10 % RH immediately
before the test in accordance with the requirements of ISO 23529.

Cemented joint width > 10 mm (laminate):

After conditioning ten (5 per interface) strips of 10 mm + 0,5 mm width and at least
100 mm length shall be cut at the flexible frontsheet or flexible backsheet of the samples
as shown in Figure 9. Five strips are to be cut per adhesion interface. Adhesion interfaces
to be evaluated for classification as cemented joints may include flexible frontsheet 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 depth of the cut shall be to the appropriate adhesion interface.

Cemented joint width < 10 mm (special laminate):
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a)

After conditioning ten strips of 10 mm + 0,5 mm width and at least 100 mm length shall be
cut out of the samples as shown in Figure 9. Five strips are to be cut per adhesion
interface. Adhesion interfaces to be evaluated for classification as cemented joints may
include flexible frontsheet 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.

The first cut (position see Figure 9, cut area see yellow box in Figure 8) will allow peel
testing of the backsheet to cemented joint material interface (total 5 peels). For
investigation of the rigid frontsheet to cemented joint material interface the remaining
encapsulant shall be cut to the rigid frontsheet (second 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 influgnced
tal 5 peels).

—

Iffother areas in a PV module shall be classified as cemented joint, the locat Q‘sho vn in
Fjgure 9 may be extended to other relevant areas. The concept of release b&et insgrtion
fqr cemented joints width < 10 mm shall be adopted. (1/

Rleport the areas where the strips have been cut (e.g. by picture with diménsions).

| ] | ,(\(b
Top left Top right Q)
G
Left top Righté
K
O
>
@
] Left middle Right middle [
R\4
xO
&
(
O® j Left bottom Right bottom [
© |
@ Bottom left Bottom right
& |

O IEC
3

Fi_gg(e 9 — PV module with positions for peel samples on frontsheet or backsheqt

The depth of the cut shall be sufficient to completely cut through to the layer of which
adhesion shall be measured, but shall not significantly 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 off. The peel strength shall be measured over a length of at least
60 mm.

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

The length of the piece of strip mounted to the grip depends on the grip design. Usually
10 mm is sufficient. In case more is needed the extra length is to be considered during
sample preparation.
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b) 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.

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

d) 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.

e) 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). Even if the measured maximum force deviates significantly
ffom the confinuous force (compare Figure 10 left) the coniinuous ’rracUonAo the

nmeasurement shall be considered.

f) In case visual inspection (MST 01) reveals bubbles or delaminations spa % m or
Igss apart in the area of the peel, the test shall be conducted such that the cted areas
afe covered by the peel test. In case of a single large bubble this area s be covergd by

the peel test. (1/
- — /
g4 £k AN)
9 )
3 | 1 > | /\J |
N 1 = 1 N [
[0 /.’ [}
9 1 | o ‘,’i b |
ps / I 1 = 1 /C) I
9 / 1 % / 1 «/ I
3 1 © |Q I
o 0]
o/ T TR I
/ ! ! kz 1 |
. . _L | . L] i - ~ [l [}
‘\ T T T T
Path (mm) ¢\ Path (mm)
E A ek
> ! I s\\.o 2 ; ;
> | H $ z Point of tearing
— | H <
: | Y; S
P : . o
_ | Area of low adhesng\r'o : el
i l \E 1 S
o I . C) : ©
Y I N : @
| O |
| * I
| | -
\ Ll
O Path (mm) Path (mm)
@C} IEC
Top Igft g force does not reflect actual adhesion properties and shall be excluded from mean|value
Iculation.

Top ri ;hg C) optimal curve, evaluation of the continuous part of the curve.
Botton

peel Q’rrnngfh curve with local weak adhesion and resulting averaqge

Bottom right:  force at point of tearing (sample breakage).

Figure 10 — Typical peel-off measurement curves

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.
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n
2
M2
T

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 the 3 samples with the lowest adhesion force
be evaluated. If needed additional samples shall be prepared and evaluated.

shall

If the adhesion force of the interface to be evaluated cannot be obtalned (e.g. cohesive fallure

withi
breaking of the sample during testing then the measured peak force before failure
used|for evaluation. Q}/

If no|locations meeting the requirements from 10.24.2 and the requirements f@ Figure !
be identified and tested, the sample has failed the test. (l/

10.2% Lap shear strength test MST 36 ,\(’_-)Q
10.25.1 Purpose ©

The purpose of this test is to qualify insulation as a cemented\joint. It shall provide confid
regafding the durability of the adhesion between rlgldstp igid bonded assemblies
glasd/glass PV modules) for cemented joints of the PVQ ule stack. The test is describ
ISO 4587 and determines the adhesive strength of substructures bonded by poly

material.
3>

The fest is not required, if clearance and cr éjc\)jage distances as required by class, poll
degrée and material group are in accorda ith either the figures in Table 3 or Table
IEC 61730-1, respectively. $

This [test is not applicable to ng;é“ﬂemble or flexible-to-flexible bonded assemblies
glasg/foil or foil/foil PV modulesg\~ rigid-to-flexible or flexible-to-flexible bonded assem
MST|35 applies. - O

<

10.2%.2 Test samples

20 samples in acco ce to ISO 4587:2003 made up of identical materials, thicknesseg
glasq surface stryctute for frontglass, backglass and adhesive (cemented joint) as the
prodyict (PV m ). The adhesive bond of samples shall be representative in every a
to the end @'uct and hence be built using equivalent production parameters incl
methjpds o e delete and treatment, see Figure 11.

)g or
Il be

P can

ence
(e.g.
din
eric

ution
4 of

(e.qg.
blies

and
end
spect
iding

at is

If he <€«rreng’thened glass is used in production an equivalent non-tempered glass th

easier tO cut samples from can be used.
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Dimensions in millimetres

Top view Cemented joint

12,56 £ 0,25

25+ 0,25
"q‘\\“‘
5
s}
¥

100 = 0,25

FaV-N aw-v- 1
UU LU, 29 |

“1

Side view Cemented joint
12,5+ 0,25

Top glass thickness |
=3 T .
¥ Backsglass thickness
—
d 100 + 0,25

IEC]

Key

z

Pa held in grips

O

gmented joint

module front glass

AW N =
T T

module back glass

Figure 11 — Lap shear test sample for proving cemented joint

10.2%.3 Apparatus

The @pparatus (tensile-testing machine) is specified in ISO 4587:2003, Clause 4.

10.2%.4 Procedure

A tothl of 20 bonded testicoupons shall be prepared as described in 10.25.2. 10 bonded
couppns are used te‘determine the pre-weathering breaking force (M1) and 10 bonded

test
test

couppns are useg to determine the post-weathering breaking force (M2). The test flpw is

givern in Figure~I2? In the first UV-test the front glass is exposed to the UV and in the sg
step the back-glass.

cond
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20 samples

10 samples 10 samples

Damp heat test
(200 h)
MST 53

UV test
(60 KWh/m?2)
MST 54

Humidity freeze test
(10 cycles)
MST 52

UV test
(60 kWh/m2)
MST 54

Humidity freeZe\test

(10 cyclesy
MSTF,52
Lap shear strength Lap Shear strength
test MST 36 test MST 36

IEC

Figure 12 <\Lap-shear test flow

Condition the samples for at least<l6 h at 23 °C + 2 °C, 50 % RH = 10 % RH immed|ately
before the test in accordance with the requirements of ISO 23529.

Operpte the machine as described in ISO 4587:2003.

Recdrd the highest forcerduring rupture as the breaking force for that specimen.

NOTE| The speed resuiting from the values in ISO 4587:2003 is equivalent to about 0,8 mm/min.

10.2%.5 Pas's criteria

The PV module design shall be judged to have successfully passed the lap shear str¢ngth
test jf\lle loss in arithmetic mean M (for all 10 samples) of the breaking force foT the
respective interface before and after weathering is less than 50 %. The difference is
determined by comparing the results of the two batches of samples tested.

10M2
10
21 M1

NOTE The lap shear strength, in MPa, is calculated by dividing the breaking force, in newton, by the shear area,
in square millimetres.

05<

In case of the rigid part breaking apart from the interfaces of investigation a thicker or
stronger glass shall be used. A suitable support for the glass may also be sufficient.
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10.26 Materials creep test MST 37
10.26.1 Purpose

The purpose of the material creep test is to validate that the materials used in the PV module
will not show creep or lose adhesion when operated at the highest temperatures that PV
modules normally experience in the field. In particular the test shall determine possible creep
between the following interfaces:

e frontsheet to backsheet;
e frontsheet or backsheet to directly attached mounting system (e.g. back rail);

e jynction box to backsheet respectively frontsheet. A
This [test is not required to be performed if creep at all interfaces is prevented b Q&he nical
mounting means not relying on adhesion alone. ,\é)
>
10.2¢6.2 Apparatus .

a) A climatic chamber with automatic temperature control with mea or circulating tHe air
inside capable of subjecting one or more PV modules to thé\ nditions specifi¢d in

10.26.3.

b) Means for mounting or supporting the PV module in th @amber, so as to allow| free
cjrculation of the surrounding air. A\

c) Means for measuring and recording the temperatur&@ he PV module to an accuragy of
+[1 °C. O

10.2¢6.3 Procedure \Q

N
a) Attach a suitable temperature sensor to thé@ont or back surface of the PV module|near

the middle.

b) Ipstall the PV module at room tempe %re in the climatic chamber using the worst|case
ounting method described in the-j@stallation manual. Each PV module is to be mo{inted

at the maximum angle permissible\as per the installation manual; if no maximum is given
the PV module is to be mountec@ertically in the test chamber.

c) Affter closing the chamber,:subject the PV module to 105 °C + 5 °C, no extra humidity|shall
bk induced to the chamber. If the module type under assessment is designed for uge in
oply open rack conf@’ations the temperature is 90 °C + 3 °C instead.

d) Throughout the te@b record the PV module temperature. Maintain the PV module gt the
specified tempe@ure for 200 h.

10.26.4 Final surements

After| allo 'Othe PV module to reach room temperature, repeat tests MST 01, MS|T 11,

MST(13, T 16, and MST 17.

AN

10.26.5 Pass criteria

Additionally to the pass criteria in the tests listed under 10.26.4 the following criteria shall be
met:

Meet the creepage and clearance distances as specified in either Table 3 or Table 4 of
IEC 61730-1:2016 depending on the PV module Class according to IEC 61140.

10.27 Robustness of terminations test MST 42

This test is equivalent to MQT 14.1 and MQT 14.2 in IEC 61215-2 and shall be performed
subsequently. MQT 14.2 shall also be performed for junction boxes compliant to IEC 62790 as
required by IEC 61730-1.
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MQT

15 can be omitted.

10.28 Thermal cycling test MST 51

This test is equivalent to MQT 11 in IEC 61215-2. Technology specific variations of the test
are to be found in the sub-parts IEC 61215-1-x (x is 1 to 4). Figure 1 shows which version
(50 cycles or 200 cycles) is to be applied with the samples.

MQT 15 can be omitted.
10.29 Humidity freeze test MST 52
This test is equivalent to MQT 12 in IEC 61215-2. Q§
MQT]15 can be omitted. ?\(b
>

10.30 Damp heat test MST 53 f]/
This fest is equivalent to MQT 13 in IEC 61215-2. In this standard t (’\'Lbrsions of the tegt are
applied. One with the standard duration as described in IEC 6121§éﬁ:\ 000 h) and one with a
redug¢ed duration of 200 h. The applicable test version is define igure 1.
MQT| 15 can be omitted. 6\«/
10.31 UV test MST 54 Q<<
This ftest is equivalent to MQT 10 in IEC 61215-§}§‘cept that in this standard two different UV
dosep are applied. One with the standard UV d as described in IEC 61215-2 and ond with
an irjcreased dose equal to four times th C 61215-2 dose that is applied twice during
sequence B. The PV module for sequence™B shall be irradiated during the first 60 kWh/m?2
cycld from the front side of the specime@ d from the backside during the second 60 kWh/m?2
cycld. By doing so, the front side andQﬁck side of the PV module will be exposed to the sgame
UV dpse. The applicable UV dose@\/lST 54 to be applied is defined in Figure 1.

O
MQT|[15 can be omitted. C)\\
10.32 Cold conditioni.@M’ST 55
10.32.1 Purpose C)
The purpose o@test is to evaluate a PV module for applicability of Pollution Degree AD=1.
The |test a @t e test sequence are in accordance to IEC 61010-1 and adapted tp be
applicabl PV modules.
10.3:$/A-ppa+a+u-s

The test shall be performed in a climatic chamber capable to fulfil requirements of test
procedure. The climatic chamber shall fulfil requirements of IEC 60068-3-5.

10.32.3 Procedure

Cold

conditioning shall be performed as defined in IEC 60068-2-1, procedure Ab.

a) Attach a suitable temperature sensor to the front or back surface of the PV module near
the middle.

b) P
c) A

NOTE

lace the PV module in the climatic chamber.
fter closing the chamber, subject the PV module to —40 °C + 3 °C for 48 h.

Temperature tolerances are taken from I[EC 60068-2-1, 6.2.
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10.32.4 Pass criteria
The pass criteria are as follows:

a) No evidence of major visual defects as defined in MST 01.
b) MST 16 shall meet the same requirements as for the initial measurements.

10.33 Dry heat conditioning MST 56
10.33.1 Purpose

The
PD

applipable for PV modules. Q},
NO

10.33.2 Apparatus

Q
The Jtest shall be performed in a climatic chamber capable to fulfil r ’I(Jkements of
dure. The climatic chamber shall fulfil requirements of IEC 60068—%‘?.

'<\‘b

10.33.3 Procedure ©
Dry Reat conditioning shall be performed as defined in IEC 6@22—2, procedure Ab.

a) Attach a suitable temperature sensor to the front or @k surface of the PV module
the middle.

ace the PV module in the climatic chamber. QQ

P

Affter closing the chamber, subject the PV e to 105 °C £ 5 °C less than 50 % re
hpumidity for 200 h. If the PV module type®1 der assessment is designed for use in
open rack configurations the temperatus@s 90 °C + 3 °C instead.

NOTE| Temperature tolerances are taken froml\§60068-2-2, 6.2.
xO

The pass criteria are as foIIonQ

10.33.4 Pass criteria

a) No evidence of major visual defects as defined in MST 01.
b) MST 16 shall me same requirements as for the initial measurements.

@)
S
RS
O
&

1. The test and the test sequence are in accordance to IEC 61010-1 and adapte&v

test

near

ative
only
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Annex A
(informative)

Recommendations for testing of PV modules from production

A.1  General

This Annex provides guidance how to verify that the production PV modules continue to

meet

the minimum safety requirements of this standard. Where applicable time based production

line

information. Q}/

devide.

A%
Thesg recommendations can be used to harmonise factory surveillar@ practices rega
proddiction line measurements. N

©
The |nformation from production line tests may be required wij IGJ factory surveillance wqrk of

certification bodies. ‘\\
<< O
A.2 | Module output power QQ

It is lecommended that electrical output power @rified on the final wiring configuration

Provisions shall be taken to capture an error of the indication device due to n@hunction qf the

tions
same

rding

on a

100 % basis. Results from I-V curve measureme ts can also be used to verify that the cyrrent

and yoltage rating falls within the specific . All production values of /. and V. sh3ll be

covefed by the tolerances of the produ@ qualified under IEC 61730. Possible stabilislation

effecfs shall be considered if changes (?SC and V. are expected during operation in sunfight.
e

This fest will also verify that bypass d‘ré s are not shorted.

xO
A.3 | Wet insulation tes ’\\0

This fest verifies that thelinsulation properties of outer surfaces of the production PV mo
meef|the electrical sa@ requirements of this standard.

The {est is con d in accordance with MST 17 and performed at a sampling rate of at
1 PV|Imodule

have|set ( into account curing times) and then tested in a batch later.

The $ ling rate may be increased or lowered depending on the measurement results.

Hules

least

aminator per working shift. Test samples shall be put aside until all sedlants

The test voltage is based on the definition of test MST 17 including a factor Y.

Urgst = Usys x ¥

Y =1 is used for a minimum test duration of 1 min. Y = 1,2 is used for a minimum test duration
of 5 s. Ramp-up time for test voltage is chosen such that no time induced breakdown will

occur. During the test no breakdown of test voltage shall occur.

The temperature range of the water is 15 °C to 45 °C. The leakage current shall be corrected

to 25 °C using a demonstrated correction factor for the PV module, to be determined for
PV module type.

each
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For frameless PV module designs, a 100 % sampling rate is recommended (e.g. to filter
production line breakage failures prior to boxing) as part of final tests on module prior to
labelling.

For PV modules with cemented joints 100 % sampling rate is recommended. Ut shall be
increased by a factor of 1,35 additionally as required by IEC 61730-1:2016, 5.6.3.4.

A.4 Visual inspection

Visual inspection is performed on a 100 % basis aiming to verify that clearance distances
(distances of live parts to PV module edges) are within the product spemﬁcatm& It is
recofnmended to do this inspection before the framing process if applicable.

Spedial care shall be taken if cemented joints are used for insulation. PV mo?es utilizing
cemgnted joints shall be inspected along all edges and areas with cem joints Jon a
100 %o basis aimed to verifying the cemented joint spacing visual mspecthﬁ/ eria as deffined
in 10{2.3 c) are met.

/\‘b

A.5 | Bypass diodes @

O

The yerification that bypass diodes are working properly is p\ rmed on 100 % sampling|rate.

Threg alternative test methods can be applied: O<<

a) Herform successive additional |-V measurer&?ts in conjunction with maximum power
determination with one cell of each string in interconnection circuit completely shaded.

he bypass diode belonging to this strmg@ working properly, if the characteristic bend in

the 1-V curve is observed. \"Q

b) conductivity test can be performe@uth the PV module terminals connected in reyerse
pplarity to a current source. The\gtrrent flow and voltage drop across the PV maodule
t¢rminals can be used as mdmi'@r that the diodes are working properly.

c) The |-V characteristics o \}Q}Fdlwes can be verified just before their assembly. [f the
bypass diodes are in t ction box this could be done through measurement 4t the
cprresponding terminals~ef the junction box. A precondition for the latter method [s an

propriate plan to@{igate possible influence of electrostatic discharges on the diodes in

Foduction. O

o o

NOTE| Bypass diod@e ication procedures might be MQT 18.2 from IEC 61215-2 and IEC TS 62916.

A.6 Co@ity test of equipotential bonding

PV m Q@%s provided with a connection for equipotential bonding are subjected to a cont|nuity

t t-l!- i jontiol bhandina (MMOT A9\ AL o comanlina ot £ 4 D\/ o] v fromnin At
esl ot cUoTpuoteTitrart UUIIUIIIH Vo oy a sarrpmiiTy fFateotr—TT vV Moatte pcl armrryg—otd on

per working shift demonstrate the electrical continuity between the grounding connection and
all accessible conductive parts. Any appropriate indication device may be employed (current
supply in conjunction with current and voltage measurement).

PV modules that have no frames or equipotential bonding locations identified shall be exempt
from this requirement.
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Annex B

(rormative informative)

brand tests for PV modules
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B.1 General

PV modules mounted in or on buildings, in general, shall fulfil national building and
construction regulations and requirements. If such requirements are not available, the
following international and national standards give information for tests, which could be used:

ISO 834-1, Fire-resistance tests — Elements of building construction — Part 1: General
requirements

ISO 834-3, Fire-resistance tests — Elements of building construction — Part 3: Commentary on

t t waothod apnd foct Aofa ot
e Sl ipetretanatest-oata urJ’u”uuuu” A

ISO $657, Reaction to fire tests — Ignitability of building products using a radiant h oyrce

ISO 13501-5:2005, Fire classification of construction products and building gﬁ;@%nts — Part 5:
Clasgification using data from external fire exposure to roofs tests

ENV|1187-1 through -4, Test methods for roof coverings under tl;{bgluence of a thermal
attack of burning brands and radiant heat %

ANSVUL 790: Standard Test Methods for Fire Tests of Roof CQge)r/ngs

ANSVUL 1703:2015, Flat-plate photovoltaic modules a%;@nels

O

B.2 | Fire test for PV modules based on E§I 187

B.2.{ General \\Q)

The ENV 1187 fire test methods, parts\?{ 4, differ in terms of radiant heat, the used brands,
additjonal air flow (wind simulation)\Xilt angels, amount and size of the demanded| test
spec|men. The pass criteria for eag\btest method are described in ISO 13501-5.

In g¢neral building integra@cibv systems shall be tested in conjunction with a deffined
mounting system following installation instruction of the PV module manufacturer. {Vhen
testing PV modules, th ounting material and the joints between PV modules as wgll as
sealihg materials havﬁé considered and included in the test set-up.

O

The fest samplesequirements for the test method based on ENV 1187-1 (classification BRoor
(t1)) pre des below to provide an example.

B.2.2 @ﬁernal fire exposure to roofs

Part‘\" Lo £ 4ot Hatire—exs

o i 1N
. IVICUTUUO UT LT Ool OIIIIUICI 1 s AMUO UIU v UUIIIIIIU

..
]
P.
!

J

T
D

b

stpptementary
radiant heat.

The test can be performed for either one or both roof tilt angle ranges of 0° to 45° at 15° and
for roof tilt ranges of 45° to 90° at 45°.

Requirements per roof pitch:

e A realistic roof construction including cross beams and all attachment parts with the PV
modules installed the same as in a final system installation shall be provided by the PV
module manufacturer.

e The minimum size for a test deck is 0,8 m x 1,8 m. Since it is also necessary to test
transverse and vertical joints, several samples may be required to build up the complete
test deck.
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Figure B.1 shows an example test set-up for the fire test following ENV 1187-1.

>y om

Dimensions in metres

|
PV PV \
module 1 module 2 |
PV A
module 8 Q}’
© P\%
N (1;(19
| /,
PV PV H A ©
module 3 module 4 AN
C)@
&
(Incendiary composition: Wired
Q<< basket filled wood wool
L N 2l
Y

| o 03]
\"Q IEC
Q

Figure B.1 - E)ngple of test set-up for fire test

bnsidered, the amount.. samples increases accordingly). One vertical and
brizontal joint on top oQ}k roof and two centric applied incendiary compositions or
V' module are tested. Thereby fire passing and the influences of a possible

nctional layer as f@example thermal insulation and sealing are tested.

pr building int{@ted PV modules the procedure of the positioning of the incen
Jmpositionsghal be according to the above defined instructions for all ENV 1187

ethods. Q,

pr bu@ added PV modules the fire test can be limited to only one PV module g
bntréd,"brand, as long as there are no polymeric material used at interconned
3\ , mounting or frame parts.

OTm 3O

—~~
[—

B.2.3 Classification according to ISO 13501-5

Classification criteria:

External and internal fire spread up to < 0,7 m.

External and internal fire spread down to < 0,6 m.

Maximum burned external and internal length < 0,8 m.

No burning material as flaming droplet and debris material of the fire exposed area.
No burning or glowing pieces which pierce the roof construction.

No openings (due to burning through) > 25 mm?2.

Total amount of all openings due to burning through < 4 500 mm?Z.

pur PV modules are re ui?Q for each test (if different pitch angles have tp be

one
one
ower

diary
test

nd a
tions
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ideward fire spread does not reach the border of the test area.
o internal glowing.

aximum radius of fire spread on “horizontal” roofs, external and internal < 0,2 m.

Fire test for PV modules based on ANSI/UL 1703

Fire resistance of PV modules installed on or over building rooftops has been proven to
depend on more than just PV module flammability characteristics. In fact, fire resistance of PV
modules is highly dependent on the combination and configuration of roofing materials, rack

mou

PV

syste
cons

To re
with

a) Q
s

S

nmodule of a particular type with any PV module of the same tzaopq

ting systems, and the PV modules as a system. As a result of these findings, th
m fire tests were developed to establish fire resistance classifications for PV QXS
stent with the fire classification of roofing materials. \Y%

duce the number of tests required to cover every possible combinatiorggav mo
PV racking systems and roofing materials two new concepts were introdt:[/ d:

-

ptional PV module typing that groups PV modules with similag;]ﬁstructions, {flame

pread characteristics and burning brand characteristics. This allz\(;g} replacement of
ithout affecting th
ystem fire rating.

b) U

P
a

PV ¢
ANS

are gpecified in ANSI/UL 1703:2015, section\g,

PV modules intended to be integrate

for f
ANS

To a
ANS

tE represent all roofing materials. One set of rcd§ g material construction
r

se of common roofing materials for the test that meet s@dc performance requiren

rformance requirements has been established eep-slope roof applications|

other for low-slope roof applications. O

ystem fire performance construction and P\ﬁodule type requirements are detail
/UL 1703:2015, section 16. Test methods@ V system fire performance classificg

b

di
re classifications as roofing @Qﬁals under UL 790 requirements as specifig
/UL 1703:2015, section 16. \O

Esess basic fire propagmg’behavior of PV modules not considering its mounting sy
/UL 1703:2015, sectio .1.2 and section 31.1.3 can be used.

@.
Q~
O
3

tems

Hules

a PV
e PV

nents
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a building structure (BIPV modules) are evalgated
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC (PV) MODULE SAFETY QUALIFICATION -

Part 2: Requirements for testing

2016

FOREWORD
Thie International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
alll national electrotechnical committees (IEC National Committees). The object of IEC isg")to/pr
infernational co-operation on all questions concerning standardization in the electrical and electronic fiel

end and in addition to other activities, IEC publishes International Standards, Technical\.Specific]
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as

itself does not provide any attestation of conformity. Independent certification bodies provide conff
essment services and, in some areas, ,aecess to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

All users should ensure that they have,the latest edition of this publication.

Nd liability shall attach to IEC or itsudirectors, employees, servants or agents including individual exper
mgmbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
Pyblications.

Atf{ention is drawn to.the/Normative references cited in this publication. Use of the referenced publicati
indispensable for the.correct application of this publication.

Atiention is drawn-to the possibility that some of the elements of this IEC Publication may be the sub
patent rights..IEC-shall not be held responsible for identifying any or all such patent rights.

Interpational”Standard IEC 61730-2 has been prepared by IEC technical committee 82:
photTvoItaic energy systems.
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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.

e) MST 11: Accessibility test: defined force for test finger.

f)

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

t)

u)

The f{ext of this standard is based on the’following documents:

MST 14: removed preconditioning requirement TC200 from Figure 1.
MST 15: Partial discharge test removed.
Renamed dielectric breakdown test MST 16 to insulation test.

MST 21: Temperature test: rewritten test procedure; removed short circuit mode; allow
alternative indoor test method.

MST 23: Fire test: subclause rewritten; fire test requirements related to national building
codes; moved optional test description to informative annex.

Added ignitability test MST 24.
MST 26: Reverse current overload test: changed specification of wooden board.

ST 32: Module breakage test: defined new dimensions of impactor to allow othen filling
compounds; consider variety of mounting techniques for glass breakage testj‘\reduced
impact height to only 300 mm; corrected diameter of opening according to refergnced
standard (65 cm? instead of 6,5 cm2).

ded screw connection test MST 33.

ded peel test MST 35 for proof of cemented joints.

ded lap shear strength test MST 36 for proof of cemented joints\
ded materials creep test MST 37.

ded PV module test sequence with moisture and UV totress polymers to Figure 1| The
new UV sequence was added as a response to the Kyoto hieeting, where it was decidged to
afd a coupon test and a PV module test sequence. As'it is not possible to perform the
I$0 UV test on PV modules (no affordable equipment available) it was decided to rely on
a|ready available PV module test equipment. R&D work has shown that cycling UV and HF
afe best to age polymers in PV modules.

ded new sequence for Pollution Degree (PD) testing (sequence B1).
ded annex: Recommendations for testing of PV modules from production.

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 repdrt on

voting indicated in the above table.

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

The ommittee has decided that the contents of this publication will remain unchanged| until
the gtability date indicated on the IEC website under "http://webstore.iec.ch" in the |data

relat¢d.te the specific publication. At this date, the publication will be

reconfirmed,
withdrawn,
replaced by a revised edition, or

amended.

IMPORTANT - The 'colour 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 therefore print this document using a
colour printer.
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PHOTOVOLTAIC (PV) MODULE SAFETY QUALIFICATION -

Part 2: Requirements for testing

1 Scope

2016

The scope of IEC 61730-1 is also applicable to this part of IEC 61730. While IEC 61730-1

is re
in co

The
asso
best
the p

outliles the requirements of construction, this part of the standard lists the tests a PV m
uired to fulfill for safety qualification. IEC 61730-2 is applied for safety qualification| only

njunction with IEC 61730-1.

sequence of tests required in this standard may not test for all possible_safety as
Ciated with the use of PV modules in all possible applications. This standard utilize

— that should be addressed by the system design, location, restrictions on access

main

The
of P
and
comy
The

funct
elect

lenance procedures.

bbjective of this standard is to provide the testing sequence intended to verify the

onents of PV modules that would result in fire)electric shock, and/or personal i

bdule

bects
5 the

sequence of tests available at the time of its writing. There are seme issues — su¢h as
otential danger of electric shock posed by a broken PV module if-a’high voltage sylstem

and

afety

modules whose construction has been assessed by 'IEC 61730-1. The test sequence
pbass criteria are designed to detect the potentiall breakdown of internal and external

jury.

standard defines the basic safety test requirements and additional tests that gre a

on of the PV module end-use applications: jTest categories include general inspe
rical shock hazard, fire hazard, mechanical stress, and environmental stress.

The additional testing requirements outlingd in relevant ISO standards, or the national or

code
shou

d be considered in addition to the requirements contained within this standard.

2 Normative references

The 1
are i

ollowing documents; in whole or in part, are normatively referenced in this documen

undated references;y the latest edition of the referenced document (including

amelt

dments) applies.

ction,

local

5 which govern the installation and-use of these PV modules in their intended locafions,

I and

ndispensable for'its application. For dated references, only the edition cited applieg. For

any

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, Environmental testing — 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
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IEC 60904-2, Photovoltaic devices — Part 2: Requirements for photovoltaic reference devices
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 (L1140, Protection against electric shock — Common aspects for installation| and
equigpment

IEC 61215 (all parts), Terrestrial photovoltaic (PV) modules — Design qualification and|type
approval

IEC ©1215-2, Terrestrial photovoltaic (PV) modules — Design qualification and type apprdval —
Part p: Test procedures

IEC §1730-1:2016, Photovoltaic (PV) module safety qualification — Part 1: Requiremenis for
consfruction

IEC 62790, Junction boxes for photovoltaic modules < Safety requirements and tests

ISO/IEC 17025, General requirements for they competence of testing and calibration
labonatories

ISO 813, Rubber, vulcanized or thermoplastic — Determination of adhesion to a rigid subgtrate
— 90 |degree peel method

ISO 4046-4, Paper, board, pulpsiand related terms — Vocabulary — Part 4: Paper and Hoard
gradés and converted products

ISO 4587:2003, Adhesives' — Determination of tensile lap-shear strength of rigid-tofrigid
bonded assemblies

ISO $893, Rubberand plastics test equipment — Tensile, flexural and compression types
(congtant rate-of traverse) — Specification

ISO 8124-1, Safety of toys — Part 1: Safety aspects related to mechanical and physical
propéeriies

ISO 11925-2:2010, Reaction to fire tests — Ignitability of products subjected to direct
impingement of flame — Part 2: Single-flame source test

ISO 23529, Rubber — General procedures for preparing and conditioning test pieces for
physical test methods

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
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3 Terms and definitions

The Clause of Part 1 applies.

4 Test categories

4.1 General

- 10 -
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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 depend on the end-use application for Which
the npinimum tests are specified in Clause 5.

NOTE| PV module safety tests are labelled MST.

Tablg¢s 1 to 5 show the origin of the required tests. For some tests the third|column list
origin of the tests for information only; the appropriate test requirements,are given in
through 10.32. The other tests are based on or are identical to the medule qualification

5 the
10.1
tests

MQT] defined in the IEC 61215 series. References to the relevant tésts are given in the last

column. Some of the IEC 61215-based tests were modified for IEC.61730-2 and are incl

in 1011 through 10.32.

4.2 Environmental stress tests

Table 1 — Environmentalstress tests

uded

Test Title Referenced Based on
standards IEC 61215-2
MST [561 Thermal cycling (TC50 or TC200) - MQT 11
MST [62 Humidity freeze (HF10) - MQT 12
MST |53 Damp heat (DH1000) - MQT 13
MST [p4 UV preconditioning - MQT 10
MST |55 Cold conditioning IEC 60068-2-1 -
MST |56 Dry hot conditioning IEC 60068-2-2 -
4.3 | General inspection
Table 2 — General inspection test
Test Title Referenced Based on
standards 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 - -
MST 05 Durability of markings IEC 60950-1 -
MST 06 Sharp edge test 1ISO 8124-1 -
MST 07 Bypass diode functionality test - -
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4.4 Electrical shock hazard tests
These tests are designed to assess the risk to persons due to shock or injury from contact

with parts of a PV module that are electrically energised as a result of design, construction, or
faults caused by environment or operation.

Table 3 — Electrical shock hazard tests

Test Title Referenced standards Based on
IEC 61215-2

MST 4 Accossibitity-test IEC 61032
MST[12 Cut susceptibility test ANSI/UL 1703:2015 -
MST [13 Continuity test for equipotential bonding ANSI/UL 1703:2015 —
MST |14 Impulse voltage test IEC 60664-1 =
MST |16 Insulation test - 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

Thesk tests assess the potential fire hazard due to the operation of a PV module or failyre of
its cqmponents.

Table 4 — Fire hazard tests

Test Title Referenced standards Based on
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 Reverse current overload test ANSI/UL 1703:2015 -
* F|re tests are locallyfegulated and typically only required for building integrated or building added products,
typically to verifyctheir ability to resist fire from external sources.

4.6 Mechanical stress tests

Thesetests are To minimise potential injury due to mechanical T1ailure.
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Table 5 — Mechanical stress tests

IEC 61730-2:2016 © IEC 2016

Test Title Referenced standards Based on
IEC 61215-2
MST 32 Module breakage test ANSI Z297.1 -
MST 33 Screw connection test IEC 60598-1 -
MST 34 Mechanical load test - MQT 16
MST 35 Peel test ISO 5893 -
MST 36 Lap shear strength test ISO 4587:2003 -
MST |37 Materials creep test - -
MST 42 Robustness of terminations test MQT 14

5 (Classes and their necessary test procedures

The $pecific tests to which a PV module will be subjected, depending on the Class defin
IEC }1730-1 referring to IEC 61140, are described in Table 6. The-order in which the test

carri
prec

ed in
S are

d out shall be in accordance with Figure 1. Some tests’ shall be carried oyt as
nditioning tests.
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Table 6 — Required tests, depending on the Class

Class according to Tests
IEC 61140
1l 0 i
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?)
X1 x1 x1 MST 55 Cold conditioning
X1 X! X1 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 Impulse voltage test
X X X MST 16 Insulation test
X X - MST 17 Wet leakage currenttest
X X X MST 42 Robustness of tefminations test
Fire hazard tests:
X X X MST 21 Temperature*test
X X X MST 22 Hot-spotiendurance test
X2 X2 X2 | MST 23 Firetest
X X X MST 24 Agnitability test
X X X MST(25"Bypass diode thermal test
X X - MST, 26 Reverse current overload test
Mechanical stress tests:
X X X MST 32 Module breakage test
X X X MST 33 Screw connection test
X X X MST 34 Mechanical load test
X3 PEN X35 | MST 35 Peel test
X4 X5 X%% | MST 36 Lap shear strength test
X X X MST 37 Materials creep test

X Test required.
- Test does not need to be carried out.
Only required to prove reduction of Pollution Degree PD=2 to PD=1.

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.

This test is not applicable to rigid-to-rigid bonded assemblies (e.g. glass/glass PV modules).
This test is not applicable to rigid-to-flexible or flexible-to-flexible bonded assemblies.
Only required for proof of cemented joints around the PV module edges.
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Sampling

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

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

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

F 1 1 el n e o0 Lol 1 1 H n 40006 0 H f
"yldoso/yidos LUTISHTULLIUNTS 22U dUUTUUTTATD SdITTPITS dULLUTUITY U TU. 9.2 ATt TTUYUIT d or

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 of low power, etc|, are

acceptable.

All tdst specimens except for MST 24, MST 32, MST 35, MST 36, and-MST 37 shall be faken

at random from a production batch or batches.

Addifional PV modules for MST 23 might be necessary (PV modules complete in every detail,

but njot functioning or of low power, etc., are acceptable).

The PV modules shall have been manufactured from_specified materials and components in
accofdance with the relevant drawings and process.sheets and have been subjected tp the
manyfacturer’s normal inspection, quality control and production acceptance procedures| The
PV modules shall be complete in every detail andshall be accompanied by the manufactyrer’s
hand|ing, mounting, and connection instructions. When the PV modules to be testeq are
protgtypes of a new design and not from production, this fact shall be noted in the test report

(see[Clause 7).

Test report

The fesults of the assessment against IEC 61730-1 and IEC 61730-2 shall be laid down in
one ¢ombined or two separate test reports according to ISO/IEC 17025. The results shall be
repofted, normally in a test report and shall include all the information requested by the ¢lient

and hecessary for the nterpretation of the test and all information required by the method

used

a) altitle;

b) nlame and-address of the test laboratory and location where the tests were carried ouf;

c)

d)

e) description and identification of the item tested;

f) characterization and condition of the test item;

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

h) identification of test method used;

i) reference to sampling procedure, where relevant;

j) any deviations from, additions to or exclusions from the test method, and any other
information relevant to specific tests, such as environmental conditions or test method or
procedure;

k) measurements, examinations and derived results supported by tables, graphs, sketches

and photographs as appropriate including maximum systems voltage, Class according to
IEC 61140, mounting technique and any failures observed;
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I) a statement indicating whether the impulse voltage test was performed on PV module or
laminate (PV module without a frame);

m) a statement of the estimated uncertainty of the test results (where relevant);

n) a signature and title, or equivalent identification of the person(s) accepting responsibility
for the content of the report, and the date of issue;

o) where relevant, a statement to the effect that the results relate only to the items tested;
p) a statement that the report shall not be reproduced except in full, without the written
approval of the laboratory.

A copy of this report shall be kept by the manufacturer for reference purposes.

8 esting

The PV modules shall be divided into groups and subjected to the safety\tests shown in
Figude 1, carried out in the order specified. The PV modules shall be selected such thgt the
envirpnmental stress tests of 4.2 are met. Each box in Figure 1 refers-to'the corresponding
subclause as described in Clause 4.

Sparg PV modules may be included in the safety test program proevided that they have |peen
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 ¢onnection instructions shall be strictly observed.

The PV module for sequence B shall be irradiated during the first 60 kWh/m2 cycle from the
front| side of the specimen and from the“backside during the second 60 kWh/m?2 fycle
(MST 54). By doing so, the front side and back side of the PV module will be exposed tp the
samg UV dose.

The L]termediate 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 t0<96 h) at the end of the sequence shall ensure that a minimum|time
betwgen the immediate control inspection after completion of each environmental test (time
counger starts after.completion of MST 51, MST 52 and MST 53) and a second \isual
inspgction is maintained. This is due to possible variation in visual defects apparent 3 few
hourg versus,.several days after an environmental stress test. The wait time does not apply to
any ather control check other than the visual inspection.

The fests’ 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 tests of the sequence impacts the outcome
of one of the subsequent tests, a separate sample shall be used. Potential 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 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 the tests.

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

10 Test procedures

10.1| General

If nof otherwise specified, all applied forces in N shall have an accuracy of 5,%.
If nof otherwise specified, all torques (Nm) shall have an accuracy of 5 %.

10.2| Visual inspection MST 01
10.2(1 Purpose

To de¢tect and document any visual defects and changes in the PV module.

10.22 Procedure
This test is identical with MQT 01 of IEC 612452 with the additional inspection criteria of

. hy other conditions which may affect-safety;

a

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

Liring final inspection check-for sharp edges as described in 10.7 (MST 06).

iring final inspection check of minimum distances as defined in Tables 3 and|4 of
IEC 61730-1:2016. . See Figure 2a and 2b for examples of creepage disfance
measurement. Bubbles are assumed to be conductive for this evaluation. For cleafance
aphd creepage assessment check Figure B.2 of IEC 61730-1:2016.

t| is advisable to check distances during the initial inspection to validate that the PV

module meets the insulation requirements.

W

Makg note of and/or photograph the nature and position of any cracks, bubblgs or
delarpinations, etc., which may worsen and adversely affect the PV module safefy 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 torn external surfaces;

b) bent or misaligned external surfaces, including frontsheet, backsheet, frames and junction
boxes to the extent that the safety of the PV module would be impaired;

c) in cemented joints bubbles or delaminations with closest distances to each other < 2 times
the minimum required distance through cemented joint (see Tables3 and 4 of
IEC 61730-1:2016) shall be evaluated as conductive and electrically connected. The
shortest distance from and to such bubbles or delaminations through insulation material


https://iecnorm.com/api/?name=d3c40f3dc9520246bb959f31db0548e2

d)

e)
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-18 - IEC 61730-2:2016 © IEC

2016

shall in sum not be shorter than the required minimum distance through cemented joint.
See Figure 2b for example;

for adhesive bonds other than in c) bubbles or delaminations with closest distances to
each other <2 times the minimum required creepage distance (see Tables 3 and 4 of
IEC 61730-1:2016) shall be evaluated as conductive and electrically connected. The
shortest distance from and to such bubbles or delaminations through insulation material
shall in sum not be shorter than the required minimum creepage distance. See Figure 2b

fo

r example;

loss of mechanical integrity to the extent that the safety of the installation and safe
operation of the PV module would be impaired;

iff
th

D

z[/idence of any molten or burned component;

(MST 05) at final inspection;
dges not complying with MST 06 sharp edge test at final inspection.

the mechanical integrity depends on lamination or other means of adhesion, the s
e area of all bubbles shall not exceed 1 % of the total PV module area;

arkings not complying with 5.2 of IEC 61730-1:2016 and the durability ef markingg

PV cell, internal live part
Bubble
Bubble

/
0

+
Measured
distance

)
e

Bubble

Measured
distance

Measured
distance

Laminate edge, accessible part JEC

Figure'2a — Example for delamination assessment
when measuring creepage or distance through insulation

PV cell, internal live part

m of

test

Laminate edge, accessible part

IEC

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 ¢ 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 distances a and b and
respegtively by adding distances ¢ and d. The shorter of the two sums needs to comply with the requirements set
forth ip 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-circuitvoltage (V).

10.32 Procedure

The module shall be stabilized according to MQT 19.1 of IEC/64215-2. The test procedyre is
equivalent to MQT 06.1 in IEC 61215-2.

10.3J3 Pass criteria

Measgured /. and V. shall be within the tolerances, given by the manufacturer.

10.4| Maximum power determination MST,03
10.4/1 Purpose

This |test shall verify that the PV.module shows the electrical characteristics of a| fully
functjonal photovoltaic device.

10.42 Procedure
This test is equivalent to-MQT 02 in IEC 61215-2.

10.4/3 Pass criteria

The |V curvesshall not show any additional kinks or other unusual characteristics as compared
to the initial-lV"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 faflures.
Degradations of single cells or subsirings can lead 10 hoi-spois, high module temperatures or diodes conducting
permanently. MST 03 aims at detecting such cases.

10.5 Insulation thickness test MST 04
10.5.1 Purpose

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.
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10.5.2 Procedure
The procedure is as follows:

a) Select three locations per side on the PV module representing minimum thickness of the
polymeric insulation material.

NOTE 1 Typically minimum thickness can be found at solder connections, edges of frameless PV modules, or
laminator membrane indents.

b) Applying a suitable method, measure the thickness of the individual layers separating the
electric cwcwtry from the outer surface The used method shall have a measurement

0 thepart of the Iayers representlng the relled upon insulation (see Figure (4 of
IEC 61730-1:2016).

NOTE| 2 Suitable methods can be destructive or non-destructive, e.g. cross-sectional  cut and ¢ptical

The measured insulation thickness shall be greater than the requirements listed in gither
Tablg¢ 3 or Table 4 of IEC 61730-1:2016 depending on the PV module’s Class according to
IEC 61140 and considering the measurement uncertainty of theltest and the set-up.

The | layer thicknesses in Table 3 and Table 4 of (JEC 61730-1:2016 are minimum
requirements, therefore the uncertainty of the measurement shall be deducted from the
meagured value.

Example: For a system voltage of 1 000 V and‘a-PV module design according to Class |l the
remafining thickness of the relied upon insulation shall be 150 um. If the measuregment
unceftainty of the test and of the set-up is*+ 10 %, the measured value shall be equal [to or
greafer than 165 um.

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.

Compliance is checked by inspection and by rubbing the marking by hand using mgdium
presgure for 15 s with a piece of cloth soaked with water and again for 15 s with a piefe of
cloth|soaked with_petroleum spirits. After this test, the marking shall be legible; it shall npt be
poss|ble to remeve 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
aro atlcs content of 0,1 % by volume a kaur| butenol value of 29, an initial b0|I|ng po

apprOX|mater O 7 kg/l

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 may damage the insulation of conductors or pose a risk of injury. Compliance is
checked by inspection.

Alternatively a sharp edge test described in ISO 8124-1 can be performed to confirm
compliance.
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10.8
The t

10.9
10.9.

Bypass diode functionality test MST 07
est procedure and pass criteria are equivalent to MQT 18.2 in IEC 61215-2.

Accessibility test MST 11

1 Purpose

To determine if PV modules are constructed to provide adequate protection against
accessibility to hazardous live parts (> 35 V).

10.9.E_A_Fppara us
The @pparatus is as follows:

a) A

b) An ohmmeter or continuity tester.

10.9.
The

a) M
b) A

cylindrical test fixture Type 11 according to Figure 7 of IEC 61032:1997.

3 Procedure
procedure is as follows:

ount and wire the test PV module as recommended by the'manufacturer.
ttach the ohmmeter or continuity tester to the PV module’s short-circuited terminals

—

c)

d)

other areas where live parts of the PV module may be accessible.

e)
f)

10.9.

Nonqg.

10.9.
The

a) A

the test fixture.

emove all covers, plugs and connections from\ the PV module that can be rem
ithout using a tool.

robe with the test fixture in and around allglectrical connectors, junction boxes ang

he test fixture shall be used with an applied force of 10 N.

and

oved

| any

onitor the ohmmeter or continuity:té€ster during the probing to determine if the test fixture

akes electrical contact to the PV module live parts.

4 Final measurements

5 Pass criteria
pass criteriazare as follows:

t no time during the test shall there be a resistance of less than 1 MQ between thg

—h

ixture-and the PV module live parts.
b) AI:

nostime during the test shall the probe contact any live electrical part.

test

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 the test sequence if there is any reason to 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 surfaces of the PV module made of polymeric
materials are capable of withstanding routine handling during installation and maintenance
without exposing personnel to the danger of electric shock.

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

a) Hosition the PV module horizontally with the test surface facing upward.

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

c) Hepeat a) and b) for other polymeric surfaces of the PV modulg-ifrapplicable.
10.10.4 Final measurements

Repgat MST 01, MST 16 and MST 17.

10.10.5 Pass criteria
The pass criteria are as follows:

a) No visual evidence that the frontsheet ar.backsheet surfaces have been cut exposing the
agctive circuitry of the PV module.

b) MST 16, MST 17 shall meet the same requirements as for the initial measurements.
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d  140° angle between horizontal plane and the strips' edge

g Tétal force ‘exerted at test point 8,9 N+ 0,5 N
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p rounded with radius 0,115 mm + 0,025 mm

n

eelistrip top angle 90° + 2°

Figure 3 — Cut susceptibility test

10.11 Continuity test of equipotential bonding MST 13
10.11.1 Purpose

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:
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a) A constant current supply capable of producing a current that is 2,5 times the maximum
overcurrent protection rating of the PV module under test.

b) A suitable voltmeter.

According to IEC 61730-1 the maximum overcurrent protection rating has to be provided by
the manufacturer. The maximum overcurrent protection rating is verified in MST 26.

NOTE Common types of overcurrent protection devices are fuses or circuit breakers.
10.11.3 Procedure

The procedure is as follows:

a) Select the manufacturer's designated point for equipotential bonding -and| the
recommended connection. Attach to one terminal of the constant current supply:

b) Select an adjacent (connected) exposed conductive component with the greatest physical
displacement from the grounding point and attach to the other terminal-of the cyrrent
supply.

c) Attach the voltmeter to the two conductive components attached to.the current supply in
proximity to the current leads.

1Y%

d) Apply a current 250 % + 10 % of the maximum overcurrent ‘protection rating of the PV

odule for a minimum of 2 min.

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

f) Heduce the current to zero.

g) HRepeat for all other accessible conductive parts:

h) Repeat the test for all connection(s), termipal(s), and/or wire(s) included or specified by

the manufacturer for grounding the PV module.
10.11.4 Final measurements

Nonqg.

10.11.5 Pass criteria

The |resistance between the selected exposed conductive component and every pther
condpctive component of the PV module shall be less than 0,1 Q. The resistance sh3all be
calcUlated from the applied current and the resulting voltage drop measured at the conngction
points of the PV module (e.g. frame).

10.12 Impulseyoltage test MST 14

10.12.1 Purpose

The purpose of the test is to verify the capability of insulation of the PV module to withgtand
over-voltages of atmospheric origin. It also covers over-voltages due to switching of low-
voltage equipment.

10.12.2 Apparatus

The test equipment and procedure shall comply with IEC 60060-1, see Figure 4. Due to the
variable and comparably high capacity of many samples compensation measures may be
applicable to fulfil the required waveform tolerances.
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T, = 1)2 us £ 30 %
T, = 5D us £ 20 %

Voltage

Time

IEC

NOTE| The parameter 0, is the start point of the impulse voltage. In a diagram with linear time scale this|is the

inters¢ction point of the time axis and the line defined by points A and B.

10.12.3 Procedure

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

This ftest is performed on an unframed PV module. If the frame is an integral part of the ledge
insulation the test can be done'with the framed PV module. The impulse voltage test shall be

perfdrmed in accordance with JIEC 60060-1.

For the purposes of test reproducibility this test is conducted under the conditions of foom

temp

a)
b)

c)

d)

rature and relative humidity of less than 75 %. The procedure is as follows:

isable anyveltage limiting device installed on the PV module, if applicable.

Jover the_whole PV module with a conductive metal foil using a conductive adhesiyve to
achieve\best possible contacting and avoid e.g. bubbles that may influence the test re¢sult.
conducting glue) shall have an electrical resistance <1 Q related fo an
2 h . . . "

N o ha an to oid_n 6—G anclo e—-between-the foil

impulse voltage generator.

Connect the shorted output terminals of the PV module to the positive terminal of the
impulse voltage generator.

Apply the surge impulse voltage with a waveform as shown in Figure 4 by the impulse
voltage generator. According to IEC 60060-1 the surge impulse voltage shall be within
+ 3 % of the value given in Table B.1 of IEC 61730-1:2016.

Linear interpolation of the voltages given in Table B.1 of IEC 61730-1:2016 is allowed for
intermediate values of maximum system voltage.

The waveform of the pulse shall be observed by an oscilloscope connected as close to the
short circuited PV module terminals as possible or with sufficient terminating impedance
on the measurement cable connections, and the rise time and the pulse duration shall be
checked for each test.
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Care should be taken that probes are appropriate to guarantee a reproducible

measurement.

NOTE In IEC 60060-1 a test voltage function is defined, representing the response of insulations appl
for signal filtering.

f) Three successive pulses shall be applied.

icable

g) Change the polarity of the terminals of the pulse generator and apply three successive

pulses.

10.12.4 Final measurement

R + + |- i o P lads % 4 o
ep at vioudrl 1Mo p TULUUITT IVio aliu mmTouirdtliviT tTol 1IViv

If a Qreakdown occurred, the conductive foil may need to be removed for the visualinspe
to identify location of breakdown for analysis. The foil should not be removed Until afte
Insulption test MST 16 has been performed

10.12.5 Pass criteria

The pass criteria are as follows:

ction
r the

a) No evidence of dielectric breakdown or surface tracking of the PV module is observed

during the test.
b) No evidence of major visual defects as defined in MST 01.
c) ST 16 shall meet the same requirements as for th€ initial measurements.

10.13 Insulation test MST 16
10.13.1 Purpose

The purpose of this test is, to determine whether the PV module is sufficiently well insu
betwgen current carrying parts and the frame or other outside accessible components.

10.13.2 Procedure

This [test is identical to MQT 03 of IEC 61215-2 with test levels depending on the Class
the maximum system voltage.) The maximum test voltage Urs; shall be equal to 2 000 V
four fimes the maximumesystem voltage for Class Il and equal to 1 000 V plus two time
maximum system voltage*for Class 0. For Class Ill the test voltage is 500 V.

Cemented joints_within PV modules shall be tested with an increased test voltage.
following applies: Urggi(cemented joint)= Urge1,35 as required by IEC 61730-1. All
cemgnted joints shall be tested with normal Uqgg;.

10.13.3/Pass criteria

lated

and
plus
5 the

The
non-

See MQT 03 of IEC 61215-2.

10.14 Wet leakage current test MST 17
This test is equivalent to MQT 15 in IEC 61215-2.

Cemented joints within PV modules shall be tested with an increased test voltage.
following applies: Upggi(cemented joint)= Urge1,35 as required by IEC 61730-1. All
cemented joints shall be tested with normal Upgg;.

The
non-
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10.15 Temperature test MST 21

10.15.1 Purpose

This temperature test is designed to determine the maximum reference temperatures for
various components and materials used to construct the PV module, in order to verify the
suitability of their use.

The test can be performed under natural sunlight or by use of a solar simulator with a cold

sky.

10.14

10.14

o A
|
tH

tg
e A

11
e M
11
10.14

The
acco
one
indic
and (¢

The
shall
insta

.2 Outdoor method

b.2.1 Test apparatus

black painted platform constructed of a suitable wooden plate thatphas suff

ermal insulation with a U value of less than 0,5 W/(m-K) shall be placed,

pyranometer or PV reference device conforming to IEC 60904-2 mounted in the pla
e structure within 30 cm of the test PV module.

e top of the platform.

h environmental temperature sensor, with a time constant equal to, or less than, th

aced left or right of the platform so that no thermaliinterference can occur.

temperature monitoring system capable “of measuring PV module compq
mperatures with accuracy of +2 K.

data acquisition system capable of recérding the parameters within an interval
ore than 5 s.

aximum power point tracking device' or a resistive load sized such that at STC th
odule operates near the maximum ‘power point.

p.2.2 Procedure

PV module under test shall be mounted sunny-side-up onto the black painted platfo
rdance with the manufacturer’s installation instructions. If the instructions offer more
option, the optioayproviding the worst-case thermal conditions shall be used.
btions have been-provided for spacing, the test PV module shall be mounted horizo
irectly flat on the platform without spacing.

black painted side of the wooden platform shall face the test sample and the pla
extefd~at least 60 cm beyond the PV module on all sides unless the PV modd
led,directly next to other PV modules of similar dimensions.

cient

echanical strength to avoid warping under temperature influence. Behind the board a

nhe of

struments to measure wind speed down to 0,25 m/s installed@pproximately 0,7 m gbove

at of

e PV module, installed in a shaded enclosure with, good ventilation. The sensor shall be

bnent

bf no

e PV

rm in
than
f no
htally

tform
le is

The PV module under test shall be connected to the resistive load or maximum power point

track

ing device.

Throughout the test the following parameters shall be monitored:

e temperatures of PV module components and materials, as listed below;

e environmental temperature;

e irradiance;

e wind speed.

The environmental temperature during the test may be in the range of 20 °C to 45 °C. The

irradi

ance during the test shall be between 700 W/m2 and 1 000 W/m?2-
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If the irradiance is other than 1 000 W/m?2, take at least two measurements at other irradiance
levels (at least 80 W/m2 apart) and then make a quadratic extrapolation to determine the
corrected module temperature at 1 000 W/mZ2 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.

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—-c nge
J 7 ~ 3

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 (Togg) shall be normalised by the~addition of the
diffefence between the 40 °C reference environmental temperature and,the meagured
envirpnmental temperature (Tgyy) according to the formula:

Teon = Togs +(40 oC_TENV)

where Tooy is the normalised temperature.

If an unacceptable performance is encountered ddring the temperature test and the
perfgrmance is attributed to a test condition that although within the limits specified may be
cons|dered more severe than necessary — for example an ambient temperature near the [imits
allowled — the test may be conducted under conditiohs closer to the norm.

Typigal component measurement points shallinclude:
e PV module frontsheet above the gentre cell, if non-glass (possible shading of cells by
tgmperature sensor shall be avoided as much as possible).
e PV module backsheet below-the"centre cell.

e Terminal enclosure interiorssurface.

[ )
T

eld wiring terminals,

nsulation of the field*wiring leads.

m

) xternal connector bodies (if applicable).

vs)

ypass diode-bodies (if applicable).

Due fo thesmany possible variations in construction, more than one data gathering point for
each|cited-location may be used, at the 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
1000 W/m2 in the area of testing (PV module area plus 20 cm surrounding the PV
module).

e Reference cell to measure the irradiance in the test plane.
e Cold sky to avoid heat from the light source influencing the test results.

e A black painted test platform parallel to the light source which has sufficient mechanical
strength to avoid warping under temperature influence.

e Means for mounting the test PV module directly flat to the test platform.
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10.1%.3.2 Procedure

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 system capable of recording the parameters within an interval of no
more than 5 s.

Mharci ; e  stivetoat-sired—stret STe—the PV

module operates near the maximum power point.

The PV module under test shall be mounted sunny-side-up onto the black painted platfofm in
accofdance with the manufacturer’s installation instructions. If the instructions”offer more|than
one [option, the option providing the worst-case thermal conditions (shall be used. |f no
indications have been provided for spacing, the test PV module shall,be mounted horizontally

and directly flat to the platform without spacing.

The black painted test area shall face the test sample and the“platform shall extend at |least
60 cm beyond the PV module on all sides unless the PV module is installed directly ngxt to

otherl PV modules of similar dimensions.

The PV module under test shall be connected to the resistive load or maximum power jpoint

trackjng device.

Throyughout the test the following parameters-shall be monitored:

tgmperatures of PV module components and materials, as listed below;

alr temperature;

rradiance;

wliind 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 egsure

that fhe air in the simdlator test room is not heating up).

Stabllised température 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 5 min interval.

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

Teon :TOBS+(40 OC_TAIR)

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.
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Typical component measurement points shall include:

e PV module frontsheet above the centre cell, if non-glass (possible shading of cells by
temperature sensor shall be avoided as much as possible).

e PV module backsheet below the centre cell.

e Terminal enclosure interior surface.

e Field wiring terminals.

e Insulation of the field wiring leads.

o External connector bodies (if applicable).

Blypass diode bodies (if applicable).

Due fto the many possible variations in construction, more than one data 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 follows:

a) No measured temperatures exceed any of the applicable, temperature limits |(e.g.
I/RTE/RTI) of surfaces, materials, or components. Thermal material requirements are
given in 5.5 of IEC 61730-1:2016.

b) No visual defects as defined in MST 01.
c) ST 16, MST 17 shall meet the same requirements.as for the initial measurements.

1%

IEC 61730-1 requires reporting of the maximum measured operating temperaturg as

deteimined by this test method.
10.1¢6 Hot-spot endurance test MST 22

This fest is equivalent to MQT 09 in IEG61215-2. Technology specific test descriptions gre to
be found in parts 1-x of the IEC 61215.series.

10.17 Fire test MST 23
10.17.1 Purpose

PV npodules may be gxposed to external fire conditions, and therefore should be testgd for
their [fire-resistance(characteristics when exposed to a fire source originating from outside the
PV module, whichtmay include the building on which they are installed or into which they are
integrated, or{Jrom an adjacent building. Fire resistance requirements for a PV maodule
intended for,_building applications are defined in local or national building codes.

PV moaodules as building product — i.e. serving as roof covering materials, elements for bullding
i h idi i specific—safs eguirements

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 products to external fire or radiant heat is not covered by building
codes may refer to Annex B.
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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 410920 29040 Clo.. A4 O o thh o ofo raadifiad A rhbad-lbbalaia
TvaJd 4.V TV, UTAdUOUO T LU U, To LTITCTUTUTT TTTUUTITOU do UL OUITTVCTUU UTTUVY.

If compliance to ISO 11925-2 can be proven by existing approvals, this test can be©mitted.

If specimens can be prepared that comply with Clause 5 of ISO 11925-2:2000 'and that are
identjcal to the PV module type under test with respect to their material composition, the test
procedure given in ISO 11925-2 may be used without modifications.

NOTE| The performance of ignitibility tests can be dangerous, e.g. as toxic gaskes ‘can be released. In addition
specigl precautions should be taken when handling test specimens during testing.

10.1 1.2 Apparatus

10.18.2.1 General

Clause 4 of 1ISO 11925-2:2010 applies with the following modifications. Subclauses 4.8,(4.11
and 4.12 of ISO 11925-2:2010 do not apply.

10.18.2.2 Test cabinet
This pubclause deviates from 4.2 of ISO _4:#925-2:2010.

The {est cabinet shall be capable.agf)providing an environment of 23 °C + 5 °C and a relative
humidity of 50 % + 20 % throughout the test. A suitable exhaust system shall ensure, that the
air speed 5 cm from the surface-of the specimen is not more than 0,2 m/s in vertical dirgction
and 0,1 m/s in horizontal direction.

10.18.2.3 Burner
This pubclause deviates from 4.3 of ISO 11925-2:2010.

A gap burner-complying with 4.3 of ISO 11925-2:2010 shall be employed, which can be jused
vertigallycoritilted at 45° to the vertical axis. In addition the burner shall be rotatable arounpd its
verti¢alaxis so that the test flame can be applied to concealed specimen components|(e.qg.
frameé—parts}—Fhe-burnershallbe-meunted-se-that it ean-be-moved-towardsandaway-from the

specimen jerk free. During the flame application, the burner shall remain in a fixed position.
Spacers according t0 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.

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
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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 5.5 of ISO 11925-2:2010 do not apply.

10.18.3.2 Dimensions
This pubclause deviates from 5.2 of ISO 11925-2:2010.

If PM modules are tested they are to be tested in their original size. For 'type families, a
reprgsentative PV module type may be selected for testing that has the” same material
composition as the PV modules it represents. It is sufficient to test one PV module size for PV
modyles of a type family.

10.18.3.3 Number of specimens

This pubclause deviates from 5.4 of ISO 11925-2:2010.

Typigally one PV module is sufficient to perform all~required tests. The flame appligation
points shall be selected and marked in accordance wjith"10.18.5.1

10.18.4 Conditioning
This pubclause supersedes Clause 6 of ISO\11925-2:2010.

The $pecimens shall be conditioned at a temperature 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 girculate around each individual specimen.

10.11.5 Procedure
10.18.5.1 General

Clauge 7 of US©O 11925-2:2010 applies with the following modifications.

10.1?.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.

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.
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Components such as junction 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 such 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 7.3.2 of ISO 11925-2:2010 apply. With respect to 7.3.2, a flame
application time of 15 s applies.

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

Surfgce exposure

The

flame shall be applied at least 40 mm above the bottom edge of the speCimen.

diffefent surface, which may be exposed in practice, shall be tested.

Edgg exposure

The {lame shall be applied to the bottom edge of the specimen. Theflame application po
located 1,5 mm behind the leading edge. If the edges of the-specimen are made of

comi

direct flame exposure, it may be necessary to test frame adhesives.

For rulti-layer products with unprotected edges, additional tests shall be performed. In
case| the burner shall be rotated 90° around its‘wertical axis to apply the flame {g
combustible layers at the side edges of the specimen.

Subdause 7.3.4 of ISO 11925-2:2010 does.,not apply.

10.18.6 Duration of test

Subdause 7.4.1 of ISO 11925-2:2010 applies (15 s flame application time 20 s total
duration).

10.18.7 Observations

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

For gach test, the:following results shall be recorded:

a)
b)

whetheriignition occurs;

whether the flame tip reaches a height of 150 mm above the flame application point

Each

int is
non-

ustible materials (e.g. metal frame), edge exposure may<be-omitted. Where accessible to

this
the

test

and

thetime at which this occurs;

the maximum flame height during the test;
observations regarding the behavior of the specimen;
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.
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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 electrically conductive material contained in an insulating system. Under
reverse current fault conditions the electrical conductors and the cells of the PV module are
forc todissipate—energv—as—-heatpriortocircuit-interruption-bv an-—over-current-protector
. . ~ 97 . i Lad . .I"' J i Lad A

installed in the system. This test is intended to determine the acceptability of the_risk of
ignitipn or fire from this condition.

10.20.2 Procedure

The PV module under test is to be placed with its frontsheet face downcnto a support that
has gufficient mechanical strength to avoid warping under temperature(influence, coverg¢d by
a sirgle layer of white tissue paper. The thermal conductivity of the) support shall b¢ not
highgr than 0,5 W/(m-K). The back surface of the PV module shall-be completely covered and
in coptact with a single layer of white tissue paper. The density-of-both pieces of white t[ssue
papef should conform to 12 g/m2 to 30 g/m2 (ISO 4046-4).

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

a posgsible contribution to the photocurrent of\the PV module (e.g. through a transparent|back
side pr a bifacial cell concept) this shall bg ensured through a dark environment. An addifional
shadjng cover to the back is not allowed>since it would influence the thermal insulation.

The {rradiance on the cell area of the PV module shall be less than 50 W/m?2. In case theIre is

A labboratory DC power supply shall be connected to the PV module with positive output
conngcted to the positive terminat-of the PV module. The applied reverse current (Itgg7)|shall
be epgual to 135 % of the PV module’s overcurrent protection rating, as provided by the
manyfacturer. The test suppty current should be limited to the value of Itggt, and theg test
supp|y voltage shall be.inereased to cause the reverse current to flow through the PV module.
The fest shall be continued for 2 h, or until ultimate results are known (i.e. test failures gs for
exanmple due to glass breakage or flaming), whichever occurs first.

Throughout theltest the current flow shall be kept stable within + 2 % (this may requirg the
voltape 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 /g capacity can be found in
EN 50380:2003.

10.20.3 Pass criteria
The pass criteria are as follows:

a) There shall not be flaming 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.
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MST 17 shall meet the same requirements as for the initial measurements.

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
rele

NOT

NOT

10.21.2 Apparatus

The

a)

b)

10.21.3 Procedure

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

E|1 MST 32 is based on ANSI Z297.1

E|2 It does not cover electric shock, only e.g. piercing cuts and fall-through injuries.

pparatus is as follows:

he impactor shall be a bag made of a suitable material and capable to be filled tp the
required weight using a suitable filling material (e.g. steel balls ler‘pellets). The exter|or of
the bag shall be wrapped with tape as shown in the Figure'% in order to avoid uneven
surfaces like stitching. When filled, the impactor bag shall have dimensions as descyibed
in Figure 5 and a weight of 45,5 kg = 0,5 kg. The ratio, 6f'\widest diameter to height|shall
be between 1:1,5 to 1:1,4.

test frame similar to that shown in Figure 6 and-~Figure 7 shall be provided to min|mise
ovement and deflection during testing. The stcucture framing and bracing shall be [steel
channel (approximately 100 mm x 200 mm or larger) and shall have a minimum momegnt of
inertia of approximately 187 cm4. The frame’shall be welded or securely bolted at the
cprners to minimize twisting during impacty It shall also be bolted to the floor to pre¢vent
movement during impact testing.

Mount the PV module sample so that'it is centred and rigid on the test frame using the method

and

parts described by the manufacturer including a defined torque if screws are used for

mounting. If different mounting.options are possible the test shall cover the range of mounting

techniques.

The

a)

b)

brocedure is asfollows:
At rest the _.ijmpactor bag shall hang no more than 13 mm from the surface of the PV
nmodule sample and no more than 50 mm from the centre of the PV module sample.

Lift thesimpactor to a drop height of 300 mm from the surface of the PV module sample,
allow'\the impactor to stabilize, and then release it to strike the PV module sample.

10.21.4 Pass criteria

The

PV module shall be judged to have successfully passed the module breakage test if it

meets the following criteria: a) and either b) or c):

a)
b)
c)

The PV module may not separate from the mounting structure or from the framing.
No breakage occurs.

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.
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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.

Dimensions in millimetres

Rod may be bent
as shown or eye

J " nut may be threated

- onto rod
[Te]
N
+
Remove hanging 0
strap — ™ ~
e P A B3
T 0
r”l”I "a‘li
Worm-drive hose clamp — ¥ x
(install before bag is taped) v =
-'"'“'--____ - A
— ©
+
[{e]
N
; Metal sleeye
= 25 mf/leong x 32 mm
= diameter (series of metal
'_; washers may be used)
= ° o
—] o O
—] ¥ ®
=N
=] ™8 mmor 10 mm
=] threaded metal rod
=] 76:3
e — — b
[ 1
¥
" Metal washers
Eye nut for lifting 5 mm = 1,5 mm thick

bridle (see Figure 6) —

IEC
Filled bag has a total weightof assembly of 45,5 kg + 0,5 kg.
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

Stranded steel cable

approximately 23 Concrete wall,

D steel beam,
or other sturdy

construction

\\\:
> 915

< >

o

s

I S — —
i

————————2

Bridle for lifting
impactor, use stranded steel
cable approximately @3

i

\ Alternate means
\ of bracing frame,
use one brace at

each vertical

> 1525

V0

Drop

Centerline of test
specimen

< 13 when impactor
is hanging free

Test specimen™ _

A
Bolt securely to floor A Y
AN
< L Y
— AN
> 915

>
. > 1525 N

IEC

Figure 6 — Impact test frame 1
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Dimensions in millimetres

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

\

|
0
This portion or frame
not required if swivel
attachment in mounted on
separate construction
i
1
A
B S—

o

[ce)

<

N Subframe

Al

members for
test specimen
smaller than
865 x 1 939

2 065

Height of test specimen minus 25

v‘":| | C

L Width of test
)" specimen
minus 20

> 1525
< * IEC

Clamging frame for<halding test specimen not shown.

Figure 7 — Impact test frame 2

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 means of a suitable test screwdriver or spanner, applying a torque as
shown in Table 7, except that for screws of insulating material used in cord anchorage and
bearing directly on the cable or cord, the torque is 0,5 Nm.
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If the manufacturer specifies a higher torque in their installation instructions, that torque shall

be used for testing. This shall be noted in the test report.

Table 7 — Torque tests on screws per IEC 60598-1:2014, Table 4.1

Torque
Nominal outer thread diameter of screw Nm
mm Type 1 Type 2 Type 3
Up to and including 2,8 0,20 0,40 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
Overl] 3,2 up to and including 3,6 0,40 0,80 0460
Over 3,6 up to and including 4,1 0,70 1,20 0,60
Oven 4,1 up to and including 4,7 0,80 1,80 0,90
Oven 4,7 up to and including 5,3 0,80 2,00 1,00
Over 5,3 up to and including 6,0 - 2,60 1,25
Ovel] 6,0 up to and including 8,0 - 8,00 4,00
Over 8,0 up to and including 10,0 - 17,00 8,50
Oven] 10,0 up to and including 12,0 - 29,00 14,5
Ovenl 12,0 up to and including 14,0 ~ 48,00 24,0
Over 14,0 up to and including 16,0 - 114,00 57,0

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 doe$ not

protruide from the hole.

Type|2 applies to:

e other metal screws and to"nuts;

o sgrews of insulating.material
diameter;

the.overall thread diameter;

overall thread diameter.

—| having a hexXagonal head with the dimensions across flats exceeding the overall thread
—| having~a. cylindrical head and a key socket with a cross-corner dimension exceg¢ding

—| having a head with a slot or cross slots, the length of which exceeds 1,5 timep the

Type 3 applies to other screws of insulating material.

10.22.1.2 Pass criteria

During the test, no damage impairing the further use of the fixing or screwed connection shall
occur. After the test, it shall still be possible to introduce the screw or nut made of insulation

material in the intended manner.
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10.22.2 Test for locking screws MST 33b
10.22.2.1 General

A thread-lock that softens on heating provides satisfactory locking only for screw connections
not subject to torsion in normal use. Such connections shall be tested by attempting to loosen
locked screws with the following torque:

e 2,5 Nm for thread size <M 10 or corresponding diameters;

e 5,0 Nm for thread sizes > M 10 or corresponding diameters.

4ot
T Il

1 [PIVeH P HPS i ad—th-an—far—I—main
H—H—a—erotrKkwisSe—arecton—anra—ter—ror—rmH— N an

The testtorgte—shat—be—apphed—for
anti-¢glockwise direction at 25 °C and maximum normalized temperature determinefd by
MST|21.

10.22.2.2 Pass criteria

No Idosening shall occur.

10.23 Static mechanical load test MST 34
This test is equivalent to MQT 16 in 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.

10.24 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
regafding the durability of the:addhesion between different layers of rigid-to-flexible or flexible-
to-fleixible constructions of the*PV module stack. The test method is taken from 1SO 813 and
deteqmines the adhesive sirength between polymeric materials bonded on a frontsheget or
backgheet.

The test is not required, if clearance and creepage distances as required by class, pollution
degrée and material group are in accordance with either the figures in Table 3 or Tablg 4 of
IEC 61730-1( respectively.

This [test js not applicable to rigid-to-rigid bonded assemblies (e.g. glass/glass PV modnrles).
Asseksment is done by MST 36

10.24.2 Sample requirements

For cemented joints with a width < 10 mm the following procedure shall be used to prepare 2
special laminates (1 reference sample (not-aged) and 1 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.
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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.

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

Release sheet

Cemented joint

©
[0
Q
2
. o
c
o o
© =
— (&}
3 NS
o i A
10 v
\{(—.}

IEC

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

10.24.3 Apparatus
The @pparatusds-as follows:

a) Tlensilestesting machine, complying with the requirements of ISO 5893, capable of
easuring force with an accuracy corresponding to class 1 and with a rate of traverge of
Hme moving grip of 50 mm/min + 5 mm/min.

b) Fixture, for holding the test piece to the moving grip of the testing machine in a) so that
the direction of pull to cause separation is at all times during the test 90° + 10° to the
plane of the bond between the polymer and the rigid backsheet, i.e. making an angle of
90° with the surface of the fixture.

10.24.4 Procedure

An unconditioned unframed reference PV module (typically a new module) and one unframed
PV module that has undergone test sequence B of Figure 1 are used for the peel test. Each
module shall be treated according to the following procedure:

a) Condition the samples for at least 16 h at 23 °C + 2 °C, 50 % RH + 10 % RH immediately
before the test in accordance with the requirements of ISO 23529.

b) Cemented joint width > 10 mm (laminate):
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After conditioning ten (5 per interface) strips of 10 mm £ 0,5 mm width and at least
100 mm length shall be cut at the flexible frontsheet or flexible backsheet of the samples
as shown in Figure 9. Five strips are to be cut per adhesion interface. Adhesion interfaces
to be evaluated for classification as cemented joints may include flexible frontsheet 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 depth of the cut shall be to the appropriate adhesion interface.

Cemented joint width < 10 mm (special laminate):

After conditioning ten strips of 10 mm + 0,5 mm width and at least 100 mm length shall be
cut out of the samples as shown in Figure 9. Five strips are to be cut per adhesion
interface—Adheston—interfaces—tobe—evaluated—for—ctassifieationr—as—cemented ju;nto may
include flexible frontsheet or flexible backsheet to cemented joint material (5 peels)| and
cemented joint material to rigid backsheet or rigid frontsheets (5 peels). The stripsishall be
cpit from the same side of the module.

The first cut (position see Figure 9, cut area see yellow box in Figure 8)\will allow|peel
tgsting of the backsheet to cemented joint material interface (total- 5 peels)| For
investigation of the rigid frontsheet to cemented joint material interface the remaining
ehcapsulant shall be cut to the rigid frontsheet (second cut, underneath yellow bpx in
Fjgure 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 influgnced
(total 5 peels).

Iffother areas in a PV module shall be classified as cemented joint, the locations shown in
Fjgure 9 may be extended to other relevant areas. The concept of release sheet insgrtion
fqr cemented joints width < 10 mm shall be adopted:

Rleport the areas where the strips have been cut{(e'g. by picture with dimensions).

Top left Top right
] Left top. Right top [
] Left middle Right middle [
J Left bottom Right bottom t
Bottom left Bottom right

IEC

Figure 9 — PV module with positions for peel samples on frontsheet or backsheet

The depth of the cut shall be sufficient to completely cut through to the layer of which
adhesion shall be measured, but shall not significantly 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
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under test is peeled off. The peel strength shall be measured over a length of at least
60 mm.

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

The length of the piece of strip mounted to the grip depends on the grip design. Usually
10 mm is sufficient. In case more is needed the extra length is to be considered during
sample preparation.

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
cpmpiete Record the force requiredto cause separatom. |
f) Altime versus force plot over the full length of the test piece shall be made.

g) Rleport 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 peen
opserved for each peel.

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

i) In case visual inspection (MST 01) reveals bubbles or ‘delaminations spaced 20 mm or
Igss apart in the area of the peel, the test shall be conducted such that the affected greas
afe covered by the peel test. In case of a single large bubble this area shall be cover¢d by
the peel test.
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Top left : peak force does not reflect actual adhesion properties and shall be excluded from mean value
calculation.
Top right: optimal curve, evaluation of the continuous part of the curve.
Bottom left: peel strength curve with local weak adhesion and resulting average.

Bottom right:  force at point of tearing (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.

n
O,5<M

T

For gach PV module type 5 samples at each interface shall be tested. The value relevanpt for
the dass criteria is the mean value of the 5 samples. In case measurements of sampleg are
discqrded following criteria above, at least the 3 samples with the lowest adhesign force|shall
be evyaluated. If needed additional samples shall be prepared and evaluated.

If thel adhesion force of the interface to be evaluated cannot be obtained (elg. cohesive failure
withipn the cemented joint) or adhesion failure of other included ipterfaces or tearing or
breaking of the sample 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 thed¢equirements from Figure 2 can
be identified and tested, the sample has failed the test.

10.2% Lap shear strength test MST 36
10.2%5.1 Purpose

The purpose of this test is to qualify insulation‘as a cemented joint. It shall provide confidence
regafding the durability of the adhesion “between rigid-to-rigid bonded assemblies |(e.g.
glasg/glass PV modules) for cemented joints of the PV module stack. The test is describled in
ISO 4587 and determines the adhesive strength of rigid substructures 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 accordance with either the figures in Table 3 or Tablg 4 of
IEC 61730-1, respectively.

This [test is not applicable to rigid-to-flexible or flexible-to-flexible bonded assemblies |(e.g.
glasg/foil or foil/feil*PV modules). For rigid-to-flexible or flexible-to-flexible bonded asseniblies
MST|35 appliest

10.2%.2, Test samples

20 samptesimaccordance to 1SO 45872003 madeup of idemnticat materiats; thicknmesses 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

: /

N

o

H 50

[Te]

N

100 £ 0,25
100 £ 0,25 !

Side view Cemented joint

12,6 + 0,25

Top glass thickness |
~— .
S Back glass thicknes
d | 100 + 0,25

Key
Arga held in grips
Cgmented joint

module front glass

A WO N -

module back glass

Figure 11 — Lap shear test sample for proving cemented joint

10.2%.3 Apparatus
The @pparatus (tensile-testing machine) is specified in ISO 4587:2003, Clause 4.

10.2%.4 Procedure

A totpl of 20 bonded test'coupons shall be prepared as described in 10.25.2. 10 bonded test
couppns are used to'determine the pre-weathering breaking force (M1) and 10 bonded test
couppns are used to determine the post-weathering breaking force (M2). The test flpw is
given in Figure~12} In the first UV-test the front glass is exposed to the UV and in the sgcond
step the backglass.
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20 samples

10 samples 10 samples

Damp heat test
(200 h)
MST 53

UV test
(60 kWh/m?2)
MST 54

Humidity freeze test
(10 cycles)
MST 52

UV test
(60 kWh/m?2)
MST 54

Humidity fre€zé test

(10 cycles)
MST52
Lap shear strength Lap shear strength
test MST 36 test MST 36

IEC

Figure 12 <\Lap-shear test flow

Condition the samples for at least16 h at 23 °C =+ 2 °C, 50 % RH £ 10 % RH immed|ately
before the test in accordance with the requirements of ISO 23529.

Operpte the machine as described in ISO 4587:2003.

Recdrd the highest force during rupture as the breaking force for that specimen.

NOTE| The speed resulting from the values in ISO 4587:2003 is equivalent to about 0,8 mm/min.

10.2%.5 Pas's criteria

The PV module design shall be judged to have successfully passed the lap shear strgngth
test jf\the loss in arithmetic mean M (for all 10 samples) of the breaking force foT the
respective interface before and after weathering is less than 50 %. The difference is
determined by comparing the results of the two batches of samples tested.

10M2
10
21 M1

NOTE The lap shear strength, in MPa, is calculated by dividing the breaking force, in newton, by the shear area,
in square millimetres.

0,5<

In case of the rigid part breaking apart from the interfaces of investigation a thicker or
stronger glass shall be used. A suitable support for the glass may also be sufficient.
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10.26 Materials creep test MST 37
10.26.1 Purpose

The purpose of the material creep test is to validate that the materials used in the PV module
will not show creep or lose adhesion when operated at the highest temperatures that PV
modules normally experience in the field. In particular the test shall determine possible creep
between the following interfaces:

o frontsheet to backsheet;
o frontsheet or backsheet to directly attached mounting system (e.g. back rail);

e jynction box to backsheet respectively frontsheet.

This ftest is not required to be performed if creep at all interfaces is prevented by mechgnical
mounting means not relying on adhesion alone.

10.26.2 Apparatus

a) A climatic chamber with automatic temperature control with means.for circulating the air
inside capable of subjecting one or more PV modules to th€\ conditions specified in

10.26.3.

b) Means for mounting or supporting the PV module in the (chamber, so as to allow| free
cjrculation of the surrounding air.

c) Means for measuring and recording the temperature afythe PV module to an accuragcy of
£|1 °C.

10.26.3 Procedure
t

tach a suitable temperature sensor to the\front or back surface of the PV module|near
the middle.

b) Ipstall the PV module at room temperature in the climatic chamber using the worst [case
ounting method described in the-ifistallation manual. Each PV module is to be modinted

at the maximum angle permissibletas per the installation manual; if no maximum is given
the PV module is to be mounted-\vertically in the test chamber.

a)

c) After closing the chamber, . subject the PV module to 105 °C + 5 °C, no extra humidity|shall
bg induced to the chamber. If the module type under assessment is designed for ugse in
oply open rack configurations the temperature is 90 °C + 3 °C instead.

d) Throughout the test,>record the PV module temperature. Maintain the PV module 4t the
specified tempefature for 200 h.

10.26.4 Finalmmeasurements

After| allowing the PV module to reach room temperature, repeat tests MST 01, MSJT 11,
MST|[13, MST 16, and MST 17.

10.26.5 Pass criteria

Additionally to the pass criteria in the tests listed under 10.26.4 the following criteria shall be
met:

Meet the creepage and clearance distances as specified in either Table 3 or Table 4 of
IEC 61730-1:2016 depending on the PV module Class according to IEC 61140.

10.27 Robustness of terminations test MST 42

This test is equivalent to MQT 14.1 and MQT 14.2 in IEC 61215-2 and shall be performed
subsequently. MQT 14.2 shall also be performed for junction boxes compliant to IEC 62790 as
required by IEC 61730-1.
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MQT 15 can be omitted.

10.28 Thermal cycling test MST 51

This test is equivalent to MQT 11 in IEC 61215-2. Technology specific variations of the test
are to be found in the sub-parts IEC 61215-1-x (x is 1 to 4). Figure 1 shows which version
(50 cycles or 200 cycles) is to be applied with the samples.

MQT 15 can be omitted.

10.2

10.30 Damp heat test MST 53

This test is equivalent to MQT 13 in IEC 61215-2. In this standard twg versions of the tegt are
applied. One with the standard duration as described in IEC 61215-2.(1 000 h) and one with a
reduged duration of 200 h. The applicable test version is defined-in-Figure 1.

MQT]|15 can be omitted.

10.31 UV test MST 54

This fest is equivalent to MQT 10 in IEC 61215-2 &xcept that in this standard two different UV
dosep are applied. One with the standard UV dose as described in IEC 61215-2 and ondg with
an irlcreased dose equal to four times the~lEC 61215-2 dose that is applied twice during
sequpnce B. The PV module for sequence“B shall be irradiated during the first 60 kWh/m?2
cycld from the front side of the specimen and from the backside during the second 60 kWh/m?2
cycld. By doing so, the front side and.back side of the PV module will be exposed to the sgame
UV dpse. The applicable UV dose of MST 54 to be applied is defined in Figure 1.

MQT]|15 can be omitted.

10.32 Cold conditioning'MST 55
10.32.1 Purpose

The purpose of this test is to evaluate a PV module for applicability of Pollution Degree HD=1.
The [test and )the test sequence are in accordance to IEC 61010-1 and adapted tp be
applicable ¥or PV modules.

10.322Apparatus

The test shall be performed in a climatic chamber capable to fulfil requirements of test
procedure. The climatic chamber shall fulfil requirements of IEC 60068-3-5.

10.32.3 Procedure
Cold conditioning shall be performed as defined in IEC 60068-2-1, procedure Ab.

a) Attach a suitable temperature sensor to the front or back surface of the PV module near
the middle.

b) Place the PV module in the climatic chamber.
c) After closing the chamber, subject the PV module to —40 °C + 3 °C for 48 h.

NOTE Temperature tolerances are taken from IEC 60068-2-1, 6.2.
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10.32.4 Pass criteria

The pass criteria are as follows:

a) N

o evidence of major visual defects as defined in MST 01.

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

10.33 Dry heat conditioning MST 56

10.33.1 Purpose

The
PD

appli

10.3
The

10.33.3 Procedure

a) A

—

b)
c) A
h
o]
NOTE
10.31
The

a) N
b) M

able for PV modules.

.2 Apparatus

est shall be performed in a climatic chamber capable to fulfil requirements of
dure. The climatic chamber shall fulfil requirements of IEC 60068-3=5.

eat conditioning shall be performed as defined in IEC 60068-2-2, procedure Ab.

ttach a suitable temperature sensor to the front or back surface of the PV module
e middle.
lace the PV module in the climatic chamber.

fter closing the chamber, subject the PV module to 105 °C £ 5 °C less than 50 % re
Limidity for 200 h. If the PV module type-under assessment is designed for use in
ben rack configurations the temperaturelis 90 °C + 3 °C instead.

Temperature tolerances are taken from IEC*60068-2-2, 6.2.
0.4 Pass criteria
bass criteria are as follows(

o evidence of major visual defects as defined in MST 01.
ST 16 shall meetthe same requirements as for the initial measurements.

1. The test and the test sequence are in accordance to IEC 61010-1 and adapted '

test

near

ative
only
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Annex A
(informative)

Recommendations for testing of PV modules from production

General

2016

This Annex provides guidance how to verify that the production PV modules continue to meet
the minimum safety requirements of this standard. Where applicable time based production

line

Prov
devid

Thes|

ation.

e.

e recommendations can be used to harmonise factory surveillance’ practices rega

prodliction line measurements.

The

certification bodies.

A.2

Module output power

It is )ecommended that electrical output power is . erified on the final wiring configuration

100 §
and

cove
effec
This

A3

This
meet

The {
1PV
have

test will also verify that bypass diodes are not shorted.

Wet insulation test

test verifies that the\insulation properties of outer surfaces of the production PV mo
the electrical safety requirements of this standard.

est is condiicted in accordance with MST 17 and performed at a sampling rate of at

set (take“into account curing times) and then tested in a batch later.

The

sampling rate may be increased or lowered depending on the measurement results.

tions
same

sions shall be taken to capture an error of the indication device due to malfunction of the

rding

nformation from production line tests may be required within factory surveillance wagrk of

on a

o basis. Results from |-V curve measurements can also be used to verify that the crrent
oltage rating falls within the specification. All production values of /. and ¥V, shall be
'ed by the tolerances of the produet qualified under IEC 61730. Possible stabilisation
ts shall be considered if changes of’/,. and V' are expected during operation in sunfight.

Hules

least

modulespér laminator per working shift. Test samples shall be put aside until all seglants

The test voltage is based on the definition of test MST 17 including a factor Y.

Urgst = Usys x ¥

Y =1 is used for a minimum test duration of 1 min. Y = 1,2 is used for a minimum test duration
of 5s. Ramp-up time for test voltage is chosen such that no time induced breakdown will
occur. During the test no breakdown of test voltage shall occur.

The temperature range of the water is 15 °C to 45 °C. The leakage current shall be corrected
to 25 °C using a demonstrated correction factor for the PV module, to be determined for each
PV module type.
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For frameless PV module designs, a 100 % sampling rate is recommended (e.g. to filter
production line breakage failures prior to boxing) as part of final tests on module prior to
labelling.

For PV modules with cemented joints 100 % sampling rate is recommended. Ut shall be
increased by a factor of 1,35 additionally as required by IEC 61730-1:2016, 5.6.3.4.

A.4 Visual inspection

Visual inspection is performed on a 100 % basis aiming to verify that clearance distances
(distances of live parts to PV module edges) are within the product specification.|It is
recommended to do this inspection before the framing process if applicable.

Spedial care shall be taken if cemented joints are used for insulation. PV modules utilizing
cemgnted joints shall be inspected along all edges and areas with cemented joints jon a
100 % basis aimed to verifying the cemented joint spacing visual inspection criteria as deffined
in 10{2.3 c) are met.

A.5 | Bypass diodes
The yerification that bypass diodes are working properly is performed on 100 % sampling|rate.

Threg alternative test methods can be applied:

a) Herform successive additional |-V measurements in conjunction with maximum power
determination with one cell of each string in¢the interconnection circuit completely shaded.

he bypass diode belonging to this string is working properly, if the characteristic bend in
the 1-V curve is observed.

b) conductivity test can be performed-with the PV module terminals connected in reyerse
pplarity to a current source. The\current flow and voltage drop across the PV m¢dule
términals can be used as indicator that the diodes are working properly.

c) The I-V characteristics of all-diodes can be verified just before their assembly. If the
bypass diodes are in the\junction box this could be done through measurement at the
cprresponding terminals-ef the junction box. A precondition for the latter method [s an
appropriate plan to mitigate possible influence of electrostatic discharges on the diodes in

production.

NOTE| Bypass diodetverification procedures might be MQT 18.2 from IEC 61215-2 and IEC TS 62916.
A.6 [ Continuity test of equipotential bonding

PV maodules provided with a connection for equipotential bonding are subjected to a continuity

t t i tontiaol handina (AMOT 49\ At o comanlina ~of £ 4 D\/ o] rfromain At
esl Ter Uqulputcllual UUIIUIIIH Vo roryra sarpnmy Fate—or—TT-vVmoaue pcl armrryg—std on

per working shift demonstrate the electrical continuity between the grounding connection and
all accessible conductive parts. Any appropriate indication device may be employed (current
supply in conjunction with current and voltage measurement).

PV modules that have no frames or equipotential bonding locations identified shall be exempt
from this requirement.
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Annex B
(informative)

Fire tests, spread-of-flame and
burning-brand tests for PV modules

General

2016

PV modules mounted in or on buildings, in general, shall fulfil national building and

cons
folloy

IUbtiUII |cguiaiiU||a dlld quuilUlllUlltb. if bubil Icqu;lﬂlllclltb dlc IIUt dVd“dIUiU
ving international and national standards give information for tests, which could be-u

ISO 834-1, Fire-resistance tests — Elements of building construction — Parthy1: Ge
rements

requ

ISO 834-3, Fire-resistance tests — Elements of building construction — Rart'3: Commenta

test 1

ISO

ISO
Clas

ENV
attac|

ANS

ANS

B.2

B.2.1

The
addit
spec

In géneral-building integrated PV systems shall be tested in conjunction with a defined
ting.system following the installation instruction of the PV module manufacturer. \Vhen
I

mour
testirn

nethod and test data application
b657, Reaction to fire tests — Ignitability of building products. using a radiant heat sol

3501-5:2005, Fire classification of construction produetsand building elements — P
bification using data from external fire exposure to roofs tests

1187-1 through -4, Test methods for roof coverings under the influence of a th{
ik of burning brands and radiant heat

/UL 790: Standard Test Methods for Fire~Tests of Roof Coverings

/UL 1703:2015, Flat-plate photovoltaic modules and panels

Fire test for PV modules based on ENV 1187

General

the

sed:

neral

y on

rce

art 5:

brmal

ENV 1187 fire test methods, parts 1 to 4, differ in terms of radiant heat, the used brands,

onal air flow \(wind simulation), tilt angels, amount and size of the demanded
men. The pass criteria for each test method are described in ISO 13501-5.

test

g.PV modules, the mounting material and the joints between PV modules as w

| as

seali

Ng materials have 10 be considered and Included In the test set-up.

The test sample requirements for the test method based on ENV 1187-1 (classification Brogr
(t1)) are described below to provide an example.

B.2.2 External fire exposure to roofs

Part 1: Methods of test simulating exposure to burning brands, without wind or supplementary

radia

nt heat.

The test can be performed for either one or both roof tilt angle ranges of 0° to 45° at 15° and
for roof tilt ranges of 45° to 90° at 45°.

Requirements per roof pitch:
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e A realistic roof construction including cross beams and all attachment parts with the PV
modules installed the same as in a final system installation shall be provided by the PV
module manufacturer.

e The minimum size for a test deck is 0,8 m x 1,8 m. Since it is also necessary to test
transverse and vertical joints, several samples may be required to build up the complete
test deck.

Figure B.1 shows an example test set-up for the fire test following ENV 1187-1.

Dimensions in metres

PV PV |
module 1 module 2 |
PV
module 8
@
N
PV PV —
module 3 module 4

Incendiary composition: Wired
basket filled wood wool

L g

I >'0;8 } Lﬁ"

IEC

Figure B.1 — Example of test set-up for fire test

Fpur PV modules are required for each test (if different pitch angles have tp be
considered)* the amount of samples increases accordingly). One vertical and| one
hprizontal joint on top of the roof and two centric applied incendiary compositions on one
PV ,module are tested. Thereby fire passing and the influences of a possible lower
fynctional layer as for example thermal insulation and sealing are tested.

e For building integrated PV modules the procedure of the positioning of the incendiary
compositions shall be according to the above defined instructions for all ENV 1187 test
methods.

e For building added PV modules the fire test can be limited to only one PV module and a
centred brand, as long as there are no polymeric material used at interconnections
(joints), mounting or frame parts.

B.2.3 Classification according to ISO 13501-5
Classification criteria:

e External and internal fire spread up to < 0,7 m.

e External and internal fire spread down to < 0,6 m.
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B.3 | Fire test for PV modules based on ANSI/UL 1703

Fire
depend on more than just PV module flammability characteristics. In fact, firéresistance
modules is highly dependent on the combination and configuration of roéfing materials,
mounting systems, and the PV modules as a system. As a result of -these findings, th
systgm fire tests were developed to establish fire resistance classifications for PV syg
cons|stent with the fire classification of roofing materials.

To r¢duce the number of tests required to cover every possible combination of PV mo
with PV racking systems and roofing materials two new congepts were introduced:

a)

b)

PV gystem fire performance construction and PV module type requirements are detail
ANSVUL 1703:2015, section_16-"Test methods for PV system fire performance classifica
are sjpecified in ANSI/UL 1703:2015, section 31.

- 54 - IEC 61730-2:2016 © IEC 2016

Maximum burned external and internal length < 0,8 m.

No burning material as flaming droplet and debris material of the fire exposed area.
No burning or glowing pieces which pierce the roof construction.

No openings (due to burning through) > 25 mm?Z.

Total amount of all openings due to burning through < 4 500 mm?Z.

Sideward fire spread does not reach the border of the test area.

No internal glowing.

Maximum radius of fire spread on “horizontal” roofs, external and internal < 0,2 m.

spread characteristics and burning brand characteristics. This allows replacement of
npodule of a particular type with any PV module. of the same type without affecting th
ystem fire rating.

s
Use of common roofing materials for thedest that meet specific performance requiren
tp represent all roofing materials..\One set of roofing material construction
pErformance requirements has been established for steep-slope roof applications
another for low-slope roof applications.

resistance of PV modules installed on or over building rooftops has /keen provén to

pf PV
rack
e PV
tems

Hules

Qptional PV module typing that groups PV madules with similar constructions, flame

a PV
e PV

nents
and
and

ed in
tions

PV modules intended(to“be integrated into a building structure (BIPV modules) are evaldated

for fljre classifications as roofing materials under UL 790 requirements as specifig
ANSI/UL 1703:2015; section 16.

To agsess basic fire propagation behavior of PV modules not considering its mounting sy
ANSIUL1703:2015, section 31.1.2 and section 31.1.3 can be used.

d in

stem
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AVANT-PROPOS

La] Commission Electrotechnique Internationale (IEC) est une organisation mondiale de “pormalisation

composée de lI'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC) L'IEC

h pour

objet de favoriser la coopération internationale pour toutes les questions de normalisation.dans les donpaines

I'électricité et de I'électronique. A cet effet, 'I[EC — entre autres activités —publie des N
rnationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessib

du| possible, un accord international sur les sujets étudiés, étant donné/que les Comités nationaux d¢g
interessés sont représentés dans chaque comité d’études.

Lep Publications de 'lEC se présentent sous la forme de recOommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les &fforts raisonnables sont entrepris afin qus
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsa
I'épentuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

D4ns le but d'encourager I'uniformité internationale, les*Comités nationaux de I'lEC s'engagent, dans td
mesure possible, a appliquer de fagon transparente |es Publications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutesyc'Rublications de I'|EC et toutes publications national
régionales correspondantes doivent étre indiquées ‘en termes clairs dans ces derniéres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indéper
fodirnissent des services d'évaluation de~conformité et, dans certains secteurs, accédent aux marqu
copformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certifi
indépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication].

Aycune responsabilité ne doit’ étre imputée a I'lEC, a ses administrateurs, employés, auxiliair
m3ndataires, y compris ses experts particuliers et les membres de ses comités d'études et des C
nafionaux de I'lEC, pour‘tout préjudice causé en cas de dommages corporels et matériels, ou de tout
dojmmage de quelque.nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris le
de| justice) et les dépenhses découlant de la publication ou de I'utilisation de cette Publication de I'lEC
toyte autre Publication de I'lEC, ou au crédit qui lui est accordé.

L'qttention est\attirée sur les références normatives citées dans cette publication. L'utilisation de publig
référencéesiest obligatoire pour une application correcte de la présente publication.

L’attentionsest attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuven|
I'opjet de“droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
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de| brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 61730-2 a été établie par le comité d'études 82 de I'lEC:
Systémes de conversion photovoltaique de I'énergie solaire.

Cette deuxiéme édition annule et remplace la premiére édition de I'lEC 61730-2, parue
en 2004 et son amendement 1 (2011). Elle constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)
b)

c)

réorganisation des séquences d'essai;

examen visuel MST 01: ajout de I'exigence relative a la plaque signalétique et modific
des critéres d'acceptation;

ajout de I'essai des angles vifs MST 06;

ation
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d) ajout de I'essai d'épaisseur de l'isolant MST 04;

e) essai d'accessibilité MST 11: définition de la force pour le doigt d'essai;

f) essai de susceptibilité aux rayures MST 12: définition d'un rayon de lame pour I'essai aux
rayures;

g) essai MST 14: suppression de I'exigence de préconditionnement TC200 dans la Figure 1;

h) suppression de I'essai de décharge partielle MST 15;

i) rebaptisation de I'essai de claquage diélectrique MST 16 sous le nom d'essai diélectrique;

j) essai en température MST 21: réécriture de la procédure d'essai; suppression du mode
court-circuit; utilisation permise d'une méthode d'essai en intérieur alternative;
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u) a
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Le te)

5sai de résistance au feu MST 23: réécriture du paragraphe; spécification des exigg
essai de résistance au feu relatives aux codes de construction nationaux; déplace
b |a description des essais facultatifs dans une annexe informative;

out de I'essai d'allumabilité MST 24;

planche de bois;
5sai de détérioration du module MST 32: définition de nouvelle€s dimensions pour

nces
ment

5sai de surcharge de courant inverse MST 26: modification de la spécification relatjive a

‘outil

impact afin d'admettre d'autres composés de remplissage;. étude de technique
ontage variées pour l'essai de bris de verre; diminution de-la hauteur d'impact a 30
bulement; correction du diametre d'ouverture conformgément a la norme référ

5 cm? au lieu de 6,5 cm?2);

out de I'essai des raccords vissés MST 33;

out de I'essai de pelage MST 35 pour I'évaluation.des joints collés;

out de I'essai de cisaillement longitudinal MST+36 pour I'évaluation des joints collés;
out de I'essai de fluage des matériaux MST 37;

out, dans la Figure 1, de la séquence d'essais a I'humidité et aux rayons ultraviolet
odules PV pour évaluer la résistance des matériaux polymeéres aux contraintes
pbuvelle séquence d'essais aux U\Ma été ajoutée en réponse a la réunion de Kyoto, 0
€ décidé d'ajouter un essai d'éprouvette ainsi qu'une séquence d'essai des module
tant donné que l'essai ISO. aux UV ne peut pas étre réalisé sur les modules PV (

Huipement abordable n'est.disponible), il a été décidé de s'appuyer sur les équipe

essai de modules PV déja disponibles. Les travaux de R&D ont montré que les c
UV et de hautes fréquences (HF) sont les mieux adaptés pour évaluer le vieillisse
s matériaux polymeéres dans les modules PV;

out d'une nouvelle séquence pour I'essai de degré de pollution (PD) (séquence B1);
out de I'Annexe intitulée "Recommandations relatives aux essais de modules PV
b |a production”.

xte de'cette norme est issu des documents suivants:
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Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

abou

ti a 'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la date de
stabilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les données

relati

ves a la publication recherchée. A cette date, la publication sera

e reconduite,
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e supprimée,
e remplacée par une édition révisée, ou

e amendée.

IMPORTANT - Le logo "colour inside” qui se trouve sur la page de couverture de cette
publication indique qu’'elle contient des couleurs qui sont considérées comme utiles a
une bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent,
imprimer cette publication en utilisant une imprimante couleur.
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QUALIFICATION POUR LA SURETE DE FONCTIONNEMENT
DES MODULES PHOTOVOLTAIQUES (PV) -

Partie 2: Exigences pour les essais

1 Domaine d'application

I'"EC|61730. Alors que I'lEC 61730-1 définit les exigences de construction, la présente partie
de la norme répertorie les essais auxquels un module PV doit satisfaire a_des fins de
qualification pour la slreté de fonctionnement. L'IEC 61730-2 n'est appliquéepa_des fins de
qualification pour la sdreté de fonctionnement que conjointement a I'lEC 61730%1.

Le dJumaine d'application de I'lEC 61730-1 s'applique également a la présente partile de

La sg@quence d'essais exigée dans la présente norme peut ne pas soumettre a I'essai tods les
aspefts de sécurité potentiels associés a l'utilisation des modules PV dans toutes les
applications possibles. La présente norme utilise la meilleure séquence d'essais disponibfle au
moment de la rédaction de la présente norme. Il convient detenir compte de ceftains
problémes (tels que le danger potentiel de chocs électriques/posés par un module PV dassé
dans| un systéme a haute tension) dans le cadre de la\cOnception du systéme, de la
local|sation, des restrictions d'accés et des procédures demaintenance.

L'objectif de la présente norme est de fournir la<Séquence d'essais destinée a vérifier la
sireté des modules PV dont la construction a été évaluée par I'lEC 61730-1. La séquence
d'esqais et les critéres d'acceptation sont cohgus pour détecter le claquage éventugl de
composants internes et externes des modules’PV, qui entrainerait des incendies, des ghocs
électfiques et/ou des dommages corporels®*la norme définit les exigences de base relgtives
aux [essais de sécurité, ainsi que des‘ essais supplémentaires qui sont fonction| des
applipations finales du module PV. Les“catégories d'essais incluent un contrdle générj, les
risques de chocs électriques, le risqué de feu, les contraintes mécaniques et les contrdintes
envirpnnementales.

En plus des exigences contenues dans la présente norme, il convient de prendre en compte
les gxigences d'essai supplémentaires indiquées dans les normes ISO appropriées op les
codep nationaux ou locaux qui régissent l'installation et I'utilisation de ces modules dans [eurs
emplpcements destinés.

2 Références normatives

Les gocuments suivants sont cités en référence de maniére normative, en intégralité qu en
partig,\dans le présent document et sont indispensables pour son application. Pour les
références datées, seule I'édition citée s’applique. Pour les références non datées, la
derniére édition du document de référence s’applique (y compris les éventuels
amendements).

IEC 60060-1, Technique des essais a haute tension — Partie 1: Définitions et exigences
générales

IEC 60068-2-1, Essais d'environnement — Partie 2-1: Essais — Essai A: Froid
IEC 60068-2-2, Essais d'environnement — Partie 2-2: Essais — Essai B: Chaleur séche

IEC 60068-3-5, Essais d'environnement — Partie 3-5: Documentation d'accompagnement et
guide — Confirmation des performances des chambres d'essai en température
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IEC 60598-1:2014, Luminaires — Partie 1: Exigences générales et essais

IEC 60664-1:2007, Coordination de l'isolement des matériels dans les systémes (réseaux) a
basse tension — Partie 1: Principes, exigences et essais

IEC 60695-2-10, Essais relatifs aux risques du feu - Partie 2-10: Essais au fil
incandescent/chauffant — Appareillage et méthode commune d'essai

IEC 60904-2, Dispositifs photovoltaiques — Partie 2: Exigences applicables aux dispositifs
photovoltaiques de référence

IEC 60904-9, Dispositifs photovoltaiques — Partie 9: Exigences pour le fonctionnemeh{ des
simulateurs solaires

IEC $0950-1:2005, Matériels de traitement de l'information — Sécurité — Partie 1: Exigdnces
généfales

IEC 61010-1, Regles de sécurité pour appareils électriques de mesurage, de régulation et de
laboratoire — Partie 1: Exigences générales

IEC 61032:1997, Protection des personnes et des matériels’ par les enveloppes — Calibres
d'esdai pour la vérification

IEC 61140, Protection contre les chocs électriques =Aspects communs aux installatiohs et
aux matériels

IEC 61215 (toutes les parties), Modules photoveltaiques (PV) pour applications terrestfes —
Qualification de la conception et homologation

IEC $1215-2, Modules photovoltaiques(PV) pour applications terrestres — Qualification de la
concgption et homologation — Partie 2:*Procédures d'essai

IEC 61730-1:2016, Qualification pour la slreté de fonctionnement des modules
photovoltaiques (PV) — Partie y1: Exigences pour la construction

IEC 62790, Boites de~jonction pour modules photovoltaiques — Exigences de sécurité et
essajs

ISO/IEC 17025,/~Exigences générales concernant la compétence des Ilaborafoires
d'étajonnages et d'essais

18;,Caoutchouc vulcanisé ou thermoplastique — Détermination de I'adhérence

ISO 4046-4, Papier, carton, pates et termes connexes — Vocabulaire — Partie 4: Catégories et
produits transformés de papier et de carton

ISO 4587:2003, Adhésifs — Détermination de la résistance au cisaillement d'assemblages
collés rigide sur rigide a recouvrement simple

ISO 5893, Appareils d'essai du caoutchouc et des plastiques — Types pour traction, flexion et
compression (vitesse de translation constante) — Spécifications

ISO 8124-1, Sécurité des jouets — Partie 1: Aspects de sécurité relatifs aux propriétés
mécaniques et physiques
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ISO 11925-2:2010, Essais de réaction au feu — Allumabilité de produits soumis a l'incidence
directe de la flamme — Partie 2: Essai a I'aide d'une source a flamme unique

ISO 23529, Caoutchouc — Procédures générales pour la préparation et le conditionnement
des éprouvettes pour les méthodes d'essais physiques

ANSI Z97.1:2009, Standard - Safety Glazing Materials Used in Buildings — Safety
Performance Specifications and Methods of Test (disponible en anglais seulement)

ANSI/UL 1703:2015, Flat-plate photovoltaic modules and panels (disponible en anglais
seulgment

3 Termes et définitions

L'Article de la Partie 1 s'applique.

4 (Catégories d'essais

4.1 Généralités

Les |dangers décrits dans le paragraphe suivant pourraiént influencer la sdreté| des
modules PV. Conformément a ces dangers, des procédures et des critéres d'essai|sont
décrits. Les essais spécifiques auxquels un module PV sera soumis dépendront de
I'application finale pour laquelle sont spécifiés les essais minimaux a I'Article 5.

NOTE| Les essais de slreté de fonctionnement des modules PV sont désignés sous |'abréviation MST (Module
Safety Test).

Les Tableaux 1 a 5 présentent l'origine des ‘essais exigés. Pour certains essais, la troisiéme
colonne précise l'origine des essais_@ titre informatif seulement; les exigences d'essai
applicables sont décrites de 10.1 a310.32. Les autres essais sont basés sur, ou|sont
identjques aux essais MQT de qualification du module définis dans la série IEC 61215} Les
références aux essais applicablés sont données dans la derniére colonne. Certains epsais
basép sur I'lEC 61215 ont étésmodifiés pour I'lEC 61730-2, et sont inclus de 10.1 a 10.32

4.2 Essais relatifs aux.contraintes environnementales

Tableau 1 — Essais relatifs aux contraintes environnementales

Epsai Titre Normes Basé sur
référencées IEC 61215-2

MST [51 Cycle thermique (TC50 ou TC200) - MQT 11
MST I52 Humidité-gel (HE1Q) — MQT 12
MST 53 Chaleur humide (DH1000) - MQT 13
MST 54 Préconditionnement aux UV - MQT 10
MST 55 Conditionnement au froid IEC 60068-2-1 -
MST 56 Conditionnement a chaleur séche IEC 60068-2-2 -
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Essai Titre Normes Basé sur
référencées
IEC 61215-2
MST 01 Examen visuel - MQT 01
MST 02 Performances dans en conditions normales - MQT 6.1
d'essais

MST 03 Détermination de la puissance maximale - MQT 02
MST |04 Epaisseur de l'isolant - -
MST |05 Durabilité des marquages IEC 60950-1 -
MST |06 Essai des angles vifs 1ISO 8124-1 -
MST |07 Essai fonctionnel de la diode de dérivation - -

4.4 | Essais relatifs aux risques de chocs électriques

Ces lessais sont congus pour évaluer les risques encourus parlles personnes, dus d des
chocp ou des accidents résultant de contacts avec les parties)d'un module PV électrifiées
électfiquement a la suite de la conception, de la constructioh”ou de défauts provoqués$ par
I'envlironnement ou le fonctionnement.

Tableau 3 - Essais relatifs aux risques de chocs électriques

Epsai Titre Normes référencées Basé sur
IEC 61215-2

MST |11 Essai d'accessibilité IEC 61032 -
MST[12 Essai de susceptibilité aux rayures ANSI/UL 1703:2015 -
MST |13 Essai de continuité pour la.liagison équipotentielle | ANSI/UL 1703:2015 -
MST [14 Essai de tension de choet IEC 60664-1 -
MST |16 Essai diélectrique - MQT 03
MST[17 Essai de courant de fuite en milieu humide - MQT 15
MST 42 Essai de robustesse des sorties IEC 62790 MQT 14

4.5 | Essaisrelatifs aux risques de feu

Ces essais,évaluent les risques de feu éventuels dus au fonctionnement d'un module PV|ou a
la dér‘aillance de ses composants.
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Tableau 4 — Essais relatifs aux risques de feu

Essai Titre Normes Basé sur
référencées
IEC 61215-2
MST 21 Essai en température ANSI/UL 1703:2015 -
MST 22 Essai de tenue a I'échauffement localisé - MQT 09
MST 23* Essai de résistance au feu - Code national ou local
MST 24 Essai d'allumabilité ISO 11925-2 -
MST 25 Essai thermique de la diode de dérivation - MQT 18
MST |26 Essai de surcharge de courant inverse ANSI/UL 1703:2015 -
* Les essais de résistance au feu sont réglementés au niveau local et ne sont habituellement exigésyqusauk fins
de construction de produits intégrés ou ajoutés au batiment, généralement pour vérifier leur ‘Capacijé de

rgsistance a des incendies provoqués par des sources extérieures.

4.6 | Essais relatifs aux contraintes mécaniques

Ces essais doivent réduire le risque d'accidents dus aux défaillances mécaniques.

Tableau 5 — Essais relatifs aux contraintes mécaniques

Epsai Titre Normes référencées Basé sur
IEC 61215-2
MST 32 Essai de détérioration du module ANSI 297 .1 -
MST [33 Essai des raccords vissés IEC 60598-1 -
MST 34 Essai de charge mécanique - MQT 16
MST |35 Essai de pelage ISO 5893 -
MST |36 Essai de cisaillement longitudinal 1SO 4587:2003 -
MST |37 Essai de fluage des matériaux - -
MST 42 Essai de robustesse des'sorties MQT 14

5 (lasses et procédures d'essai nécessaires associées

Les ¢ssais spécifigues auxquels sera soumis un module PV, en fonction de la classe définie
dans|I'lEC 61730-1 (par référence a I'lEC 61140), sont décrits au Tableau 6. L'ordre suivant
lequel les essais sont réalisés doit étre conforme a la Figure 1. Certains essais doiven{ étre
réaligés comme des essais de préconditionnement.
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Tableau 6 — Essais exigés selon la classe

Classe selon I'l[EC 61140 Essais
1l 0 1
Essais relatifs aux contraintes environnementales:
X X X MST 51 Cycle thermique (T50 ou T200)
X X X MST 52 Humidité-gel (HF10)
X X X MST 53 Chaleur humide (DH200 ou DH1000)
X X X MST 54 Préconditionnement aux UV (15 kWh/m? ou 60 kWh/m?)
X1 X! X1 MST 55 Conditionnement au froid
X1 X X MST 56 _Conditionnement a chaleur seche
Essai de contrdle général:
X X X MST 01 Examen visuel
X X X MST 02 Performances dans les conditions normales d'essais
X X X MST 03 Détermination de la puissance maximale
X X - MST 04 Epaisseur de l'isolant
X X X MST 05 Durabilité des marquages
X X X MST 06 Essai des angles vifs
Essais relatifs aux risques de chocs électriquest
X X - MST 11 Essai d'accessibilité
X X - MST 12 Essai de susceptibilité aux rayures
X X - MST 13 Essai de continuité pour la liaisoméquipotentielle
X X - MST 14 Essai de tension de choc
X X X MST 16 Essai diélectrique
X X - MST 17 Essai de courant de fuite en milieu humide
X X X MST 42 Essai de robustesse\deés sorties
Essais relatifs aux risques’de feu:
X X X MST 21 Essai en température
X X X MST 22 Essai de.tenue a I'échauffement localisé
X2 X2 X2 MST 23 Essaji.dé'résistance au feu
X X X MST 24 Essai d'allumabilité
X X X MST 25, (Essai thermique de la diode de dérivation
X X - MST\26 Essai de surcharge de courant inverse
Essais relatifs aux contraintes mécaniques:
X X X MST 32 Essai de détérioration de module
X X X MST 33 Essai des raccords vissés
X X MST 34 Essai de charge mécanique
x3 X35 X35 | MST 35 Essai de pelage
x4 X9 X4% | MST 36 Essai de cisaillement longitudinal
X X X MST 37 Essai de fluage des matériaux
X Epsaivexigé.

L'essai peut ne pas étre réalisé.

Exigé uniquement dans le but de démontrer la réduction du degré de pollution PD=2 a PD=1.

Les essais de résistance au feu sont réglementés au niveau national et ne sont habituellement exigés qu'aux

fins de construction de produits intégrés ou ajoutés au batiment. Ainsi, I'applicabilité d'un essai de résistance
au feu ne dépend pas de la classe, mais du lieu de montage.

Cet essai n'est pas applicable aux assemblages collés rigide sur rigide (p. ex.: modules PV verre/verre).
Cet essai n'est pas applicable aux assemblages collés rigide sur flexible ou flexible sur flexible.
Exigé seulement pour I'évaluation des joints collés sur les bords du module PV.
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6

Echantillonnage

Neuf modules PV et un module PV sans cadre sont utilisés pour les essais de sareté (plus les
pieces de rechange le cas échéant). Afin de démontrer la réduction du degré de pollution
a PD 1, un module PV supplémentaire est nécessaire.

Si des joints collés doivent étre qualifiés, les conditions suivantes sont exigées:

pour les constructions verre/flexible et flexible/flexible, un module PV sans cadre est

soumis a la séquence d'essai B (un module PV sans cadre supplémentaire est exigé);

pJUI iUD bUlIbtlUbt;UllD VUIIUI’VUIIU, 20 ébilallt;“ullb Duppiélllclltdilcb plé
conformément a 10.25.2 sont exigés pour l'essai de cisaillement longitudinal (MS
dpstiné a évaluer les joints collés.

Toutgs les éprouvettes doivent étre identiques d'un point de vue techniqgue (m
composants). Pour le MST 24, le MST 32 et le MST 37, des modules PV/complets ju
dans|les moindres détails, mais ne fonctionnant pas ou présentant une faible”puissance,
sont pcceptables.

Toutgs les éprouvettes d'essai, sauf pour le MST 24, le MST 32, de MST 35, le MST 36,
MST|37, doivent étre prélevées au hasard dans un ou de plusieurs lots de production.

Pour| le MST 23, des modules PV supplémentaires pourraient étre nécessaires
modules PV complets jusque dans les moindres détails, mais ne fonctionnant pa
prés¢gntant une faible puissance, etc., sont acceptables).

Les modules PV doivent avoir été fabriqués apartir des matériaux et composants spé

confgrmément aux schémas et fiches de procédés correspondants, et doivent avoif

eveés
T 36)

Bmes
sque
etc.,

et le

(des

Cifiés
été

sounjis aux procédures normales d'inspection, de contrdole qualité et d'acceptation
prodiiction du fabricant. Les modules PV, doivent étre complets jusque dans les moindres
détails et doivent étre accompagnés: des instructions de manipulation, de montage

conngexion fournies par le fabricant. Lersque les modules PV a soumettre aux essais son

le ra

7

Les nésultats de I'évaluation selon I'lEC 61730-1 et I''EC 61730-2 doivent étre consignés
un
I''SO[IEC 17025 ~Les résultats doivent étre énoncés normalement dans un rapport d'ess
doivgnt inclure/toutes les informations exigées par le client et nécessaires a I'interprétatic
I'essti ettoutes les informations exigées par la méthode utilisée:

a)
b)
c)
d)
e)
)
9)
h)

protcltypes d'une nouvelle conception et non issus de la production, ce fait doit étre noté

port d'essai (voir Article 7):

Rapport d'essai

fapport d'essai combiné ou deux rapports d'essai distincts conforméme

e la

t de
des
dans

dans
nt a
ai et
n de

un titre;

le nom et I'adresse du laboratoire d'essai, ainsi que le lieu ou les essais ont été réalis
I'identification unique du rapport et de chaque page;

le nom et I'adresse du client, s'il y a lieu;

la description et I'identification de I'élément soumis aux essais;

la caractérisation et la condition de I'élément d'essai;

és;

la date de réception de I'élément d'essai, ainsi que la ou les dates de I'essai, s'il y a lieu;

I'identification de la méthode d'essai utilisée;
une référence a la procédure d'échantillonnage, s'il y a lieu;

tout écart par rapport a la méthode d'essai, tout complément a la méthode d'essai ou

toute

exclusion de la méthode d'essai, et toute autre information pertinente pour les essais
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spécifiques, telle que les conditions environnementales, la méthode d'essai ou la
procédure d'essai;

k) les mesures, les examens et les résultats dérivés appuyés par des tableaux, graphiques,
croquis et photographies selon le cas, y compris la tension maximale des systemes, la
classe selon I'lEC 61140, la technique de montage et toutes les défaillances éventuelles
observées;

I) une déclaration indiquant si I'essai de tension de choc a été réalisé sur le module PV ou
sur le stratifié (module PV sans cadre);

m) une indication de l'incertitude estimée des résultats d'essai (s'il y a lieu);

ne signature et un titre, ou une identification équivalente de la ou des personnes
cceptant d'étre responsables du contenu du rapport, ainsi que la date d'édition;

DUMIiS aux essais;

he spécification indiquant que le rapport ne doit pas étre reproduit sauf @ans sa tofalite,
hns |'approbation écrite du laboratoire.

u
a

o) slil y a lieu, une déclaration selon laquelle les résultats ne se rapportent qu'aux.éléments
s
p) u
s

Une topie de ce rapport doit étre conservée par le fabricant pour des besoins de référenge.

8 Essais

Les fnodules PV doivent étre divisés en groupes et soumistaux essais de slreté représéntés
a la Figure 1, réalisés suivant I'ordre spécifié. Les madules PV doivent étre choisis de|telle
maniere a satisfaire aux essais relatifs aux contraintes environnementales de 4.2. Chlaque
encafré de la Figure 1 renvoie au paragraphe correspondant décrit a I'Article 4.

Les modules PV de rechange peuvent étre inclus dans le programme d'essai de slrdté, a
condjtion qu'ils aient été soumis aux essaisradequats de résistance a I'environnement afjn de
satisfaire aux prérequis nécessaires.

Les procédures et les critéres d'essai, y compris les mesures initiales et finales si nécesgaire,
sont [décrits de 10.2 a 10.33. Certains essais sont identiques a ceux de I'lEC 61215-2 ef| sont
référencés a I'Article 4. En réalisant ces essais, les instructions de manipulation, de montage
et del connexion fournies parle-fabricant doivent étre observées rigoureusement.

Le miodule PV de la séguence B doit étre irradié durant le premier cycle & 60 kWh/m?2 & partir
de lg face avant de'éprouvette et a partir de la face arriére de I'éprouvette durant le sgcond
cycld @ 60 kWh/m2 (MST 54). Ce faisant, la face avant et la face arriére du module PV sgront
expogées a la méme dose d'UV.

Les mesures* de controle intermédiaires (MST 01, MST 16, MST 17) aprés chaque esspi de
contrainte-sont informatives et peuvent étre ignorées. Des mesures finales sont nécessaifes.

Le délai d'attente (48 h a 96 h) a la fin de la séquence doit assurer un délai minimal entre
I'inspection de contréle immédiate a l'issue de chaque essai de résistance a I'environnement
(le délai commence a courir a la fin des essais MST 51, MST 52 et MST 53) et un second
examen visuel. Cela permet de tenir compte de possibles variations de défauts visuels
apparents quelques heures ou quelques jours aprés un essai de contrainte environnementale.
Le délai d'attente ne s'applique pas aux vérifications de contrbéle autres que I'examen visuel.

Les essais de la séquence F peuvent étre réalisés sur des modules distincts. Les essais
MST 21 et MST 25 peuvent étre réalisés sur des échantillons spécialement préparés
(thermocouples dans le stratifié ou la boite de jonction, par exemple). Si I'un des essais
individuels de la séquence a un impact sur le résultat de l'un des essais suivants, un
échantillon distinct doit étre utilisé. L'impact potentiel sur la sortie du module peut étre vérifié
par MST 02.
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Le nombre de modules PV nécessaires pour I'essai de résistance au feu MST 23 dépendra de
la procédure d'essai applicable.
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9 Critéres d'acceptation

Le produit a évaluer doit étre réputé avoir réussi I'essai de qualification pour la sireté de
fonctionnement si les échantillons d'essai satisfont a I'ensemble des critéeres de chaque essai
individuel, et si aucune interruption de la continuité électrique ne se produit lors des essais de
la séquence A a la séquence F. Le produit est reconnu non conforme a la présente norme si
I'un des échantillons échoue a un ou plusieurs des essais.

En cas d'échec, il convient que le fabricant élabore une analyse des défaillances et propose
des actions correctives. Selon la ou les modifications proposées, un programme de
réévaluation peut étre défini avant I'essai (IEC TS 62915), incluant une revue de congeption
selon I'EC 61730-1.

10 RProcédures d'essai

10.1| Généralités

Sauf|spécification contraire, toutes les forces appliquées, en Newten «(N), doivent présenter
une précision de 5 %.

Sauf|spécification contraire, tous les couples (Nm) doivent présenter une précision de 5 %.

10.2| Examen visuel MST 01
10.2/1 Objet

L'objectif de cet essai est de détecter et decumenter les éventuels défauts visuels et
modifications affectant le module PV.

10.2)2 Procédure

Cet ¢ssai est identique au MQT 01.de I'lEC 61215-2 auquel s'ajoutent les critéres d'inspegction
suivgnts:

o tqutes les autres conditions pouvant affecter la sreté;

e Igrs de l'inspection finale, contréler la conformité des marquages au 5.2 de I'lEC 61730-
1}2016 apreés I'essai)de durabilité des marquages (MST 05) décrit en 10.6;

e Igrs de l'inspection finale, contréler les angles vifs de la maniére décrite en 10.7 (MST| 06);

e Igrs de l'inspection finale, vérifier les distances minimales définies aux Tableaux 3 et[4 de
I"'EC 61780-1:2016. Voir exemples de mesure des lignes de fuite aux Figures 2a dt 2b.
Plour «ceite évaluation, les bulles sont réputées conductrices. Pour une évaluation des

d|stances d'isolement et des lignes de fuite, se reporter a la Figure B.2 de
''E€61730-1-2016

Il est recommandé de vérifier les distances lors de l'inspection initiale afin de valider le
concept d'isolation du module PV.

Prendre note et/ou photographier la nature et I'emplacement des fissures, bulles ou
décollements interlaminaires, etc., qui peuvent se détériorer et nuire a la slreté du
module PV dans la suite des essais. Des défauts visuels autres que les défauts majeurs
répertoriés ci-dessous sont acceptables pour les besoins de la qualification de I'essai de
shreté.

10.2.3 Critéres d'acceptation

Pour les besoins de cet essai de slreté, les éléments ci-aprés sont considérés comme des
défauts visuels majeurs:
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des surfaces externes cassées, fissurées ou déchirées;

des surfaces extérieures (notamment la face avant, la face arriére, les cadres et les
boites de jonction) gauchies ou désalignées au point que la slreté du module PV en
serait affectée;

dans les joints collés, les bulles ou décollements interlaminaires présentant les plus
courtes distances entre eux < 2 fois la distance minimale exigée a travers le joint collé
(voir Tableau 3 et Tableau 4 de I'lEC 61730-1:2016) doivent étre évalués comme étant
conducteurs et raccordés électriqguement. En somme, la plus courte distance entre ces
bulles ou décollements interlaminaires a travers le matériau isolant ne doit pas étre
inférieure a la distance minimale exigée a travers le joint collé. Voir Figure 2b pour

censuHterun-exemple-
RSHHe—HH—-8-x8hp+e-

ppur les collages adhésifs autres que ceux répertoriés en c), les bulles ou décollenLents
interlaminaires présentant les plus courtes distances entre eux < 2 fois la lighe-de|fuite
inimale exigée (voir Tableaux 3 et 4 de I'lEC 61730-1:2016) doivent étre évalues comme
éfant conducteurs et raccordés électriquement. En somme, la plus courtendistance entre
ces bulles ou décollements interlaminaires a travers le matériau isolant ne doit pag étre
inférieure a la ligne de fuite minimale exigée, voir Figure 2b pour consulter un exemplg;

3

Ig perte d'intégrité mécanique au point que la slreté de l'installationet le fonctionnement
I module PV en seraient affectés;

I'intégrité mécanique dépend de la stratification ou d'autres dispositifs d'adhérenge, la
bmme de la surface des bulles ne doit pas dépasselr 1'% de la surface totale du
odule PV;

d
s
s
m
uh signe évident qu'un composant a fondu ou a brilé;
d
m
d

bs marquages non conformes a 5.2 de I'lEC 64730-1:2016 et a I'essai de durabilité des
arquages (MST 05) lors de l'inspection finale;

s angles non conformes a l'essai des angles vifs (MST 06) lors de l'inspection finalg.

Cellule PV, partie active interne

W
=
)

Distance
mesurée
Distance
mesurée
)
e

Distance
mesurée

Bord du ernfifié, rr_\::rfin accessible

IEC

Figure 2a — Exemple d'évaluation des décollements interlaminaires lors
de la mesure des lignes de fuite ou des distances a travers l'isolant
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Cellule PV, partie active interne
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distan
fuite)

additi
dans |

10.3
10.3.

Cet
ouve

10.3.

X
"P BuIID
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W

Bord du stratifié, partie accessible c
IE

Figure 2b — Exemple d'évaluation de la distance des décollements interlaminaires (x)
lors de la mesure des lignes de fuite ou des distances a travers l'isolant

Figure 2 — Evaluation des bulles dans les joints de bordure des joints collés

le de joint collé:

istance x entre les bulles est < 2 fois la distance minimale a-travers le joint collé, le plus court trajet a t
t serait alors mesuré en additionnant les distances a et"d.\Si la distance x entre les bulles est > 2
ce minimale a travers le joint collé, le plus court trajet\serait alors mesuré en additionnant les dista
t respectivement en additionnant les distances c et\d." La plus courte distance des deux somme|
ire aux exigences définies dans I'lEC 61730-1.

le de ligne de fuite:

istance x entre les bulles est < 2 fois la.ligne de fuite minimale, le plus court trajet le long d'une int
de fuite) a travers le systéme d'isolation serait alors mesuré en additionnant les distances a et d|
Ce x entre les bulles est > 2 fois la lighe de fuite minimale, le plus court trajet le long d'une interface (lig
h travers le systéme d'isolation serait“alors mesuré en additionnant les distances a et b et respectivem

nnant les distances ¢ et d. La.plus courte distance des deux sommes doit satisfaire aux exigences d
IEC 61730-1.

Performances dahs les conditions normales d'essais MST 02
1 Objet

essai doit) verifier le courant de court-circuit assigné (/;;) et la tension en g
[t (Voe):

2 / ,Procédure

ravers
fois la
ces a
s doit

brface
Si la
ne de
ent en
tfinies

ircuit

Le module doit étre stabilisé conformément au MQT 19.1 de I'lEC 61215-2. La procédure
d'essai est équivalente a celle du MQT 06.1 de I'lEC 61215-2.

10.3.

3 Critéres d'acceptation

Les valeurs I, et V. mesurées doivent étre comprises dans les tolérances fournies par le
fabricant.

10.4
10.4.

Détermination de la puissance maximale MST 03

1 Objet

Cet essai doit vérifier que le module PV présente les caractéristiques électriques d'un
dispositif photovoltaique entiérement fonctionnel.
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10.4.2 Procédure
Cet essai est équivalent au MQT 02 de I'lEC 61215-2.

10.4.3 Critéres d'acceptation

La courbe |-V ne doit pas présenter de déviations additionnelles ou d'autres caractéristiques
inhabituelles par rapport a la courbe |-V initiale prise en compte conformément au MST 02
(résultant d'une "activation" des diodes, par exemple).

NOTE Des dégradations particuliérement hétérogénes des modules PV provoquent des risques de sécurité et des
défaillg —Pes—dégradations—de—eetutes—uniaaes—ot—de—sots-séries—peuvent—proveater—des—eéehauffements
localidés, des températures élevées des modules ou une conduction permanente des diodes. L'objectif du'MST 03
est def détecter de tels cas.

10.5| Essai d'épaisseur de l'isolant MST 04
10.5/1 Objet

Cet pssai doit vérifier la conformité a I'épaisseur de l'isolant minimal¢ pour les coyches
minces, spécifiée au Tableau 3 ou au Tableau 4 de I'lEC 61730-1:2016, en fonction ¢e la
clasge du module PV conformément a I'lEC 61140.

L'esdai doit étre réalisé sur la face avant et/ou la face awiere de feuilles d'isolation en
polymeéres.

Cet gssai n'est pas applicable aux couches de verre,

10.5]2 Procédure
La prlocédure est la suivante:

a) (hoisir trois emplacements par c6té,du module PV représentant I'épaisseur minimale du
matériau d'isolation en polyméres:

DTE 1 Des épaisseurs minimales habituelles peuvent étre trouvées aux liaisons de brasage, aux coifs des
bdules PV sans cadre ou aux jndentations de la membrane par la plastifieuse.

b) En utilisant une méthode adéquate, mesurer I'épaisseur des couches séparant le dircuit
ectrique de la surface externe. La méthode utilisée doit présenter une incertitude de
esure inférieure~ou' égale a + 10 %, compte tenu de la reproductibilité. Déterminer
hsuite I'épaisséur’ de la partie des couches représentant l'isolation attendue |(voir

gure 4 de I'lEC61730-1:2016).

o3 om 32

NOTE|2 Les meéthodes adéquates peuvent étre destructives ou non destructives (par exemple, [coupe
transviersale et.mesure optique; mesures ultrasoniques, etc.). La méthode au fil a souder est a I'étude plour la
mesurlz desdjstances a travers l'isolation dans la série IEC 62788.

10.5 Critéres d'acceptation

L'épaisseur de l'isolant mesurée doit étre supérieure aux exigences répertoriées au Tableau 3
ou au Tableau 4 de I'lEC 61730-1:2016 en fonction de la classe du module PV conformément
a I'lEC 61140 et en tenant compte de l'incertitude de mesure de I'équipement d'essai.

Les épaisseurs de couche données au Tableau 3 et au Tableau 4 de I'lEC 61730-1:2016
constituent des exigences minimales, c'est pourquoi l'incertitude de mesure doit étre déduite
de la valeur mesurée.

Exemple: pour une tension de systéme de 1 000 V et une conception de module PV conforme
a la classe ll, I'épaisseur restante de l'isolation attendue doit s'élever a 150 um. Si
I'incertitude de mesure de I'équipement est de + 10 %, la valeur mesurée doit étre supérieure
ou égale a 165 um.
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10.6

Essai de durabilité des marquages MST 05

Tout marquage exigé au titre de la présente norme doit étre durable et lisible. Pour I'examen

de la

durabilité du marquage, I'effet de I'utilisation normale doit étre pris en compte.

La conformité est contrdlée par inspection et en frottant a la main le marquage pendant 15 s
avec un morceau de chiffon imbibé d'eau en appliquant une pression moyenne, puis a
nouveau pendant 15 s avec un morceau de chiffon imbibé d'essence minérale. Aprés cet
essai, le marquage doit étre lisible et les plaques de marquage ne doivent pas pouvoir étre
déposées facilement et ne doivent pas présenter de gondolage.

L'ess
d'arog
d'eny
d'eny

NOTE

10.7

Les
bavu

ence minérale a utiliser pour I'essai est un solvant aliphatique ayant un contenu ma
matique de 0,1 % en volume, un indice Kauri butanol de 29, un point d'ébullition
iron 65 °C, un point de séchage d'environ 69 °C et une masse par unité<de’vo
iron 0,7 kg/l.

Cet essai est identique a celui de I'lEC 60335-1:2013, 7.14 et de I'l[EC 60950-1:2005; 1.7.11.
Essai des angles vifs MST 06

surfaces accessibles du module PV doivent étre lisses et;.dépourvues d'angles
res, etc., qui peuvent endommager l'isolation des conducteurs ou occasionner un r

de blessure. La conformité est vérifiée par examen.

de cq

Sinon, 'essai des angles vifs décrit dans I'lSO 8124-1/peut étre réalisé aux fins de cor
nformité.
Essai fonctionnel de la diode de dérivation MST 07

10.8

Lap
I'NEC

10.9

10.9.
L'obj
prote
10.9.

L'apq

focédure d'essai et les criteres d'acceptation sont équivalents a ceux du MQT 18

61215-2.
Essai d'accessibilité MST 11
1 Objet
pctif de cet essai est‘de déterminer si la construction des modules PV permet

ction adéquate contre I'accessibilité aux parties sous tension dangereuses (> 35 V).

2 Appareillage

areillage ‘est'le suivant:

a) un dispositif d'essai cylindrique de Type 11 conformément a la Figure 7

EC 61032:1997;

Kimal
nitial
lume

vifs,
sque

tréle

2 de

une

de

b) u
10.9.

o S H HHr 1] HEN | ' 4
o Ul UTopPUSIUT U ©oosdl UT LUITUTTUTLT.

3 Procédure

La procédure est la suivante:

a) Monter et connecter le module PV d'essai selon les recommandations du fabricant.

b) Fixer I'ohmmeétre ou dispositif d'essai de continuité aux bornes court-circuitées du
module PV et au dispositif d'essai.

c) Retirer tous les couvercles, les fiches et les connexions du module PV qui peuvent étre
enlevés sans |'aide d'un outil.

d) Examiner avec le dispositif d'essai dans et autour de l'ensemble des connecteurs
électriques, des boites de jonction et autres zones ou les parties sous tension du
module PV peuvent étre accessibles.
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Le dispositif d'essai doit étre utilisé avec une force appliquée de 10 N.

Contréler I'ohmmeétre ou le dispositif d'essai de continuité au cours de l'essai afi
déterminer si le dispositif d'essai établit un contact électrique avec les parties
tension du module PV.

10.9.4 Mesures finales

Aucune.

10.9.5 Critéres d'acceptation

2016

n de
sous

Les driiéeres d'acceptation sont [es suivanis:

a)

b)

A aucun moment au cours de l'essai, il ne doit y avoir une résistance infériedreva
gntre le dispositif d'essai et les parties sous tension du module PV.

agtive électrique.

Cet g¢ssai est réalisé au début et a la fin de la séquence conformément a la Figure 1,
peut [également étre utilisé a n'importe quel moment au cours de lapséquence d'essais s
toute| raison de croire que les circuits électriques actifs ont été exposés par I'un des autres
essals.

10.1

10.11 Essai de susceptibilité aux rayures MST 12

.1 Objet

I MQ

Al aucun moment au cours de l'essai la sonde ne doit étre en contactavec une partie

mais
ily a

L'objectif de cet essai est de déterminer si les surfaces avant et arriere du module PV en
matériaux polyméres sont capables de résister'aux manipulations quotidiennes au cou
I'installation et de I'entretien sans exposer lecpersonnel au danger de choc électrique.

's de

Cet ¢ssai n'est pas applicable aux asseémblages collés rigide sur rigide (p. ex.: modulgds PV
verrg/verre).

10.10.2 Appareillage

Le dispositif d'essai est celui'représenté a la Figure 3, destiné a tirer un objet fagonné

sur

la surface du moduleRV avec une force appliquée de 8,9 N + 0,5 N. L'objet fagonné

jéfini
défini

doit etre une lame en_acier trempé de 0,64 mm = 0,05 mm d'épaisseur, suffisamment figide

pour

de 90° + 2° et doitétre arrondie suivant un rayon de 0,115 mm + 0,025 mm.

L'appareillage de la Figure 3 est un exemple. D'autres appareillages présentant les m

par

sile

aLllnétres d'essai (notamment la force et la forme de base) peuvent également étre uti

réquivalence a fait I'objet d'une vérification.

ne pas se plier-latéralement pendant I'essai. La pointe doit avoir un angle d'orienfation

Bmes
isés,

10.10.3 Procédure

La procédure est la suivante:

a) Positionner le module PV horizontalement, la surface d'essai étant orientée vers le haut.

b) Le dispositif d'essai doit étre placé sur la surface pendant 1 min, puis déplacé sur la

c)

surface du module PV a une vitesse de 150 mm/s £ 30 mm/s. Répéter la procédure
fois dans des directions différentes en tenant compte des points les plus critiques.

Répéter a) et b) pour les autres surfaces polymériques du module PV s'il y a lieu.

10.10.4 Mesures finales

Répéter le MST 01, le MST 16 et le MST 17.

cing
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